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“It is good to have an end to journey toward;
but it is the journey tham atters, in the end.”

— Ernest Hemingway
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HLA-G molecules in infections and autoimmune diseases

Abstract

Human leukocyte antigen-G (HLA-G) is a non-classical HLA class I molecule that differs
from classical HLA class I molecules for low allelic polymorphism and restricted tissue
distribution. HLA-G is a tolerogenic molecule with an immune-modulatory and anti-
inflammatory function on both innate and adaptative immunity. This peculiar characteristic of
HLA-G molecule has led to evaluate its role in pathological conditions in order to define a
possible use in diagnosis, prevention and treatment of diseases. Recently, HLA-G molecule
has been shown to have an important implication in different inflammatory and autoimmune
diseases, pregnancy complications, tumor development and severity, and susceptibility to
viral infections. HLA-G molecules have been reported to be present differences at both
genetic and protein levels in different disease situations, supporting its crucial role as a
suitable key actor in pathological conditions. In fact, specific diseases show altered levels of
soluble (s)HLA-G and different HLA-G gene polymorphisms correlated with disease
outcome. Thus, HLA-G may exhibit two distinct effects in pathological conditions: it could
be protective in inflammatory and autoimmune diseases or it could be dangerous, for
example, in tumors or infectious diseases.

In this thesis, I report my results on HLA-G molecule analysis in different pathological

conditions: microbiological infections and autoimmune diseases.



Introduction

1. Human Major Histocompatibility Complex

The human Major Histocompatibility Complex (MHC) is composed by a series of molecules
encoded by a set of genes (~130) located on the short arm of chromosome 6 (6p) that are
responsible for lymphocyte recognition, "antigen presentation" and immune response
regulation. This gene complex comprises several distinct loci that in humans are called HLA,
which stands for Human Leucocyte Antigens. MHC antigens can be subdivided into three
major classes: class I, class II and class III (Figure 1). The class I and class II antigens are
expressed on cells and tissues while class III antigens are present mainly as serum and body
fluid proteins (e.g.C4, C2, factor B, TNF, complement components). In the class I gene
complex are present three major loci: A, B and C. Each of these loci encodes for an alpha-
chain polypeptide that associates to B2-microglobulin, encoded by a gene on chromosome 15.
The class II gene complex contains at least three loci, DP, DQ and DR, which encode for one
alpha- and one beta-chain polypeptide associated together to form the class II antigens. All
together, MHC class I A, B and C are considered as “classical” MHC class I antigens (MHC
Ia). In fact, in addiction to those molecules, another group of MHC molecules, called non
classical MHC class I molecules or MHC Ib (HLA Ib in humans) started to be studied in the
end of the 80’s [1,2].

I HLA |

DP DQ DR B C E A G F

Class 11 Class III Class1

Figure 1. Schematic representation of the HLLA region on chromosome 6. The non

classical HLA class I gene are represented in grey.



2. The non classical HLA class Ib genes

Non-classical MHC class Ib molecules are closely homologous to classical class Ia molecules
but are distinguished by their limited polymorphism and low cell surface expression. The
group class Ib is composed by three molecules: HLA-E, HLA-F and HLA-G. The class Ib
molecules do not represent just vestigial evolutionary remnants of classical class Ia
molecules; rather some exhert highly specialized functions, as testified by their conservation
between different species. In particular, human HLA-E (Qa-1 in mouse) and HLA-G (Qa-2 in
mouse) constitutes a clear homology between species. In 1993, Warner et al. [3] demonstrated
a reproductive advantage in mice encoding Qa-2 molecules, evidencing in this way the
importance of the molecule in pregnancy outcome [4]. On the basis of these characteristics,
Qa-2 and HLA-G antigens seem to share not only structural but also functional similarities in
the regulation of immune response, through interaction with both inhibitory and activatory

receptors [5,6].

3.The HLA-G antigen

HLA-G antigen is a non-classical HLA class I molecule characterized by (i) a low allelic
polymorphism, (i) a restricted tissue distribution, (iii) mRNA alternative splicing that
generates seven proteic isoforms and (iv) a tolerogenic and anti-inflammatory biological
function [7].

The basic characteristics of HLA-G biology have been further described at different levels [8
paper attached]

3.1. The HLA-G gene

The HLA-G gene shows low allelic polymorphisms with 50 HLA-G alleles acknowledged in
the coding region (IMGT HLA database, October 2014). HLA-G gene has also polymorphic
sites at the 5’-upstream regulatory region (5° URR) and at the 3’-untranslated region (3° UTR)
which may contribute to the regulation of HLA-G expression [9]. For example, one of the
most studied HLA-G polymorphism is a 14 bp insertion/deletion polymorphism (rs16375)
[10] in exon & in the 3 UTR which is associated with mRNA stability and HLA-G protein
expression [11, 12] (Figure 2). The presence of an insertion of 14 bp in the gene identify the



allele ins that has been associated with lower levels of HLA-G expression than the allele with
the 14 bp deleted (del) [12-14]. An additional alternatively spliced HLA-G transcripts lacking
92 bp of the first part of exon 8 is observed within the insertion of 14 bp allele and is
characterized by a more stable transcript [15]. Another polymorphism widely studied regards
one single nucleotide polymorphism (SNP) C>G at the +3142bp position (rs1063320) that has
been explored by Tan and coauthors [16]. The presence of a guanine at the +3142 position
may influence the expression of the HLA-G locus by increasing the affinity of this region for
the microRNAs miR-148a, miR-148b and miR-152, therefore decreasing the mRNA
availability for translation by mRNA degradation and translation suppression. The influence
of the +3142G allele has been demonstrated by a functional study in which HLA-G high-
expressing JEG-3 choriocarcinoma-derived cells have been transfected with miR-148a,
decreasing soluble HLA-G levels. The contrasting results obtained by Manaster and coauthors
[17], who have reported the absence of +3142C>G effect on the miRNA control of membrane
HLA-G expression, prompt further considerations on the relationship between this

polymorphism and membrane HLA-G expression.
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Figure 2. Multiple HLA-G proteins derived from alternative splicing of HLA-G mRNA.
A: The HLA-G gene is composed of 8 exons. The a, intracellular and transmembrane
domains and the 14 bp insertion/deletion polymorphism (rs16375) in exon 8§ in the 3’
untranslated region (UTR) are represented.

B: The gene is alternatively spliced to yield 7 transcripts. In two of these, a stop sequence in
intron 4 results in soluble isoforms.

C: The 7 HLA-G proteic isoforms: four membrane-bound (HLA-G1, -G2, -G3, -G4) and three
soluble (HLA-GS, -G6, -G7) molecules; multimeric conformations of HLA-G molecules

Classical MHC class I genes are transactivated by two groups of juxtaposed cis -acting

regulatory modules: (i) the up-stream enhancer A and ISRE (interferon-sensitive response



element) which mediate the constitutive and cytokine-induced expression; (ii) the S-X-Y
module which controls the constitutive and CIITA (class II transactivator) mediated
transactivation. These modules are divergent in HLA-G gene that is unresponsive to NF-
kappaB (nuclear factor-kappaB), IRF-1 (interferon regulatory factor 1), and CIITA mediated
induction pathways [18, 19]. The HLA-G gene promoter contains a putative interferon-
regulatory factor (IRF)-1 binding site 746 base pairs upstream from ATG, which is distinct
from the interferon-responsive element within proximal class la gene promoters. This control
region is the probable element, which mediates interferon beta-induced expression of the
HLA-G gene [20].

It was also reported that IFN-£ enhances HLA-G expression throught the interaction with a
ISRE present next to the nonfunctional interferon-gamma activated site (GAS) element at
positions —754 to —743 [21]. HLA-G enhancer A and ISRE seem to bind only the
constitutively expressed factor Spl (also known as Specificity Protein 1) [22, 23] but this
binding of Sp1 does not modulate the constitutive or IFN-induced transactivation of HLA-G
[24]. Furthermore, in the HLA-G promoter are present three cAMP/PMA response elements
(CRE/TRE) with binding affinity for REB (rice endosperm bZIP)/ATF (activating
transcription factor-2) and Fos/Jun proteins. It has been reported that HLA-G transactivation is
regulated by CREB (cAMP-response element-binding protein), CREB-binding protein (CBP),
and p300. These features represent the unique regulation of HLA-G transcription among the
MHC class I genes [25] (Figure 3)

HLA-G expression is also regulated by epigenetic mechanisms [26, 27], such as DNA
methylation. In fact, the role of methylation on HLA-G expression has been tested in human
tumours considering the effect of the methylation inhibitor 5-aza-deoxycytidine on the CpG-
enriched regulatory region of the HLA-G gene. The 5-aza-dC treatment results in
hypomethylation of putative control sequences within the 5' regulatory region of HLA-G and
these changes in methylation correlate with a significant increase in expression [28, 29].

The HLA-G gene seems not to undergo genomic imprinting, in fact it is co-dominantly

expressed on trophoblast cells [30].
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Figure 3. Regulation of HLA-I promoters

HLA-G molecules are also regulated by post-transcriptional mechanisms [31], including
alternative splicing, mRNA stability, translation and protein transport to the cell surface [30-
32]. This is possible due to the expression in advance of the molecules that are essential for
cell surface expression of class I molecules, B,-microglobulin (3,m) and the transporter for

antigen processing proteins (TAP1 and TAP2).

3.2. HLA-G expression and function

In physiological conditions HLA-G protein presence is restricted to certain tissues such as
trophoblast, thymus, cornea, pancreas, proximal nail matrix, erythroblast, endothelial
precursors and mesenchymal stem cells [33-35].

Unlike HLA class Ia antigens, seven HLA-G isoforms are generated by alternative splicing of
its primary transcript and differential association with B2-microglobulin (f2-m) [36]: four,
HLAGI1,-G2, -G3 and -G4, are membrane-bound, while three, HLA-GS5, -G6 and -G7, are
soluble molecules (Figure 2). The soluble isoforms retain the intron 4, which includes a stop
codon and leads to the termination of the mRNA translation before the transmembrane

domain. The HLA-G1 and HLA-GS5, the most analysed isoforms, are the only structures that



contain three alpha domains, while the other isoforms lack one or more globular domain.
Furthermore, the proteolytical cleavage of surface isoform HLA-G1 generates the soluble
HLA-G1 form (sHLAGTI) [37]. Several evidences indicate that the soluble HLA-G1 (sHLA-
Gl) form is generated through the shedding of the membrane bound HLA-G1 by
metalloproteinase (MMP) [38, 39]. In particular, our group identify that Matrix
Metalloproteinase-2 (MMP-2), a zinc-containing and calcium-requiring endopeptidase known
for the ability to cleave several extracellular matrix constituents, as well as non-matrix
proteins, is responsible for HLA-G1 membrane-shedding via three possible highly specific
cleavage sites [40 paper attached].

An in frame termination codon in HLA-G exon 6 leads to a truncated cytoplasmic tail which is
19 amino acids shorter than the corresponding tails of HLA-A, -B and —C proteins. This
feature prevents the signal transduction from the cell surface to the nucleus. However, the
membrane-bound HLA-G can localize in lipid rafts and can act as a signaling molecule, via
modification of the phosphorylation state of raft-localized proteins [41]. This differs from
classical HLA-I, which are recruited in lipid rafts upon receptor engagement [42].

The HLA-G production could be enhanced by different stimuli, such as interleukin
(interleukin-10), interferon gamma and hormone molecules [43].

The anti-inflammatory and immunosuppressive Interleukin (IL)-10 has been correlated with
concomitant HLA-G expression [13]. Transactivation of HLA-G transcription has also been
demonstrated by leukemia inhibitory factor (LIF) [44] and methotrexate cell exposure [45].
Furthermore, interferon (IFN)-a, -8 and —y enhance HLA-G cell-surface expression by tumors
or monocytes [46, 47]. HLA-G expression could be acquired by trogocytosis [48], where a
“donor” cell that expresses membrane HLA-G exchanges membrane parts containing HLA-G
with a “recipient” cell that is not expressing HLA-G molecules. In this particular situation,
“recipient” cells will acquire and make use of membrane HLA-G molecules from a “donor”
HLA-G positive cell without the activation of HLA-G gene transduction into protein. HLA-G
molecules undergo the trogocytosis mechanism: some effectors CD4 and CD8 T lymphocytes
acquire immunosuppressive HLA-G1 molecules from antigen presenting cell membranes and
reverse their function from effectors to regulatory cells [49].

Trogocytosis of HLA-G from antigen presenting cell (APC) by T cells in humans makes
these T cells unresponsive [48]. It has been shown that NK cells can acquire HLA-G1 from
tumor cells, which provokes an arrest of NK cells proliferation and cytotoxic activity,

behaving like suppressor cells capable of inhibiting other NK-cell functions [50].



Membrane-bound HLA-G1 and soluble HLA-G (HLA-GS5 and sHLA-G1) molecules exert
immunosuppressive effects: (i) inhibit the cytotoxic activity of CD8 positive T lymphocytes
(CTL) and Natural Killer (NK) cells [51], (ii) induce the apoptosis of NK and activated
cytotoxic T cells [52], (iii) inhibit the allogeneic CD4 positive T-cell proliferation and
interfere with naive CD4 T-cell priming [53], (iv) inhibit antigen presenting cell and B
lymphocyte differentiation [54], (v) induce regulatory T cells [55] (Figure 4). Furthermore,
sHLA-G affects angiogenesis interacting with endothelial cells [56] and induces resting NK
cells to produce chemokines and cytokines [12].

HLA-G exerts its immunomodulatory functions through the interaction with multiple
receptors expressed by immune cells (Figure 4). HLA-G is known to interact with NK
receptor [57, 58], as KIR2DL4 [5, 12] and leukocyte inhibitory receptors (LILRs) /
immunoglobulin-like transcripts (ILT) [6, 13] as LILRB1 (LIR-1/ILT2/CD85j), which is
highly expressed on T and B-lymphocytes and with LILRB2 (LIR-2/ILT4/CD85d), present
mainly in monocytes/macrophages. The alpha3 domain of HLA-G is the putative binding site
for ILT receptors [59] while the residues Met76 and GIn79 in the alphal domain play a
critical role in the recognition of KIR2DL4 receptor [60]. The KIR2DLA4, receptor of the killer
cell immunoglobulin-like receptors (KIR) family, is expressed in all NK cell types and has
unique structural properties among the rest of KIR receptors: it possesses a long cytoplasmic
tail characteristic of inhibitory receptors, a charged amino acid in the transmembrane domain
similarly to activating KIR receptors [61], and a mix structure in the extracellular part with
DO and D2 domains. Contrary to other KIR receptors, KIR2DL4 expression is transitory on
NK cell surface, with a main expression in endosomes, reached by an endocytic process.
KIR2DLA4 seems to participate to HLA-G endocytosis when it is transitory expressed on NK
cell surface, as both HLA-G and KIR2DL4 can be simultaneously co-localized in endosomes
[5]. KIR2DL4 expression can be induced by IL-2 and its activation upon antibodies
engagement provokes a weak cytotoxic activity with a strong IFN-y production [62]. In-vitro
studies have shown that KIR2DL4 is able to interact with f2-m free HLA-G molecules,
inducing IFN-y production [63] and increasing NK cell cytotoxicity [64]. Contrary to LILR
receptors, KIR does not bind HLA-I molecules through its a3 domain, but through al and a2
domains which are much more polymorphic than a3 domain [65, 66]. This could account for
the broader specificity of LILR receptors in comparison with KIR2DL4, that binds
specifically HLA-G and not other HLA-I molecules.



The expression of LILRBI1, LILRB2 and KIR2DL4 can be induced by HLA-G without any
co-stimulatory requirement, which indicates that it can occur independently from any immune
response [67].

Soluble HLA-G has potentially a higher range of activity than membrane-bound HLA-G. The
circulating isoforms could bind to the same sets of leukocytes and perform exactly the same
functions also systemically.

The membrane-bound and soluble HLA-G proteins have monomer, dimer, and oligomer
forms (Figure 2); the dimer seems to have a dominant effect on the LILRB signaling.

In fact, in vitro studies have reported that HLA-G1 is able to form disulphide-linked
homodimers on cell surface [68-70] that bind ILT2 receptors with more avidity compared to
monomers [71]. On the contrary, structural studies suggest that KIR2DL4 cannot bind HLA-
G dimers due to steric reasons [72].

A disulfide-bonded dimer conformation is possible for the presence of a cysteine 42 residue
that is present only in the heavy chain a1 domain of HLA-G [59, 68]. Besides Cys residues in
a 2 and a 3 domains that allow intramolecular disulphide bonds, HLA-G molecule presents
other important Cys residues. Cys42 in al domain and Cysl147 in o 2 domain can form
intermolecular disulphide bonds giving rise to HLA-G dimers that can be observed by
SDS/PAGE under non-reducing conditions [69]. These structures have been observed for all
HLA-G isoforms except HLA-G3 [73].

Dimers of HLA-G have been observed on the surface of transfected cells [68], on
choriocarcinoma cell line JEG-3 [74], on first trimester trophoblast cells [75] and on
malignant cells [76]. Furthermore, a recent work of Ezeakile M et al. reported the importance
of HLA-G dimers in kidney allograft outcome [77]. In fact, the authors decribed the presence
of HLA-G dimers in plasma of kindney transplant patients together with an increased
expression of membrane-bound HLA-G in association with prolongation of allograft survive.
Alegre E. et al also reported that other HLA-G complexes exist in vivo as ubiquinated protein

in exosomes [78]

Soluble HLA-G1 is able to inhibit endothelial cells through specific interaction with the
CD160 molecule, a glycosylphosphatidylinositol-anchored, major histocompatibility complex
(MHC) Class I-dependent, immunoglobulin-like receptor, that is expressed by activated
endothelial cells [56] (Figure 4). This interaction seems to lead to apoptosis of endothelial

cells required for normal placental development.

10



Figure 4. HLA-G receptors. HLA-G receptors expressed on immune (CD8 T and CD4 T
cells, B cells, natural killer (NK) cell, macropages, dendritic cells) and endothelial cells. ILT:
immunoglobulin-like transcript; KIR: killer inhibitory receptor; TCR: T cell receptor.
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Results

1. Role of HLA-G molecules in pathological conditions

The HLA-G expression has been analyzed in different pathological conditions, such as
transplantation, oncology, viral infections, inflammatory and autoimmune diseases indicating
that HLA-G can favour graft tolerance, tumor cell and virally infected immune escape and
control the inflammatory conditions [79-82 paper attached, 83].

I will report my results, obtained during my PhD course, on HLA-G analysis in different

pathological conditions: microbiological infections and autoimmune diseases.

1.1 HLA-G and infections

Host immune defence is normally able to eliminate the majority of viral and bacterial
infections. However, it is known that some pathogens, in particular viruses, have developed
different mechanisms for subverting host immune defences, thus facilitating their spread in
the host [84]. For instance, viruses can protected themselves against attack by NK cells by
expressing HLA-G on the infected cell surface providing in this way an immunosuppressive
effect. Anyway, the diminished immune function induced by HLA-G in the host could
represent an advantage for virus progression by helping viruses subvert the host’s antiviral
defences [85]. HLA-G can affect all the phases in the immune response: differentiation,
proliferation, cytolysis, cytokine secretion, and immunoglobulin production. In fact, during
infections, HLA-G modulates adaptive and innate immunity by interacting with T or B-

lymphocytes and NK cells or polymorphonuclear cells (Figure 1).
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Figure 1: Causes and consequences of HLLA-G modulation in infectious diseases. Positive
and negative effects of HLA-G are shown in blue and red, respectively. Parasites, bacteria, or
viruses induce the secretion of various cytokines, including IL-10 and interferon (-y for
bacterium and IFN-a and -f for virus). These cytokines upregulate the expression or secretion
of HLA-G. In addition, IL-10 induces IL-10-producing human dendritic cells (DCs), termed
DC-10, expressing HLA-G and ILT4. HLA-G induces tolerogenic DC in addition to DC-10
and regulatory cells via direct interaction with ILT2 and/or ILT4. HLA-G, through direct
interaction with ILT2, inhibits the function of T and NK cells and B cells, whereas it inhibits
the function of granulocytes and myeloid DC via direct interaction with ILT4. Indirect effects
of HLA-G are mediated by the induction of HLA-E cell surface expression, which inhibits
CDY94/NKG2a on NK and T cells.The consequence of HLA-G action is a downregulation of
innate and adaptive immunity. (Immunomodulatory Properties of HLA-G in Infectious

Diseases, Amiot L et al. J. Immunol Res 2014 [86]).

14



Even if host immune system presents several mechanisms to control infections, the viruses, in
particular, have developed several strategies to counteract host immune defenses [84], for
example by using HLA-G functions in viral immune-escape from immune cells [85]. HLA-G
modulation exherted by pathogens has the aim to affect its expression in different ways, for
example exploiting gene polymorphysms and alleles, modifying the exposition or the

secrection of the protein or producing homologue proteins to human cytokines [86].

1.1.1 HLA-G and viral infections

During viral immune-escape, HLA-G could be modulated at different levels affecting the
expression of HLA-G on the infected cells [86]. Firstly, HLA-G polymorphism is involved in
susceptibility to viral infections. In fact, its implication in viral immune-escape is deeply
described for example during HIV 1 infection [87-92]. These studies reported that some
HLA-G alleles (in particular the G*010108 allele) and polymorphisms (i.e. 14bp ins/del and
+3142 C>QG) that can influence HLA-G expression have been associated with a greater risk
of HIV infection and also of horizontal transmission. Concerning the role of HLA-G, and in
particular its polymorphisms during viral infections, we identify two polymorphisms in the 3’
untranslated region of the HLA-G gene (3° UTR) (14 bp ins/del, +3142C>G) that are
involved in susceptibility to Human papillomavirus (HPV) infection [93 paper attached]
reporting characteristic patterns among the different kind of lesion developed. It is well
known that HPV is necessary but not sufficient to induce cancer development [94] and that it
interferes with host immune response by modifying the expression of human leukocyte
antigen-G (HLA-G) [95]. Moreover, previous studies already confirmed that HLA-G
polymorphisms could influence HPV infections susceptibility and lesion development [96-
99]. Indeed, we reported that the 14 bp del allele is associated with a high risk of HPV
infection, and the del/C haplotype facilitates the development of invasive cervical cancer [93
paper attached], suggesting in this way that HLA-G polymorphisms could represent a risk
factor for neoplastic transformation expecially in high-risk HPV positive subjects, that are
known to be more likely to cancer progression [100]. It is known by literature that HLA-G is
also implicated in chronic hepatits B pathogenesis [101, 102] and we reported the importance
of 14 bp ins/del polymorphism influence also concerning Hepatitis B virus (HBV) infection.
Our study revealed an association between the 14 bp ins/del polymorphism and an enhanced

HBYV activity in presence of high HBV DNA levels [103 paper attached].
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Abstract

Human papillomavirus (HPV) infection is involved in cervical lesion development.
It interferes with host immune response and modifies the expression of human
leukocyte antigen-G (HLA-G), a nonclassical HLA-I antigen with immune-inhibitory
functions. We analyzed the frequencies of two HLA-G 3’ untranslated region
polymorphisms (14 bp ins/del, 4+3142C=>G), involved in HLA-G modulation, in
33 condyloma acuminatum, 14 low grade squamous intraepithelial lesion and 100
Via Luigi Borsari 46 invasive cervical cancer (ICC) HPV infected patients. We showed the involvement of
Ferrara 44122 HLA-G polymorphisms in HPV infection and lesion development, and suggested that
Italy 14bp del allele promotes high-risk HPV infection, with del/C haplotype associated
Tel: +39 0632 466 382 with ICC development. On the basis of these evidences, HLA-G polymorphisms could
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Introduction

Human papillomaviruses (HPV) are small unenveloped
double-stranded DNA viruses with strict tissue and species
specificity. Many different papillomaviruses infect animals,
and over 150 genotypes have been so far identified in
humans. Papillomaviruses infect squamous epithelia of skin
and mucosae. The mucosal types of HPV fall in two groups:
low-risk types (mainly HPV-6 and -11), which induce genital
warts, and the high-risk types, which lead to squamous
intraepithelial lesions (SILs), invasive cervical cancer (ICC)
and several other malignancies, such as anal cancer and
oropharyngeal carcinomas. The most prevalent high-risk HPV
types are HPV-16 and HPV-18, being responsible for 50%
and 20%, respectively, of cervical cancer cases globally (1).

HPV infection is necessary for cancer development but
it is not sufficient (2). In fact, HPV infection is often
transient and the host immune system could counteract viral
invasion leading to lesion regression (3). On the other hand,
HPV is able to down-regulate host immune system (4),
blocking interferon response and antigen processing and
presentation (5) and modifying human leukocyte antigen
(HLA)-G expression (6).

HLA-G is a nonclassical HLA class [ molecule with a
physiological tissue-restricted distribution in cytotrophoblast

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Tissue Antigens, 2014, 83, 113-118
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represent a risk factor in HPV positive subjects.

(7), amniotic cells (8), thymus (9) and endothelial cells of
chorionic blood vessels (10). HLA-G molecules are gener-
ated by an alternative splicing of the primary transcript of
the gene: HLA-G exists as four membrane bound (HLA-GI1,
-G2, -G3 and -G4) and three soluble isoforms (HLA-GS5,
-G6 and -G7) (11, 12). HLA-G exhibits low allelic poly-
morphisms in comparison with classical HLA class I genes,
with only 50 alleles (IMGT HLA database, April 2013) and
16 proteins. HLA-G is characterized by tolerogenic func-
tions, inducing apoptosis of activated CD8+ T cells (13),
promoting T regulatory cells (14), modulating the activity
of natural killer cells (15) and of dendritic cells (16) and
blocking allo-cytotoxic T lymphocyte response (17). These
immuno-regulatory functions are mediated by the interac-
tion of HLA-G molecules with specific inhibitory receptors:
ILT-2 (LILRB1/CD85j), ILT-4 (LILRB2/CDS85d), CD8 and
KIR2DLA4 (CD158d) expressed by immune cells (18). HLA-G
expression is differently modulated during pathological con-
ditions as viral infections and tumors, where HLA-G acts as
immune escape mechanism (19) and is controlled by several
polymorphisms both in the promoter and in the 3’ untrans-
lated region (UTR) modifying the affinity of gene-targeted
sequences for transcriptional or post-transcriptional factors,
respectively (20). In particular, the rs66554220 14 base
pairs (14 bp) insertion/deletion (ins/del) polymorphism in the

113



HLA-G aned b papillarma

3 UTR of HLA-G gene is associted with the stability amd
splicing of the HLA-G mRNA: fnr and del allcles are associ-
sted with o decreased or incressed mRNA stability, respec-
tively, The ldbp nefdel polymorphism is mssocinted with
severnl disorders (21, 22). In particular, the delddel genotype
s recogmired as o rsk factor Tor vieal nfection (23) and tamos
progression (24). The single-nuclentide polymorphism (SNP)
Coid ot the +3142bp position (6] 063320) of the IUTR of
HLA-G gene controls HLA-G expression. The presence of 0 G
of the 43142 position influences the expression of the HLA-G
Incus by increasing the affinity of this region for the microR:
MNAR, miR-1480, maR- 1480 and mil-152, therefore decreasing
the mRENA availability by mRNA degradation and translation
sappression {25). The 431425 allele presenting an increased
frequency among systemic lupus enythemiplosus patients (26,
is associnted with a lower protection against hepatitis T viras
infection (2T) and protects from asthma development (28).
These pwo polymorphisms are in Hnkage disequilibeivm (29
and their combination inie haplotypes resulis tme HLA-G
expression control (22 The debC haplotype is Lnked to the
highest whdle inei 1o the lowest HLA-G mRNA and protein
production (22, 30).

Previous studies reponed on increased HLA-G expression
in 0T, pssocinied with disease progressbon (31 =13) and
HPY infection (&) HLA-G expression was sp-meadilaled in
the plasma of BOC patients (34), with an ipcrease in HLA-
G5 jsoform in 10T patients withowt HPY infection (35).
The analysis of HLA-G gepetic polymorphisms reponed a
corelation between |dbp imeddel polymomhism and BOC
{36, 3Ty ond high pmde squamous introcpithelial lesions
{HSIL} { 38). However, no lderniure daia ore svailable on ihe
imphcation of HLA-G genctic backgrounsd with HPY infection
and the differences in lesion development.

The tnierest of this study is to evalusie the role of HLA-
G ldbp dnsidel and 4314200 polymorplisms in the
formation of HPY -asaociated lesioas,

We performed HPY high risk (HPV-16, <18, 31, -33,
=35, -39, 45, -5, .53, 35, -38, .59, 65 ond -N0) screes
with the Sacace Biotechnologies kit (Sacace Biotechnolo-
gies, Como, Daly) and MNested polymersse chain reaction
(PCR) for HPV low nisk (HPY-6 and -11}p debection {39)
in 100 heatthy women without kesicns, 33 women affecied
by condyloma acuminatum, 14 with low grade squamouas
intrnepithebial lesion (LGSIL, CIN 1) and 100 KOC patienis.
All the subjects were recrubtied at the University Hospitnd of
PFerram, selected for o decumented Cancasinn and coasistent
geographical orgn. DNA for HPY detectbon was extracied
from biopsies by proteasesodium  dodecylsulfae (SDS)
digestion, purified by phenol =chlorolorm followed by an
extraction in ethyl ether, The nuclelc acids were precipi-
ued by addition of ethansd and suspended in Tris=HCI
added with Na;EDTA (39). HLA-G YUTR polymorphizms
were analyred by real-time PCR as previously reporied on
DMA eximcted from peripheral blopd cells (40, 41, For the
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431420 =@ polymorphism the forwarnd promes, 3 142-For, was
S-CCTTTAATTAACCCATCAATCTCTCTTG-Y  and  the
reverse primer, 1142-pev, was 8.TGTCTCCGTCTCTGTCT
CAAATTT-Y . The minar groove binder (MGE) probe wsed
for detection of the 3142C allele wax §-VIC-TAAGTTATA
GCTCAGTGGAC-F (3142CV10) and the MGH probe for the
342G allele wos 5-FAM-TAAGT TATAGCTCAGTGCAC-Y
{FA2GFAM ) (40}, For the refi 5354220 polymorphism the for-
wird primer, HLAG 14-for, was 54670 ATG GGC TGT TTA
AAG TGT CAC C-3, and the reverse primer, HLAG 14-revy,
was 5-G0A AGG AAT GCA GTT CAG CAT GA-Y (4l
The probe wsed for detecthon of del allele was ¥-VIC-GAG
TOG CAAGTC OCT TTG TG-BHOQ-2-3 (HLAGIAVIC)
and the probe for the ind allels was 5 -Fam-CAA GAT
TTGTTC ATG OCT TCC C-BHQ-1-¥ (HLAGI4FAM). We
analyted HLA-G YUTR polymorphisims alleles, genotypes
and haplotypes by amieguin 3.5.1.2 woftware. Statistical
analysis wos performed using staTview software packoge
(SAS Institute inc., Cary, NC) and cmarmean rriss 60
software (Graphped Software, San Diego. CA ) Significance
was assumed for P < 005, Bonferron comection for multiple
comparisons was applied when P value was significant.

The HFY analysis reported & 10075 ICC, 79% LGSIL and
18% condyloma patiems with high-risk HPY infection and
a 100% comdyboma patients and 21% LGSIL subjects with
low-tisk HPV (HPV-6 and -11) positivity (Tabbke 1) These
datn sustudn e significant ssaociation between high-risk HPY
positivity and LGSIL and 10T development amd the stnct
comelation between condyloma and low-risk HPY infection
{eondyloma low risk vs LGSIL high risk +10C = 0R: 1665,
o5% Cl: M.1-T08.6). Six condyloma patients (18%) pre-
sented bodh high- and low-risk HPY infections. This condition
was previously demonstroted o other studies. where maost
condyloma lesions contained multiple HPY types, ncluding
types associated with dysplastic epithelial abnormalities (42).
The presence of muliple HPY types in a lasge percentage
of condyloma lesions suggests that many individuals acquire
additional HIPY iypes an the time of infection with HPY types

Tabls 1 [stribetion of HPY typea in the test group amatified for eson

type
Condylorna (30 LGSILOMAL 10C (1000

HPV typea Al%l Al Al
Hisghfintanmesdists A fea 11 (79 190 11oal

nak {16, 18, 31_4E,

33, 35,238, 51, 52,

BE, 66, 69, B}
Liovww mizk 68, 11} byl ] 3 oo
= 00001 <01 DO

HPY, human popillomeans; [0, immesve cennoal cancer; LGSIL, low
gmde squamass narsso ilebal leson.

i walues wers obtsned by ch-aguersd test and companing LESIL and
100 groups with condyloma greup subdiaded scconding wath HPY types
Olrby subjscts with one typs HPY infecton wers includsd in the snalais.

& A Juka Wiy B Sane A0F Publisbed by Joba Wiley & Sana Lid
Tapue Avspens. 214, 82, 113170
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Table 2 Alslic, gonotygic srd hapiotypic frequencies of I'UTR 14k msidel snd +398200 in the cortrol and tost groups

Convod group Tewt group Tam group Test
HA-21000 HMW 4 11473 P HP -+ lowi ik 5300 H = Figh nak 11100 P
Allslas m (%)
1d lp insded
| B4 Ll = "R kR Lriirg 28 (43 T3 il fiR
sl 118 56l 135 68 MER 143 W7
Todl 00 i -] v
+A14206
[ B3 gl 164 156 oonat 35 (=8 116 =3l s
& 117 S8l 130 el 25 H 104 Wi
Toul 3] -4 [ x] n
Ganotypes m (%)
1alip inaial
nsing itz 138 o 13na
Fedei A0 ol 73 Is0d oot 26 87 a7 Wzl ane=
e e 36 Lyal LR TSl anx &1 el
Touml 0 147 30 m
+az06
cc 2 i 47 13 12 400 30 27
[+ 41 Wl 70 st [T 1187 = 521 0z
(=1 38 Lal A0 2ol 1D Falrdl]
Toml 190 147 k] m
Haplatypes n (%)
oG B3 1301 43 "8 e 32 nal
[ T2 lael 152 i53) ] 117 =3
G o 20 B7 t25 dx 10t 1528 il <0.0001%
im/C sl 12 el 10 -
HFY, hurnan papiliormaanys; UTR, untranalatod region
Fighar axact Bl
BChi-aquared s,

6 or 11, Three patients (21 %) with LGSIL presenied low-nsk
HPV infection. These data are consisient with the differoni
HPV genotype disiribation in LOSIL ia comparison with 10C,
highlightisg the imporiance of HPY genotype in the msk of
progression from LGSIL to malignancy (43). Healthy controls
presenied po postivity for both high- and low-grade HPV
infection.

Findly, we coasidemd the pomible implcation of HLA-G
polymarphioms in modifying the sk of HPV infection. Both
HLA-G polymorphisms were in Hardy - Weinberg cquilibrium
in both contriol sad HPV infecsed populations (14 bp insfdel:
controls X% 3.2, P =02 HPV patients X 163, P =04
4342C =G comrols X%: 242, P =0.3; HPV paticnis X%
018 F =09, Wecompsred HFY negative controla wath all
HPY positive panents (condyloma -+ LGSIL 4+ I0C, Table 2).
We cbaorved & deercase in D alldle (P 0U008) and imefing and
(0 penctypes in HPY positive patients in comparison with
HPV negative conirols (P 008 Pp: 0028, respoctively).
As incireased levels of HLA-G prodoction were ohserved
i the presence of HPY infection (61 these two genofypes,
thai ar characierzed by low HLA-G producton (221, could
HPY infection |odds mo (OR): 043, 05% confidence mter-
val (CTx: 0.2-07; OR: 0.4; 95% CL 0.2-0.7, respectively].

i O Sk Wiy e ot A5 Plubindent by Jubey Wiy & Sons Lid
Tesmw drvigens. 2014 83, 183113
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The snabysis of haplotypes revealed a different distnbution
between conrols and test group (P =34 x 10=4). We observed
an e in delC haphaype m HPY postive patients in
comparisos with HPY pegative controls (Teble 21 These
dain suggest thai the presence of & high HLA-G prodoc-
ing haplotype del'C (21) could facifitate HPY infection.
We then evalusted the effect of these HLAG polymor-
pilsns fn high- snd low-rak HPV infection. We. consid-
ered oaly the patients with one type (high or low nsk) of
HPV infection. We obierved an incmase in delidel geno-
bype (460 13%: Py 31 10-Y) and of the delG haploty pe
[ 14%: T%: P, = 0.0001) in high-isk HPY infected panents
in comparson with low-fick HPY infected paticnts. These
data suggest that the presence of a high HLA-G produc-
ing 14bp del allele (22) could faciliae high-risk HPY in
comparison with low-risk HPY iafection (OR: 5.5, 95% CL
1LA-1601

Becwure HLA-G polymorphisms scem 1o infloence high-
sk HPV imnfection, we thes evalusted the role of HLA-
G polymorphisms in the developmeat of HPY high-risk
infection inio prencoplestc and ocoplestic lesioas (Table 3).
The +3H42C allde resubied increased in I0C (38% ) patients
in comparison with LGSIL (14%) (P,: 3.2 = 10~*), Similarly,
the C/C genotype wan over-represested in 10T (30%) paticos
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Toble 3 Allshe, gesotypec snd haplotypic frequenoss of FUTR 14 bp msidel snd 43142096 1 the LESIL, 100 and conddoma groups

LGSIL HPY 4 high risk 191) KL (100} B ILGSIL we BCTI Condyloma (33 B LGSIL 4 ICC v condylomal
Allelos n %)
T b anadold
ns B 138} &2 @) 0By 268 394 [ F
! 14 iA4) 138 f8g 40 E€1)
Tots 232 200 i
+M42GG
c a4 116 {680 32w 1074 46 M n.oe*
& 18 {aa) BE 20 Cudl
Testal 22 200 - ]
Ganotypes n (%)
4 b anadoed
nsfng 2 fal 11011 o
el 41381 40 a0 o8 26 (78l 11 x 10
il B {48} 43 {90 721
Totsl 11 100 33
+IATTG
(= 0o 30 @3 17 B2
[ 5 aEn B 1550 B 10t 12 6 1
GG a3 16HR a4 M2
Total 1 160 ix
Huplotypes o (%}
o=z 11 a0 2381 B @
daptl 3414 115 {580 35 B3
ns & (38} &2 31) Box 100 16 (22 {00001
et - - 1907
HPY, hurman papillemaarus; ICC, ek cenncal cancers; UTR, usimrslsied region; LESIL, low gmde squamoes ndraepd e lal kesion,
U rat arcacl fu
EChnquared st

in comparison with LOSIL (0%) (P &= 10-*), where no
subjects with CC genoiype were observed. The analysis of
combined haplotypes revealed an increase of del/C haplotype
in ICC patients (38%) in comparison with LGSIL patients
(14%) (P.: 83 107", resuling in an increased rsk io
develop an invasive lesiom (OR: 8.6: 953% Ck 2.5-29.9).
O the contrary, the delfis haplotype was down-represented
in IOC patients (119%) in comparison with LGSIL (504,
with o protective effect against neoplistic evolution (OR:
0,12 95% Cl: 0.05-0.33). The logistic regression analysis
excladed the influence of confounding varinbles (age, smoke
habits and familial history of cancer), These data are io
agreement with the results obtained by Silva et al. (37) In
8 Brozilian cohort, where they observed a similar decrease in
del/G haplotype in 10T patient group, suggesting a role in
kesion progression. Meanwhile, Silva et ol (37) and Simoes
et ol (38) sugpested an implication of the [4bp iag allels
with an increased risk of lesion development. We confirmed
these results comparing the patients with prencoplastic and
neoplostic lesions (LGSIL 4-1CC) with condyloma patients,
We observed no condyloma patients with inefimy genotype
(0% v 10%: P 11 =10~%), supporting its role in lesion
follow-ap., Inerestingly, condyloma patients presented the
ine/C haplotype, that is totally absemt in LGSIL and 10T
potients (17% v 0%, P, <0.00000k As this haplotype s
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commonly present al bow frequency (26, 27), thas pesult 1s
suggestive of a specific effect in condyloma patients.

Taken together. these resulis support an implication of
HLA-G polymorphisms in HFY infection and lesion devel-
opment. The decreased frequeency of low HLA-G producer
genoiypes (indns, GAT) and the incresse in high HLA-G
prodocer haplotype (del/C) in HPY infected subjects susinin
the role of HLA-G genctic backpround in HPV infection. In
particular, we could hypothesize that a low HLA-G produc-
tion could interfere with vimus immune escape and decrease
the risk of HPV infection, while a high HLA-G production
acts os an immuac-cscape mechanism. However, when the
HPY infection is present, 14 bp inx allele, o low HLA-G pro-
ducer, allows lesion progression. We can speculate that the
lower expression of HLA-G could facilitude the erestion of
an inflammatory environment. tha (acilitales kesion progres-
sion. The role of HLA-G expression 1= peculiar in high-rsk
HPY infecied patients, The presence of 14 bp defl and +31420
alleles, both high HLA-G producers, increases the risk of high-
risk HPY infected patients to evolve inta IOC. We hypothesine
that the del/C haplotype could favor both viral and tumor
immune escape, inhibiting immune cell response vin HLA-
G interaction with imamne-inhibitory receplors. In paricular,
HPY infection and ICC developmeni are characterized by
interfenkin-10 (IL-10) relense (3, 32, 445, [L-10 & one of

& 20714 John Viley & Sorm 45 Published by Jokn Wiley & Sone Lad
Traaum Ansgena, 2014, B3, 113-115
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the main HLA-G inducers and this cytokine could create
an environment promoting HLA-G expression and immune
suppression. On the contrary, the del/G haplotype was down-
represented in ICC patients in comparison with LGSIL sub-
jects. We could suggest that the presence of the 431426 allele
reduces partly mRNA stability, leading to immune control of
lesion progression.

In conclusion, this is the first study that demonstrates a
primary association between HPV infection development and
HLA-G 3'UTR polymorphisms, where the simultaneous pres-
ence of high-risk HPV infection and HLA-G high production
genetic background promotes the neoplastic progression. The
confirmation of these results in a larger cohort with a prospec-
tive follow-up would suggest HLA-G polymorphism analysis
as a risk marker to be considered in the evaluation of disease
progression in HPV positive subjects.
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SUMMARY. ldentification of an HLA-G 14-bp lnsertion/
Deletion (lns'Del) polvmorphism st the 3 untransiated
reglon of HLA-G revealed Bs importance in HLA-G mRNA
stability and HLA-G peoteln level vardstion. We evalusted
the association between the HLA-G 14-bp Ins/Del poly-
morphism in patients with chronic Hepatitis B virs
(HEV} infection in & case-control study, Gemomic DNA
was cxtrscied rom 263 paticnts with chronkc HBY hepa-
titls and 246 control subjects and was examined for the
HLAG 14<bp InsDel polymorphizm by PCR. The peoly-
morphic variants were genotyped in cheonk HBY sero-
positive  cases strutificd sccording w0 HBY DNA levels
fibrosds stages and in @ control poepulation, There was no
satistical significant asocition between the 14-bp Ins/
Del polymorphizm  and incressed  suscoptibilidy o HBY
infection neither for alleles (F = 009) por for genotypes
(P =1L1K), The sratification of HBY patlents bassd on
HEY DNA levels rewealad sn o association  between the

i4-bp Ins/Del polymorphism and an enmhanced HEY
nctivity with high HBY DNA levels. In porticulsr, the Ins
alicle was sgnificantly asociated with high HBV DNA
levels (P=D.0024. OK = 1L.71, 95% (1 1.2-24). The
genotype Ins/Ins was associated with & 2.5-fold (95% CL.
1.29-4.88) increased risk of suscoptibiity w high HEY
replication compared with the Del'Del and Ins/Ded geno-
typis. This susceptibility s linked to the presence of two
Ins allehes, No sssociation was observed between the 14-
bp Ins/Del polymorphism and fibrosis stage of HBV infiec-
tion, We observed an association between the 14<bp Ins/
Dol polymorphism and high HBY repBcation characteriasd
by high HBV DNA kel in chronic HBV patients. These
results suggest o podential progoostic value for disease
outcome evaluation,

Kegwords: HEA-G 14-bp  Insertion/Teletion,  mssociation
study. chronic hepatits. Abeosis, hepatitis B virus, HLAG.

INTRODUCTION

Hepatitis B viras (HBV) Infection is responsible for the fre-
guent morbidity and mortality n patients with hepatitis
disease, Indeed. more than 240 million people workdwide
ure infected by HBV, and B couses about 6K (0K} deaths
cuch year all over the world [1]. HBY infection oulcomes
range from spontancous infctien deamnce to infection

Abbreviations Del. Deletion: HLA Human leococyte antigen:
HLA-G, Humon uoncyte antigen-i s Inserbon

Cormegpondmos Ines G0, Labormtoire Micrompankimes o Bl
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e Tunls, University of Tunks B Manar, 2092 Tunis, Tunisa
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persistence that may progress into cirrhosis or hepatocellu-
lar carcinoma (HOC) [2) The HBY mifection course s
thought to invelve a complex wmay of host immune
responss that are in part genetically determined [3.4].
Several candidate genes are suggested o influence the out-
corme of HBY Infaton as human leuncocyte antigen (HLA)
classd and classll genes, Indeed, the asoclation between
the HLA-IDRB1*1302 sllele and HEY clearance has been
well documented be Gambians [5] and German Caucasian
subjects [6]. For the Qatarian population. HLA-DRB1*07
was found to be associaled with persisient HEV nfection
71

HLA-G s &8 nonclassical class-] molecule. It plays a
maor role B the mmune regulstion inhibitng nsteeal
kilker cells (NK) as well as CDE+ T cell cytotoxkdty and
dendritic cell meturation, and Indocing Th2  cytokine
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secretion [8,9]. HLA-G has been implicated In pathokoglcal
viral imfections as itx tolerogenic unction contributes o
the virus escape froom host  immune delences [10-1.2],
Imporwntly, HLA-G 8 characterized by low alldic poly-
morphisms in comparison with clasdcal HLA class-1 genes,
However, a 14-base pairs (14-bp) Insertbomny Teletion (Tns/
el polymorphism (rsbh5542200 in the 3 untranshsted
region of the HEA-G groe has been assochinted with HLA-G
mENA stability as well as protein levels [13,14) The pres-
ence of the 14-bp sequence generates the deletion of 92
bases In the primary transcript of HLAG [15]. The Ins
allele s mssociated with lower mBENA and protein levels
[16,17]. Esewhere, & was reported that the Del/Del and
Ina/ Del Genotypes are the high producers of soluble HLA-G
medecules [15].

Several sudies demonstrated that the 14-bp Ins/Tkl
polymorphism s asocinied with ncurment spontancous
abortion  [19]. pemphigus  valgars  [20],  inflammatory
bowel disease [21] and sircoldosis [22]. Taking into
spocount the role of HEA-G in viral infection and the con-
ol of HLA-C expression by the 14-bp Ins/Del polymor-
phiEm, we evalusted the assoctatin between the HLA-G
14-bp Ins/Del polymorphiem and with chronk HBY infec-

o,

SUBJECTS AND METHODS

Patienits

This study Included 263 Tunistan chronic bepatits B sub-
jects [with persistent hepatitis B surfisce antigen (HBsAg)
for longer than & months]. Patients included 132 females
and 131 maks with &8 mean age 36,75 4 0.6/ vears
(SEM: mge range: 14-65 years) All patients were recruited
from the infectious discases service of Farhat Hachod Uni-
versity Hospltal (November 200 1—Jume 200 2),

Hepatitis B virus markers incloding HBsAg, HEe antigen
{HBeAg ), HBe antibodies janti-HEBe) and anticore antibodies
fant-Hic) were detectd by Microparticle Ensyme lmmu-
noassay technology (AXSYM: Abbott Laboratorkes. Abbott
Park, L, USA). Patients with other Uver discases (including
autobmmune liver dissase and alcoholic liver disease) or
other viral diseases [includng the hepatits © virus (HCV),
hepatitis delta virus and HIV] were excduded fFom the
study, In sddition, patents who have sccess w antivieal
treatment were excluded.

Several liver bschembstry messurements were regularly
taken b hiding alanlne aminoransirase (ALT), aspartate
amdnatransderase (AST) total bilirabin (TR, y-ghesmyl-
tranderase (GGT) and alkaline phosphatase (ALP),

Patient were divided Into two groups sceonding o their
HBYV DNA Josuds [23]). Group 1 incledes patients with low
serum  HBY DNA Jevels (<2000 [Vml: n=147), and
group 2 includes patients with high tires of HEV DNA

(=2000 MUml: n=116) [24] [24-26] The viral levels
were expressed as log of measured HBY copy numbers,

Liver blopsy was pefformed for 59 HBY patients, The
stage of hepatic brosis wis assessed using the METAVIR
sydem [27] Based on Bbrods score, HBY patients wene
divided in two subgroups: the fist includes 16 patients
with mild o moderute fibrosts (METAVIR FO, F1 or F2),
and the sccond one indudes 23 patients with severe fibro-
sk (METAVIR F3 or F4). All patients gave their consent for
the performed study.

Comntrols

The control population consited of 246 chnically and
peographically matched healthy bood donors that wene
seronegative e all HEY markers, HOV and HIV inkction,
Paticnts mchaded 125 fomales and 121 males with o mean
Age 3403 £ 067 years (SEM: age nunge: 1964 vears),
They were recruited from the Regional Center of Blsod
Transfeskon of Farhat Hached University Hospital, All con-
trels geve their consent for the performed smdy.

DNA extraction and genotyping asseys

Genomic DNA was exiracied from whole Bood EDTA using
the (MAamp [INA blood kit according to the manufactures’s
instructions ((Hagen, Chatsworth, CA, USAL Genotyping of
the 14-bp Ine/le] polymorphizm was perlrmed by polymer-
ase chain reaction (PCH) with the following primens the k-
ward  primer  (3-CTGATGOGCTGTTTAAAGTOTCACC-3)
and the reverse primer (| 5-GOAAGGAATGCAGTTCAG-
CATGA-1')L. PCR amplification was pedformed with Initial
denaturstion at 94° C for 2 min. followed by 35 cycles at
947 Cfor 30 3, 64° C foe 00 5 and 727 C lor 60 5, and with
a final extension at 72° C for 10 min. The HLA-G 14-bp
Il polymorphilan was analysed by electrophoness on &
3% agarose gel stained with ethidium bromide, PCR prod-
ucts of 224 bp and 210 bp in length cormespond to the
insertion and delethon alkeles, respectively.

Statistionl amalysis

Statistical analyse was performed using SPSS version 170
for windows (SPS5, Inc. Chicagoe. [. USA)L Allde and
genotype requencies were calculated by direct gene count-
ing. Comparisons between genotype and atlede Fequencics
according o the Hardy-Weinberg equilibrium in patient
and control groups were examined by chi-square test, The
odels ratio (OR) and 95% confidence interval (1) were cal-
culated to estimate the relatve risk. For the statistical tesis,
the kevel of significance of P-value was set a1 (.05, More-
over, @ logistic regresion including the significantly associ-
aied 14<bp Ins/Del polymorphism with sge as covarate
wis ilso performied,

© 2015 John Wiley & Sons Lid
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Tablk: 1 Distribution of allelic and genotype frequencies of HLA-G 14-bp Ins/Del polymaorphism in HEV-inkected patients

and healthy controbs

Pativnts Controls
IN = 241) (N = 240}
14-bp Ins/Del n %) e ~ Povalue* OR* [95% (1]
Allebes
Insertion 283 151.8) 239 (48.6) 277 L9 1.23 [0.96-1.57]
Iheletion 243 (402} 253 (514)
Cenotypes]
Insflns 87 (131 Bl {25.6) 2 012 144 [09-2.29]
Ins/Del 109 (4140 113 (459) i 97 1 [0.65-1.54]
el el 67 i25.5) TO(2R.5) 1 - -
Ins/lns+Ins Del 196 {74.5) 176 (T1.5) 057 44 116 [0.78-1.72]
el e+ hinse el 176 (669} 183 (744} 341t (LMt 1.43 [047-2.1]

5% CL 95% confidence interval: Del. Deletion: Ins. Insertion: OR. odds retio. *y". Prvalues and ORs were cakulated using
the Ded alkle and the DelDel genotype as reference. ', Povalues and ORs were caloubited using the lns/Ins genotype as

reference. *2 x 3 contingency teble: ¢ = 3414, P = (0.181,
RESULTS

Mielic and genotypic distribution of HLA-G 14-ph Inx/
Del polymorphism among patients amd controls

The distribution of alleke ‘genotype freguencies of the HLA-
G 14-bp InsDel in HBY cases and controls 1= shown in
Table 1. The genotype lreguencies in controls were consis-
tent with the Hardy-Weinberg equilibdum (7° = 3.41:
P =10,18) The Ins alkle fFoquency was more prevalent in
patients (53,.8%) than among control subjects (48.6%) but
without reaching satitkcal  signlficance (37 = 277
P =008 Furthermore, there were no significont differ-
ences in the genotype frequencies of the HLAAG 14-bp Ins/
el between these two proups, According w these results,

we did not observe any statstically sgniicant sssocistion
between the HLA-G 14-bp Ins/Del alleks/ genotype distribi-
tion and the susceptibility to chronic HEY infection.

HLA-G 14-bp Ins/Del in patiemts with high HEV DNA
levels amd comtrols

The Fequency of the 14bp Ins allede & enhanced In
patients with high HEY replicatkm (see Subjects and Meth-
ods Section) when compared with controls respectively,
H1.2% ws 45.6%) as shown in Table 2. Thie difference is
statistically significant [P = (M1 OH=1.60 (95% (1 1.2-
2.2 We report abo a significant increase i the 14-bp

Ins/Tns homozygous HLA-G genotype in patients with high
HEV DNA [41.4% v 256%: P = 0003 OR= 2.42 (95%

Table 2 Distribution of allelic and genotypic freguencies of HLA-G 14-bp [ns/Del polymorphism in patkents” subgroups with

higth HBY kevelk HBV-inkxcted patients and healthy controk

Patients with high

HBY DMNA Controls
Levels (N = 116) N = 246)
14-bp Ins/Del %) " (%) i P-value* OR® [95% (1)
Alleles
Inserton 142 ih1.2) 239 (45.6) 1008 (L0MN1 1.6[1.2-2.2]
Deletlon 90 (38.8) 253 (51.4)
Genotypest
Ins'Tns 45 (41.4) 63 (25.6) 8.32 LIRS 242[1.3-4.4]
Ins el 46 (39.6) 113 (459 0.74 0nis 1.2 [0.7-2.3]
el el 22 (1% TR 5) 1 - -
Ins/Ins+ins el 94 (K1) 176 (71L.5) 574 52 16 [0e9-29]
Diel Dl -+ I Tl G 1586 183 (7441 9.22 L2 2.05[1.2-3.2]

5% (1 95% confidemoe interval: Del. Deletion: Ins, Insertion: OF. odds ratio. * 37, Pvaloes and ORs were calculated using
the Del alldde and the DelDel genotype as reference. 72 = 3 contngency table: o= 9Re P=00071. Significant

Pavalues are highlighted in bold,

© 2015 John Wiky & Sons Ltd
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Table 3 Demographic and clinkal characteristics of HBY putients” subgroups with low- or high HBY DNA levels

Patlenis with high

Patients witly low

HBY DNA levels HBV DNA levels
(N=11f) N =147)
Pairaimel or Aillrsiin CCEREN LS T F""’m
Gender (mile/Temale) LT 3/ R4
Ape (years) 3535 (LY926) 37.87 (0L92b) (1Wb
ALT (UYL 3632 (3. 105) 231.29 ((LB&) <00
AST (ILL) L3R (2.16) 22,28 (0.741) <M
GGT (UL 51.1 13.939) 23.250(0.379) 32
AL (VL 2704 (7.21) G015 03.128) 0,720
HEBY DNA (I/mil, log) 419 (LT19) 2,15 HLM5) =001
Liver blopsy specimin 59
wvallable during study period
Stupe of fibrosks
PO 2 ik ] ]
Fi-F4 23 1] [

Significant P-values are highlighted in bold.

1 1.3-4.4)] and @ decrease of the Del/Del homozygous
genotype in these patients (19% vs 28.5%).

HLA-G 14-by Ins/Del in patients with low or high HEV
DA levels

The demographic and cinical festures of HBY pathents with
lowe- or high HEV DNA levels (P < (LOOD ) are summarissd
in Table 1. The ALT, AST and GOT kevels were significantly
enhaneed In the subgroup with high HBY DNA levels com-
pired o the subgroup with ke HEV DN A levels.

The distribution of the HIA-G 14pb Ins/Del allele/
genotype Frequencies in the patient subgroups B reported

in Table 4. The HLA-G 14-bp Ins sllele Fegquency was
significantly higher in the subgroup with high HEV DNA
levels (61.2%) than in the subgroup with low HBYV DNA
(48%) [P = 00024 OR=1.71 (95% 1 1.2-2.4)} This
significance was  mainained after adjustment  for age
[P = (LM,

This differesce was due to the statistically significant
ower-re presentithon of the 14-bp Ins/Ins homosygous HLA-
G genotype, which wes significantly Increased in the sub-
group with high HBY DNA [41.4% vs 26.5%: P = (.005:
Of= 2.5 (95% (1 1294.88)] end the decrease of the

HLA-G 14-bp InsDel heterozygous genotype in this sub-
growp [ 39.6% vs $2.9%).

Table 4 Distribution of alledic and genstypie fregquencies of HIA-G 14-bp polymorphizm in patients’ subgroups with low- or

high HBY levels
Patients with high Pathents with low
HEV DNA levels HEVDNA kevels
iN = 116R) iN=147)
14-bp Lns/Del m{%) (%) - Pavahue* OR* [95% (1)
Al s
Insertion 142 (h1.2) 141 (45} 915 0024 L71[1.2-2.4]
Deletion 901 | 35.8) 153 (52
Genotypest
Ina/Ins 45 (41.4) 19 (26.5) 7.61 0.005 2.5(1.29-4.88)
Insd 46 (196 Bl 429 1.5 0.1 1.49 [0.79-2.82]
Dl el 2{19) 45 (30,6 1 - -
Ins/Tns+Ins/ el 94 (K1) 102 i79.4) 4.61 o3l 158 [1.05-3.37]
Dl Mek+ns/Thel B8 [ 556 108 {73.5) .45t 0.011% 1.9 [1.16-3.2]

5% C1, 95% confidence intervak 14 bp, 14 base pairss Del. Deletion: HEV, Hepatitis B Virus: Ins, Insertion: OR. odds rato.
. Povalies and ORs were caleulated using the Del allele and the Del/Ded genotype as reference. 'p%, Povalues sand ORs
were cakuloted using the Ine'Ins genodype a5 reference, *2 « 3 contingency table: 7° = 7934, F = (L0019, Significant

Pvalues are highlighted io bald,
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HLAG 1d=bp Ins/ Dl and chronde HRY infetion 5

Toble: 5 Ddstribution of ALT, AST and GOT kevels among HBY patienis with low- or high HBY DNA levels

Patients with high HEY DNA

Patlents with low HEV DNA

liewels (N = 116} levels (N = 147)

[T RN Mleais (SARL Pvalus

Dol el amid Del/Del wnd
Piramcior el Ins InsTns Dl Tns InaMns
(T N = 6K (a) iN = 48} (b} (N = 108} (c) (N=39)id) {ml () {epidi faMich (b
ALT 27.17 (1.8B) 315191455 2281 10.01) 24,686 (1.66) (LIRS 0346 D026 00249
AST ILI8{2.72) 43.27 (0 22) 22,56 1L94) 21.5 (1AM} (LS54 0.513 LM 0.005
GGT 1298 {5.36) 2767 15.37) 2384 11.65) 21.71 {254} 0523 L4594 52 0.2949

Significant P-values are highlighted in bokl.

We found that the 14-bp Ins/Ins genotvpe wis assod-
aled with high HBY DNA levels (55.2%). whereas the
genotypes 14-hp Del/Del and 14-bp Ina'lkel were asociated
with low HEY DNA levelk (663%) (P= 00111 We
obwerved akeo that 73.5% of patients with low HEV DNA
had the genotypes 14-bp Del/Del and 14-bp lns/Tel.

Paitlents with high HBY replication and with the geno-
type 14-bp InsIns prsent had significantly enhanced lev-
cbs of ransaminases compancd with putients with low HBY
replication (P = 0029 be ALT, P =005 ke AST,
Table 5. On the other hand, patienis with low HBY DNA
loads and genotypes 14-bp Del/Del and 14-bp InsDel had
low serum bewels of ALT (P = 0.0264) AST (F = DANOE)
and also GGT (P = 0.052) comparad with patients with
high HBY DNA lowds (Table 5).

HLA-G T4-lp Ins/De in patients stravified by fibrosis
staging

To determibne the possible implication of the HLAG 14-bp
Ine/lel in the fibrosis gdage. we categorizaed 59 patients

who had liver biopsy into two subgroups, based on the
severity of fibrosis: patents with mild 1o moslerate Abrosis
(METAVIR seores FIL F1 or F2: 6 = 3h) and patients with
severe fibrosks (METAVIR scores: F3 or F4: n = 230 There
wis po satistically significant  diferenee between  the
pathent rl.:ll:lﬁ.rul.lp:i conceming elther the HLA-G 'I-l-b-p
ulleles (37 = D02 P = (L89), or the HLALG 14-bp peno-
types (3° = 0.014: P = 0.99) and fbross stuge (Table &),

DISCUSSION

The outcoms of HBY Infection ranges from spontaneous
recovery (o chronic persistent infection which may pro-
gress o clerhosts or HOC [ 2], Seversl Tocwors may influenee
the course of mfection, These fBctors mcode find, virologi-
cal, environmental, mmunological and host genetie facoes,
but the imeraction between all of these clements B not yet
ehactdited [28,29]. Many studbes focused on the lnportence
of the Immunogenetic background in HBY infection. The
vast majority of published stidies about HBEV persbtence
pobnt out the role of the majer histocompatibility complex

Table & Genastypic and slielic distribution in patients with high HBY DNA levels according to stage of librosis

F=2 F=>2
N = 16) (N=23)
T4-bp s Dl n %) n %) P Pewiiloe® OR* [95% €]
Alleles
Insertion 4 55,6} 25 15440 Th [LR.4] 1.05 [049-2.2
Dheletion 12 (%44 21 145.6)
Camotypes]
InaTns 13136.1) LAELR 13 [ 1.08 [0.27-4.2]
Tl 14 {38.9) EEL A (LIS 54 104 [(0.3-3.5]
Dhel el {25 (26,15 1 = -
Ins/Tres+ Inss Dl 271730 17 (73.9) (LIS 0492 1.05 [L31-3.5]
Delel+lead el 23 (h39) 15 (h35.2) it 091t 1.005 [ 35-3,14]

B5% CL 95% confidence interval: 14 bp, 14 base pairs: Del, Deletion: F, gage of Bbross: HBY, Hepatits B vimes: Ins, lnser-
thon: OR, odds rato, * ¢*, P-values aod ORs were caboulated using the Del allele snd the Del/Dd penotype 8s reference. 'y,
Palues and Os were caleulated using the Ina/ins genotype as reference. 2 » 1 contmgency tabls ¢ = (L.014,

Pa=i99.

© 20115 john Wikey & Sons Lid

26



6 A Hallph Laari er &l

{MHC) i determining the infection outcome. Tinm wnologi-
cul factors, incheding the inoete and sdaptive mmune
rsponses against viral infection, play important roles in
modulating both the antiviral immune response and host
susceptibility o HEY [29]. The most convincing evidence
refen o associations betwesn HBY infection and MHC class-
0 molecukes [7,30.31], The relationship between various
clinical manifestations and HLA molecules has been the sub-
ject of seversl studies, but no definitve relationship hes as
yet been found, primarily because of Inconsistent resules.
Therefore, in this study, we were lnterested in the potential
association between HBY infection and the HLA-G 14-bp
T/ Dl polyenorphism,

In the present study, we suggest that the HIA-G 14-bp
s/ el was associated with high HBY replication, Ar first,
the HLA-G 14-bp Ins/Del was compared between the 116
patients with high HBY DNA levels and 246 healthy con-
trofs. There was & significant ncrease in Ins allele distribu-
tion between the two groups (F = (LN |, This significance
wis madntained when we compared patients with high
HEY DNA kevels vs patients with kb HBY DNA levels
(P = 0.0024), Our dats suggest a possible role of HLA-G in
the immune regulation durdng HBY infection, One shady
concerning  other virel infections [27] obtained  similar
rsilts supporting  ouwr Bedings The suthors feund an
Increassd Fequency of the 14-bp Ins/ns genotype and HIY
infection in an Afrdcan populatin [32] Low sHLAG
expression alleles may he more sosceptible o HEY infection
and bead 1o & worse outoome, This hyped hesis could be sus-
tained by the Onding of lang o ol [33] thet reported an
assoclation between the 14-bp Ins/Ins gemotype amd an
incressed risk 1o HOC Ina Chinese populstion.

Our date polnt out to the prodective role of the 14-bp Dol
alleke against HBY replication. Indesd, 73.5% of patients
with low HBYV DNA had the 14-bp Del allele | genotypes Del/
Del snd InsDel). Thes genotypes correspond o high
sHLA-G producers [18]. However, patients with the 14-bp
Ins/ s genotype. and probably low sHIA-G production
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[18L hawe higher HBV levels (55.2'%), as well as signifi-
cantly enbanced bevels of tronsamineses (ALT, AST) and
GGT (Table 5). sHLAG molecules may be assovisted with
low HBV activity (low HBY DNA level). The potential local
tokerance of HEV nduced by sHLA-G could be associated
with the persstence of HEY infection and enhanced liver
damage. This hypothesis is sustained by our dats on cyiol-
ys&s of inkected liver cells by Immune cells, Indeed, pathents
with low HBY DNA levels have bow AST, ALT and GGT
levels compared o sdvanced stages of HBY infection with
high HEV DNA levels however. both growps had normal
values ke these molecules (Toble 5). This condition proba-
bly sustains advanced stages of Abrosis. Our hypothesis
may explain the higher sHLA-G expression in the liver
with worse follow-up [25] However, further studies ure
nevessary (o valkdate our hypot beses,

HLA-G plays an lmportant role in HEY Infction. Bused
o Lhe Gmdings of Souto of al [14] amd other gudies abeut
the implication of sHLA-C in HEV infection [33.25]. we
suggest thit HLASG, either in B8 membrinous or soluble
forms, & implicated in the pendstence and In the advance-
ment of HBY infection, On the contrary, the HLA-G 14-bp
Ins/lel polymorphion seems not o be nvolved in the
severity of liver fibrosis in patients with chronie HBY infec-
thoer (Tabke A 16 lse with s nding, mo essoctsthon was
found between HIA-G expression and severity of lver
fibrosts in patients with chronic HBY infection | 34].

I comaclosdion, we repert for the fird tme the eseckEtion
between the HLA-G 3UTR 14-bp InsDed polymorphism
and HEV infecton o Tunlsken patients with chronle HAY.
The 14-bp Ins allcke seems o be asockted with high HAY
replication. Our results suggest that HLA-G has a possible
rok in moduliting immunity againg HBV. Further studies
in other populstions are necessury to vilidote our fndings,
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In general, viral proteins are able to decrease HLA class I expression, but their effect on
HLA-G expression at the cell surface is more ambiguous. Indeed, they may have no effect
[104-106] or an inhibitory effect [107-110], or as reported by Onno et al. [111], even induce
HLA-G after viral reactivation in activated macrophages infected by hCMV. By contrast,
another study reported that HLA-G1 expressed on cell surface resulted downregulated and
that this decrese was due to hCMV short viral US glycoproteins [109]. In fact, hCMV
produces different US proteins that act on MHC expression at different levels (Figure 2) and
show differential effects on the expression of classical HLA class I and HLA-G molecules at
the cell surface. This different effect is due to the shorter cytoplasmic tail of HLA-G [112]

and other structural characteristics.
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Figure 2. Model for immune escape in hCMYV infection.

These conflicting results for hCMV may depend on different cell types studied (monocytes,
trophoblasts, or the U373-MG astrocytoma cell line). In fact, the viral proteins exhibit
different effects depending on the infected cell target, the type (classical or otherwise) of HLA
class I molecules, and the membrane-bound or soluble nature of the HLA-G protein. For
example, US10 recognizes the short cytoplasmic tail of HLA-G (RKKSSD) as a substrate and

downregulates the cell surface expression of HLA-G but not that of classical class I MHC
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molecules [109]. On the other hand, the US2 protein affects levels of HLA class I molecules
by increasing proteasome-mediated degradation, unlike HLA-G1, which lacks the residues
essential for interaction with US2 [104]. Furthermore, HLA-G1 could also be targeted for
degradation, independently of the cytoplasmic tail 105]. In the case of HIV infections, the
short cytoplasmic tail of HLAG avoids Nef-induced downregulation, whereas Nef

downregulates MHC class I molecules [105, 113].

Basing on this peculiarity of hCMV in modulating HLA-G expression, we evaluate the
possible role of HLA-G in pregnant women ondergoing primary hCMV infection. In fact,
about 1-7% of pregnant women present a primary hCMV infection, with a transmission rate
to the fetus of 30—40%. Plasma samples from pregnant women (divided according to their
infectous status in: uninfected, with primary hCMV infection and with non primary hCMV
infection), from non-pregnant women and amniotic fluids corresponding to primary infected
women were analyzed for hCMV presence and soluble HLA-G (sHLA-G) levels. We
observed an increased expression of sHLA-G molecules in plasma samples from primary
infected women. Moreover, amniotic fluids from fetuses symptomatic for hCMV infection
presented higher sHLA-G levels, were mainly characterized by sHLA-G1 isoform, presence
of HLA-G heavy chain and a concentration gradient to the maternal plasma. Our result
supported the hypothesis that the determination of sHLA-G molecules in both maternal
plasma and amniotic fluid represents a predictive marker for perinatal outcome in fetuses with

HCMYV infection [114 paper attached].
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Abstract

Background: Human leukocyte antigen (HLA)-G molecules are non classical HLA class |
antigens expressed as membrane bound and soluble isoforms (sHLA-G) with a restricted
tissue distribution and immune-regulatory functions. They are expressed at the fetal-maternal
interface and have an important role in the maintenance of a tolerogenic condition. Previous
researches reported an influence of HCMV infection in HLA-G molecule expression. The
objective of this research was to identify maternal and fetal characteristics as prognostic

markers of congenital human cytomegalovirus (HCMV) infection.

Methods: Plasma samples from 130 pregnant women (30 uninfected, 56 with primary
HCMYV infection, 44 with non primary HCMV infection), 52 non-pregnant women and 56
amniotic fluids corresponding to primary infected women were analyzed for HCMV presence,

soluble HLA-G (sHLA-G), classical sHLA-I, beta-2microglobulin levels.

Results: We observed an increased expression of sHLA-G molecules in plasma samples from
primary infected women. Amniotic fluids from fetuses symptomatic for HCMV infection
presented higher sHLA-G levels, were mainly characterized by sHLA-G1 isoform, presence

of HLA-G heavy chain and a concentration gradient to the maternal plasma.

Conclusions: Our results suggest the determination of SHLA-G molecules in both maternal
plasma and amniotic fluid as a predictive marker for perinatal outcome in fetuses with

HCMYV infection.

Key words: HLA-G; cytomegalovirus; pregnancy
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Introduction

Human cytomegalovirus (HCMV) is the most common cause of intrauterine infection,
occurring in 0.3% to 2.3% of births [1]. HCMV intrauterine transmission is more common
after primary infection (30-40% of probability) than after secondary/recurrent infection
(1%) [2, 3]. Ten to fifteen percent of congenitally infected infants will have symptoms at birth
and around 10% of them will die. 70-80% of surviving babies will suffer delayed sequelae
such as sensorineural hearing loss, delay of psychomotor development, and visual impairment
[4]. Most congenital infected infants (85-90%) have no symptoms at birth, but 8% to 15% of
them will develop delayed injury [3, 4].

Within 20-21 weeks of gestation prenatal diagnosis is offered to women with proven primary
HCMV infection occurring before 14-16 weeks of gestation. The fetal compartment can be
studied by invasive (amniocentesis) and non-invasive (ultrasound examination) techniques
[5]. Ultrasonographic findings are helpful but not diagnostic because HCMV has features in
common with other intrauterine infections and its sensitivity is poor [6]. HCMV detection in
amniotic fluid with virus isolation and/or Real Time PCR is useful for prenatal diagnosis of
fetal infection, due to its high sensitivity and specificity [7]. Low viral loads in amniotic fluids
with negative ultrasound findings are associated with asymptomatic congenital HCMV
infection. However, high viral loads with negative ultrasound findings may be associated with
symptomatic or asymptomatic congenital HCMV infections [8-10].

Therefore, there is still a need for reliable prognostic factors for the outcome of HCMV fetal
infection.

HCMV can modulate the expression and/or function of human leukocyte antigens (HLA), by
encoding proteins to detain and destroy the expression of HLA molecules on the surface of
infected cells or selectively up-regulate specific HLA class I molecules binding to immune

cell inhibitory receptors [11]. In this scenario, there is an interesting non-classical HLA class |
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antigen, HLA-G, characterized by low allelic polymorphism, restricted tissue distribution and
alternative mRNA splicing which creates different isoforms, 4 membrane-bound (HLA-G1—
G4) and three soluble (HLA-G5-G7) [12]. HLA-G is expressed at the maternal-fetal
interface, on surface of trophoblasts [13] and soluble HLA-G in plasma (sHLA-G) increases
during the first trimester of pregnancy [14]. HLA-G is responsible for reprogramming the
local maternal immune response towards tolerance and remodelling uterine vascularization
[15]. The importance of HLA-G production during pregnancy is evident in pre-eclampsia and
in unexplained recurrent spontaneous abortions, where HLA-G expression in placenta is
reduced [16]. HLA-G has tolerogenic functions, inducing apoptosis of activated CD8+ T cells
[17], acting on T regulatory cells [18], modulating the activity of natural killer cells [19] and
dendritic cells [20] and blocking allo-cytotoxic T lymphocyte response [21]. HCMV infection
modifies HLA-G expression in tissues and immune cells, with a downmodulation in infected
cytotrophoblasts [22] and upregulation in infected peripheral blood cells [23]. Specific
HCMV proteins increase HLA-G expression interacting with the HLA-G promoter, and
affecting mRNA stability, protein translation and the secretory pathway [22, 24-27]. The
increase in HLA-G expression is suggested as a mechanism for virus immune escape,
because of the immune-inhibitory functions of HLA-G.

Since HLA-G has an important role during pregnancy and HCMV modifies its expression,
we analyse the role of HLA-G in congenital infections. Moreover, it has been observed that
one important component of HLA-I molecules, beta-2 microglobulin (b2M), has diagnostic
efficacy for differentiating symptomatic from asymptomatic HCMV congenital infection
[28]. Since free-b2M mainly derives from the shedding of HLA-I-b2M associated molecules
and HLA-G molecules generate free-heavy chains releasing b2M during specific conditions

[29, 30], we supposed a role for HLA-G antigens in generating b2M-free molecules.
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To explore the possible role of HLA-G molecules in congenital HCMV infection, we
analyzed maternal and fetal classical HLA-I, HLA-G and beta-2microglobulin expression in

correlation with the risk of HCMV congenital infection.

Materials and Methods

Subjects

The study analyzed a cohort of 130 pregnant women who were referred between 2006 and
2011 to the Maternal-Fetal Medicine Unit, St. Orsola-Malpighi University Hospital, Bologna,
for suspected primary HCMYV infection. Maternal primary HCMV infection was assessed at
the Virology Unit of the same University Hospital. Fifty-six amniotic fluid samples from
primary HCMV infected women were collected during amniocentesis. Written informed
consent was obtained from each woman before amniocentesis.

The women, aged between 18 and 40 years, were in the first and second trimester of
pregnancy. They presented no previous autoimmune and inflammatory diseases and they were
no assuming anti-inflammatory or immune-modulatory drugs.

Primary infection was diagnosed on clinical history as well as HCMV IgM-positive and
low/moderate HCMV IgG avidity results, positive DNAemia and/or seroconversion for
HCMYV. Non primary maternal HCMV infection was diagnosed, within the first 16 weeks
gestation, according to blot-confirmed IgM-positivity with high avidity anti HCMV IgG and
presence of DNA-HCMYV in blood and/or urine and or/saliva. HCMV-seronegative women
(for both IgG and IgM) were defined as uninfected.

Detection of HCMV fetal infection was performed on amniotic fluid samples with virus
isolation and real-time PCR. The results of viral tests were confirmed by histological

examination on terminated fetuses or testing urine of neonates within the first 2 weeks of life.
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Fifty-two non-pregnant women were recruited as healthy controls.

Diagnosis of symptomatic HCMYV infection in fetuses and infants

Fetal symptomatic infection was defined as the presence of ultrasound abnormalities and
histological and immunoistochemical findings in fetal organs with particular attention to the
brain of aborted or dead in utero fetuses [31]. Congenitally infected newborns were assessed
by clinical, instrumental and laboratory findings for disease in the neonatal period and

subsequent monitoring up to 6 years [32].

Anti-HCMYV IgM and IgG detection and IgG-avidity

Maternal serum samples were tested using the Enzygnost® HCMV IgM and IgG assays
(Siemens Healthcare Diagnostics) and an in-house immunoblot for detection of HCMV-
specific IgM [33]. HCMV IgG avidity was tested with the Radim® Cytomegalovirus IgG

Avidity ETIA WELL assay (Radim).

Virological examinations

HCMV isolation from amniotic fluid was performed by shell-vial procedure as described
elsewhere [34]. DNA was extracted from amniotic fluid and saliva with the NucliSens
easyMAG System (bioMerieux) and from blood and urine with the QIAsymphony SP/AS
System (QIAGEN).

HCMV-DNA was quantified with a real-time PCR assay (HCMV ELITe MGB kit,
ELITechGroup) using the ELITe-MGB technology. Amplification, detection, and analysis
were performed with the ABI PRISM 7300 platform (PE Applied Biosystems). The detection
limit was 11 copies/reaction and viral load was reported as number of copies/mL for all body

fluids examined.
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Enzyme-Linked Immunosorbent Assay (ELISA) for soluble HLA-G

sHLA-G levels in plasma and amniotic fluid samples were assayed in triplicate as previously
reported [35] using the monoclonal antibody (MoAb) MEM-G9 (Exbio), which recognizes
the HLA-G molecules, in f2-microglobulin associated form. The intra-assay coefficient of
variation (CV) was 1.4% and the inter-assay CV was 4.0%. The limit of sensitivity was 1.0
ng/ml.

Plasma and amniotic fluid concentrations of HLA-G5/G6 were quantified as previously
reported [36], using the SA6G7 MoAb (Exbio). The intra-assay coefficient of variation (CV)
was 2.0%, the inter-assay CV was 3.5%. The limit of sensitivity was 1.0 ng/ml. The amount
of sHLA-G1 was expressed by the difference between sHLA-G and HLA-G5/-G6

concentrations [36].

ELISA for soluble HLA-I

Plasma and amniotic fluid concentrations of sHLA- I were measured as previously reported
[37] using an anti-HLA class I monoclonal antibody (W6/32, ATCC). The amount of sHLA-
Ia was expressed as the difference between sHLA-I and sHLA-G concentrations since
monoclonal antibody W6/32 used in our ELISA procedure detects both classical sHLA-I (A,

B, C) and non-classical sHLA-G.

ELISA for soluble Beta-2microglobulin and Albumin

Beta-2microglobulin (b2M) concentration was determined in triplicate using a commercial
Human beta-2microglobulin ELISA Kit (Abcam) with a detection limit <6 pg/ml.

Albumin concentration was determined in triplicate with a 1:200 dilution using the
commercial Human albumin ELISA Kit (Alpha Diagnostic International) with intra-assay

CV of 6.8 to 11.4 % and inter-assay CV of 3.5 to 6.4%.
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Determination of sHLA-G and sHLA-I Indexes

Fetal production of HLA-G was calculated with the following formula [38]:

sHLA-G Index = amniotic fluid/plasma sHLA-G : amniotic fluid/plasma albumin

where the ratio between amniotic fluid and plasma albumin concentrations represents the

status of placental barrier.

SsHLA-G immunoprecipitation

Plasma and amniotic fluids were biotynilated with 0.2 mg/mL EZ-Link Sulfo-NHS-LC-Biotin
(Pierce)[27]. Samples were immunoprecipitated for 2 hrs at RT with anti-HLA-G MoAb
(MEMG], specific for HLA-G free heavy chain, or MEMGY9, specific for beta2-
microglobulin conjugated HLA-G, Exbio), washed twice and incubated overnight with

protein G-Sepharose (Santa Cruz,) at 4°C. Samples were washed twice and resuspended in

20ul Laemli Buffer (BioRad).

Western Blot analysis

We quantified protein concentration in immunoprecipitates by the Bradford assay (Bio-Rad
Laboratories). Total proteins, denatured at 100 °C for 5 min, were loaded with native or
reducing buffers in 10% TGX-Pre-cast gel (Biorad), and electroblotted onto a PVDF
membrane (Millipore) [39]. The membrane was incubated with a horseradish peroxidase
(HRP)-conjugated antimouse antibody (1:5000; Amersham Biosciences,) and developed with

ECL kit (Amersham Biosciences). Images were acquired with Geliance 600 (Perkin
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Elmer).Human choriocarcinoma trophoblastic cells (JEG-3) were used as positive control for

constitutive HLA-G expression [40].

Statistics

Statistical analysis was performed with Stat View software package (SAS Institute Inc).

Since data, screened by Kolmogorov-Smirnov test, presented a normal distribution, statistical
analyses were performed using Student’s t-test when normally distributed or non-parametric
Mann-Whitney U test when distribution was non-normal. Frequencies of positive samples for
a specific variable were compared by Fisher exact test. A logistic regression analysis was
performed to evaluate the effect of different variables. The relationship between sHLA-G
presence and HCMV infection status was investigated by the Receiver Operating
Characteristic (ROC) curve (Zweig and Campbell, 1993) analysis (JROCFIT software, John

Hopkins University, Baltimore, MD, USA).

Ethics
The study was carried out according to the policies of the Ethical Committee of St. Orsola-
Malpighi University Hospital, Bologna, Italy (n. 135/2013/O/Tess), of the University of

Ferrara, Ferrara, Italy (n. 06/2013) and the rules of the Italian Ministry of Health, Rome, Italy.
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Results

sHLA-I, b2M and sHLA-G levels in maternal serum samples

We evaluated sHLA-I, b2M and sHLA-G levels in sera of 130 pregnant (30 uninfected, 56
with primary HCMV infection and 44 with non primary HCMV infection) and 52 non-
pregnant women.

Detectable serum levels of classical sHLA-I (sHLA-Ia) and sHLA-G were significantly more
frequent in pregnant women (130/130; 100%) than in non-pregnant subjects (31/52; 59.6%)
(p <0.0001, Fisher exact test). b2M molecules presented a trend for fewer positive samples in
uninfected pregnant (11/30; 36.7%) and non-pregnant women (20/52; 38.5%) than in infected
pregnant women (54/100; 54.0%) (p=0.14, p=0.087, respectively).

Pregnant women showed higher levels of sHLA-Ia and sHLA-G in comparison with non-
pregnant women (sHLA-Ia: p=0.022, p=0.014; sHLA-G: p<0.001, p<0.001; Student’s t test)
irrespective to HCMV infection (Figure 1a, b). We observed no statistical differences in
sHLA-Ia and sHLA-G serum levels between infected and uninfected pregnant women
(Figure 1a, b). b2M levels were slightly higher in infected pregnant women than in
uninfected pregnant women (p=0.05) (Figure 1c¢). Interestingly, subdividing the subjects
according to the maternal HCMV infection status, primary infected women presented higher
sHLA-G concentrations than in uninfected and non primary infected women (sHLA-G:
p<0.001, p<0.001; respectively) (Figure 1e), with no difference in sHLA-Ia and b2M levels
(Figure 1d, f). sHLA-Ia, sHLA-G and b2M levels were similar in non-pregnant women

subdivided on the basis HCMYV seropositivity (data non shown).
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Fetal and neonatal HCMYV infection status

Fifty-six pregnant women with primary HCMV infection underwent invasive prenatal
diagnosis. PCR and virus isolation gave no positive result in 39 amniotic fluid specimens and
no congenitally infected newborns were found in this group. Two of 17 amniotic fluids from
mothers who transmitted the virus to their fetuses/babies, were negative both for virus
isolation and PCR. These 2 congenitally infected babies were asymptomatic at birth and
during subsequent monitoring confirmed normal development and the absence of late-onset
sequelae, in agreement with literature [8-10]. The remaining 15 amniotic fluids were positive
for both virological tests (6x10"5 copies/mL median viral load) except one case where only
HCVMV-DNA was detected (10"3 copies/mL).

Overall, out of the 17 fetuses/babies congenitally HCMV infected, 5 newborns were
asymptomatic, 11 fetuses and 1 newborn symptomatic.

All symptomatic fetuses had HCMYV positive brain with severe histological brain damage and
cerebral necrosis. 4 of them also showed pathological neurosonographic findings
(periventricular hyperecogenicity and ventriculomegaly).

The only symptomatic newborn had hepatosplenomegaly, thrombocytopenia (platelet count:
<100.000/mm”), alanine amniotransferase (ALT) elevation (>80U/L) at birth and developed

sequelae with sensorineural hearing loss and mild psychomotor retardation.

sHLA-I, b2M and sHLA-G levels in amniotic fluid

We evaluated sHLA-Ia, sHLA-G and b2M levels in the amniotic fluid samples from the 56
primary infected pregnancies: 5 from infected asymptomatic fetuses, 12 from symptomatic
infected fetuses and 39 from uninfected fetuses. All amniotic fluid samples were positive for

sHLA-Ia, sHLA-G and b2M molecules. Detectable levels of sHLA-G were significantly
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higher in amniotic fluids from infected symptomatic fetuses than in infected asymptomatic
fetuses (p<0.001) and in uninfected fetuses (p<0.001) (Figure 2b). b2M presented slightly
higher levels in infected symptomatic fetuses than in uninfected fetuses (p=0.042) (Figure
2¢). We observed no statistical difference in sHLA-Ia and b2M levels in amniotic fluids from

infected symptomatic, infected asymptomatic and uninfected fetuses (Figure 2a, c).

SsHLA-G concentration gradient between maternal serum and amniotic fluid

The sHLA-G increase in infected symptomatic fetus prompted the question whether sHLA-
G was produced locally in amniotic compartment or derived from maternal blood. Fetal and
maternal compartments are mutually interconnected and several molecules are exchanged
through the amniotic and chorionic membrane. This molecular interchange could be
hypothesized also for HLA molecules. Therefore we evaluated the concentration gradient
between serum samples from primary infected women and the corresponding amniotic fluids.
A sHLA-G concentration gradient from the amniotic fluid to the maternal serum was
observed only in infected symptomatic fetuses, while uninfected and infected asymptomatic
fetuses presented an inverse sHLA-G gradient (Figure 3a). These results suggest a local

fetal production of sHLA-G, increased only in fetuses with symptomatic HCMYV infection.

sHLA-G index

The association between fetal HCMV infection and increased fetal SHLA-G expression was
confirmed calculating the sHLA-G index in comparison with albumin. Albumin is the most
prevalent serum protein, it surrounds the embryo’s and it is detected in amniotic fluids [41].

Fainardi et al. [38] reported the use of cerebrospinal fluid and serum albumin content to
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evaluate sHLA-G brain production. Since both blood-brain interface and placenta are
considered selective barriers, we applied the same concept to quantify the fetal compartment
production of HLA-G, evaluating the relative amount of amniotic sHLA-G and albumin
compared with maternal serum. Any increase in the index could be ascribed to sHLA-G
production in the fetal compartment. Albumin levels presented a decreasing trend both in
maternal serum and in amniotic fluid when the fetus was infected (Figure 4a, b). Higher
sHLA-G indexes were detected in infected symptomatic fetuses (19.45%) than in uninfected

and infected asymptomatic fetuses (p<0.001, p<0.001 respectively) (Figure 4c).

SHLA-G isoforms: HLA-GS, HLA-G6 and sHLA-G1

To discriminate between sHLA-G1 and soluble isoforms HLA-G5 and -G6, we analysed
isoform distribution in maternal sera and amniotic fluid samples. Interestingly, amniotic fluid
is mainly characterized by sHLA-G1 isoform (Figure 5b, d), while maternal serum samples
showed higher levels of HLA-G5/-G6 isoforms (Figure 6a, ¢). When the samples were
subdivided according to fetal HCMV infection, sHLA-G1 isoform increased in the presence
of symptomatic fetal infection, both in sera (Figure 5c¢) and in amniotic fluids (Figure 5d)

with a positive concentration gradient from the amniotic fluid to the serum.

HLA-G free heavy chain analysis

HLA-G can be expressed as b2M associated or free heavy chain (HC). Previous studies
documented a different distribution of these two conformation at the maternal-fetus interface.
In particular, HLA-G free HC is present on distal trophoblasts, while b2M associated

conformation is expressed by proximal trophoblasts [42]. We evaluated the presence of HLA-
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G free-HC both in both sera and in amniotic fluids from primary HCMV infected pregnant
women with asymptomatic or symptomatic fetus. HLA-G free-HC was detected more
frequently in amniotic fluids from symptomatic fetuses (Figure 6c¢, d). On the contrary,

maternal sera did not present HLA-G free-HC (Figure 6a, b).

sHLA-G predictive efficacy

We analyzed serum and amniotic fluid samples for total sHLA-G, sHLA-G1, HLA-GS5 levels
and HLA-G free HC frequencies and selected different cut-offs to be used as differentiation
values. ROC analysis showed that serum values above 50ng/ml and amniotic values above
30ng/ml with the highest sensitivity and specificity (Table 1), in differentiating symptomatic
from asymptomatic congenital infections. Logistic regression analysis confirmed the
prognostic role of serum and amniotic sHLA-G levels independently from virological
parameters (p=0.02). The isoform with the highest predictive value was sHLA-G1 for both

serum and amniotic samples.
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Discussion

Virological markers in fetal blood (DNAemia, IgM ratio) cannot predict the prognosis of
HCMYV congenital infection [43].

Our results show that sHLA-G levels in maternal sera and amniotic fluids are significantly
related to symptomatic fetal HCMV infection and suggest a predictive role for sHLA-G in
HCMV congenital infection, as supported by ROC analysis (Table 1). In fact, sHLA-G levels
increased only in symptomatic fetuses. Several evidences support a specific fetal production
of sHLA-G: 1) the concentration gradient in symptomatic infection is clearly directed from
amniotic fluid to maternal serum; ii) The sHLA-G indexes were significantly higher in
infected symptomatic fetuses; iii) the different distribution of sHLA-G isoforms: shedded
sHLA-G1 was predominant in amniotic fluids while spliced HLA-G5/-G6 isoforms were
over-represented in the maternal sera. Interestingly, sHLA-G1 isoform increased in both
compartments when fetal infection was symptomatic suggesting that the sHLA-G increase in
maternal serum had a fetal origin. These data explain why HLA-G secretion does not increase
when mothers are infected but fetuses are not (Figure 2). Likewise, HLA-G free HC
increases only in amniotic fluids but not in maternal sera. These results suggest the
opportunity for further studies, necessary to understand the mechanisms behind the transfer
of sHLA-G molecules from the fetus to the maternal blood, possibly involving trophoblasts
[44]. HCMV may regulate HLA-G production by post-transcriptional events such as
increasing mRNA stability or protein translation and controlling the secretory pathway [25-
28]. Since HCMYV transmission rate is limited to 40% of cases, it is possible that placental
mechanisms might limit viral transmission to the fetus. Different patterns of HLA-G
production could affect the ability to counteract HCMV infection, increasing the risk of
symptomatic sequelae, and increased HLA-G expression could facilitate fetal transmission

without inducing an adequate immune cell response.
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Our results suggest that sSHLA-G, mainly sHLA-G1 isoform, might be a reliable marker for
congenital infection. However, as the results of prenatal diagnosis might lead to irrevocable
decisions, it is highly desirable not to base these decisions on a single marker. A combination
of viral and biological markers may provide the best key to the reliable identification of
fetuses at risk of congenital disease as well as fetuses with a favorable outcome. A limitation
of our study is the small number of symptomatic cases and these data must be considered only
investigational. However, to the best of our knowledge, this is the first observation on the
possible use of SHLA-G as a marker to discriminate between symptomatic and asymptomatic
HCMV congenital infection. Future studies in a larger number of fetuses should be performed
to verify whether the combination of sHLA-G and virologic markers may have a better
diagnostic accuracy.

The prospective use of defined cutoffs might help to integrate the routinely used HCMV
infection markers with sHLA-G detection in the definition of at risk fetus in clinical
counselling. Predicting prenatal outcome has undoubted advantages: i) it will decrease the
mother’s anxiety if the predictive factors of good outcome are present; and ii) it may

significantly reduce the rate of unnecessary abortions.
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Figure legends

Figure 1. Maternal serum samples expression of a, d) sHLA-Ia; b, ¢) sHLA-G; and c, f) b2M
molecules, (a-c): in non-pregnant and pregnant women, without infection and with HCMV
actively infection, (d-f): in non-pregnant and pregnant women, without infection and with
primary and non primary HCMYV infection. p values obtained by Student’s T test and mean +

standard deviation are reported.

Figure 2. Amniotc fluid samples expression of a) sHLA-Ia, b) sHLA-G and c) b2M
molecules according to the fetal and neonatal outcome, HCMV infection with and without

symptoms. p values obtained by Student’s T test and mean + standard deviation are reported.
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Figure 3. sHLA-G concentration gradients calculated by: (serum concentration-amniotic
fluid concentration) and subdivided according to the fetal/neonatal outcome, HCMV infection

with and without symptoms. Mean + standard deviation are reported.

Figure 4. Albumin expression in a) maternal serum samples and b) amniotic fluids from
HCMV primary infected pregnancy subdivided according to the fetal/neonatal outcome,
HCMYV infection with and without symptoms. ¢) sHLA-G indexes obtained as reported in the
Materials and Methods section. p values obtained by Student’s T test and mean + standard

deviation are reported.

Figure 5. Maternal serum samples expression of a) HLA-G5/-G6 and ¢) sHLA-G1 molecules.
Amniotc fluid samples expression of b) HLA-G5/-G6 and d) sHLA-G1 b2M molecules.
Samples were subdivided according to the fetal/neonatal outcome, HCMV infection with and
without symptoms. p values obtained by Student’s T test and mean + standard deviation are

reported.

Figure 6. Western Blot analysis. a, b) Maternal serum samples and ¢, d) amniotic fluids from
HCMV primary infected pregnancy subdivided according to the fetal/neonatal outcome,
HCMV infection with and without symptoms, were analyzed after immunoprecipitation with
anti-free HLA-G HC moAb (MEMG|1, Exbio) or anti-b2M associated HLA-G moAb (MEM-
G9, Exbio). The positivity for HLA-G molecule was evidenced at 39kD. JEG3 cell line
supernatants were used as positive control (M). The densitometry results are reported as

arbitrary units.
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Table 1. Prognostic HLA-G marker of symptomatic congenital HCMV infection (receiver

operator characteristics analysis)

Fetuses Diagnostic accuracy (%, 95 % CI)
Parameters Cutoff Sympt.  Asympt. Sens. Spec. PPV NPV
Maternal
serum
samples
sHLA-G 50ng/ml Above 10 0 83.3 100 100 71.4
Below 2 5 51.6-97.4 479-100  68.9-100 29.3-95.5
sHLA-GI1 50ng/ml Above 10 0 83.3 100 100 71.4
Below 2 5 51.6-97.4  47.9-100  68.9-100 29.3-95.5
HLA-GS 50ng/ml Above 0 3 0 40.0 0 14.3
Below 12 2 0-26.7 6.5-84.6 0-69.5 2.2-42.8
HLA-G free Presence 0 0 0 100 0 29.4
heavy chain Absence 12 5 0-26.7 47.9-100 10.4-55.9
Amniotic
Sfluid
sHLA-G 30ng/ml Above 11 0 91.7 100 100 83.3
Below 1 5 61.5-98.6  47.9-100  71.3-100 36.1-97.2
sHLA-G1 50ng/ml Above 11 0 91.7 100 100 83.3
Below 1 5 61.5-98.6 47.9-100  71.3-100 36.1-97.2
HLA-GS 50ng/ml Above 0 0 0 100 0 29.4
Below 12 5 0-26.7 47.9-100 10.4-55.9
HLA-G free Presence 12 3 100 40 80 100
heavy chain Absence 0 2 73.3-100  6.4-84.6  51.9-954 19.2-100

55



Figure 1.

$=0.022 <0.001
a) | b) <0.001 NS
p=0.014 p=NS ——
2007 100+
E T E
2 | ?
- "
= 1004 Q 50+
3 3
I I
w w
Non-pregnant Pregnant Pregnant Non-pregnant Pregnant Pregnant
uninfected  infected uninfected  infected
@ §=0.034 A p<0.001 .
f =NS p=NS
,_EL‘ p<0,001
p=0.014 _ p=NS p=NS
I 10 I
200+ 100- [ p~<Cﬁ_001II p<0_001” p<0,001‘
E E
2 l g
< 1004 @ 50
< 3
I %
T
1
0- 0~
Non-pregnant Pregnant Pregnant Pregnant Non- Pregnant Pregnant Pregnant
uninfected primary sgcondar pregnant uninfected primary secondary
infected vy infected infected infected
Figure 2.
a) b)
‘ p=NS p<0.001
| p=NS —he p=NS p<0.001
I 1
1001 807
E £
2 I <
@ 50 1 Q@ 40+
D <<
:
5 @ |
Uninfected Infected Infected Uninfected Infected Infected

asymptomatic symptomatic

asymptomatic symptomatic

56

p=NS
c) I 1
p=NS p=0.05
2 -
E
2 |t
£
5
8
5 14
o
S
E
&
=
@
o
0
Non-pregnant Pregnant Pregnant
uninfected  infected
f) : p=NS ,
p=NS
p=NS
p=NS p=0.030
2 - p=NS
= I
2 1
£
3
=]
S
g1
k=
E
']
©
©
23]
Non-pregnant Pregnant Pregnant Pregnant
uninfected Pprimary secondary
infected infected
c)
p=0.042
[ 1
p=NS p=NS
\ 1 ]
107
E
f=21
=1
£
=
o
o
= 5 4
S T
E
5 [
o
k]
m
0-
Uninfected  Infected Infected

asymptomatic symptomatic



Figure 3.

Figure 4.

a)

Albumin, mg/ml

c)

sHLA-G index, %

30 1

154

201

10 -

5 307
o= +
= =
© o
=]
5¢€
= E
g o 0
[(v] -
5 E
o w
5&
o2
Qg
<8
©
% E -30-
Uninfected Infected Infected
asymptomatic symptomatic
p=NS
1 p=NS 1 b) f 1
=NS =NS
p=NS p=NS M < ) 2
[ | | |
27 ]
= |
2
: <
£ 1
a
=
Uninfected Infected Infected Uninfected Infected Infected

asymptomatic symptomatic

p<0.001

p=NS p<0.001
[ 1

i

Uninfected Infected Infected

asymptomatic symptomatic

asymptomatic symptomatic

57



Figure 5.
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Figure 6.
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HLA-G induction by viruses represents an important immune-escape strategy [86]. For this
reason, the comprehension of viral mechanisms that lead to HLA-G expression are crucial to
counteract the infection itself. The important role played by HLA-G induction during viral
infection was reported by many studies in different viral infections [82, 86] and also
confirmed by our study on HLA-G expression in nasal polyposis. Sinonasal polyposis (SNP)
is a chronic inflammatory pathology that could develop after HPV infection. Effectively, HPV
infection is one candidate for the development of the disease for its epithelial cell trophism,
hyperproliferative effect, and the induction of immune-modulatory molecules as HLA-G. In
our study, we reported that HPV-11 positive SNP without concomitant allergic diseases
(SNP-Wo0AD) patients presented with mHLA-G and IL-10R on epithelial cells from nasal
polyps and showed secretion of sHLA-G and IL-10 in culture supernatants. On the contrary,
no HLA-G expression was observed in HPV negative polyps. Our data support the crucial
role of HLA-G expression induced by HPV in polyposis actiopathogenesis [115 paper
attached].
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Sinonasal polyposis (SNP) is a chronic inflammatory pathology with an unclear aetiopathogenesis. Human papillomavirus (HPV)
infection is one candidate for the development of SNP for its epithelial cell trophism, hyperproliferative effect, and the induction of
immune-modulatory molecules as HLA-G. We enrolled 10 patients with SNP without concomitant allergic diseases (SNP-WoAD),
10 patients with SNP and suffering from allergic diseases (SNP-WAD), and 10 control subjects who underwent rhinoplasty. We
analyzed the presence of high- and low-risk HPV DNA and the expression of membrane HLA-G (mHLA-G) and IL-10 receptor
(IL-10R) and of soluble HLA-G (sHLA-G) and IL-10 by polyp epithelial cells. The results showed the presence of HPV-11 in 50% of
SNP-WoAD patients (OR:5.5), all characterized by a relapsing disease. HPV-11 infection was absent in nonrelapsing SNP-WoAD
patients, in SNP-WAD patients and in controls, supporting the hypothesis that HPV-11 increases risk of relapsing disease. HPV-11
positive SNP-WoAD patients presented with mHLA-G and IL-10R on epithelial cells from nasal polyps and showed secretion of
sHLA-G and IL-10 in culture supernatants. No HLA-G expression was observed in HPV negative polyps. These data highlight new
aspects of polyposis aetiopathogenesis and suggest HPV-11 and HLA-G/IL-10 presence as prognostic markers in the follow-up of

SNP-WoAD.

1. Introduction

Sinonasal polyposis (SNP) is a chronic inflammatory pathol-
ogy characterized by the formation of nasal polyps at the
level of the nasal cavity and paranasal sinuses, resulting
from an edematous multifocal degeneration of the mucosa.
These benign lesions affect approximately 1-4% of the general
population, with a slight preference towards elderly men [1].
They are most often treated with steroids or surgery, although
nasal polyps removed by surgery have a 70% chance of recur-
rence. The mechanisms for polyps development are not clear,
even though allergies, asthma, aspirin-sensitive individuals,
and chronic sinus infections are frequently associated [2, 3].
Viral infection has been postulated to be one important
aetiological factor in the pathogenesis, progression, and
recurrence of nasal polyps [4], with human papillomavirus
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(HPV) infection as a candidate for the development of nasal
polyps [5, 6].

HPV is a small unenveloped double-stranded DNA virus
with strict tissue and species specificity. Many different
papillomaviruses infect animals, and over 150 genotypes have
been so far identified in humans. Papillomaviruses infect
squamous epithelia as skin and mucosae. The mucosal types
of HPV fall in two groups: low-risk types (LR-HPV) (mainly
HPV-6 and -11), which induce benign cell hyperproliferation,
and the high-risk types (HR-HPV), which lead to malig-
nancies as invasive cervical carcinoma, anal cancer, and
oropharyngeal carcinomas.

Previous studies have shown that HPV infection may
be associated with human nasal polyposis, such as inverted
papilloma [5, 6]. However, the role of HPV infection and type
in SNP has not been clearly demonstrated. Moreover, HPV



infection is often transient and the host immune system could
counteract virl invasion leading to lesion regression (7], as
the host immune system is able to counteract the infection.
On the other hand, HPY is able to downregulate host immune
system 8], blocking Interferon response, antigen processing,
and presentation [9] and modifying human leukocyte antigen
{HLAJ-G expression [10, 11,

HLA-G is & nonclassical HLA class | molecule with a
physiological tissue- restricted distribution in cytotrophoblast
[12], amniotie cells [13], thymus [14]. and endothelial cells of
chorlonic bood vessels [15]. HLA-G molecules are generated
by an alternative ﬁg‘libcinﬁc: of the t;;rmry transcript of the
gene; HLA-G exists as four-membrane bound (HLA-GI. -
02, -3, and -G4) and three soluble isoforms (HLA-GS, -G,
and -G7) [16, 17]. HLA-G exhibits low allelic polymorphisms
in comparison with classical HLA class 1 genes, with only
30 alleles (IMGT HLA database, December 2013) and 16
proteins. HLA-G is characterized by tolerogenic functions,
inducing apoptosis of activated CD8+ T cells [18]. promoting
T regulatory cells [19], modulating the activity of natural
killer cells [20] and of dendritic cells [21], and blocking
allocytotoxic T lvmphocvie response [22]. These immun-
oregulatory functions are mediated by the interaction
of HLA-G molecdles with specific inhibitory receptors:
ILT-2 (LILRBLACD&S)), ILT-4 (LILRB2/CDs5d), CD8, and
KIRIDLA (CTn58d) expressed by immune cells |23 We
previously demonstrated a generalized defect in sHLA-G
production by peripheral blood mononuclear cells of SNP
patients [23] that seems to be mainly related to the inter-
leukin {IL-MWHLA-G pathway, IL-10 is one of the main
HLA-G inducers [24] but it does not seem to be able to
upmodulate sHILA-G production in SMP patients despite
the elevated/mormal production of IL-10. Since previous
studies reported an Involvement of HLA-G molecules in
HPY-associated tumours [10, 11, 25-27], we determined the
presence of HPY infection and HPV types In the nasal polyps
of patients affected by SNP and the possible effect on HLA-G
expresslon,

2. Materials and Methods

20, Popedation. A total of 20 subjects who met the diagnostic
criteria of nasal polyps were recruited from the Operative
Unit of Otolaryngology. St. Anna Hospital, Ferrara, between
the years 2010 and 013, Among these patlents, |15 were
male and 5 were female. The median age of these patients
was 508 years {range: 37-44 years, 5D 15.2). All of the 20
patients underwent surgery for the removal of nasal polyps
at least once, and In 11 cases such surgery was performed
twice. Ten patients presented with allergic diseases (SNP-
WAD) while 10 patients did not present with any allergle
diseases (SNP-WoAD). All the patients were followed for
almiost two vears from the first surgery, in order to identify the
occurring relapses. All the polyps resulted 1o be of edemitons
type.

In addition, 10 healthy individuals surgically treated for
rhinoplasty (6 males and 4 females) with a median age of 473
vears (range: 34=79 vears, SD 10.2) were included.
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Nasal polyps from patients of middle wrbinate mucosa
from healthy subjects were removed and used for experi-
ments,

All subjects agreed to participate in this study by provid-
ing written informed consent (University of Ferrara Ethical
Committee Protocol N 140194),

2.2, Nagal Biopsies. Nasal bopsies were collected from infe-
rior turbinates in controls or from nasal polyps In SNP
patients. The nasal biopsies were freshly processed to isolate
masal epithelial cells as previously described [28]. Polyps
were washed in DMEM and incubated with 0% collage-
nase in DMEM-F12 supplemented with 100 1U/mL of penl-
cllin/streptomycin at 4'C overnight. After incubation, the
masal epithelial cells were tsolated by gentle agltation. The
reskdual polyp tissue was discarded. After centrifugation at
1200 rev/min for 3min. the supernatant was removed and
Iml of pure FCS was added to the cell pellet to neutralize
the enzyme. After further centrifugation, the cells were
suspended in DMEM-FI12 supplemented with antibiotics and
10% FCS, The dissoclated cells were used 1o separate epithelial
cells,

2.3 Epitheligd Cell Purification. Epithelial cells were isolated
from polyps dissoclated cells by antt-EpCAM (Ber-EP4)
coated Immune-magnetic beads ( Dynal CELLection Epithe-
lial Enrich, Dwnal A%, Oslo, Norway).

Epithellal and residual cells were grown for 5 days in
DMEM-FI2 medium added with penicillin/streptomycin.
Hepes butfer, L-ghutamine, and 10% FBS.

24, DNA Extraction and HPV-PCR, Genomic DINA was
extracted from epithelial and residual cells using DNA sorb-B
extraction kit (Sacace Biotechnologies, Coma, Italy), accond-
ing to the manufacturers instructions. The presence of HR-
HPY (HPY-16, -18, -3, -33, -35, -39, -45, -52, -33, <36, -
58, -59, -66, and -70) and LR-HPV (HPV-6 and HPV-11)
was investigated by PCR using the HPV high-risk screen
amplification kit and the HPV6/11 screen amplification kit
{ Sacace Biotechnologies).

2.5, Flow Cytometry, HLA-Gand 1L-10R expression on polyp
cells was monitored by immunofluorescence assay with anti-
HLEA-G (B7G-Alexa Fluor 488, Exbio, Praha, CZ) and anti-
IL-10R {anti-1L-10RPE. Chemicon, Millipore, MA., USA)
mieAbs, Antl-tsotype controls (Exbio, Praha, Czech Republic)
were perlormed. Cells viability was assessed by propidium
bdide stalning, Cells were analyzed by a flow cytofluori-
metric approach with FACSCount flow cytometer (Becton
Dickinson, San Jose, CA, USA) using standard settings and
CellCQuest software (Becton Dickinson, San Jose, CA, USA)
for data analysis.

26, hemunofluorescence. Adherent  epithelial cells and
alherent resicdual cells wereanalyzed by immuinotluorescence
with anti-Mucing-FITC or fibroblast marker-FITC (Sama
Cruz Biotechnobogy, TX, USA) and anti-HLA-G 87G-PE
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{Exbioh. All samples were observed under a UV ligh
microscope { Nikon Eclipse TE20005, Nikan, Iraly).

27 sHLA-G Enzyvme-Linked Immuirosortent Assay (ELISA )L
sHLA-G levels in epithelial cell culture supernatants were
assaved in triplicate as previously reported [29-31] using, as
capture antibody, the monoconal antibedy (MoAb) MEM
G9 (Exbiod, which recognizes the HLA-G molecule, in §2-
microglobulin associated torm. The intra-assay coefhcient of
varfation (CV) was L4% and the interassay CV was 4.0%. The
limit of sensitivity was L0 ng/mL.

28 [L-10 ELISA. 1L-10 concentrations were determined in
triplicate using the commercial Human [L-10 BioSource
immunoassay kit (Human IL-10 US, BioSource, Camarillo,
CA, USA Y with a detection limit of .2 pa/ml..

2.9 Statistical Amalysis. The samples were analvred with odds
ratio, logistic regression, and Student’s f-test. Significant F
values were considered <0.05,

3. Results

A Presence of HPV-I1 Infection in Polyp Biopsies from
Relapsing SNP-WoAD Patienrs. 'We detected the presence ol
LE-HPV-11 in 50% {510} of samples obtained from patients
with SNP-WoADL Interestingly, these 5 patlents presented
with a relapsing SNP-WoAD. The other 5 SNP-WoAD did
not preset LE-HPY infection and were not characterized by a
relapsing disease. None of the SNP-WoAD patlents presented
with HRE-HPY infectlon. We found no LR-HPY and HE-
HPY intection neither in biopsies obtained from SNP-
WAD patients nor in healthy controls, These results sustain
a role for HPV-11 in the development of relapsing SNP-
WoAD (OR: 5.5, 95%, Cl: 0.8-38.7) The logistic regression
analysis sustains the role of HPV-11 infection as a risk factor
for the development of relapsing SNP-WoAD, regardless
of gender, age, disease course, and number of relapses
{F = NS5).
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3.2 Presence of HPV-1I Infection in the Epittelial Fraction of
Polyps from Relapsing SNP-WoAD Patients. [norder to assess
the polyp cell fraction infected by HPV-11, we processed
the HFV-11 positive biopsies and puritied the epithelial cells.
The positivity for the presence of HPV-11 was maintained
only in the fraction containing epithelial cells (Figure 1(a)).
Conversely, the residual fraction was not positive for the
presence of HPV-11 DNA (Figure 1(b]).

33 HLA-G Expression in the Epithelial Fraction of Polyps
fromm Relapsimg SNP-WoAD Patients, Since HPV infection
modifies HLA-G expression [10, 11, 25-27], we analyzed
the ditferent fraction of cells extracted from nasal polyps
for HLA-G expression. Cly epithelial cells {Mucin 8P
arising from HPV-11 positive relapsing SNP-WoAD patlents
showed HLA-G membrane expression (Figure 2(a)). Con-
versely, the epithelial cells from biopsies of SNP-WoAD
patients without HPY infection, of SNPWAD patients and
of healthy controls. presented with no HLA-G expression
{Figure 2{a}). In the residual fraction obtained after the
purification of epithelial cells. which consisted in fibroblast
cells (fibroblast marker™ ™), no HLA-G expression was
found in all the three groups of subjects (Figure 2(b))

14 sHLA-G and IL-0 Expression dn the Epithelial Fraction
of F'ﬂl'}'p‘ frome R‘.:l.:p-.mg SNP-WoAD Padiesrts. Since HLA

G molecules are present in both membrane and solubie
isoforms, we analyzed the epithefial cell culture supernatants
from SNP-WoAD for sHLA-G presence. We found the pres.
ence of sSHLA-G molecules only in HPV-11 positive samples
{Figure 3{a)l, while no sHLA-G was abserved in HPV nega

tive samiples (Figure 3a)) and in all the nbroblasts cultures
(data not shown). Interestingly, the secretion of sHLA-G
decreased over 5 days of culture; Since 11-10 5 known to be
an nducer of HLA-G expression and we proposed an impli

cation in SNP |32], we analyzed the levels of IL-10 in epithelial
cell culture supernatants, We documented the secretion of
IL-10 in both HEV-11 positive and HPY negative epithelial
cell cultures (Figure 3(b)). In HPY negative samples, 1L-10
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decreased after 48 hrs while it lasted for 5 days of culture in 7% (median) of epithelial cells from SNP-WoAD patients
HPV-11 positive samples (Figure 3(b)) with HPV-11 infection (Figure 4), while only the L4% of

Since 1L-10 interacts with a specific receptor (IL-10R)  epithelial cells from SNP-WoAD patients without HEV infec-
at the cell surface, we analyzed its expression on the cells  thon expressed this receptor (Figure 4) (P = 0.0022, Student’s

extracied from polyp blopsies, We observed IL-10R on the F-test)
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Froues 3: (a) sHLA-G and (b) IL-10 levels in epithelial cell culture supernatants from HPFY negative and HPY-11 positive SKE-WoA D patients

during a 5-day in vitro culiure.

4. Discussion

Previcus studies in literature have analyzed the role of HPV
infection in SNP. demonstrating different correlation ranges
[5, 6, 33]. We hypothesize that these differences may be
due to the absence of a preselection of patients according
to the presence or absence of allergic diseases that could
be a confounder for the results observed, In our study, we
enrolled the patients on the basis of the characteristics of SNI
Interestingly, the 50% of the SNP-WoAD patients showed
positivity for HPV-11 infection and a relapsing disease. On
the contrary, HPY infection was absent in SNP-WAD patients
and In SNP-WoAD patients without a relapsing disease,
These results confirm the importance of the al
approach in the selection of patients for the study of this
pathology and support previous results [33], where HPV-11
was observed as the prevalent infection SNP. Interestingly,

HPV infection was restricted to epithelial cells, as it is known
to be highl ic for epithelial cells, while no infection si
mmlgehmyaﬁ ﬁhmhriﬂ cells. o

The presence of allergic diseases could increase the risk
of SNP because of the creation of an inflammatory nasal
environment. On the contrary, in the absence of an allergic
background, the causes could be found in different envi-
ronmental factors. [n particular, we observed the presence
of HPV-11 Infection only in relapsing SNP patients, where
the persistence of a viral infection could worsen the disease
fellow-up,

We then evaluated the iImmunclogical mechanisms which
can be the basis of the virus effect on 3NP-WoAD aetiopatho-
genesis. Interestingly, we found HLA-G expression in HPY-
11 positive SNP-WoAD patients, with a secretion of HLA-G
maodecules that lasted for 5 days of culture, The same behavior
was followed by IL-10 that was mainly present in epithelial cell
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culture supernatants of SNP-WoAD patients, The presence
of HPV-11 infection upmodulated also [L-108 on epithelial
cells, suggesting a direct role of IL-10 in controlling HLA-
G expresston, On the contrary, the low IL-10R expression
in HPV negative samples could explain the absence of
HLA-G expression, even in the presence of IL-10 secretion.
Interestingly, we previously reported the absence of sHLA-G
production by peripheral blood mononuclear cells (PBMCs)
from SNP-WoAD patients after lipopolysaccharide activation
and reported IL-10 secretion after PBMCs lipopolysaccharide
activation but no induction of HLA-G expression that was
restored only after exogenous IL-10 addition [32], These dif-
ferences in HLA-G/IL-10 expression pattern between PMBCs
and polyp epithelial cells from SNP-WoAD patients support
the invelvement of HPV-11 Infection in lecal HLA-G and [L-
10 induction. In fact, previous results documented the ability
of HPV-11 E6 in inducing [L-10 expresston [34]. HPV E6 gene
is one of the most relevant viral gene products that contribute
te the immortalization and transformation of HPV-infected
cells [35]. The activation of E6 appears to be critical for in vivo
induction of epithelial hyperplasia [36] and thus may lead to
the recurrence of nasal polyps. On the basis of our results, we
can hypothesize that HPY infection can modify the immune
control, possibly via Es, creating a Th2 environment that
miaintains the chronicization of the infection. We suggest a
role for [L-10 and HLA-G molecules, as component of the
immune-modalatory cell mechanism that is exploited by the
virss to escape the host immune response.

In conclusion, this is the first study elucidating the
possible involvement of [L-10/HLA-G feedback loop in main-
taining HPV infection in nasal polyps from SNP-WaAD
patients, This modification in immune regulation could be at
the basis of SNP-WoAD relapsing follow-up. Further studies
will be necessary to evaluate the possible role of HPV-11 E6
i Inductng 1L-10 and tly HLA-G in this specific

. The confirmation of our results could suggest
HPV-11 and HLA-G/IL-10 presence as prognostic markers in
the follow-up of SNP-WoAL.
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Many viruses have also developed other strategies for escaping host immune surveillance, or
example through the secretion of cytokines that affect the host cytokine network. Cytokines
are also important in bacterial infections. The interleukin- (IL-) 10 family of cytokines and the
related interferon (IFN) family form the larger class II cytokine family [116]. There are three
subgroups into the IL-10 family, defined on the basis of their biological functions: IL-10, the
IL-20 subfamily cytokines (including IL-19, IL-20, IL-22, IL-24, and IL-26), and the type III
IFN group (IFNAs).

Several viruses are able to induce the expression of cellular IL-10, produced mainly by
monocytes and, to a latter extent, by lymphocytes and, possibly, mast cells. Other viruses,

such as the Epstein-Barr virus and hCMV, produce functional orthologs of IL-10 [114].

1.1.2 HLA-G and bacterial infections

To date, the role of HLA-G in maintenance of bacterial infections has been poorly investigate.

As previously shown in Figure 1, during bacterial infections the main immune escape
mechanisms are involved in downregulate the innate immunity and it is in this scenario that

HLA-G is used by bacteria as an immune escape mechanism [86].

Septic shock is a condition associated to high mortality (40-50%). initially characterized by
an important systemic inflammatory response immediately followed by an anti-inflammatory
process that acts as negative feedback. This compensatory inhibitory response could
subsequently worsen the condition, as nearly all immune functions are compromised [118]. It
has been reported that the persistent HLA-GS5 expression in septic shock was predictive of
survival [119]. During sepsis, the exocytosis-mediated upregulation of ILT4 expression on
neutrophils is inhibited, so the huge amounts of HLA-G5 found in the plasma samples of
patients surviving sepsis may have allowed them to control neutrophil inflammatory activity
[120]. However, soluble HLA-G concentration was not found to be predictive of the detection
of bacteremia and sepsis in pediatric oncology patients with chemotherapy-induced febrile

neutropenia [121].
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Conserning bacterial infection, I focused on the analysis of the possible role of HLA-G during
Pseudomonas aeruginosa (P. aeruginosa) infections. P.aeruginosa is a gram negative bacteria,
often associated with respiratory diseases, such as Cystic Fibrosis (CF) [122]. In this work,
we performed ELISA assays and qualitative and quantitative mRNA analysis of cell lines,
exhaled breath condensate (EBC) and plasma from CF patients and healthy controls (CTRLSs)
in order to identify if P.aeruginosa infection regulated HLA-G expression. We found lower
HLA-G levels in plasma of CF patients that, after treatment, became undistinguishable from
those found in CTRLs. HLA-G was higher in the EBC of CF patients and was normalized
after antibiotic therapy only in CF patients that were free of P. aeruginosa infection. These
data demonstered that HLA-G levels can monitor the efficacy of IV antibiotic treatment in CF
patients and that in the CF lung microenvironment, higher expression of HLA-G is associated
with P. aeruginosa infection suggesting that this molecule could play a role in bacterial

immune-escape mechanisms [123 paper attached].
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Abstract

Background. Chromic P. aeruginesa infection 15 a major cause of death in cystic fibrosis (CF).
Won-classical Human Teukocyte Antigen (HLA)-G are mmmunomodulatory molecules
playing a role mn respiratory diseases,

Methods. ELISA assays and qualitative and quantitative mRNA analysis of cell lines. exaled
breath condensate (EBC) and plasma from CF patients hospitalized for intravenous antibiotic
treatment and healthy controls (CTELs).

Besults. Lower HLA-G levels were found in the plasma of CF patients that, after treatment.
became undistinguishable from those found i CTRLs. HLA-G was higher in the EBC of CF
patients and was normalized afier antibiotic therapy only in CF patients that were free of P.
aeruginosa infection.

Conclusions. HLA-G levels can monitor the efficacy of IV antibiotic treatment in CF patients.
In the CF lung microenvironment. higher expression of HLA-G is associated with P.
aeruginosa infection suggesting that it could play a role in bacterial mmume-escape

mechanisms,

it
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Introduction

Chronic P. aeruginosa infection in the bronchopulmonary tract and the conversion of P.
aeruginosa to mucoid strains represents an adverse progoostic factor in Cystic fibrosis (CF)
[1]. In spite of aggressive antibiotics treatment, the eradication of bacterial infection is
difficult to achueve in CF patients often leading to chronmic awrway infection that could be
related to an imbalanced local immune defenses [2]. However the underlying mechamisms of
persistence of pulmonary infection are largely unclear.

Recent studies have shown that Human Leukocyte Antigen (HLA }-G molecules play a role m
arway imnnne responses [3-5]. Compared to Class Ia HLA. the non-classical Class I HLA-G
antigen has low allelic polymorplism, highly resmricted dismbunon in fissue and altemative
mBENA splicing. The latter creates distinet membrane-bound (HLA-G1 to G4) and soluble
(HLA-GS to G7) varant isoforms [6]. In addition. a soluble HLA-G1 isoform (sHLA-G1) can
be generated by membrane HLA-G1 proteolytic cleavage [T]. In healthy tissues. HLA-G1,
HLA-GS. and sHLA-G1 are the most frequently reported isoforms. Their structure are similar
to those of classical HLA Class T molecules. A tolerogenie functon for HLA-G has been
suggested, based on its ability to mhibit activated CD8+ T, natural killer and dendnitic cells, to
stimulate T regulatory cells and to block T lymphocyte allo-response [6]. These functions are
miediated by mteractions with specific, inlabitory mumune cell receptors ILT-2. ILT-4, CDE
and KIRIDL4. HLA-G synthesis 15 controlled by several polymorphisms that modify the
affinity of gene-targeted sequences of transcriptional or post-transeriptional factors [8]. A 14
base pair (14 bp) insertion/deletion (ins'del) polymorphism (rs66554220) 1in exon § affects
mBNA stability and protein expression while the ins allele is characterized by mBENA
destabilization and lower protein production [9] and associates with pathological events such
as pregnancy failure [10], antoimmune diseases [7], organ transplant failure [11]. increased

susceptibility to viral infection [12] and tumor progression [13].
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HLA-G 15 regarded as a potential asthma and bronchial hyper-responsiveness susceptibility
gene [4-6], is expressed by airway epithelium [14]. is detectable in bronchoalveolar lavage
(BAL) smmples from asthmmatic patients [15] and 15 wvolved m lung development [16].

This study was designed to investigate the role of HLA-G as a potential marker of antibiotic

therapy efficacy and of pulmonary (primanly P. aeruginosa-associated) infections in CF

patients.
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Materials and Methods

Human subjects

Plasma (n=49) and Exhaled Breath Condensate (EBC) samples (n=28) were collected from
CF patients with pulmonary infection and treated with intravenous (TV) antibiotics (beta-
lactamic, amimnoglycosides) for 14 + 2 days at recommended doses [17] (Table I). CF patients
were considered mfected by P, aernginosa when it was isolated in three consecutive sputum
eultures or when mucoid colonies were present in the sample [17]. A cohort of 195 patients
with CF and of 230 sex and age-matched non-CF individuals was tested for HLA-G ns/del
14bp polymorphism. Seventy-six healthy control individuals (CTRLs) were tested for HLA-G
protemn levels m plasma and 7 for Exhaled Breath Condensate (EBC). Wnitten mformed
consent was obtained from all subjects enrolled in the study approved by the Instimtional
Review Board of AOUI Verona as project 1849,

To assess pulmonary function the forced expiratory volume in one second (FEV1) was
assesced and expressed as percentage of the predictive value for age, sex and height [18]. The
mflammatory biomarker C-reactive protein (CEP) was measured m CF patients by enzyme
mmmunosorbent assay (Cell Biolabs, San Dicgo. CA, USA). The kit has detection sensitivity

limit of 1 ng'mL human CRP.

Cell lines

HLA-G expression was studied m CT 1B3-1 cells and in the corresponding isogenic controls
(C38 cells). a kind gift from Pamela Zeitlin, Johns Hopkins University. Baltimore, USA.,
cultured as previously deseribed[19]. Replicates of 5x10° cells were exposed for 6. 12, and 24
hours to 5 or 10 ng'ml lipapalysacchande from P. aeruginesa (LPS: Sigma-Aldrich. St

Louis, MO. USA) or to 10% conditioned medinm (CM)[19]. JEG-3 cells (ATCC. HTB-34)
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cultured in RPMI medium (Sigma-Aldrich) containing 10% fetal calf serum were used as a

posifive control since they constitutively express HLA-G.

CF mouse model

Sex- and weight-matched 129 FVB mice. homozygous for the F508del-CFTR mutation, and
wild-type littermates were housed at the snimal facility of the Université Catholique de
Louvain (Brussels) and anesthetized with an intra-peritoneal mixture of 100 mg'kg ketamine
(Pfizer. NY. USA) and 15 mg'kg xylazine (Bayer. Leverkusen, Germany), Bronchoalveolar
lavage (BAL) was collected using a laryngoscope and a fine pipette tip. in the presence or in
the absence of induction of inflammatory reaction by LPS (50 ul volume. 100 pg/25g body
weight) instilled in the trachea. The local Animal Care and Use Committee approved the

experiments {2013 TTCL/MD/(12).

HLA-G assay

HLA-G levels were measured in 100ul of cell CM, and i EBC samples respectively. EBCs
were collected using a condenser (TURBO-DECCS. Medivac, Parma: Italy) and concentrated
by evaporation with a SpeedVac Concentrator SVCI00H (Savant™ Universal SpeedVac™
Vacuum System: Thermo Scientific, Waltham, MA, USA). A bead array Bio-Plex system
(BioRad. Hercules. CA, USA) was used to assay sHLA-G with ant-HLA-G MoAbs
comyugated beads: MEM-G9 for sHLA-G1 and HLA-GS isoform. and SA6GT for HLA-GS
1soform (Exbio, Vestec. Czech Republic), respectively. sHLA-G1 levels were caleulated as
the difference between total sHLA-G and HLA-GS5 [20]. The sensiuvity of the method is 1
pg'ml. Plasma samples were analyzed for sHLA-.G levels by enzyme immunosorbent

assay[20]. The lint of sensitivity was 1.0 ng/'ml.
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Immunoblotting, JEG-3, IB3-1 and C38 cell samples of conditioned medivm, murine
splenocytes (C3TB1/6 mice) and BALs were biotinylated with 0.2 mg'mL EZ-Link Sulfo-
NHS-LC-Bioun (Pierce. Rockford. IL. USA) and mmumeoprecipitated for 2 hours with anti-
HLA-G MoAb (MEMGY) or ann-Qal MoAb (e-Bioscience, San Diego. CA., USA).
Immunoprecipitates, previously normalized for the total protein content to 1 mg/mL were
loaded and separated in 10% TGX-Pre-cast gel (BioFad). transferred onto a PVDF membrane
(Merck Millipore). incubated with horseradish peroxidase (HRP)-conjugated anti-mouse
MoAb (GE Healthcare Europe GmbH, Milan, Italy) and developed by enhanced chemui-
luminescence (ECL kit, GE Healthcare). Densitometric analysis was then performed with a

Geliance Imaging System (Perkin Elmer. Waltham, MA, USA).

Flow eyvtometry

The expression of HLA-G was analyzed in cells by direet immunofluorescence with anti-
HLA-G AlexaFluor-conjugated MoAb (87G) (Exbio) and flow cytometry performed waith

FacsVantage (Becton Dickinson).

Quantification of HLA-G transcripts and HLA-G 14bp ins/del polyvmorphism typing by
PCR

Total RNA (ENeasy Mini Kir: Ciagen. Valencia, CA. USA) was reverse transcribed
(SuperScript™ System: Life Technologies) and amplified with P-actin and HLA-G primers
[21]. Quantitative PCR. was performed using the endogenous control RNaseP cukaryotic gene
(MGB. Applied Biosystems®, Milan. Italy).

Genonue DNA. extracted from EDTA blood (Nucleon: GE Healthcare) was genotyped for

HLA-G 14bp ins/del polymorphism by Real Tune-PCR [22].
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Statistical analysis
According to data distribution. parametrie or non-parametric statistics (StatView software.
SAS Institute Inc, USA) were applied to compare means or medians, respectively. A

significance level (P-value) < 0.05 was considered significant,
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Eesults

Influence of P. aeruginesa and i.v. therapy on the expression of sHLA-G

We first examined how the presence of P. aeruginosa could influence the expression of
sHLA-G in a group of 49 CF patients hospitalized for respiratory exacerbation. At the time of
admission, 49% patient sputum culnires resulted positive for P. aeruginosa and 45% were
positive for Sraplnvlococcus anreus. 9 patients (18%) scored positive for both strains (Table
II}. Prior to treatment. sHLA-G levels in the plasma of CF patients {(median 2.5 ng/'mL, n =
49) resulted significantly lower than in the plasma of 76 healthy CTRLs (median 17.05
ng'ml. P <0.001. Mann-Whitney Rank Sum Test). After therapy. HLA-G significantly
mereased in the plasma of CF patents (median 13.77 ngmL. P < 0.001) reaching levels
similar to those observed in the plasma of healthy controls (CTRLs), (Figure 1A).

Clinical and functional laboratory data (FEV1 and CRP variations) at discharge indicated that
all patients had benefited from antibiotic therapy. The 1.v. treatment improved the values of
FEV1 sygmficantly (= 5% pesitive mecrease of FEV1. Table 2). The widely unlized
mflammation-related biomarker. acute phase reaction pentraxin C-reactive protein (CRP)
[23]. was drastically reduced at the end of annbiotic therapy (Table 2). Interestingly,
vanatons of plasmatic CRP levels were mversely and simmificantly correlated to sHLA-G in
30% of CF patients (Spearman Comrelation r=-0.307; P=0.032). However. no significant
relationship was observed between EBC levels of sHLA-G and plasmatic levels of both
sHLA-G and CRP (data not shown).

The therapeutic association of corticosteronds 1o antibionies did not affect the levels of HLA-G

m plasma and m EBC (data not shown).

HLA-G 14bp ins/del polvmorphism distribution in CF patients
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A possible relationship between P. aeruginosa infection and HLA-G genenc background m
CF individuals was hypothesized as aldbp ins/del polymorphism (rs66554220) in the HLA-G
gene 1s known to affect its expression. The 14bp del allele is known to stabilize its mRNA and
to increase HLA-G protein levels [?]. Based on the presence of the HLA-G ins/del 14bp
polymorphism, three mns/del, ins/ins, del'del genotypes were categonzed but theiwr distnbution
did not differ between CF patients and controls (p=0.062) m cohorts composed of 195 CF
patients and of 230 sex and age-matched non-CF mdividuals (Table 3). However an mcreased
risk of clronic P. aeruginosa infection was noticed in the presence of the del'del genotype
(OR: 3.3: 95% CI: 1.8-6.1) (Table 4), a genotype associated to an ncreased HLA-G
production [22]. However, when measured in patients where a plasma sample was available,
sHLA-G levels were not sigmficantly different among the three genotypes either before or
after IV antibiotic therapy (Figure 2). A possibility still exists that the difference could be
found n specific cell types'microenvironments and we focused on lung bemng this organ a

major target of CF-associated morbidity.

Bacterial infection affects HLA-G expression in lung microenvironment

EBC was used as a non-mvasive mairix to monitor sHLA-G molecules in the lung
microenvironment [24]. sHLA-G levels in CF patients before treatment (median 6.31 pg/mL.,
n=28) were higher than in healthy CTRLs: (median 1.7 pg'ml. n=7. P <0.05) and were
reduced m EBC following 1.v. therapy (median 1.75 pg'mL. n=28. <0,05) (Figure 1B). As we
noticed a bimodal distribution of <HLAG values within the 28 EBCs of CF individuals, we
tested the hypotheses that P. aeruginosa infection mught affect sHLA levels in EBC. Indeed.
in Figure 1C we show that in CF patients positive for P. aeruginosa infection the sHLA-G

levels mEBC were higher (median 17.2 pgmL. n = 10) than in CF patients negative for the
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bacterinm (median 2.1 pg/mL, n=16, P < 0.05) as well as in healthy CTRLs (median 1.7
pgmlL. n="T7. P <0.05),

In order to identify its source in the lungs of CF patients, we measured HLA-G levels in CF
(IB3-1) and 1sogeme, comected (C38) broncoepithelial cells. P. aeruginosa CM was able 1o
induce the release of larger amounts (10-fold) of sHLA-G m IB3-1 CF cells as compared to
the non-CF C38 cell line where only a 4-fold sHLA-G increase was recorded (Figure 3A).
Similar results were obtained when the TLR4 receptor agonist LPS was unilized.

HLA-G undergoes alternative mBWA splicing. producing both membrane (HLA-G1) and
soluble (HLA-GS) isoforms. It is known that LPS acts also as a powerful agonist for HLA-G
expression i penpheral blood mononuclear cells [9] from wlach it 15 released abundantly mnto
the airways in response to actively growing P aeruginosa. Indeed HLA-G was up regulated at
the mRNA (Figure 3B, C) and intracellular protein levels levels (Figure 3D, E) in both €38
and IB3-1 cells after 12 howss of co-culture with LPS. IB3 releases higher amounts of HLA-G
than C38 cell line when exposed 1o LPS (Figure 3D, rvight panel). MENA analysis mdicate
that only the HLA-G5 isoform 15 produced by bronchial epithelial cells. thus excluding
membrane shedding as the source of the protein found in the CM (Figure 4 A).

To confirm that bronchial epithelial cells are the source of the HLA-G detected in EBCs, we
characterized HLA-G i1soforms present in EBC samples. Both sHLA-G1 and HLA-GS
isoforms were detected in EBCs. with HLA-G5 isoform representing the only detectable
isoform after IV therapy in CF patients (Figure 4B). Altogether, these data indicate that
bronchial epithelial cells and not leukocyies are the source of HLA-G present in the EBCs of

CF patients suffering from persistent P. aeruginosa infection.

Bacterial infection affects HLA-G expression in the lung of CF murine model

11
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To further confirm the differential regulation of HLA-G in CF, we compared the levels of
HLA-G murnne ortholog Qa2 molecule in the broncho alveolar lavages (BAL) of wild type
(CTRL) and CF mice following exposed to wvehicle or to LPS. a condition that mimics
bactenal infecnon [9]. Lower Qa2 levels were found in BAL samples from naive, non-LPS-
stimulated CF muce as compared to wild-type muce (p=0.001). LPS treatment was able to

mcrease Qal levels only in the BAL of CF mice (p=0.001) (Figure 5).
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Conclusions

How the airways counteract bacterial infections and why those responses are so altered in CF
discase. which is the specific link between CFTR mutations and persistent arway infection
and inflammation still remain matter of debate, This is a crucial point to understand in order
to develop new therapeutic strategies aimed at restoring airway defenses agamst microbial
mnfections m CF as well as in other pulmonary diseases. Moreover. focusing on molecules
implicated in those mechanisms could lead to identification of specific therapeutic targets
and'or biomarkers for therapeutic outcomes.

The expression of HLA-G molecules during pathogen infection is an important component of
microbial immune escape mechanisms and miluences disease severity during vual infections.
Indeed. alveolar macrophages collected from parients suffering from acute cytomegalovirus
poeumonitis nsually express high levels of HLA-G molecules [25]. HLA-G expression could
also be a predisposing factor in asthma and bronchial hyper-responsiveness [6] and might
have a role i chronic lung inflammation and mfections.

Owr data indicate that plasma sHLA-G levels are lower m hospitalized CF patients
comparison to healthy control but increase following 1v. antibacterial therapy to levels that
are indistinguishable from healthy controls. This mcrease recorded in CF patients is inversely
related to levels of CRP. a biomarker of systemic inflammation [23], in a relevant number of
them. The importance of the role of HLA-G molecules in immmmne-repulanon. for example mn
the creation of a tolerogenic environment at the matemal-fetal interface [10] and m
transplanted patients [11, 26], has been already established. On the other hand. the presence of
HLA-G molecules facilitates mumor growth [13, 27), viral inunmune-escape [12, 25] and is
unplicated in the pathogenesis of several diseases such as multiple sclerosis [28], rheumatoid
arthritis [29] and psoriasis [3]. Data from literature thus suggest that the role of HLA-G 1s

rather complex and disease-dependent. In the contest of CF disease. sHLA-G levels increase
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following the improvement of the clinical condition of CF patient in a pathogen-driven
proinflammatory status. and as such represent a potential circulating biomarker of effective
drug treatment in addition to and independently on acute phase protein CRP.

HLA-G expression levels are mfluenced by genetic polymorphisms. We could therefore
assume that different combinations of these traits might affect some of the parameters we
considered in this smdy. No significant correlation was observed between persistent P.
aeruginosa mnfection and plasma HLA-G levels. Nevertheless, an increased frequency of the
14bp del'del genotype was observed in CF patients with persistent P. aeruginosa infection.
Sinee this genotype is charactenized by inereased HLA-G expression with respect to the other
genotypes [22], 1 is temptng to speenlate that HLA-G expression could facilitate bactenal
immune-gscape and the consequent increased risk of chronic infections in selected body
microenvironments, especially the lung.

We indeed observed an association between decreased sHLA-G levels in EBCs and recovery
from P. aeruginosa mfection after 1.v. therapy in CF patients. Thas result supports a potential
role for HLA-G in promoting persistent bacterial infection in the lung microenvironment of
CF individuals.

Experiments m mice confirmed that the CF condition associated with the inereased
susceptibility to respond to P. aernginosa LPS challenge by up-regulating HLA-G expression
in the lung nicroenvironment. In fact, BALs from untreated CF mice had significant lower
HLA-G munne ortholog Qal levels than wild type muce, while Qa2 concentrations reached
those of the wild type mice after P. asruginosa LPS challenge. Taken together these findings
indicate that homozygous CFTR muatons influence the regulation of Qal HLA-G
molecules.

The candidate sowrees of HLA-G found i the lung microenvironment are epithelial eells and

leukocytes. We found thar HLA-GS 15 the 1soform present in the EBC of CF patents. and that
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this 1s relased by CF bronchial epithelial cells at higher amounts m comparison to 1sogemnic
CFTR-corrected cell lines upon challenge with P. aeriginosa CM or LPS. Interestingly, LPS
seems to be the candidate factor for HLA-G induction during bacterial infection, How the
presence of a higher HLA-G concentration in the lung microenvironment might contribuie to
the development of chronic P. aeruginosa infection in CF remains still wnknown. We
speculate that the failure to activate both the mnate and the adaptive mmmune systems 1s hkely
to be involved. both in the early stages of bacterial clearance and during bacterial persistence.
Bactenia may mhibit immune cell responses by inducing HLA-G that in turn inferacts with
immmne inhibitory receptors. including IT.T2. TL.T4 and KIR2DI4, to counteract the host
mmumnune system. The overall effect would contribute to an impaired activation of both innate
and adaptive immmune systems towards the bacterin. The importance of the local
microenvironment in the modulation of immune response is supported by the notion that
the site of mflammation activated neutrophils can c¢leave CXCRI and unpair the capability of
adjacent neutroplils 1o properly respond to pro-mflammatory stumuli [307.

HLA-G differential regulanion in the plasma and lung microenvironment might suggest a role
as an anti-inflammatory molecule at systemic level. whereas in the lung. HLA-G seems to
unpaw bactenal clearance mechamsms and to mncrease the probability of developing chrome
infection. This smdy drive for the first time artention to this important modulator of immune
response, however additional independent studies are necessary to fully validate HLA-G as a
new biomarker of the effectivencss of systemuc treatment in CF patients and its role as a

potential therapeutic target of arway immune system regulation in CF.
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Figure legends

Figure 1

Panel A: Levels of sHLA-G in plasma samples from 49 CF patients before and after IV,
antibiotic therapy and in 76 control subjects (CTRL). Panel B: Levels of sHLA-G in EBC
samples from CF patients (n=28) before and after LV. antibiotic therapy and control subjects
(CTRL. n=7). Median values are reported. P values were obtained by Mann Whitney rank
sum test. Panel C: Levels of sSHLA-G in EBC from 26 CF patients before and after I.V.
antibiotic therapy and in control subjects (CTRL. n=7). CF patients were categorized
according to the presence (Pa+) (n=10) or absence (Pa-) (n=16) of P. aeruginosa infection.

Median values are reported. P values were obtained by Mann Whitney rank sum test

Figure 2. sHLA-G plasma levels in 33 CF patients before (pre) and after (post) I V. antibiotic
therapy subdivided accordingly with 14bp ins/del polymorphism (rs66554220) genotypes (13

for genotype E.. 8 for genotype L. 12 for genotype D)

Figure 3. Panel A: Western Blot analysis of IB3-1 and C38 CM untreated or after P.
aeruginosa CM exposure. Panel B: Q-PCR for total HLA-G mRNA expression in IB3-1 and
C38 cell lines after 10ng/ml P. aeruginosa LPS treatment for 12 hrs. Results of Q-PCR
analysis shown as relative quantities (RQ) of HLA-G transcripts in IB3-1 and C38 cell lines
treated or not with LPS compared to those of JEG-3 positive control cell line (assigned an
arbitrary value of 10): P values were obtained by Mann Whitney U test. Means = standard
deviations (SD) are reported. Panel C: Representative Q-PCR result for total HLA-G mRNA
expression in IB3-1 and C38 cell lines after P. aeruginosa LPS treatment. Beta-actin (b-actin)
was used as an internal control in RT-PCR analysis. JEG-3 cell line was used as positive

control. M: DNA marker fiX174 DNA Haelll digest (Biolabs, Ipswich. MA. USA). The
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densitometry results are reported as arbitrary units, Panel D: Flow cytometric analysis HLA-G
expression on a represeéntative experiment on IB3-1 and C38 cell lines after LPS exposure.
Cells were stained with 87G-Alexa Fluor 488 (Exbio, Praha. CZ) for membrane and
wtracellular HLA-G expression. Panel E:sHLA-G levels i [B3-1 and C38 left untreated or
after treatment for 6, 12 or 24 hrs with Sng/'ml 10ng/ml of LPS: p values were obtained by

Mann Whimey 17 test. Means = SD are reported.

Figure 4. Panel A: Representative Q-PCR analysis of HLA-G 1soforms mENA expression in
the indicated cell lines treated for 12 hrs with 10nog'ml LPS. Isoforms analyzed were the
following: HLA-G1. -GS (left panel). -G2. -G3, -G4, -G6 (right panel). Panel B: sHLA-G1
and HLA-GS protein levels in EBC samples before (pre) and after (post) L'V, therapy. Median

values are reported. P values were obtained by Wilcoxon matched-pairs signed rank test.

Figure 5. Western Blot analvas of BALs from CF (CF) and wild type (WT) mice before and
after treatmentwithLPS from P. aeruginosa. SP; murine splenocytes. used as positive control
for Qal expression. One representative of four experiments. Means = SD are reported for the

densitometric analysis of four experiments.
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Table 1. Demographic and Clinical Charactenistics of CF patients enrolled durnng

exacerbation.

Pattents ™ 49

Male Femnle 2227
Age years 18.0=8 0

Weight Z score -1.03%]1.32

Height Z score =0.65=1.19

BMI Z score =0.61%=1.56

Diabetes n (%) 17(35%)

BMI: body mass index

Table 2. Clinical conditions of CF Subjects before and after LV, antibiotic therapy.
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Before After p value
Lung function
FEV1 (%) 5138 £ 1068 | 57.16£22.30 |<0.001*
Serum values
CRP (mg'L) 15.56= 7.73 206+1.15 <0.001*
Sputim Microbiology
P. acrugimosa 45/49(92%) | 1849 (37%) | <0.0001%
Staphylococcus aurcus | 18/49 (37%) 15/49 (31%) 0.68%
*Wilcoxon signed rank test

FFisher exact test

FEV1: forced expiratory volume m 1 see; CRP: C-reactive protein
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Table 3. CF patients and control subjects subdivided according to HLA-G 14bp ins/del

polymorphism.
Genorype 14bp | del/del ins/del ins/ins p value
n (%) n (%) n (%)
CF (192) 93 (47) 72(38) 27 (15)
0.062*
CTRL (213) 80 (38) 00 (42) 43 (20)

*Chi squared test (3x2 Table)
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Table 4. CF patients subdivided according to HLA-G 14bp ins/del polymorphism.

Genotype 14bp del’del | 14bp ms/'del | 14bp ms'ms | p value
Age years 25.5+11.0 25.5=10.1 24.0=10.2 0.34%
Height Z score -0.5x2.5 =0.5=1.2 “0.4=1.1 0.25%
Weight Z score -0, 7£1.3 =0.7x1.3 -0.5=1.4 0.18%
BMI Z score 0.2=1.0 0.1=0.9 0.2=1.0 0.80*
FEV1 (% predicted) 73,4228 65.5229.6 |70.8=24.0 0.535%
Chronic P. asroginosa infection, n (%) 49 (53) 19 (26) 6 (22) 0.00051
Diabetes n (%) 14 (15) 11(1%5) i1y 0.85+
* Kruskal Wallis test; TCha squared test
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In order to confirm the results obstained in CF patients, we investigate how P.aeruginosa
could affect HLA-G expression. P.aeruginosa is able to produce a series of soluble molecule
that altogether constitute the system of “Quorum sensing” (QS) [124] (Figure 3). The QS
system is composed by two main kind of autoinducers that are crucial for the bacterial
virulence and biofilm formation. As shown in Figure 3, the main molecules employed in the
QS system are 3-0-C12-HLS and C4- HLS, which interact respectively with the Lasr/Lasl and
RhIR/RhII elements [125]. By literature, it is known that QS molecules influence the host
immune system, as for example the 3-0-C12-HSL [126-130]. The analysis of HLA-G
membrane expression in PBMCs after exposition to biofilm forming P. aeruginosa culture
supernatant evidenced an increase in membrane-bound HLA-G expression in monocyte
(CD14") and T (CD3") cells [131 paper attached]. These data are in agreement with the
hypothesis that quorum sensing molecule 3-0-C12-HLS production could up-regulate HLA-G
expression (Patent n. FE2014A000005 filed on 6™ November 2014). Basing on these results,
we demonstrated that 3-0-C12-HSL was an HLA-G inducer by treating different cell lines
[131 paper attached]. The data confirmed that 3-0-C12-HSL was able to induce HLA-G
expression particularly in monocyte U937 and Jurkat T cell lines through the CREB\p38
phosphorylation, confirming in this way our hypotesis that P.aeruginosa can induce HLA-G

expression during infection.
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Figure 3. Virulence regulation of and interactions between the two AHL quorum-
sensing systems in P. aeruginosa. After a threshold concentration of 3-oxo0-C;,-HSL is
produced, the 3-ox0-Ci,-HSL-LasR complex binds the promoter regions of multiple genes,
activating or repressing their transcription. Among the genes upregulated by this complex
are lasl, which enhances the production of 3-ox0-C;>-HSL (autoinduction effect), and rhlR,
which increases the production of the rAl response regulator RhIR, activating the second AHL
pathway at an earlier stage. Virulence factors regulated by each respective receptor-ligand

complex are detailed on the left.
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Reference 131

Pseudomonas aeruginosa quorum sensing molecule N-(3-oxododecanoyl)-homoserine-L-

lactone (3-0-C12-HSL) induces HLA-G expression in human immune cells.

Introduction

Quorum sensing (QS) is the process through which bacterial cells communicate enabling
unicellular populations to coordinate their response to an external stimulus as a function of
population density, [1]. Gram negative bacteria such as Pseudomonas aeruginosa (P.
aeruginosa) employ N-(3-oxododecanoyl)-L-homoserine lactone (OdDHL) QS signal
molecules. P. aeruginosa is an opportunistic human pathogen responsible for causing
infection in immune compromised individuals [2]. P. aeruginosa employs an OdDHL-
dependent QS system that via las/rhl plays a key role in controlling virulence factor
production, biofilm maturation, swarming motility and the expression of antibiotic efflux
pumps [3]. There is an increasing body of evidence that OdDHLSs are able to interact with a
range of mammalian cell types. In particular, they can modify function of respiratory
epithelial cells and fibroblasts [4,5] and they interact with immune cells [6-9]. In particular,
N-3-(oxododecanoyl)-L-homoserine lactone (3-0-C12-HSL) has the potential to modulate the
immune system of the host. 3-0-C12-HLS has a powerful inhibitory effect on professional
immune cells, inhibiting dendritic cell and T-cell activation [10], promoting apoptosis [11 —
13] and inhibiting the ability of macrophage and monocytes to respond to a range of Toll-like

receptor (TLR) agonists through disruption of NF-kB signalling [14]. Taken together, these
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data suggest that 3-0-C12-HLS suppresses the function of key immune networks responsible
for bacterial clearance.

HLA-G is a non-classical Human Leukocyte Antigen (HLA) class I characterized by the
presence of membrane bound and soluble isoforms [15]. HLA-G is involved in mechanisms
of immune tolerance in several conditions including pregnancy, organ transplantation,
autoimmune and inflammatory diseases by inhibiting cytolytic functions of natural killer
cells, cytotoxic T-lymphocytes, and T-cell allo-proliferative responses [15]. Both soluble and
membrane-bound HLA-G isoforms have similar functions and interact with specific
inhibitory receptors (ILT-2 ILT-4) expressed by immune cells [15]. During viral infections,
HLA-G molecules are up-regulated by the virus as a mechanism of immune-escape [16],
inhibiting the host immune response.

A recent work by Glucksam-Galnoy et al. evidenced that 3-0-C12-HLS is able to modulate
IL-10 production in macrophages [17] involving the transcriptional factors NFkB and p38.
Since IL-10 is one of the major HLA-G inducers [18], it seems reasonable to speculate that
also HLA-G expression could be regulated in turn by 3-0-C12-HLS.

Moreover, a marked elevation of soluble human leukocyte antigen-G protein was observed
during septic shock [19] and polymorphisms in exon 8 at the 3 'UTR of HLA-G gene
(+2960IN_+3142G_+3187A haplotype) recognized septic patients with an increased risk for
septic shock [20]. For this, it seems reasonable a possible implication of HLA-G during
bacterial infections, with a possible dual explanation: i) immune-inhibitory mechanism
induced by the bacteria to prevent host immune response; ii) HLA-G expression or secretion
may reflect an appropriate and efficient response to the inflammatory process occurring

during septic shock.
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The objective of the present study was to determine whether 3-0-C12-HLS could modify
HLA-G expression by immune cells, supporting the hypothesis of a direct involvement of

bacteria in the induction of HLA-G molecules.

Materials and Methods

Cell lines and Bacteria strain

U937 (ATCC CRL1593.2) and THP-1 (ATCC TIB202) monocyte cell lines, Jurkat (ATCC
TIB152) T-cell line and 721.221 (ATCC CRL1885) B-cell line were grown in RPMI 1640
(Gibco) added with 10% FBS, 10% Hepes Buffer, 5% peniciline\strepatamicin at 37°C with
5% of COs.

P.aeruginosa (ATCC BAA-47) PAOI strain was grown in Tryptic Soy broth (Sigma) at 37°C

for supernatant collection.

Peripheral blood mononuclear cell purification

Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood of 10 control
subjects by Ficoll gradient (Cederlane, Hornby, Ontario, Canada) and resuspended in RPMI
medium (EuroClone, Milano, Italy) with 10% FCS, 100U/ml penicillin and 100 U/ml

streptomycin (Sigma-Aldrich, S.Louis, MO, USA).

Cell treatments

The cells were treated with 3-0-C12-HSL (Sigma-Aldrich) at the concentrations of 10, 25 and
50uM, suggested by literature [17], at different time points and then analyzed.

For the inhibitory experiments, Fc receptors were first blocked using human serum, and cells

were incubated for 30 min at 37°C with a final concentration of 10 pg/ml isotype control
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monoclonal antibody (moAb) or blocking anti-IL-10 (Biolegend) or anti-ILT2 (Becton
Dickinson) monoclonal antibodies (moAbs) prior to use.

To induce monocyte differentiation and activation, 5x10* cells were seeded in 500pl
complete medium containing 160 nM PMA (Sigma Chemical). Cells were then analyzed by

flow cytometry.

Cytometric analysis

For flow cytometric analysis, cells (10°) were washed and incubated for 30 minutes on ice in
100 pl of Phosphate Buffered Saline (PBS) containing 1% FBS, 10 mM sodium azide plus
appropriately diluted fluorescent moAb. After two washes with cold washing buffer, cells
were then washed, fixed in 2% formaldehyde, and analyzed by flow cytometry with a
FACSVantage flow cytometer (Becton Dickinson, San Jose, CA, USA) using standard
settings and CellQuest software (Becton Dickinson, San Jose, CA, USA) for data analysis.
The membrane bound HLA-G antigens were detected by anti-HLA-G FITC moAb
(87GExbio, Praha, Czech Republic), HLA class I molecules were stained by HC10-FITC
moAb (kind gift of Prof. Fabio Malavasi). Anti-isotype controls (Exbio, Praha, Czech
Republic) were performed. PBMCs were analyzed using anti-CD3-PerCP, anti-CD14-PE,
anti-CD45-PE, anti-CD56-PE (BD) moAbs.

Cell cycle was analyzed by Propidium Iodide (PI) staining. Cells were resuspended cells in
500 pl PI/Triton X-100 staining solution [(0. 1 % (v/v) Triton X-100 (Sigma) in PBS, 2 mg
DNAse-free RNAse A (Sigma), 0.40 ml of 500 pg/ml PI (Roche)], incubated for 30 minutes
at RT and analyzed by flow cytometry.

Annexin-V staining (Annexin V-FITC apoptosis detection kit; Bender MedSystem) was

used to measure the apoptosis. The cells were resuspended in 1x binding buffer [10 mmol/L
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HEPES (pH 7.4), 140 mmol/L NacCl, 2.5 mmol/L CaCl2] for analysis. Cells were stained with
Annexin V-FITC to reveal apoptosis and with propidium iodide to detect dead cells.
Monocyte differentiation was evaluated with anti CD11b-FITC and anti-CD14-PE (BD)

moADs.

Immunofluorescence microscopy

For immunofluorescence microscopy, cells (10°) were washed and incubated for 30 minutes
on ice in 100 ul of Phosphate Buffered Saline (PBS) containing 1% FBS, 10 mM sodium
azide plus appropriately diluted fluorescent mAb. After two washes with cold washing buffer,
cells were then washed, fixed in 2% formaldehyde, and analyzed by fluorescence microscopy.
Membrane bounded HLA-G (mHLA-G) was detected by direct immunofluorescence using
the anti-HLA-G FITC moAb (MEM-G9, Exbio, Praha, Czech Republic), while
CREB\pCREB (Immulogical Sciences) and p38\pp38 (SantaCruz) were detected by indirect

immunofluorescence with the secondary antibody Goat anti-Mouse FITC (Dako).

ELISA

Soluble HLA-G (sHLA-G) levels in cell culture supernatants were measured by enzyme-
linked immunosorbent assay (ELISA) using as capture antibody the MoAb MEM-G9 (Exbio,
Praha, Czech Republic), which recognizes the HLA-G molecule in [,-microglobulin
associated form. The intra-assay coefficient of variation (CV) was 1.4% and the inter-assay
CV was 4.0%. The limit of sensitivity was 1.0 ng/ml [21].

IL-10 levels were analyzed using Human IL10 ELISA detection kit (EBioscience).
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MTT cell viability assay

100ul of cells at the density of 1x10%\ml were seaded into 96-well plates and treated with 30-
C12-HSL (10uM and 25uM) for 6, 12 and 24 hours (hrs). After incubation, 10ul of MTT
(Sigma-Aldrich) for 4 hours at 37°C. Cells were then lisate by adding 100ul of MTT solvent.
Plates were then read at 570nm for viability evaluation using ELISA-reader (Victor, Perkin-

Elmer).

mRNA preparation

Total cellular RNA was prepared from each cell cultures with TRIzol reagent (Life
Technologies, NY, USA). The RNA samples were digested with DNase. The quality and
quantity of RNA samples were assessed by a 1% agarose gel electrophoresis, followed by
ethidium bromide staining. These mRNA samples were immediately used for cDNA synthesis

or stored frozen at -80° C until use.

RealTime PCR

To analyze the presence of HLA-G mRNA, 2 ug mRNA were reverse transcribed for each
sample using SuperScript™ First-Strand Synthesis System (Invitrogen, San Giuliano
Milanese, MI, Italy) according to manufacturer’s instructions. The primers and the detection
probe for HLA-G gene expression analysis were: forward primer HLAG-F (5°-
CCCACCATCCCCATCATG-3); reverse primer HLA-G-R (5°-
CCAGTGACTACAGCTGCAAGGA-3’) and the MGB probe (5°-
TATCGTTGCTGGCCTGG-FAM-3’) (Applied Biosystem) [22]. Fold expression changes
were determined by the 2AA“" method. Amplification was performed with 100ng of RNA
converted into cDNA, TagMan 2X Universal PCR Master Mix in a final volume of 50ul

(Applied Biosystem) following this protocol: 2 minutes at 50°C for AmpErase UNG
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activation, 20 seconds at 95°C for initial denaturation followed by 40 cycles 20 second at

95°C and 60 seconds at 60°C for amplification. All reactions were performed in triplicate

Reporter Constructs and Expression Vectors

Luciferase reporter plasmids were generated by cloning genomic promoter fragments into
pGL3-Basic (Promega, Madison, WI). These constructs contain, respectively, a 1438-bp
promoter fragment ofHLA-G (pGL3-G1500), and a 269-bp Aspl-AhallHLA-B7 promoter
fragment (pGL3-HLA-B) (kind gift of Prof. Sam JP Gobin) [23]. All inserts were verified by
sequence analysis.

The Renilla luciferase control plasmid pRL-actin was used as transfection efficiency control.

Transient Transfection

721.221 cells were transfected by Amaxa Nucleofector technology (Lonza) with a DNA
precipitate of 1 pg of pGL3 reporter plasmid, 1 or 0.5 pg of expression vector, and 0.1 ug
of Renilla luciferase control plasmid (pRL-actin) per well. Luciferase activity was determined
using a luminometer (Victor, Perkin Elmer) and corrected for transfection efficiency with

the Renilla luciferase activity values.

Statistical analysis
Since the values presented a normal distribution (Kolmogorov-Smirnov test) , the differences
were evaluated by the Student T test using Stat View software (SAS Institute Inc, Cary, NC,

USA). p value was considered to be statistically significant when <0.05.
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Results

P. aeruginosa culture supernatant induces HLA-G*CD3" and HLA-G"CD14" cells.

To evaluate the induction of HLA-G molecules by P. aeruginosa in human immune cells, we
exposed peripheral blood mononuclear cells (PBMCs) from 10 control subjects to the culture
supernatants (SN) of biofilm-forming P. aeruginosa. PBMCs were negative for HLA-G
staining before the treatment. After 6 hrs of incubation with 25ul of P. aeruginosa SN, we
observed a 1.5£0.5% (mean+SD) of CD14 HLA-G" cells (p=0.002, Student T test) (Figurela,
black histogram), that increased to the 8.0+0.4% after 12hrs (p<0.0001) and returned to
1.8+£0.2% (p=0.001) after 24hrs of treatment. 10uL and 50uL P. aeruginosa SN were able to
induce CD14"HLA-G" cells after 12hrs (3.4+0.5% and 3.9+0.6% respectively) (p<0.001), that
decreased to 1.9+0.2% and 1.4+0.3% after 24hrs (p=0.001). The induction of CD3 " HLA-G"
cells was observed after 12hrs incubation with 25ul (2.5+0.3%) (p<0.001) and 50uL
(2.3+£0.3%) of P. aeruginosa SN (Figure 1a, white histogram) and decreased to 1.24+0.1% and
1.75+0.2% after 24hrs. Both CD3" and CDI14" cells presented the highest mHLA-G
induction after 12hrs incubation with 25ul P. aeruginosa SN (2.5+0.3% CD3"HLA-G" and
8.0+0.4% CD14 HLA-G" cells) (Figure 1a). The decrease in HLA-G expression after 24hrs
incubation sustains a time-dependent induction of HLA-G expression. As a confirm, we
performed a RealTime PCR quantification of HLA-G mRNA in PBMCs after P. aeruginosa
SN treatment. We observed a 4 folds increase in HLA-G mRNA transcription 6hrs after the
incubation with P. aeruginosa SN (Figure 1b) (p<0.0001), that reached a 6 folds increase
after 12hrs treatment (p<0.001) but was lost after 24hrs. The expression of HLA-G molecules
was evaluated also on the surface of B and Natural killer cells, however we found no HLA-G
induction (data non shown).

We are aware that P. aeruginosa SN could contain several molecules able to modify HLA-G

expression. For this, we performed a literature meta-analysis to identify the molecule with the
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highest probability to be an immune-modifier, We selected 3-0-C12-HSL, that has the

potential to modulate the immune response of monocytes and T cells [13].

P. aeruginosa 3-0-C12-HSL effect on monocyte and T cell viability.

First of all, we verified if 3-0-C12-HSL treatment could affect monocyte and T cell viability.
We used monocyte THP-1 and U937 and T- (Jurkat) cell lines to standardize the experiments.
We treated the cells with 10, 25 or 50 uM of 3-0-C12-HSL [17] for 6, 12 and 24 hours. After
the treatments, cell viability was evaluated by MTT assay. The major effect on cell viability
was observed in U937 cells with all the concentrations of 3-0-C12-HSL. In fact, we observed
a 40% decrease in cell viability after 12hrs of incubation with all the concentrations of 3-o-
C12-HSL (Figure 2a). Interestingly, U937 cells reconstituted their viability after 24hrs of
incubation. On the contrary, neither the monocyte cell line THP-1 (Figure 2b), nor Jurkat
(Figure 2c) cell line showed any significant decrease in cell viability.

On the basis of this results, we selected to work with the lowest 3-0-C12-HSL concentrations

(10 and 25uM) and 24 hrs of incubation.

P. aeruginosa 3-0-C12-HSL induces HLLA-G expression in human monocyte and T cells.
To be sure that 3-0-C12-HSL is able to induce HLA-G transcription and transduction, we
treated U937 monocyte cell line with 3-0-C12-HSL for 24hrs and evaluated HLA-G mRNA
and protein expression. We observed an increased production of HLA-G specific mRNA
(Figure 3a) that followed a dose-dependent effect, with 10uM 3-0-C12-HSL inducing a 3
folds increase of HLA-G mRNA and 25uM inducing a 6 folds increase in comparison with
untreated cells (p<0.001; Student t test). Membrane HLA-G expression acts similarly, with an
increase of 10% after 10uM and 30% after 25uM 3-0-C12-HSL treatment (Figure 3b, c).

Jurkat cells presented a 5 and 7 folds increase of HLA-G' cells with 10uM and 25uM
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respectively (Figure 3d). On the contrary, THP1 cells presented a lower increase of HLA-G
expression after 3-0-C12-HSL treatment (Figure 3e). These results suggest the presence of a
specific pathway of HLA-G induction following 3-0-C12-HSL treatment that presents

differences between cells.

P. aeruginosa 3-0-C12-HSL did not induce classical HLLA-I expression in human
monocyte U937 cell line.

To be sure that the effect of 3-0-C12-HSL treatment is HLA-G specific, we treated U937 cell
line with 3-0-C12-HSL for 24hrs and evaluated classical HLA-I expression, by means of HC-
10 moAb, that is recognized not to bind HLA-G molecules [24]. We observed no
modifications in classical HLA-I molecule expression in U937 cells (Figure 4a, left panel),
while HLA-G was up-modulated (Figure 4a, right panel). On the basis of these results, we
sustain that 3-0-C12-HSL effect is specific for HLA-G. To account the direct effect of 3-o-
C12-HSL on HLA-G gene promoter, we transfected 721.221 cell line (classical and non
classical HLA-I negative cells) with HLA-G or HLA-B promoters [23]. These cells were
treated with 3-0-C12-HSL and luciferase assay was performed. We observed an increased
activation of HLA-G promoter after 3-0-C12-HSL treatment. In particular, the promoter
activation was dose-dependent with an increased activation of 21 and 39 folds with 10uM and
25uM respectively (Figure 4b, black histograms). On the contrary, HLA-B promoter was not
affected by 3-0-C12-HSL treatment (Figure 4b, gray histograms). These data sustain a
specific effect of 3-0-C12-HSL on HLA-G promoter.

Because of the characteristics of 3-0-C12-HSL, that can act via transcription factors [14, 25]
and IL-10 expression [17], we hypothesized two possible pathways for HLA-G induction: 1)
via IL-10, as one of the main modulator of HLA-G expression [18] or ii) direct HLA-G

induction via transcriptional factors.
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P. aeruginosa 3-0-C12-HSL enhances HLA-G expression via IL-10 induction.

Since IL-10 is one of the major HLA-G inducers [18], and it is known that 3-0-C12-HSL is
able to induce IL-10 expression in macrophages [17], we evaluated the possible implication of
this cytokine in 3-0-C12-HSL/HLA-G pathway. We analyzed the levels of IL-10 and sHLA-
G expression in Jurkat, U937 and THPIcell culture supernatants after 3-o-C12-HSL
treatment. We observed an increased secretion of IL-10 already 6hrs after 3-0-C12-HSL
addition in both Jurkat and U937 cells (Figure 5a, white histograms) that could account for
the SHLA-G increase that appeared to be significant after 12hrs treatment (Figure Sa, gray
histograms). On the contrary, THP1 presented no IL-10 induction after 3-0-C12-HSL
treatment (Figure 5a), that could account for the absence of HLA-G up-regulation in THP1
cells. To evaluate the role of IL-10, we pre-treated U937 cells with anti-IL-10 moAb and
observed the reduction of HLA-G secretion in 3-0-C12-HSL treated U937 cell culture
supernatants (Figure 6, gray histograms). It is to note that this blocking treatment was not able
to completely inhibit HLA-G expression, even increasing anti-IL-10 moAb concentrations
(data non shown), demonstrating that IL-10 is only one of the mechanisms used by 3-0-C12-

HSL to induce HLA-G expression.

P. aeruginosa 3-0-C12-HSL enhances HLLA-G expression via p38-CREB transcription
factors.

Since 3-0-C12-HSL is known to modify transduction pathways [25], in particular inducing
p38, a mitogen-activated protein kinase (MAPK) that phosporylates and activates the cAMP-
response-element-binding protein (CREB) [26], a transcription factor that regulates HLA-G
gene expression [23],we evaluated the phosphorylation status of p38 and CREB after 3 -o-
C12-HSL treatment in U937 cells. We observed a clear increase in total p38 and

phosphorylated p38 after 15 minutes (Figure 7a) and an increased phosphorylation of CREB
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after 30 minutes of 10 uM 3-0-C12-HSL treatment (Figure 7b). On the contrary, THP1 cells
did not present p38/CREB phosphorylation (Figure 7¢, d). These data suggest the induction of
p38 and CREB phosphorylation by 3-0-C12-HSL as responsible for the direct effect of this

QS molecule on HLA-G expression [23].

P. aeruginosa 3-0-C12-HSL enhanced HLA-G expression affects U937 cell viability via
ILT2 receptor.

If we take into consideration the results on cell viability (Figure 2a, b, c), we observe an
intriguing result. In particular, we observed a decrease in cell viability only in U937 cells
(Figure 2a) and not in THP1 and Jurkat cells (Figure 2b, c) after 6 and 12hrs 3-0-C12-HSL
treatment. We can speculate that MTT assay could reveal cytotoxicity (loss of viable cells) or
cytostatic activity (shift from proliferation to quiescence) of 3-0-C12-HSL treatment. For
this, we analysed U937 cells with Anexin-V staining to account cell apoptosis and necrosis
and PI staining for cell cycle evaluation. Anexin-V staining failed to reveal cell
apoptosis/necrosis after 12hrs 3-0-C12-HSL treatments (Figure 8a). On the contrary, the
analysis of cell cycle showed that the treatment with 3-0-C12-HSL for 12hrs blocked a 62%
of cells in a GO/G1 stage in comparison with the 20% of G0/G1 cells before the treatment
(Figure 8a). Since decreased cell division could be associated with differentiation, we
evaluated U937 phenotype. Flow cytometry was carried out to monitor two surface proteins
characteristic of U937: 1) CD14, marker for both monocyte and macrophage, involved in LPS
recognition and contact with TLR4 receptor; 2) CD11b, macrophage marker, involved in
phagocytosis of bacteria. CD14 expression was maintained after 12hrs of 3-0-C12-HSL
treatment (Figure 9a), yielding the characteristics of monocyte-like cell type. CD11b
expression was increased only after PMA treatment, indicating macrophage-like

differentiation, meanwhile no CD11b induction was observed after 12hrs 3-0-C12-HSL
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treatment (Figure 9b). Since we observed that 3-0-C12-HSL induces HLA-G expression, we
could speculate that the interaction with its ligands could affect cell viability. We tested U937,
THP1 and Jurkat cells for ILT2 expression and we observed the presence of this receptor only
in U937 cells (Figure 9¢c, d, e). ILT2 is a surface receptor expressed by different immune
system cells, including monocytes, that is able to bind HLA-G and modify monocyte status
[27]. We performed again the experiments on U937 cells in the presence of anti-ILT2 moAb.
Interesting, we observed no decrease in U937 viability when the experiments were performed
with anti-ILT2 antibody (Figure 9f). These data suggest that the induction of HLA-G by 3-o-

C12-HSL could act on ILT2 explaining the cytostatic activity on U937 cells.

Proposed pathways

Figure 10 illustrates a potential network that might operate in the presence of 3-0-C12-HS. It
incorporates previous findings and the observations made in this study. In this network, 3-o-
C12-HS activates HLA-G expression via p38 and CREB phosphorylation [23] and IL-10
induction, that acts in a feed-back loop pathway of HLA-G induction [18]. In the presence of
ILT2 expression, the interaction with HLA-G molecules could modify cell activity, promoting

a resting status.

116



Discussion

3-0-C12-HLS is a bacterial quorum sensing molecule that coordinates bacteria growth and
virulence in a cell density-dependent manner [1]. Furthermore, different studies have already
reported the ability of 3-0-C12-HLS in regulating both pro- and anti-inflammatory cytokines
production by host cells [4-14; 27].

Even more evidences suggested that 3-0-C12-HLS plays a critical role not only in inter-
bacterial communication, but also in inter-kingdom signaling. In fact, 3-0-C12-HLS can
interact with mammalian cells, including immune cells [4-14; 25]. In particular, 3-0-C12-HLS
exhibit modulatory effect on monocytes [28] inducing changes in mRNA transcription. Since
HLA-G is a key molecule in the immune system switch-off [15] a the aim of our study was to
investigate whether 3-0-C12-HLS induced HLA-G modification in immune cells.

In this research we report that 3-0-C12-HLS affects HLA-G production in monocyte and T
cells, involving the CREB\p38 and IL-10 pathways.

The analysis of HLA-G membrane expression in PBMCs after exposition to biofilm forming
P. aeruginosa culture supernatant evidenced an increase in membrane-bound HLA-G
expression in monocyte (CD14") and T (CD3") cells. These data are in agreement with the
hypothesis that quorum sensing molecule 3-0-C12-HLS production could up-regulate HLA-G
expression.

The induction of HLA-G by 3-0-C12-HLS was confirmed in monocyte U937 and Jurkat T
cell lines. As a proof of concept, THP1 cell line did not present HLA-G expression nor IL-10
induction and CREB\p38 phosphorylation after 3-0-C12-HLS treatment, supporting the
existence of a network between IL-10\CREB\p38 phosphorylation and HLA-G. The
implication of ILT2 receptor expression on the cytostatic effect of 3-0-C12-HLS on U937
cells is a direct proof of the functional activity of the HLA-G molecules induced by 3-0-C12-

HLS. In particular, they sustain the immunosuppressive properties of HLA-G molecules and
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could explain the effect of in vivo 3-0-C12-HLS production by bacteria, as an efficient
mechanism to modulate host immune response via HLA-G. On the other hand, HLA-G
expression could be a response to the inflammatory process occurring during microbial
infection, reflecting an appropriate and effective feedback control of inflammatory process.
On the basis of our knowledge, we propose a dual role for HLA-G induction during bacterial
infections, as an immune escape factor for the bacteria and a rescue mechanism for the host.
In particular, bacteria could induce cell release of SHLA-G in peripheral blood leading to the
down-regulation of chemokine receptors on T lymphocytes and NK cells, that can affect the
migration of these cell populations toward inflamed tissues, leading to immune escape of
bacteria [29]. The loss of balanced sHLA-G levels may cause a the activation of immune
effector cells and their migration to the inflamed tissues, contributing to the exacerbation of
bacterial infection.

In conclusion, we presented for the first time the effect of 3-0-C12-HSL treatment on HLA-G
induction. As a future perspective, it will be of importance to recognize the cell types
responsive to 3-0-C12-HSL treatment. Using 3-0-C12-HSL to induce HLA-G expression
could also be useful for clinical purposes where a natural tolerance is beneficial instead of the

use of immune-suppressive drugs, as in transplantation and pregnancy
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Figure legends

Figure 1. a) Membrane HLA-G expression in PBMCs from 10 healthy subjects. Cells were
treated with 10, 25, 50 uL P. aeruginosa culture supernatnats (SN) for 6, 12 and 24hrs. CD3"
(white hystogram) and CD14" (black histogram) cell results are reported. b) HLA-G mRNA
expression analysis in PBMCs after 6, 12 and 24hrs treatment with 25 uL P. aeruginosa
culture supernatnats (SN). Mean =+ standrd deviation (SD) is reported. ** Significant p value

<0.05 obtained by Student T test.
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Figure 2. MTT cell viability assay. Cells were treated with 10, 25 and 50uM 3-0-C12-HSL
for 6 (white histogram), 12 (gray histogram) or 24 (black histogram) hrs. a) U937 cell line; b)
THP-1 cell line; ¢) Jurkat cell line. Mean + standrd deviation (SD) is reported. ** Significant

p value <0.05 obtained by Student T test.

Figure 3. a) HLA-G mRNA and membrane HLA-G expression, evaluated by b) flow
cytometry (87G-FITC moAb) and c) immunofluorescence (MEM-G9 moAb) in U937 cell
lines. Membrane HLA-G expression, evaluated by b) flow cytometry (87G-FITC moAb) in d)
Jurkat and e) THPI cell lines. Cells were treated with 10 and 25uM 3-0-C12-HSL for 24hrs.
Mean =+ standrd deviation (SD) is reported. ** Significant p value <0.05 obtained by Student

T test.

Figure 4. a) Membrane HLA-G (left panels) and classical HLA-I (right panels) expression in
U937 cell line. Cells were treated with 10 and 25uM 3-0-C12-HSL for 24hrs. The percentage
of HLA-G" and HLA-I" cells are reported. b) Luciferase assay: HLA-B (gray histogram) and
HLA-G (black histogram) promoter activation analysis in 721.221 transfected cell lines after
treatment with 10 and 25uM 3-0-C12-HSL for 24 hrs. Mean + standrd deviation (SD) is

reported. ** Significant p value <0.05 obtained by Student T test.

Figure 5. a) IL-10 and b) sHLA-G levels in Jurkat, U937 and THP1 cell culture supernatants.
Cells were treated with 10 and 25uM 3-0-C12-HSL for 6 (white histogram), 12 (gray
histogram), 24 (black histogram) hrs. Mean + standrd deviation (SD) is reported. **

Significant p value <0.05 obtained by Student T test.
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Figure 6. sHLA-G levels in cell culture supernatants of U937 cells with anti-IL-10 or anti-
isotype moAb treatment and addition of 10 or 25uM 3-0-C12-HSL for 24hrs. Mean £ SD is

reported. ** Significant p value <0.05 obtained by Student T test.

Figure 7. Intracellular pathway activation analysis in U937 and THPI1 cell lines. U93 and
THP1 cells were treated with 25uM 3-0-C12-HSL . Protein analysis and phosphorilation
status was performed by Immunofluorescence for: a, ¢) total and phoshorilated p38,b, d) total
and phosphorilated CREB Here are reported the most representative results for p38\pp38 and

CREB\pCREB at 0 and 30 seconds of 25uM 3-0-C12-HSL treatment.

Figure 8. a) Annexin-V staining of U937 cells treated with 10, 25 and 50uM 3-0-C12-HSL
for 24hrs. The percentage of Annexin V positive cells is reported. b) and c¢) Propidium Iodide
(PI) staining. For cell cycle analysis in U937 cells treated with 25 M 3-0-C12-HSL for 24hrs.
The percentage of cell in each cell cycle stage are reported. Here are reported the most

representative results.

Figure 9. a) Membrane CD14 and CD11b expression was evaluated by flow cytometry in
U937 cells treated with PMA or with 10 and 25uM 3-0-C12-HSL for 12hrs. Fold increase in
comparison with basal expression is reported. ILT2 expression on b) U937, ¢) THPI1, d)
Jurkat cells. Here are reported the most representative results. €) MTT cell viability assay on
U937 cells after 10 or25uM 3-0-C12-HSL treatment for 12hrs in presence of anti-ILT2
moAb (gray histogram) or anti-isotype moAb (black histogram). Mean + SD is reported. **

Significant p value <0.05 obtained by Student T test.
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Figure 10. Hypothesis of 3-0-C12-HSL effects on HLA-G induction. We suggest the
implication of p38 and CREB phosphorylation and IL-10 induction, that acts in a feed-back
loop pathway of HLA-G induction. In the presence of ILT2 expression, the interaction with
HLA-G molecules could modify cell activity, promoting a resting status (G0/G1 cell cycle

stage).
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Figure 4.
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1.2 HLA-G in autoimmune and inflammatory diseases

Inflammation is a localized protective reaction to different kind of injury and/or infections.
The characteristic signs of inflammation include pain, heat, redness, swelling and loss of
function that result from dilation of the blood vessels leading to an increased blood supply
and intercellular spaces, movement of leukocytes, protein and fluids into the inflamed
regions. Inflammatory response could be subdivided into: i) acute inflammation, with a rapid
onset and a short duration. It is considered the main defense mechanism against bacteria, virus
and parasites. It is characterized by the exudation of fluids and plasma proteins and the
migration of leukocytes, most notably neutrophils into the injured area; ii) chronic
inflammation, with a more prolonged duration and the presence of fibrosis and tissue
necrosis. This persistent chronic inflammation facilitates the development of degenerative and
autoimmune diseases such as rheumatological diseases, atherosclerosis, heart diseases,
asthma, multiple sclerosis (MS), diabetes, inflammatory bowel diseases (IBD) [132,133],
because of the persistent immune cell reactivity and cytokine secretion. The immune cell
modulation due to the interacion between anti-inflammatory factors and immune cells and
trascription elements plays a crucial role in the regulation of a chronic inflammation. One of

these anti-inflammatory components is suggested to be HLA-G.

Given the immunomodulatory nature of HLA-G molecule, it could be considered a good
reference parameter for prevention, diagnosis and treatment in autoimmune and inflammatory
diseases.During my PhD period I investigated HLA-G in different pathologies characterized
by a dysregulation in host immune system in which HLA-G plays a central role [79-82 papers
attached, 83].

1.2.1 HLA-G in rheumatic diseases

More than 100 pathologies are generally described as Rheumatic disease referring to
conditions that affect the joints (rheumatoid arthritis), connective tissues (scleroderma,
systemic lupus erythematosus) and vessels (vasculitis). Rheumatic diseases are inflammatory
and autoimmune diseases, that are the second most common cause of disability after

musculoskeletal injuries. Rheumatoid arthritis (RA) (OMIM, #180300) is an autoimmune
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disease caused by the attack of the immune system to synovial cells. RA is characterized by
inflammation, pain and stiffness in the joints that can lead to a loss of function. Both genetic
and environmental factors may contribute to develop the disease. Gene expression profiles
(GEPs) in bone marrow-derived RA mononuclear cells [134] reported 1,910 down-regulated
and 764 up-regulated gene, which include the HLA-G gene. In fact, many groups investigated
the role of HLA-G in RA, underlining the importance of both sHLA-G and HLA-G
polymorphisms in the disease course and treatment response [45, 135]. The role of HLA-G
polymorphisms, and in particular the HLA-G 14bpINS/DEL polymorphism, has also been
evaluated for RA susceptibility and for its use as marker for RA therapy. The most common
therapy used in the treatment of RA patient is based on Methotrexate (MTX), a disease-
modifying anti-rheumaticdrug (DMARD). MTX incresed IL-10 production in RA patients
that exhibit a better therapeutic response [136] and is able to enhance HLA-G secretion by
peripheral blood mononuclear cells [12]. Interestingly, RA patient with good response to
MTX also showed an increased frequency of the 14bpDEL/DEL [45], with a possible
implication in the control of immune activation. It must be underlined, however, that
contrasting results have been obtained [137, 138], possibly due to a different dosage of MTX,

a different cut-off value for RA therapy response assessment.

Concernig sHLA-G levels, protein concentration in serum is significantly lower in RA
patients [137] than in controls. This low sHLA-G concentration could contribute to develope
the disease leading to a chronic activation of inflammatory cells. The evaluation of sHLA-G
molecules at the specific inflammation site of the synovia reported higher levels of sHLA-G
in RA patients [139]. The release of HLA-G in the inflamed synovium may be due to the
recruitment of activated HLA-G positive immune cells and the local production by activated
synovial fibroblasts [140] that could interact with immune inhibitory receptors and maintain a
chronic inflammatory response. These data suggest that there is a different production of
HLA-G molecules on the basis of the local and systemic environments, characterized by
different molecular factors and cell types. Interestingly, the role of HLA-G molecules in RA
was confirmed by a recent work. The authors used an intracutaneous treatment of HLA-G
monomer or dimer molecules in collagen induced arthritis model mice. The treatment with
these molecules produced excellent anti-inflammatory effects with a single, local
administration [141]. Notably, the dimer exhibited higher immunosuppressive effects than the

monomer due to the higher dimer affinity for PIR-B, the mouse homolog of the LILRBs.
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Basing on these data, we investigated the possible role of HLA-G molecules as biomarkers
for RA treatment in a follow-up study [142 paper attached]. Twenty-three early RA (ERA)
patients were analyzed during a 12mo follow-up disease treatment for sHLA-G levels in
plasma samples, membrane HLA-G (mHLA-G) and ILT2 expression on peripheral blood
CD14 positive cells, and typed for HLA-G 14bp DEL/INS polymorphism. Interestingly, the
results showed that ERA patients with low sHLA-G and membrane HLA-G expression
suffered a more severe disease. In fact, sHLA-G levels inversely correlated with DAS28 and
ultrasonographic power Doppler scores, used to define the severity and progression of the
disease. Surprisingly, sHLA-G up-modulation is already evident after 3 mo of DMARDs
therapy, while a significant reduction in tumor necrosis factor-a levels is evident after 9 mo
therapy. At this point of therapy a clear amelioration of the disease is evident, with a high
specificity for HLA-G detection in EA condition. Moreover, the implication of the HLA-G
14bp INS/DEL polymorphism is confirmed as patients that showed a significantly improved

disease status were characterized by the presence of the DEL allele.

This result corrobores the prognostic and therapeutic value of HLA-G in RA. In fact,
considering al the different studies on HLA-G in RA, it seems that HLA-G molecule

evaluation can help to predict the course of the disease [143 paper attached] .
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ARTICLE INFO ABSTRACT

Artide history: The current management of early rheumatoid arthritis (ERA) is to start an intensive treatment as soon as
Received 26 September 2012 possible. To avoid underjovertreatment, it is important to identify reliable ERA evolution biomarkers.
Accepted 28 November 2012

HLA-G molecules has been associated with rheumatoid arthritis, suggesting a role in disease regulation.
HLA-G antigens are expressed as membrane bound and soluble isoforms (mHLA-G, sHLA-G) that act as
ligand for immune-inhibitory receptors (ILT2, ILT4, KIR2DL4). Expression of HLA-G is influenced by a
14 bp insertion/deletion polymorphism in exon 8 of the gene, where the deletion is associated with
mRNA stability.

We analyzed 23 ERA patients during a 12 months follow-up disease treatment for sHLA-G, IL-1beta, IL-
6, IL-10 and TNF-alpha levels in plasma samples by EUSA, mHLA-G and ILT2 expression on peripheral
blood (D14 paositive cells by flow cytometry and typed HLA-G 14 bp deletion/insertion polymorphism
by Real-Time PCR. Disease status (DAS28), ultrasonography with power Doppler and laboratory data
were checked.

Cytokine levels confirmed the anti-inflammatory effect of the treatment. sHLA-G, mHLA-G and ILT2
expression inversely correlated with DAS28 disease scores. The frequency of 14 bp deletion allele
increased in patients with disease remission.

Based on these results, HLA-G may be a candidate biomarker to evaluate early prognosis and disease
activity in ERA patients.
© 2012 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.

Available online 8 December 2012

1. Introduction tion, severe functional impairment and disability [1]. Joint damage

occurs early in the course of the disease, and around 75% of pa-

The term Early Arthritis (EA) is a generic definition which does
apply to all arthritis with recent onset and includes a number of
different diseases, among which early rheumatoid arthritis (ERA)
should be carefully checked for, being one of the most crippling
inflammatory disease. Rheumatoid arthritis (RA) (OMIM ID
180300) is a chronic systemic autoimmune inflammatory disease
that mainly involves the joints and, if not adequately treated or
even incompletely controlled by therapy, can lead to joint destruc-

Abbreviations: ACPA, anti-cyclic citrullinated peptide; ACR, American College of
Rheumatology; Cl, confidence interval; CV, coefficient of variation; DAS28, disease
activity score-28; DMARDs, disease-modifying anti-rheumatic drugs; EA, early
arthritis; ERA, early rheumatoid arthritis; EAC, early arthitis clinic: ESR, erythrocyte
sedimentation rate; GH, global health: HLA-G, human leukocyte antigens-G: IL-
1,610, Interleukin-16'10; ILT24 immunoglobuline-like transaipt 2;
KIRZDLA, killer cell immunoglobulin-like receptor 2DL4; MoAb, monoclonal anti-
body: OArth, other arthropathies; OR. odds ratio; PD, power Doppler; PCR,
polymerase chain reaction; RA rheumatoid arthritis; RF, rheumatoid factor; TNF-
alpha, umor necrosis factor-alpha; US-PD, ultrasonographic power Doppler.

* Corresponding author. Fax: 39 0532974470.

E-mail address: rbr@unife.it (R. Rizzo)

tients with ERA develop erosive changes within the first 2 years
of disease [2-4). Controlled clinical trials have shown that an early
aggressive therapeutic approach with disease-modifying ant-
rheumatic drugs can slow or even stop the progression of damage
in RA, so an early diagnosis is of capital importance [5,6]. Besides
physical examination, which still remains the gold standard in
identifying the presence of arthritis, musculoskeletal ultrasonogra-
phy(US) and power Doppler (PD) have been proved to be helpful in
detecting joint inflammation, especially at an early and subclinical
stage [7] and to distinguish active from inactive synovitis [8]. The
identification of significant biomarkers aimed to monitor patient
therapy and to avoid under Jovertreatment is of outstanding impor-
tance to assess and predict EA evolution. Rheumatoid factor (RF)
and anti-cyclic citrullinated peptide (ACPA), when present, are well
recognized prognostic factors for joint damage progression but
their predictive value is still limited [1,2,5,6]. For these reasons
new prognostic and reliable biomarkers are urgently needed.

A growing body of evidence has indicated a possible involve-
ment of HLA (Human Leukocyte Antigen -G antigens in RA where

0198-8859/$36.00 - see front matter © 2012 American Sodety for Histocompatibility and Immunogenetics. Published by Elsevier Inc All rights reserved.
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this molecule seems to exhibit anti-inflammatory properties. HLA-
G is a HLA-Ib molecule with a physiological tissue-restricted distri-
bution in cytotrophoblast [9], amniotic cells, thymus, and endothe-
lial cells of chorionic blood vessels [10]. HLA-G molecules are
generated by an alternative splicing of the primary transcript of
the gene [11]: HLA-G exists as four membrane-bound (HLA-G1, -
G2, -G3 and -G4) and three secreted soluble isoforms (HLA-G5, -
G6, -G7). HLA-G is characterized by tolerogenic functions, inducing
apoptosis of activated CD8" T cells [12], acting on T regulatory cells
[13], modulating the activity of natural killer cells [ 14] and of den-
dritic cells [15] and blocking allo-cytotoxic T lymphocyte response
[16]. These immuno-regulatory functions are mediated by the
interaction of HLA-G molecules with specific inhibitory receptors:
ILT2 (LILRB1/CD85j), ILT4 (LILRB2/CD85d), CD8 and KIRZDL4
(CD158d) expressed by immune cells [17].

The HLA-G production is controlled by several polymorphisms
both in the promoter and in the 3’ untranslated region (3’ UTR)
modifying the affinity of gene targeted sequences for transcrip-
tional or post-transcriptional factors, respectively. A 14 base pair
(14 bp) insertion/deletion (INS/DEL) polymorphism in exon 8 in-
volves mRNA stability and expression (rs1704). In particular, the
INS allele is characterized by a mRNA destabilization and a conse-
quent lower protein production [18].

Serum sHLA-G concentration is significantly lower in RA [19]
and JIA patients than in controls [19] while higher sHLA-G is pres-
ent in JIA synovial fluids (SF) [20]. Decreased sHLA-G serum con-
centrations may lead to a chronic activation of infammatory
cells and contribute to the development of autoimmune diseases.
The high release of HLA-G in the inflamed synovium may be re-
lated to the recruitment of activated HLA-G positive immune cells
that could interact with immune inhibitory ILT2 receptors, up-reg-
ulated in SF, and maintain a chronic inflammatory response. In
fact, it has been reported that the production of HLA-G molecules
is enhanced in synovial fibroblasts from inflamed joints, as a ten-
tative compensatory mechanism to counteract the inflammation
[21]).

On the basis of these previous data we evaluated the role of
HLA-G molecules both in disease immunopathology and as a bio-
marker of disease course and treatment response in early RA
patients.

2. Materials and methods
2.1. Subjects

Thirty six consecutive patients attending the Early Arthritis
Clinic (EAC) of the Rheumatology Section of the University of Ferr-
ara underwent DMARD therapy and were prospectively followed
for 1year follow-up. 23 patients (17 women and 6 men; mean
age 61.8 + 12.5 years) met the criteria of the American College of
Rheumatology (ACR) for the diagnosis of RA after 1year follow-
up from symptom onset [22]. The other 13 subjects presented
other arthropathies (OArth), such as microcrystalline and undiffer-
entiated polyarthritis. All patients were evaluated between May
2010 and May 2012 with a complete physical examination, includ-
ing evaluation of the number of swollen and tender joints, calcula-
tion of the disease activity 28 joint score (DAS28), a composite
index that includes erythrocyte sedimentation rate (ESR), patient
self-reported global health (GH) status, the number of swollen
and tender joints. Clinical and demographic data were also col-
lected, as well as smoking habit, family history of rheumatic and/
or cardiovascular diseases, comorbidities, extra-articular involve-
ment, routine haematochemical parameters, RF and ACPA.

To identify the presence of active synovitis, all patients under-
went an US-PD joint assessment at the same time as the clinical
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evaluation. US-PD examination was performed with the same
scanner (MyLab 70, ESAOTE) using a multifrequency linear trans-
ducer (12-18 MHz). Bilaterally, eight joint regions were assessed:
namely, the second and third metacarpophalangeal (MCP) joints
and the wrist (inter-carpal and radiocarpal joints). All joints were
analyzed according to the standard European League Against Rheu-
matism (EULAR) reference scans [23 . Each joint was graded from 0
to 3 based upon a semiquantitative scale (Grade 0: no synovial
flow; Grade 1: isolated signals; Grade 2: confluent signal in less
than half of the synovial area; Grade 3: confluent signals in more
than half of the synovial area) [24]. Based on US-PD score, synovitis
was considered severe (US-PD score: 3 in almost one joint), mod-
erate (US-PD score >1 <3 in almost one joint) or mild (US-PD
score: 1 in almost one joint). For each patient, the overall US-PD
score was calculated by adding US-PD scores obtained from each
joint (range 0-24) [25].

All patients were examined, for all parameters, at baseline be-
fore starting the DMARD therapy, and after 3, 6, 9 and 12 months
of treatment. Clinical assessment and blood sampling were per-
formed during routine clinics, with written informed consent and
local ethical board approval

Thirty healthy subjects (22 women and 8 men; mean age
52.8 + 10.38 years) were recruited as control group .

22. Biological samples

Whole blood samples were collected from control subjects and
before the DMARD therapy, after 3, 6, 9 and 12 months of therapy
from EA patients. Plasma samples were obtained by centrifugation
of blood specimens withdrawn by puncture of an anterocubital
vein at the same time points. They were collected under sterile
conditions, coded and stored in aliquots at —80 °C until use.

23. HLA-G polymorphism typing

EDTA blood (7-10ml) was obtained from ERA patients. Geno-
mic DNA was extracted from the EDTA blood using a Nucleon Bacc
3 Kit (Amersham Pharmacia Biotech, Buckinghamshire, UK)
according to the manufacturer’s instructions. The HLA-G 14 bp
polymorphism (14 bp INS/DEL) was genotyped by PCR performed
as previously described [26]. Briefly 100 ng of genomic DNA were
amplified in a 25ul reaction performing the analysis using the
7300 Real-Time PCR System (Applied Biosystems ). The forward pri-
mer, HLAG14-forw, was 5'-GTG ATG GGC TGT TTA AAG TGT CACC-
3, and the reverse primer, HLAG14-rev, was 5'-GGA AGG AAT GCA
GTT CAG CAT GA-3'. The probe used for detection of the 14 bp DEL
allele was 5-VIC-GAG TGG CAAGTC CCT TTG TG-BHQ-3-3'
(HLAG14VIC) and the probe for the 14 bp INS allele was 5'-Fam-
CAA GAT TTGTTC ATG CCT TCC C-BHQ-1-3' (HLAG14FAM). Ampli-
fication was performed with 0.625 pl Assay mix 40X (Applied Bio-
system) and 12.5 pul PCR master mix 2X.

24. sHLA-G enzyme-linked immunosorbent assay (ELISA)

SHLA-G levels in plasma samples were assayed in triplicate as
previously reported [27] using, as capture antibody, the monoclo-
nal antibody (MoAb) MEM-G9 (Exbio, Praha, Czech Republic),
which recognizes the HLA-G molecule, in p2-microglobulin associ-
ated form. The intra-assay coefficient of variation (CV) was 1.4%
and the inter-assay CV was 4.0%. The limit of sensitivity was
1.0 ng/ml.
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Fig. 1. ERA disease follow-up during DMARDs treatment. DAS28 score and US-PD
overall score are reported during the 12 months follow-up.

25. Cytokine plasma levels

Interleukin (IL)-1 beta, IL-6, IL-10 and Tumor necrosis factor-al-
pha (TNF-alpha) [ 28] concentrations were determined in triplicate
in 1:10 diluted plasma samples using the commercially available
Human BioSource Immunoassay Kit (BioSource, Camarillo, CA,
USA).

2.6. Cytometric analysis of PBMCs

Peripheral blood mononuclear cells (PBMCs) were isolated from
whole blood by Ficoll gradient (Cederlane, Hornby, Ontario, Can-
ada) and resuspended in RPMI medium (EuroClone, Milano, Italy)
with 10% FCS, 100 U/ml penicillin and 100 U/ml streptomycin (Sig-
ma-Aldrich, S. Louis, MO, USA). 10° PBMCs were resuspended in 1x
PBS for analysis. Cells were analyzed by a flow cytofluorimetric ap-
proach with FACSCount flow cytometer (Becton Dickinson, San
Jose, CA, USA) using standard settings and CellQuest software (Bec-
ton Dickinson, San Jose, CA, USA) for data analysis. Cells viability
was assessed by propidium iodide staining. The membrane bound
HLA-G antigens were detected by anti-HLA-G FITC MoAb (MEM-G/
9: Exbio, Praha, Czech Republic) and ILT2 expression by anti-ILT2-
FITC MoADb (ReD Systems, Minneapolis, MN, USA) in CD14 positive
peripheral blood cells, recognized by anti-CD14-PE MoADb (Sigma-
Aldrich, St. Louis, MO, USA). Anti-isotype controls (Exbio, Praha,
Czech Republic) were performed.

2.7. Statistical analysis

The normality of each variable was checked using the Kolmogo-
rov-Smirnov test. As normality of data distribution was rejected in
several variables, continuous variables were compared using Krus-
kal-Wallis and Mann Whitney U tests and correlations were as-
sessed by the Spearman rank correlation coefficient test. A

of confounding variables. HLA-G 14 bp INS/DEL frequencies were
compared by Chi squared test. p-Value < 0.05 was considered to
be statistically significant. The relative risk was estimated by calcu-
lating the odds ratio (OR) with confidence interval of 95%.

3. Results
3.1. SHLA-G plasma levels

Nineteen out of the 23 ERA patients presented a progressive
improvement in their disease status during the 12 months therapy,
as evidenced by the DAS28 and the overall US-PD score mean val-
ues at the different time points (Fig. 1). Four out of the 23 ERA pa-
tients did not present an improvement in the disease status.

When the sHLA-G plasma levels before the DMARD therapy was
taken into account, specificity for ERA condition appears to be al-
most absolute. In fact, we observed the presence of sHLA-G in
the 100% of ERA patients, in the 8% of the 13 subjects with other
arthropathies (OArth) and in the 23% of controls (Table 1). The
ROC curve evaluation reported an accuracy of 87.9% a sensitivity
of 100% and specificity of 81.4%. We compared the predictive value
of sHLA-G in comparison with ACPA and RF plasma levels. As
shown in Table 1, the ACPA was observed in the 74% ERA patients,
31% OArth subjects and 0% controls. The RF was detected in the
61% ERA patients, 0% OArth subjects and 3% controls. The ROC
curve reported an accuracy of 84.8%, a sensitivity of 73.9% and a
specificity of 90.7% for ACPA; an accuracy of 84.8%, a sensitivity
of 60.9% and a specificity of 97.7% for RF. The combination of the
three parameters decreased the test value (accuracy of 66.7%, sen-
sitivity of 60.9%, specificity of 69.8%), while the co-evaluation of
sHLA-G and ACPA positivities provided a test with an accuracy of
84.8%, a sensitivity of 73.9% and a specificity of 91.7%.

The sHLA-G levels before DMARD therapy were lower in ERA
patients in comparison with control subjects (p=0.001, Mann
Whitney U test), while nodifferences were observed in comparison
with OArth patients (Fig. 2).

The levels of sHLA-G molecules were also evaluated in the plas-
ma samples collected after the initiation of DMARD therapy, and
after 3, 6,9 and 12 months of treatment. sHLA-G levels were corre-
lated with different parameters as DAS28 and US-PD scores. We di-
vided DAS28 scores into four subgroups (<2.6: remission; 2.6-32:
low activity; >3.2 <5.1: moderate activity; >5.1: severe activity).
We observed the highest SHLA-G levels in the remission group
and the lowest concentrations in the severe group at the different
time points (Fig. 3a). Similarly, patients with a US-PD mild synovi-
tis (1) presented higher plasma sHLA-G levels than those with US-
PD moderate (2) and US-PD severe (3) synovitis at all the different
time points (Fig. 3b). The disappearance of severe synovitis after
3 months of therapy supports the beneficial effect of the treatment.

To evaluate the predictive role of sHLA-G levels in the therapy
outcome, we analyzed the correlation between sHLA-G before
the treatment and the decrease in DAS28 value after 6 and
12 months of therapy. We evidenced a positive correlation be-
tween sHLA-G levels and DAS28 decrease after 6 and 12 months

logistic regression analysis was performed to evaluate the effect of therapy (6months: p=0024, rho: 0.569; 12months:
Table 1
Positivity for ACPA, RF, SHLA-G, IL-1, TNF-alpha, IL-6 and IL-10 in control subjects (HC), early RA patients (ERA) and subjects with other arthrophaties (OAsth).
ACPA positive* N RF positive® N sHLA-G positive* N IL-1 pasitive® N TNF-alpha positive* N IL-6 positive* N IL-10 pasitive®* N
(%) (%) (%) (%) (%) (%) (%)
HC (30) 0(0) 1(33) 7(233) 16 (533) 21(70) 30 (100) 19 (63.3)
ERA(23) 17(739) 14 (609) 23 (100.0) 14 (609) 17(739) 23 (100) 15(65.2)
OAth(13)  4(308) 0(0) 1(7.7) 11 (8456) 10(769) 13 (100) 8(615)

* Positive: detectable levels in plasma samples
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Fig. 2. sHLA-G plasma levels. sHLA-G plasma levels in control subjects (HC), ERA
patients (ERA) and OArth subjects (OArth) before the therapy.p values obtained by
Mann Whitney U test.

p=0.0083, rho: 0.603; Spearman correlation test). The logistic
regression for confounding variables confirmed the predictive va-
lue of sHLA-G plasma levels (p = 0.0008).

32. Cytokine plasma levels

We evaluated the levels of IL-1beta, TNF-alpha, IL-6 and IL-10
cytokines [28]. IL-1beta was detected at baseline in 14 patients,
TNF-alpha in 17 patients, IL-6 in 23 patients and IL-10 in 15 pa-
tients. The baseline levels of IL-1beta, TNF-alpha, IL-6 were higher
in ERA patients than control subjects (p = 0.012, p = 0.002, p = 0.001
respectively, Mann Whitney U test) (Fig. 4a). No difference was re-
ported in comparison with OArth subjects concentrations. IL-10
levels were higher in control subjects than in ERA patients
(p=0.014).

We evaluated the effect of DMARD on inflammatory condition
by cytokine quantification. We observed a decrease in IL-1beta
(p = 0.013, Mann Whitney U test), TNF-alpha (p=0.011) and IL-6
(p=0.005) levels while IL-10 increased (p=0.006) during
12 months therapy (Fig. 4b). These modification in cytokine levels

(a) 201

o pe0.0086% p=00001* 004
p=0.0003 1 F

“
r

sHLA-G, ngml

support an anti-inflammatory effect of DMARDs, by decreasing Th1
cytokines (IL-1beta, TNF-alpha, IL-6) and increasing Th2 cytokine
(IL-10).

3.3. Membrane HLA-G and ILT-2 expression

Since CD14 positive monocytes were shown to be the main
peripheral blood HLA-G producers in physiological conditions
[29], we analyzed their membrane HLA-G expression in ERA pa-
tients. In Fig. 5 two representative results are reported: (a) patient
6 characterized by a reduction of 32% in the DAS28 score after the
therapy; (b) patient 3 with an unmodified DAS28 score after
DMARD treatment.

CD14 positive cell HLA-G expression increased of 50% in patient
6 after 12 months therapy (Fig 5a upper panel), while no modifica-
tion was shown in patient 3 (Fig. 5b, upper panel).

Since ILT2 is the main HLA-G receptor [17], we analyzed the
receptor expression during DMARD therapy. ILT-2 expression fol-
lowed the same trend as HLA-G. In particular, patient 6 presented
a 56% increase after the therapy (Fig. 5a, low panel), while a slight
increase of 12% was evidenced in patient 3 (Fig 5b, low panel).

34. HLA-G 14bp INS/DEL polymorphism frequency

Since HLA-G 14bp INS/DEL polymorphism is implicated in HLA-
G expression control [ 18], we evaluated the influence of the HLA-G
genetic background in the DMARD treatment follow-up. We ob-
served a prevalence of the 14 bp DEL allele, high HLA-G producer,
in patients which reached a remission after 12 months of therapy,
as documented by DAS28 score (<2.6) (OR: 1.9; C1 95%: 0.49-5.73)
(Fig. 6).

4. Discussion

In ERA, sustained high disease activity results in a poor outcome
[5,6]). Successful management aimed to suppress inflammation to

p=00073%

1
0 DAS2S remission (<2.6)
u DAS2S low activity (>2.6 <3.2)
© DAS28: moderate activity (>3.2 <5.1)
B DAS2E: severe activity (>5.1)

o-
o OmW T T
(b’ 30 N§*  petost  pe0.003° 001* FMI‘

z
E ]
15
-
E

0 -

0 3

0 US-PD: mid (1)
® US-PD: moderate (2)
o US-PD: severe (3)

Fig. 3. sHLA-G plasma levels during DMARDs treatment. SHLA-G levels are reported during the 12 months (ime 0, 3, 6 9, 12 months) follow-up subdividing the ERA patients
on the basis of (a) DAS28 and (b) US-PD scores. “p values obtained by Kruskal-Wallis U test.
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Fig. 4. Cywkine plasma levels during DMARDs treatment (a) IL-1beta, IL-6, TNF-alpha, IL-10 plasma levels in control subjects (HC), ERA patients (ERA) and OArth subjects
(OArth) before the therapy. (b) IL-1beta, IL-6, TNF-alpha, IL-10 levels are reported during the 12 months follow-up disease treatment (time 0, 3, 6, 9, 12 months). *p values

obtained by Mann-Whitney U test.

reach a remission or low disease activity status, needs regular
assessments of disease activity and a coherent appropriate treat-
ment adjustment. This approach is now recognized as the “treat
to target” and “tight control” strategies which represent the rec-
ommended management in ERA [30,31]. For this purpose, rheuma-
tologists have now widely adopted clinimetric instruments, such
as DAS28 and advanced imaging techniques, such as US-PD, to as-
sess and monitor disease activity not only in clinical trials but also
in daily practice. These parameters are validated instruments in
determining and evaluating disease status in RA, ERA and EA. Nev-
ertheless, the scores need to be interpreted with some caution, gi-
ven the subjectivity and the limited sensitivity of the clinical
assessments. It is necessary to determine new biomarkers that
could be evaluate with objective assays. In this study we analyzed
the role of HLA-G molecules both in disease immunopathology and
as a biomarker of disease course and treatment response in ERA
patients.

We observed that ERA patients with both low sHLA-G and
membrane HLA-G expression suffered a more severe disease. In
fact, HLA-G levels inversely correlated with DAS28 and US-PD
scores. Given the immune-modulating effect of HLA-G these data
also sustain a possible implication of HLA-G molecules in the dis-
ease physiopathology. It was previously reported that serum
sHLA-G concentration is significantly lower in ERA patients than
in controls [20,21] and that DMARD thearpy is able to modify
HLA-G secretion [32]. As mentioned above, HLA-G antigens are
characterized by anti-inflammatory and immuno-inhibitory func-
tions, thus the presence of these molecules could affect disease
activity. We confirmed the anti-inflammatory effect of DMARD
by cytokine evaluation [33]. The levels of Th1 cytokines (IL-1beta,
IL-6 and TNF-alpha) decreased during the 12 months therapy,
while Th2 cytokine (IL-10) increased the levels [34]. These results
suggest that DMARD therapy may exert its disease modifying ef-
fect partly by suppressing Th1 cytokine production and inducing
an anti-inflammatory environment. Indeed, RA is characterized
by a marked increase in Th1 mediated immunology [35), where
Th1 cytokines are important in inflammation perpetuation. Inter-
estingly, CD4 positive T cells from ERA patients manifest a
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profound inability to mount Th2 responses [36]. It is known that
HLA-G production maintains a feed-back loop-interaction with
IL-10 secretion [37], creating an anti-inflammatory network, that
could improve RA patient condition. We hypothesize a direct role
of HLA-G in early therapy outcome, since HLA-G up-modulation
was consistent after 3 months therapy (Fig 3a and b) while signif-
icant modifications in TNF-alpha and IL-10 were evident after
9 months therapy and IL-1beta and IL-6 decreased after 12 months
(Fig. 4a and b).

The novelty of this prospective study consists in the analysis of
ERA patients for both genetics and HLA-G expression before and
during the therapy. The implication of the HLA-G 14 bp INS/DEL
polymorphism is confirmed, as the presence of the DEL allele char-
acterized the patients with a significant improvement in disease
status. These data are in agreement with the previous results on
156 DMARD-treated RA patients [32], which showed an increase
in HLA-G 14 bp DEL/DEL genotype in patients with a reduction in
disease activity after six months of treatment. In contrast to this
study, there are two researches with negative results: (i) 130 RA
patients presented no significant difference in 14 bp DEL/INS allelic
and genotypic distribution in patients responsive to DMARDs [38]:
(ii) 186 RA patients, prospectively followed during six months of
treatment [39] presented no significant association between
HLA-G 14 bp INS/DEL and DMARD efficacy. Comparing these stud-
ies, the opposite results may reflect population differences in gene
expression, that could influence the power of association studies
and lead to different levels of association. In addition, the different
doses of MTX and the different cut-off used for RA therapy re-
sponse definition could affect the results obtained.

Taking into account these considerations, another strength of
this study is the evaluation of early RA patients naives from previ-
ous treatment. This approach, ruling out possible confounding fac-
tors, allows the correct evaluation of the role of HLA-G as a true
and reliable biomarker for ERA disease status and treatment. More-
over, the specificity for ERA condition is almost absolute. In fact, we
observed the presence of sHLA-G in the 100% of ERA patients, in
comparison with the 8% of subjects with other arthropathies and
the 23% of controls. The ROC curve analysis reported an accuracy
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Fig. 5. Membrane HLA-G and ILT2 analysis by flow cytometry. Two representative ERA patients are reported: (a) patients 6 characterized by a reduction of 32% in the DAS28
score after the therapy: (b) patient 3 with an unmodified DAS28 score after DMARD treatment. The HLA-G and ILT2 expression was evaluated on CD14 positive peripheral

blood cells.

of 87.9%, a sensitivity of 100% and specificity of 81.4%, These values
are comparable with ACPA and RF positivities, which are well
known plasma markers for ERA disease. In particular the co-evalu-
ation of sHLA-G and ACPA positivities provides a test with an accu-
racy of 84.8%, a sensitivity of 73.9% and a specificity of 91.7%. These
results suggest the potential use of both these molecules in the
prognostic evaluation of EA patients and treatment follow-up.
The combination of these two biomarkers increases the specificity
of the evaluation, that is the main target in biomarker identifica-
tion. HLA-G could be an important biomarker not only for EA pa-
tient identification at risk to develop RA (ie. ERA) but also for
treatment follow-up. In this context, the availability of new, repro-
ducible and standardized biomarkers could be of interest in ERA
clinical management. We showed a clear association between
SHLA-G levels before the therapy and the disease follow-up after
12 months of DMARD. In particular, there was an increase in
SHLA-G levels in patients with an improvement in disease status
during the therapy. The membrane HLA-G expression by CD14
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positive peripheral blood monocytes followed the same trend, with
a clear modification during the therapy. We observed a consistent
up-modulation of ILT2 receptor too. ILT2 is the main HLA-G recep-
tor, implicated in the immunoinhibitory and anti-inflammatory
HLA-G functions. It is known that its expression is up-regulated
by HLA-G in immune cells [17]. Indeed, we revealed a significant
increase in ILT2 expression during the DMARD therapy in patients
with an improvement in disease status. These results suggest the
implication of HLA-G also in RA pathogenesis. In fact, the presence
of ILT2 receptor is essential for HLA-G activity. The ILT2/HLA-G co-
expression in ERA patients could sustain an immunoregulatory
environment, that is fundamental for disease activity control. A
disequilibrium in this setting would maintain an inflammatory
and immune-disregulated condition, typical for RA disease.
Patients with recent-onset RA develop joint damage very early
and when the disease becomes clinically evident, it is already in
the chronic phase. The time the joints are exposed to the patholog-
ical process therefore plays a decisive role so that making an early
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diagnosis, a concrete prognosis and undertaking appropriate treat-
ment is of outstanding importance. The results obtained in this
study, if confirmed in a larger number of patients, may be extre-
mely important, given the ability of HLA-G to provide useful infor-
mation for the clinical management of the RA patient in early
phases of the disease, in that it seems able to evaluate the real sta-
tus of patents and to predict the possible evolution.
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Seeciar Rerori

Can HLA-G predict disease course in rheumatoid
arthritis patients?

Rheumatold arthritis remains a major dinlcal problem, with many patients having persistant systemic
inflammatory disease, resulting in progressive erosive joint damage and high levels of disability, The goal
of rheumatold arthrith therapy has shifted to Initiate treatment early and aggressively to achieve remlssion,
ar low disease activity as quickly as possible. To achieve this ‘treat-to-target’ concept, it is necessary to
identify new bomarkers for disease progression and treatment follow-up, and to Identify new therapeutic
targets. The focus of this review |s to summarize current research regarding the expression of HLA-G
molacules in rheumatoid arthritis and the possible implications for the future management of the diseasa.

KEYWORDS: biomarker dissase-madifying antirheurnatic drugs -dr:rﬂmﬁ:

HLA-G  rheumatoid arthritis

Rheumamid archrics (RA: Online Mendelian
Inheritance in Man [OMIM], #180300 (0} &
a chronic systemic inflammarory autcimmaine
disease causing symmenrical pohrarthritis of the
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cations., Proinflammatory cytokines mch as
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in the pathogenesis of RA.

Managing RA

BA tnatments inchude disease-modifying anti-
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biological agents. Traditionally, firstline weat-
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expression of HLA-G molecules in RA and their
of the d mease (Tuss 1,

HLA-G antigen

HLA-G ix s MHO claes | antigen encoded by
a gene on chromosome Gp21. It differs from
clansdcal FILA class | maobecudes due o limived
palymorphisms in the coding region, 50 slleles
{IMGT HLA dhutabuase sea1) and 16 proteins amd
a restriceed tisoe distribuson. Seven HLA-G o
forma exint awing 1o mRANA akernative splicing
and differential associarion with

lin. Two soform are found on cell mrfaces and
in biological Auids; membrane-bound GI and
soluble G5, which bicks the rransmembrane and
intracellular domains of membrane-bound Gt
(Puman 3 [7]. HILA-C possesses an unpaired cysseine
revidue a1 position 42 on an exemal doap af the
tion (s, HLA-G moncmes are recognied by the
inhibitory receptors LILRBI and LILRB2 and by
KIRZDLA, but leukocyre lplike recepiors poes-
ent a grester affinicy for the dimeric form ), The
interuction of HLA.G molecubes with mhibiory

recepioes induces apopiosis of activated CI8: T

Table 1. Updated it=rature on the rols of HLA-G in rhoumatodd arthritis.

Loe er ol (2011) fone marmow-derved mononudear cefs (G -prTysion
from néne RA& and 1en osteoarthimhs forrfifies by Db
patents miToaray

|Veltetal (008)  Blood samples From 106 jissende PCA
idopathic arthritis patients, 265 kA

| g5 healthy cheldren

'werbruggen ef al Flasma samples-from 106 RA patients - ELSA

(2006 180 women ard 2 Freni and control
phm!ﬂhmnhtameﬁlm
£ healihy men and 48 women

| Rurzoi et af. (20067 hﬂr’uﬁlt‘hﬂdmr:&km [ELrS& and FCR

| hesltty indkiduals and non-MTE-treated
A patients

[Baki-Gungorand  Genomic DiA GUAS

| SerzErman 2017}

feiezo et &l (2002} Plasma sample and penphera blood ELISA, Fiow

| mononudear cells from 23 MTX-treated  cytometry, PLR
Ef& patients

Fusoki et & (2013)  Collsgen-imnduced arthotis modef mice.  Intracutanaous

tresstment with
HLA-G manomer of
dimer molecules

cefls 18], modiilaes the acirity of NK cells 101z
and dendritic cells (DC) (i3,04], blocks allocym.
iomic T-lymphocyte responses pis) and induces
expansion of sippresor T-cell popubmions. sach

as OO, C25°, FOX T3 and Treg cell (w71
Momvever, HLA-G is expressed 31 high leels an
DHC-10 cells, human D wirh imlerogenic activity
and am outstanding abiliey o prodisce 1L-10 ja).
Interestingly, the expression of membrane-bound
HLA-G1 and that of its tecepeon i upregiloed
by 1L-10 on DC10 and the expression of high
hﬁf}ﬁbm-hmnd I-Il.dtﬂhl.l-'l"amj_
IL-10 10 is eritical 1w PTG

ihie Tri cells by DC-10 ).

The HLA-G iz conurolled by sev-
el poly morphisms bath in the promotes and in
?5 mehqﬂqmn?dﬁiug&::i:iuy

gene-argeted oF [rEnsCHpe ar

factors, respectively (i},
In toeal, 29 single nucleatide poly

et
A5T4Px} have been identified in rhe HLA-G pro-
- moter tegron, which may be imvolved in the reg-

ullmu:fﬁﬂft—ﬂ'qmm m.nﬁn:ngﬂut

“many ol these polymorphissms are within or close

to known of putative regulatory elements. The
HLAAG 5" upstream regulaccry region is unigue

HiA-G gonae i upreguiated in RA o]
[ratinrils

Incrazsed frequency of the 14 bp DEL K]
alele m juvenile idsapathic arthrits

patients

SHLA-G levels e kower in RA patentyin 70l
comparison with controfs. sHLA-G levels
Inorease in correlsbon with disease

actiyity and are aHected by the presence

of disease-pradepoing HLA

WTH induces the SHLA-G moecules. L
& sgraficant sssociation is observed
Between the highest levels of sHLA-G

and the 14 bp DEL/DEL genotype

HLA-3 |5 3 gene assocsed with Ra b

Int. £ Chin. Rfeismatol (20735 B
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Fibarman of af, (2072 (101

il 1-1

=

Flgure 1. MMﬂMMﬂﬂﬁpmm“

among the HLA penes j19] and 15 unresponsive o
MNE-xB [ze and IFM-y (21, owing to the presence
of o modified entancer A dnd a debered intrderon
sequence ive ehement. A locus contral
reghon Incared -1.2 kb from exon | exhibios s
hm‘hngll:l: fioi CREBI factoe. which also binds
o twao addimional rr:l)cﬁMFr:qmmduIdﬂ.l
ar 934 and 770 poaitions from the initiaion
endon ATG. Inaddition, 2 binding sie inedeen
sequence respansive element for IRF-1 b locared
ar the 744 Base pair (hp) position [22) wid
invalved in HELA-G irnnsactivation following
IFN- rreatment (225 The HEA-{ promoter also
contains » heat shock deimunt a1 the -459/-454
ponition that binds FSF-1 (5t 2 progestemne
neceptor H.n:ling:it!.-}? hp brom ATG f24).
Several promoser region polymonphisms coincide
with, of are close to, known or putative reguls-
tary ehements and thus may affect the hinding of
HLA-G regulasary facto 2], The -725C-GIT
SNP i very close o interferon sequence respot-
wve elemem, in which the 725G allele ix amo-
cigted with s signihcantly higher expression
kevel compared with the other alleles 2. The
palymorphic sites ar the §' upstream regulasory
region are frequently in finkage disequilibrium
with the polyemorphic sites identified ot the 3°
unoramlazed n:gun.. mome of which iuHLu:ncing
aliernacive splicing and mBNA sabifity.

A 14 bp insertion/deletion (INS/DEL) poly-
mnrpl:.inn (665542200 in exon B invoives

mRNA smbilicy and expresion jmas). In par-
ticular the DEL alleles scabilize the mBMA with
a comiguent higher HLA-G expression fam).
'l‘hlpr:mt:d”lﬂrnnta:pmunu-&]ll? s
s an Al-rich moaif in the HLA-G mRNA;
lil.'n::m.i.rlg its lh]:!ﬂlh &, DOine SMP CaG at
the £3142 bp psition (rs1063320) has been
explored by Tan and coswrhors (u), The pees-
ence of a guanine at the +3142 poshtion may
inflwence the Hpﬂ':uinn of the KA locus
b increasing the affinity of this region for the
miRMAs: miR-1482, miR-148b and miR-153;
thesefore, decreasing the mBNA availabilay by
mREMNA degradarion and translasion suppression.

The influence of the +3142G allele has been
dﬂ'm:ﬂlll.md by a funcrional study in which
HILAG high-cxpressing |EG-3 choriocanci-
noimd-detived cells have been transfected with
mik-148a, decreasing soluble HLA-G levels.
The contrasting resls obaained by Manaser
and coauthion (31, wha have reporied the alwence
af 4314200 effect on the miRNA concml of
membrane HLA-G expression, prompr Furrher
comsiderations an the I'E'ulthil'llh‘] between this
palymarphism and membrane HLA-G expres-
wiot, Dicher S Ps are sdenified as implicared in
miR.MA imeraction. In partcalar, « 3003, + 5000,
#3027 and + 3035 S5MPs are influenced by miR-
$132-5p, miR-518c", miR-1262 and miR-%2a-1",
mik-922-2", miR-661, miR-1224.5p and miR-
433 miRMAx 4. The miR-2E10, miR-93,
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miR-508—5p, mik-331-3p. milt-616, miB-513b
and miRS89" milMAs targer the 14 bp INS/
Dﬂﬁ:ﬁmrlﬂgﬂnudnm-lﬁl. miR-19%,
miR-152, mil-146b and mif-218-2 also infu-
ence the +3142 O/ G polymorphism.

HLA-G b a stress-inducilde pene: heat shock,
hyponia and smenite incresse different HLA-G
alternative ranscripo (735, The indolamine
2,3 dicxypenase, an enzyme which membalizes
tryptophan, induces HEA- expression during
monocyic differentiarion imo dend ritic cebls ().
The anti-inflammarory and immunosuppres-
eive IL-10 has been correlated with concomitane
HILA-G expression e, Transctivation of
HLA-G rranscription has abso been demonsirated
by leukemia inhibitory Betor (3], propesternne
iz4) and MTX 13 cell exposure. Fu
IFN-g, IFN-B and IFN-y enhance HLA-G
cell-surface n:p-rcn'm l:l_lr Eurmors oF
(nal). HLA-G sort could be acquired by
trogecyiosis, where 3 ‘dancr’ ndldwmm
mumbrane HLA-G exchanges
:nnu.mmg..'ﬂ & with a ‘reciplent’ nﬂlﬂnl
not expressing HLA-G molecules. I this par
ricular singation, ‘recipiens E:lll-ﬂlqﬂnzrd
miake use of membrane HLA-G mokecubes fom »
‘donor” HLA-G-poxitive cell withour the activa-
uon uI'H.E.nI-E transduciion imo prosein,

HLA-GI mplnqui:: expressed

h_r ml:lgm presenting cells snd rranfered 1o

T celbs in bumans, makes T oelbs unmesponsive

1. It has Boen demansirased ther HLA-GL can

e el HLX G op peiriog,

tliak s il i

FL Lqu'q“hhl'm: lnd:?Pl'ﬂd;wl m"ﬂ"

like sippressar cells capable of inhibiting other
N cell fiincsions ).

The role nFHM«G’InJmmum—mllnmlul
been discovered I:r_nI l:l:pl'l:-h:llin tro-
phcblas cells ar the fens-manernal inerface ).
The importance of HLAG production by pla-
cental rrophoblasts is evident in pre-eclampsia
and unexplained recurrent spantaneous shar-
vion, Severil studies have found an sberran or
HLA-G in puhalogsca] placenmas in comparison
with comtrod samples fs-47| with 2 possible impi-
cation in fetal prevecrion and vascular evens.

HLA-G expression has been documented in
1 number of tsues, such as cornes, thymus,
erythroid and endothelial precumson. during
phyicdogical procesves fas-sa| and in a variahle
percentage of serumi/plasma smples from healthy
subjects (51}, where the main producers are acti-
vated CDN4* monocytes ). A modibed
sion af HLA-G molecules have been observed

during ‘nophysiological” condmions, such as wirml

infection -36], cancef [7-58, llﬂqﬁ'ﬂllhlﬂ-

#], and hﬂa.mmm'ran:lalnlmnlm:dlm

(). Recenly, the mlbe of HLAG molecules in

infammation has pained o scientific and dlinical

irvterest as a proposed molecular omarker and 2
e T

HLA-G in RA
Bone marrow monomcher cells from BA patients
present an shoormal regulsory nerworks in the

i revponse j]. Gene-expresaion profiles in
bone marrow-derived LA monomeckear cells have

shown 1910 teed ansd 764 upregabasid
genes, wivich i the HLA-G pene. A confir-
Iudmmnbulndhﬂdkh Chungor and Sezer.
man &7 using association vrudies

(GWAS), whie they idemified HEA-( 202 pene
associated with BA, To undentand the role of
HIEA-G s RA, several sudies on both jgene poly-

mphmmdpmnnprm have heen con-
ducted. The amabysis of the HLA-G 14 bp
INS/DEL ixm and SN

(1736936, -1202T/C and n2735022, -S86C/T)
in HILA- gene reported no allefic and penotypic
differences in RA patients subdivided acoond.
ing nd.'-n-:hlrm'hdu.l.uddﬂdu'mnm
pensl. On the contrary, the analysis of patienis

with pavenile idioparhic arthricis (JLA; OMIM,
FO04 302 i)}, the maost common form of pert.-
seni wrihnem in children, have shown @ spnihcant
correlation berween the 14 bp DEL allde and JIA
trols of the same gender
any implication of HILA-6 genetic background
in RA, akhough they do mipport s possshle role
of differene i pthweys berween
Mlﬂim hlm'mnu.lﬂl]lﬁpﬂﬂﬂt
ferent HLA asactations, demonstrating thar the
immunopenetic oo imvolved in nucepeibality
o these rwo discases are different. At a promein
fevel, serum HLA-G (sHLA-G) concentration
s sipmificarly lower in boch BA o) ane J1A o
patients than in controls. The dmilar decrease in
sHLA-G concemtrarions may lead m o chronic
w the developmient of these two diseases, We can
hypothesize that low levels of sHILA-G are nat able
o imabmeain an an-infammasory and imoemne
regulated mystemic environment, which could
worsen the disesse development, Inserestingiy,
even though [IA muscepeibility in females corre-
hnﬂhﬂuhhhpnﬂmuhpﬂﬂdhh
the secretion of HLA-G is limired in the serum.
These dars suggest a wtranger implication of

int L Clin. Aheumatol (003 &6
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prosen rransduction mechanisma compared wirh
apenetic background. The evabuation of sHLA.G
michocules a2 ﬂu'q)u:lﬁ: inflammation ite of the
wymovia, reported higher kevels of sHLA-G in bath
RAand 1A patients [1i.71). The release ol HLA-G
into the inflamed symovium may be relaied o che
pecrainmmsent of scrivated HLA-G-positive immuone
bl and the bocal praduction by acriveied syeovial
Ideoblaxes fr], which coubd interace wich immune-
inhibatory receprors and maincain @ chronic
inflamimatary response, Interestingly, ina group of
the disease (HILA-DRE 01, HEA-DREI 04 and
HLA-DRBI 1), the sHLAG levels are higher
and positively correlated with disease activiey
parameter, such as C-reactive prosein and the
rurmber of pwollen joims o), The highest sHLA-G
concentrations may represent the inability w
coneral inflammazion and confirm che upregu-
lation of HEA-G pene transcription observed by
Fﬂ-cqr_hlpmﬁlran;ﬂm jia). These data
wupgest thar there is a different production of
HLA-G mdecules on the basds of the local and
mckeular facsors and cell rypes. Motably, further
research is needed o evahasre the role of HLAG
tructlecuibes i these different compartments and in
RA

Inerestingly, 2 recent work has confirmed the
rode of HLA-G maolecules in RA. The authom
made an intrscutancous trestment of collagen-
induced archrins mouse model with HLA-G
were ahls m produce evcellens anri-infamman
effects with a single, local administration (=4].
Mistably, the direr has exhibiesd higher immano.
mppresive effect mm:q:nmm'uhdumnm-
rrurmfwrm:nnwmlm :l!hl;hﬁﬂrlnul’
the dirmess for
mlrhmhuﬂmhgﬁ:hul-lutﬂl-'ﬂ'm
i should b confirmed by further experimenas,
bt suppart the wse of HLAG dirmens as 2 useful
wnth-BA agens, in small amouns wicth minimal
nide effeces,

of RA cherapy. MTX, the major DMARID, is
implicated in the increased production of [L-10
in patients with RA, which correlases with bet
ter therapeutic respanse (1. 1L-10 & one of the
et efficient inducers of HLA-G secretion by
peripheral blood monooyrees, activated by lipo-
pobyasccharides and with the highest levels in the
14 bp DEL/DEL genorype (i, The snalysis of
the MIA- 14 bp INS/DEL polymorphism in
156 M T X-tneared RA parients has demonsrated
an increase of the 14 bp DEL/DEL genotype in
the responder group, chamctetized by a reduc.
vicy in disease aceiviey score in 28 joims {DAS2E)
rmiesstired befisre and afvet & months of weatmen:
with MTX fuif. In conerass to thas study, there are
iwor srudies with negative resules: in one sudy,
130 RA pasients have presented no significant
difference in IiElpﬂELHHS:HE:lhi:un—
rypic disrribunion in pacients responsve o MY
{DASZH: <3.2) prsi; b che second suady, 186 RA
to be responders, with o DAS2ZE of up o 24
after & months of trestment f6). No signi
assoczation berween HLA-G W bp INSIDEL
and MTX efficacy has been observed. Campar-
ing these stixdies, the opposite results may reflecs
ion differences in gene expression, which
could inflsence the power-al-asociation siudie
and lead oo different levels of asnciaon. [n addi-
theen., the diffevent doses of MTX and the differen:
outnfls weed for RA cherapy response defininion
cotild affect the resulis obtained.
Inmerestingly, Rizzo and cosurhorm 771 have
evaluated the pouible role of HLA-G molecules
s hiomarkens for RA treatment in 3 folleweup
study, In woral, 23 eady RA (ERA) patients were
analyzed during 2 12-month follow-ig of disease
tﬂ:‘nﬂthﬂﬁ.—ﬂkt:l:mplﬂnlnmy‘u.
mHLAG and ILT2 expression on peripheral
blood CIN4* cells and ryped for HLA-G 14 bp
DEL/INS polymorphism. The authors have
ohsgrved thar ERA parienes with low sHLA-G
and membrane HLA-G expression sffened a more
severe di In fact, sHLA-G levels inverely

HLA-G as a marker of RA treatment
HLA-G expression in inflammarory and savs-
fmammune diseases is a relatively new area of toves-
tigation. The specific robe of HLA-G molecales
in the control of inflammation and immune
response suggest an implication in both ik
and disease chronicization, wherne this antigen
in characterized by an impaired expression,
lhpend.m;mll:edﬁm disease envimament.
The HLA-G 14 bp INS/DEL polymarphism
has been evaluared 25 pharmasogenaric marker

correlated with DAS2E and ulh:qnungaq)ltil:
powes Dioppler scores, wed 10 define the sever-
ity and progression of the disse, Interestingly,
sHLA-G upeepubarion is evident after 3 monchs of
DMARD thesapy, while a significant neduction in
THF.m levels i evident after % momths of therspr,
wheen a clear amedinrarion of the disease is evident,
with & high specificity for HLA-G devection in
EA condition. hﬁd.hmiﬂm
han been chyerved in 100% of ERA patients,
in comparison with E% of subjecrs with ather

.mlﬂmm
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I.I'I‘L.I'l:‘ﬂilhlﬂ‘l.l}“ of contrals. The recetver
opetating characteristic curve anabyis repotts
an accuracy of B7.0%, sensativity of 100% wnd
specificity of BL4%. [n particular, the coevabua.
vion af sHLA-G and ACPA positivities provides
l‘hﬂ:\l‘iﬂ:mmpl:rtfﬂj!b,lﬂrdﬁv'ﬂynf
73.9% and specificiy u-f‘ill.?ﬁ, suggesting the
EIU;]:-uunuliuum-ﬂf Moeeover,
llumlpllu:m af the HiA-G 14 bp INS/DEL
is confirmed, as the presence of
the DEL llllll:hlrlcm‘l‘m:lrplurmr-lhn
1]1..5(:.!2 |mln disease s,

HLA-G impact in ather rheumatic
diseases

The expression of HLA-G mobecules has also
been evaluated in other thenmatic diseases, such
as scleroderma, systemic lupus erythematous
{5LE), Kawamki disease, Behoer's disease and
acbosi

Scheroderma (55¢c; OMIM, #E817S jseu)) in
an autoimmune rhenmatic disease of the con-
nective tiasue, Based on the extent of cutane.
ok involvemnent 55¢ can be classihied as limied
85c, imvalving acral skin, or diffuse S5c if skin
involvement extends mone preximally inclading
abdomen, trunk and face, $5c s characrerized by
alrerations of the microvasaulature, disnarbances
of the immune system and by masive deposins
of collagen and other matrix submiances in the
connective tisise. The coune, and even the inital
evens in the pathopenests of $5c, are il poody
understond. The presence of inflammatoy infil-
wrares, maindy CO4* T cells, around blood vessels
and at sites of active connective Hsue fomation
supgests their pathogenetic rmle, wpether with
mhntndminn:fnl l:rni:innmr.'l'lw

survival, Itwerfmqtuuynfmh:m:m

thralgia, present HLA-G malecule expression,
migpesting a rolo in immane conrml ).

SLE (OMIM, #600744 f201]) is 2 systemiic anio-
irmrmmne divease of 1he connective tissoe thar can
is mainly charscrerized by Th2-cell predomi-
nance. Rosaso and coauthors (] and Chen and
coatithors (81} have demonstrated higher levels of
-HL.LG:HIL;EUmSLE.puﬂHI.mmqﬂm
||:}h.udtu'uudhwul-lu-ﬁmuuium
in SLE patienm. The differences in sHLA-G levels

in the analyzed samples (serum or plasma) (.
.ﬂ.'l[:lmnt. Monsiviis-Urenda and cosuthon B4y

have provided evidence of 2 diminished expression
of HLA-G in monocytes and in marure CDES
beabthy contnets. In sddition, monocytes from
SLE patients have shown s diminished inducrion
Jmmhmmem.Fﬂ&,
lymphocytes from SLE patdents have displayed
2 lower acquisition of HLA-G {by tropocy o)
from aueoksgous monocytes compared with con-
mrols, Inserestingly, |LT-2 recepaor expression is
increased an I:y.m]i:lnl:_rh:l from SLE F.tl.n'l.h..
in particular in CO, CONY, CI¥56* cefls and
relsted o 1L-10 and anti-DMA antibodies ).
Thiese remilts Duﬂ.EHtlllE'ﬂudlnedri HLA-G
impained expression in parients with SLE and a
possible mis in pathogenesis. Using SNI' map-
ping approach., the HLA-G gene is repored a8
2 novel independent kocus with SLE interaction
rs). I particular, the HIA-G 14 bp INS/DEL
polymerphinm and the HLA-G « 420G SMP
have been analyred in the SLE population. SLE
panienits have shown s higher froquency of 14 bp
IMS allele and 14 bp INS/INS genotype k),
Muosermes, 14 by INS/IMS patients have presented
the highest disease acriviry 6. On the conrary,
the evaluatian of HLA-G 1 bp INS/DEL paly-
merphism in & SLE Brazilisn popularion has
Failed to present an associstion 7). The = 31426
allele and the +3142GG penotype frequencies
ire increased SLE fils s

Iﬁmnﬁmﬁmnm
HLA-G mubecuiles in the comml of SLEs: in par-
ticular several resubs sastain bower FILA-G expees-

siom as a risk Botwoe for SLE
'ﬂdmrurndw{ﬂm'lm i [0S0 pa]) b a
rare, | =¥ ic vasculitns with

micois membrane ukceranion and oculsr imvalve.
mens, The HIA-G*010107 allle is amociaed
with a reduced risk af Behoet's syndrome while
HELA-GAoioia2, Grotosialledes and the 14 bp
INS/DEL polymorphism are assnciaced with an
increased risk of Behger's svndrome .
Kawasaki disease (OMIM, & 611775 g} inan
acute, 1elilimited vasculitss that effects infanis
and childnen. Without irearment, approzimately
develop coronary anery aneurysms, making
this disease the beading cause of acquined hears
disease among children in coun-
tries, Although an infectious agent is highly
mq)n:‘hﬂ:l.. the d:lukg' af the disease s ta:FIr
unknown. However, it has been esgabdinhed thar
inflammation is & ceneral fearure of Kawasaki
disease. Several lines of evidence sugpest that
genetic and :n'u'rrﬂmlnpnl I'mrl i

ferl. 4. Chin. Rbheumatol (x5 Bie)
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Interestingly, nonsynonymcas SNIF(CUA) af the
HILA-G gene (il 3722477, Lol 34 e} is signifi-
cantly ssociated with Kewamki disease fi).
Sarcobdosts toglere lsa swstemic inflammarory
diseave axenciared with an accu-
mulation of CD4* T cells and 3 Thl immune
respanse, The etlalogy is unknown bar ar the
malecular level several sodies hve shawn HLA
st (6., HLA-DRBIH08) m1). Overall,
47 patients with sarcoidosis have been analyred
for different FILA-(7 alleles/polymorphizms ).
Tl:.el-il)p INS allele has been obesrved more
often in urmidi:uu senis than in cootrole
Ondy rare ard wul‘. expression of HLA-G has
bren observed in gramsbomas from sarcaidosia

Joane damiage acown early in the course of LA and
approximately 75% of patients with ERA
eraive chanpes within the firse 2 years of disease.
Cantrolled clinical trials have shaown chat an eady
.lwl:n':nﬂlﬂq:nlﬂ:aﬂrmd:whl! DMARDs
can slow or even wop the progression of damagn
in RLA, therefore an early disgnosis is of exorems
impartance. Besides physical examimation, which
atill vemaing the gold standand in identifying the
maphy has been proven mo be helpful in devecring
joins inflammarion, especially st an esrly apd
subsclinical stage f1. Moseaver, power Doppler
technique belps today o distinguish sctive from
inactive synovith i,

The mviewed licrmture scems o susiain &
direce rode of HLA-G molecules in RA and acher
rheumaric disesses. In particular, HLA-G could
create an immsne-repulaoey environmens that
i fundamental for disease activicy conrol. &
doequilibrinm i this setzing would maintsin
an inflammarory and immune-dysmegolaed con-
sradies have indicared the sssociation berween
HLA-G and RA as previowly revised by Brenol
ef il (w6|, these remilts should be validated by
Further icientific i izations, before a clinical
wse of HLAG a5 a relable biomarker for RA
TrEaTment is

Imdeed, the wee of Y HLA-G s o biomarker
to evaluate eatly prognosis and disease activ.
iy in ERA parsents & of extreme interest. The
identification of sipnificant bismarkers atmed
to manmor paskent therapy and w avoid under/
overtrestment is of cucsnding impormance 1o
assexi and predice ERA evalution. Rheuma-
toid facear and ACPA, when present, ane well

recognited negative propnostic factors for joint

damape progression bor their predicrive vahue is
still limited fer. For this mason new prognos-
wic and reliable biomarkers are wegently needed,
The evalisation of HLAG levels in plasma sam-
ples from ERA parients, in combination with
ather biomarkems, moch as ACPA, increases the
qucﬁnrnfﬂhikﬂntmﬁh-upu-d
disease progression, which is the main targer in
bimarkes identification. The use of sccendble
tm;qhh-l-llﬁ-ﬁwmmli
imporcant factor inonder i obtain o ready
tnens= system for clinical protocote Tt will be
|n'1)u¢un|ml:|.u:ﬁl|:nlﬂ'rﬂund'sHLﬂ.-G
lieves vios wmsevmnivcer wrwarnaen followe-ug and discase
progression., and bring back the comiderations
made on average concentratmns oheained from
a coharr of patients o the sngle individuad. In
ibde and srandardimed biomarken is of ineress
in ERA clinical t. Mureaver, since
HLA-G molecules have a role in other thenmatic
diveases, we could hypothesine o traner the
acquired with RA studies in other

clinical contevm,

Future

The undervanding of the specific rode and
mechanivms of action af HLA-G molecules in
the development and progression of RA could
juscify the wse of HLA-G moleculbes a5 3 marker
af inflammation :r-dd:qlmm and open
up new therapeutic perspectives for RA patients,
.ﬂ.pulﬂﬁl.tﬂn::lmmlhmﬂu“m
lar pastrways & reported in P 3. HLA-G could
be hypochesized o acy s an immame-modidamr
balancing B-cell aurc-antibody production and
Treg dysregulation, The denrificmion of plar-
macological strategies, with the aim of comrl-
||r|5 HLA-G pl'uﬁ.:h.nrl.mﬂdhj
methad in impreving the control of inflamma-
wican, puiding  therapeusic approach, In facy, the
possibile use of HLA-G as 3 chempeutic et is
of extremme interest. Thise conviderations ae sus-
taimed by the teorni restelts on HILA-G dimer dse
1o conernl induced arthricis in murine
micsdels (4} and the role of HLA-G mokeules in
tthe cantrod of the lmmune-regulasony funcrions
of messrchy mal smem codls desived From buman
umbilical coed (HUMCSC) ). Recenly, buman
umbilical cord wem cell have beer thown o
hm:ﬁﬂlpeﬂipuhﬂ'ﬂffwmﬂ:g:mpdr
in RA b, The effcacy of HUCSCa bn com:
necred with the expression of HLA-G molscules
that guataritee the immute regulatory fanc.
wicis of the wearment. Inesestingly, THNF-a i
able 10 downmodulate HIA-G expression and

.lﬁﬂﬂllm
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The

- adminutration of a THF inhibitor seems o be

u potential effective for ameliorating
Hmnﬂnqh RA control, mainmining
HLA-G For this, the abiliry w0 modu-
lste HLA-G molecules on cell surface seems
be at the basix of thess cell supgeting
in RA and vhe o have & controlbed
modificatian of the HLA-G level according to
dlisase statum,

Moreover, the mnim of the role n‘
HLA-G molecules and
uﬂwmmm
could improve the lsborsony mourine anakvis for
RA manaperment. In partacular, the possihility to

1se simmiple. nonimvasive and standardized 7 wols
tor the healthcare system practice. These could
oy e

in trearment decixioms.
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Managing rhewmnatoid arthritis

* Ahaumatosd arhrits (RA) treatments incluede disease-modifying antirhewmatic dnugs and, more recently, biclogcal sgents.

= A important goal of RA therapy hay shifted 1o inftiate treabment early and aggressiely 1o schieve remisuon 29 quackly i poiable.

* Reguiar monsioning nequires the avslahility of rew markers for deease progression and treatrment follow-up, in onder to improe the
efiicacy of thir RA management, this neducing the dinical and socal costs.

HLA-G antigen

= HLA-G are immure regulaiony molecules.

= HLA-G eepression & controded by spectic gene polymorphiames

= MLA-G espression i nduced by different molscules such as methotresate.

HLA-G in RA

= Semum HLA-G concentration s snificantly ke m A than in controls

* The intracutarsous treatment of collagen-anduced arthrits moded mice with HLA-G monomes of dimer molecules has produced
eacedlent anti-mflammaory effects with o singls, e adminstration y

HLA-G a5 a marker of RA freatment

* Anincraase of the 14 bp DEL/DEL genotype has been obseeved tn the resporder groap, chisactaned by 3 reduction in dsease soiiity
scone in 2B joints messured blore and altter & moedhs al taatment with meihatrecate

* HLA-G upreguiation & evident after 3 months of desease-modifying antitheurnatic driag therapy hen 2 dear ameboration of the
diszasa i3 pvident

« The presence of the 14 bp DEL allele characterizes the patients with a sigrificant Wigravenent i disease status

Conclusion ' :

* The reviewed ierature seems 10 comoborate direct role of HLA-G molecites in fa,

* HLA-G could craate an immune-regulatony enviranment that & fundamental for disease activity control. A disequiibrium in this seiting
Wik runtain an infammenatary and immene-dysregulsed condition, 1ypical of RA desgue

-mtmﬁnuﬁmnmmmmmw i wailh oihat biomarkers & anbcydic cilrulinatied
peptde, noreases the gediicty of dsene modilying anti i dirue) treatment lofiow-up and disease progrission

» Thee condirmation of the role of HLA-G molecules and genefic polymorphirs, s risk 2 pharmacogenst markers in RA coold
improve the isboratary routine anados for BA management

» The identdication of 2 cutoft value of sersm HLAS levelsdn monmar treatment ioBiow-up and dissase progression will bring back the
oonsiderations made on average concentrations obitsned from a cobort of patents to the single individual

- Mﬂwmmmm-ﬁmmﬁhnmmhm:mﬂdmmmhu
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1.2.2 HLA-G in central nervous system diseases

The central nervous system (CNS) represent an immune-privileged compartment that
maintains an adaptable immune surveillance system. Dysregulated immune function within
the CNS may lead to the development of brain tumor growth, and consitent immune

activation results in excessive inflammation.

Multiple sclerosis (MS) is the prototypic autoimmune disease of the CNS characterized by
chronic inflammatory demyelination and neurodegeneration of unidentified origin [144]. MS
typically occurs in young adults and manifests in women twice as frequently as in men with
neurological symptoms and signs, called relapses, which are usually disseminated in space
and time [145]. MS onset could be distinguished in: 1) the relapsing—remitting (RR) form, that
affects about the 80% of MS patients followed by ii) a secondary progressive (SP) course that
arises after years and iii) a primary progressive (PP) forma in approximately the 20% of MS
subjects [146]. However, the recent proposed criteria [147] suggest that the coexistence of
multifocal lesions in the periventricular white matter on T2-weighted Magnetic Resonance
Imaging (MRI) scans with or without Gadolinium (Gd) enhancement on T1-weighted MRI
scans are needed for the diagnosis of MS. Different epidemiological studies affirm that
exposure to an environmental factor, e.g., an infectious agent, in genetically predisposed
individuals could be crucial for MS pathogenesis [148] above all for the effect of the traffic
into the CNS of activated auto-reactive CD4" T helperl (Thl) [135, 149, 150]. In fact,
infiltrating CD4" T cells support the initiation of brain inflammation through the activation of
microglia leading to the generation of Thl-mediated immuneresponses (IL-12/IFN-g and IL-
23/IL-17). On the contrary, the resolution of neuroinflammation is triggered by astrocytes,
which promote anti-inflammatory Th2-polarized responses (IL-10 and TGF-b) and the
elimination of infiltrating immune cells through Fas/FasL-dependent apoptosis [144, 149]
(Figure4).

157



+3142C:6
{(rs1063320)

-

/A\E:an &

14bpINS/DEL
(rs1704)
v
Infiltrating e

HLA-6%% Ty . 4 T
3 oF . ' .
7 . @ s
B -
v suppression CM:_.T_T:HS termination of :
secretion (Fas/Fasl) 4 T inflammation .
same| Wrassnmsnms hn a --------------- [ Y i 3 !rl!rll!ll!ll!ll!l.- .:
e .’i (shift Th1/Th2) :
Dimeric HLA-55 . :
< w, DA+ T cells ¥

s

’ .Y \ ,:* )

endothelial cells "._ L) !"

Jh\/l____, ME celis

g g i
' P,
. microglia
Blood BEE CNS

Figure 4. Intrathecal immune milieu in MS

The presence in CSF of detectable sHLA-G levels in relapsing-remitting MS (RRMS) patients
and, occasionally, in other inflammatory neurological disorders and non-inflammatory

neurological disorders was reported for the first time by Fainardi and coauthors [151].

In addition, RRMS patients present higher sHLA-G levels in CSF than controls that was more
increased, in association with IL-10 values, in RRMS patients without than in those with
magnetic resonance imaging (MRI) evidence of disease activity [152]. The importance of
sHLA-G level evaluation as a biomarker for MS is confirmed [153]. In fact, CSF
concentrations of SHLA-G and IL-10 are positively correlated in patients with inactive MRI
disease and CSF IL-10 titers are more elevated in patients with than in those without CSF
measurable levels of SHLA-G.. HLA-G acts as anti-inflammatory molecules under the control

of IL-10 CSF levels which, together with the influence of HLA-G polymorphysms, may
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enhance sHLA-G production [154 paper attached]. In particular, we analysed the association
of HLA-G 14bp DEL/INS and +3142 C>G polymorphisms with CSF and serum levels of
sHLA-G molecules in a group of relapsing-remitting (RR)-MS patients, categorized
according to MRI disease activity [154 paper attached]. The aim of our study was to better
understand the actual role of these genetic polymorphisms in sHLA-G production occurring in
MS, and, furthermore, to clarify whether serum and CSF sHLA-G concentrations measured in
MS depend only on local inflammatory microenvironment, or are also influenced by the
individual genetic background. We found that serum and CSF sHLA-G levels were more
elevated in high than in low DEL/INS 14bp and +3142C>G sHLA-G producers and were
different among the various combined HLA-G genotypes in both MRI inactive and active
diseases. The highest and the lowest SHLA-G values were identified in MS patients with
C/C,DEL/DEL and G/G,INS/INS genotypes, respectively. Our findings suggest that serum
and CSF sHLA-G levels in MS could be influenced by HLA-G polymorphisms irrespective of

the inflammatory microenvironment.
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ARTICLE INFO ABSTRACT

Article lu)?m o HLA-G is believed to act as an anti-inflammatary molecule in Multiple Sclerosis (MS ). The 3° un translat ed
jon of the HIA-G is characterized t . s1 nd +3142C-G, which

Mﬂdsm‘mzmz region gene is by two palymorphisms, DEL/INS14bp a G,

control soluble HLA-G (sHLAG) production. The influence of these two HLA-G varlants on sHLA-G serum
and cerebraspinal fluid (CSF) levels was investigated in 69 Relapsing-Remitting MS patients grouped in
magnetic resonance imaging (MR1) inactive and active d sease. Serum and CSF sHLA-G levels were more
elevated in high than in low DEL/INS 14bp and +3142C>G SHLA-G producers and were different among
the various combined HILA-G genotypes in both MRI inactive and active diseases. The highest and the low -
est SHLA-G values were identified in MS patients with C/CDE./DE. and G/GINS/INS genotypes, respec-
tively. Our preliminary findings suggest that serum and CSF SHLA-G levels in MS could be influenced
by HLA-G polymarphisms irrespective of the inflammatory microenvironment.

©2012 American Society for Histocompat ibility and Immunogenetics. Published by Elsevier Inc. All rights

Available online 22 August 2012

reserved.

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelinat-
ing and neurodegenerative disease of the central nervous system
(CNS) with an uncertain etiology that is commonly considered to
be autoimmune in nature 1]

A growing body of evidence has indicated a possible involve-
ment of HLA (Human Leukocyte Antigen)-G antigens in MS where
this molecule seems to exhibit anti-inflammatory properties. HLA-
G isa HIA-Ib molecule with a physiological tissue-restricted distri-
bution in cytotrophoblast (2], amniotic cells, thymus, and endothe-
lial cells of chorionic blood vessels |3]. HLA-G molecules are
generated by an alternative splicing of the primary transcript of
the gene [4]: HLA-G exists as four membrane-bound (HLA-G1,
-G2, -G3 and -GA) and three secreted soluble isoforms (HLA-GS,

* (orresponding authar. Address: Depar of Exper 1 and Diagr
Medicne, Section of Microbialogy. Umndkmn.\ml.np Inrnn.-ﬁ “n
Ferrara, aly. Fax: +39 (05312974470,

E-mail address: rr@unifeit (R Bzo)

0198 -8R59/$36.00 - see frant mateer © 2012 Amernican Socety for Hi

bility and |

-G6, -G7). HLA-G is characterized by tolerogenic functions, induc-
ing apoptosis of activated CD8+ T cells [5], acting on T regulatory
cells [6]. modulating the activity of natural killer cells [7] and of
dendritic cells [8] and blocking allo-cytotoxic T lymphocyte re-
sponse [9]. These immuno-regulatory functions are mediated by
the interaction of HLA-G molecules with specific inhibitory recep-
tors: ILT-2 (LILRB1/CD8Sj), ILT-4 (LILRB2/(D85d), (D8 and
KIR2DL4 (CD158d) expressed by immune cells [10]. Cerebrospinal
fluid (CSF) levels and the intrathecal synthesis of soluble HIA-G
(SHLA-G) were demonstrated to be more elevated in MS than in
controls, and in MS patients without magnetic resonance imaging
(MRI) evidence of disease activity [11,12]. In these patients, CSF
sHIA-G concentrations were positively correlated with CSF levels
of IL-10 |11}, inversely assodated with CSF titers of anti-apoptotic
sFas molecules [13], and predominantly represented by HLA-GS
isoform [14]. On the other hand, immunohistochemical expression
of HLA-G and its inhibitory receptors (ILT-2 and ILT-4) was
strongly upregulated within and arund MS lesions, whereas pro-
tein HLA-G expression on monocytes was high in CSF of MS pa-
tients [15]. Finally, a novel subpopulation of naturally occurring

Published by Elsewier Inc. All nights reserved.

hitp/dxdoiorg/ 101016 f humimm2012.08.005

160



R e o al s enskagy 71 (0000 11881786 inal

COM" and TDE” fegulstory T [Tog) colli expressing HLAG [ HLAG™
Tes) was mereased in OSF and inflammatory bran leiom of M5
patienis | 1G],

Cree et al, [17] confirmed the contibution of the MHC locm to
W5 susceptibility, nat anly though the well recognized effect of
HLA-DRET"1 501, b also throuph the re950039 single nudes-
tide polymorphism [SNP) in the 3 untranslsted region (UTR) of
the HLA-G gene. Interestingly. it has been suggested that HIAG
prochu ton iv controlied by polymorphismes at the ¥ upstream reg-
ulatory region and at the 3° UTH of the HLA-G groc | 18] Two poly-
morphisms at the ¥ UTR are dearly implicied: a deledon)
insertion  (DELANS] of 14 base pairs (I14bp] polymorphism
(rs1 70 ] and a C=G SMP at the +3142bp position (m1063320]
| 15] In padimilar, the presence of the 14bpINS affects mBMNA. sta-
hiliy, protein production [20) and i asocised with pregnancy
pathalogies and autoimmune diseases [21.22]. The +31426 allde
binding to thme microRNAs {mikNAs) mi-) 480 mil- 148h, and
miR-5) i pediced o be more siable than binding to the
+ 31420 aliele. resulting in a lower soluble protein production | 23).

Thensfone, we amalysed the assodation of HLA-G 14bpDELANS
and «3142 C=G polymorphisms with C5F and serum levels of
SHIA-G mokcdles in 3 group of relapsing-remitting (RR)-MS pa-
theiy, categoriee] according to ME disease activity, in order to
2uin 3 better understareling of the actual role of these penaic poly-
marphisms in sHLA-G producton coosming in MS, and, famher
mare, i darify whether serum and C5F sHLA-GC moncentrations
measwrad in MS depend only on local nflammatany microenvimon-
ment, of are also influenoed by the indvidu) genstic background.

2. Mauerials and methods

2.1 Subjects

Shiry-nine  lalian (4% females, M4 males mean  age
373 10 years] unrelated patienis affected by definite M5 aocond-
ing to the clawification of Mdionald | 24] and followed at the M5
Centie of the Department of Neumlegy, University of Ferrata, laly
durning the period from 2001 1o 2010, were prospeciively incloded
in the shady. All patients had RE course in agreement with the cr-
teria of Lublin [25] The ocwrenoe of relapses was nol reconded
since it & well-known that s several MRL active lesions are
asyrgiomatie [26L MR sivdies are more sersitive in measurng
disease activity than dinical examination. in addition, our previous
studies repeatedly demonsiratesd an association betewen sHLAG
levels and MEL but not cEnical disease activity [11-14], For thess
reasons we considersd anly the presence of letions with Gadalin-
lum (Gd}-DT PA-enhanmement on MEI Tl-welghted sans as dis-
ease activity, Disease disability was assessed in all MS patients at
the Gme of sample collection using Kurzke's Expanded Dnabifity
Status Scale {EDSS) [27] (mean at entry: 204 L), range from 0
18 5.5] The dumtion of the disease was expressed in monihs{ mean
at entry: 356 £ 46.7, mnge from 1 0o 2400 A entry none of the pa-
tients had Fever or other sympioms or signs of aoute infecions
Maorcover, none of the patients had feceived oy potential dis-
case-modifying themples (g azathioprine of methylpredniss-
lone, nwerferon-beta or glaiamer soctae) durng the & months
before the study. Clinical assessment and blood sasmplng wee
petformed during routine dinics, with writlen informed consent
and local ahical boamd approval. Mone of the female MS patients

was pregrant before entering the sy

22 Hondlmg of serum and CSF samples

Seviam and CSF mamples from 63 Balan BR-MS patients were
collected under stetile condition, coded and starad bn alijuots at

161

=80 *C untll se Serumm semples were obtainad by centidfugation
of hlood specimens withdmwn by punciure of an antemoabital
vein at the same time a5 CF extreation. (SF simples were obtaned
by atraurmatic imbar puncihure performed for pumposes of diagno-
=t in the absenoe of mniraindcations. Serum and C5F samples
werr meanred under exactly the same conditiony,

23 MR sviluation

Brain MBI scam were peiformed at cniry ising a standard head
il in all patiens with & 1.5 Tesla MBI unit (GE Signa Hortmn,
Geneml Becimic Medical Sysiems, Milwaokee, Wisconsin) within
48 h afer O5F sampling. Routindy used Ti-weighted axial spin
echo images wesr obtained approdmately 10 min after infrave
mois Ajection af 0.0 mmalkg of G in each patbent. As deseribied
above, lesions showing Cd-enhancement on T1-weightad scans
werr defined as indicative of MRI activity. Accondingly. 27 M5 pa-
tients were dassified as MBI active and 42 were oomsidened 2= MB
inactive. All brain MR scain were evaliate] by one imestigator
{EF) Minded to clinkcal and ample dam

24. HLA-G pelymorphizm typing

EDTA blocd (7-10mi) was obiained froem HE-MS parienis
Cenomic NA was extraoied from the EDTA blood using a Nuclen
Bacc 3 Kit (Amenham Phamada Biobech, Buckinglamshine, LK)
according o the manuactorer’s instructions. The HLAG 14bp
palymorphism (14 INYDEL) was genotyped by POE performed
as previcusly described [28]. Briefly 100 ng of genomic DMNA were
amplified in a 25 pl reaction with 10 pmel of mch primer | GE 14H -
LAG, RHGA). 43142 polymorphism was analysed performng the
analysis using the 7500 Real-Time PR Syiem (Applied Biosys-
tems) [26]. The forward primer, 3143 for, was 5 -CCTTTAATTAMC-
CATCAATCTCTCTTG-3, and the reverse primer. 3142rev. was 5-
TCTCTCOCTCTCT GTCTCAAA TTT-3", The MCB probe used for detec-
ton of the 31420 allele was 5-VIC-TAAGT TATAGCTCACTGGAL - ¥
[(F3ICAVIC) and the MLGE probe for the 31426 allele was 5-
FAM-TAAGCTTATAGCTCAGT GOAC-F | 3142GFAM L

25 sHIA-G Ensysme-Linked himmcsorbe ns Assay [ ELEA)

SHLA-G levels m seram and cerebrospinal fluid samples were
azayed in ripicate as previcasdy reported [18-14] using. as cap-
ture antibody, the monodonal antibody [ MoAb) MEM-GC3 [Exhia,
Praha, Crech Republic] which recopnizes the HLA-G malecule, in

amodated form. The intra-assay coefficent of
vanation (V) was 14X and the inter-assay OV was 4.0 The Imit
of sensitivity wai L.0ngiml

26 FHLA-G immmun gpeecipaanon

CSF andl Jeg-3, hurman charioronoma tophoblastic cells HLA-
G positive control, culure supernatints. were biotynilated with
2 mgiml EZ-link Sulfe-NHS-LC-Biotin [Perce, Hockiord, L
L5A). Sample were then immunoprecipitated for 50 min at 4 *C
with MEM-CA MoAb {Exbio, Fraha, CT}, and incubated overnight
with protein G-Sepharoae beads {Santa Cruz, CALUSA] at 4°C. The
samples were raspended in 20 pl Laemil Buifer { BioRad, Segrate,
ML alyl

27 Westemn biot anlysis

Protein concentmtion was quantified in immunoprecipitates by
means af the Bradiond asay (Rio-Rad Laboratories) using bovine
albomin (Sigma-Aldrich, St Lowis, MO, USA] a5 standard Total pro-
et was denatumd st 100 C for 5 min Proteii were losded in



1M

1% TCX-Pre-cast gel (Biorad Segmie, MU, laly). with subsegquent
eleciroblotting ransfer opto 3 PYDF membrane [Millipore, MA,
LISAL The membrane was incubsted with 3 honemad ish peroidase
{HRP Fconjugated antimouss amtibody [ 1:5000; Amersham Bosd-
ences, N, USA | and develaped with the ECL kit (Amersham Bosd-
ences, M), USA) The images were acguired by Geliance G600 (Pakin
Elmier, Massachumsets, LSA]L

28, Sranaicgl enolysk

The nannality of each varable wa checked using the Kolmesgo-
row-Smimoe test. As normality of daia distribaion was recied in
several variables, continuous variables were oompansd using Kros-
lal-Wallis and Mann Whimey U tests and comelabons were as-
wrssnd by the Sprarman rmk comelation ooefFiciont fest. pevalue
=0 {5 was momsidersd to be statistically significant.

3. Resuln
11 HIA-G geartic polpnorphinms [ymng

Allelic and genmype frequencies of HLA-G polymomphsms in
RE-M% patiens are lswed in Table 1.

12, Inflwence of HLA-G petic polymorpiians on errem and (5F
AHLAC & M5 patirnts grouped aeording to MR dscee activity

While na differmce was observed in serum sHLA-G conoenira-
tions between MR inactive and MR acive RE-MS patients_ a sig-
nificant increase was found for sHLA-G levels detecied in OSF
mamples from RE-M3 patients with MRl inactivity compared with
MR active patients (p <000 Mann Whitoey | (Table 2] We next
evaluated the effect of both | SbpDELAINS and 3 142C>G palymior-
phisms on serum and SF sHLA-G concenmrations in RR-MS pa-
tients divided acoowrding w MRl activity. In agresment with
previoo smidies 2023, RR-MS patients with one ar bath 1 4bplEL
alleles {1 4bpDEL{DE. and 14bpDELINS genotypes) and with ane or
both 31420 aleles (#3100 and +3M2C)G geaotypes) were
considered a3 high HLA-G producers. Conversely, RE-MS patlois
without any 14bpDEL alleles (14bpINSANS genotype] and those
with no +3142C alleles [+3142G/0 genotype] were dassified as

Tabils 1
Alielic snd groveype: Beganao @ 0T pden pogel scondiag s Wl
activily.
Tomald WS W aciwer M Wl macrer W5
(m=ii) {m= 7} L ]
TP
Ak
bl QER(TLAe) NI ELA) 1 (THEY
b EESMAE)  1TTT AR nia e
Lty
nEsMlaey 0T O T LM
(F15
bl RN TTET L SRR il i, 3 LA S
I
ﬁw TTES{TARL) 2T (L) T
I
= FlR2OL
Al
C WENME) 1607 A Sl T
[ -] WS T () AT (e
L
g (o RN, 5 AT (10%) FIEAR A Y]
[=iF LGS (40m) LT i) AL (B
o MESLLT) 102 L) 1S 82
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Table ¥
Serremm gnd arreieenprmal Ned (O5F) beweh of SHAG m i priens with KM
o peed der wweliny, o R dem vy

WERY e M {m e 3T M macive 0% (o= i)

SerumaHLA L vl (mgiml) T, 48-08 A4, ANl
Wheeln, . mah ge pRE T L3594
CEFaHLA G lavela{ngiml} 40 1355 iR, dd-00 5,
[TRETR - ST R
W= iemmg rmdtng: WS e Muitple Semmn; ME s Mgeets fenmumor
1-:-1.“ Ef = mguertile Loge
* panrl

Joowr WHIAG poducers, A illmtrated in Fig. 1, the snalysis of
14bpDEL fINS polymarphiiun revedled that serum and OSF levels
ol sSHLA-C were significamily more slevated in high than in low
sHIA-G prodwen in presece of ME inactwve (p<001 and
p < 000001, respectively; Mann Whitney) and MRI active disease
[p< 0000 ; Mann Whitoey) (panels a=d ] Similarly, the examina-
tion of =3142 C-C polymorphizm showed that seum and GF
SHIA-G wdues wore significantly greater in high than in low
SHLA-G producers in both MR inactive (p <0005 and p<0.00001,
respectively; Mann ‘Whiney) amd acive disease (p< @01 amd
p <005, mspectively; Mamn Whithey) [panels e<h] We then as-
sessrd the influence of combmed HLAG genotypes on serum and
C5F sHLA-G levels in RE-MS padent stratified according to MR
activity. The Meguencdes af this combined HLA-G genoty pes sfe -
ported in Table 3. As depicied in Flg 2 serum and C5F levels of
sHIA-G weme statistically different among the variows grmoups ana-
lyzed. In particular, there was 2 significant @fference among the
distinet combined HLA-G gmatypes for serum sHLA-G concentm-
tions in both MRI mactive and active RR-MS patients (p <001
Eruskal Wallis) (panels 4 and b} as well & for C5F sHLA-G values
im RE-MS patients with ME! inactive and active disease (p <0001
and p < 0,01, respectively; Kruslal Wallis} { panels ¢ and d L In this
case. 3 post-hor analysis was not performed doe o the srmall num-
ber of patents induded in some patient groups, However, as
shown in Fig. 2. the highsst sersm and CSF sHLA-G levels predom-
imated in MBI inactive and actiee RE-MS patients with CFCOELDEL
genotype, who can be judged a5 the “true” high HLA-G prodocers
In contrast, the lowest serum and CSF sHLA-G titers prevailed in
MERI inactive and active RR-MS patients with GIGINSINS whao
can be acceptod as the “trie”™ low oHLA-G producers, Perfrming
4 Western Blot asay on CSF samples of MR inactive RR-MS pa-
tients as confirmatory analy sy, we reproduced ELISA results since
patients with genotype presented the highest sHLA-G
levels. whemas those with G-GINSANS genotype had the lowest
sHIA-C concentrations (Fig. 2el

1% Correlanon benwern HLA-G prnedc polymoephems and ool
feamres

HNaos correlations were detected beoween HIA-G polymorphisms
and disrane duration and disshility (data ot shown; Spesrman),

In thin stody, we investigated whether [4bpDELANS and
+ T4 200 HLA-G palymorphisma are implicaed i the madulation
AHLA-G mnlarules in serm and 5F samples from MS patienis in
fact. alkhough HLA-G is currently bebeved o play a wlerogenic mle
im the regulation of M5 auaimmuning, and the HLA-G-related SNP
red 959039 is independent by associated with M3 susceptibility (17
the possibile link between HIA-G genetic polymoarphizms and MS
waid fol intenaively investigated | 30] Al preser, only bao warks
have analysed the relationship bavweesn HLA-G genotypes and
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WIS with controversial results Whilke Kroner and coaot hors failed 1o
identily any asodation betwesn HLIA-GC gene polymomphem and
WS severiy [31], Wisnlewski and cosuthors shewed 2 relation be-
tweeen T4bpDELJINS and = T250>GsT polymorphisma and WS [32],
Comparing these studies, the opposite results may reflect populs-
tian differences in gene expressian, that could influmce the power
of Fuociation studies and lead o different levels of avsaciation, In

addition, the findings obiained by these reo studies could be af-
Ferted by the different disease scthvity status and the dffarent pa-
dent seleciion protocanl. Our approsch was completdy diferent
simee we selected two HLA -G polymorphisms with a confirmed of -
fect on sHIA-G protein expression, 14bp INS/DEL and +314205G
polymorphisms, and we evaliated the effect in the control of
HLA-C expression in RE-MS patiente
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Firstly, we replicated our previous data indicating that CSF lew-
els of sHLA-G were higher in RE-MS patents with ME] acaive dis-
ease in comparison with ME inective disease patients [11-14].
Mewt, wie iested the disributon of | 4bpDELING and +3142 C-G
genolypes (o these RR-MS patients showing more elevaled seren
and C5F sHLA-G concentrations in high than in bw sHLAL pro-
duders when the dsoase was both MRI inactive and active. In this
seiting. RR-M5 patients with different combmnation of 1 4bpléEL|
DEL, 14bpDELMNS. +314300C and +3 1420 G genotypes were dassi-
fied as high sHIA-G producers. whenzas those with 14bpiNS{INS
and +3 142G/0 genoty pes wene identfied as low sHLA-G producers
[20.23) In addidon, the analysis of cmbimed 14bpDELANS and
=342 C+C genotypes revealed that the highest serum and OSF
SHIA-G wvalues were obixined in RE-MS pavients who had C)
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C.DEL[DEL genoty pe and the lowest serum and CSF sHLA-G levels
were obsrreed in RE-MS patierts wha had G-GINS/INS genatype.
OF note. RE-MS patients with thesr two HIA-G grnotypes can be
considered as “true” high and low sHLA-G producers. mes pectively.
These data, coming from EUSA measurement s, were confirmed by
thase emerging from Western Biot detemminations.

Owr original results seems bo suggest that, in M5, the mlease of
sHLA-G molecules within bload and intmthecal comparnmenis
caidld depend mot only on local microemdronment, represeted
by presence or sbmence of inflammatorny sctivity, but may also be
controlled by two main palymorphioms at the FUTR of the HLA-
G pme. On the one hand, sHLA-G antigens muld promote the res-
altion of M5 autcimmunity by acting a anti-inflammatory male-
cules which lead to the developmant of 3 ONS mmanosuppressive
micenvironment at the sites of M5 inflammation. These effects
may be mediated by the apoptotic ebmination of activated CDE"
T aml MK cells imvading the brain through Fas|Fasl-dependent
pathiway and a deviation of the Thi/Th2 balnce towards Thi
directiors by the inhilktion ol proliferation af CD4° Th cells and
the sHmulition of IL-10 syntheils [ ¥0] On the other hani, serum
and C5F levels of sHLA-C molecales tould be influenced by HLA-
G polymomphsme which determine a high or a low producion of
thise molecules iespective of the nflammatory fatis. In this
cantent, HIA-GP T, was recently detected in OSF and, (o 2 lesser
extent in peripheral blood of M5 patients | 16] In addition. it has
been meporied that miRMAs are differentially expressed in MS
COMCORS™™ T, with an up-regulation of miR-148a in T,,, cils
[33] As this miRMNA is implicated in the recognition of +3142G al-
lele, its over-sxpression and the ecstence of 3«3 1426/ genoty pe
could reduce the secretion and shedding of HLA-G molenils by
T gy celln. Thirs, we are tempied o speculate that aHIA-G produc-
tion by HIA-C™ T could decrease in MS patients with G/
GINS/INS genotype and incresse in those with other combined
14hpDELANS amd O genotypes and, in partoular, in subjens
with C/CDEL/DEL gmotype. Thee olservation prompl us o
hypothesize that, given the patemtial functon of sHIA-G as ant-
inflammatory molecules in M5, low sHLA-G producers may have
a greater predisposition to develop inflammation compared m high
sHIA-C producers irespective 1o the phase of disease activity, In
fat, ME patients with low HLA-G producion would be characer-
ized by low sHLA-G concenimtions at intmthecal level dso during
ME] inactive disease, when an inease in O5F sHLA-G levels mu-
ally oocur and most ey contribute to the respiotion of inflamma-
tory reaction Therefore, this condition could increase the risk of
disease reactivation dise lo the creation of & micmavironmet in
which amti-nflammatory response and (memne-regulation are
mare difficult However, these considerations are not supported
by the corfent data sinoe the almence of a longitudinal ovaluation
of MR evolution in our MS patients did not allow s o werify
whether low sHLA-G producers are really more pone 1o having
Gd-enhancing ksions. Moreover, the small sample size and the
lack of 3 Western Blot evaluation of sHIA-G issforms represent
other imporiant limitatons A more extensive ressach i a lagger
number of these patients is, therfore, needed o batter clarify the
actual assocision betwes 1 4bpDELANS and +31420=0 polymor-
phisms and MS activity, It is 1o note Uhat the contrasting resuls ab-
tained by Manaster and coauthors [34], who mparted the abmence
of +F1430»C effect on the milNA ontrol of membrane HIA-G
expiession, prompt further considerations on the relationship be-
tween this polymorphism and membrane HLA-G expression in
ms environment

Taken together, owr preliminary findings suggest that HLA-G

should be @ken nto acoount when serum and
CSF levels ol sHLA-G ame analyred in MS, since not anly are they

regulated by local inflammatory micmemdronment, but they am
abo inflvenced by MbpDELINS and +3M205G indheidual
pelymaorphism.
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The existence of high CSF concentrations of SHLA-G in MS patients and their association
with clinical and MRI stable disease have been repeatedly confirmed in subsequent

investigations [152-156].

Our group also focused on the identification of the presence of HLA-G dimers in CSF of MS
patients in comparison with inflammatory and non inflammatory controls [157 paper
attached]. We found a higher frequency of HLA-G dimers in RRMS patients that suggests

their implication in reducing the inflammatory status in MS.
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ABSTRACT

Background-The relevance of HLA-G in dimeric form in MS is still uvnknown.

Objective-To investigate the contnibution of CSF HLA-G dimers in MS pathogenesis.
Methods-CSF amounts of 78kDa HLA-G dimers were measured by western blot analysis in 80 MS
relapsing-remitting MS (RRMS) patients and in 81 imnflammatory and 70 non-inflammatory
controls.

Results-CSF amounts of 78kDa HLA-G dimers were more frequent in RRMS than in inflammatory
(p<0.01) and non-mflammatory controls (p<0.001) and 1n MRI mactive than i MRI active RRMS
(p=<0.00001).

Conclusion-Our findings suggest that HLA-G dimers may be implicated in termination of

inflammatory response occurrng in MS.

INTRODUCTION

Human Leukocyte Antigen-G (HLA-G) are immmnonologically functional non-classical HLA-I
proteins which have recently been indicated as potential immunomodulatory molecules in Multiple
Sclerosis (MS). In fact, an overexpression of HLA-G and its inlibitory receptors (ILT-2 and ILT4)
was found in MS plaques and on cerebrospinal flud (CSF) monocytes from MS patients.l In
addition. high levels of intrathecally produced soluble HL A-G (sHLA-G) were observed in CSF of
MS patients with magnetic resonance imaging (MRI) inactive disease, in whom they were
correlated positively with CSF concentrations of anti-inflammatory IL-10° and mnversely with CSF
titers of anti-apoptotic sFas molecules * These findings argue for a tolerogenic role of sHLA-G in
MS, favouring the remission of the disease. In this setting, the immunosuppressive function could
be exerted by actively secreted HLA-G5 that was the preponderant sHLA-G isoform detectable in
CSF of MS patients without evidence of MRI acti\-'ity.s However, this hypothesis remains to be
demonstrated since no data are cumently available on the presence of HLA-G disulfide-linked

dimers in CSF of MS patients. Indeed, HLA-G in dimeric form exhibits higher affinity for ILT2 and

http://mc.manuscriptcentral.com/multiple-sclerosis
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ILT4 receptors and promotes a more efficient inhibitory receptor signaling compared to
monomers®’ and, therefore. it is considered as the biologically active HLA-G form with the
strongest immunosuppressive effects.® Based on these considerations, in this study we sought to

investigate the distnbution of CSF HLA-G dimers in MS and controls.

MATERIALS AND METHODS

CSF samples were prospectively collected in 80 consecutive newly diagnosed9 definite relapsing-
remitting (RRMS) patients (55 women and 25 men; mean age=38.7=10.9 years) and 151 age and
sex matched newrological controls represented by 81 patients (55 women and 26 men: mean
age=38.5£9.9 years) with other inflammatory neurological disorders (OIND) and 70 subjects (49
women and 21 men; mean age=39.9=10.3 years) with other non-inflammatory neurological
disorders (NIND) (Supplementary Table). All patients were imaged with a 1.5-Tesla MRI umit
within 48 howrs after sampling. MS patients were considered as clinically and MRI disease active if
they had evidence of a relapse at admission and lesions showing Gd-enhancement on T1-weighted
scans, respectively. Median Expanded Disability Status Scale was 2.0 (interquartile range=1.0-3.5;
mean=2.1=1.5). Median duration of the disease was 7.0 (interquartile range=10-39;
mean=28+38.3). None of the patients had fever or other symptoms or signs of acute infections and
had received any potential disease-modifying therapies during the 6 months before the study. None
of the female MS patients was pregnant. All OIND and NIND patients were free of
immunosuppressant drugs, including steroids. Informed consent was given by all patients before
inclusion and the study design was approved by the Local Committee for Medical Ethics in
Research. As previously R’poﬂed,:-s CSF levels of sHLA-G were measured by enzyme-linked
immunosorbent assay using the monoclonal antibody MEM-G9 as capture antibody. After
biotynilation and immunoprecipitation of CSF samples, CSF HLA-G monomers and dimers were
identified by western blot analysis under reducing and non-reducing conditions in all sHLA-G

positive RRMS, OIND and NIND patients as described elsewhere'’ (Supplementary Material).
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After checking data for normality by using the Kolmogorov-Smimov test, continuous varables
were compared using Kruskal-Wallis and Mann-Whitney U test. categorical variables were
compared by means of Chi-square test. Bonferroni correction was utilized for multiple compansons.

A value of p<0.05 was assumed as statistically significant.

RESULTS

Detectable CSF levels of sHLA-G were more frequent (p<0.00001:Chi-square) in RRMS
(58/80;72.5%) than in OIND (23/81:28.4%) and in NIND (12/70; 17.1%) patients. As shown in the
Table, CSF concentrations of sHLA-G were different among RRMS and controls
(p<0.00001 :Kruskal-Wallis) since they were higher in RRMS than in OIND and NIND (p<0.00001)
and equivalent between OIND and NIND. In sHLA-G positive patients, while a 39kDa monomeric
band was present in 100% of RRMS and controls. a 78kDa dimeric HLA-G band was more
represented in RRMS than i OIND (p<0.001) and NIND (p<0.01). When RRMS patients were
stratified according to clinical and MRI actvity, CSF titers of sHLA-G and CSF monomers and
dimers distribution did not differ between clinically active and clinically stable RRMS. Conversely,
CSF concentrations of sHLA-G were more elevated (p<0.001) in RRMS patients without than in
those with Gd enhancing lesions, whereas CSF HLA-G dimers were more frequent in MRI inactive
than in MRI active sHLA-G positive RRMS (p<0.00001). An additional HLA-G like band with a
molecular weight of 53 kDa was detected in 6 clinically and MRI active RMMS, in 4 OIND and 3

NIND sHLA-G positive patients (Figure).

DISCUSSION

In this study, we confirmed previous data”” showing that CSF levels of sHLA-G were higher in MS
than in controls and predominated in MS patients without MRI evidence of active disease. These
results further strengthen the possibility that sHLA-G can be implicated in immunomodulation of

CNS mflammatory response operating in MS. However., whether sHLA-G molecules detected at
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intrathecal level in MS are functionally active is still to be proven. Therefore. the main finding of
our investigation was the demonstration. for the first time. that HL A-G in dimeric form was present
in CSF of MS patients and its distribution reflected the fluctuations of sHLA-G antigens because
HLA-G dimers were more frequent in MS than in controls and m MRI mactive than in MRI active
MS. In fact, the unique characteristic of both membrane-bound and soluble isoforms of HLA-G is
the ability to form disulfide-linked dimers which are created through the generation of disulfide
bonds between two cysteine residues at posttion 42 of the HLA-G alpha-1 domain As these
structures mteracts with high affinity with HLA-G specific receptors and, thus, are believed to
represent the biologically active form of HLA-G generating immunosuppressive effects ¥ These
data strongly support the involvement of HLA-G in MS autoimmunity as anti-inflammatory
molecules mediating the termination of inflammation. Intnguingly, elevated amounts of a 53 kDa
HLA-G like protein were found in CSF of a small proportion of clinically and MRI active RRMS
patients and, with a lesser extent. OIND and NIND patients. However, the actual biological
significance of this molecule is curmrently elusive. '’ Future studies are warranted to elucidate the

actual significance of CSF HLA-G dimers in MS.

ACKNOWLEDGEMENTS

The study has been supported by Research Program Regione Enulia Romagna - University 2007-
2009 (Innovative Research) within the project “Emilia-Romagna network for MultiplE Sclerosis
(ERMES) - Regional Nerwork for Implementing a Biological Bank to Identify Biological Markers
of Disease Activity Related to Clinical Variables in Multiple Sclerosis™ - code PRUala-2007-008.

The authors thank Dr. Elizabeth Jenkins for helpful corrections to the manuscript.

CONFLICT OF INTEREST STATEMENT

The Authors declare that there is no conflict of interest.

http://mc.manuscriptcentral.com/multiple-sclerosis

173



APPENDIX

Steering Comumittee

Granieri E (Chair), Castellazzi M, Casetta I (Section of Neurology, Department of Biomedical and
Specialist Surgical Sciences. University of Ferrara, Italy). Tola MR (Neurology Unit, Department of
Neurosciences and Rehabilitation, Azienda Ospedaliera-Universitaria. Arcispedale S. Anna
Ferrara, Italy), Famardi E (Neuroradiology Unit, Department of Neurosciences and Rehabilitation,
Azienda Ospedaliera-Universitaria, Arcispedale S. Anna, Ferrara, Italy). Dallocchio F. Bellini T
(Section of Medical Biochemustry, Molecular Biology and Genetics. Department of Biomedical
and Specialist Surgical Sciences, University of Ferrara, Italy). Rizzo R, Rotola A, Di Luca D
(Section of Microbiology and Medical Genetics, Department of Medical Sciences, University of
Ferrara, Italy), Seraceni S, Contini C (Section of Infectious Diseases, Department of Medical
Sciences, University of Ferrara, Italy). Sabbioni S (Section of Microbiclogy and Applies Pathology,
Department of Life Sciences and Biotechnology. University of Femrara, Italy). Negrini M (Section
of Pathology, Oncology and Expenimental Biology. Department of Morphology. Surgery and
Experimental Medicine, University of Ferrara, Italy). Tognon M (Section of Pathology. Oncology
and Expenimental Biology. Department of Morphology, Surgery and Expenimental Medicine,
University of Ferrara, Italy). Antonelli T (Section of Pharmacology. Department of Medical
Sciences, University of Ferrara, Italy).

Partecipants

Groppo E. Gentile M (Department of Biomedical and Specialist Surgical Sciences, University of
Ferrara. Italy), Baldi E. Camatti ML, Ceruti S (Department of Neuwrosciences and Rehabilitation,
Azienda Ospedaliera-Universitaria, Arcispedale S. Anna, Ferrara, Italy), Manfrinato MR, Trentini
A (Department of Biomedical and Specialist Surgical Sciences. University of Ferrara, Italy),
Bortolotti D (Department of Medical Sciences. University of Femrara, Italy). Miotto E, Ferracin M.
Mazzoni E. Pietrobon S. Masini I Rotondo JC, Martini F (Department of Morphology. Surgery and

Experimental Medicine, Umiversity of Ferrara, Italy), Baruzzi A, Roberto D’Alessandro R,

http://mc.manuscriptcentral.com/multiple-sclerosis

174



Michelucei R. Salvi F. Stecchit S, Scandellan C (IRCCS Institute of Neurological Sciences,
Bologna, Italy). Terzano G, Granella F (Department of Neurosciences, University of Parma. Parma,
Italy). Nichelli P. Sola P, Ferraro D, Vitetta F, Simone AM. Bedin R (Department of Neurosciences
Nuovo Ospedale Civile S. Agostino-Estense, Baggiovara, Modena, Italy), Marcello N, Motti L,
Montepietra S (Department of Neurosciences, IRCCS S. Maria Nuova Hospital, Reggio Enulia,
Italy). Guidetti D, Immovilli P (Department of Neurclogy. Guglielmo da Saliceto Hospital,
Piacenza Italy). Montanari E. Pesci I, Guareschi A (Department of Neurology, Civile Hospital,
Fidenza. Pamma Italy), Greco G. Santangelo M (Department of Neurosciences. Ramazzini Hospital,
Carpi, Modena, Italy), Mauro AM, Malagia S (Neuwrology Unit, Bufalini Hospital, Cesena, Italy),
Rasi F, Spadoni M. Galeotti M. Fiorani L (Neurology Unit, S. Mana delle Croci Hospital. Ravenna,
per gli Infermi Hospital, Faenza, Umberto I Hospital, Lugo, Italy), Neri W (Department of
Neurclogy, Morgagni-Pierantoni Hospital, Forli, Italy), Ravasio A, Pasquinelli M (Neurology Unit,
Infermi Hospital, Rimini Italy), Gutman S. Monaldini C (Neurology Unit. Repubblica di S. Marino

Hospital)

REFERENCES

1. Wiendl H, Feger U, Mittelbronn M, et al. Expression of the immune-tolerogenic major
histocompatibility molecule HLA-G in multiple sclerosis: implications for CNS immunity. Brain
2005: 128: 2689-2704.

2. Famardi E. Rizzo R, Melchiom L. et al Presence of detectable levels of soluble HLA-G
molecules in CSF of relapsing-remitting multiple sclerosis: relationship with CSF soluble HLA-I
and IL-10 concentrations and MRI findings. J Neuroimmunol 2003; 142: 149-158.

3. Fainardi E, Rizzo R, Melchiom L, et al Intrathecal synthesis of soluble HLA-G and HLA-I
molecules are reciprocally associated to clinical and MRI activity in patients with multiple sclerosis.
Mulr Scler 2006; 12: 2-12.

http://mc.manuscriptcentral.com/multiple-sclerosis

175



4 Famardi E, Rizzo R. Melchiom L, et al. CSF levels of soluble HLA-G and Fas molecules are
unversely associated to MRI evidence of disease activity in patients with relapsing remitting
multiple sclerosis. Mulr Scler 2008; 14: 446-454.

5. Fainardi E, Rizzo R. Melchiorri L, et al. Soluble HLA-G molecules are released as HLA-G5 and
not as soluble HLA-G1 isoforms in CSF of patients with relapsing-remitting multiple sclerosis. J
Neuroimmunol 2007; 192: 219-225.

6. Shiroishi M, Kuroki K Ose T, et al Efficient leukocyte Ig-like receptor signalling and crystal
structure of disulphide-linked HI A-G dimer. J Biol Chem 2006; 281: 10439-10447.

7. Apps R. Gardner L. Sharkey AM. et al. A homodimeric complex of HLA-G on nommal
trophoblast cells modulates antigen-presenting cells via LILRB1. Eur J Immunol 2007; 37: 1924-
1937.

8. Zilberman S. Schenowitz C. Agaugué S, et al. HLA-G1 and HLA-GS5 active dimers are present in
malignant cells and effusions: the influence of the tumor microenvironment. Eur J Immunol 2012;
42: 1599-1608.

9. Polman CH. Reingold SC. Banwell B. et al. Diagnostic criteria for multiple sclerosts: 2010
revisions to the McDonald criteria. 4nn Neurol 2011; 69: 292-302.

10. Gonzalez A. Alegre E. Amoyo A. et al Identification of circulating nonclassic Human

Leukocyte Antigen G (HLA-G)-like molecules in exudates. Clin Chem 2011; 57: 1013-1022.

http://mc.manuscriptcentral.com/multiple-sclerosis

176



Table. CSF levels of sHLA-G 1 all patients with other non-inflammatory neurological disorders (NIND), other inflammatory neurological disorders (OIND)
and relapsing-remitting (RRMS) categorized according to clinical and magnetic rescnance imaging (MRI) activity. and distribution of CSF monomers and
dimers in HLA-G positive NIND, OIND and RRMS.

CSF sHLA-G (ng/ml) 39kDa HLA-G monomer 78kDa HLA-G dimer HLA-G Lke 53kDa
median IQR. mean = SD % % %

(Total) (sHLA-G+) (sHLA-G+) (sHLA-G+)
NIND 0,0-0,12=72 12/12 (100%) 3/12 (25%) 0/12 (0%)
(Total =70; sHLA-G+ n=12)
OIND 0,0-1.2,5.1=12.1 23/23 (100%) 6/23 (26.1%) 2/23 (8.7%)
(Total n=81; sHLA-G+ n=23)
RRMS 16, 0-32.3, 19.4=19.5" 58/58 (100%) 40/58 (69%)*#F 6/58 (10.3%)
(Total 0=80; sHLA-G+ n=58)
CA RRMS 15, 0-26, 16.4x15.2 40/40 (100%) 25/40 (62.5%) 6/40 (15%)
(Total n=49; sHL A-G+ n=36)
CS RRMS 18.6, 0-39.7,24.1=24 3 22/22 (100%) 15/22 (68.2%) 022 (0%)
(Total n=31; sHLA-G+ n=13)
Gd+ RRMS 2.7.0-18.4,10.8=14.1 19/19 (100%) 6/19 (31.6%) 6/19 (31.6%)
(Total 0=34; sHLA-G+ 0=19)
Gd- RRMS 21, 11.0-41.7, 25.7=20.6° 39/39 (100%) 34/39 (87.2%)¢ 0/39 (0%)

(Total n=46; sHLA-G+ n=39)

Total = total patients; sHLA-G+ = HLA-G positive patients; IQR = Interquartile range; SD = Standard deviation; Gd+ = MRI appearance of gadolium enhancing
lesions; Gd- = no MRI evidence of gadolium enhancing lesions; CA = RRMS clinical active; CS = RRMS clinical stable; CSF sHLA-G levels (Mann-Whitney):
“RRMS vs. OIND and NIND (p<0.00001). °Gd- vs. Gd+ RRMS; 78kDa HLA-G dimer (Chi-square): *RRMS vs. OIND and NIND (p<0.00001), #RRMS vs.
OIND (p<0.001), TRRMS vs. NIND (p<0.01), #Gd- vs. Gd+ RRMS.
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Figure. Western Blot profiles of ELISA sHLA-G positive CSF samples from 8 patients with
relapsing-remutting MS (MS), 4 patients with Other Inflammatory Neurological Disorders (OIND)
and 3 patients with Non-Inflammatory Neurological Disorders (NIND) mmmunoprecipitated with
both G233 and MEM-G9 antibodies and analysed under reducing (denaturating) and non-reducing
(non-denaturating) conditions. The molecular weights were determined with the BenchMark
(Invitrogen, CA, US) (Mk) pre-stained protein ladder (range 10-200 kD). 721.221G cell culture
supematants are the positive control (CTR). sHLA-G momers and dimers migrate at 39 kDa and 78
kDa, respectively, whereas additional HLA-G like molecules are recognized at 53 kDa. Upper blots
show results obtamned under reducing conditions in MS (a) and OIND e NIND (b) patients after
G233 and MEM-G9 immunoprecipitation. Lower blots indicate the staining under non-reducing

conditions in MS (c) and OIND e NIND (d) patients immunoprecipitated with G233.
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SUPPLEMENTARY MATERIALS

sHLA-G immunoprecipitation

721.221G cell colture supernatants (used as positive control) and CSF samples (100ul) were
biotynilated with 0.2 mg/ml EZ-Link Sulfo-NHS-LC-Biotin (Pierce, Rockford, IL, USA) in pH 8.0
PBS 1x for 30 min at 4°C. Samples were then immunoprecipitated for 2 hrs at RT with anti-HL A-G
MoAb (G233, or MEMG?Y, specific for beta2-microglobulin conjugated HLA-G, Exbio. Praha,
Czech Republic), washed twice in PBS 1x and incubated over night with protein G-Sepharose beads
(Santa Cruz, CA.USA) at 4°C. The samples were washed twice and resuspended in 20ul of Laemli
Buffer (BioRad, Segrate, ML Italy).

Western Blot analysis

Immunoprecipitates were denatured at 100 °C for 5 mun Proteins were loaded with native or
reducing (in presence of SDS) munning buffers in 10% TGX-Pre-cast gel (Biorad, Segrate, ML
Italy). with subsequent electroblotting transfer onto a PVDF membrane (Millipore. MA. USA). The
membrane was incubated with a horseradish peroxidase (HRP)-conjugated anti-mouse antibody
(1:5000; Amersham Biosciences, NJ. USA) and developed with the ECL kit (Amersham
Biosciences, NJ. USA). The images were acquired by Geliance 600 (Perkin Elmer. Massachussets.

USA).
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Supplementary Table. Demographic and clinical features of Other Inflammatory Neurological
Diseases (OIND) and Non-Inflammatory Neurological Diseases (NIND) patients.

Patients n Female:Male Type of disease

OIND 81 55/26
27 Chronic inflammatory demyelinating polyneuropathy
Acute inflammatory demyelinating polyneuropathy
Herpes simplex virus-1 encephalitis
Varicella-zoster virus encephalitis
Viral meningitis
Bacterial meningitis
Inflammatory myelitis
Neurolupus
NeuroSjogren
NeuroBechet
HIV-related leukoencephalopathy
Acute disseminated encephalomyelitis
Post-infections myelitis
Post-infectious posterior reversible encephalopathy syndrome

NIND 49/21

Transient ischemic attack
Headache
Amyotrophic lateral sclerosis
Vascular dementia
Migraine
Epilepsy
Mild cognitive impairment
Low grade glioma
Parkinson disease
Hereditary neuropathy
Alzheimer disease
compression neuropathy
cervical spondylosis
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Interestingly, HLA-G and its inhibitory receptors (ILT-2 and ILT-4) are found strongly up-
regulated within and around MS lesions where microglia, macrophages and endothelial cells
are recognized as the cellular sources [158]. This data agrees with our finding about HLA-G
dimers in CFS since it is known that dimers can bind with major strength ILT-2 receptor [74].
Furthermore, cultured human MS microglial cells activated with Thl proinflammatory
cytokines have a higher HLA-G expression and a novel subpopulation of naturally occurring
CD4" and CDS8" Treg cells expressing HLA-G (HLA-G" Treg) [159] induced by IL-10 [160,
161] has been recently described in peripheral blood of MS patients with relapse. Taken
together, these observations strenghten the evidence that HLA-G antigens are likely to be
involved in the resolution of MS autoimmunity acting as anti-inflammatory molecules and
suggest that HLA-G™ Treg could play a key role in the development of a CNS

immunosuppressive microenvironment at the sites of inflammation in MS.

1.2.3 HLA-G in other inflammatory and autoimmune diseases

HLA-G proves also to be an important biological marker in other pathologies, for example,

gastrointestinal, allergic, and cutaneous diseases.

Ulcerativecolitis (UC) and Crohn’s disease are characterized by a different sHLA-G
expression pattern [162-165] by peripheral blood mononuclear cells. In particular, non-
activated peripheral blood mononuclear cells from Crohn’s disease patients produce
spontaneously sHLA-G while those from UC patients and healthy donors do not.
Furthermore, after stimulation with LPS, both cells from Crohn’s disease and healthy
subjects show sHLA-G production, while this does not happen in UC patients. The different
HLA-G expression profiles observed in UC and Crohn’s disease patients sustain the different
aethiopathogenesis at the origin of these two diseases. In particular, the responses to therapies
in UC and Crohn’s disease correspond to different sHLA-G secretion levels [166]. When
immunosuppressant therapy is administered, a normalization in the production of HLA-G
molecules in Crohn’s disease is obsverved, while it starts the release of HLA-G in UC
patients. These data confirm the diversity in the behavior of these two pathologies and
propose the analysis of sSHLA-G levels with the final goal of distinguishing between UC and

Crohn’s disease patients and to monitor therapy. In particular, I investigated the association
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between the HLA-G 14-bp deletion/insertion (DEL/INS) polymorphism and soluble (s)HLA-
G production in Tunisian patients affected by Crohn’s disease (CD). Furthermore, the
presence of HLA-G dimer was analyzed by western Blot [167 paper attached]. We found a
significant association concerning the genotype Ins/Ins for young-onset CD patients, but not
with adult-onset CD patients. We observed also a significant increase in SHLA-G dosed by
ELISA in CD patients compared to controls. Among sHLA-G positive patients, HLA-G
dimers were found in the 43% of subjects present with a correlation to the advanced stages of
the disease. These findings indicate that the 14-bp Del/Ins polymorphism of HLA-G gene and
the presence of dimers are associated with the risk of CD and suggest a role for sHLA-G as

prognostic marker for progressive disease.
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Abstract

The aim of this study was to evaluate the association between the HLA-G 14-bp deletion/insertion
(Del/ins) polymorphism and soluble (s) HLA-G production in patients with Crohn’s disease (CD).

We analyzed also the sHLA-G molecules by ELISA and western blot in plasma samples. Among
unselected patients, the 14-bp Del/lns polymorphism was not significantly associated with
increased CD risk neither for alleles (P = 0.371) nor for genotypes (P = 0.625). However, a significant
association was reported between the 14-bp Del/lns polymorphism and CD, in particular in young-
onset CD patients for alleles [P = 0.020, odds ratio (OR) = 2.438, 95% confidence interval (Cl):
1.13-5.25] but not with adult-onset CD patients. A significant association was reported concerning
the genotype Ins/Ins for young-onset CD patients (P = 0.029, OR = 3.257, 95% CI: 1.08-9.77). We
observed also a significant increase in sHLA-G dosed by ELISA in CD patients compared to controls
(P = 0.002). The 14-bp Del/Del and 14-bp Del/lns genotypes are the high HLA-G producers. Among
sHLA-GP™™* patients, a 43% of subjects present dimers of HLA-G. The presence of dimers seems to
be related to the advanced stages of the disease. The 14-bp Del/Ins polymorphism is associated with
an increased risk of CD particularly in young-onset CD patients and controls sHLA-G plasma levels.

Dimers of sHLA-G are frequent in advanced disease stages. The above findings indicate that the
genetic 14-bp Del/ins polymorphism in the exon 8 of HLA-G gene is associated with the risk of CD
and suggest a role for sHLA-G as prognostic marker for progressive disease.

Keywords: 14 bp, conformation, Crohn's disease, HLA-G, polymorphism

Introduction

Crohn's disease (CD), an inflammatory bowel disease, is
characterized by a chronic inflammation commonly localized
in ileocecal area (1). This auto-immune disease is associ-
ated in part by genetic background and also by immunologic
factors (2). In fact, CD is linked to increased levels of T 1
cytokines (including IFN-y, tumor necrosis factor-alpha and
IL-12), as well as higher concentrations of T 17 cytokines
(including IL-17A, IL-17F, IL-22, IL-21 and IFN-y) (2, 3).
HLA-G is an immune-modulatory molecule located in the
short arm of the chromosome 6. It is a non-classical HLA-I
molecule characterized by low allelic polymorphism and
a restrictive tissue expression in comparison with classical
HLA-I antigens (4). After alternative splicing of the primary

transcript, seven HLA-G isoforms could be obtained: four
membranous isoforms (HLA-G1, G2, G3 and G4) and three
soluble isoforms (HLA-G5, G6 and G7). HLA-G possesses an
unpaired cysteine residue at position 42 on an external loop
of the peptide binding groove that enables the dimerization
(5). Leukocyte immunoglobulin-like receptors receptors have
a greater affinity for the dimeric form that increases the sign-
aling transduction (6).

HLA-G molecules mediate immunosuppressive functions
through the inhibition of immune cells. Indeed, HLA-G inhibits
the lysis of NK cells (7-9), the alloproliferation of CD4* T cells
(10, 11) and the antigen presentation of dendritic cells (12).
It enhances, in the other side, the production of regulatory T
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cells (13) and the apoptosis of CD8* cells (14). Importantly,
the 14-bp Del/lns polymorphism in the 3’-untranslated region
of HLA-G (rs66554220) controls mRNA stability (15). In par-
ticular, the insertion (Ins) has been associated with lower lev-
els of HLA-G expression (16-18). Taking into account that the
14-bp Del/Ins polymorphism could influence HLA-G protein
levels, and the reported implication of HLA-G molecules in
patients with CD (19), first, we studied the contribution of this
polymorphism on the susceptibility to CD in Tunisian sam-
ples, stratifying by disease onset, behavior, location and sur-
gical resection.

Secondly, we analyzed the plasma levels of soluble (s)
HLA-G and tried to correlate it to HLA-G 14-bp Del/lns geno-
type either for CD patients or for healthy controls.

Methods

Patients

Blood samples were obtained from subjects with CD
recruited from the Department of Gastroenterology in Charles
Nicole Hospital of Tunis. Patients have not been treated by
immunosuppressive therapeutics. Altogether, 44 patients
(20 males and 24 females) were recruited with a mean age
36.89+12.29 (SD; age range: 20-69 years) (Table 1). The sex
ratio was evaluated to 0.83. CD diagnosis was based on clini-
cal, radiological, endoscopic and histopathologic findings.
Patients with uncertain diagnosis or with other auto-immune
disease were excluded from the study. Several parameters
were collected including age, family history, disease localiza-
tion, smoking habits, surgical therapy, chemical therapy and
extra-intestinal manifestations.

The control population consisted of 71 healthy sub-
jects including 30 males and 41 females with a mean age
34.04+11.58 (age range: 19-64 years).

All patients and control subjects were Tunisian. The study
was approved by the local ethics committee. Subjects were
stratified based on their age-at-CD onset in two groups:
Young-onset CD (age <25 years) and Adult-onset CD (age
>25 years). Patients were also stratified based on the disease
behavior in inflammatory, stenotic phenotypes according to
Montreal classification (20).

14-bp Del/ins gene polymorphism

Genomic DNA was extracted from blood using the salting
method. 14-bp Del/lns genotyping was performed by PCR
as previously described (21). Briefly, DNA was amplified with

Table 1. The characteristics of CD patients and controls

a set of primers: 5-GTG ATG GGC TGT TTA AAG TGT CAC
C-3, 5-GGA AGG AAT GCA GTT CAG CAT GA-3. The 35
cycles of PCR was perform at 94°C for 30 s, 64°C for 60 s and
72°C for 60 s, and final cycle of 72°C for 10min.

DNA fragments were electrophoresed on 3% agarose gels
containing ethidium bromide. The insertion allele was visual-
ized as 224-bp band, while the deletion allele was seen as
210-bp bands. Genotyping call rate exceeded 98%—no sig-
nificant differences between cases and healthy controls.

Soluble HLA-G dosage by ELISA

sHLA-G levels [shedding HLA-G1 (sHLA-G1) molecules gen-
erated by metalloproteinases proteolytic cleavage (22) and
HLA-G5 molecules] were measured in plasma of CD patients
(n = 30) and controls (n = 25) in duplicate as previously
reported in the Essen Workshop (23). We used the monoclo-
nal antibody (mAb) MEM-G9 (Exbio, Praha, Czech Republic)
as a capture antibody and the f2-microglobulin as the sec-
ond specific antibody.

We measured also HLA-G5 levels according to the Essen
Workshop (23), with the 5A6G7 (Exbio) as capture antibody
and W6/32 (Exbio) as secondary antibody. The limit of sensi-
tivity was 1.0ng ml-".

sHLA-G immunoprecipitation and western blot analysis

221-G1 cell culture supernatants and samples were bioti-
nylated with 0.2mg ml"' EZ-Link Sulfo-NHS-LC-Biotin
(Pierce, Rockford, IL, USA) in pH 8.0 PBS for 30min at
4°C (17). Samples were then immunoprecipitated for 2h at
room temperature with anti-HLA-G MoAb (MEM-G9; Exbio),
washed twice in PBS and incubated overnight with protein
G-Sepharose beads (Santa Cruz, CA, USA) at 4°C. The sam-
ples were washed twice and suspended in 20 pl of Laemli
Buffer (Bio-Rad, Segrate, Milan, Italy). The protein concen-
tration in immunoprecipitates was quantified by the Bradford
assay (Bio-Rad Laboratories) using plasma bovine albumin
(Sigma-Aldrich) as the standard. The purified sHLA-G1 mol-
ecules obtained from untreated 221-G1 culture supernatants
were used as positive control. Total protein was denatured at
100°C for 5min. Proteins were loaded with or without reducing
buffers in 10% TGX-Pre-cast gel (Bio-Rad), with subsequent
electroblotting transfer onto a PVDF membrane (Millipore).
The membrane was incubated with a HRP-conjugated
streptavidin (Thermo Scientific, Rockford, IL, USA) and
developed with the ECL kit (Amersham Biosciences, NJ,
USA). The images were acquired by the Bio-Rad Gel Doc

Characteristics Patients Controls Pvalue
Female n (%)/male n (%) 24 (54.5)/20 (57.7) 41 (45.5)/30 (42.3) 0.740°
Age [M = SEM (25% P-75% P)] 36.89+ 1.85 (27.00-47.00) 0.118%

Disease onset: young (%)/adult (%)
Disease duration [M + SEM (25%
P-75% P)]

18 (40.9)/26 (50.1)

34.04£1.37 (24.00-43.00)

6.57+0.81(2.00-8.00) —

M, mean; P, percentile; SEM, standard error of the mean.
*2 x 2 contingency table: i = 011.
“Mann-Whitney test: U= 1301.
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(Bio-Rad, Milano, Italy). Monomers were detected at 39kDa,
while dimers at 78kDa.

Statistical analysis

Statistical analysis was performed with SPSS (16.0) and by
Graphpad prism 5. Comparison between baseline character-
istics and levels of sHLA-G among patients and controls were
performed estimated by Mann-Whitney U-test.

The differences in genotypic/allelic frequencies between
patients and controls were evaluated by chi-square () test
(2x2 contingency table for alleles and 2x3 contingency
table for genotypes). Pearson chi-square or Fisher's exact
test were used to assess inter-group significance. Spearman
test was used to test for correlations between quantitative
variables.

14-bp polymorphism was tested for Hardy-Weinberg equi-
librium using http://foege.org/software/hwe-mr-calc.shtml.
Two-tailed P values <0.05 were considered statistically
significant.

Results

Study population

A total of 44 patients with CD were included in this study.
Table 1 summarizes their main demographic and clinical
characteristics. No significant differences were noticed either
for subgroups stratified by genders (P = 0.113) or for the par-
ticipants’ age (P = 0.118). Among patients, the mean of CD
duration was 6.57 +0.81 years.

HLA-G genetic polymorphism typing

Allelic and genotypic frequencies of 14-bp HLA-G polymor-
phism among CD cases and control subjects are presented
in Tables 2 and 3. No Hardy-Weinberg equilibrium deviation
was observed in the control and CD samples for the 14-bp
HLA-G polymorphism (x? = 0.041; P =0.839).

No different allele and genotype frequencies were observed
between CD patients and control subjects (¥ = 0.801,
P=0.371)(Table 2). When we stratified accordingto CD young-
onset (n = 18; mean age of CD onset: 25.56+1.20 years,
range: 20-38 years old) and adult-onset (n = 26; mean age
of CD onset: 43.36+ 1.97 years, range: 29-69 years old), we
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found an increased frequency of Ins allele in young-onset CD
patients (x? = 5.358, P = 0.020) (Table 3) in comparison with
controls. Similarly, there was an over-representation of Ins/Ins
genotype (¥° = 4.718, P = 0.029) (Table 3). In young-onset
CD patients, the Ins allele was associated with a 2.438-fold
[95% confidence interval (Cl): 1.131-5.254] higher risk of CD
susceptibility compared with Del allele. Moreover, when we
considered the three genotypes separately, we evidenced
a tendency to a statistical significance for the association
between the three Del/lns 14-bp genotypes and CD suscep-
tibility in young-onset patients (%° = 5.560, P = 0.062). In par-
ticular, the Ins/Ins genotype was associated with 3.257-fold
(95% CI: 1.086-9.770) increased risk for CD susceptibility
compared with the Del/Del and Delflns genotypes (Table 3).
No differences were observed in old-onset patients (data not
shown).

Allelic and genotypic frequencies of 14-bp polymorphism

in CD patients after stratification for clinical phenotypes
Patients with CD were stratified for disease behavior (inflam-
matory, stenotic or inflammatory and stenotic phenotype), dis-
ease location (ileum and colon/fileum only or colon only) and
surgical resection (resection or not) (Table 4). The Ins allele
was frequent in the stenotic phenotype (62.5%) and in patients
with CD located in both colon and ileum (56.2%) in comparison
with total CD patients (51.1%). However, no statistical signifi-
cant association was found after the three cited stratifications.
No correlation was found between 14-bp polymorphism and
extra-intestinal manifestations (data not shown).

Increase of sHLA-G in CD patients

CD patients and controls analyzed for sHLA-G plasma lev-
els presented similar age (mean + SEM, patients: 38.6+2.38
versus controls: 34.22+1.58, Mann-Whitney: P = 0.156) and
similar sex ratio [males/females, patients: 14/16 (ratio = 0.88)
versus 26/32 (ratio = 0.81)].

The mean of sHLA-G was 5.20 (SEM = 1.06) ng ml"'
and 2.14 (SEM = 0.45) ng ml-' in CD patients and con-
trols, respectively (Fig. 1A) and were statistically different
(P = 0.002). In addition, the number of sHLA-Gr=v= CD
patients are enhanced (n = 25/30, 76.7%) compared with
controls (n = 25/58, 43.1%) (P = 3x 10-%).

Table 2. Distribution of allelic and genotypic frequencies of Delflns 14-bp polymorphism in CD patients (without stratification)

and controls

14-bp Del/ins Patients (n = 44), n (%) Controls (n=71), n(%) »r Pvalue OR (95% CI)

(rs66554220)

Alleles
Del 43 (48.9) 78 (54.9) 0.80 0.37 1.27 (0.75-2.17)
Ins 45 (51.1) 64 (45.1)

Genotypes*®
Del/Del 11(25) 21(29.6) 0.28 0.59 0.79(0.34-1.86)
Ins/ins 12 (27.3) 14 (19.7) 0.89 0.35 1.53(0.63-3.70)
Delfins 21(47.7) 36 (50.7) 0.09 0.76 0.89 (0.42-1.89)

14bp, 14 base pairs; Del, deletion; Ins, insertion; OR, odds ratio.
*2 x 3 contingency table: y* = 0.94, P=0.63.
PHardy-Weinberg equilibrium: ¥* = 0.04, P = 0.98.
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Table 3. Distribution of allelic and genotypic frequencies of Delflns 14-bp polymorphism in young-onset CD Patients (stratifica-

tion by disease onset) and Controls

14-bp Dellins Patients (n = 18), n(%) Controls (n=71), n(%) ¥ Pvalue OR (95% CI)

(rs66554220)

Alleles
Del 12(33.3) 78 (54.9) 5.36 0.02 2.44(1.13-5.25)
Ins 24 (66.7) 64 (45.1)

Genotypes®*
Del/Del 2(11.1) 21(29.6) —_ 0.14¢ 0.30 (0.06-1.44)
InsfIins B (44.4) 14 (19.7) 472 0.03 3.26 (1.08-9.77)
Delilns B (44.4) 36 (50.7) 0.23 0.64 0.78 (0.28-2.20)

14bp, 14 base pairs; Del, deletion; Ins, insertion; OR, odds ratio.
32 x 3 contingency table: 3* = 5.56, P= 0.06.
*Fisher’s exact test.

Table 4. Distribution of allelic and genotypic frequencies of Del/ins 14-bp polymorphism in CD patients after stratification for

clinical phenotypes

Genotype/allele  Disease behavior Disease location Resection or not
Inflammatory Stenotic Inflammatory Location in both Location in ileum No resection  Resection
phenotype, phenotype, and stenatic ileumn and colon,  only or colon only,
n=20/43(%) n=12/43(%) phenotype, n = 19/43 (%) n=24/43 (%)

n=11/43 (%)

Del 23 (57.5) 9 (37.5) 10 (45.5) 21(43.8) 21(55.3) 28 (50) 14 (50)

Ins 17 (42.5) 15 (62.5) 12(54.4) 27 (56.2) 17 (44.7) 28 (50) 14 (50)

Del/Del 8 (40) 2(16.7) 1(9.1) 4(16.7) 7(36.8) 8(28.6) 3(214)

Ins/ins 5(25) 5(41.7) 2(18.2) 7(29.2) 5(26.3) 8(28.6) 3(21.4)

Delfins 7(35) 5(41.7) 8(72.7) 13(54.2) 7(36.8) 12 (429) 8(57.1)

Similarly, the mean of sHLA-G1 wasincreasedin CD patients
compared with controls (3.87 +0.92 versus 1.10 £ 0.32ngml-")
(P < 0.0001, Fig. 1B). The number of positive plasma samples
for sHLA-G1 was enhanced for CD patients (n = 21/30, 70%
versus 12/58, 20.7%) (P = 1.6 x 10-%).

On the contrary, the levels of HLA-G5 were lower in CD
patients compared with controls without reaching statistical
significance (1.33+0.67 versus 1.05£0.31ngml"') (P=0.37,
Fig. 1C). The number of positive plasma samples for HLA-G5
was enhanced for controls (n = 16/58, 27.6% versus 5/30,
16.7%) (P =0.3).

There was no significant association between age, sex,
duration of illness with sHLA-G, sHLA-G1 or HLA-G5 levels
(data not shown).

Association of sHLA-G to 14-bp Del/lns polymorphism

According to previous studies (17, 24), the presence of one or
two 14-bp Del alleles (14-bp Del/Del and 14-bp Del/lns geno-
types) is associated with higher HLA-G production. Similarly,
we observed that CD patients with high-producer genotypes
(14-bp Del/Del, Del/ins) expressed increased sHLA-G mean
plasma levels [7.36 + 1.58 (SEM) ng ml-'] in comparison with
low producer genotype (14-bp InsfIns) (5.14+1.00ng mil-)
even without reaching a statistical significance (P = 0.869)
(Fig. 2A). Similar profile was found for sHLA-G1 concentra-
tions, where high producer genotypes presented a mean

of 6.17+1.42 versus 4.32+1.30ng ml-' for low producers,
even without reaching a statistical significance (P = 0.282)
(Fig. 2B). On the contrary, the 14-bp Del/Del and 14-bp Del/
Ins genotypes presented lower concentrations of HLA-G5
(1.20+£0.81ng ml-") compared with 14-bp Ins/Ins genotype
(1.69+1.12ng ml"), even without reaching a statistical signif-
icance (P = 0.54) (Fig. 2C). The majority of high sHLA-G pro-
ducers belong to adult-onset CD patients subgroup (71.9%)
compared with low sHLA-G producers that mainly belong to
young-onset CD patients subgroup (58.3%).

Association of sHLA-G dimers with advanced CD stages
Since HLA-G molecules have both monomeric and dimeric
conformations, we performed western blot analysis on
plasma samples positive for sHLA-G in ELISA. We easily
distinguished the monomeric and dimeric conformations
of sHLA-G (Fig. 3). The western blot analysis reported
43% of CD patients with sHLA-G dimers versus 78% for
controls.

We evaluated the presence of sHLA-G dimers in associa-
tion with clinical characteristics (Table 5). We observed a sig-
nificant difference between genders in CD subgroups based
on presencefabsence of sHLA-G dimers (P = 0.04). Indeed,
males present increased sHLA-G dimers than females (70
versus 30%) (P = 0.04). The absence of HLA-G dimers in
patients with CD seems to be related to progressed stages
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Fig. 1. Box-plot of serum sHLA-G (sHLA-G1 and HLA-G5) (A), sHLA-G1 (B) and HLA-G5 (C) concentrations in patients with CD and in healthy
controls. Mean levels are indicated by horizontal lines. Pvalues were obtained by Mann-Whitney test.

A B c

5 :_L 251 :_&I 20 —ass
%3- . g'ﬂ' 515—
i i i .
i ° .:;':. :-— 34 75;.— : 3 i ]

7z 7S 7

f'

&

‘ff x’f

Fig. 2. Box-plot of serum sHLA-G (sHLA-G1 and HLA-G5) (A), sHLA-G1 (B) and HLA-G5 (C) concentrations in patients with CD subdivided
according with HLA-G 14-bp Ins/Del genotypes. Mean levels are indicated by horizontal lines. P values were obtained by Mann-Whitney test.

High producers: 14-bp Del/Del, Del/ins; low producers: 14-bp Ins/Ins.

of CD characterized by an inflammatory phenotype (69.2%
of CD patients with dimers) and an extended location cover-
ing the ileum or the colon (46.2% of CD patients with dimers)
even without reaching a statistical significance (Table 5).

Discussion

Previous works have evaluated the role of HLA-G mole-
cules in CD. In particular, Torres et al. (25) studied intesti-
nal samples of CD patients and, by immunchistochemistry
technique, demonstrated that CD intestinal biopsies did not
present HLA-G expression. The distribution of the 14-bp Del/
Ins polymorphism in CD patients was investigated by Glas
et al. (26). They observed a significant increase of the Ins
allele and the Ins/Ins genotype in those CD cases positive for
ileocecal resection. Also Rizzo et al. (19) evaluated HLA-G
expression in CD patients. Non-activated peripheral blood
mononuclear cells from CD patients secrete spontaneously
sHLA-G.

The present study was aimed at gaining further insight into
the role of the genetic polymorphism HLA-G 14-bp Del/lns in
CD and the possible effect on HLA-G expression. Our results
provide suggestive evidence for an association of this HLA-G
polymorphism with the susceptibility to CD in young-onset CD
patients. In fact, we observed an increased Ins allele and Ins/
Ins genotype frequency in young-onset CD patients, where
the Ins allele was associated with a 2.438-fold higher risk of

susceptibility to CD compared with Del allele. Moreover, the
Ins/ins genotype was associated with 3.257-fold increased
risk of CD susceptibility compared with the Del/Del and Del/
Ins genotypes. These data sustain the role of HLA-G 14-bp
Del/ins polymorphism in CD. Similarly to Glas et al. (26), we
found a tendency for an increase in Ins allele frequency in
those CD patients with stenotic phenotype and location in
both ileum and colon. These results could explain the main-
tenance of local inflammatory condition in CD patients, where
an increase in Ins allele frequency could subtend to a lower
HLA-G expression.

To confirm this point, we considered sHLA-G plasma levels
and we observed significant higher levels of sHLA-G and in
particular of sHLA-G1 isoform and an increased number of
positive sHLA-G samples in CD patients in comparison with
controls. As membranous HLA-G has not been described in
intestinal samples from CD patients (25), we hypothesized
that sHLA-G1 could not be issued from the local site of inflam-
mation but from circulating immune cells including regulatory
T cells (27, 28), and dendritic cells (29), that subtend a dys-
regulated immune response.

sHLA-G1 could derive from membrane-bound HLA-G1
cleavage due to metalloproteinases type 2, that are highly
expressed in CD patients (30-32). This hypothesis is rein-
forced by the recent finding by Rizzo et al. that showed three
possible highly specific cleavage sites for matrix metallopro-
teinase-2 (33). The systemic production of sHLA-G molecules
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Fig. 3. sHLA-G expression and dimerization in patients with CD. Positive control corresponds to 221-G1 culture supernatant; (a) monomers
of sHLA-G (sHLA-G1 and HLA-G5) (39kDa); (b) dimers of sHLA-G (78kDa). Samples were immunoprecipitated with MEM-G2 monoclonal

antibody.

Table 5. The characteristics of CD patients sHLA-GP=™¢ based on presence/absence of HLA-G dimers

CD patients Pvalue*
HLA-G dimers No HLA-G dimers

Female n (%)/male n (%) 3 (30)/7 (70) 10 (76.9)/3 (23.1) 0.04
Age [M £ SEM (25% P-75% P)] 40.80+3.83 (32.75-49.25) 39.38+4.13 (24.50-50.50) 0.80%
gtsyesgéep?]uatlon [M = SEM (25% 9.20+2.35(1.00-16.75) 4.15+0.66 (1.50-6.00) 0.150
Disease behavior

Inflammatory phenotype, n (%) 3(30) 9(69.2) 0.09

Stenotic phenotype, n (%) 2(20) 1(7.7) 0.56

Inflammatory and stenotic 5(50) 3(23.1) 0.22
phenotype, n (%)
Disease location

Location in both ileum and colon, n (%) 8(80) 7(53.8) 0.37

Location in ileumn only or colon only, n (%) 2(20) 6(46.2) 0.38
Anal-perianal fistulas

No, n(%)lyes, n(%) 6 (60)/4 (40) 12(923)1(7.7) 0.12
Abscess

No, n(%)/yes, n (%) 9 (90)/1 (10) 12(92.3)/1(7.7) 1
Resection or not

No resection, n (%) 5 (50) 10(76.9) 0.22

Resection, n(%) 5 (50) 3(23.1)

M, mean; P, percentile; SEM, standard error of the mean.
*2x 2 contingency table: Fisher's exact text.
BMann-Whitney test.

in CD patients represents a tentative to counteract the inflam-
matory condition.

As a confirm, of the previous data on the effect of HLA-G
14-bp Del/ins polymorphism on HLA-G expression (16-18),
we observed that patients with high-producer genotypes
(Del/Del, Delllns) expressed increased sHLA-G mean level
in comparison with sHLA-G low producer genotype (14-bp
Insfins) in CD patients. Similar profile was found for sHLA-G1
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concentrations. We reported here a clear evidence of the cor-
relation of Del allele to enhanced production of sHLA-G, while
that low sHLA-G producers (Ins/Ins genotype) were included
essentially in young-onset CD patients and were mainly char-
acterized by HLA-GS5 secretion. We could hypothesize a
different cytokine environment, in young-onset CD patients,
that could sustain HLA-G5 production also in low producer
genotype. These results confirm the association of Ins allele



with low sHLA-G concentrations and sustam the role of this
HLA-G in controlling HLA-G espression also
in & pathological condition as CO. However, the presence of
tegher levels of systemc sHLA-G in CO pabents in compan-
son with controls could represent a tentafive to counteract an

Since HLA-G could preszent monomaric and dimaric con-
formaticn, we evaluated the plasma composition in both
controts and CO¥ pationts. We obsarved 43% of CD pationts
with sHLA-G dimars varsus 7% for controls. These data ana
of exireme inerest, since they could explain the contrasting
results obtained with tha levels of sHLA-G in plasma sam-
ples. In fact, evan il we lound higher levels of eHLA-G in CD
plasma samples, they are mainly characlenzed by & mono-
manc corformation, that is known to have a lower affinity for
nhibitory receptors (6). Thesa results sustain the importancs
of evaluaiing not only HLA-G expression but also the mono-
merfdimer conformation, Additionally, the immunoprecipita-
fion end weatern biot revealed some other sxra-bands at 53
Kl that could ba HLA-G-ithe molecules (34), Whan we oor-
related sHLA-G conformations with clinical characteristics,
we obsarved the presence of sSHLA-G dimers in GO patients
with advanced atages of CD characterized by an infiamma-
tory and stenotic phenotype and an extended location co-
ening the ileun and the colon. We could hypothesize that
sHLA-G dimers are increased in advanced stages of CD as
an aftempt to countaract mftammation,

To owr knowledge, hithario, this s the first study 1o describe
the genotype of 14-bp Delilns polymorphism. the association
with HLA-G expression and the monomaridimar conforma-
tien in CO patients. Cur data strengthen the functional role of
HLA-G molecules in CD and suggest a potential use for ofing-
cal purposes &8s prognostc marker for progressive diseass
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The skin is characterized by a “skinimmunesystem (SIS),” where immune cells and humoral
components support cutaneous inflammation. The deregulation of this skin defense
mechanisms is evident in different inflammatory disorders of the skin, such as psoriasis,
atopic dermatitis, pemfigo, vitiligo, and systemic sclerosis [168]. HLA-G protein normally is
not expressed in the skin from healthy controls [169, 170], while ectopic HLA-G expression
has been described in skin pathologies [-171-174].

Psoriasis is a chronic inflammatory skin disease characterized by an autoimmune component.
Both membrane-bound and soluble HLA-G proteins have been detected in psoriatic skin
lesions with the main compound characterized by macrophage lining at the dermoepidermal
junctions [170]. It could be speculated that the up-regulation of HLA-G molecules by
macrophages could represent an attempt to control auto-reactive T cells, induced by activated
keratinocytes-derived cytokines/chemokines.

In fact, in this condition, HLA-G may modulate the activity of cytotoxic lymphocytes and
promoting the development of Treg cells in order to prevent keratinocyte destruction [175].
Interestingly, psoriatic patients present lower plasma sHLA-G levels compared with controls
[176], suggesting a difference in systemic HLA-G expression that could be associated with
the IL-10 deficiency typical of psoriasis.

It is possible to identify three main therapies for Psoriasis: topical drugs, light therapy,and
systemic medications. Evaluation of therapeutic effects on sHLA-G expression has shown an
increase in plasmatic levels of systemic treated patients (efalizumab, cyclosporinA and
acitretin) [176] and a significant association between HLA-G14bpDEL allele and
14bpDEL/DEL genotype with acitretin clinical out come [177 paper attached]. Thus, we can
suppose a possible direct effect of HLA-G in antagonizing systemic Thelper] activation that

gives to HLA-G a potential role as a marker of response to acitretinin psoriatic patients.
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ABSTRACT: Human leukocyte antigen-G (HLA-G) is a nonclassical HLA class | molecule that exerts an
immunosuppressive function. A 14-base pair (bp) sequence insertion/deletion (INS/DEL) polymor-
phism in the exon 8 at the 3’ untranslated region (UTR) modifies mRNA stability and protein production
and has been shown to concur with efficacy of pharmacological treatments in immune-mediated
conditions. The aim of this study was to assess for the first ime the comelation between HLA-G 14-bp
INS/DEL polymorphism with the response to systemic therapy in psoriatic patients. We retrospectively
analyzed the HLA-G 14-bp INS/DEL polymorphism of HLA-G gene in patients with moderate to severe
plaque psoriasis: 21 treated with acitretin, 16 with cyclosporine, 11 with anti-TNF-a. Patients who
reached PASI 75 at weeks 10-16 were considered responders. Among patients treated with acitretin, we
observed a significantly increased frequency of the HLA-G DEL allele and of the DEL/DEL genotype in
responder patients when compared with nonresponders. An association between HLA-G genotype and
response to cyclosporine and biologics was not found. The significant association between HLA-G
14-bp DEL allele and 14-bp DEL/DEL genotype and acitretin clinical outcome may suggest an advan-
tage of this allele and propose this HLA-G polymorphism as a potential marker of response to acitretin
in psoriatic patients.

KEYWORDS: 14-bp polymorphism, HLA-G, immune-modulation, pharmacogenetics, psoriasis,
systemic therapy
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isoforms, that plays an immune regulatory role (1).
HLA-G expression can be considered a negative
feedback signal that down-regulates lymphoid
reactions and inflammatory processes (2-4).
Decreased levels of HLA-G molecules seem to con-
tribute in increasing the susceptibility to autoim-
munity and disease activity (5). We had previously
shown significant lower soluble (s)HLA-G levels
in the plasma of psoriatic patients in com-
parison with healthy controls (6). HLA-G down-
modulation suggests the maintenance of a
defective immune suppressive status in psoriatic
patients, which may promote the development of
inflammatory processes leading to psoriasis.

The HLA-G production is controlled by several
polymorphisms both in the promoter and in the 3
untranslated region (3" UTR) modifying the affin-
ity of gene targeted sequences for transcriptional
or post-transcriptional factors, respectively (7). In
particular, an insertion/deletion (INS/DEL) poly-
morphism of 14 base pairs (14bp) (rs1704) in the
exon 8 at the 3" UTR is confirmed to modify
mRNA stability. The presence of the HLA-G INS
allele has been associated with a lower mRNA
transcription and a consequent decreased pro-
tein production (low HLA-G producer) (8). The
importance of HLA-G 14-bp polymorphism was
repeatedly confirmed by the association with
autoimmune conditions (9,10). Consistent with
this, previous studies showed that HLA-G 14bp
genotypes may be useful to identify individuals at
risk for host-transplantation complications (11).
Moreover, HLA-G 14-bp polymorphism seems to
be correlated with clinical efficacy of pharmaco-
logical treatments for autoimmune and inflam-
matory diseases (12).

The aim of the present study was to analyze the
HLA-G 14-bp INS/DEL polymorphism in correla-
tion with clinical response to systemic therapy in
psoriatic patients.

Materials and methods

Patlents

We retrospectively screened patients affected with
moderate-to-severe plaque psoriasis, defined by
Psoriasis Area and Severity Index (PASI) >10 at
screening, treated with systemic therapy at our
psoriasis outpatient unit between January 2009
and January 2013. Systemic treatments consisted
of acitretin (at the daily dosage of 25-50 mg),
cyclosporine (2.5-5 mg/kg/day) and anti-TNF-a
agents (infliximab, etanercept, adalimumab)
administered at the approved regimens.
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The following data were collected from hospital
clinical records: patients’ demography, weight and
height, waist circumference, comorbidities, life-
long history of the psoriasis, and disease severity
before starting and throughout treatment evalu-
ated by the PASI.

In conformity with guidelines (13), we consid-
ered the PASI 75 response between 10 and
16 weeks after the initiation of treatment, which
corresponds to an improvement from baseline in
the PASI of = 75%, as primary measure for clinical
efficacy. Patients reaching a reduction of less than
75% from the baseline PASI or a PASI 75 response
after 16 weeks of treatment were considered
as nonresponders. Exclusion criteria from this
retrospective study were as follows: treatment
discontinuation before completing a 10-week
treatment course due to either poor tolerability or
psoriasis worsening, administration of treatments
at daily dosages different from those recom-
mended by international guidelines (13), combi-
nation therapy, including two or more systemic
treatments or a systemic agent and phototherapy.
Clinical assessment and blood sampling were
performed during routine clinics, with written

informed consent and local ethical board
approval.

Detection of HLA-G 14bp polymorphism

After completion of screening, ethylenedia-

minetetraacetic acid (EDTA) blood (7-10 mL) was
obtained from the recruited patients. Genomic
DNA was extracted from the EDTA blood using a
Nucleon Bacc 3 Kit (Amersham Pharmacia Biotech,
Buckinghamshire, UK) according to the manufac-
turer’s instructions. The HLA-G 14-bp polymor-
phism (14bp INS/DEL) was detected by real-time
polymerase chain reaction (PCR) technique
using the 7300 real-time PCR machine (Applied
Biosystems, Monza, MB, Italy) performed as previ-
ously described (14).

Statistical analysis

The adherence to the Hardy-Weinberg equilib-
rium expectations was estimated by GENEPOP
software (http://kimura.univ-montp2.fr/~rousset/
Genepop.htm). To compare the frequencies of
alleles and genotypes between the patients, we
used the Fisher's exact test and the p-value was
considered to be statistically significant when
<0.05. A logistic regression analysis was performed
to evaluate the effect of confounding variables.
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Results

On the basis of inclusion and exclusion cri-
teria, a total of 48 patients were evaluated:
(i) 21 psoriatic patients treated with acitretin (18
males and 3 females), with a mean age of
57.7 years (range 33-81years), (ii) 16 patients
treated with cyclosporine (13 males and 3 females,
mean age 483 vyears, range 37-75 years),
(iii) 11 patients treated with anti-TNF-a (9 males
and 2 females, mean age 64 years, range
28-81 years, 7 patients treated with etanercept,
3 with adalimumab, and 1 with infliximab).
At the moment of starting acitretin therapy, the
mean PASI score was 21.5 (range 11-57.3, 5.D.
10.1); for patients treated with cyclosporine,
the mean initial PASI score was 20.4 (10.2-35, S.D.
8.3) and for those treated with biologics was
222 (11-52.2, S.D. 12.9). Demographics and
clinical features of the patients are reported in
Table 1.

At weeks 10-16, the PASI 75 response (responder
patients) was achieved in 11 patients treated
with acitretin (52.4%), 15 patients treated with
cyclosporine (93.7%), and 6 patients treated with
biologics (54.5%).

The psoriatic population was in Hardy-
Weinberg equilibrium for HLA-G 14-bp poly-
morphism. When patients were subdivided in
relation to the clinical response to treatments,
among those treated with acitretin, we obser-
ved a significantly increased frequency of
the HLA-G 14-bp DEL allele (p = 0.008, Fisher's
exact test; odds ratio (OR): 7.74, 95% confidence
interval (CI): 1.72-34.79) and of the 14-bp DEL/
DEL genotype (p = 0.05, Fisher's exact test)
in responder patients when compared with
nonresponders (Table 2a). Interestingly, the com-
parison between low/intermediate HLA-G pro-
ducer genotypes (INS/INS, INS/DEL) and high
HLA-G producer genotype (DEL/DEL) (8) con-
firmed a significant increase in the presence of a
double dose of 14-bp DEL allele in responder
patients when compared with nonresponders
(p = 0.007, Fisher's exact test; OR = 24, 95%
CI: 2.05-279.64). On the contrary, no association
was found between HLA-G genotype and
response to cyclosporine (Table 2b) and biologics
(Table 2c).

The logistic regression model showed no sig-
nificant correlation between clinical response to
each of the analyzed treatments and patients’
age, body mass index, mean disease duration,
and PASI at baseline (p = NS, logistic regression
test).
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Discussion

In psoriatic patients, the reasons at the basis of a
lack of clinical response to the available treatments
are still unknown.

Based on these preliminary findings, the strong
association between HLA-G 14-bp DEL allele and
14-bp DEL/DEL genotype and acitretin clinical
outcome may propose both a pharmacogenetic
role and a clinical advantage of the 14-bp DEL
allele genotype in response to acitretin. On the
contrary, HLA-G 14-bp INS/DEL polymorphism
was not found to be associated with clinical
response to cyclosporine and biologics. It may be
speculated that these drugs, because of their speci-
ficity for the suppression of Thl immune response,
could be less influenced by HLA-G 14-bp INS/DEL
polymorphism and consequent HLA-G expression
than acitretin.

Undoubtedly, the small number of patients
represents the major limitation of this investiga-
tion. Moreover, in the present study, sHLA-G
levels were not measured; thus, an association
between HLA-G polymorphism and HLA-G
expression can only be supposed in agreement
with previous reports (10,15). However, the pre-
liminary genetic data collected with the present
retrospective study present strong statistical asso-
ciations and provide the first indication for larger
prospective investigations.

Advances in our understanding of the clinical
relevance of HLA-G 14-bp INS/DEL polymor-
phism and HLA-G expression in conditioning the
clinical outcome of psoriasis treatments are nec-
essary. If a role of this genetic polymorphism in
acitretin response is confirmed, this could be
helpful in order to preliminary select patients
for an appropriate, individualized therapeutic
management.
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Table 1. Baseline demographic and clinical features of patients treated with acitretin, cyclosporine, and

biologics
Metabolic Duration Psoriatic PASI 75 at
Age BMI syndrome of disease arthritis PASlat  10-16 weeks HLA-G
Patient Gender (years] (kg/m® (yes/no) (years) (yes/no) baseline (yes/no) polymorphism
lacd F 72 30.5 Yes 13 No 11.8 No INS/DEL
2acd M 80 25.0 Yes 5 No 57.3 Yes DEL/DEL
3aad M 49 24.7 No 20 Yes 252 No INS/DEL
4 aci M 75 25.0 No 22 No 18.0 No INS/DEL
S5aci F 7 24.0 No 20 No 240 Yes DEL/DEL
Gacd M 71 28.3 No 17 No 12.3 No INS/DEL
Tacdi M 47 223 No 11 No 30.0 Yes DEL/DEL
B aci M 37 7.7 No 20 No 20.0 Yes DEL/DEL
9 aci M 28 24.0 No 17 No 14.0 No DEL/DEL
0aci M 65 28.0 No 20 Yes 15.0 No INS/INS
Mac M 40 26.5 No 20 Yes 214 No INS/DEL
12aci M 33 28.0 No 10 Yes 236 Yes DEL/DEL
13 aci M 75 30.0 No 15 No 29.8 Yes INS/DEL
M4aci M 56 25.0 No 22 No 18.6 Yes INS/DEL
15 aci M 7 26.5 No 25 No 18.0 Yes DEL/DEL
16 aci M 42 28.0 No 4 No 20.0 Yes INS/DEL
17aci F 81 26.0 No 30 Yes 15.0 Yes DEL/DEL
18aa M 44 28.0 No 14 No 28.2 No INS/DEL
9aci M 7 28.0 No 38 Yes 12.7 No INS/DEL
20aci M 49 26.5 No 11 Yes 26.6 No INS/INS
2laci M 40 26.0 No 3 No 11.0 Yes DEL/DEL
leye M 75 28.0 No 22 No 16.0 Yes INS/DEL
2eye M 71 28.3 No 17 No 10.5 Yes INS/DEL
3cye M 47 23 No 11 No 18.0 No DEL/DEL
4cyc F 72 30.5 Yes 13 No 14.0 Yes INS/DEL
S5cc M 37 277 No 20 No 30.8 Yes DEL/DEL
Geye M 46 30.8 Yes 7 No 14.5 Yes INS/INS
7eye M 41 276 No 11 No 35.0 Yes INS/INS
Boye M 65 28.0 No 20 Yes 26.0 Yes INS/INS
9cyc M 49 27.0 Yes 17 No 18.0 Yes INS/INS
locye M 67 31.2 Yes 12 No 255 Yes INS/DEL
llcye M 2 26.0 No 4 No 15.2 Yes INS/DEL
12cyc F 48 26.2 No 14 No 33.0 Yes INS/INS
13cyce M 54 26.0 No 21 No 14.0 Yes DEL/DEL
l4cyc F 48 293 No 14 No 10.2 Yes INS/DEL
15cyc M 149 26.5 No 11 No 26.0 Yes INS/INS
licye M 48 239 No 10 No 30.3 Yes DEL/DEL
leta F 72 30.5 Yes 13 No 13.0 No INS/DEL
2ada M 52 259 No 20 No 18.8 Yes INS/INS
3inf M 47 23 No 11 No 52.2 Yes DEL/DEL
4 eta M 59 30.0 No 15 No 20.7 No INS/DEL
S5eta M 28 25.0 No 17 No 1.0 Yes DEL/DEL
Gada M 41 276 No 11 No 20.0 No INS/INS
7ada M 67 31.2 Yes 12 No 120 No INS/DEL
Beta F B1 25.0 No 30 Yes 16.5 Yes DEL/DEL
9eta M 49 29.0 No 18 No 39.0 No INS/DEL
0eta M 7 28.0 No 38 Yes 13.0 Yes INS/DEL
11 eta M 49 26.5 No 11 Yes 27.7 Yes INS/INS

acl, acitretin; ada, adallmumab; BMI, body mass index; cyc, cyclosporine; DEL, deletion; eta, etanercept; inf, infiiximab; INS,
Insertion
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Table 2. Frequencies of HLA-G 14-bp alleles and genotypes in psoriatic patients treated with (a) acitretin,
(b) cyclosporine and (c) biologics

Acitretin non

Acitretin responder responder Fisher’s exact test

(a) Acitretin number (%) number (%) p-value*
HLA-G INS/DEL allele

DEL 19 (45) 9 (22) 0.008

INS 3 (7) 11 (26)

8 (38) 1(5) 0.05
INS/DEL 3 (14) 7 (33) NS
INS/INS 0 (0) 2 (10)

Cyclosporine

Cyclosporine non

responder responder Fisher’s exact test
(b) Cyclosporine number (%) number (%) p-value*
HLA-G INS/DEL allele
DEL 2 (40) 2 (100) 0.18
INS 8 (60} 0 (0)
HLA-G INS/DEL genotype
DEL/DEL 3 (20) 1 (100) 0.4
INS/DEL 6 (40) 0 (0) NS
INS/INS 6 (40) 0 (0)
Biologics
Biologics responder nonresponder Fisher’s exact test
(c) Biologics number (%) number (%) p-value*
HLA-G INS/DEL allele
DEL 7 (58.33) 4 (40) 0.7
INS 5 (41.67) 6 (60)
HLA-G INS/DEL genotype
DEL/DEL 3 (50) 0 (0) NS
INS/DEL 1 (16.67) 4 (80) 05
INS/INS 2 (33.33) 1 (20)

The HLA-G 14-bp INS/DEL polymorphism was genotyped by real-time polymerase chain reaction performed as previously
described (14).
*p-values were calculated using the INS allele and the INS/INS genotype as reference.

NS, not significant.
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Conclusions and perspectives

1. The key role of HLA-G in pathologies and infections and expected impact in

treatment and prognosis

The data herein summarized suggest that HLA-G may play a key role in the onset of
infectious and autoimmune diseases. In fact, the impication of HLA-G proteins in creating an
impaired immune system response during autoimmunity and in the immune-escape
mechanisms during viral infections has been here confirmed. Basing on that, it appears even
more evident that understanding the functions of HLA-G in these disorders could help in the
identification of new approaches to control HLA-G production [178]. HLA-G is characterized
by a “double-faced” behaviour that explains how down/over-expression of HLA-G may not
only act as an immunosuppressive and beneficial condition but may also sustain an
unbalanced immune stimulation and autoimmunity. For example, during inflammatory
cutaneous diseases there is a disproportional expression of HLA-G molecules that could lead
to autoimmunity [176, 177]. Furthermore, several studies reported that intratecal sHLA-G
could act as tolerogenic molecules in MS as confirmed by the disease remission associated to
the presence of the molecule [150-158] and also a strong associatiation with RA severity and
therapy response [45, 142] The comprehension of the specific mechanisms of action of HLA-
G in the development and progression of inflammatory and autoimmune disorders could
justify the use of HLA-G molecules as a marker of inflammation and drug treatment,

providing new therapeutic perspectives.

Concerning viral and bacterial infections, the improvement in the comprehension of the role
of HLA-G in immune-escape could help the development of new anti-viral treatments aimed
to target HLA-G. This could represent an important advantage in therapy but also in
prevention, above all when the infection could induce a neoplastic transformation [93] or, as
in the case of CF patients infected by P. aeruginosa, where the possibility to modulate HLA-G
may drastically influence the disease outcome and therapy response [123, 131]. In fact, HLA-
G alteration is observed during both viral and bacterial infections and participates in the

manteinance of the infective status.
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In fact, as reported in this thesis, the literature and also the studies followed during my PhD,
suggest that HLA-G could be implicated in both risk and disease exacerbation and
chronicization since during these pathologic contiditions this antigen is characterized by an
abberant expression connected to the different disease environment. In particular, HLA-G
proteins could directly interact with immune cells or control the balance between Thl and
Th2 cytokines creating in this way a disequilibrium that would maintain inflammatory and

immune-deregulated conditions and infections.

Diagnosis and prevention of diseases is mainly based on the identification of specific
biological markers and drug targets. In view of this, the possibility of an easy and fast
identification of molecules, for example in biological fluids, seems to be even more
necessary. In recent years, different studies have demonstrated that HLA-G could fulfil this
necessity [79-83]. In fact, HLA-G expression and levels in biological fluids, cells and tissues
in different pathological conditions have been shown. Several authors reported that the level
of soluble HLA-G and gene polymorphisms correlate with disease outcome and the
therapeutic success of treatment [142, 143, 179, 180].

So in conclusion, HLA-G evaluation could represent a concrete help in outcome prediction

and in supporting treatment decisions.

Other works

During my PhD course, I also worked on other topics connected to immune dysregulation in
different pathological situations.

I investigated the role of KIR (Killer Immunoglobulin-like receptor) receptors in HPV
infection and the association with cervical lesions (Paper 1, paper attached) and in herpesvirus
infection in MS patients (Paper 2, paper attached).

I also evaluated the role of HLA-G molecules during CLL immune-escape (Paper 3, paper
attached) and in the tolerogenic behaviour of multipotent stromal cells (Paper 4, paper
attached). I also optimazed a Real Time PCR assay to analyse the +3142 C>G HLA-G
polymorphism (Paper 5, paper attached).
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Implication of HLA-C and KIR Alleles in Human
Papillomavirus Infection and Associated Cervical Lesions

Roberta Aizro, Valerting Gentill, Antonalls Rotala, Daris Boriolott, Ereo Cassal, and Dario D4 Luca

Human papillomavires (HPY) regulation of host immune response leads to cervical lesons. In porticular,
matwral kilber (NK) cells are crucial for HPY controd. Since specific HLA-VKIR nteractions modify NK cell
activation, we analyzed HIA-C and KIR alleles in HPY infection and lesion development in 150 contrals, 33
oondyloma acuminatum, and 111 invasive cervical cancer (10C) patients. We showed an increase in HLA-Clf
KIR2D12 and HIA-CIKIR2DI pairs in HPY high-risk infecied patients (OR 303, 3.24) with 10C (OR 133,
1.68). These dota suggest HLA-C and KIR typing as risk marker for HPY infection and lesion evolution.
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Ciirod growp Teat group Text group HPV + Text group HPV +
HEV = (150)  HPV + [144) P kene rick (20} high rizk (111} 'p-,"
Allele n 1%
HLA-CI 181} il 123 (42) 00 DO 14 {23 08 49" {0
HIA-C2 120 (4 165 (5K} A6 (TT) 114 (31)
Tonal E i 2EH 1) 2
Crematype n (%)
HLA-CI:CI EETRL] 40 (24) (1K 705
HLA-CIC2 T4 4% 2313 0, OO0 Rl M3l HTIER
HLA-C2:02 EL ] 6l (421 1940 4 (361
Toral 150 1 in i
Pair n (%)
HLA-CI/ATR2 M 2 87 129 52118} 6 (1 4822
HEA-CIEIR2DI 91 (31) T1i28%)  <0.000m* EAE:] &0 27
HLA-C/RIR2EM 2 HO2 i34 70 (24 107 56 25) 00000514
HIA-CKTRIDES IR 16) 05 (11) 36 (il 5K (26

HFY — we_ uoir geosup HPWV +
"‘I'!lm“.m"h'+ bw ek v tea groap HPY & high sl
“Flale’ v enacy Lot

"‘:HIFI.IIH‘.
#o comeatal povalue, HIY, buman papillemaamns.

HFY infections. This condition was previously demon-
strated in other stdies, where most condyloma lesions
comgncd muliple HPY types, including {ypos associsied
with dysplastic cpiihchial slnormalities {15, The presence of
multiple HPY types in 2 large percentage of condyloma
lesions smggests that many individuals scoire sdditonal
HPY types at the time of infection with HPY type 6 or 1.
Healthy contmis presenied no positivity for HFY DNA.

First, we considersd the posaible implication of HLA-C in
maodifying the sk of HPY infection, We HPY
negative contmls with all HPY positive patienis (Test
Groap) (Table 1), We obscrved sn incrased sk of HPY
infection i the presence of HEA-C2 allele (OR 200 [93%
C1 1.4-2.8]) with a higher frequency of bath HLA-C2 allele
and HEA-C2:-C2 pemotypes in HPY pesinive patienis in
comparison with HPV negutive contmls (p, = (LA and
000003 respectively ), We then evalusied the effect of
HLA-C alleles in high- and low-isk HPY infection (Table
1). We considered only the patients with one type (high or
Jow risk) of HPY mfecuon, We observed an incrense in
HLA-CI allele and HLA-CI2-C' genotype in high-nsk HPY-
infecied pationts in with low-nisk HPV-infecied
patients g, =00019 and 0L033 respectively). These dain
sugpesi thai the presence of MLA-CH alleles could faciliiaie
high-risk HFY in com with low-risk HPY infection
(OR 3.1 |95% C1 L6-59]L We confimmed the results,
comparing ICC patients with condyloms patients (Tahle i,
We observed an increase of MLA-CF allelss in 10T putens
{49%), charcicrized by high-risk HPV infoction, in com-
parison with condy loma l]llnilpmqu,-[lﬂl‘l

Taken logether, these results support an implication of
HLA-C allcles in HPY mfection and leston development.

Since HLA-C molecules are higands for KIR2DI2,
KIEZDLY, snd KIR2DL1 NK mcepiom, we evaluated the
frequencies of these mbibitory KIKZDL2 andlor
KIR2DLS recepiors react with HLA-C1 epitope of HLALC
modecules : KIR DL recopnives (2 in sddition to C1, while
KIRZDL strongly reacts with 2.
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Smee KIRIDLI gere wos proen in $ie mapority of e
subyect bested (FE 4% wwew allele Fayuencies sk irtd(fa mp T
kir_positives=on kir_slcle=200_1}, the calculations for this
gone were not possiblc, 'Wie subdividal the subjacts scoosding 1o
he o absence of KIRNN2 or KIRZIEY alldes, and
analyzed the distritutbon of the Comespond ing HLA-CKIR puirs.
We meported & signi differerce n the dsnbmin of
HLA-CAKIR paires between commol subjects and HFY posinve
individuak { p < U001 Table 1), In particular, a decrease in
HEAC2ACR 22 pair was observed in HPY-positive subsects
(M%) in companison with controls (34%; OR (54 [95% C1
036-082]1. When we suhdivaded HPY positive paiens on the
st of e und highe-nisk HPY ypes, wie abserved asignifcant
difference in pair distribuation (g, =005, Table 1). In par-
itcudar, @ noresse in MEA-CUKTRNNZ and HLA-CHY
KIR2DILS pairs was observed in high-risk HPY in comparison

Tamie 2. A Ens, GERoTy P, asil Pa FREQUENCIES
oF MLA-C awo KIR 5 Invasay e CeErvical Cancim
AND CoNivLoms Parienis

ICC (111 Condyloma (33) P

Allelen (%)

HLA-CY 108 (4% 20 {30

HLA-C2 114 (51) 46 (T ot
Total 23 L]

Ciemodype m | %)

HLA-CI-C) i & (18)

MLA-CI 2 Ml 8 (24) n2s
HLA-C2:(2 4 {36 1% {42)

Tomal 1§ 1

Pair n %)

HIA-CIKIR2DEZ  48(3D 12 (08
HIA-CI/AKIR2DEE 6D (2T 813 L E®
HLA-CHEIR2IDE2 56 (25) (14
MLA-CHKIR2DES 3R (26) 36 (55

"Fraben’ & sxact tosl.
T, invasve cervical cancer.
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with low-isk HFY infection (OR 305 [95% CE 12804 OR
124 [95% C1 153789, respectively )

We then evalusted the role of HEA-CYKIR pudrs in the
development of neoplastic (10C) and benign {condylomal
lesions. 'We observed o significant difference between ICC
and condyloma subjects (p, = 000054: Tahle 21 In pamic-
glar, an increase W MLA-CEKIR2ZDLY and HLA-CY
KIR2DL Y pairs was ofmerved in IOC in comparison with
condyloma patients (OR 1,33 [95% C1 06=2.97) OR 168
[95% C1 1.53-8.86], respectively).

These msults suggest MLA-CVRIRZMZ and HLA-C I
KIR2DE # pains as sk facton for HFY isk infection,
while the incressed fregquency of HLA-C2 alleles in HPV-
postive pattents i compaison with controls «&d pot cor-
respond 0 a simmiler incrense in MLA-C2KIR2IND pair.

In summary, our resulis support the imvalvement of HLA-
C alleles i HPY infection and lesion development. Al-
thouigh the presence of HIA-C group 2 alleles leads 1o an
increased nsk of HPY infection, the absence of an mcreased
freguency of MLA-CL/KTRZ D12 pair sugpests no direa effect
o NK cell activation control, On the other hand, HLA-C
proup 1 oniigens are sssociaied with high-risk HFY infection
and neoplatic leeon deve opment. Inicrestingly, the presence
of the high mmhbiiory MLACURTR2ZD and HLALCY
KRS imernctions hus o risk effect wwand high-nisk HPY
infection and peoplastic |oan L The increase
in HLA-C VKTR2DL2 and HEA-C VKIRIDE? pair freguencies
in high-rsk HWJrfmd paienis suggests a direct effect
o NK cells. In . we hypothesize tha HLA-CY
IR and TR presence conld  msintuin
NK cell inhitstion owerd HPY infection sustnining the high-
ek HPV-associated tmnsfonmathon and the development of
pre-neoplastic lesons (%), The absence of such a strong
interaction between HLA-C/KIR pairs and low-risk HPV in-
facthon conld be due to the lower selective effcct of the kw-
rink HPV infection that leads only 1o henign lesiona

Recent but few sudies sugpesied o rehtionship beatwesn
HLA-C dlleles and HPV selibed corviaul discases. Foor case-
confrol studies. have peviomsly counined the effocts of -
athin &t the HLA and KIR locus i women with CIN
(256,00, 1), o particulsr, Wang of al. (11} ond Martn ot al.
(&) found that specific HLA higands for isohitory KIR wen
mmmmmufmmm
sin. Song er al, (109 found HLA-C S0 w0 confer
hility io HPV-relaied cervical #MMM'WE
wnwmmuﬂﬁ'whdmvhldmﬂwdn
wie in agroement with the previous relis on HLAL group
jﬂd:mﬂmhl{i"ﬁ'—mﬂmm&m{ﬂ
and are unigue in that they were from mn lnlisn popolion,

In conclusion, our results strongly implicate HEA-C group
I alleles in combmation with KIRZID and KIRIDLI re-
cemors as major detemminants in high-risk HPY infection
and neoplastic lesion development, Of course, these dula
need o be confirmed in a larger and prspective sindy and
with functonal experiments, but they appoat o sugges
HLA-C ond KIR allcle analysis ax risk markers to be con-
sideral in the evaluation of HPV infection risk,
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ARTICLE INFO ABSTRACT

Aracke kspry Toevaluate the passible eflectof ce ll immunoglabulin-like receptors (KIRs) on viral infection in multiple sclerosis

Recened 19 December 2013 (M5 ) patents, we performed genoty ping of KIRZDL2 and his HLA-C1 ligand and we analyzed the presence of all

:"’“;""“";‘;“ 10 Februzy 2014 eight human herpesviruses (HVs) in 60 MS patients and 112 healthy mnwraks. Significandy higher freque ncies
cped 1 were lound lor KIRZDL2 e nhanced in the presence ol its ligand HLA-C1 in MS patients Mareover, a significant

- assodation was olserved between an increase in HHV risk of infection in KIR2DI2 and HIA-C1 pasitive patient

m’ Siple scleresic Our results confirm a possible effect of KIRZDL2 on vird infection susceptibility in MS patients.

Human herpesvaruss © 2014 Hsevier B.V. All rights reserved.

MR2DL2

1. Introduction Some circumstantial evidences suggest an association between

Multiple sclerosis (MS) is a chronic inflammatory immune-mediated
disease causing demyelination and axonal damage in the central nervous
system (CNS) (Hohlfled and Wekerle, 2004). Many efforts have been
devoted to understand its etiology, focusing on the role of the adap-
tive immune system. However, recent evidences have shown that
innate immunity is also important for MS initiation and progression
(Gandhi et al. 2010).

Currently it is recognized that various types of regulatory cells can
actively suppress autoimmune diseases Inexperimental autoimmune
encephalomyelitis (EAE) (Das et al_, 1997; Olivares-Villagomez et al,
1998; Wolf et al, 1996; Zhang et al, 1997 ), the prototype autoimmune
disease mediated by Th1 celks. cell depletion or adoptive transfer
studies has established the role of regulatory afT cells (Das et al.,
1997; Olivares-Villagomez et al, 1998), B cells (Wolf et al, 1996), and
NK cells (Zhang et al, 1997) inthe regulation of the disease. Howew-
er, it remains obscure how deeply involved are such regulatory cells
in human Thi-mediated autoimmune diseases like MS.

Epidemiological studies indicate that exposure to an infectious
agent. incombination with genetic predisposition, could beimplicat-
ed in MS pathogenesis (Casetta and Granieri, 2000; Marrie, 2004;
Sospedra and Martin, 2005; Ascherio and Munger. 2007).

* Caresponding author Tel: + 216 97 467 G58; fax: +216 73 465 754
E-mal address benfeed)_naduslyahoo fr (N Ben Fred)).

htep: ydxdoi ong 10,101 ) jneundm. 20 14 03,017
0165-57280 2014 Esewer V. All nghts mserved.

MS and human herpesviruses (HHVs), which establish lifelong latent
infections with occasional reactivation episodes, thus providing a per-
sistent challenge for the immune system. We have previously reported
a high frequency of HHV DNA presence in Tunisian patients affected
withMS as detected by nested PCR (Ben Fredj et al, 2012). Moreover,
it has been shown an increased frequency of herpes simplex virus
(HSV) (Ferrante et al., 2000; Hawkes et al_ 2006) and Varicella Zoster
virus (VZV) (Mancuso et al. 2007) in MS patients comparing with
healthy controls. Epstein Barr virus (EBV) reactivation appears to be
linked to MS activity (Wandinger et al, 2000; Serafini et al, 2007),
and also human herpesvirus 6 (HHV-6) has been associated to tissue
damage associated with MS lesions (Rotola et al_, 2004; Fotheringham
etal, 2005).

However, although several efforts have been made to identify a
possible link between herpesvirus infection and disease, direct evi-
dence for an infectious etiology in MS is still lacking (Sospedra and
Martin, 2005). In particular, some researchers failed to identify
EBV, HHV-6 and VZV in cerebrospinal fluids (CSF) from MS patients
(Mirandolka et al., 1999; Rodriguez Carnero et al, 2002; Burgoon
et al, 2009; Sargsyan et al, 2010).

The most important effector of innate immunity towards viral infec-
tions is the natural killer (NK) cell NK cells are cytotoxic lymphocytes
involved in the innate immune defense against viral infections and
tumor cells and in the regulation of adaptive immune responses
(Carrol and Prodeus, 1998). NK cell deficiency is involved in viral infec-
tion sensbility. In particular, the vital role of NK cells in controlling virus
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MS patients versus healthy controls. Second, we evaluated the possible

Our sample set consisted of 60 unrealated patients affected by

Table 1
Demograpuc and cimaal dam of Ms pasems. eflect of KR2DI2 on viral infection.
(hmmcal variables Vaues
Number @ 2. Materials and methods
Sex (male female) n/m
Median ag of rcruismen 3768 + 11.27 (19-64) .
Median age 2 onset 323 4 10,46 (16-58) 2.1. Patients and controls
Medun disezse durason 538 4 391 (1-15)
Median EDSS 243 + 11.27 (1-8)
Iinterferon bet therapy 3260

infections was demonstrated in a patient completely lacking NK cells
and sustaining severe herpesvirus infections (Biron etal, 1999)

Many studies suggestthat NKcells might play a role in the regulation
of MS (Takahashi et al, 2004; Hao et al, 2010) and other autoimmune
diseases (Negishi, 1986; Yen, 2001), but despite all of the evidences,
the mechanism by which NK cells could mediate immune regulation
remains unclear (Shi and Van, 2006).

NK cell activity is the result of a delicate balance between activating
and inhibitory signals, delivered by cell surface receptors belonging to
several families, with the killer cell immunoglobulin-like receptors
(KIRs) as one of the most important.

The KIR molecules are located on the NK cell membrane; however,
it is the cytoplasmatic tail that defines their activating (short [S]) or
inhibiting (long [L]) properties. The KIR gene cluster is located on
chromosome 19g1 3 and consists of several genes and pseudogenes
(Boyton et al., 2007), exhibiting considerable structural variation,
resulting in all genes rarely being concomitantly present in one given
individual KIRs regulate the inhibition and activation of cell responses
through recognition of polymorphic motifs on HLA class | molecules
(HLA-A"03 and HLA-A"11 alleles, and alleles with the HLA-Bw4,
HLA-C1 or HIA-C2 motifs) on target cells.

The association between KIR genes and autoimmune diseases has
been widely studied and many of them have evaluated the correlation
between incidence and progression of infectious and autoimmune
diseases with the expression of particular KIRs in combination with
MHC class | molecules. In particular, the high-affinity receptor/ligand
pair KR2DL2/HIA-C1 increases the risk of developing clinical HSV-1
(Moraru et al, 2012) and HHV-8 (Caselli et al, 2013) infection.
Moreover, a recent study conducted by Rizzo et al confirmed the impli-
cation of KIR2DIL2 receptor in the control of NK cell activation towards
herpesvirus infection in MS patients (Rizzo etal, 2012).

On the hasis of this background, we performed a study with two
objectives. First, we investigated the influence of KIR2DL2 gene on
MS susceptibility and disease severity by determining the genetic
interaction between KIR2ZDL2 and its HLA-C1 ligand in the Tunisian

definite MS followed at the section of Neurology, Fattouna Bourguiba
Hospital, Monastir, Tunisia and 112 healthy controls (HC). All MS
patients were diagnosed with defined MS according to the criteria
proposed by McDonald et al. (2001). The demographic and clinical
characteristics of MS patients are shown in Table 1.

The control samples were mndomly selected from the Regional
Center for Blood Transfusion, CHU Farhat Hached, Sousse, Tunisia, and
were sex and age matched with MS patients.

This study was approved by the local ethics committee and all of
the participants gave informed consent before the experimental
procedures.

2.2. KIR2DI2 and HIA<C1 genotyping

Genomic DNA was extracted from peripheral blood samples collected
on EDTA anticoagulant using spin column technique of QlAamp DNA
Blood Mini Kit (QIAGEN, Hilden, Germany), according to the manufacturer's
instructions, eluted in 100 W of water and subsequently quantified
using Nanodrop spectrophotometer (UV-Visible NanoDrop 1000;
Themo Fisher Scientific Inc.) and standardized to 100 ng/ml.

DNA was amplified by specific oligonucleotide primers for KIR2DL2
(KIRZDL2 for: CCATGATGG GGT CTC CAAA; rev: GOC CTG CAG AGA
ACC TAC A). PCR reaction was performed as previously described
(Uhrberg et al., 1997). Briefly, 100 ng of DNA was added to a 25 pl
reaction mixture containing: reaction Buffer (Roche, Basel, Switzerland)
1x; each dNTP (Roche, Basel, Switzerland) 0.2 mM; MgCl: (Roche,
Basel Switzerand) 1.5 mM; Taq polymerase (Roche, Basel Switzerland)
0.75 units; and 0.5 pM of each forward and reverse primer. Cycling
parameters were as follows: initial denaturation for 5 min at 95 °C;
then20 5sat97 "C 45sat & "C and 90 s at 72 °C or the first five cycles;
and then 20 s at 95 °C 45 s at 60 °C, and 90 s at 72 °C for 25 cycles.
Amplifications were performed in a MyCycler thermal cycler (Bio-Rad).
Amplification products were 296 bp. The amplification products were
analyzed by ethidium bramide-stained agarose gel electrophoresis.

The typing of HLA-C1 (HLA-CAsn80), the KIR2DL2 ligand, was
performed by PCR Briefly, 100 ng of genomic DNA was amplified by
specific oligonucleotide primers for HIA-C1 (HLA-CAsn80 for: CGA
GTG AGC CTG CGG AAC; rev: GC CCA CTT CTG GAA GGT TCC). PCR

Table 2
KRZDI2 and HLA-C1 genes carnier freg nT MsSp and 1
A paens, obsarvedn Controls, chsarved P vakue OR (Q95%) Sxraca power
(%) (%)
KmepL2 4560 (75%) 50112 (8463) 00002 Am(177-191) nss
HIAO1 54850 [9(0rL) 612 (55) <1078 15 (2n-xa4am)
Tale 3
Interacon between KIRZDL? and hislgand HLACI m MS and ik
Haplotypes MS pasents, obsered/n Commils, observedn p vakue OR (O 953) Sxwacal power
(%) (%)
2012 +K1+ L50(0%) 34112 (30.4%) anns 6% 151-3.) nss
2DL2 +X1— 360(%) 16112 (1425%) 00s -
2012 —KC1+ 1260( D%) 2112 (25%) as -
2DL2 -1 - I60( %) 34112 (30.4%) am 486 (111-2428)
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Tahle &a
KIRZDI2/HIA-C1 haplotypes and age of onset.
Hapbtype Age of onset groups ( per year)
117-30] 31-40] >4 pwalue OR(O95%) Stxwacl power Sample s» essmation
2D12+K1+ 18,29 (6206%) 14718 (72.77%) 7/13 (5384%) NS -
2DL2 441~ 2/ (689) 018 (ox) 113 (765%) NS -
2DL2—KC1+ /238 (2413x) 318 (16.66%) 513 (3Ra6%) NS - 02 -1
20121~ 2129 (6891 118 (5.55%) /13 (o%) NS -
reaction was performed as previously described (Du et al, 2007). 25ul 3. Results

of the PCR reaction mixture was prepared at a final concentration of:
reaction Buffer ( Roche, Basel, Switzerland) 1x; each dNTP (Roche,
Basel, Switzerland) 0.2 mM; MgCl, (Roche, Basel, Switzerland)
1.5 mM; Taq polymerase (Roche, Basel, Switzerland) 0.75 Units;
0.5 puM of each forward and reverse primer, following the PCR condi-
tions: initial denaturation for 3 min at95 "C; then 20 s at94 "C 20s
at 66 °C,and 90 s at 72 °C for the first eight cycles; then 35 cyclesof
20sat94°C 20sat63 °C and 90 s at 72 °C and a final extension at
72 °C for 10 min. PCR product size is 1.344 bp. The amplification
products were analyzed by ethidium bromide-stained agarose gel
electrophoresis.

Amplifications were performed in a MyCycler thermal cycler
(Bio-Rad).

23. Human herpesviruses AR assays

We analyzed MS patients for the presence of all eight human
herpesviruses. The presence of HSV-1, HSV-2, VZV, EBV, HOMV,
HHV-6, HHV-7 and HHV-8 was evaluated on peripheral blood DNA
as previously described (Ben Fredjet al., 2012).

24, Statstical analysis

Statistical analyses were performed using statistical software
(Epi Info software version 3.2.2). Carrier frequencies of KIR2DL2
genes and HLA-C1 alleles were compared between MS patients and
healthy controls by Pearsan 3 test or by Fisher's exact test, estimating
odds ratios (OR) with 95% confidence intervals (CI). Comparisons
between KIR2DL2 genes and clinical characteristics of MS patients
were performed either by Pearson y* or by Fisher's exact test for the
categorical variables and by Mann-Whitney or by Kruskal-Wallis
tests for the quantitative variables. Power analysis and sample size
estimation were performed with ClinCak software (dincalccom).
Results were considered significant at a p value <0.05.

3.1. KIR2DI2 and HLA-Q1 frequencies

The possible association between MS and KIR-HLA genotype has
been investigated by molecular typing of HLA-C1 and KIR2DIL2
genes in a homogeneous group of 60 Tunisian patients then, results
were compared to those obtained in 112 unrelated HC with the
same genetic background.

KIRZDI2 and HIA-C1 frequencies of MS patients and healthy contrals
are reported in Table 2. Results rewealed a significant increase in the
frequency of KIR2ZDL2 gene in MS patients (75%) when compared with
control subjects (44.6%) (p = 0.0002) (Power: 0.98). The increased
frequency of KIRZDL2 allele in MS patients resulted in a significant OR
of 3.72 (Q: 1.77-791). Regarding HLA-C1 frequencies, a statistically
significant difference likewise was observed between MS patients and
HC (90% versus 55.3% p < 10~ %), (OR = 726, I 2.71-20.48).

Since KIR2DL2 and HIA-C1 molecules are a receptor-ligand pair,
we investigated whether there was evidence for statistical interac tion.
Interestingy, our analysis yielded a significant support for an interac-
tion effect of HLA-C1 with KIR2DL2 receptor (Table 3). We observed
anincreased frequency of KIR2DL2 + HLA-C1 + haplotype in MS popu-
lation (70%) in comparison with control subjects (30.4%) (p = 0.004)
(OR = 6.590: 1.61-31.21) (Power: 0.98). On the opposite, we showed
a sgnificant decrease in KIR2DI2-/HLA-C1-haplotype in MS patients
(5%) in comparison with controls (30.4X) (OR: 4.86; (0: 1.11-24.28).

3.2. KIR2DI2 and clinical variables

Since KIR2D12 + /HLA-C1 4+ haplotype was associated with MS
condition, we evaluated the possible comrelation with clinical variables.
No significant associations were discovered for age at onset, disease
duration and EDDS score (Table 4a 4b, 4¢), considering both KIR2DL2
and KIR2DL2/HILA-C1 haplotype positivities. The results obtained pre-
sented a power of 0.2, 0.14 and 0.3, respectively. In order to exclude

Tahle 4
KR ZDI2/HLA-C1 haplotypes and disease durzion
Hap btypes Durason dsease groups (per year)
11-4] B-9] =10 Pakue OR (O 951 Stxisacd power Sample se esamaion
2DL2+K1+ 19731 (6129%) 1145 (73.33%) 914 (6428%) NS -
2DL2+KC1— /3 (645%) 05 (ox) 1114 (7143) NS -
2DL2—K1+ £/31 (25%x) 415 (26.651) 3n4a(narm) NS - 014 m1
2DL2 K1~ 2/ (645%) 0ns (ox) 1/14(714%) NS -
Table 4
KIR2D12/HIA-C1 haplotypes and EDSS score.
Hapbtypes EDSS score groups
n-2) 3-4] 25 P value OR (Q95%) Sashalpover Sample sz esamanon
2012+ + 2034 (58 BET) 1519 (TR94) 47 (57.04%) NS -
2D12+K1— 334 (8&F) an9 (o) o7 (o%) NS -
2DL2 -1+ 934 (26.47X) 419 (21.05%) 2/7 (R 57%) NS - a3 180
20121~ 2734 (S.85%) a9 (o) 17 (14.2%%) NS -
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Table 5a
KIR2D12 and otal HHVs ( HHV-1 to HHV-8) in MS pasenss.
HHVs ¢, observed/n HHVs -~ obervedn p value OR (O 95%) Saowxal pawer Sample sz egamation
(%) (0
KIR2DL2 + 2645 (57.8%) 1948 (&2.7%) ass 156 (0.42-592) 033 308
K2DL2— 715 (467%) 815 (55.3%)
Tl 5b
HIA-C1 and ot HHVE (HHV-1 to HHV & )in MS patienss.
HHVs +, Olxerved in HHVs —, Observedin p value OR (Q951) Sxeaca power Sample soe egamation
) (%)
“1+ 3154 (57.4%) 2354(426%) 024 27 (037-2351) a3 E-
HLAC 1. 286 (3330) 4/6( GA66T)

definitely the associations, we would need a total of 288, 381 and 180
subjects, respectively.

33.KR2DI2 ard herpesviruses

Since Rizzo et al. (2012) observed the influence of KIR2DL2 + /HLA-
C1 + haplotypein HSV-1 susceptibility in MS patients and Caselli et al
(2013) reported a significant association between KIR2DL2/HLAC1
haplotype and HHVS infection in type 2 diabetes patients, we evaluated
the possible influence of this haplotype on HHV infection in our MS
population. Firstly, we subdivided the patients according to the positiv-
ity for almost one HHV. We observed 5 5% of MS patients positive for at
least one HHV. A slight increase in HHV risk of infection in KKIR2DL2
positive patients was observed with an OR = 156 ((: 0.42-5.92)
(Table 5a) but without reaching a significant p value (p = 0.65).
Similarly, a slight increase in HHV risk of infection in HLA-C1 positive
patients was observed with an OR = 2.7 ((: 0.37-23.51) (Table 5b)
but without reachinga significant p value [ p = 024). When we consid-
ered the haplotypes, we observed an increase in KIR2DL2 + HIAC1+
haplotype in HHV infected patients ( 73%) in comparison with uninfect-
ed subjects (66%) (OR: 1.33; C195%:0.44-4.04) (Table 5¢c). The results
obtained presented a power of 0.33,0.3 and 0.3, respectively. In order
to exclude definitely the associations, we would need a total of 304,
398 and 1830 subjects respectively.

Then, we considered the single HHV infections We observed a 666%
of MS patients with VZV infection, a 28 33% with EBV, a 5% with HHV-6
and a 28.33% with HHV-7 infection. No positive samples to HSV-1,
HSV-2, OMV or HHV-8 were detected in MS patients. We obtained a dou-
bled risk for EBV infection for KIR2DL2 positive patients (OR = 1.81 (1:
0.38-9.6) (Table 6a).These results presented a power of 0.96, supporting
the statistical sgnificance. When we considered the haplotypes, we cb-
served anincrease in KIR2DL2 + /HLA-C1 + haplotype in EBV infected

patients (84%) in comparison with uninfected subjects (65%) (OR: 2.5;
C195%:0.62-10.1) (Table 6¢c). The results obtained presented a power
of 023, and needs an increase to 111 subjects to confirm the data.
(See Table 6b.)

No correlations were dbserved with ot her HHVs, possibly because of
the low percentages of positive MS patients for the other HHVs, that did
nat allow to reach a statistical significance.

4. Discusson

Natural killer (NK) cells are the fast-acting eflectar lymphocytes of
innate immunity that respond to infection (Biron et al., 1999; French
and Yokoyama, 2003), tumor (Diefenbach and Raulet, 2002), and allo-
geneic hematopoietic cell transplantation (Parham and McQueen,
2003; Dupont and Hsu, 2004) while remaining tolerant to healthy cells.

NK cells discriminate between self and non-self through a battery
of inhibitory and activating receptors (Kumar and McNerney, 2005;
Lanier, 2005).

This potentially self-destructive effector function is mainly con-
trolled by the interactions between KIR receptors expressed by NK
cells and HLA class | ligands expressed by healthy cells (Gumperz
etal, 1995; Colonna etal, 1997; Fan et al_, 2001; Moretta et al, 2004).

Several reports have studied the role of NK cells in MS. NK cells
regulate the funaion of antigen-specific T cells in MS (Takahashi et al,
2004) and correlate with MS disease activity (Lorentzen et al_ 2009),
NK cells mediate the immunomodulatory effects of MS therapy
(Bielekova et al., 2006; Saraste et al. 2007) and reductions of NK
functional activity often precede MS relapse (Kastrukoff et al., 1999;
Talkahashi et al, 2004).

In thisstudy, we investigate the linkbetween NK cells and herpesvi-
rus infection in a cohort of MS patients and healthy controls KIR2DL2
and his ligand HIA-C1 polymorphisms as well as HHV prevalence

Table 5¢
Interac 9on between KIZDLZ HLA Ol haplotypes and HHVs n Tunson MS paens
Haplotypes HHVs+, observed/n HHVs — observed/n pvakue OR (O 95x) Saastal power Sample s egamation
(5 £)
2012 +KC1+ 243 (TL7THR) 18,27 |66.66%) as1 133(043-404)
20121 + 143 (n.ng) 527 (1851%) am 118(033-426)
2012 +/C1- 2/43 (6.06X) 127(4T%) as 17 (014-1956) a3 1550
2DL2-X1- 033 (0x) 327 (1.nx) oS NA
Tablke 6a
KR2ZDI2 and BBV in MS pasens.
EBV 4+, obsered/n EBV—, observedin pvalue OR(Q951) Sagmial
(%) (x) power
KIR2DL2 + 1445 (31.1%) I1/45 (6R9%) an 151 (Q38.9.6) 096
KmzpL2- 3A5 (2m) 12/15 (80rx)
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Table Gb
HIA-C1 genes camner frequences and EBV in Tumsian MS patn
EBV+ observedn BBV obmsrvedin pwvalue OR(Q95T)
) (%)
HIAC1+  1754( 1 Axx) 37/54 (BR51%) aiz NA
HIAC-1- 06 (x) 66 (100%)

were analyzed, to assess whether interactions between KIR2DL2 gene
and its HLA-C1 ligand may contribute to the pathogenesis of MS. Our
resultsrevealed a statistically high frequency of KIR2DL2 in MS patients
with respect to controls (p = 0.0002, OR = 3.72 (0: 1.77-7.91)), sug-
gesting the implication of this inhibitory receptor in MS disease. This
finding was enhanced in the presence of its ligand HLA-C1 (p< 1075,
OR = 726 (: 2.71-20.48)), since a significant p values and high OR
was found in KIR2DL2 4+/HIA-C1 + patients (p = 0.004, OR = 6.59
(a: 1.61-31.21)).

Three previous studies analyzed the contribution of KIR genes
and their ligand in MS patients, reaching divergent conclusions. The
Garcia-Leon study revealed that the KIR2DLS and KIR3DS 1 genes confer
a slight susceptibility to MS (Gardia-leén et al, 2011). Whereas
Lonrentzen et al. found a lower KIRZDL1 and a higher KIR2DS4 and
KIR3DL1 carrier frequency among MS patients compared to controls
(Lorentzen et al, 2009).

Meanwhile, Fusco et al. found a lower frequency of KIR2DS1 and
KIR2DLS as well as a higher frequency of KIR2ZDS4 in MS patients
(Fusco et al, 2010), attributing the relationship with KIR2DLS to the
linkage with KIR2DS 1.

The clinical manifestations in our patients don't seem to be associat-
ed with KIRZDL2 gene although Lorentzen et al. found more severe
disease among MS patients carrying the inhibitory KIRZDL2 and the
activating KIR2DS2 genes compared to non-carriers (Lorentzen et al.,
2009). Furthermore, Garcia-Leén et al. found patients camying the
KIR2DS5 gene had a lower age at onset, indicating that even though
this gene does not predispose to the disease, it may contribute to an
earlier appearance of clinical symptoms. Besides. in the same study,
patients carrying the KIR2DL1 gene presented a higher progression
index (curent EDSS/disease duration ) (Garcia-Ledn et al. 2011).

These discrepancies between studies suggest an implication of
KIR/HLA genetic background not in MS disease but in related conditions.
The atsence of comrelation between KIR2DL2 and disease status (EDSS,
disease duration, age of onset) in our study, could be explained by the
fact that KIR2DL2 is not a disease gene.

On the basis of previous results, by supporting a genetic association
between KIR2DL2 and susceptibility to viral infections (Estefania etal,
2007; Moraru et al, 2012; Rizzo et al 201 2), we focused on the possible
effect of KIR2DL2 on viral infection. A significant OR was observed,
signifying that there is a slight increase in HHV risk of infection in
KIR2DL2 positive patients. The same results were found with EBV with
a doubled risk for EBV infection for KIR2ZDL2 positive patients.

None of these asociations yielded a sgnificative p, indicating that
the size of our cohort was not large enough to obtain strong p values.
These results therefore need to be confirmed in a larger cohort, as
indicated by power analysis and sample size estimation.

A recent study carried out by Rizzo et al. using peripheral blood
mononuclear cells from MS patients and controls treated with CpG

sequences and infected in vitro with HSV-1, showed that MS patients
pasitive for the inhibitory KIR2DL2 receptor and its ligand HLA-C1 had
increased sensitivity to in vitro HSV infection and decreased NK cell
degranulation. Moreover, KIR2DL2 positive MS patients without
HLA<C1 ligand behaved as KIR2DL2 negative individuals, therefore,
the lack of NK cell activation takes place only in the context of a
functional complex between KIR2DL2 receptor and its HLA-C1 ligand.

In fact, the presence of HLA-C1 molecules induces inhibitory signals
in KIR2D12 positive NK cells from MS patients, creating an anergic
environment with significant lack of IFN-gamma production and
consequent absence of NK cell activation and for the lack of innate
protection to HSV infection (Rizzo et al,2012).

It is noteworthy that genotyping other KIR genes as well as their li-
gand may be of interest and will provide supplementary information
about the implication of KIR receptor in the control of NK cell activation
towands herpesvirus infection in multiple sclerosis patients. Moreover,
these results need confirmation by studies on additional samples from
the same population and from other different ethnicity.

In summary, we have confirmed the possible effect of KIR2DL2 on
viral infection in MS patients, supporting the possibility to exploit this
receptor for modulating NK cell activation as an important strategy in
the management of viral infections in MS patients
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Abstract

This work investigates the possibility that HLA-G, a moelecule modulating innate and adaptive
immmuaty, 15 part of an immune excape sirategy of choonic Iymphocytic leukenua cells. A 14 base
pair insertion'deleticn polymorphism (rs66354220) in the Funtramslated remion of HILA-G
influences mRNA stability and protemn expression The analysis of a cohort of chronie ymphoeytic
leukenua patients confirms that del/del individuals are charactenzed by higher levels of surface and
soluble HLA-G than those of the other two genotypes. In line with its role 1 immunomodulation,
the percentage of regulatory T lymphocytes a5 lugher in delide]l patients than m patients with the
other genotypes and comelates with the amounts of surface or soluble HLA-G. Furthermore,
addition of sHLA-G-nch plasma from chrome hmphocytic lenkenua patients induces natural killer
cell apoptosis and mmpairs satural killer cell bysis, with effects proportional to the amount of soluble
HLA-G added. Lastly, the presence of HLA-G 14 base pair polymorphism is of prognostic value,
with del/de] patients showing reduced overall survival, as compared to the other genotypes.

These results suggest that 1) the HL4-G 14 bp polymorphism mfluences the levels of surface and
soluble HLA-G expression. and that i1) the over-expression of HLA-G molecules contnbutes to

create tolerogemc conditions.

[
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Introduction

Chronic hmphocytic lenkemia (CLL). the most common type of adult leukemia in Capcasian
populations, 1= characterized by the progressive accummlation of mature CD5/CD23” B cells in the
penpheral blood and lymphoid organs (1). Several observations pont fo mmmuine escape a5 a
relevant mechanism of tumor promotion. Fust, CLL cells express hagh levels of immmunomodulatory
factors [e.g., TGF (2) and IL-10 (3)], which suppress response to antigens and influence activation,
expansion, and effector fonctions of T lymphocytes (4), Second, an increase in the numbers of
circolating regulatory T cells (Treg) pamllels disease progression (5. 6). Lastly. adenosine
production in the extracellular milien by selected lenkemic subpopulations shields the CLL clone
from the actions of the mmmune system (7).

The aim of thus work is to mvestigate the role of uman lenkocyte antigen G (HLA-G) as a further
strategy adopted by CLL cells to evade mnmune defenses and to create protected miches where to
grow and expand HLA-G 15 a non-classical major histocompatibility complex (MHC) Class 1
product with limited sequence vanahbility. It is exchisively expressed in tissues where the immmne
system needs 1o be constantly suppressed, incliding cytotrophoblast from early pestation placentas,
ammniotic cells, endothelial cells of chorionic blood vessels, thymuc epithelal cells and comeas (8).
HLA-G 5 a tolemgenc molecule, whuch mlnbats cytolyms mediated by natural kaller (NK) cells or
T Iymphocytes, induces T cell apoptesis and blocks transendothelial migation of NK cells (%)
These functions are exerted upon binding the lafler cell immunoglobubin-like receptor (KIR)2DLA
and the mmmunoglobulin-like transcmpt (ILT)2 and (ILTM ligands (10, 11). Hence, the
immmnosuppressive featores of HIA G are fonctional in pregnancy. organ transplamtation
autoimmune diseases, and cancer immune escape (12).

The HI4-G pepe encodes seven moforms generated through altemative splicmgz: four are
membrane bound (namely, HLA-G1, -G2, -G3, and -G4), while three (HLA-G5, -G6. and -G7) are

soluble and represent the counterparts of HLA-Gl, -G2 and -G3. respectively. An altemative
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mechanism 1o generate soluble HLA-G (sHLA-G) forms is represented by proteolytic cleavage of
the membrane molecules (13,

HLA-G 15 charactenzed by différent polymorphuims at the 37 upsiream regulatory and the 37
uniranslated regions (UTR) (14). One of these, chamctenzed by the deletion/insertion (delins) of
14 base pairs (14 bp) (s66554220). is responsible for mRNA stability and consequently protein
producticn (15). The presence of the 14bp sequence is associated with unstable mPNA and reduced
sHLA-G protein production (16). This polymorphism is mmplicated in autoimmmne and chromic
mflammarory conditions (), while its role in cancer growth and progression is still controversial
The role of HLA-G products in CLL patients has been evaluated in previous smdies, which
however focused exchisively on the expression either of the membrane or of the secreted 1soform of
the molecule. The resulis obtamed indicate that 1) HLA-G expression at transcription and protem
levels 15 mereased i CLL cells as compared to normml B lymphocytes (17-19); and u) HLA-G
expression correlates with worse cEmical outcome m CLL (20, 21).

This work was undertaken with the am of assessing the impact of the HL4-G 14 bp polymorphism
on expression of the membrane and soluble forms of the HLA-G protem. and 1ts role in promoting

unmune escape in a wide and well-characterized cohort of CLL patients.
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Methods

Patients and controls

Five hundred and six individuals with a confirmed diagnosis of CLL were enrolled at diagnosis mto
a retrospective study and typed for HILA-G 566554220 polymerphism Patient charactenstics are
reparted mn Supplementsry Table 1. Bload samples from patients or non-leukenne individuals were
obtamned after wiitten informed consent m accordance with local mastititional gudelnes and the
Declamtion of Helsinla, The siudy bas been approved by the Human Genetics Foundation Etiucal
Committee.

Penipheral blood moncauclear cells (PBMCs) and punified B lymphocytes were obtained as
described (22).

Flow evtometric analyses

Antibodies used for flow cylometry ae detailed in Supplementary Materials and Methods. Data
were acquired using a FACSCanto 11 (BD Biosciences, Buccinasco, Italy) or Gallios (Beckman
Coulter) flow cytofluorimeters, processed with DIVA v6.1.3 (BD Biosciences), and analyzed with
Flowlo Version 9.01 softwares (TreeStar, Ashland, OR). At least 10,000 events were analyzed for
each sample

HLA4-& 14 bp pelymorphism typing

Genomic DNA was extracted from PBMCs using a DNeasy Blood & Tissue Kat (Qiagen, Milan,
Italy). The HTL 4-G 14 bp polymorphism was genotyped by PCR (23, 24).

Soluble HLA-G detection by ELISA

Measurements of sHI A-G1 and HIA-G5 level were performed as reported (25). After both
ELISA measurements the amount of sHI A-G1 was expressed as the difference between sHI A.
G1/HLA-G5 and HLA-G5 concentrations (16)

Izolation and culfure of NK cells
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NK cells were isolated fiom PBMCs or fom decidua were obtamed as described (27) (28). Punfied
NK cells were cultured on allogeneic imadiated feeder cells 1o the presence of IL-2 (100 U/ml) and
PHA (1.5 ng/ml Gibco, Life Technologies) (27).

MK cell apoptosis
Freshly isolated or [L-2 activated NK cells were mncubated with different serum samples from CLL

patients representative of the different 14 bp HLA-G polymorphism After overmght mncubation,
NK cell apoptosis was measured nsmg annexin V' and propadinm iodide (Invitrogen. Eugene, OR,
USA).

NK eytolytic activity

IL-2-activated NK cells were tested for cytolytic activity in a 4 b °'Crrelease assay against the
K562 cell koe (27).

Statistical analyses

Orverall survival (0S) was measured from date of samphbog to date of death (eveat) or last follow-up
(censormg) Survival analysis was performed by the Kaplan Meier method The crude association
between time-fixed exposure variables at disgnosis and survival was estimated by log-rank
Statistical sigmficance was defined as p value <03, Statistical tests were performed uung the
GraphPad Prism 6.0 software (Grapbpad Software, San Diego, CA, USA) and the SP5S software

v20.0 (Clucage. IL).
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Results

Effects of HL4A-G 14 bp polvmorphizm on membrane and soluble profein expression in CLL
patients

The hypothesis behind this work is that patients with a del/del genotype of the 14 bp polvmorphism
are characterized by a more stable AL A-G mRNA_ resulting in higher levels of the molecule on the
cell surface and 10 baclogical fluds (16).

The hypothesis was tested by deterrmning the effects of the 14 bp polymorphism on the expression
of HLA-G protein at the surface of CLL B cells obtained from 126 patients. The cbserved levels of
HLA-G expression on CD197/CD5™ CLL B lymphocytes were highly variable (mean = SEM 735+
1.13%, Figure 1A. B). Patients with a del'del genotype had a trend towards increased levels (=31,
mean 897 = 1.85) of surface HLA-G. even if a comparison with ms/'del (0=48. mean 6§38 £ 2) or
insins (0=27, mean 6.03 = 1.77) patents was not statishcally sigmficant (Figure 1C). However,
when divided into quartiles, 25 4% of the 126 patieats presented a surface HLA-G expression by
leukemuc cells above the third quartile (thid quartile value: 9.5%). Of these, 58% had a del/del,
23% an ins/de] and 19%% an ms/ins genotype (p<0.0001, Clu-Square test. Figure 1D}

Attention was next focused on HLA-G plasma levels assayed by ELISA assay in a cohont of 60
patients and 60 sex and age matched controls. Results mdicate a marked vanability n concentration
in both CLL paiients (mean = SEM, 19.71 = 2 83 ng/ml) and controls (mean = SEM, 1728 =23 64
ng/ml), without statistical differences between the two groups (Figure 2A). When CLL patients and
controls were drided accordmg to the genotype, delidel patients (p=27) displayed sigmuficantly
higher levels of sHLA-G (mean 30.82 = 4.8 ng/ml), than ins/del (p=18, mean 13.68 £ 3.67 ag'ml.
p=0.015, Mann Whitney test) or insins patients (=15, mean 6.95 = 2.74 ng/ml p=0.003, Mann
Whitney test, Figure IB). Del'del controls showed a tendency towards a higher production of
sHLA-G (=22, mean 22.06 = 27.32ng/ml) when compared to ms‘del (=25, mean 16.93 = 24.87
ag/ml) or insins (=13, mean 988 = 1190 ng'ml) individuals, withouwt reaclung a statistically

significant difference (Supplementary Figure 1A). Afier dividing sHLA-G levels into quartiles,
7
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25% of CLL patients and of controls presented sHLA-G expression above the third quartile (thard
quartile vale CLL patients: 31.75 ng/ml third quartile valoe controls: 24 40 ng'ml) Of these in
the CI1 cohort 80% presented a del'del genorype, while ins/del and ins/ins genorypes were 13%
and 7%o. respectively (p<0.0001, Fisher exact test, Figure 2C). When considenng controls, 46%
presented a del'del 46% an inc'de] and 8% an ins'ms genotype (p-0.0001, Fisher exact test,
Supplementary Figurs 1H).

We then asked whether sHI A.G levels correlste with HLA-G expressed on the membrane of CLL
cells. As expected, the levels of expression of sHLA-G and membrane HLA-G presented a positive
comrelation (o=60, rho=0.4, p=0.003, Spearman Comelation test). mn line with a relahonshop between
surface HLA-G expression and release (Figure 2D). The amalysis of covanance reported anm
mdependent effect of 14 bp polymorphism (p=0.003) and surface HLA-G expression (p=0.02) on
sHIA-G plasma levels. Using an isoform-sensitive ELISA sHI A-G1 was predomunant i the
plasma of CLL patients, indicating a denvation from shedding of the membrane form rather than
from alternative splicing (sHLA-G1 ws HLA-GS isoforms, p=0.001, Mann Whatney test, Figure
°E)

The conclusion is that patients with a del/del genotype present sigmficantly hagher sHLA-G levels
and tend to express more membrane HLA-G on leukemic cells than the other genotypes.

Effecis of HLA-G 14 bp polymorphism on the number of circulating T bymphocytes in CLL
patients

CLL development and progression is paralleled by a progressive impairment of the host immune
defenses, with chmcally manifest jmmune defiects of the T cell compartment. The next step of the
work was to deternune whether high levels of surface and sHLA.G would reflect the mmmune
defects chamctenming CLL. To this aim, the composition of T cell subsets was assessed m 52 CLL
patents divaded according fo HLA-G 14 bp polymorphism.

CD4™ and CD8” and T cell percentages were not sigmficantly different in the three HL4-G 14 bp

genotypes (Figure 3A Bl On the contrary. the mumber of Treps, defined as
3
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CD47/CD2S*CD127™), was sigmificantly higher mn the del'del genotype (mean 6.97% = 0.83),
as compared to the ins'ins group (mean 3 23% = 0.69. p=0.006, Mann Whatney test, Figure 3C).
Heterczygons patients displayed imtermediate values, not significantly different from both ing/mns
and del'de] homozygous patients (mean 5.77 % = 0.78). The percentage of Treg positively correlate
with the levels of expression of surface HLA-G on CLL cells (p=13, tho=04, p=004, Spearman
Cormrelation test), suggestng that the amount of HLA-G expressed by leukemic cells could mpact
on the frequency of Tregs (Figure 3D). In lne with this observation was the fnding that the
percentage of cutulating Tregs 15 hugher m CLL with surface HLA-G expression =9.5% (thard
quartile} compared to CLL in whach surface HLA-G expression was <9 3% (mean 6.95% = 098 v
mean 4 31% = 0.52, p=0.03, Mann Whitney U test; Figure 3E).

No statistically signaficant correlation could be detected between sHLA-G levels and the frequency
of Tregs, hikely due to the hmited sample analysed (n=13, not shown). However, CLL patients in
which sHI A-G Jevels were 53175 pg/ml (thud quartile), presented a trend towards a higher
percentage of Tregs than patients 1 which sHI A.G were <31 75 ng/ml (mean 5.1% = 1.44 vx mean
337% = 052, p=030, Mann Whitney test, Figure 3F) Together, these data sugzest that HLA-G
expression is linked to an expansion of Tregs, as partly observed in other models(29).

Effects of HLA-G polymorphism on NK cell function

Ag altemmative mechanism through wiach HLA-G molecules suppress the onmupe response is their
mhibitory effect on NK cell activation and cytotoxic functions, mediated through the KIRIDLA
ligand (11). Therefore. we analyzed the possible mplication of sHLA-G molecules in plasma
samples on composition, activation and functional activities of NK cells m CLL samples. The
reference control was represented by healthy individuals matehed for gender and age.

The oumber of circulating NK cells (gated as CD567/CD37) was sharply decreased in CLI patients
(0=9, mean 2 53% = 0.88) as compared to controls (n=11, mean 11.52% = 122, p<0.0001, Mann

Whutney test, Figure 4A).
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The cytolytic activity of NK cells 1solated from CLL patients (o=9) was tested after culture for 24
weeks in the presence of [L-2. Cells were then assessed for thewr ability to lyse the K561 target cell
line in a “'Cr-release cytolytic assay at different Effector-Target (E:T) ratios (from 40:1 10 0.25:1).
Controls were [L-2-activated NK cells from healthy donors. As shown i Figure 4B. the NK-
mediated cytolytic activity in CLL patients was lower than that in healthy donors. Thus, for
example, 0% target cell Iysis was obtained at 2.5:1 E:T ratio from healthy donors and at 20:1 for
NK cells from CLL patients (Figure 4B).

We then asked whether KIR2DLA, the mam HL A-G hgand (30), was expressed by NK cells. Wiule
resting NK cells from nommal donors and from CLL patients lacked KIRIZDLA, the higand was
induced upon [L-2-mediated NK cell activation, m agreement with published data (30) (Figure 4C)
Representative expression plots are reporied in Supplementary Fignre 2, where decidual NK cells
were used as posiive control No differential expression m KIR2DL4 was noted i HLA-G typed
patients (oot shown) The mext step was to test whether sHLA-G present in plasma could mduce
apoptosis or mhibat the cytolytic fanction of NK cells obtamned from normal donors. To answer this
question, we used plasma fom CLL patients contamung different levels of sHLA-G to interfere
with the viability and cytotoxic actmaty of NK cells. Plasma from CLL patents significanthy
compronused viability of NK cells fom nonmal donors, by inducing apoptosis. The effect was
directly comrelated to sHLA-G levels in plasma, with significantly lower survival in the presence of
plasma from patients with sHIA-G™31.75 ng/'ml as compared to patients with undetectable sHI A-
G (Figure 4D).

A mpgnificant inhibinon of NK cell function was detected m the presence of CLL plasma samples
with detectable sHLA-G (p<0.0001, Mann Whitney test, Figure 4E). At an E-T ratio of 10:1 domor
NK cells in the sbsence of CLL plasma efficiently killed target cells (mean §5% = 1.63), while m
the presence of CLL plasma sanmples with detectable sHLA-G, the cytolytic activity was sharply
reduced (mean 27.38% = 472). CLL plasma samples with no sHLA-G were used as control The

presence of NK cell mhibition also in the presence of CLL plasna samples with undetectable
10
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sHLA-G suggests the presence of other factors implicated in NK cell activation control However.
the degree of inhibition comelates with the concentrations of sHLA-G (Figure 4F). An inverse
correlation between sHI A -G levels m CLT plasma samples (0=22) and the cytolytic activity of NK
cells expressed as % cell lysis conld be measured (the=-049. p=0.02, Spearman Correlation test,
Figure 4G). Consistent with the notion that CLL patients with del/del polymorphism display higher
levels of sHLA-G than the other gesotypes, plasma from deldel patents presented a hugher
whibittion than from the other genctypes. Thus, at 10:1 E:T ratio, del'de] plasma miubited NK cell
Iysis by 57.9%, while the effects exeried by ins/del and ims/ms plasma were 35.8% and 5.3%,
respectively (p<0.0001. Fisher exact test, Figure 4H).

Proof of principle: the HL4-G 14 bp polymorphism influences survival of CLL padents

The results obtamed so far indicate that the HL4-G 14 bp polymorphism dictates the amount of
HIA-G protem present on the cell surface and in the plasma of CLL patients and that the moleculs
modulates quantitatively and qualitatively T and NE immunocompetence. In consideration of the
immunosuppressive featumes of HLA.G. patients charactenzed by a delidel genotype would have
hsgher levels of HLA-G levels, would be more immunosuppressed and ultumately present a worse
chnical outcome. This issue was approached by testing the frequency of the HLA-G 14 bp
polymorphism n 506 CLL patients (Supplementary Table 1) The genotype frequencies were m
Hardy-Weinberg equulibnium: 176/506 patients (34.8%) were del'del homozygous, 81/506 (16%)
were ms/ms homozygous and the remamung 249/506 (49.2%) were ms/del heterozygous. Nooe of
the demographic (age and sex). clinical (disease stage. splenomegaly. Iymph node size), lsboratory
(LDH or fym levels), or molecular variables (CD38, ZAP-70, IgHV ostational statos,
chromosomal aberrations) showed a preferential association with the HLA-G polymorphism
(Supplementary Table 1). By survival analysis, patients harborng the deldel genoctype were
characterized by shorter survival than patients harboring the ms/del andior insins gepotype
{p=0.027, Log-rack test, Figure 5A). Consistenily, CLL pattents with sHLA-G levels above ithe

third quartile presented lower sunival (median 63 9 months) compared to patients with sHI A-G
11
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below the thid quartile (median, 71.5 months, p=0.0215, Log-rank test; Figure 5B), and CLL
patients with plasma sanyples showing inhibitory effects on NK cells showed a trend towards a
lower survival than patients whose plasma lacked mhibitory effects (p=0.147. Log-rank test, not

shown).
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Discussion

HLA-G 15 a nonclassical HLA protein that works by modulating main functions of NK cells and of
Tregs. HLA-G-mediated sipnals are cntical mn medisting tolerance dunng specific ontogenetic
moments (Le., pregnancy). HLA-G may be expressed by tumer cells as part of a strategy to evade
the achion of the mnate and adaptive mumune system.

To test whether this may happen also in CLL cells, HLA-G expression was tested in a large cobont
of CLL patients with well-defined molecular and clnical characteristics and with survival data
available. The ongmality of the work is that the analyses of surface or sHLA-G expression were
flanked by the charactenzation of the 14 bp polymorphasm in the 3" UTR uatmascribed region. This
pomnt was diciated by evidence denived from different models, which allows to conclode that this
polymorphism accurately predicts the amount of transeribed protem, either bound to the membrane
ot released i biological fluids

The results indicate an association between the del'del genotype and mcreased levels of plasma
HLA-G molecules. This association is apparent only i CLL patients, as plasma fom age- and sex-
maiched controls failed to reach a statistically sigmficant association between the del/'del genotype
and the amount of plasma HLA-G.

The siteaticn on the cell membrane is less defined: del'del patients are more frequent in the group
expressing hagher levels of the molecule, even if a statistical significance is not reached. A potential
explanation for this findmg hes in the relauve mnstabibry of HLA-G molecules on the CLL cell
membrane. Results showing a comrelation berween membrane and sHI A-G levels favor the view
that the main mechanism for the generation of sHI A-G is shedding rather than altemative splicmg.
Thus was confinmed by the analyus of HLA-G 1sofonms, which hughlight a donunance of sHLA-GI,
generated by proteclytic cleavage of membmane HLA-G1. No preference of isoform according to
the 14 bp polymorphism was noted, in agreement with published data (31, 32)

A reasonable hypothesis to explam this result is that the membrane form represents a transitory step.

A consequence 15 that quantification of soluble rather than surface HLA-G may be more accurate.
13
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Thus 15 also in hoe with previous studies, which found that sHLA-G levels i plasma were lugher m
CLL patients than in healthy controls (17, 18), A second issue favonng the wew that quantificaton
of soluble rather than membrape HLA-G 15 an mformative and dependable assay denves from cold
and new facts linked to the unique Lipid structure of the CLL surface (33, 34), potentially mcreasmg
the mstability of the membrane form. In agreement with this in myeloma cells mHLA-G is released
from the cell membrane also m microparticles (35). These findings suggest that a quantification of
sHILA-G may be chmcally nseful and more informative than surface analysis on tmor cells.

The second set of results obtamed in this work may be considered as tiles composing a tolerogenic
mosaic, where HLA-G molecules represent a knk between innate and adaptmve mmmumity.
Accordingly, the presence of a del/del genotype (i.e.. with high sHLA-G levels) is paralleled by an
expansion of Tregs n the cuculation. Supportive data come fom other models, where HLA-G 15
reported to induce Tregs. As an example, PBMC exposed to sHLA-GS acquire regulatory features,
mhibiting allo-proliferative responses exerted by other T lymphocytes. It is also kmown that patents
receiving combined liverladney transplants show high levels of sHLA-GS, which correlate with
mcreased percentages of suppressor T cells (36). Sunularly, stem-cell transplanted patients present
high <HI A -GS in the peripheral blood, with a sinmltaneous expansion of CD47/CD257/CDIS2™ T
hymphocytes with suppresuive activity. Indwect confirmation m the CLL model may be deduced
from data showmg that an increase m Tregs positively comelates with the presence of chinical and
biological features of aggressive disease (37).

NK cells obtained from CLL patients present a lower cytotoxic activity when compared to NK cell
populations obtained from healthy demors of a comparable age This issue suggests that leukemic
cells directly affect NK cell wiability and/or activaty. This would be achieved through bmdmg of
HLA-G to the KIR?DL4 hgand, wiuch becomes expressed once NK cells are activated in the
presence of IL-2 Our working hypothesis is that ectopic expression of HL A-G contnbutes to block
KK cell functions. With the mm of reproducing physiclogical conditions the expeniments were

performed using whole plasma instead of punfied HLA-G. The assumption was confirmed by
14
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incubating NK cells obiained from nommal donors with plasma from CLL patienfs containmg
variable amonnts of sHLA-G. This was followed by a marked induction of NK cell apoptosis,
which was proportional to the amount of sHLA-G present in plasma Forthermore, also lysis
mhibition was proportional to the amount of sHI A G Noteworthy, CLL plasma samples with
undetectable cHLA-G were able to moderately mduce NK cell apoptosis and to reduce NK cell
cytotoxicity. These results suggest the presence of other factors than sHIA.G that are able to
control NK cell activation m CLL condition. As expected, NK cell function of del/de] pabents was
more impared than tat of ins/del or ins/ins patients.

In conclusion. data chiained m this work prowvide two different sets of information. The first one
indicates that the 14 bp polymorphism mfinences quantitative analyses of sHLA-G. The amount of
sHLA-G in plasma has a prognostic value, suggestmg that this specific assay may be relevant m the
management of CLL patients_ rather than the mere measurement of membrane HI A-G The second
set of results mdicates that the presence of HLA-G molecules in the neoplastic environment, either
soluble or bound to the membrane, creates a favorable settmg for CLL expansion. As a proof the
evaluation of the mpact of 14 bp polymerphism on the clinical outcome of the disease shows that
del/de] patients display a lower overall survival than ins/del or ms/ins patents.

Taken together. our results sustain the view that HLA-G molecules are part of the escape strategies
desipned by CLL cells and indicates that a quantitative amalysis of sHLA-G levels may be of

climcal relevance i the management of C1 1 patients.
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LL, FF: contubuted patient samples, GG, MCM, LM: designed research and interpreted data; FM,

5D: designed research. interpreted data and together with RR. wrote the paper. The authors declare

no competing financial interests.

15

225



References

L Chiorazzi M, R KR. Ferammi M. Chrome lymphocyiic lenkemia. The New England
journal of medicme. 2005:352(8):804-15.

L Lotz M, Rashemm E, Kipps TJ. Transformung growth factor beta as endogencus growth
inhibitor of chronic lymphocytic leukenua B cells. J Exp Med. 1994:179(3)-999-1004.

3. Bemjanun D, Park CD, Sharma V. Human B cell interleukm 10, Leuk Lymphoma
1994.12(3-4):205-10.

4. Ramsay AG, Johnson AJ, Lee AM, Gorgun G, Le Lheu R, Blum W, et al Chromc
Ivmphocytic leukemia T cells show impaired imnnmologcal synapse formation that can be reversed
with an immuaomedulating drog. J Clin Invest. 2008;113(7):2427-37.

3. Giannopoulos K. Schmitt M. Wlasiuk P, Chen J. Bojarska-Junak A Kowal M, et al The
hugh frequency of T regulatory cells in patients with B-cell chronse lymphocytic lenkemia is
diminished through treatment with thalidomide Lenkemia 2008, 22(1):2224.

6. D'Arena G, D'Auna F, Simeon V., Laurenti L Deaglio S, Mmsuveto G, et al A shorter ime
to the first treatment may be predicted by the absolute oumber of regulatory T-cells in patients with
Rai siage 0 chronic lymphocytic lenkemia Am J Hematol. 2012;87(6):628-31.

T. Serra 5, Horenstem AL, Vasinti T, Bresa D, Rosa D, Lavrenti L. et al. CD73-generated
extracellular adenosine in chrome lymphocytic leukemin creates local conditions counteracting
drug-induced cell death. Blood. 2011;118(23):6141-52.

B Rirzo . Bortolotti D, Bancordi OR, Fainardi E New imsights into HLA.G and
nflammatory diseases. Inflamm Allergy Drug Targets. 2012:11(6):448-63.

2. Carosella ED. The tolerogenic molecule HLA-G. Immunc] Lett. 2011;138(1):224.

100  Shiroishi M. Tsumoto K Amano K, Shiraliham Y, Colonna M. Brand VM, et al. Human
mhibitory receptors Ig-like transenpt 2 (ILT2) and ILT4 compete with CD8 for MHC class 1

binding and bind preferentially to HLA-G_ Proc Natl Acad Sci U'S A 2003.100(15):8856-61_

16

226



11.  Rajagopalan S. Long EOQ. A lnmoan histocompatibility lenkocyie antigen (HLA)-G-specific
receptor expressed on all natural Inller cells. J Fxp Med. 1999;139(7):1093-100.

12 Dul Xio X Wang C, Zhang X, Zheng N. Wang L. et al Human leukocyte antigen-G 15
closely assocuated with fumor mwhnne escape m gastne cancer by mereasmg local regulatosy T
cells. Cancer Sc1. 2011;102(7):1272-80

13. DhazLagares A, Alegre E. LeMaoult J. Carcsella ED. Gonzalez A. Nitnie oxide produces
HLA-G nitration and mduces metalloprotease-dependent shedding creating a tolerogenic milien
Immunology. 2009;126(3):436-435.

14 Rirzo B Bubini M Govemi M. Padovan M Melchiorn 1. Stignam M. et al HIA-G 14-bp
polymorphism  regulates the methotrexate response 0 shenmatosd athnts. Pharmacogenet
Genomics. 2006,16(9):615-23

15.  Hvud TV, Rizzo R, Chostiansen OB, Melcluom L, Lindhard A, Baricordh OR. HLA-G and
IL-10 in semum in relation to HLA-G genotype and polymosphisms. [mompogenetics
2004:56(3:13541.

16. Rirzo B Hvud TV, Stignam M. Balbom A, Grappa MT. Melchiorm L, et al The HLA-G
genotype 15 assocmbed wath IL-10 levels wn actvated PEMCs. Immuaocgenetics. 2005,57(3-4):172-
8l

17,  Anuct L Le Fnec G. Sebit Y, Drencu B. Pangault C, Guilloux V, et al HLA-G and
ymphoproliferative disorders. Semin Cancer Biol 2003:13(5):379-85.

18. Sebti Y. Le Friec G. Pangault C, Gros F. Drencu B, Guilloux V. et al Scluble HLA-G
molecules are mereased in hmphoproliferative disorders. Hom Imomnol. 2003:64(11):1093-101.
19,  Rezvany MR Karerm A Hapfathah A Kaviam 5, Mellstedt H Anatysis of HL A-G gene
expression @ B-lymphocytes fom chronic lymphocytic leukemia patients. Iran Biomed J.
2007:11(2):125-9.

17

227



20. Nuckel H, Rebmam V, Dung J, Dubssen U, Grosse-Wilde H HLA-G expression is
associated with an unfavorable outcome and mmmmnodeficiency in chromic lymphocytic lenkemma
Blood. 2005;105(4):1694-8.

21,  Enkei AA Kamagoz B, Ozyurt M. Ozmurk A, Kilic 5, Bilg 0. HLA-G expression in B
chronic lymphocytic lenkemia: a new prognostic marker? Hematology. 2009;14(2):101-5.

22 Deagho S, Vamiits T. Bergui [ Bonello 1. Horenstem Al Tamagnone I et al. CD38 and
CD100 lead a nerwork of muface recepiors relayng positive sigmals for B-CI1 prowth and
survival. Blood. 2005;105(8):3042-50,

23. Hwud TV, Rizzo R, Melkcloom L, Stugnam M, Bancordi OR. Polymorplusm m the J'
wpstream regulatory and 3' uotranslated regions of the HLA-G geoe m melafico to soluble HLA-G
and IL-10 expression. Hum Imomnol. 2006.67(1-2):33-62.

24 Rizzo R Bortolotti D, Fredj NB, Rotola A, Cura F. Castellazzi M. et al Role of HLA-G
14bp deletion‘insertion and +3142C>G polymorphisms mn the producton of sHLA-G molecules mn
relapsmg-remuting ouliiple sclerosss. Hum Immumol. 2012;73(11):1140-6.

25 FRebmann V, LeMaoult J, Rouas-Freiss N, Carosella ED, Grosse-Wilde H Quantification
and identification of soluble HLA-G soforms. Tissue Antigens. 200769 Suppl 1:143.9.

26.  Famnard: E, Rirzo R, Melchiom L, Stignami M, Castellazzs M, Cansatts ML, et al Soluble
HLA-G molecules are released as HLA.GS and not as soluble HLA-G1 woforms m CSF of patients
with relapsing-renutting mmultiple sclerosis. J Newroimammnol. 2007;192(1-2):219-25,

27, Vacca P. Martini S, Garelli V. Passalacqua G, Moretta L. Mingan MC. NK cells from
malignant pleural effusions are not anerpic but produce cytokines and display strong antitumor
activify on short-term [L-2 activation. Eur J Immnunol. 2013:43(2):550-61.

28,  Vacca P, Cantoni C, Vitale M. Prato C, Canegallo F. Fenogho D, et al Crosstalk between
decsdual NEK and CD14+ myelomonocytic cells results i mduction of Tregs and

immunosuppression. Proc Natl Acad 5¢i U S A, 2010;107(26):11918-23

18

228



29.  Castellageta A, Mazanegos GV, Nayyar N, Zeevi A, Thomson AW. HLA-G level on
menocytowd dendntic cells correlates with regulatory T-cell Foxp3 expression in Iiver transplant
tolerance. Transplantation 2011:91(107:113240.

30. Rajagopalan S, Bryceson YT, Kuppusamy SP, Geraghty DE, van der Meer A Joosten L et
al Activation of NK cells by an endocytosed receptor for soluble HLA-G. PLaS Biol 2006;4(1):e9.
31.  Hvid TV, Hylenus S, Rorbye C, Mielsen 1G. HLA-G allelic vanmnis are associated with
differences i the HLA-G mRNA isoform profile and HLA-G mPNA levels. Immunogenetics,
2003;55(2)-63-79.

32,  Svendsen SG. Hantash BM. Zhao L. Faber C, Bzorek M, Nissen MH, et al. The expression
and functional activity of membrane-bound human leukocvte antigen-Gl1 are mfluenced by the 3
uatransiaied regon. Humn Immmael. 2013:74(7):818-27.

33 Daefler 5. Kmeger GP_ Expression of probiferation and differentiation antigens m response
to modulation of membrane fuidity in chrome lymphocytic leukemia lymphocyies. Anticancer Res.
1989:9(2):501-5.

34, Hensham Y. Kay 5. Dezorella N. Baron S. Hazap Halevy L Porat Z. et al Divergence in
CD19-medmted signalng unfolds mtraclonal diversity m chrome lymphocytic lenkeman, which
correlates with disease progression. J Immunol. 2013;190(2):784-93.

35. Kslumagar SK Alam SM, Jasti S, Hodes H, Nauser T, Gilliam M, et al. Immunomodulatory
molecules are released from the first timester and term placenta via exosomes. Placenta
2012;33(11):9821-90.

36. HNap A Le Roand S, Dunbach A, Kmwice-Radanne I Creput C, Dacuya M, ef al
CD3+CDdlow and CD3+CDSlow are induced by HLA-G: novel luman penpberal blood
suppressor T-cell subsets involved in transplant accepiance. Blood. 2007;110(12):3936-48.

37. D'Arena G, Lawrent: I, Mmeraini MM Deaghio 5. Bonello I. De Marine I et al
Regulatory T-cell number is increased in chrome lymphocytic lenlemia patients and correlates with

progressive disease. Leuk Res. 2011;35(3):363-8.
19

229



Figure Legends

Figure 1. Distribution of membrane HLA-G in a cohort of 126 CLL patients tvped for the 14
bp polymorphism. (A) Densuity plots represent the gating stmtegy. Left pamel indicates the
morphological gate, right panel shows the staining for CD19 and CD5. (B) Histograms represent
surface HLA-G expression in CD197/CDS” CLL B lymphocytes of three representative patients.
(C) Patients were then divided acconding to the 14 bp polymorphism into del/del, ms/del and ins/ms
categomes. Box plots represent the distribution of mHLA-G in the different categones. (D)) Graph
representing the percentage of patients expressing mHI A-G above (black bars) or below {open
bars) the therd quartile (9.5%).

Figure 2. Quantification of soluble HLA-G levels in a cohort of 60 CLL patients typed for the
14 bp polymorphism. (A) Box plot analysis summanzing data obtained with a quantitative ELISA
assay performed on 60 plasma samples from CLL patients and 60 plasma samples from control
subjects (controls). The lower and wpper linut of the box define the first and turd quartiles,
maximnm values. (B) Graph showmng scluble HLA-G levels in CLL patients divided according to
the 14 bp polymorphism into del'del ins'del and ims'ins categones. (C) Graph representing the
percentage of CLL patients expressing soluble HLA-G above (black bars) or below (open bars) the
third quartile (31.75 ng/ml) mn the three genotypes (D) Repression lmes showmg a positive
correlation between the perceatage of CLL cells expressing HI A-G on the cell surface and the
amount of soluble HI A-G m the plasma Spearman’s coefficient (tho) and the corresponding p
value s hsted (E) Box plot showing the results of an ELISA assay using isoform specific
antibodies t0 discrumunate between soluble HLA-G1 (denved Gom shedding of the membrane form)
and soluble HLA-GS (denved from alternative splicing).

Figure 3. Evaluation of the T cell compartment in CLL patients tvped for the 14 bp

polvmorphism. Percentage of total CD4™ (A) and CDS” (B) carculating T lymphocytes and Tregs
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(€) m CLL patients divided accordmg to the 14 bp polymorplusm. Tregn were defined as
CD4"/CD2S"#CD127". (D) Regression hine showing a positive correlation between memibrane
HILA-G and the percentage of cuculating Tregs. Spearman’s coefficient (tho) and the comesponding
p values are histed. (E) Percentage of Tregs in CLL patients expressing membrane HI A-G above ot
below the third (9.5%) quartile (F) Percentage of Tregs in CLL patients expressmg soluble HLA-G
above or below the third (31.75 mg/ml) quartile.

Figure 4. Evaluation of the NK cell comparmment in CLL patients tyvped for the 14 bp
pobvmorphism. (A) Percentage of creulating CD56 /CD3” NK cells in 7 CLL patients and m 11
healthy donors (controls) with a comparable age and male-female ratio. (B) *'Cr cytotoxicity assay
companng the Iytic potential of in vitre [L-2-activated NK cells from controls (cueles) or CLL
patienis (squares) aganst the K562 target cell bine. () Expression of KIR2DL4 in resting and IL-2-
activated NK cells from CLL patients. Data are expressed as MFI ratio. (D)) Percentage of NK cell
viability in the presence of sHLA-G-high and sHLA-G-low plasma from CLL patients. (E)
Inhibation of cytolytic activity of IL-2-activated HD-NK cells against K562 target cells in the
presence or absence of plasma obtained from CLL patients. (F) The mlubitory effect of CLL plasma
on NK cell lysis was studied m patients with lugh levels of soluble HLA-G and compared to
patienis with tundetectable soluble HLA-G. (G) Regression hne showmg a negative comelation
between the amount of soluble HT A-G and the percentage of cell lysis. Spearman’s coefficient
(rho) and the comesponding p value is listed. (H) Graph representing the percentage of NE cell lysis
inhibition obtaned using plasma derived from patients categorized on the basis of HLAG
genatype.

Figure 5. Kaplan-Mever curves showing overall survival in 506 CLL padents. (A) Kaplan-
Meier estimates of overall survival according to according to HLA-G 14 bp genotype (B) Kaplm-
Meier estimates of overall survival according to sccording to soluble HLA-G levels
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Supplementary Table 1. Demographic, clinical, laboratory and molecular variables of the CLL
population subdivided according to rs 66554220 polymorphism.

HLAG HLAG  HLAG  Toml p value
insins ins/del del'del

IGHY <0g%, 40 (49) 157(63) 104 (39) 301
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The genotypes ns'ins and ins/del were considered together as low and medinm HLA-G producers and
compared with the del'de] ugh HLA-G producer genoiype.

FISH, fluorescence i situ hybridization; /GHT, immunoglobulin heavy vanable gene; BIM. beta-2-
mucroglobulin

p values were obtained by chi square test or Fisher's exact test, when appropnate.
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Supplementary Figure 1. Quantification of soluble HLA-G levels in a cohort of 60 controls typed
for the 14 bp polvmorphism. (A) Graph showing soluble HLA-G levels in control subjects divided

according 1o the 14 bp polymorphism imto del'del. ms'del and wsins categones. (B) Graph
representing the percentage of control subjects expressing soluble HLA-G above (black bars) or below
{open bars) the third quartile (24 4 ng/'ml) in the three genotypes.
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Supplementary Figure 2. Phenotypic analysis of KIR2DLA on NK cells. (A) NK cells from decidual tissne
(dNE), healitry donor (HD-NK) and 2 representairve CLL panents were analyzed for surface expression of
KIRODLA at day 0 and after 7 days of culture in IL.2 Staining with secondary antibody alone is shown (gray
profile). One representative experument out of 10 performed.
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Antibodies for flow cvtometric anakvses

Antibodses used were anti-HILA-G-PE (clone 87G), -CDI19-FITC, -CD5-FITC, -CD4-FE-Cy5 (all from
eBicscience, Milan, Ttaly), -CD38-PE (EXBIO Praha, Vestec, Czech Republic), -ZAP-70-AlexaFluor438 (Life
Technologes, Imitrogen. Monza, [Raly), -CDS-FITC (Biolegend, Milan Italy), -CD3-PerCP, -CDS6-APC, -
CD19-APC (Miltemyn Bictech, Calderamn di Remo, Ily). KIRIDLA (RED Sywtems, Abingdon, UK) was
highlighted umng a PEcomugated rabbit amti-monse secondary astibody (Southem Biotechnologies,
Bimingham Al) Tregs were detected nang snh-CD4-PerCP/CD2S5-PE-CDI27-AlexaFluorfdT mix

(Biolezend)
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Paper 4

LETTERS TO THE EDITOR

. _______________________________________________________________|]
Multipotent stromal cells skew monocytes towards
an antiinflammatory function: a role for HLA-G

We have read with interest the paper by Melief er al'
reporting the ability of multipotent stromal cells (MSCs) to
skcwmomncytrs towards an anti-inflammatory IL-10 pro-

:? pmductlon of IL-6 and preventing
-present-
mgimrrunog:mc cdl:s Th: au:hcn mndumtu paper

proposing “the that MSC, by ind IL-10
production in monocyte-derived cells, pl:;; a reg-
ulatory role in multiple anti-i isms,

wh:chcmddcxphmdmrchmcal benefits in immunother-
z‘ The authors t “that IL-6 is important but not
onlyfactu" In fact, previous studies demonstrated
E and not [L-6 seems to represent the
kcymlubltoryntdﬂtor Moreover, several studies have
reported the ability of MSCs, when co-cultured with acti-
vated peripheral blood mononuclear cells (PBMC) or
direcdy activated ous [L-10, to modulate mem-
brane and soluble HLA-G antigens.™ HLA-G anti-
ar:mn-daa-ull—ll.h—daulmohculcschamm:d
tolerogenic and anti-i functions. In partic-
bodimembran:andsoluble -G molecules have
bctnslwwnmmhabttnamalhllctcdl(NK)deD@ T-
cell mediated , CD4' T-
anddenhucccl]nummnMorwvet, of
HLA-G anti Iblaasbcmassoaa‘ ted to the induction of
reqil-nmty cells.
¢ production of sHLA-G molecules by MSCs™ has
also been su trd,madciumtoodurntchmsm asa
raumnlcfmsﬁ sties of MSCs
mmwp&whﬁd&cﬂ%m)) [npam:u
ujduwghmsmunmunc—hzwxhtmxalsmdxsmd
m npumm?m&mnmwmd;u:ﬁdm
tinguish MSC and monocytes in co-culture conditions, we
have observed a si ant correlation between the
ence of increased levels of HLA-G and IL-10 in the
co-cultures with PBNC:andangu‘ﬁcmtcomhﬁon with
lymphoproliferative inhibition.”

Several studies have demonstrated that HLA-G modula-
tion is of benefit in organ transplantations, autoimmune
d:scascsandprcgnancyudmmdudownmguhnonofdu

immune response is essential for a positive outcome.
the other hand, the presence of HLA-G antigens has been
associated to clinical negative consequences in tumor and
in viral infections where the tolerogenic function of these
molecules permits immune-escape.” The documented pro-
duction of IL-10 by monocytes in the presence of MSC

could trigger the production of HLA-G molecules by both
monocytes and MSC.* Our data and the results of Melief
et al.' support these factors as key mechanisms for MSC-

induced immune-regulation.

Diana Canpiom,” Daria Bortolotti,” Olavio R. Baricords,
and Roberta Rizzo’

‘Deparoment of Medical Sciences, Hemawlgy Secion, S. Ama
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Abstract
Human leukocyte antigen (HLA)-G is a non classical HLA class [ antigen with

polymarphism genotyping immuno-modulatory functions. The HLA-G gene is characterized by a +3142C=G

variant in the 3" untranslated region which is suggested to control protein production
Correspondence and to be associated with pathological conditions. DNAs form 221 randomly
?:"m le;' ) I selected healthy subjects were genotyped for HLA-G +3142C>G polymorphism by
mdmic m."r:m polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
Saction of Microbiclogy (BaeGl), real-time PCR and sequencing. The 19% of the PCR-RFLP heterozygous
University of Ferrara samples were genotyped as 3142GG by real-ime PCR and sequencing. This
Via Luigi Borsari, 45 disagreement is caused by digestion efficiency in PCR-RFLP. This real-time PCR
Femrara 44121 method will guarantce an accurate genotyping for future rescarch and clinical
Italy purposes, where large cohorts should be tested.
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Human leukocyte antigen (HLA )G is a non classical HLA
class I molecule with a physiological tissue-restricted distni-
bution in cytotrophoblast (1), amniotic cells (2), thymus (3)
and endothelial cells of chorionic blood vessels (4). HLA-G
molecules are generated by an altemative splicing of the pn-
mary transcrpt of the gene: HLA-G exists as four membrane-
bound (HLA-G1, -G2, -G3 and -G4) and three secreted soluble
isoforms (HLA-GS, -G6, -GT7) (5, 6). HLA-G exhibits low
allelic polymorphisms in comparison with classical HLA class
I genes, with only 47 alleles (IMGT HLA database, April
2012) and 14 proteins. HLA-G is chamctenzed by tolero-
genic functions, inducing apoptosis of activated CD8+ T cells
(7). acting on T regulatory cells (8), modulating the activ-
ity of natural killer cells (9) and of dendntic cells (10) and
blocking allo-cytotoxic T lymphocyte response (11). These
immuno-regulatory functions are mediated by the interac-
tion of HLA-G molecules with specific inhibitory receptors:
ILT-2 (LILRBIXCDSSj), ILT4 (LILRB2/CD85d), CD8 and
KIR2DLA (CD158d) expressed by immune cells (12). HLA-G
expression is differently modulated during inflammatory dis-
cases, viral infections, cancer and organ transplantation (13).

The HLA-G production is controlled by several poly-
morphisms both in the promoter and in the 3" untranslated
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region modifying the affinity of gene-targeted sequences
for transcriptional or post-transcriptional factors, respectively
(14). One single-nucleotide polymorphism (SNP) C>G at the
+3142 bp position (rs1063320) has recently been explored by
Tan et al. (15), who showed that this marker may be related to
susceptibility to asthma as well as influencing HLA-G expres-
sion. The presence of a guanine at the +3142 position may
influence the expression of the HLA-G locus by increasing the
affinity of this region for the microRNAs, miR-148a, miR-
148b and miR-152, therefore decreasing the mRNA availabil -
ity by mRNA degradation and translation suppression. The
influence of the +3142G allele was demonstrated by a func-
tional study in which HLA-G high-cxpressing JEG-3 cells
were transfected with miR-148a, decreasing soluble HLA-
G levels (15). The contrasting results obtained by Manaster
ct al. (16), who reported the absence of +3142C>G effect on
the miRNA control of membrine HLA-G expression, prompt
further considerations on the relationship between this poly-
morphism and membrane HLA-G expression.

Cumently, the HLA-G +3142 polymorphism typing can be
performed by PCR-RFLP with specific primers (Figure 1)
and BaeGlI as restnction enzyme (17, 18). This technique has
been used in association studies between HLA-G +3142C=G
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in griyy wnd ursclodingd IPCR-RFLP and inwbae and bold onceriined ek vrme PCR1 The VIC ard FAM MGE probes for real tme PCR e shown,

palymorphism and two dseatcs: eysiemme lupus erythemalo-
s (SLE)Y and wckle cell desease (SCD). The anthors showed
an incease of the +3 1426 allele frequency in SLE patients
{171 and the underreprsentation of the +3142C allele in SCD
paticots hepatitin C positive and with history of resgiratory
et infectionn (18}

We performed ihe PCR-RFLP on randomly sclecicd DNAs
from 221 heslthy subjects extracicd using & Nuocleon Bace
3 Kit { Amsersham Pharmacia Biotech, Buckinghamsbine, 1K)
sccording o mamifoc turer's instroctions, HLA-G + 3142 paly-
marphizm was snalyzed on 100 g of genomic DNA added
1w a fimal volume of 25 g, with final concentrations & fol-
lowe PCR buffer 13, 20 mM MgCh: 0.2 mM of each
dNTP: 1.0 U of Tag-polymense and 10} prmol of cach pamer
(Fgure 1) +MA2F-5CTOOTGEGACAAGGTICTACTG-,
AR5 -CATGCTGAACTOCATTOCTTOC- 3 Y (18], The-
moccyching conditions wene: 94°C for 5 min; 32 cycles of
HC for W0 & 655°C for 3« and T2°C for 60 5 ollowed
by a final extenmon siep st T2°C for 5 min. The smphified
PCR products were cleaved with 3 U of BarGl (New Eng-
lasd Biolshs Inc., Ipswich, MA | scconding o manufacturer’s
instructions and visualized on 1.5% sgarcse gel, with ampli-
con sizes of 406 bp for the C allele and 316 snd 90 bp for
the G allele.

The same samples were analyzed by real4ime PCR arry
for gemotyping of the HLA-G 4314200 polymorplizm
in exon B (Figure 1L We performed the asalysis using

the 7% realtime PCR sysiern {Apphed Biosystoms,
Bedford, MA). The forwesd primer, 342for, was 5.
CCTTTAATTAACCCATCAATCTCTOTTG-3'  and  the
revere peumer, 3142rev, was ¥-TGTCTCCGTCTCTGTCTCA
AATTT-¥. The MGB probe wsed for detection of the 31420
allele was -VIC-TAAGTTATAGCTCAGTGGAC-3 (3142
CFVIC) and the MGB probe for the 311420 allele was
SFAM-TAAGTTATAGCTCAGTGCAC-Y  (3142GFAM)
(Figare 1), Each probe his a non Buorescent guencher ul the
¥ end. Amplification won performed with 0625 pl Assay
mix 40x (Applied Bwosysicms), 125 pl PCR masicr mix
2x mnd S pl genomic DMNA in « iotal volune of 25 I, The
PCR microtiter plates were ceatrifuged at 3800 g for 1 min

Toble 1 Companson betewssn 231 DlAs from mndomly selecied

haaithy contol submcts genotypad for HLA-G 31420 G polymiorphasm
witth the usa of the tracktionsl PCR-AFLP method and the raw resk

e chain resction {PCR method The thres genctypes ane
ruportaed as CC, CG and G5
PCR-RALP feal-nima PCR
N Frequency (%} N Freguency (%]
+3430=5 m =
Gerctype
o 1 188 a1 18.8
oG 130 L1 105 ars
GG 1] s 8 s
201 2 Jak Wikieg & Sivrm AT

Tiams Amdgaes, 2017 o0, 205 -0
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Figure 3 Roprasantstive rests from the resbtns POA of HLA-G 31430 G SHP garctymng ifustratsd by o scutter glot. The probes wens labaied
with WIC [+3122C aflelel and FAM (+314.35 dleial flucrocromes. Esch probes has 8 non flucrssosnt quenchar 1 The 3 and. Gray BOUSES (epresant
nagatve conirols, which consst of shenle water without genomic DA Representative results from PCR-RFLE and sequencing e reporied belpw
PCR-AFLP: smplification products from sach +31.£2 ganctyps wens dilutad 1:2, 1:4, 1:100 in e total volurme of 204, iestictsd with BaeiGl snspms
{Mew England Buolabsl and wsuskzed on 1.5% sgarcss pel with ampicon szes ol 408 bp for the C allsis snd 318 and 20 bp for the G alise.
Sequencing: the amgified PCR products obtained with the primars of PCA-AFLP protocol ware sequenced by an AR 3130 sutornated sequoncer
iApphed Bicdysterna), The segusnting cordimmed the edl Lime mesuls, with & 314205 panotps o e dacoimen Simpies.

in a swing rotor. Before the amplification, a pre-read nn
was performed ot 60°C For | mim, The smplification protocol
wis: @n inital sep @t 95°C for 10 min followed by the
amplification step ot 92°C for 15 = asd 60°C for 60 s for 40
cycles, A post-mn reading st 60°C for | min was performed,

The fequencacs of the throe gomctypes are reporcd in
Table |. The geactypes followed the Hardy - Weisberg (HL)
distribution for the real-time PCR (3% =0.138, P =nom sig-
nificant), while the PCR-BFLP resulis were fol i HD eqia-
IBwrium (37036, P=00079) This dissgreernest was
cosfirmed by a kapps (k) value. messum of the agree-
ment between two tests, of 0.8] (confidence interval 85 %:
0. 7465~ 0883}, Since only o & value of 1,00 is soceptable for o
complete agreemend. we evaluated the capses of these different

& 2012 Jabn Wik & Sora A5
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results, In paticuler, we observed the 19% of the PCR-
RFLP heteroaygous samples that wer geaotyped o 114260
homoeygous by real tme lechnigue. The caure of this dis-
cropancy was cvakmted podforming the cnrymatico dgeston
on differem dilymons (1:2, 1:4, 1:10) of the PCR smphfication
products. The 34200 and 314200 DMNAs presented the same
results at the different dilutions (Figure 21, while the 3142605
DN As produced contrasting resulty after the enzymaiic diges-
vt o e bases of the samjple dikitions. The 31482060 typing
was obtained only with the digemtion of 1:00 diloton of
the amplification prodoct, while 12 asd 114 diltions were
minkeading and suggest a 314200 typing. These resulis are
siictly connected with PCH amplification and enzymatic effi-
ciency. Since different amplification product concentrations
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could modify the fnal typing and we could not know a prioei
the protocol efficiency, it is of extreme imporance 1o perform
PCR-RFLF sseay on different diluton of the amplification
products,

The sccuracy of the real tme st was conkrmed by
the 4.5% iotra- and inter-assay cocflciemt of variations,
the sensitivity of 95.5% and the specificity of 100%. The
DNAs were alio genotyped by sequencing (Figure 21 The
arsphified PCR products ebisined with the primers of PCR-
RFLP protocol wee sequenced by an ABIL 3130 sgomated
sequencer (Applied Bicsynems). The sequencing confirmed
all the real-time PCR msults, with & 314200 genotype for
the discordant samples,

Since shicrations in the frequency of HLA-G +3142C =G
polymorphizm are suggesied 1o have a significant impact in
different pathological conditions, sach as SLE (17, SCD (18)
and mthma (15), it i3 pecessary to univocally evaluate the
different genotypes. Moreover, the interaction between this
polymorphisrs and miENAs suggesss this peoe posbon as &
posaible thengeut tamget for HLA-G expession modidlation
(19, 30, The real-time PCR method presented in this study
will puarantee an sccunate genotyping Tor futee rescarch and
chakal purposcs, where loge coborts should be teabed.
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Abstraci: Homas lsacocys mages-G (HLA-G) in 0 pon-cleasical BLA cho 1 modecods with s importent mole ar e
fenss-maternal Ererface. prevennny fen recorminen mad abomicn The rele of HLA-G & m mmune-modularry asd
ms-inflammatery molecule bay lad o restizate i role i pathological conditiom In these yeann, HLA-G bay been
shown ie have sn importat implicanen, i mflemmasory pathelogses. The foom of dis revew 5 in wp-dee he soeanfic
kncwledse on the expresiion of HLA-G malecule in e atery conditiens

Eeywerds: HLA-G, pnmanity, immune cells, mflammanon. pathology, regulation.

INTRODUCTION

Inflasmmation 1= a localsed protective maction to allerpie
or chemacal omitation, Wy and'or mfections. Inflananaton
o charseterizad by pan heat, redness ing s fosy of
fanction that recult from dilation of the blood vessek: leading
to an mcreased blood supply and wbercellubn spaces,
movement of lenkocytes, protein and fhuds into the miflamed
mmpon: Inflapmatery responss conld be ubdrded mio ; 1)
scute mflymmonen with 3 rapid onset and 2 thort duration
It == cooudered the mam defence mechanivm amed 2t kilmg
of bactena, virm: and paramies and facilifatmg wound
repams. It 13 characterised by the exudstwosn of fluds and
plazms protems and the muprahon of leokocyie:, most
potably neutrophils mio the injued mea, u) chromse
miflarmmatios, with 3 more prolonged dwation mmd the
presence of fibroses and nswoe necyons. The perustence of a
chrome milsmmation  moresse: the development of
degeoarate dizeases smch as rheumatclogical diseases,
atheroscleronis, heart ilu.un, avtheny, mmlinple sclerosis
(MS), dishete:, mflammatory bowel diseazes (TBD) [1, 2],
becauze of the permzient mnmmme cell reacmiy and cyiokome
secretion. The repulation of a chrome nflsswnstion 8
stictly connected to the presence of anb-wflammmasery
factors, that mieract with oeoome cell: and  Drpet
transcriphon elements to modulate pmemens cell actvation

Ome of thi: smb-milassmstory components B sugzestsd
to be the Homan leukocyte antigen-G (HLA-G) HLA-G 12 a
major hseocompantuliny complex elacs [ annpen encoded by
a pene on chromosome §p2]. It differs from elassacal HLA
clazs | molecnle: dus o houisd pobymorplizm m the codng
region with 47 allsle (IMGT HLA danabase, Apnl 2012) and
14 protem: and 2 resincied tzme disbrbution. Seves HLA-G
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poforms exet due to allermatve spheme and dufferential
associanon with fl.mcroglobulin, two of tese ame found on
cell surface apd m bologeal fuds: membrane-bound Gl
and zoluble G5, thet lsck: the ban:-mwembrane and
mivacelniar domams of Gl (Fig. 1) [3]. HLA-G possesses
an unpxired cysteime residus 3 positton 41 on an extermal
loop of the pephide bindmg poove that enable: the
duneranea [4, 5], HLA-G mosomers are recopuzed by the
inhibitory recepior: LILRB] and [TLRE] and by EIRIDLA
[6]. LILR receptors have 3 preater affimity for the dunenc
form with an merease m mgnalling potennal via LILRB] [7]
m NK cell: [8]. The méerachon of HLA-G molecule: with
mhibutory recepton mduces of actvated CDE= T
cells [7] modulstes the activity af natwral killer (NE) cells
[18, 11] and of dendritc cells [12, 13] blocks allo-cyioimxic
T hvmphocyte response [14, 15] and mduces expanuon of
suppressar 1 cell populshoes such as CD4=LD25<FoxPl=
mhm'l'ﬂru}nlls[li 17} (Fig 1) Thll'ﬂ.h—i.'r
i1 controlled by several palymorphizms both

hmmﬂmhlmmﬂndnmﬂ'm&
modifying the affimity of gene targeied sequences for
transcriphonal o post-transoiphonsl factors, respectively
[18]. A 14 base paw (14bp) muerton‘deleton (INSTEL)

i exon § mvelves mENA stbility and
sxpression (i 7040 [19, 20] (Fig 2). In particular the DEL
allele stabilizes the mENA with 3 consequent kigher HLA-G
expre=sion [20]. One smgle oucleotide polymorphi=m (5MP)
C=G at the +3142bp posihen (rs 1063320) has recently been
explared by Tun and coxsthoss [21] (Fig. 2). The presence of
a guanme at the <3141 poution may tha expre=uen
of the HLA-G locus by mereasmg the of this rezion
for the mucroBNAs mR-1483 ouB-148b md ouB.132,
therefore decreasing the mBEMNA avalambry by mENA
degradatvon and manlanon suppresuon The milvence of the
+3142G allaie has been demonstrated by 2 fonctonal smdy
m which HLA-G hagh-enpressing JEG-3 chenocarcmoma-
dertved cells have been tansfected with puR-148a
decreamng solmble HLA-G level [21] The confrastmg
results obtumed by Mansiter and comuthors [22], who have

© 1011 Bentham Sowoce Pebbeber
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Fig. (1} HLA-G immvene cell mrgets HLA-G is an ss-mflammanery molecule ishibinng and conmalline fmmme cell sctvaton. g
wppressive NE calls; Trl: fpe | mgulmory T cells; DO depdnuc cell; Trag: reguiswry T call; FasR: Fas recepror, DCIO: IL-10-
differsnriared dendnne cells The comesponding refefance mre repomed.

eposted the absence of +3142C-G effect oo the cuRNA
conmol of membane HLA-G expression, prompt farther
comudesrstion: on  the relatomshp  betwesn  this
pobrmapbrm aod membrane HLA-G expression. HLA-G 12
i swess-mmducthle peme. Hear shock, i3 and arsenie
mdus m meoreaze of the differest HLAG altemaie
wamsanpts [23-25]. The mdolanune 2 3-dioxypenase (IDO),
an eazyvme which metabolizes typtophsn [26], mduces
HLA-G sxpresson dunng mopocyte differeshaben mio

interleikin (TL)-10 ha: been comelated
with comcommtant HLA-G  expression bl |
Transsetnabon of HLA-G tanserphon ha: alse been
demonztared by leukemia mbibutory factor (LIF) [30]
progesterone [11] and Methowexate [32] cell expomure
Furtheroore, mterferon (IF1)-2, -8 and -t enhance HLA-G
cell-murface expression by mumors or monccyies [33, 34]
HLA-G rols ;m imemune-tolerance bhas besn discoversd
shmdymg its expression m trophoblast cells at fetus-maternal
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minrface [35]. The mportance of HLA-G produches by
placenn] mophoblass 5 evident m pre-sclampsia, 2 diserder
that evolves m the second hall of pregnancy and affects -
T4 of all pregnancies witk vaving weventy and unexplamed
recurrent spontinsows sbomon (RSA). Several smadies have
found an shemant or reduced expresmion of both HLA-G
mENA and protem 1 patholopical m compason with
contral placentss [36-38] wath a pozuble unpheaton m fetal
protechion and vasculs event:

HLA-G expression has been docunented 1 few Bosies
dumg pbyvuolegwal condmom:, wuch 35 comea, thyems,
ervibrosd and endothehal precursers [39-41] and m a
varabls percentage of serumiplasma samples from baalthy
mbjects [41], where the mam producers are activated
CDl4pasitve monocytes [41] A modified espresuon of
HLA-G molecules have besn observed duwrmy “po-
physslogical” conditions. such 31 viral mfecton [44-47]
cancer [48-33], tmnsplantahon [34.57]. milsmmatory and
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Fig. (1. Ovgamizstion of the HLA-C geme Exoms and e comesposdmy prorsin domamns se shown = demil The HLAG
inserion deletion 14 hase pas (195p DV5/DEL) and e wngls meleotide +31420 -G polyvinacphivmy ste located in the 3" enBanlated region
o the gmom £

atoimsmure diveases [58, 55]. Recently, the role of HLA-G
molecules m mflymmatory dizesses has gamed 2 zcentific
and chmical mterest, for the posminhey o be proposed a
melecular bomarker and 3 pessible therapeuncal target

This review will present recemt findmgn on HLA-G
molecules 1 different miflamumatory condstions (Table 1)

CUTANEUS DISEASES AND HLA-C

The ton & oot 3 wmply pasuve bamer but 1t =
characterized by an istricate and complex system called
“shmn umomoe system” (5I5), where zeveral call fypes

, dendntic cells,

mnmuseglobulms. cviokmes and other huenﬂ amall
molecales) fanslate the spdermal weult mie cutanecus
milammnanon toough the socrdmated acton of mnate and
defense mechanzm: appears o be mupbcated m the
pﬁnhnﬂlhyvmufnwm#h

nomally
mﬁﬂnhﬂmwmﬁuimlhmuinlwﬁishn[ﬂ
65) Proxmnal nal matnx weems o be an exception, m fact
HLA-G 5 up-regulsted and could muntsin the poowsse
provileged mche [56], EFhPﬂMmmhsbm
deseribed m miflammatery thin pathalogies.
Pronases (Onbne Mendehan Inkentance = Man, ONIM,
EITT900) & 2 chome nfarmatory don disease with am

mereazed blood flow to the naface of de don and mereaed
mfiianon of mflammatory celh, mehidmg dendrne cells,
macrophages and T cells [67] Both mesmbranebomd and
solubles HLA-G protems have besn detected m puomage skm
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HLA-G may

cyiwme

cells [69] hhmb,mnﬁmﬁh-ﬂmm
el bhave been found m pronatic patients compared o
controls [T0], mgpestmp 2 difference m systerne HLAG
expresnion that coald be assecoed wis the IL-10 deficisncy,
that has besn lnpothesrmed o be 2 central phenomenon m the
pathogenssys of peormas [71] Pioross menagement can be
systenne madicahon: The svaloshon of the tesimest effect an
sHLA-G expression reported incressed plesmane level m
systenuc freated pahent (efshomnab, cyclesporn A, actenn)
w;drlﬂlﬁﬂ-mmThbul

Atopac dermatnis (AD) (OMIM, #603163) 13 a chrome
smvroamenta], maely food allergy, and pepete facters [72]
The wennfication of the responsible molerules would lead to
wentificaton of childes who mgmre eardy precentse
mErvEnnon.

charactenized by Th2 cell mfdltrate and [L-10 &= produced m
Lurge amounts by penpheral biood monocytes and mfiltranng
lemonal culls [73] HLA-G has been found m AD dermal
miilvate, mamnly by T cells amd o a lesser exvent by
macrophages and dendmitic cell:, tugpe=tng a role m e

spontanecusly

lﬁhhm pathways unphcated m the
orable evolations that may cccur n the cowrse of AD as

ri!nnﬁihﬂluhu‘eﬂmﬂ-ﬁn-q[?l]
Pemplugus vulgans (PV) (OMIM S163610) © a

pathogene=z: of the dizea=e remmm: unclear, even though o
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Tablel. Present Literamure on HLA-G in Inflammas tory Diseases
i Esferwacs Sample: Technique: Recui:
CUTANEDUS DISEASES
R HLAG ek me exgreied £ 15
CodlaPNeral BrJ | Tiees Som 3 miwed pases wik
L} . - Immschiseckemiey | arens Eesperave of the sevenny of e el
Dzl 2010 paarid and 37 conmol
Lowes olasma bevels of vods tHLA-G mnd IL-
= Borgh A ail, drch Plama Ser 67 pasen woh modeate- A 1 i ooy e companed o coosoh md
Darmani B, 2008 o-ievere plaue puaiaa = Jocal semed putienh & commarta with
VIRSED WRNTE A
PV ralls egress deiecrabe HLA-D molecde
Yaui Faral lran J S mane wcnons fomnaemaland | g L arhoh mmacpuonal md mnshmoel ek
ki ALy At s pampiers vpn PV = i HLAC and om mermam mHLA-
v 20E dnainaty (Gl amncript o epidermal cels of PV paresmn
s compared w noamad ceils
GomtEaal Hum | DOVA SISl foo penwiins cases Fol makess e found ifemuem e
Eil Bl 3004 et mairhed ool m Tk T HLAAG P pansl S ot i m LApINLTEL
Indel Al Baclim J 12wk pabenty sl 74 healthy oo kitar Befween HLA-
- et meckaruimy
- Dervazml 2010 comls O eqrezo and vellies
Biood saampies o 241 wit o
FmDaal, drch PCRARFLR, HEAG SN (] T3G0RS; ke o pignificans
™ Dermund B 2011 m]lml : ) 395 Diipest sspisnrng ausociston with WV
MUSCULAR HSEASES
el H ov ol , Hiom Flutsiae rrvoblsss S patients. i Pl iy, baar - el HLA G expression =
1] {03 nm;&t Fathakn: condmos:
HEART DISEASES
Blood ssereies Sam 17 iopatis
" ko S | Sonel oo s s} mfﬂm.hﬁumpm.m‘
el " nﬂﬁl - aeiand ceEmared Wi haalth {oals
. Bood aapin Som 4 oonmn wik Tha Swercy of 18 DD moovme B
0 ":ﬂ? t‘:‘;&!l_':b oonmary sy disense (CAD) g 145 IIF&.-# bushot 17 CAT portenty tomspared to the
REUMATHOLOGICAL DISEASES
EM-dermied monoerac ey ek o © .
po: | SN A shemumd v s 19 s HLAG e 5 pepulaed i RA pacemss
VD Ty ﬂmﬁ“ M5 Incregsed Swrparncy of the 14 DEL alels
et TD ., e m
" dnnree. 2008 PoApassen 394 haadey sy and 55 PR A pemienn
SHLA -G levels are bowsr mBA ]
Plassria sacepies Soan 06, 30 wainen. r
Pt Vierbrngpen Larai, ued 2 men BA e and conmed i ”wdm“ﬂi ,ml-i
Hom bvvpang 3008 o el W obmned S 5 e afheand v ibe Eoesmce of diuscs
ity e gned 48 woomen,
predipoang HLA
Sara freem 25 JIA rosen and 4
Prpore Leral_ 3 chaasts. ELITA ‘Seramn sHLA-G concammoen i lowar T4
L. Bhmenicgy, %11 T8 ofle e vy o Flow crmrmasy priy—"
Soem 12
R R, Pezen oo EROSEICET (e i ST ARy fy S St &
Femmmibare] bigsped 2 umnsons s
108 Fosado 5w al. Hum Fo 50 e b Flow cysozwty, SLE pastirs prosans g levals of HLAAG
——y ol (SLE) ptens and 5 ety | mmmobaechesney 5
ferinle demon
¥ Ve TDeral Iopat Elsond sagpies Booa 207 possenn, wik SLE with |- INSDEL
. 2008 5LE ad 480 i il e e ackiy ity
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(Tabds 1) conid.__
&. Ference Sample: Terhmigue it
N5 INFLAMMATORY DISEASES
e S ety e CTF maz e s ¥ b MY
o - B S R
I inataums (NPT . ) el i o e M pane whouw sl
MWM ey on WP oes.
i Famasl Eeral. M | o Som 100 M5 watems. 91 0BND. 92 BEA LA & radacner = e sk e
: NINT mnd 1 bl coprein NET Iecu = 3 e o ook
In M5 panemes with po evetac e of MEL disnse
1 H_..E_:" ek C5F Som 4 miapane-reymme WS ELITSA MUY, 3 e I D VR (ORI 1
patiersty. e D) et S RN MEI hﬂhﬂ:&:ﬁhdm
hmmhﬂllﬂﬂlﬁi
Wil wro, By | SIS A D Alhemer) dhse Exgmession, of HLAG md it morper LT
nrmnks gochazsy
L 005 m&ﬁm 57 el e = arees of oo ss s
of % pases and commmis
m&mm&ﬁu‘:ﬂ-h
Dutas and I
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1 EDTA o 371 (D paisnmn, 2TUC R nﬁ% mnTE
007 pamat: md M comeml = stmufearey e > U0 sy
Fizm B ot al, hfamm i mgn-:h:h =
i secrein of sEHOLA-Gin ) pases
135 -mm “ﬂlﬁﬂmm EEA hu‘mﬂmm
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L ks 0 LT Inperp e v pEE
e [BALY Siock
1 Wi Rwral B cmmed fom | nee-ashmane congn! ESA LA el o moreased m e AL fud of
Raper J 2000 ﬂmdlimduﬂ petumatic abiecs compand with ool
periziEs avhon
Tohm Farsl
Ferdrch ey R e g Tt ke el of SILAD B ooy
4 _mmi Chesdme ELBA R
HLAG IVEDEL polrmecpbiom & Bt
ore] g NG i Hiem Pagrs Sroam 72 Ja0nic SStuns P PR TEMWEE Rt [ANEEE
Brpmznad, 3010 g 7 normal conmb ELA i congels. Plagna FLASG o g mthom
m-hﬂrmﬂdh‘uﬂ-ﬂ:
RimReal fitem m—mmm cli.ﬁlﬂlnmtlmdﬂ::
14 e e T e Ella m:umﬁ:w'
[mdEre: W sEvER persem prtun o
imonoer e cells fom 30 sdboecs wh
144 Map CEwvnl, O Frp | 1500vae s 15 aevromomanc ama wlmhmm‘:mmmn
it e 1 ieecramoe, 15
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RET P “Sera Soen 15 peremnial llerer gt mnn*mdm
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(Tabide 1) comnd
( mupon
Nt Fosferemie Samphe Techmiqee Faault
DIABETES
Eil MIC eral, Goz 2511 mwe | dasbwes furdie: of mudnple ; A P = e vicmey of ELA-G s amocimed
14 e M0 (mestly Cancman) sduacr Liskge eaifrea wth b
h.ﬂ'ﬂlw.f:: Diwexirssic call o 0 dizwer Lo il denrine
o HLA-G molacubn in i
L bemao e e T r— calls Soum e panas

whuhdnhdnmﬁrﬂm[ﬂj Skin tissue
mﬁnm?\?mm%ﬂlﬁ-ﬁ

[T6]. Moreoves, the deleton vanant of the HLA-G 14bp
INSDEL pobymorphism, whih leads to  mereased
copcentanon of HLA-G, ha: been obierved wath highes

frequancy m PV patwnts m comparron with controlks [77]

Vinliga (OMIM SS065T%) 1 an scqueed cutaneous
desorder with gradual shin deprgmentation produced by the

understood  Vitligo iz associated with lower HLA-G
axprezoon which sems o pumniee actie deasss [78]
Moresver, 3 polvmorphosm o the HLA-G promoter repon
(1736918} hay been relsted to nop-segpmental vitligo and
o the age of onzet [T9].

It iz wmberesting to note that mflsmmatory cotaneous
dueazes present 3 duproportonal expresnon of HLA-G
molerules wath respect to comtrol: and the eould be
mhcndnﬂuhhmdnﬂmnhﬂ-mhxﬂ
aniigens, which may predispose o autoimmmanity. So
sppears that down ‘over-expresson of HLA-G may uunhiy
act a5 an mmouEesuppresave and bepeficna] molecule bat
may alse savtme an uobalwced uminnne shmulsten nd
smfcamemnmity.

MUSCULAR DISEASES AND HLA-G

Musele wmpary and repeneranon 1 characwnred by an
acute damage, producmy an mnate milamemaitey msponce
hbmmhhmsm:fmnﬁimnf
repeneration  Helease cytokmes dunng the Thi
milammatory mesponsa, n‘p!cwﬂmimmnﬁ:hr
alpha (TNF-u) and TL-6, b 2 swopg milmence on the
pormal propession [B0, 81] Howwver, m the sbzence of
transihon from the Thi response fo the Th response. the
repenerative process = amested sustamme 3 chrome
wibeupaton whess pressntaton of the muscle asnpes: and
sctivamion of o cellulw onsane recpomse would be more
Ehely, Thiz cosdition allow: the development of
sutoummoune reactons which lead o myopathie:r. The
milsmmatery myopathees (OMIM. 8160500 may be caised
by an allergpic reachon, sxposure o 3 tomic substance, the
pretence of 3 concopunnt doeste or vim: mfecnon The
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mhhmmhmmﬂn!p@me
Caltured muscle cells are able to present mahigens to (D4
poatne and (D8 poutive T cells, supporting the rola of
mmscle fibes m munanny ad peEpetatng 1
responses [81] HLA-G i3 expressed m mmocle fbers m
wyopatioes amd IFN-gamma mduce: HLA-G
mEMNA wanscriphon sod tansducton @ oryoblot caltived
from control subjectz and patients [§3]. These data, together
with the unproved beart praft acceptance m ihe presence of
HLA-G expression af beart mmscle [84. 85] and the abality to
mduce HLA-G expresuios m vascular smootk mmicle cells
by sxpomme o progesterons [86], cupport the immune-
regulatery relevance of HLA-G that could promer mancls
fiber: fom cell-medisted wmhawy m awtounmune mascle
disorders

HEART DISEASES AND HLA-G

Inflasmmaton 13 =  mmportnt  componsd the
Muufﬂmm:nﬁmﬁ&m&h
moat caxes the role of mnflammanan 12 3 natural response to
wmury and an mmportant pwchamem for bsabng and taoe

are characterzzed by systemic milameoaton, with roced
cmlamhfihufmﬂmﬁmmm“]
that 5 mot acoompanied by 3 correspondmy i
mflovmastary  cytokme: =uch a2z IL.10
researches suggest that thes sysienns milammathon may play
lmbnhdnwﬂmpﬁsmdhinﬂm

Acoumulatmg data have revealsd an  umporian:
inflummstary component i the pathopenens of idwspathie
dilated cardbomyepathy (IDC) (OMIM, =1152000. 117 IDC
panents have been HLA-G penotvped for the 14 bp
INSDEL polymorphe=m [92] [DC patent: have showsn an
momaced frequency of 14 bp DELDEL gemotyps, hugh
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HLA-G producer, and DEL allele when compared with
bealthy controlz

On the contrary, the esvaluston of S panents with
coronary artery disease (CAD) (OMDIM, #608320) bas
presented an werersed Bequency of 14bp IS INS penotvpe,
low HLA-G producer, m the presence of a permstent
angographic CAD. The mmpawed HLA-G producton could
be a risk factor m the contol of the dicease [33] These
resuliz suggest a3 differsnt role of HLA-G molecule: m
cardiovarcular dveases, depemdmg on the pathalopcal
fexture HLA-G could be nsed 2z ook foctor and 22 mnmmme.-
medulatng apent for dizorder conral.

RHEUMATOLOGICAL DISEASES AND HLA-G

Fheumatic disesse 13 a general term used to desenbe
mﬁnlﬂmuiﬁdhpmm

#150300) = an swtoememune disesse comsed by the onomne
syshim attackmg svmovial cell BA coise: mflammation,
pun and stiffness o the points that can Jead to a losz of
function A combumabon of penshc mmd emvponmental
factors may meorease the k. Bome mamow (BM)
metonucless cells fom RA panents pressot an sbaormal
mgulatory network: m the moomuoe mcposse [94] Gene
expresmon profijes (GEPs) m BM-denved KA mononuclear
cells shownd 1.910 dows-regulsted and 764 wp-regalsied
pens, which mchde HLA-G gena. Several sudie: havw
evaluared the role of HLA-G polvmeorphizms m REA
suscephbdity withount a2 final common resnlt The evaluanon
on 256 FA panects and 356 healthy controls genotvped for
the HL4-G 14bp DNSDEL polvmorphizm ha: reported no
differences m allehic and pemotypc and oo
correlation with dienie charactersties [#5] T
wmgle-nuclectids pobrmorploims {EHP"} (1736918,
1202TC and m2735021 -586CT) m HLA-G gene have
presested mo assoczahon with the development of BA m
Korsan populstion [96]. On the congary, the analyses of 106
panents with jovemile idispathic mihmas (JLA) (OMIM,
#5604302), the most commen form of perztent athnis m
chuldren. have shown a spmficant comelanon berwesn the
14bp DFL sllals and JIA susceptibility in gy when
compared with contols of the same pender, The different
results obtamed suppori fhe premence of different
phywpathogenic elements betwean EA and JIA [93]. Serum
sHLA -G copcenmanon 13 ngnificanty lower m RA [97] and
JIA patents thas m contrels [95)] while higher sHLA-G 15
presat = JLA syoovial fhuds (5F) [98]. Decreazed 2HLA-G
semum concentaton may lead o a2 activation of
iflammatory calls and contribute o the development of
mounmune disease The hagh relesse of HLA-G m the
miflamsed synoviom may be relsted to the recrutment of
actrvated HLA-G postive mmmmne celly that conld mieract
with imwne mbsbuory ILT-2 receptor, that 13 upregulsed
m 5F, and momtam a2 cheome inflammatory response. In fact,
i bias been reported that the production of HLA-G molscules
& enhanced m synovial Bbroblasts fom miflamed joants [39].
Intwrestimgly, = 3 poup of RA patients with HLA complex
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shared epitopes associsted wuh the disesse especially HLA-
DEBI1*01, *04, and *10, the <HLA-G level: 2w hagher and

poanvely cormelated with disease actvity parameters, such
25 C-meactive protem and the sumber of swollen jomts [37]
The kighest :HLA-G concentation: may represent the

evalused 21

blood momoscvees
(PBMC3) sctivated by Hpopolysascchandes (LPS), with the
bughest levels m the l4bp DEL/DEL genotvpe [19]. The
analyis of the HLA-G 14bp INSDEL polvmorphiam m 156
MTX-trwated FA patisnts has shown m mersase of the 144p
DELDEL penotype m the responder group, charsctenzed by
a reduchion m disea=e actraty score (DAS)IYES mezsured
before and afier mx months of weatment with MTX [101]. In
contrast to this shudy, theve e two researches with neganve
mcults 1) 130 REA patent: have poesanted mo sgmuficant
difference i 14bp DELINS allebe and penotvpsc
diztribotion in pahent: responsrre to MTX (DASIE <« 33)
[102); u) 186 RA panents, whe have never been geaied with
MIX. heve prospectively been followed and have been
cmnﬂc-da::-wwh*m&;ﬂﬂ"lufwb’llhm

of the compective nssue Panents with

telanmectasizs and inflamematory  polyarthralsa
HLA-G molecule sxpression [105] mggesting 3 tole m
unmEne coEmel
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Systemmc hapus ervthemaoms (SLE) (OMIM, =601744)
& a systemue auboemmnene disesss of the conmective hasue
that can affect any part of the body. SLE symptoms are
usally chromic and relapsmg charactenzed by peniodse
eprzodes of mflammaton The mmune respome & mamnly
chamactenzed by Thi-cell Rosare  amd
cosuthery [106] and Chen and comthers [107] bave shown
bogher HLA-G and IL-10 level: m SLE patiamt: m
mw‘ﬂhhﬁrmﬁﬂlﬂmnﬂm-ﬁmﬁ
[108] have observed lower sHLA-G concentrations m SLE

m!mﬂhmlhum\muﬂ;mﬁpﬂmun!
and related to IL-10 apd ana-DNA annbodses [107] Thess
tesalts confirm the presence of 3 HLA-G mmpaired
expresnen m pansnts with SLE and 3 posmble rols m the
pathogenesiz. Usmg SNF mapping approach, HLA-G gene 12
reported a3 3 novel independent locus with SLE mterscnon
[111] In particulsr, HEA-G 14bp INSDEL polymorphise
and HLA-G +3142 C+G SNP bave besn amalyvsed m SLE
populsnon SLE panests have shown 3 higher frequency of
ldbp NS allele and ldbp INSINS gemotype [108]
Moreover, [4bp INS/TNS panents have presented the kghest
iﬁﬂ:titln'ﬂj ﬂll] ﬁhhnﬂﬁ'ﬂ‘!’,hnﬁhﬂhﬂ.uf
HLA-G 14bp INS/DEL polymorphozm m 3 5LE Bramban
populstion he: fuled to present an sssecution [113] The
31435 allale and the <3142 GG genotyps Sequencies are
mereased among SLE panemes a3 compared with commwels
[114] The:e data su=tan the role of HLA-G molecules in the
congol of SLE condmion, 1o particular several results mstumn
the lower HLA-G expresmion as & ruk factor for SLE
development.

Behget's syndrome (OMIBL & 109650) 12 2 rare imewnne-
ukeration and oculs wvolvemenrs. The HLA-G*010101
allele 11 atzociated with a reduced rsk of BD while HLA-
G*010102, G010SN  alleler and ldbp INSDEL

are msecuied with an ereased mak of BD
{115, 118]

Eavasaki disease (DMIRL # 611775 13 an acute self-
bmwied vazcubte of mimt: and children characwnzed by

hymphadenopathy. Without trestment approxzmately 15—
5% of pansnt: with Kawasaln dizesss wall develop

COFORArY amery anewrvims. making this disease the leading
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cane of acquered heart diseate among chibdran m developsd
coustries. Although an mfectous agent 12 hishly suspected
tha astiology of the duease 13 largely wnknown Howsver, i
bas been sstablinhed thar mflammanon 1= a central featare of
Hawaals dicesse Several hme: of enidence sugpest that
genenc and mmmasclogpical Gooer: play qﬂtﬂtrﬂhﬁn
diserss gascepubality and ocutcomes Intesesmmply,
syoonymow: SHF (OA) of the m-ﬁmhl‘ﬂﬂn
Leal 340le) 13 sigmaficantly associated with Kawasakn disease
[117]

mtﬂ!ﬂh{#lalﬂﬂ})u:mﬂunﬂm—
grumlomatons  divesse awsocmted with  am
mammrnmndam
response The seholopy 11 unkeown but » the moleculs
lovel waveral codies havw shews HLA assocbons (HLA-
DRBI*1101) [118] 47 panents wath sarcosdens have besn
analysed for different HL A-G allelespolymorphizms [119].
14bp D45 allele has been cboerved more often m sarcondons
panents than in controls. Only rare and weak expresson of
HLA-G ha besn obsarved i pramulomas from sarcowdons

panents, suppornng the penens resul.

CENTRAL NERVOUS SYSTEM (CNS)
MATORY DISEASES AND HLA-C

The cental mervous system (CNS) = condered am
ummane-prviieged compartment that mamtass an adaptable
srmune survedllance svstem. Dvaregulated mumume fanctnion
within the CHN5 contrilutes 1o the development of bram
ftumor gowth, and sobust mmmeoss actvator msult m

v il :

Multiple sclerosis (MS) (OMIM, #126200) = 3 chross
mflymmnatory demyeleotng mmd pooodegeneratres dizeaze
of e cental perveus sysem (CNS) with an unknows
aetolopy that 1 wudely considered fo be amtoummmune
natwre [120]. Epdemiclopical studes mdicate that exposuze
to an esvoonmestal fawter, such as am miectons agent
combmnation with pesetic preduponton, conld be mmphoated
uhﬁpﬂnm[lﬁﬁ] M5 i cumently believed to be
medizted by sietoreactive CDMpositrve T helper 1 (Thi) cells
winch taffic acres: the blopd-wam bamer (BBB) and
ougrate mio the (N5 after scovason [120] These cells
crchestrate 3 combmed attack of both mpate and acquuoed
mmmune responses  dwected agamst myeln  protems
coniitme of 3 cooparation among monocytes, microphiges
{mmmlﬂ:ﬂtﬂm'll‘nihnd
CDSposiave T eells {aequired immume svatem) and resulnng
m CNS mflammation leading to myeln damage and oeonal
lom. The presence of C5F detectable levels of tHLA-G m
ERMS (relspuns-remittins MS5) patients and occasiomally,
m othe mflammistory peurclogical disorders (OIND) and
non-mflemmotary newrological diserders (NIND) has been
reported, for the first tone by Famard) and coouthers {1211
In addmson. C5F levels of sHLA-G are hogher i ERMS than
mn controls and increased m awecshon with [L-10 valaes
w REMS patent: without than m thowe with magnebe
resonmnee mnsgmy (MEL) endence of dissase peteaty [121]
Of note, in REMS patuenss, C5F concentatons of sHLA-G
and [L-10 are posmively with macove MRI
dizesse and CSF IL-10 tbers sre more elevaied in pabents
with than m thoss without C5F measurable levels of :HLA-
G. These data smppest thar CSF sHLA-G levels may

INFLAM-
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mochilate M5 disesse activity scting 3 anb-infamesastery
molecule: undar the comtrol of IL-10 C5F levels whech may
enhance sHLA-G producnon. The existemce of haph CSF
conceatrabons of HLA-G m M5 panest: and thew
assocuation with clmucal and MRI stable dizease have been
repeatedly confirmed in sulrequent irvestizations in which:
i} az mirathecal prodocton of tHLA-G = more frequent
MS than m iflammawry and non-mflammatery contols and
predomumated m chmically and MEI mactive compared to
chmeally and MBI acove MS [122) o) =HLA-G
concenmanon: recprocally fuctate in CSF and serum of
MS patient: becansa they s decrrazed m eum of
chimeally stable M5 and memeased m CSF of MREI macnve
MS [123); &) CSF levels of HLA-GS and not fhose of
:HLA-G] poforms are more mereased m MS than contrels
aind m M5 panent: witkowr MEI appearance of disease
activity than m thooe with MRI Gd-echancmg lesons [124];
md w) CSF valmes of sHLA-G ad mbapoptotc sFas
molecules e mversely comelated in M5 patiests wath oo
svidence of MRI dispass actmty, mmee O5F concemtraton:
of 1Fas are lower m MS thas in controls and i MET moctive
thn = MEI actve A5 [1M] BENA and protem HLA-G
exprestion on penpheral blood monocyes 1= lower m M5
patents than m healthy donors and meresses aftes the Aest
month of teatment with [FH-b [43] Intevestmgly, HLA-G
and ity inhibatory receptors (ILT-I and ILT-4) are stwongly
up-regulsted withm and wround M5 lexsons where mecrogho,
macrophages and endothebal cells are recopmzed as the
cellular sowrces [125] Futhermere protesn HLA-G
expression 15 logher on coltured buman M5 oucroghal cells
after activanos with Thl preinflunmatery cyviokine: and o
mﬂmhmhnmnfnﬂlﬂhmmhmmnm&
CDEpounve megulawry T cells expresung HLA-G (HLA-
Grpos Treg) has been recently descrbed m peripheral bload
of M5 patisnts with relapes [126]

Further studwes hrve demonstrated that [1-10 contribuies
to mednate the muppresove actrvaty of Chdpontee HLA-G™
wg L127] which sre kiphly represented m CSF and

CCRS [128] These results shengthen the assumption that an
ssocianen between HLA-G anngens and M5,

Collecirvaly, thess clbuenabon: provide wdence fhat
HLA-G anngens are hlkely mvolved in the resolution of M5
amiommmmumty achng as anh-wmflanmatery moleculss, and
suggest that HLA-G poninve Treg could plev a role m the
development aof a 5
mETesnvaonment 3t the uites of milammotion m M5

CASTROINTESTINAL INFLAMMATORY DISEASES
AND HLA-G

Inflammatory bowel disease (TBD) (OMIM, #266600) is
the gpesers] term for Crobn’s disesse (CDV) and ulceranve
cobtizs (UC), two chrome mflsmmatory disorders of e
mwmmmum:ﬂ,w:d
mnomanclogical chaactenatics. The couse of IBD i
unkznown, but recent remults srougly saggest that both D
and UC are due 1o an of EXagperated Enmune
response to normal constiumt: of the got bacternl flora. In
IBD, the nsyme damage occwrs I areas that are heanly
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mfilorared with activated (D4 positive T hymphoeytes. Thi
mﬁhuﬂ-ﬂﬁmdll.allmmnhdhdrmdhm
panemis (129, 130]. On the commary. CDd positve T
WMDCMMME& [131,
131] sugpesting that Thl-type cyickme: may play a role m
UC.

Towes ad coswthors [133] kave smdied mitestnal
sample: of UC mmd CD panents and

observed am mcrease of beth llbpﬂﬂ."ﬂ'ﬂnﬁ 14bp
NSNS gemotypes and & copnsequent decresse of the hish
producer genotype (14bp DELDEL) m UC mbjects

companzen with CD patenr Ale Firzo and cosuthor:
[135] have Found a differest HLA-G expression in UL ind

dmeases and propose tHLA-G and [1-10 levels az diagnoshc
parameters to facilitae the diagnesis of UC and CD panents

Cebiar disease (OMIM, #212750) (CD) =z a ;hu
sensitvity that induces an autoimmune mflummatory dis
tﬂdwﬂuﬂlhuhm:umnfmﬂy
predisposed Tubjects. Both penetic and envirenmental factors
contribute to the developmest of (D). The promay HLA
asseciation for CD 15 conferred by class Il HLA-DOQ penes,
thei preferennally hind glutes Appromumastely 50 % of the
CD patmnts expres the HLA-DQDY molecules, sncoded by
DQAL'0SDQBI*Y pemes. and the majonity of the
remuieE  pabhents  expres: HIA-DQE  eocoded by
DOQALI*0IDOBI™03:02 pene: [136, 137] Pasneniz wath
active CD are charactenzed by sipmificandy high level: of
pro-mflammatory cyiokmaes, such as IFM-gamma, [L -lbeta,
mumer pecrosts factor-alpha, IL-6 and 11-5, and abe of Th-2
cyiokines such as [L-4 and IL-10, compaed wnth normal
controls [138]. Tomes and coanthors [139] bave shown the
presence of HLA-G m bopuaed fom calise patenty mnd have
obzerved bugher sHLA-G amount m comparyzon with contral
wubjects,. The evalwaton of the [4bp INSDEL
pobrmorphism m a8 gowap of 522 celiac patientz [140],
stranfied for the prevence of HLA-DQY, has desnonstrated an
merease m the 14bp DELDEL penotype mn companson with
controls. These dats sugpest that the 14bp DEL allele could
merease the nak of put mflamemanion and probably mestam 2
chromisization. Dunng the disesxse, HLA-G expression seem:s
to be snctly comelsted with the dizesce speafic cyickne
environment, that could mduce. UC and celine doease. ot
down-regulate, CD condshon, HL A-G production.
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ALLERGIC DISEASES AND HLA-G

Allergie disorders, such as asthma, now afflict roughly
5% of people m the developed weeld In allerpie subjects,
persistent or repefive exposare 1o allergens, whach typucally
are intrmuacally mbochous substafce: common i the
sovonment, results @ chrone allerpe mflammonon. The
in tam produces long-tesm chamges in the stucture of the
affected orpan: and substanhial shecomabibe: m  thes
funcon

Asthena (OMIM #500807) 1= a chrosic disease affecting

role n.FELA.-G a2 potsstial aathes
bypamresponsmensss  woscepiiubity peme. In  partenla,
susceptibality vanes dependng on whether the mother has
asthma or bromchial byper-mespomsncenes: (BHE) A GG
genotype 2t SNP -964GA m the promoter region has been
aszociated with cthes o e offprng of mother: wath
arther azthma or BHE, wherea: the A'A genotyps ba: been
associated with asthma in the offsprng of asthuns- and BHE-
free mothers. Tans and coauthors [17] have decoversd an
association between <3141 G (l063320) and asthma.

study has exmnoed plems :HLA-G levels m 72 childmen
with atopic avthma and 76 pon-atepic. pormal contreds [144]
Cirenlating plasma sHIA-G 12 lsher m the afopec,
asthmatic chuldren The l4bp INSDEL pobmorphizm has
o impact o plasma sHLA-G levels in the atopic, mthoane
children, Thu:, coculatmg HLA-G may be unportant as a
bromarker and could potennally modulate mnmune funchon
more broadly, while the local abundance @ mrways may
kave a3 more duect mizhonshup with imone modulatios
the mucors There are alie v vie evidences thu the
presmmce of HLA-G may d&ffer m asthma HLAG
expresmon by penpheral blood mononuclear cells 13 reduced
i pethmatie patients [145] while it &3 evensed m sathms
mduced by mocyamanes [146] Ths dufferent behavior may
represent differsnces m hological roles i different disease
contexts. A loss of HLA-G could reduce immunosuppression
and perpenate milamnoton, whereas maeaced HLA-G
ssthims could be an afempl o resisert iMSTEROSHPTTEILI0N
Intereztngly, HLA-G = differsntally sspressad durng the
lung development [147], supgesting 2 potennal role = lung
mflammathion mductson and chronicization.

Allerge rhans (AR) (OMIM, #607154) 1 charsctenzed
by a Th? palanzed mmmune response. tHLA -G molecules
are increased i sera of panents with pollen-induced 2llame
thumitey shodied outade the pollen tesson [148], dunng the

. mablisgual enmanotherapy
llhn::hwqmullﬂlhrldnmmlimh!km
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pollen allerge paments [149, 150]. sugpesnmg a clwcal
umplicanon 3 homaker of responze to SLIT. Imerecnngly,
childsen with AR have agnificantly lngher levels of sHLA-G
molecules than normal conmols or ckidren with allerpic
asthena [151]

DIABETES AND HLA-G

Imrmumelogic aboormalines are associaed wath type |
(OMIM, #2221000) and type I (OMIM, #125853) disbeter.
T cells are beleved o be the maor cause of sztoummune
disease m type | dishetes leadmp to the destracnon of
pancreate wmletz Many fockors can smbance  meulm
resstanes, moluding pensncs, 3 sedentary fesrvle. obenry,
and other condifions, tuch a3 chrome mflammation o
wiechon. locreasss m mflammanos, such 23 actnstnon of
manocyies and mflsmmatory molecules (C-resctrve profemn
plizminogen actrvator mbibitor-l and cytokmes) have been
repored = moubn-renstant sistes withouwr diabetes. One
poaaible mechantsm 1 that abnormal level: of metabolites,
meh as bpuds, fatty aod:, and vanous cytokmes fom the
adipoie msvue, Botrvate monocyte: and ineyease the secenon
of mflammatery cyfokne:, sphapemy mube resstnce. It
bas been shown thar hagher levels of sHLA-G, Imked 10 2
typacal biomarker of meubn resctoree ke I1-6, seems to
charactenze sabjects with an mpawed glocose mwobolzm
[152] These dats suggest 3 possble implcanon of HLA-G
antpens m doabetic condition. In fact, 2 SNP m the vicmaty
of HLA-G has been associated wath ope | dabeses [153)
dendizhe cells from hype | diabetc patent: produce lower
HLA-GC molecule: 1 mesponse to [FN-bem [154] =
companzon with conirol subctz Interwctimgly, HLA-G bas
been detected 1n some secretory pranules and found to be
upregulated at the cell surface of pomary wlet cell: which
are stmmisted to secreie moubn [155] Smce mamy
FutesEbFend B et unrmERTy Sre components of secretory
granules and actiration of smtorsactve T cells depend: wpon
the mwrface denuity of antipenHLA complexes, i could be
muppesied that uswanted sctrvabion of low-affinity cytoloxzc
T colk at the sates of monle exocytosss may be prevented by
the locally chistersd HLA-G molecules An mapaired HLA-
G expreszion at pancreatic pslets could sestmim T ocall
actrvanon and diabetes induction.

CONCLUSIONS

The: revew bas focosed on the role of HEA-G molecules
dizeases. Takem together, thess smudses
w"ﬂﬁjm-ﬂrmidhthﬂdmhﬁmlnd
disease chromcizaton, where this antgen 15 charactenzed by
an impaired expreiion ing oo the different disesse
envmonment
In fact HLA-G profeins seem to be wvolved m the
regubtion of the mmompe cystem durmg utcummupe and
allerme condihons, Tech a5 pastomtestnal  shon
pearological and rheumatic diseases. In partscular, m these
disorders, HLA-G protems could dwectly mismact wath
immine cells or contral the balusce betwesn Thl and Th?
cyvtckme: What remamm: to be undenttood & whether the
production of HLA-G 1 an amempt o restore 3 proper
balahce m mfammatory cells and cascade: that have bean
actvated. or 15 3 part of the on-gomg pathopenssss by
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repressson of mmmmnolopcally active cells, or wia a shuft
towards the Th? phenotype

The comprehention of the specific role and mechansms

prevennom

therapy. Morecver, the defistion of the role of HLA-G
genethic polymorphnms as nsk ad pharmacogenestic markers
could sustam the chimical relevance of HLA-G typing m the
bboratery routme.
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Abstract

Human leukocyte antigen-G (HLA-G) s a non-dassical
HLA class | molecule that differs from classical HLA
class | molecules by low polymorphism and tissue
distribution. HLA-G is a tolerogenic molecule with an
immune-modulatory and anti-inflammatory function
on both innate and adaptative immunity. This peculiar
characteristic of HLA-G has led to investigations of its
role in pathological conditions in order to define possible
uses in diagnosis, prevention and treatment. In recent
years, HLA-G has been shown to have an important
implication in different inflammatory and autoimmune
diseases, pregnancy complications, tumor development
and aggressiveness, and susceptibility to viral infections.
In fact, HLA-G molecules have been reported to alter-
nate at both genetic and protein level in different dis-
ease situations, supporting its crucial role in pathological
conditions. Specific pathologies show altered levels of
soluble (s)HLA-G and different 4LA4-G gene polymor-
phisms seem to comrelate with disease, This review aims
to update scientific knowledge on the contribution of
HLA-G in managing pathological conditions.
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Core tip: Human leukocyte antigen-G (HLA-G) is a
tolerogenic molecule. HLA-G has been shown to have
important implications in different pathological condi-
tions where it is reported to alternate at both protein
and genetic level. The peculiar immunoregulatory func-
tion of HLA-G and its dysregulation in different diseases
have led to investigation of its role in pathological
conditions in order to define possible uses in diagnosis,
prevention and treatment. This review aims to update
scientific knowledge on the contribution of HLA-G in

Bortolotti D, Gentili V, Rotola A, Cassai E Rizzo R Di Luca D.
Inmpact of HLA-G analysis in prevention disgnosis and reatment
of pathological conditions. World J Merhodo!l 2014; 4(1): 11-25
Available from: URL: hp:/'www. wjgnet.com2222-0682/full/
v$11/11htm DOL http//dxdoiorg 10.4329wjmv4.11.11

INTRODUCTION

Diagnosis and prevention of diseases is mamly based on
the identfication of specific biological markers and drug
targets. In view of this, the possibility of easy and fast
identfication of molecules, for example in biological fiu-
ids, seems to be even more necessary.

In recent years, different studies have demonstrated
that human leukocyte antigen-G (HLA-G), 2 non-classical
class | molecule, counld fulfil this necesmf"". In fact,
HILA-G expression and levels in biological fluids, cells
and tissues i different pathological conditions have been
shown. Several authors reported that the level of soluble

March 26, 2014 | Volume 4 | Issue l |
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Exon 1

Bon 2 Bon 3

Figure 1 Human kukocyte antigen-G gens. UTR: Untransiated region.

HLA-G and gene polymorphisms corzelate with disease
outcome and the therapentic success of weatment™®.

HLA-G MOLECULE

HLA-G is a major histocompatibility complex class I an-
tgen encoded by a gene on chromosome 6p21. It differs
from classical HLA class | molecules by its restzicted tis-
sue distribution and limited polymorphism in the coding
To date, 50 alleles (IMGT HLA damabase, August
2013) and 16 proteins are known. The gene structure of
HLA-G is homologous to other HLA class | (1a) genes
consisting of 7 introns and 8 exons coding the heavy
chain of the molecule. Exon 1 encodes the peptde sig-
nal while exons 2, 3 and 4 encode the extracellular 1,
@2 and o) domains, respectely. Exons 3 and 6 encode
the transmembrane and cytoplasmic domains of the
heavy chain. Exon 7 is always absent from mature mRNA
due to the stop codon in exon 6; exon § is not translated
(Figure 1). Seven HLA-G isoforms exist due to mRNA
altemative splicing and differential association with B2-
microglobulin; two of these are found on the cell surface
and in biological fimids: Membrane-bound G1 and solu-
ble G5, which lacks the ans-membrane and intracellular
domains of membrane-bound G1 (Figure 1)”. HLA-G
possesses an unpaired cysteine residue at position 42
on an extemal loop of the peptide binding groove that
enables the dimerisation™”. HLA-G monomers are rec-
ognized by the inhibitory receptors LILRE1 and LILRE2
and by KIR2DLA"". LILR receptors have a preater affin-
xtvﬂouhgdlmncﬁnmﬂntmnmﬂusgmhgms-
duction, especially in natural killer (NK) cells""*%. The -
mcumof!M—Gmnhcuhswnhxﬁubnuvmphn
induces apoptosis of activated Crohn’s disease (CDS')
T cells"", modulates the activity of NK cell:""' and of
dendritic cells (DC)™", blocks:]]o—cymmnc'rl;mpho—
cyuxesponse""zndindueesupmsionof suppressor T
cell populations, such as CD4'CD25'FoxP3" regulatory
T (Treg) cells™". Moreover, HLA-G is expressed at
high levels on DC-10 cells, human DCs with tolerogenic
actvity and an outstanding ability to produce interenkin
(IL}-10™. Interestingly, the expression of membrane-
bound HLA-G1 and that of its receptors is up-repulated
by IL-10 on DC-10 and the expression of high levels of
membrane-bound HLA-G1, ILT4 and IL-10 by DC-10 is
mﬂﬁhgmemmof:ﬂugm—specﬁcﬁluﬂsw
DC-1
The HLA-G production is controlled by several poly-
morphisms, both in the promoter and in the 3’ untrans-

278

Exon 7 Exon 8

lated region (3 UTR), modifying the affinity of gene tar-
geteduqumees for transcriptional or post-transeriptional

Mty-nmsmghmchoﬁdepolmphnms (SNPs)
have been identified in the HLA-G promoter region
which may be involved in the regulation of HLA-G ex-
pression, mssdmnglhztmmofthﬁepohmmphxsms
are within or close to known or T ele-
ments. The HLA-G 5" upstream regulatory region (URR)
is unique among the HL.A P! and is unresponsive
to NP-xB™ and interferon (IFN)-y"” due to the pres-
ence of 2 modified enhancer A and a deleted interferon-
stumulated response element (ISRE). A locus control re-
gion located -1.2 kb from exon 1 exhibits a binding site
for CREB1 factor, which also binds to two additional
cAMP response elements at -934 and -770 positions
from the ATG. In addition, a2 binding site ISRE for in-
terferon response factor-1 is located at the -744 base pair
(bp) position™ and is involved in HLA-G transactivation
following IFN-§ treatment™. The HLA-G promoter
also contains a heat shock element at the -439/-454 po-
sition that binds heat shock factor-1¥ and 2 propester-
one receptor binding site at -37 bp from ATG. Several
promoter region polymorphisms coincide with or are
close to known or putative regulatory elements and thus
may affect the binding of HLA-G regulatory factors™ .
The -725 C > G/T SNP is very close to ISRE, in which
the -725 G allele is associated with a significantly higher
e:pxessmnlemlmmpmdmthﬂnothgrsn The poly-
morphxcs:matm 5" URR are frequently in Iinkage dis-

with the polymorphic sites identified at the ¥’
UTR, some of them mfiuencing alternatire splicing and
mRNA stability.

A 14 bp insertion/deletion (INS/DEL) polymor-
phism (rs66354220) in exon 3 involves mRNA stability
and expression™"". In particular, the DEL allele stabilizes
:he mRNA with a consequent higher HLA-G expres-

sion™""). The presence of an adenme at position +3187
modifies an AU-rich motf in the HLA-G mRNA and
decreases its subility™. One SNP C > G at the +3142
bp position (rs1063320) affects the expression of the
HLA-G locus by increasing the affinity of this region
for the mictoRNAs (miR)-1482, miR-148b and miR-152,
therefore decreasing the mRNA availability by mRNA
degradation and translation suppression™. The influ-
ence of the +3142G allele has been demonstrated by a
functional study in which HLA-G high-expressing JEG-3
choriocarcinoma-derived cells have been transfected
with miR-148a, decreasing soluble HLA-G levels. The

Mazxch 26, 2014 | Volume 4 | Isue 1 |



discordant results obtained by Manaster & a7, who have
reported the lack of +3142 C > G effect on the mIRNA
control of membrane HLA-G expression, prompt fur-
ther considerations on the relationship between this
polymorphism and membrane HLA-G expression. Other
SNPs are identified as implicated in miRNA interaction.
In particular, +3003, +3010, +3027 and +3035 SNPs are
targets for miR-313a-5p, miR-518¢%, miR-1262 and miR-
922-1%, miR-922-2*, miR-661, miR-1224-5p and miR-433
miRNAs™. The miR-2110, miR-93, miR- -308-5p, miR-
331-5p, miR-616, miR-513b, and miR-589* miRNAs tar-
get the 14bp INS/DEL fragment region and miR-148a,
miR-192%, miR-152, mir-148b, and miR-218-2 trget the
+3142 C/G polymorphism.

HLA-G is a stress-inducible gene; heat shock, hy-
poxia and arsenite increase different HLA-G alternative
transeripts™ . The indoleamine 2,3-dioxygenase, an
enzyme which metabolizes tryptophan, induces HLA-G
expression during monocyte differentiation into DCs™.
The anti-mflammatory and immunosuppressive IL-10
has been correlated with concomitant HLA-G expres-
sion™ . Transactivation of HLA-G transcription has
also been demonstated by leukemia inhibitory factor™,
p:ogesurone and methotrexate”” cell exposure. Fur-
thermore, IFN-@, -8 and -¥ enhance HLA-G cell-surface
expression by tumors o1 mono-t:'rnr»""“i HLA-G expres-
sxoncouldbe:cqmedbynogocytos&,whma“dmnf
cell that expresses membrane HLA-G mem-
brane parts containing HLA-G with a “recipient” cell that
is not expressing HLA-G molecules. In this particular
situation, “recipient” cells will acquire and make use of
membrane HLA-G molecules from a “donor™ HLA-G
positive cell without the activation of HLA-G gene. Tro-
gocytosis of antgen presenting cell HLA-G1 by T cells
in humans makes T cells uaresponsive™. It has been
shown that HLA-G1 can be acquired by NK cells from
tumor cells. NK cells that acquire HLA-G1 stop prolifer-
cells capable of inhibiting other NK-cell functions' .

HLA-G% role in immune-tolerance was discovered
studying its e:pzesmn in wophoblast cells at the fetus-
maternal interface’™”. The importance of HLA-G produc-
tion by placental trophoblasts is evident in pre-eclampsia
and unexpliined recurrent spontaneous abortion (RSA).
Several studies have found an aberrant or reduced expres-
sion of both HLA-G mRNA and protein in pathological
compared with control placentas™™ with a possible m-
plication in fetal protection and vascular events.

HLA-G expression has been documented in a few
ussues dunng physiological conditions, such as cornea,
thymus, erythroid and endothelial precursors™ "), and
in 2 variable percentage of serum/plisma samples from
healthy subjects"™ where the main producers are activat-
ed CD14 positive monocytes™”. A modified expression
of HLA-G molecules has been observed during “no-
phvuologcal" conditions, such as viral infection™ ",
cancer™ ", trans tion™*, mflammatory and auto-
immune dxseases

iyt WM | www wignet com
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Thus, a growing body of evidence has indicated
HLA-G as a suitable key factor in different pathologies.
In fact, the mmune-modulation by HLA-G may exhibit
two distinct effects in pathological conditions: It could

otective in mflammatory and autoimmune diseas-

"I, or on the other hand it could be dangerous, for
enmphm tumors or infectious diseases™ . Based
on this evidence, the role of HLA-G in inflammatory
and autoimmune diseases has gained considerable clinical
interest for the possibility of exploiting it as 2 molecular
biomarker and a therapeutic target.

HLA-G AND PATHOLOGICAL
CONDITIONS: PERSPECTIVES IN
PREVENTION, DIAGNOSIS AND
TREATMENT

Given the immunomodulatory namre of HLA-G mol-
ecule, it could be considered a good reference parameter
for prevention, diagnosis and treatment in autoimmune and
inflammatory diseases.

}M-Ghzsbunmﬂyndtndiﬂ'mpnhdog:s.ln
this review, we focus on the importance of HLA-G anal-
¥sis in common and debilitating pathologies character-
ized by a dysregulation in host immune system in which
HLA-G plays a central role.

HLA-G impact in rheumatic disease
Rheumatic disease is a general term used to descobe nu-
tis (RA)], connective tissues [scleroderma, systemic lupus
erythematosus (SLE)] and vessels (vasculitis). Rheumatic
mmmmmﬂmmn:ndmduasu,m
second most common cause of disability after musculo-
skeleral injuries. RA (OMIML #180300) is caused by the
immune system attacking synovial cells and treatments in-
clude disease modifying anti-rheumatic drugs (DMARDs)
of RA therapy has shifted to initiate treatment eady and
agpressively to achieve remission or low disease activity
as quickly as possible. This “treat-to-target” concept has
been shown to maximize long-term healthy Life™ ",
Interestingly, RA patients present with an abnormal
regulatory nm:kmthe:mmnnezesponse which in-
cludes HL 4- G gene . Serum sHLA-G protein con-
centration is y lawumm”"pmmmm
controls. The decreased sHLA-G concentrations may
lead to a chronic activation of inflammatory cells and
contribute to the development of the disease. The evalu-
ation of sHLA-G molecules at the specific inflammation
site of the synovia reported higher levels of sHLA-G in
RA™ patients. The release of HLA-G in the inflamed
synoviam may be related to the recruitment of activated
HLA-G positive immune cells and the local production
by activated synovial fibroblasts™ that could interact
with immune inhibitory receptors and maintain a chronic
inflammatory response. These data suggest that there is

Manch 26, 2014 | Volume 4 | Isue 1 |
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a different production of HLA-G molecules on the basis
of the local and systemic environments, characterized by
different molecular factors and cell types. Interestingly,
a recent wotk confirmed the role of HLA-G molecules
in RA. The authors used an intracutaneous treatment
of HLA-G monomer or dimer molecules in collagen-
induced arthritis model mice. These molecules produced
excellent anti-inflammatory effects with a single, local
administration” . Notably, the dimer exhibited higher
immunosuppressive effects than the monomer due to
the higher dimer affinity for PIR-E, the mouse homolog
of the LILREs. The HLA-G 14 bp INS/DEL polymor-
phism has been evaluated as a pharmacogenetic marker
of MTX therapy’ . The authors showed an increase of
the 14 bp DEL/DEL genotype in the responder group,
characterized by a reduction in disease activity score
(DAS28) measured before and after six months of treat-
ment with MITX. In contrast to this study, there are two
researches with negative resulrs: (1) 130 RA patients re-
sponsive to MTX did not show a significant difference
in 14 bp DEL/INS allelic and genotypic distribution
DAS28 < 32)™, and (2) 186 RA patients, previously
untreated with MTX, were prospectively followed up and
considered as responders with 2 DAS23 of up to 2.4 af-
ter six months of treatment™. No sipnificant association
between HLA-G 14 bp INS/DEL and MTX efficacy was
observed. Comparing these studies, the discordant results
may reflect population differences in gene expression
that could influence the power of association studies and
lead to different levels of association. In addition, the dif-
ferent doses of MTX and the different cut-off used for
RA thenapy response definition could affect the results
obtuined.

Rizzo ¢f /' evaluated the possible role of HLA-G
molecules as biomarkers for RA weatment m a follow-
up study. Tiventy-three early RA (ERA) patients were
analyzed during a 12 mo follow-up disease treatment for
sHLA-G levels in plasma samples, mHLA-G and ILT2
expression on peripheral blood CD14 positve cells, and
typed HLA-G 14 bp DEL/INS pol ism. Interest-
ingly, the authors observed that ERA patients with low
sHLA-G and membrane HLA-G expression suffered a
more severe disease. In fact, sHLA-G levels inversely cor-
scores, used to define the seventy and progression of the
disease. Interestingly, sHLA-G up-modulation is evident
after 3 mo of DMARD:s therapy, while a significant re-
duction in tumor necrosis factor-q levels is evident after
9 mo therapy when a clear amelioration of the disease is
evident, with 2 high specificity for HLA-G detection in
EA conditon. Moreover, the implication of the HLA-G
14 bp INS/DEL polymorphism is confirmed as the pres-
ence of the DEL allele characterizes the patients with a
significant improvement in disease status.

SLE (OMIM, #601744) is a systemic autoimmune dis-
ease of the connective tssue that can affect any part of
the body. Rosado &7 /" and Chen & 4/ showed higher
sHLA-G and IL-10 levels in SLE patients in comparison
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with healthy controls, while Rizzo & /' observed lower
sHLA-G concentrations in SLE patients. The differences
in sHLA-G levels in these two papers could be due to
the difference in the analyzed samples (serum or plasma)
since it is known that the highest sHLA-G levels are
recovered from plasma samples compared with serum
collected from the same subjects because of a trapping
phenomenon during clot formation that could subtract
sHLA-G from the setwnm.As:p:oot Monzmais-Uren-
da & a/™ evidenced 2 diminished expression of HLA-G
in monocytes and in mature CD8J positive DCs from
SLE patients compared with healthy controls. In addi-
ton, monocytes from SLE patients showed a decreased
induction of HLA-G expression in response to IL-10.
Finally, lymphocytes from SLE patients displayed 2 lower
acquisition of HLA-G (by trogocytosis) from autologous
monocytes compared to controls. Interestingly, ILT-2
receptor expression is increased on lymphocytes from
SLE patients, in particular, in CDJ positive cells, CD19
positive cells, CD56 positive cells and related to IL-10
and anti-DNA antibodies™. These results confirm the
presence of a2 HLA-G impaired expression in patients
with SLE and a possible role in the pathogenesis. Using
a SNP mapping approach, HLA-G gene is reported to
be 2 novel independent locus with SLE interaction™. In
particular, HLA-G 14 bp INS/DEL polymorphism and
HLA-G +3142 C = G SNP were analyzed in 2 SLE pop-
ulation. SLE patients showed a higher frequency of 14
bp INS allele and 14 bp INS/INS genotype'™. Moreover,
14 bp INS/INS patients presented the highest disease
activity' . On the contrary, the evaluation of HLA-G 14
bp INS/DEL polymorphism in a SLE Brazilian popula-
tion failed to present an association™, while the +3142
G allele was found to be associated with SLE susceptibil-
ity" . The +3142 G allele and the +3142 GG genotype

ies are increased among SLE patients compared
with controls™. These data support the role of HLA-G
molecules in the control of the SLE condition and in
particular several results sustain the lower HLA-G ex-
pression as a rsk factor for SLE development.

HLA-G impact in central nervous system inflammatory
diseases
Multiple sclerosis (MS) (OMIM, #126200) is a chronic
inflammatory demyelinating and newrodegenerative dis-
ease of the central nervous system (CNS) with unknown
i that is widely considered to be autommmune in
natare”". The presence in CSF of detectable sHLA-G
levels in relapsing-remitting MS (RRMS) patients and,
occasionally, in other inflammatory neurological disor-
ders and non-inflammatory neurological disorders was
reported for the first time by Fainardi and coauthors™ .
In addition, SHLA-G levels in CSF are higher in RRMS
than in controls and increased, in association with IL-10
values, in RRMS patients without than in those with
magnetic resonance imaging (MRI) evidence of disease
acuvity' . The importance of sHLA-G level evaluation
a5 2 biomarker for MS is confirmed™. Of note, in RRALS

Mazrch 26, 2014 | Volume 4 | Izue 1 |



patents, CSF concentrations of sHLA-G and IL-10 are
positively correlated with inactive MRI disease and CSF
IL-10 oters are more elevated in patients with than in
those without CSF measurable levels of sHLA-G. These
data suggest that CSF sHLA-G levels may modulate ALS
disease actvity a5 ant-inflammatory molecules un-
der the control of IL-10 CSF levels which may enhance
s}mcp:odnmumgemmmem.ﬂmmm
HLA-G polymorphisms™". The existence of high CSF
concentrations of sHLA-G in MS patents and their as-
sociation with clinical and MRI stable disease have been
repeatedly confirmed in subsequent investigations in
which: (1) An intrathecal production of sHLA-G is mote
frequent in MS than in inflammatory and non-inflam-
muatory controls and predominated in clinically and MRI
imactive compared to clinically and MRI active MS™, (2)
sHLA-G concentrations reciprocally fluctuate in CSF
and serum of MMS patients because they are decreased in
the serum of clinically stable MS and increased in CSF
of MRI inactive MS'"Y; (3) CSF levels of HLA-G5 and
not those of sHLA-G1 isoforms are increased in MS
compared to controls and in MS patients without MRI
appearance of disease activity than in those with MRI
Gd-enhancing lesions™; and (4) CSF values of sHLA-G
and antiapoptotic sFas molecules are inversely correlated
in MS patients with no emidence of MRI disease actmity
since CSF concentrations of sFas are lower in MS than
in controls and in MRI inactive than in MRI active M5™.
Interestingly, HLA-G and its inhibitory receptors (ILT-2
and ILT-4) are strongly up-regulated within and around
AIS lesions where microghia, macrophages and endothe-
lial cells are recognized a5 the cellnlar sources”’. Purther-
more, proten HLA-G expression is higher on cultured
human MS microglial cells after activation with Thl
proinflammatory cytokines and a novel subpopulation of
narually occurring CD4 positive and CDS positive Treg
cently described in peripheral blood of MS patients with
relapse™.

Purther studies demonstrated that IL-10 contributes
to mediating the suppressive activity of CD4 positive
HLA-G™ Tu™ which are highly represented in CSF and
inflammatory brain lesions of MS patients as activated
central memory T cells capable of migrating from the pe-
ophery to ntrathecal compartment due to the expression
of CCR5™. These results strenpthen the assumption of
an association between HLA-G antigens and MS.

Collectively, these observations provide evidence that
HLA-G antigens are likely to be involved in the resolu-
tion of MS autoimmunity acting as ant-inflammatory
molecules and suggest that HLA-G positive Treg could
Play a2 role in the development of 2 CNS immunosup-
pressive microenvironment at the sites of inflammation
in MS.

HLA-G impact in other inflammatory and autoimmune
diseases
HLA-G proves to also be an important biological marker
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in other pathologies, for example, gastrointestinal and al-
lergic diseases and diabetes.

Inflammatory bowel disease (OMIM, #266600) is
the general term for CD and ulceratve colins (UC), two
chronic inflammatory disorders of the intestine which
have different clinical, morphological and immunological
chanacteristics.

Torres ¢ 4/ studied intestinal samples of UC and
CD patients and, by using an immunohistochemistry
technique, demonstrated that while UC intestinal cells
presented with HLA-G on their surface, CD intestinal
biopsies did not. This result combined with high levels
of IL-10 found in the lamina propoa of the colon of UC
patents suggested that HLA-G can the mucosal
immune responses in UC. The distribution of the 14 bp
INS/DEL polymorphism in UC and CD was investi-
gated by Glas e /™. They observed an increase of both
14 bp DEL/INS and 14 bp INS/INS genotypes and 2
consequent decrease of the high producer genotype (14
bp DEL/DEL) in UC subjects in comparison with CD
patients. Also, Rizzo ¢f a/”" found a different HLA-G
expression m UC and CD patients. Non activated penph-
enl blood mononuclear cells from CD pati spontane-
ously secrete sHLA-G, while those from UC patients and
healthy donors do not Furthermore, after stimulation
with LPS, both cells from CD and healthy subjects show
sHLA-G production, while this does not happen in UC
patients. This defective production in UC patients seems
to be due to an altered secretion of IL-10 in response to
inflammation. The different HLA-G expression profiles
in UC and CD patients sustain the different etiopatho-
genesis at the origin of these two diseases This hypoth-
esis is sustained by the different modulation of HLA-G
observed in the two pathologies after therapy™. On the
basis of this evidence, it is possible to propose sHLA-G
and I1-10 levels as diagnostic parameters to facilitate the
diagnosis of UC and CD patients.

Asthma (OMIM, #600807) is a chronic disease af-
ISOWOdenhsmnlnngmmzﬂrﬂnmmzsﬂ:maat—
tacks. Asthma is characterized by chronic inflammation
in the airway, which oonseqnenﬂv narrows more easily
mmsponsem:nmryot’mggusl:hmthemof
a healthy individual. Nicolae er a/ " suggested the role
of HLA-G as a potential asthma and bronchial hyper-
responsiveness (BHR) susceptibility gene. In particular,
susceptibility varies depending on whether the mother
has asthma or BHR. A G/G genotype at SNP -064G/A
in the promoter region was associated with asthma in
the offspring of mothers with either asthma or BHR,
whereas the A/A genotype was associated with asthma
in the offsprng of asthma- and BHR-free mothers. Tan
et al”" discovered an association between +3142C > G
(rs1063320) and asthma. HLA-GS5 is expressed by airway
epithelium and is present in the bronchoalveolar lavage
finid from asthmatic patients"™"”, In addition to the lo-
cal presence in airways, SHLA-G may also be found in
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levels are higher in atopic asthmatic children than in both
non-atopic, asthmatic and non-atopic, non-asthmatic
children™. The 14 bp INS/DEL polymorphism has no
impact on phisma sHLA-G levels in the atopic, asthmatic
children. Thus, circulating HIA-G may be important as a
biomarker and could potentially modulate immune func-
ton more broadly, while the local abundance in airways
may have 2 more direct relationship with immune modu-
lation in the mucosa. There is also jn vifro evidence that
the presence of HLA-G may be different in an asthma
condition in comparizon with physiclogical status. sH-
LA—Gﬂpmsmnbvpe:pbenlbloodmonwuc]medls
1suducedmzsthmmcpzuents while it is increased
in asthma induced by isocyanates™”. This different be-
havior may represent mﬁ&tenusmbmlopnl roles in
different disease contexts. A loss of HLA-G could re-
duce immunosuppression and perpetuate inflammation,
whereas increased HLA-G in asthma could be an amempt
to reassert immunosuppression. Interestingly, HLA-G s
differentlly expressed dunng the lung development™,
suggesting a potential role in lung inflammation induc-
Allergic rhinitis (AR) (OMIM, #607154) is charac-
terized by 2 Th2 polarized immune response. sHLA-G
molecules are increased in sera of patients with pollen-
induced AR studied outside the pollen season” ", dumm\F
the pollen season " and in puenmal:\x.pamnts
Interestingly, sublingual immunotherapy (SLIT) for AR
is able to reduce sHLA-G serum levels in pollen allergic
patients"™"™, suggesting a clinical implication as a bio-
marker of response to SLIT. Interestingly, children with
AR have significantly higher levels of sHLA-G molecules
than normal controls or children with allergic asthma™'™.

uccgmmmdeimmmanomngmdem&ombu-
teria or virus, but it tolerates genetically different fetal
cells, especially extravillous trophoblast cells invading the
maternal decidua or ing the spiral arteries. The ex-
pression of HLA-G antigens by trophoblasts is of major
importance in protecting the fetus from the semuialloge-
neic response of the mother .

The lack of an established immunological tolerance
in pregnancy results in an Immune response against pa-
ternal antigens expressed by the fetus at the placenta,
causing severe health problems for both the fetus and
the mother Complications during pregnancy may affect
the woman, the fetus, or both. Miscarriage, RSA and
pre-eclampsia account for the most frequent pregnancy
complications""" and the dysregulation of the immuno-
logical control at the fetal-maternal interface seems to
Pplay a role in these pregnancy complications.

Interestingly, there is a reduced expression of both
HLA-G mRNA and protein in pathological compared
with control placentas™ "', In pregnant women, there
is a peak of sHLA-G levels in plasma samples in the
first tumester that is not evidenced in complicated preg-
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nz.ncjes""‘"".l.npuﬁculu, pregnant women with low
sHLA-G plasma levels are characterized by a relatve risk
of 7.12 of developing placental abruption” ',

The lower secretion of HLA-G by maternal immune
cells seems to be in part influenced by HLA-G gene

isms, mRNA stability. In particular,
the HLA-G 14 bp ins allele decreases mRNA stabil-
ity™""7 and protein production™"*"'*1 The HLA-G
14 bp INS/DEL polymorphism seems to affect the fetal
HLA-G expression as independent smdies have
fetuses carrying the homozmus genotype for the 14
bp INS allele with a si increased osk of pre-
eclampsia™'™. In addition, the 5' URR seem: t be
mpllcatedmpaﬂ:o]ogzczlpugums - The confirmed
role of HLA-G molecules during pregnancy suggests a
potential use in clinical practice. Most pregnancy com-
plications are controversial in terms of diagnosis and
treatment As an example, pre-eclampsia can mimic and
be confused with many other diseases and none of the
signs are specific. The lower levels of sHLA-G detected
in maternal plasma and the HLA-G polymorphism as-
sociation could assist clinicians in an accurate and reliable
diagnosis. Moreover, the HLA-G genetic background of
the mother could be an a prod sign of an increased sk
of complication during pregnancy. These women could
be identified and proposed for a stricter follow-up. It is
noteworthy that with an appropriate and timely treat-
ment, the success rate is approximately 80%. Therefore,
the use of HLA-G as a biological and penetic marker
could improve the management of pregnant women.
Moreover, the ability to control HLA-G expression in
pathological pregnancies and in women with 2 high risk
of pregnancy complications and infertility could be a tool
to cure and prevent these conditions with a deep mmpact,
not only for the indrvidual but also for society.

Unatl now, more than 15000 embryo culture super-
natants have been evaluated for sHLA-G expression,
with a positive correlation with embryo implantation rate
and pregnancy outcome'™*. However further research
is needed to investigate HLA-G in assisted reproductive
technologies, but recent studies suggest that sHLA-G is a
good candidate as a valuable non-mvasive embryo marker
to improve pregnancy outcome’ . Three aspects should
be taken into consideration: (1) The recognition of a
common sHLA-G detection protocol (2) The necessity
to identify a sandardized range for positivity; and (3) The
comprehension of the factors mvolved in the differential
expression of sHLA-G between equal stage embryos
onginating from the same woman.

HLA-G impact in tumors
A high frequency of HLA-G surface expression and m-
creased sHLA-G serum levels has been detected in both
and solid tamors. HLA-G and sHLA-G ex-
pression correlates with 2 poor clinical outcome in tumor
patients, suggesting a role in the Immune escape mecha-
nism of tumors. The frequency of HLA-G expression
varies between different types of cancer and even between
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different studies in the same type of tumor, probably due
to the criteda of patient selection and the methodology
used. In hematological malignancies, HLA-G expression
wasdocummdwnhahghu&eqmncymmmvdmd
leukemia cases” , B and T acute lenkemia and
uhzomcmymphoeyukumn"

HLA-G expression 13 ﬂ:eqnenl: in choriocarci-
noma"“'”“” breast” "™, endometrial*, and ovarian
cancers” Indlgesmtumoqm&upmsmnwzs
described in eso al squam 201
colorectal cancer' ', gastric cancer'”, and liver e
cer"“l. In relation to increased membrane HLA-G expres-
sion in cancer, higher circulating sHLA-G concentrations
::udesalﬁ:le‘:l patients suffering from different types

These daa suggest that HLA-G levels might be used
as a diagnostic tool to distingunish between malignant and
benign tumors and durng disease follow-up. Moreover,
HLA-G might serve as a possible marker for tamor sen-
sitivity to chemotherapy and as a prognostic marker for
advanced disease stage and clmical outcome. HLA-G as-
say, either in biological finids or in biopsies, may have a
clinical value in diagnosis, staging, or prognosis of cancer,
but prospective validation studies should be conducted in
order to use it as 2 biomarker

Indeed, it would be important to suppress its im-
mune-suppressive expression in cancer HLA-G block-
ade m those mumors that express it remains an attractive
therapeutic strategy against cancer Targeting HLA-G-
expressing cancer cells would be also important for maxi-
mize the efficacy of anticancer therapies. An experimen-
tal approach to target HLA-G-expressing cells in a renal
cell carcinoma model was the use of HLA-G- derived
peptides based on the binding motif to the HLA-A24".
HLA-G induced a cytotoxic attack against HLA-
G-expressing HLA-A24 tumor cells, suggesting that
HLA-G-mediated suppression can be overcome using
HLA-G impact in viral infections
Host immune defence mechanisms are efficient at elimi-
nating most viral infections. However, some viruses have
developed muitiple strategies for subverting host immune
defences, thus facilitating their spread in the host™ . Vi-
rus-infected cells are protected against attack by NK cells
by HLA-G, providing a long-term immunosuppression
function. It may be, therefore, that the diminished im-
mune function induced by HLA-G in the host sometimes
hadsmanzdnnngeﬁo:mspmgmmnbvhelpmg
viruses subvert the host’s antiviral defences”

Hmmumd:ﬁcnncymstypel[lﬂ‘ 1) infec-
©on 15 associated with severe and progressive loss of the
immune function in infected persons. It is known that
HIV-1 protects infected cells from T lymphocytes and
NK cell recognition and lyses by classical HLA-A and B
down-regulation and non-classical HLA-G molecule up-
regulation, respectvely. Since the immunoregulatory abil-
ity of HLA-G has become known, the involvement of
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this molecule in the progression of HIV-1 infection has
been widely examined. Studies have focused on the ex-
pression of HLA-G in monocytes, which are relevant as
reservoirs of HIV-1, and in Iy ytes, which are moze
susceptible to be infected by HIV-1. Monocytes obtained
from HIV-1 seropositive patients expressed HLA-G,
although only a small proportion of healthy individuals
express this molecule! ). This might be 2 consequence
of highly active antiretroviral therapy (HAART) since 2
greater proportion of monocytes expressing HLA-G was
observed in patients undergoing HAART compared to
untreated"“. T cells obtained from HIV-1 seropositive
indimiduals were found to express HLA-G at a higher
proportion’ " and behave as HLA-G ' Treg.

Human cytomegalovirus (HCMV) is 2 herpes virus
causing widespread, persistent human infection in a
delicate balance between the progression of the virus
and the defences of the host . HCMV has evolved a
number of independent strategies to evade the immune
system. HLA-G is produced during wiral reactivation in
macrophages and astrocytoma cell:™ and the percentage
of HLA-G-positive monocytes and sHLA-G levels in
patents with active HCMV infection were both dramati-
cally higher than in healthy individuals™*. The up-regu-
laton observed in HLA-G is probably related to a virus-
encoded homologue of human IL-10 (emvIL-10)™",
which NK cell of infected cells.

Evidence also supports a role of HLA-G in human

papilloma virus (HPV) infections. In fact, HLA-G may
phyamkmmcduung]-l?\’m.&cuonnsk"“‘ and facili-
tate cervical cancer development’ .

The ability of specific newrotropic viruses to mduce
the formation of HLA-G in infected neurons, thus
confernng protection against NK cells, was demon-

strated. For example, herpes simplex virns-1 and Rhab-
dovirus"*, trigger the expression and up-regulation of
membrane and soluble HLA-G molecules in actuvely
infected neurons.

There is also some evidence that HCV and HBV
viruses use HLA-G as a strategy to evade the immune
mn”[l““q

In summary, one of the main mechanisms of virus
evasion is the induction of changes in levels of the clas-
siulHLA-Gpmnins.'I’h.is enables the virus o prevent
and NK cells. 'l'hemnnehm.engewuldbemblock
HLA-G up-modulation by viral infection in order to al-
low the recognition by immune cells.

CONCLUSION

This review has underlined the importance of HLA-G
molecules in pathological conditions.

The literature data suggest that HLA-G could be
implicated in both risk and disease chronicization where
this antigen is charactenized by an impaired expression
depending on the different disease environment

In fact, HLA-G proteins seem to be involved in the
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Table 1 Surmmary of the nain studies on human leulocyte antigen G and pathological conditions

Topics HLA-G genetics and polymerphisn Protein Ref.
Rhoumatowd arthrtis Lower plasma sHLA-C levels than i contrals n
Higher sHLA-G levels in the synovia bl
Plasma level of sHLA-G cormlates with disease 2
acuvity paramesers
Increase i 14 bp DEL/ DEL genotype froquency 4
In responsive patients 0 MTX treatment
Incroase i 14 bp DEL allele frequency m 2
patents with mproved dsease status
Systemic lupus erythematosus Higher level of sHLA-G and IL-10 in plasma 77,78
that in controls
Higher fmquency of 14 bp INS allele and 14 bp Lower conoentration of sHLA-C in serum o6
INS/INS genotype than m controls than in controls

14 bp INS/INS genotype 5 assoclated 1o
the highest disease activity

+3142 G alieke and +3142 GG genotype are
mare frequent ;n SLE and assocated 10 SLE
suscoptibulity

Dx n HLA-G oxp n monacytes and DCs L4

Multiple sclerosis SHLAG lovels in MS CSF are highor than m controls 758
SHLAC lpvels in MS could be influenced by &
HLAG 14 bp and <3142 C < G polymorphisms
SHLAG level are incroased in serum of CFS of ML 65,90
mactve M5
HLA-G expression in monocytes is lower than i a
controls
Presence of HLA-Gpos Treg cells in penphenial blood «2
Inflammatory howel disease HLAG is present on UC intestinal cells but not in CD L]
Crohn's disease and buopsies
ukerative colinis
14 bp INS/DEL and 14 bp INS/INS are o
L d ; UC in comp with CD patienss
PBMCs from CD p wCTet 5P ly L4
sHLAG
[iderens modulation of HLAC by therapy -
m UC and CD
Asthma 964 G < A and +3142 C < G SNPs are Expression of HLA-G i airway epthelum and 99,100
associaed with asthma alrway syssem
SHLAL plasma bevels are higher in atopi asthmats: o
children
sHLAG secretion is increased 1n asthma induced by plic)
soCyanates
Allergic rhanitis Higher sHLA.C swrum levels than controls 106130
Pathslogical pregnancy I d HLA-G exp in placenta than 4648112113
uncomplicated pregrancies
Preovampsia Increased 14 bp INS/ INS genotype frequency 120135
than uncomplicated pregnancies
Tumors Increased HLA-C expression i tumor cells 145128143
Higher sHLA.C sorum levels than controls 142
Vizal infection n d HLAG exp = viral infected cells 145
HIVa Incroased HLA-C expression i infactad monocyss 1«7
and T oolls
HOMV n d HLAG exp n infected monocytes 56
Incroased sHLA-C serum lovels than controls 3
SHLAG: Soluble human leukocyte antigen G IL-1Q Interleukine 10, SNPs: Single nuckotide polymory : RA: Rh ¢ SLE: Sy

lupus erythematosus, MS: Multiple sclercsss; IBD: Inflammatory bowed disease, C1> Crohn's disease; UC Ulcerative colitts; AR Allergic rhanitis, HOMV:
Human cytomegalovines; HIV-1: Human immunodeficiency vinss-1; MRI: Magnetic resonance imaging, HLA-G: Human lukocyte antigen (., INS/DEL:

Insertion/ deletion; CFS: Chronic latigue syndrome.

regulation of the immune system durng autoimmune
and allergic conditions, such as gastrointestinal, skin,
neurological theumatic diseases, in pathological pregnan-
cies and in the immune escape mechanisms dunng viral
infections and tumor transformation. In particular, in
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these disorders, HLA-G proteins could directly interact
with immune cells or control the balance between Thl
and Th2 cytokines. In fact, 2 disequilibrium in this setting
would maintain an mfiammatory and immune-derepulat-
ed condition.
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The comprehension of the specific role and mecha-
nisms of action of HLA-G antigens in the development
and progression of mfammatory and autoimmune dis-
orders could justify the use of HLA-G molecules as a
marker of inflammation and drug treatment and open up
new therapeutic perspectives. Moreover, the definition
of the role of HLA-G genetic polymorphisms as risk
and pharmacogenetic markers could sustain the clinical
relemance of HLA-G typing in the laboratory routine. In
particular, the possibility to use simple, non-invasive and
standardized tools for HLA-G analysis makes it quuckly
transferable to the health care system practice. These
could help in pathology outcome prediction and support
treamment decisions.

As reported m Table 1, theze are sull contrasting re-
sults that need to be taken nto consideration. The present
challenge is to confirm whether HLA-G molecules have
a potential role in prevention and diagnosis of pathologi-
cal conditions. The perspective to identify pharmacologi-
cal strategies to control the HLA-G production would
represent a concrete posubility to improve the control of
inflammation and to puide the therapeutic approach. In
fact, the possible use of HLA-G as a therapeutic target is
of extreme interest.

The ability to modulate HLA-G molecules on the cell
suzface and to administer HLA-G molecules”™ seems to
be at the basis of these cell therapies, suggesting the im-
portance of further studies on HLA-G role in pathologi-
cal conditions and the possibility of having a controlled
modification of the HLA-G level according to disease
status and pregnancy complications.
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INTRODUCTION
Human Leukocyte Antigen-G (HLA-G) is a functional molecule
belonging to dass Ib human leukocyte antigens (HLA) charac-
terized by a non-covalent link between B;-microglobulin (f2m)
and glycoprotein heavy chain. The gene is located within Major
Histocompatibility Complex (MHC) locus on chromosome 6 (1,
2). HLA-G products show some peculiar features for which they
are considered as non-dassical HLA-1 antigens: (1) the limitation
of their allelic polymorphism (3); (2) the expression of seven iso-
forms represented by four membrane-bound (G1, G2, G3, and
G4) and three soluble (G5, Gé, and G7) proteins (4); and (3)
the restriction of their tissue distribution (5). Polymorphisms
at the 5" upstream regulatory region and at the 3 UTR of the
HIA-G gene play an important role in the regulation of HLA-
G production (6). Mainly, two polymorphisms at the 3" UTR: a
deletion/insertion (DEL/INS) of 14 base pairs (14bp) polymor-
phism (rs371194629) and a C> G single-nucleotide polymor-
phism (SNP) at the +3142bp position (rs1063320) (7) (Figure 1)
are able to affect mRNA stability in vivo and protein production
and implicated in pathological conditions: I4bpINS allele is associ-
ated with mRNA instability (8, 9); +3142G allele creates a binding
site for three microRNAs (miRNAs) (miR-148a, miR-148b, and
miR-152) reducing soluble protein production (10). These obser-
vations suggest that 14bpINS/INS and +3142G/G genotypes are
associated with a lower HLA-G production than 14bpDEL/INS
and DEL/DEL, 43142C/G, and C/C genotypes (8, 10).
Membrane-bound HLA-G1 and soluble HLA-G5 (HLA-G5)
represent the mainly expressed and investigated HLA-G isoforms
(1) and are currently supposed to be the most important and
functional isoforms (11). However, while HLA-G5 molecules are
actively secreted as soluble isoforms, HLA-G1 proteins could
be released by proteolytic shedding from cell surface (sHLA-
G1) via matrix metalloproteinase-2 (MMP-2) (12-16). HLA-G

Human leukocyte antigen (HLAJ-G molecule, a non-classical HLA-Ib molecule, is less poly-
morphic when compared to classical HLA class | molecules. Human leukocyte antigen-G
(HLA-G) was first detected on cytotrophoblast cells at the feto-maternal interface but its
expression is prevalent during viral infections and several autoimmune diseases. HLA-G
gene is characterized by polymorphisms at the 3’ un-translated region and 5' upstream
regulatory region that regulate its expression and are associated with autoimmune dis-
easaes and viral infection susceptibility, creating an unbalanced and pathologic environment.
This review focuses on the role of HLA-G genetic polymorphisms, mRNA, and protein
exprassion in autoimmune conditions and viral infections.

Keywords: HLA-G, Inflammation, autolmmunity, infection, regulation

can exist as f2m-associated and -free monomers (17, 18) and
as disulfide-linked dimers or multimers (17, 19, 20). HLA-G
disulfide-linked dimers are linked by disulfide bonds between two
cysteine residues at position 42 of the HLA-G alpha-1 domain
(19-21) and present higher affinity for ILT-2 and ILT-4 recep-
tors compared to monomers (22, 23). Placental trophoblast cells
{24), thymus (25), cornea (26), nail matrix (27), pancreas (28),
erythroid, and endothelial precursors (29) present a physiological
expression of HLA-G molecules. However, HLA-G can be ectopi-
cally expressed also on monocytes (30), in transplantation, tumors,
viral infections, and autoimmune diseases (1, 2). HLA-G antigens
are currently considered as immune-modulatory molecules due
to their role in preserving immune tolerance at the feto-maternal
interface (31), promoting graft tolerance (32), reducing inflamma-
tory and immune responses (33), favoring tumors (24), and virus
infection via immune escape (35). Both membrane-bound and
soluble HLA-G antigens exert their immune-suppressive proper-
ties: (a) inhibiting the activity and inducing apoptosis of cytotoxic
CD8" T cells and NK cells (36-38); (b} inhibiting the prolifera-
tion of CD4™ T cells that are shifted to an immune-suppressive
profile (39, 40); (c) inhibiting antigen-presenting cells and B cell
differentiation (41, 42); (d) inducing a Th2 polarization (43);
and (e) inducing regulatory T cells (44) and Interleukin (IL)-10
secreting dendritic cells (DC10) (45) (Figure 2). The interactions
between HLA-G proteins and their specific inhibitory receptors
ILT-2 (LILRB1/CDs5j), ILT-4 (LILRB2/CDS85d), and KIRZDLA
(CD158d) expressed by immune cells (46) account for the effects
of these molecules on immune cells.

Moreover, HLA-G expression is up-regulated by the secretion
of anti-inflam cytokines such as IL-10 which, in its turn,
is enhanced by HLA-G (30). For these reasons, the implication of
HLA-G molecules in inflammatory, immune-mediated, and infec-
tive conditions has been investigated (47, 48). The knowledge of
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the interactions between HLA-G molecules and immune mecha-
nisms and their implication in pathological conditions may assist
in improving our knowledge on the mechanisms at the basis of
several autoimmune diseases and viral infections.

HLA-G AND GASTROINTESTINAL DISEASES

Celiac disease is a ghuten sensitivity, which induces an inflam-
mation that damages the villi in the small intestine of genetically
predisposed subjects. Both genetic and environmental factors con-
tribute to the development of celiac disease (CD). Torres and
coauthors (49) have shown the presence of HLA-G in biopsies
from celiac patients and have observed higher sHLA-G amounts
in comparison with control subjects. The evaluation of the 14bp
INS/DEL polymorphism in a group of 522 celiac patients (50),
subdivided accordingly with the presence of HLA-DQ2 mole-
cule, encoded by DQAI*05/DQBI*02 genes, has demonstrated
an increased frequency of the 14bp INS/INS genotype in com-
parison with controls. These data suggest that the 14bp INS allele
may increase the risk of gut inflammation, most likely leading to
chronicity. Ulcerative colitis (UC) and Crohn’s disease are charac-
terized by a different sHLA-G expression pattern (51) by periph-
eral blood mononuclear cells. Non-activated peripheral blood
mononuclear cells from Crohn’s disease patients secrete sponta-
neously sHLA-G while those from UC patients and healthy donors
do not. Furthermore, after stimulation with LPS, both cells from
Crohn's disease and healthy subjects show sHLA-G production,

while this does not happen in UC patients. The different HLA-G
expression profiles in UC and Crohn'’s disease patients sustain the
different aethiopathogenesis at the origin of these two diseases.
In particular, the responses to therapies in UC and Crohn's dis-
case correspond to different sHLA-G secretion levels (52). The
immunosuppressant therapy normalizes the production of HLA-
G molecules in Crohn’s disease while it starts the release of HLA-G
in UC patients. These data confirm the diversity in the behavior
of these two pathologies and propose the analysis of sHLA-G lev-
els with the final goal of distinguishing between UC and Crohn's
disease patients and to monitor therapy.

HLA-G AND RHEUMATOLOGIC DISEASES

Rheumatic diseases are inflammatory and autoimmune diseases,
which are the second most common cause of disability after
musculoskeletal injuries. Rheumatoid arthritis (RA) is an autoim-
mune disease caused by the immune system attacking synovial
cells. A combination of genetic and environmental factors may
increase the risk of RA. Gene expression profiles (GEPs) in bone
marrow-derived RA mononuclear cells (53) have shown 1,910
down-regulated and 764 up-regulated gene, which include the
HIA-G gene. Several studies have evaluated the role of HLA-
G polymorphisms in RA susceptibility without reaching a final
commen result. The evaluation on 256 RA patients and 356
healthy controls genotyped for the HLA-G 14bp INS/DEL poly-
morphism has reported no differences in allelic and genotypic
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frequencies and no correlation with disease characteristics (54).
The analysis of two SNPs (rs1736936, —1305G/A and rs2735022,
—689A/G) in HLA-G promoter in the Korean population has
not presented any connection to the development of RA (55).
The evaluation in a Brazilian cohort documented the impli-
cation of 3’ UTR polymorphisms in RA follow-up (56). The
authors have observed a significant association of the —762C > T,
—716T = G, —689A > G, —666G =T, —633G > A, —486A > C,
and —201G > A (rs1632946; rs2249863; rs2735022; rs35674592;
rs1632944; rs1736933; and rsl1233333) SNPs with the disease. The
analysis of 106 patients with juvenile idiopathic arthritis (JIA) has
shown an association between JIA female susceptibility and the
14bp DEL allele. These different associations support the pres-
ence of different p ic elements between RA and JIA (54).
RA (57) and JIA patients present lower serum sHLA-G concen-
tration than in controls (58), with a possible contribution to the
chronicity of the inflammation. On the contrary, JIA synovial flu-
ids showed higher sHLA-G levels than controls (SF) (56). Since
we have observed that HLA-G molecules are enhanced in synovial
fibroblasts from inflamed joints (59) and that high sHLA-G levels
correlate with disease activity (57), we may suggest an impaired
control of immune reaction at joint, which characterizes JIA dis-
ease. The HLA-G 14bp INS/DEL polymorphism has also been
evaluated as a marker for RA therapy. Methotrexate (MTX), a
disease-modifying anti-rheumatic drag (DMARD), induces an
increased production of IL-10 in RA patients with a better ther-
apeutic response (60) and is able to enhance HLA-G secretion
by peripheral blood mononuclear cells (61). Interestingly, the
14bp DEL/DEL genotype is increased in RA patients with a good
response to MTX therapy (62), with a possible implication in the
control of immune activation. It must be underlined, however,
that contrasting results have been obtained (63, 64), possibly due
to a different dosage of MTX, a different cut-off value for RA ther-
apy response assessment. Scleroderma (55¢) is an autoimmune
rheumatic disease of the connective tissue (65). Only 55¢ patients
with a longer survival, lower frequency of vascular cutaneous
ulcers, telangiectasias, and inflammatory polyarthralgia present
HLA-G molecule expression in skin biopsies (66) suggesting an
implication of this molecule on the control of immune response
at the skin level.

Systemic lupus erythematosus is a systemic autoimmune dis-
ease of the connective tissue that can affect any part of the body.
The immune response is mainly characterized by Th2-cell pre-
dominance. Rosado and coauthors (67) and Chen and coauthors
(68) have shown higher sHLA-G and IL-10 levels in systemic lupus
erythematosus (SLE) patients in comparison with healthy con-
trols, while Rizzo and coauthors (69) have observed lower sHLA-G
concentrations in SLE patients (70). Interesting, the analysis of
monocytes and mature CD83 positive dendritic cells from SLE
patients has evidenced a diminished expression of HLA-G in com-
parison with healthy controls (71), a lower HLA-G expression in
response to [L-10 and a lower HLA-G trogocytosis from autolo-
gous monocytes compared with controls. Using the SNPs mapping
approach, HLA-G geneis ized as a novel i nt locus
for SLE (72). In particular, HLA-G 14bp INS/DEL polymorphism
and HLA-G +3142C > G SNP have been analyzed in a SLE pop-
ulation. SLE patients showed a higher frequency of I14bp INS

allele and 14bp INS/INS genotype (69) and the heterozygote group
showed lower systemic lupus erythematosus disease activity index
(SLEDAI) indexes than homozygous groups (73). On the con-
trary, the evaluation of HLA-G 14bp INSDEL polymorphism in
a SLE Brazilian population did not present an association (14).
while the +3142G allele and the + 3142 GG genotype

were increased among SLE patients as compared with controls
(75,76). These data sustain a possible role of HLA-G expression in
meodifying SLE condition. Behget (BD) and Kawasaki diseases are
autoimmune vasculitis. The HLA-G*01:01:01 allele is associated
with a reduced risk of BD while HLA-G*01:01:02 and G*01:05N
alleles are associated with an increased risk of BD (77, 78). Non-
synonymous SNP (+755A/C) of the HLA-G gene (rs12722477,
G*01:04) is significantly associated with Kawasaki disease (79).
These data suggest an influence of HIA-G polymorphisms in
determining disease risk, possibly affecting HLA-G production
and consequently inflammation status.

HLA-G AND CUTANEOUS DISEASES

The skin is characterized by a “skin immune system (SIS),”
where immune cells and humoral components support cutaneous
inflammation. The deregulation of skin defense mechanisms is
evident in a large variety of inflammatory disorders of the skin,
such as psoriasis, atopic dermatitis, pemfigo, vitiligo, and systemic
sclerosis (80). HLA-G protein is not expressed in the skin from
healthy controls (81, 82). Ectopic HLA-G expression has been
described in skin pathologies (83-86).

Psoriasis is a chronic inflammatory skin disease with an autoim-
mune component. Both membrane-bound and soluble HLA-G
proteins have been detected in psoriatic skin lesions with the main
compound characterized by macrophage lining at the dermo-
epidermal junctions (82). The up-regulation of HLA-G mol-
ecules by macrophages could represent an attempt to control
auto-reactive T cells, induced by activated keratinocytes-derived
cytokines/chemokines. HLA-G may prevent keratinocyte destruc-
tion by modulating the activity of cytotoxic lymphocytes and
promoting the development of Treg cells (87). Interestingly, signif-
icantly lower plasma sHLA-G levels have been found in psoriatic
patients compared with controls (88), suggesting a difference in
systemic HLA-G expression that could be associated with the IL-
10 deficiency typical of psoriasis. Psoriasis management can be
divided into three main types: topical drugs, light therapy, and
systemic medications. Evaluation of therapeutic effects on sHLA-
G expression has shown an increase in plasmatic levels of systemic
treated patients (efalizumab, cyclosporin A, and acitretin) (38)
and a significant association between HLA-G 14bp DEL allele and
14bp DEL/DEL genotype with acitretin clinical outcome (89). We
can suppose a possible direct effect of HLA-G in antagonizing sys-
temic T helper 1 activation and with a potential role as a marker
of response to acitretin in psoriatic patients.

Pemphigus vulgaris is a blistering disease caused by autoanti-
bodies to desmoglein skin adhesion proteins. Skin tissue sections
from pemphigus vulgaris (PV) patients express detectable HLA-G
molecules at both iptional and translational levels, while
control sections present only HLA-G transcription (90). More-
over, the HLA-G 14bp DEL allele has been observed with higher
frequency in PV patients in comparison with controls in a Jewish
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population (91). These data suggest that HLA-G expression could
be a detrimental factor for the development of PV.

HLA-G AND DIABETES

Type 1 and type 2 diabetes present immunologic defects that
enhance insulin resistance as a result of genetics sedentary lifestyle,
obesity, and other conditions, such as chronic inflammation or
infection. It has been shown that higher levels of sHLA-G are fre-
quent in subjects with an impaired glucose metabolism (92). These
data suggest a possible implication of HLA-G antigens in the dia-
betic condition. In fact, SNPs rs4122198, rs2394186, rs1619379,and
rs1611133 near the HLA-G gene have been associated with type 1
diabetes (93); dendritic cells from type 1 diabetic patients produce
lower HLA-G molecules in response to IFN-beta (94) in compari-
son with control subjects and the HLA-G 14bp INS-INS genotype
might contribute to the development of high blood pressure in
type 2 diabetes (95).

Interestingly, HLA-G has been found in some secretory gran-
ules and on the cell surface of primary islet cells induced to secrete
insulin (28). On the basis of these data, it could be hypothe-
sized that an impaired HLA-G expression at pancreatic islets could
sustain T cell activation and onset of diabetes.

HLA-G IN MULTIPLE SCLEROSIS
Multiple sclerosis is the prototypic autoimmune disease of the cen-
tral nervous system (CNS) characterized by chronic inflammatory

demyelination and neurodegeneration of unidentified origin (96).
Multiple sclerosis (MS) typically occurs in young adults and man-
ifests in women twice as frequently as in men with neurological
symptoms and signs, called relapses, which are usually dissem-
inated in space and time (97). About the 80% of MS patients
present a disease onset with a relapsing—remitting (RR) form fol-
lowed by a secondary progressive (SP) course that arises after years,
whereas MS starts with a primary progressive (PP) form in approx-
imately the 20% of subjects (98). However, the recent proposed
criteria (99) suggest that the coexistence of multi-focal lesions in
the periventricular white matter on T2-weighted Magnetic Res-
onance Imaging (MRI) scans with or without Gadolinium (Gd)
enhancement on T1-weighted MRI scans are needed for the diag-
nosis of MS. Based on epidemiological studies, exposure to an
environmental factor, e.g., an infectious agent, in genetically pre-
disposed individuals is currently thought to be crucial for MS
pathogenesis (100) in which the traffic into the CNS of activated
auto-reactive CD4" T helper 1 (Thl) cells plays a central role
(96, 101, 102). The initiation of brain inflammation is due to the
activation of microglia by infiltrating CD4" T cells leading to
the generation of Th1-mediated immune responses (IL-12/IFN-y
and [L-23/IL-17), while the resolution of neuroinflammation is
triggered by astrocytes, which promote anti-inflammatory Th2-
polarized responses (IL-10 and TGF-f) and the elimination of
infiltrating immune cells through Fas/Fasl.-dependent apoptosis

(96, 101) (Figare 3).
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A growing body of evidence indicates that sHLA-G antigens
may have a tolerogenic role in MS (102, 103). Cerebrospinal fluid
(CSF) detectable sHLA-G has been detected in RRMS patients with
higher levels in comparison with other inflammatory neurologi-
cal disorders (OIND), non-inflammatory neurological disorders
(NIND), and controls (104). Farthermore, higher CSF sHLA-G
levels have been detected in RRMS without MRI evidence com-
pared to those with MRI active disease. Notably, a positive corre-
lation between CSF concentrations of sHLA-G and IL-10 has been
found in MS patients without MRI evidence of active disease.
Therefore, CSF levels of sHLA-G may act, together with IL-10,
as anti-inflammatory molecules to regulate MS disease activity.
The association between elevated CSF sHLA-G levels and clini-
cal and MRI appearance of MS stable disease is supported by the
intrathecal synthesis of sHLA-G in MS dinically and MRI inac-
tive patients (105). We have found higher CSF levels of HLA-G5
and not of sHLA-G1 isoforms compared with controls and in
presence rather than in absence of MRI Gd enhancing lesions
(106) and an as well as inverse correlation between CSF levels of
sHLA-G and anti-apoptotic sFas molecules in MS patients with-
out MRI disease activity (107). Collectively, these results suggest
a strong correlation between high CSF levels of sHLA-G anti-
gens and the resolution of MS autoimmunity probably related to
the anti-inflammatory properties of these molecules. The impact
of HLA-G in MS pathogenesis was recently confirmed by other
studies, which demonstrated that: (a) Thl and Th2 cytokine pro-
duction and CD4" T cell proliferation are suppressed by HLA-G
from MS patient peripheral blood monocytes during the first
month of treatment with IFN-g (108); (b) MS disease activity
during pregnancy may be modulated by tolerogenic properties
of sHLA-G since post-partum serum sHLA-G levels are higher
in MS patients without clinical attacks (109); and (c) microglia,
macrophages, and endothelial cells located within and around
MS lesions present a strong immunohistochemical expression of
HLA-G and its inhibitory receptors (ILT-2 and ILT-4), with an
elevated protein HLA-G expression on cultured human microglial
cells after activation with Th1 pro-inflammatory cytokines (110).
Meanwhile, a novel subpopulation of naturally occurring CD4*
and CD8" regulatory T cells of thymic origin expressing HLA-
G (HLA-G®* T,ey), has been characterized in MS patients with
a suppressive activity through the secretion of HLA-G5 and
the shedding of sHLA-G1 (111-113). Overall, these data sus-
tain anti-inflammatory properties of sHLA-G molecules, and in
particular HLA-G-5 isoform, which could lead to the remission
of MS autoimmunity. Although it has been demonstrated that
SNP rs4959039, a SNP in the downstream un-translated region
of HLA-G gene is independently associated with MS susceptibility
(114), the possible link between HLA-G genetic polymorphisms
and MS has not been intensively explored (102, 103). Conflict-
ing results have been obtained. Although no association between
HIA-G gene polymorphism and MS or severity of the disease
has been initially found (115), 14bpINS and —725G (rs1233334)
alleles have been shown to be related to MS (116). However,
a recent study, evaluating the influence of I14bpDEL/INS and
+3142C > G HLA-G polymorphisms on CSF and serum sHLA-
G production, has documented a correlation between HLA-G
genetic polymorphisms and sHLA-G concentrations in both CSF

and serum (117). These findings indicate that CSF and serum
sHLA-G levels in MS could be affected by two main HLA-G poly-
morphisms. Moreover, preliminary results from our laboratory
have demonstrated that, MS patients present dimeric sHLA-G
form more frequently than control, in particular in MRI inactive
MS patients (unpublished data), suggesting that large amounts
of biologically active dimeric sHLA-G form could be released
in CSF of MS patients, possibly induced by pharmacological
treatment (118). Nevertheless, in a recent study no association
was found between serum sHLA-G levels, disability progres-
sion, disease MRI activity, and time to conversion from clinically
isolated syndrome (CIS) to clinically definite M5 (119). These
findings suggest that the use of sHLA-G levels in CSF should
be taken into consideration as a prognostic marker for moni-
toring disease conversion, activity, progression, and response to
therapy.

HLA-G IMPACT IN VIRAL INFECTIONS

Even if host immune system present several mechanisms to con-
trol viral infections, the viruses have developed several strategies
to counteract host immune defenses (120). HLA-G seems to be
implicated in viral immune-escape from Natural Killer cells (121).

Human immunodeficiency virus type 1 (HIV-1) up-regulates
HLA-G molecules and down-regulates dassical HLA-A and -B.
Studies have focused on the expression of HLA-G in monocytes,
which are relevant as reservoirs of HIV-1, and in lymphocytes,
which are more susceptible to infection by HIV-1. Monocytes from
HIV-1 seropositive patients express HLA-G (122) with a possible
association with antiretroviral therapy (HAART), since patients
undergoing HAART present higher levels of HLA-G expression
on monocytes in comparison with untreated and healthy subjects
(122, 123). T cells obtained from HIV-1 seropositive individu-
als have been found to express HLA-G at a higher proportion
{124) and behave like HLA-G+ Treg. Furthermore, on the basis
of HLA-G genetics, it would seem that the HLA-G 14bpINS and
+3142G polymorphisms affect the susceptibility to HIV (125) but
not mother—child transmission (126) in African population.

Human cytomegalovirus is a herpes virus that persists in the
host (127) by means of several strategies to evade the immune
system. HLA-G expression is evidenced during viral reactiva-
tion in macrophages and astrocytoma cells (35) and the lev-
els of expression on monocytes an in serum is higher during
active human cytomegalovirus (HCMV) infection (128). This
up-regulation is proposed to be associated with virus-encoded
homologs of humanlIL-10 (cmvIL-10) (129), which prevents NK
cell recognition of infected cells.

There is also evidence to support also a role of HLA-G
molecules in susceptibility and outcome of human papilloma
virus (HPV) infections. The alleles HLA-G 14bp INS, +1537C
(rs12722477), G*01:01, G*01:04, and G*01:06 have been associ-
ated with both high-grade squamous intraepithelial lesions and
cervical cancer, while HLA-G 14bp DEL and +3142C alleles have
been identified as protective (130-135). These results are in agree-
ment with the low levels of HLA-G3 expression in cervical cancer
{126). On the other hand, two researches recognized HLA-G 14bp
DEL allele and 4 3142C as associated with increased risk of cer-
vical cancer (137, 138), in agreement with increased expression
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of HLA-G in cervical cancer tissues (139) and with the sponta-
neous de-methylation of HLA-G promoter that allows immune-
evasion and the development of precancerous cervical lesions
(140). HLA-G has been also implicated in nasal polyposis devel-
opment in the presence of HPV infection (141). Nasal polyps with
HPV 11 infection have shown HLA-G expression on epithelial cells,
while no HLA-G expression has been observed in HPV negative
polyps.

Neurotropic viruses such as herpes simplex virus-1 (HSV-1)
and Rabdovirus (RABV) (142) induce the expression and up-
regulation of membrane and soluble HLA-G molecules in actively
infected neurons with a consequent protection toward host NK
cells.

Hepatitis C virus (HCV) and Hepatitis B virus (HBV) seems to
induce HLA-G expression to control host immune response (125,
143-148).

On the basis of these results, HLA-G proteins are expressed by
virally infected cells as a mechanism to evade host immune con-
trol, preventing T cell and NK cell activation. The main challenge
would be to block HLA-G up-regulation by viral infection, in order
to allow the recognition by immune cells.

INTERACTION OF HLA-G MOLECULES WITH OTHER HLA-Ib
MOLECULES

Other HLA-Ib molecules have been identified: HLA-E and HLA-
F (149, 150) characterized by a low genetic diversity as well as
by a particular expression pattern, structural organization and
functional profile.

Similar to HLA-G, HLA-E forms a complex with P2-
microglobulin. HLA-E is known to play an important role as
immune-modulator during pregnancy and transplantation (151),
inhibiting immune responses by its interaction with CD8" T cell
receptors (TCRs) (152) and with the CD94/NKG2A inhibitory
receptors of NK cells (153). Meanwhile, this molecule may present
non-self antigens activating immune response (154).

Similar to other HLA molecules, HLA-F can form a complex
with beta2 microglobuli and three splicing variants have been
described. While the presence of HLA-G and HLA-E has been
recently correlated with physiological and pathological conditions,
the clinic-pathological significance of HLA-F is limited. HLA-F is
expressed by peripheral blood B cells upon activation (155) and
is detected in embryonic tissues, including the extravillous tro-
phoblasts invading maternal deciduas, and in spermatozoids (156,
157) and in the serum of patients affected by tumors (158).

Only few data are available on the interaction of HLA-G mol-
ecules with the other HLA-Ib antigens. In physiological condi-
tions, HLA-G molecules interact with HLA-E and co-operate to
inhibit NK cells, mainly at feto-maternal interface, via interaction
with ILT-2 and CD94/NKG2A, re:peclmly (159). In pathological
condition, the interaction between these two molecules facili-
tates the escape of tumor cells from NK cell recognition (160).
In MS, HLA-G and HLA-E molecules are expressed by resident
CNS cells and interact with NK cell and cytotoxic lymphocytes
(161). HLA-G, -E, and -F expression by trophoblasts correlates
with the protection of the fetus from destruction by the mater-
nal immune system, suggesting a co-operation for fetal tissue
preservation.

CONCLUSION

This review aims to focus on the key role of HLA-G molecules
in autoimmune diseases and viral infections. The data herein
summarized suggest that HLA-G may have a crudial role in the
creation of an impaired immune response that characterizes these
pathological conditions.

In fact, it appears even more evident that HLA-G proteins are
involved in the regulation of the immune system during autoim-
munity, such as gastrointestinal, skin, rheumatic and neurologi-
cal diseases and in the immune-escape mechanisms during viral

Here, we have reviewed a series of experimental and epidemio-
logical studies that support the direct influence of HLA-G proteins
on the balance of immune settings. On this basis, understand-
ing the function of HLA-G in these disorders could help in the
identification of new approaches to control HLA-G production.

For example, it is interesting to note that inflammatory cuta-
neous diseases present a disproportional expression of HLA-G
molecules with respect 1o controls and that this could gener-
ate autoimmunity. Thus it appears that down/over-expression of
HLA-G may not only act as an immunosuppressive and beneficial
molecule but may also sustain an unbalanced immune stimulation
and autoimmunity. With reference to bowel diseases especially, it
appears clear that the different HLA-G expression levels could
help in the differential diagnosis and consequently in the choice
of appropriate treatment.

Furthermore, several studies have evidenced the possible role
of sHLA-G antigens as a tolerogenic molecules in MS since their
intrathecal production is associated with disease remission. It is
of extreme importance to evaluate the role of HLA-G antigens
in MS pathogenesis, in particular if they are implicated in dis-
ease progression or if they represent an indirect manifestation of
MS inflammation of CNS. Still to be clarified are the functional
differences between HLA-G5 and sHLA-G1, and whether dimers
and monomers exert a different function in MS inflammatory
disease activity. As far as viral infections are concerned, HLA-G
could be considered a target for anti-viral treatment, so increased
knowledge in this field could contribute to identifying different
therapeutic strategies.

Collectively, the results emerging from the literature confirm
the importance of the HLA-G molecule in the pathogenesis and
progression of immune-based diseases and infections, underlin-
ing the relevance of its investigation with the aim to developing
new therapeutic strategies and clinical markers. Meanwhile, the
analysis of the interactions between HLA-G and other HLA-Ib
molecules may be useful to understand the mechanisms for the
creation of immune-suppressive microenvironments.
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Human leukocyte eatigen-G (HLA-G) & a low polymorphic nendesics]l HLA-] moleoale restrictively expressed and with
wippresiive funcsons. HLA-G peae products ste quite consplen. with seven HLA-G isnformi, four memibiane boind, and oher

three sbubde teoforem that can ruifer difesent

encalificat ions ar even ol b sy, B sddinem, 1L A -G has

been docribed included in cvoromes. hﬁmnﬂhﬁmﬁjﬁmnﬁmdﬂmu&rmm
that regulate s expression and beve the protein modiScations offect the quantifcaton m bickogical fuids.

1. Introduction

Human leukocyte antigen-G (HLA-G) & a
compatibility complex clam | antigen

Lummthlu’lﬂ.‘tmﬂn.mmd.lhﬂrqm

tiony such as precclampsia (2] or recurrent spontancous
abartion [3] in comparison with narmal placentas. HLA-
G expresvion has been documented in few thisues durng
m&:mﬁmaﬁhumﬁmnﬁmﬂ.
and endothelial precurson [4=6], and in o variable pevcentage

of serumiplasma samples from healthy subjects [7] where
the main producers seem to be activated CD14+ monocytes
(8. An ecoopic expresdon of HLA-G molecules has been
cheerved during “no-physiological” conditions, such & vird
infecuion [9=12], camcer (LY, transplantetion [l4=18], and

in inflenunatory wsd sutcimmane diseades [19=21]. Thus, o
powing body of evidence has indicated HLA-G a5 o suitable
ey nctor in different pathodogies. In fact, HLA-G muy exhibit
two disinet effects in pathologicsl conditions: 8 could be

pratctive in inffammatory and sstotmmone diseases [22] or
it could be dangerous, for example, in tumon or infectious
diseases

2. HLA-G Expression and Regulation

The HLA-G ;Indlcdmhmun&dhmﬂpdruﬂ
phizems both bn the promotes and ia the ' unranalsted region
{3 UTR) that modify the afinity of gene targeted sequences
for ranscriptional o 1 factors, respectively
[24]. Twenty-nine single aucleotide pobymorphivms (SNPx)
have been idemified in the HLA-G promoter reglon. which
may be tevoived in the regulation of HLA-G expression,
condering that many of these polymorphizme are within
mchumtmrnmpmmqunlﬂnqmtﬁpnﬂ]
The HLA-G 5 regulatory region (LURR) is unigue
amuong the HIA geaes [25] and i unresponsive o NF-«B [25]
and TFN-y | 26], due ta the presence of a modified enhuncer A
{enhi) und & deleted interteron-stimulsted sesponie clement
(ISHE} A locus control reghon (LUR) located =1 2kb from
exon | exhibits o binding site for CRER] factor, which also
binds to two sdditions]l CAMP responee clements at =534
and =770 positions from the ATG start codoa. In sddition,
in ISRE for IPN mmponae factor-! (IRF-1) b8 located at
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Hsel Spt PO RS0 Lo REX
- - - @ -
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Frguns L: HLA-G unique promoter region. Enhancer A element (KBI, KB2, Spl): NF-KB; intetferon- amﬂawdmhmydm{lsmj

interferon regulatory factor (IRF); interferon-gamma activated site (GAS); SXY regi

response element (HRE).

the =744 bp position [24) and is involved in HLA-G transacti-
vation IFN-f treatment [27], The HLA-G promoter
also contains a heat shock element at the =459/=454 position
that binds heat shock factor-1 (HSF-1) [ 28] and a progesterone
receptor binding site at =37 bp from ATG start codon [29].
Several promoter region polymorphisms coincide with or
are close 10 known or putative regulatory elements and thus
may affect the binding of HLA-G regulatory factors [30).
The =725 C>G/T SNP is very close to ISRE. and the =725G
allele is associated with a significantly higher expression level
compared with the other alleles [31]. The polymorphic sites
at the 5" URR are frequently in linkage disoqullibﬂum (LD)
with the polymorphic sites identified at the 3' UTR, some
of them influencing alternative splicing and mRNA stability
[25].

A 14 base pair (14 bp) insertion/deletion (INS/DEL) poly-
morphism (rs66554220) in exon § involves mRNA stability
and expression [32]. In particular, the DEL allele stabilizes the
mRNA with a consequent higher HLA-G expression [33, 34)
The presence of an adenine at position +3187, modilying an
AU-rich motif in the HLA-G mRNA, decreases its stability
[35]. One single nucleotide (SNP) C>G at
the +3142bp position (rs1063320) has been explored by Tan
and coauthors [36]. The presence of a guanine at the +3142
position may influence the expression of the HLA-G locus by
increasing the affinity of this region for the microRNAs miR-
148a, miR-148b, and miR-152, therefore decreasing the mRNA
availability for translation by mRNA degradation and transla-
tion suppression. The mfluence of the +3142G allele has been
demonstrated by a functional study in which HLA-G high-
expressing JEG-3 choriocarcinoma-derived cells have been
transfected with miR-148a, decreasing soluble HLA-G levels.
The contrasting results obtained by Manaster and coauthors
[37], who have reported the absence of 43142 C>G effect on
the miRNA control of membrane HLA-G expression, prompt
further considerations on the relationship between this poly-
morphism and membrane HLA-G expression. Other SNPs
have been identified as implicated in miRNA interaction. In
particular, 43003, +3010, +3027, and +3035 SNPs are influ-
enced by miR-513a-5p, miR-518¢*, miR-1262 and miR-92a-
1°, miR-92a-2°, miR-661, miR-1224-5p, and miR-433 miR-
NAs [35). The miR-2110, miR-93, miR-508-5p, miR-331-5p,
miR-616, miR-513b, and miR-589° miRNAs target the 14bp
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INS/DEL fragment region, and miR-148a2, miR-192", miR-
152, mir-148b, and miR-218-2 also influence the +3142C/G
polymoephism
HLA-G is a stress-inducible gene: heat shock, hypoxia,
and arsenite increase different HLA-G alternative transcripts
(28, 38]. The indolamine 2,3-dioxygenase (TDO), an enzyme
which metabolizes tryptophan, induces HLA-G expression
during differentiation into dendritic cells [39).
Interestingly, HLA-G exerts its immune tolerogenic function
towards T cell alloproliferation following an independent
pathway from IDO [40]. Nitric oxide-dependent nitration
of both cellular and soluble HLA-G protein decreases total
HLA-G cellular protein content and expression on the
cell surface, while it increases HLA-G shedding into the
culture medium. This effect was posttranscriptional and
the result of metalloprotease activity [4l=43]. Several evi-
dences indicate that the soluble HLA-G1 (sHLA-G1) form
is generated through the shedding of the membrane bound
HLA-GI by metalloproteinase (MP) [44=47]. In particular,
matrix metalloproteinase-2 (MMP-2), a zinc-containing and
calcium-requiring endopeptidase known for the ability 1o
cleave several extracellular matrix constituents, as well as
nonmatrix proteins, is responsible for HLA-G1 membrane-
shedding via three possible highly specific cleavage sites [48].
The anti-inflammatory and  immunosuppressive
interleukin- (IL-) 10 has been correlated with concomitant
HLA-G expression [33]. Transacivation of HLA-G trans-
cription has also been demonstrated by leukemia inhibitory
factor (LIF) [49] and methotrexate cell exposure [50].
Furthermore, interferon (IFN)-a, -8, and -y enhance HLA-G
cell-surface expression by tumors or monocytes [51, 52].
HLA-G expression could be acquired by trogocytosis,
where a “donor” cell that expresses membrane HLA-G
membrane parts containing HLA-G with a
“recipient” cell that is not expressing HLA-G molecules. In
this particular situation, “recipient” cells will acquire and
make use of membrane HLA-G molecules from a “donor”
HLA-G positive cell without the activation of HLA-G gene
transduction into protein. Trogocytosis of HLA-G from
antigen presenting cell (APC) by T cells in humans makes
these T cells unresponsive [53]. It has been shown that NK
cells can acquire HLA-GI from tumor cells, which provokes
an arrest of NK cells proliferation and cytotoxic activity,
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behaving like suppressor cells capable of inhibiting other NK
cell functions [54).

3. HLA-G Transcription Products

To date, 50 alleles (IMGT HLA database, December 2013) and
16 proteins are known. Seven HLA-G isoforms exist due to
mRNA alternative splicing and differential association with
B2-microglobulin ( £2-m). Four of them are found on the cell
surface (HLA-GI, -G2, -G3, and -G4), while the other three
are soluble forms released from the cell (HLA-GS, -G6, and
-(G7), due to the lack of the transmembrane and intracellnlar
domains of membrane-bound HLA-G (Figure 2). The HLA-
G 14 bp INS/DEL polymorphism is involved in the expression
of both HLA-G1 and HLA-G5 isoforms, with decreased
HLA-GI and HLA-G5 concentrations in 14bp INS samples
in comparison with 14 bp DEL samples (32, 34].

The overall structure of HLA-G resembles other class |
MHC molecules, in which a heavy chain comprised of three
extracellular domains is noncovalently associated with §2-
m (Figure 2). A nine-residue self- is bound within
a cleft formed by two alpha-helices and 2 beta-sheet floor.
Az extensive network of contacts is formed between the
peptide and the binding cleft, leading to a constrained mode
of binding reminiscent of that observed in HLA-E [65].

4. HLA-G Receptors

HLA-G exerts its immunomodulatory functions through
the interaction with multiple receptors such as LILRBI
(ILTYCD85)), LILRB2 (ILT4/CD85d), and KIR2DL4
(CD158d), which are differentially expressed by immune
cells. The interaction of HLA-G molecules with i
receptors induces of activated CD&+ T cells [66],
modulates the activity of NK cells [67] and dendritic
cells (DC) [68], blocks allocytotoxic T Iymphocyte
response, induces expansion of T cell populations such
as CD4'CD25'FoxP3® regulatory T (Treg) cells [69]
and CD3" CD4"*Foxp3™ and CD3" CD8™ Foxp3™ [70], and
inhibits Vy9V82 T-cell proliferation and cytotoxicity without
inducing apoptosis [71]. Moreover, HLA-G is expressed at
high levels on DC-10 cells, human DCs with tolerogenic
activity and an oulstanding ability to produce IL-10 [72].
Interestingly, the expression of membrane-bound HLA-G1
and its receptors is upregulated by IL-10 on DC-10 and the
expression of high levels of membrane-bound HLA-GI,
ILT4, and IL-10 by DC-10 is critical to the generation of
allergen-specific Trl cells by DC-10.

Whereas LILRBI is expressed by NK cells, T cells, DCs,
and decidual macrophages, LILRB2 expression is restricted
to monocytes, macrophages, and DCs. These receptors can
bind both classical and nonclassical HLA-1 molecules [73, 74).
However, they present more affinity for HLA-G than for
classical HLA-1 molecules [75]. Also, HLA-G interaction with
LILRB1 on NK cells and the resultant inhibitory function do
not require tumor cell lipid raft integrity [76). This differs
from classical HLA-I, which are recruiled in lipid rafts upon
receptor engagement [77],

LILRB] and LILRB2 possess 4 extracellular domains (D=
D4) and four and threc immunoreceptor tyrosine-based
inhibitory motifs (ITIMs), respectively, in their long cyto-
plasmic tails. These ITIM motifs confer them inhibitory
characteristics, contrary to other LILR family receptors with
activating properties that lack these ITIM motifs and pos-
sess an Arg residue in the transmembrane domain [74).
Interaction of LILRBI and LILRB2 with their ligands causes
phosphorylation of these ITIMS and recruitment of SHP
phosphatases that initiate the inhibitory cascade. The D1 and
D2 domains mediate the interaction of these receptors with
HLA-I molecules and in the case of LILRBI that occurs with
the ad-domain and S2-m [74). In fact. f2-m free HLA-G
molecules are not recognized by LILRBI [78). However. in the
case of LILRB2, it seems that interactions of these receptors
with HLA-I molecules implicate the conservative residues of
a3-domain but not of #2-m [73, 74). HLA-G can form dimers
that bind to LILR receptors with even a higher affinity than
HLA-G monomers [79], being able to bind two receptors
simultaneously [80].

Another HLA-G receptor is KIR2DL4 or CDI58d, the
only receptor of the killer cell immunoglobulin-like receptors
(KIR) family that is expressed in all NK cell types [67).
KIR family includes receptors with activating properties and
receptors with inhibitory properties. KIR2DL4 has unique
structural properties among the rest of KIR receptors: it
possesses a long cytoplasmic tail characteristic of inhibitory
receptors, a charged amino acid in the transmembrane
domain similarly to activating KIR receptors (reviewed [81]),
and a mixed structure in the extracellular part with DO and
D2 domains. Contrary to other KIR receptors, KIR2DL4
expression is transitory on NK cell surface, with a main
expression in endosomes, reached by an endocytic process.
KIR2DLA seems to participate to HLA-G endocytosis when it
is transient expressed on NK cell surface, as both HLA-G and
KIRZDLA can be simult colocalized in endosomes
[82]. This could explain why soluble HLA-G or anti-KIR2DLA
antibodies, but not solid-phase bound antibodies, can induce
cytokine secretion by NK resting cells. However, KIR2DLA
expression can be induced by IL-2 and its activation upon
antibodies engagement provokes a weak cytotoxic activity
with a strong IFN-y production [83].

In vitro studies have shown that KIR2DIA is able o
interact with f2-m free HLA-G molecules, inducing IFN-
y production [84] and increasing NK cell cytotoxicity [19].
Contrary to LILR receptors, KIR does not bind HLA1
molecules through its a3 domain but through al and a2
domains which are much more polymorphic than a domain
(85, 86). This could account for the broader specificity of
LILR receptors in comparison with KIRZDL4 that binds
specifically HLA-G and no other HLA-I molecules. Also,
structural studies suggest that KIR2DL4 cannot bind HLA-
G dimers due to steric reasons [22).

The expression of LILRBL, LILRE2, and KIR2DLA can be
induced by HLA-G without any costimulstory requirement,
which indicates that it can occur independently from any
immune response [87].

Besides these receptors, HLA-G can also bind to CD§
without TCR interaction, provoking NK cells and activated
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CD8+ T cells apoptosis, and FasL upregulation and secretion
[88]. Another putative HLA-G receptor is CDI60. Interaction
of HLA-G with CD160 expressed by endothelial cells induces
the apoptosis of these cells [89] and inhibits cell proliferation,
migration, and tubule formation [90], inhibiting the angio-
EEnic process.

5. Posttranslational Modifications
of HLA-G Molecule

Although most studies are related to B2-m bound HLA-
G molecules that correspond to the originally described
structure, several results have demonstrated the existence of
modified variants of this structure. For example, expression
of f2-m free HLA-G, which can be originated by dissociation
of HLA-G complete isoforms [45], has been demonstrated in
different tissues such as placenta [78] or pancreatic endocrine
cells [91).

Besides Cys residues in a2 and a3 domains that allow
intramolecular disulphide bonds, HLA-G molecule preseats
other important Cys residues. Cysd2 in al domain and
Cysld7 in a2 domain can form intermolecular disulphide
bonds giving nse to HLA-G dimers that can be observed
by SDS/PAGE under nonreducing conditions [92]. These
structures have been observed for all HLA-G isoforms except
HLA-G3 [93]. Ithas been estimated that about 40% of HLA-G
molecules at trophoblastic cells surface are in a dimeric form;
meanwhile, only a small fraction of soluble HLA-G would
be constituted by HLA-G dimers [94]. Even more, villous
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cytotrophoblast cells can produce dimers of 2-m free HLA-
G5 molecules [95).

Immunoblot analysis with 4H84 antibody rends bands of
diverse molecular weights (35-50 kDa) due to a glycosylation
of HLA-G through an Asn residue (Asn86). This modifi-
cation has been observed for both soluble and membrane
bound HLA-G [96]. Another posttranslational modification
observed in HLA-G is nitration in Tyr residues. Presence of
3-nitrotryrosine in HLA-G has been demonstrated in vivo
in biological fluids both in monomeric and multimeric form
[42] and in vitro after treatment with NO donors, which
also increase HLA-G shedding by metalloproteases [43]. The
detection of this modified HLA-G may characterize HLA-
G synthesized at sites of inflammation where there is an
important peroxide production.

Recently, HLA-G of molecular weights (70=76kDa)
higher than those expected were observed in biological
fluids even when SDS/PAGE prior to western blot was
performed under reducing conditions [64]. These molecules
were associated with £2-m and could form dimers through
disulphide bonds. The importance of these structures resides
in the fact that they are not equivalently recogaized by anti-
HLA-G antibodies and can originate discrepancies in HLA-
G quantification results. These molecules were later identified
as ubiquitinated HLA-G molecules [97] with an intracellular
origin demonstrated by their presence in exosomes, which are
microvesicles of 50=100 nm originated from the endolysoso-
mal pathway and secreted by many different cell types [98)].

These particles carries mRNA, miRNA, and proteins,
such as classical HLA-T maolecules [98), and can exert distant
immune functions [98). Exosomes could act as a mechanism
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t spresd MLA-G wleropenic functons because HLA-G
presence has been demonsiraied in exosomes produced by
melagoma cells (99] and by eazly and term placents [100]
Furthermore, in serum from wonnen HLA-G can be
detected incorporated (nto exopomes [108].

6. Analytical Challenging in
Soluble HLA-G Analysis

Searching in PubMed with the words HLA-G and FLISA
thete are I75 papers ustil November, 2013, mes-
suring soduble HLA-G in different aological
serum, plasea, and exudates. From these papery, i tx clear
that the measnremient nf soluble HLA-G 3 & potential
hinsmarker for diagnoatic andior prognonic in some phys-
stuations, such o ohatenc complicatong or
cancer [HE2] In sddition deiectable levels of saluble HLA-
G in medium from eombryo culture are amociated with
Fuccess in vitrn fertilization. For this teason, the disposal of
a good and widely sccepted method 1o mensuse the soluble
HLA-G levels Is of cruciel impostance 1o achieve & good
tranadation of remadis between different lasboratories. Mol wre
in-house ELISA axsays (Tabile 1) using as capture antibody the
mAb MEM -G/, which has been rapsed agsinet recombinant
human HLA-G refolded with 82-m and peptade [36]. Other
ELISAs xre denigned o mensure exchustvely HLA-GS andior
G uaing anti-pan HLA-1 antibody W62 a1 detection
annibody and the antibody SAGGT s capure antibody (103,
that reacts with the introa 4, which is exclesive of these twio
{sofore [104]. As detection antibody most sseyy e & ann.
F1-m mntibosdy or Wa/T2 These asays perform very well in
witro wabing, cell cultires, but the procedure far HLA-G mes
surement b far from being resalved Lo vive, amd i bas been
songrce of conflicting eesulty and bteresting dlsusions [105=
108]. Muce than 15 years have sttce Ered reports of
& method for measuring HLA-G [35] and meanwhile some
impirtant efforts have been carried put by severs] muthors o
validair u method snd o standard o meavure soluble HLA-
G [58]. However, four main remsain b he solved:
the identification of the main crodeting HLA-G molecubes
in wives, the obtaining of a purified standand widely available,
the selection of the sntibodier wed in the procedure, snd the
sensitrity of the methodology.

Probably the most important (e i related 1o the types
of HLA-G maolecules present in biological flulds, &5 we do not
kmow yet the predominant ofoym and whether i circulates
free o included in microvesicles, thai b, exoeames [64], or
i they are madaly free molecules or associated with #2-m. or
even the influence of modificatsons such as dimerization [92],
pitration [42], or uhiquilination 971 The pressnce of these
alteted structsires oould be maee relevant tn cancer where

staties i more omndized than the redon statun and that there
& & low proportion of free SH groups fom the Oy m
cerculation [41]. 1t is mot known if these proteins react equally
with different antibodies employed 10 messure HLA-G in

ELISA Assuming the matement that onby shed 110LA-Gl and
HLA-GS are released 1o citculation, we and othenn bave
calculated the amount of sLILA-GI by the difference between
the concentrations of sTILA- GUEILA-GS (using MEM-G/9 as
aapture mAb) and HLA-GS5 (uring SASGT as capture mAb)
[108]. However. under the new vision of crculsting HLA-
G mobecules we cannot be wure now that this always ocours
in vive. Unexpected results probably due to anomalous
structurcs were already documented in the Wet-

for Quantification of Soluble HILA-(F held in 3004 [58] In
this workshop 2 was observed in some samples that there
were HLA-G SAGGT-immunoresctive molecules that were
not recognized by MEM-G/9, These different sructares were
later elucidated to be new high molecolar welght HLA.G
tﬂqﬂﬂn[ﬂ]

A wecond important problem in the lack of 2 wadely
mﬂﬂﬂtwrﬁdm-bnﬁhmhthuwﬂmal
stundard The only commercial sluble HLA-G ovailable
kit powados for quantitetive messarement (EXBIO Praha,
Crech Republic) uses s sHLA-G standard calibrator in terms
af arhitrary units/ml, but ity equivalence 1o & proten con-
centratinn or bodogical activity s unknown. A high useful
method to produce s protein & by plasmid transfection
in bacteria. and both HLA-GL and & fusion protsin have
been produced by this methadology [10] Az syathetived
in a prolaryotic model, there are not the postiransdational
[96]. and probabl lhn:t:nnhmﬂnnll equrvalent

L y thei nol o
the native proein. For exumple, the fusion procing produce
inhibitton in NK celly only at levels much higher than ihe
native protein. FILA-GS molecules pusified from
bywates of SP9 celly ranifected with HLA-GS and buman
fi-m have been used as a standerd |58). while others have
purified the protein from HLA-G wansfecied cell culbore
spernstants by affinity chromstogrephy [111] Also, other

with caution. Same precuutbons sthould be taken when frams-
standard and methodology wsed. bt also an the population
studied

The third faeue is pelated to the capabality of the antibodies
io recogniee all forms of HLA-G. Most of the anti-HLA-G
atibedies wsed im the ELISA thie Raive protem. are
very specific, and do aot react with other HLA-1 molecules
{Tuble 1} as i has been discussed sliewhere [101], We do
nﬂ.km;ﬂllhn-:lmhlqumuhlmthlﬂl{l.t-{'
molecules, and probably pome proteins conld be
niwed. For example, i w:m&mbrﬂnwcm
that MEM-G/% can also resct with HLA-GY, but the intensily
of the stgnal is wesket than with HLA-GI [113]. Some HLA-
G are anderrecogniecd by MEM-G/% and reict
better with the anti- HILA-G antibedy G-233 [84]. In addstion,
slthoggh HLA-G polymorphises is quite low with only 18
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Tamun 1 Exasmples of methods develaped for messsring sehide HLAG.

Type Sandid Capture antbody D‘“"‘“‘"‘n ; Detection Detection limit  Reference
FLISA HLA-GULCL WhID afler
gtk TELIN tranafected depletion with wnti-f#-m Crlorimeiric 2imgiml 155]
wells T
FLISA KOG DFL Y o
None MEM (59 Wh Colorimetric an, {38
ELISA HLA-G eramsfected
exchwich I cells G 363 Colosimetric 1 ngfml 151
KA HLA-GS peniein
il dietived from insedt MEM -Gy ahld- M350 Colosimetric Sngiml 15a]
§P9 calla
ELISA- HLA-G5 prosen
bt derved from ineect SARGT Winx2 Colorimetric fnghml |5a)
PG crlla
HLA-GS and beta2
Lmeminey m nansdected $39% Rl e st fiom Floarescen s 03 ngiml |5}
cxlls
s T MEM-GS w2 Flaareaerne gl o)
HLA-GS
Piar-Flex rransdecind 1iela MEM-G/Y WAL Fluores:rnse 0.1 ng/ml. 8]
<elly
T mui?nw MEM.GI® Wi Chemiluminewrnce Tagiml 8}
BLISA- Purifed HLAG MY Polycienad Colorimetric 1Wml 82
ndwich Y | moecommercial) anti-HLA-G
e WLA Gl
trmnafected Gaas anti-f1-m Colorimetnic 4 L L
snduwich 1CL T3 23 celle i
wlfect the binding to the wntibodien. Of particuler interest dﬂuum-luuhtdrmnudmwdnimpmdumuﬂ

nlmﬁ-ﬁrﬁtudhrlhmhphmhmdh Bil-m
[95], 3o these modeculer would not be detected in this type
of iseaye. Although some suthor have used the anti-HLA-G
mAb 4H8§ b= ELISA [114). dts ase s oot recomemended as it
can prodince some ponrpecific reactions with clasaical TTLA-T
malecules. under certain comditions [113].
Fenally, another prohlem o be solved is the sepitivity of
the method An tmportent bawe is that nelther the functional

thors, whiowe reported detection Yot i in the oeder of =
10 ngfel. and sobuble HLA-G levels are helow this detection
limit ks maamy occastons. Thus, @ b not known if there i no
circulating HLA-G of if the proceduse is not sensitive encugh
for quantification of low HLA-G levels Sone suthors have
improved the methodology, using Buorescence detection or
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10 the ooforimetric based ELISA methodology (59, 61). This
last methodology secrms more for messuring
HIA-G in media from embeyo cullure during i vitro
fertilmation [59]

7. Conclusions

HIAG & & molecule that has been decply studied during
the Just two decades where the almost exclusive expression
in placents has been well documented. When the HLA-G
pene b expressed, it can produce seven isoforms thai exert
immunc-suppresive funciions by binding to i3 recepbors.
However, there are some important bavic concepts in ity bin-
cheminiry that remain not well explained ye1. Among them,
ihe knowledge of the regulation of the profein cxpression
u;mmwmﬂnnmdhumb:w
in different situstiona. This could
help to induce HLA-G in a tinue when a smppreuive action
is convendend (e, organ transpianistion) of io suppress it
when It expresslon i harmiul {eg. tumos). Also, aloag
pecent years mukiple HLA-G prosein modiScations have been
described. such as HLA-G dimers that bind LILRB tecepioms
with an affinity even higher than monomers, or nitration.
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Moreower: high molecular weight molecules of HLA-G have
been described an HILA-G complexed with ubdguitin. Fur-
thermore. circudating HLA-G has also been observed as
inclhuded in exmaomes. The complete identification of theae
circulating HLA-G structures would mmpoove not only the
knowledge of this molecule but slio the design of better
methods for analyis. Theie are important questions. that
should be elucidated in order to undermand the biology of
HLA-G and to darify some discrepant resalta
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Abstract Human leukocyte antigen-G (HLA-G) mole-
cules are non<classical HLA class I antigens with an
important role in pregnancy immune regulation and
inflammation control. Soluble HLA-G proteins can be gen-
erated through two mechanisms: alternative splicing and
proteol ytic release, which is known to be metallopratease
mediated. Among this class of enzymes, matrix metallo-
proteinases (MMPs) might be involved in the HLAG1
membrane cleavage. Of particular interest are MMP-2 and
MMP-9, which regulate the inflammatory process by cyto-
kine and chemokine modulation. We evaluated the effect of
MMP-9 and MMP-2 on HLA-GI membrane shedding. In
particular, we analyzed the in vitro effect of these two gel-
atinases onthe secretion of HLA-GI via proteol ytic cleavage
in 221-Gl-transfected cell line, in JEG3 cell line, and in
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peripheral blood mononuclear cells. The results obtained by
both cell lines showed the role of MMP-2 in HLAGI
shedding. On the contrary, MMP-9 was not involved in this
process. In addition, we identified three possible highly
specific cleavage sites for MMP-2, whereas none were
detected for MMP-9. This study suggests an effective link
between MMP-2 and HLA-G1 shedding, increasing our
knowledge on the regulatory machinery beyond HLA-G
regulation in physiological and pathol ogical conditions.

Keywords HLA-G - Matrix metalloproteinase - Protein
shedding - Inflammation

Abbreviations

HLA-G Human leukocyte antigen-G
MPase  Metalloproteinase

MMP  Matnx metalloproteinase

ADAM A disintegrin and metalloproteinase

Introduction

Human leukocyte antigen-G (HLA-G) molecules are non-
classical HLA class T antigens with an important role in
pregnancy immune regulation and inflammation control
[1). On one hand, the expression of HLA-G molecules is
fundamental for creating a tolerogenic environment at the
matemal-fetal interface [2-4] and in transplanted patients
[5-9]. On the other hand, the presence of HLA-G mole-
cules facilitates tumors [10-13], virus immuno-escape [14],
and is implicated in the pathogenesis of several diseases
such as multiple sclerosis [15-20], rheumatoid arthritis [21,
22), and psoriasis [23].

The functions of HLA-G molecules are camied out
through the intemction with inhibitory receptors, ILT-2
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(LILRB1/CDSSj), ILT-4 (LILRB2/CD85d), (DS, and
KIR2DL4 (CDI158d), at the surface of immune cells [24—
29]. The ligation of HLA-G with these meceptors induces
the apoptosis of activated CD8+ T cells [30]. acts on T
regulatory cells [31], modulates the activity of natural
killer cells [32] and of dendntic cells [33, 34], and blocks
allocytotoxic T lymphocyte response [35].

HLA-G exists as four membrane-bound (HLA-GI1, -G2,
-G3, and -G4) and three secreted soluble isoforms (HLA-
GS, G6, and G7) generated by altemative splicing of the
primary transcript [36]. In addition, the HLA-GI trans-
membrane isoform can produce a soluble form (sHLA-GI1),
by proteolytic shedding, which retains all the functions of
the membrane counterpart [37]). Several lines of evidence
indicate that the sHLA-G1 form is genemted through the
shedding of the membrane-bound HLA-G1 by metallo-
proteinase (MPase) pathways [37-40]. However, the
identity of this membrane-bound MPase is still unknown,
although potential candidates seem to belong to a disinte-
grin and metalloproteinase family [41). In addition to these
proteases, soluble MPases might be also involved in the
shedding of HLA-G1: some of the largest families of such
proteases are matrix metalloproteinases (MMPs), MMPs
amre zinc-containing and calcium-requiring endopeptidases
known for their ability to cleave several extracellular
matrix constituents as well as non-matrix proteins [42, 43].
Increased expression of MMPs was observed in several
human diseases such as cutaneous epithelial tumors [44],
colon cancer [45], multiple sclemsis [46, 47], and Duch-
emne muscular dystrophy [48], suggesting an implication of
these enzymes in the immune defense, inflammation, and
repair mechanisms [49]. In particular, MMP-9 and MMP-2,
two MPases that belong to the gelatinases family, are able
to regulate the nflammatory process by cytokine and
chemokine activation/inactivation [49-51).

Taking into account the ability of both HLA-G and
gelatinases to modulate immune response during inflam-
matory conditions, in the present work, we planned a
focused approach to evaluate the effect of MMP-9 and
MMP-2 on HLA-G | membrane shedding. In particular, we
amalyzed the effect of these two gelatinases on the secretion
of HLA-G1 via proteolytic cleavage.

Materials and methods

Transfected cell lines

Parental 721.221B-LCL HLA null lympho-blastoid cell
line and HLA-G I-transfected 221G 1 cell lines were used
for the study. HLA-G tmnsfectants were described else-

where [52]. The parental 721.221 cell line and transfectant
were maintained in RPMI 1640 medium supplemented

4 springer

with glutamine and antibiotics and with or without (FBS-
free experiments) 10 % fetal bovine serum (FBS) (Hyclone
Laboratories, Inc., Logan, UT, USA). 221-G1 transfectants
were selected in the presence of antibiotic G418,

Jeg3 cell culture

Human choriocarcinoma trophoblastic cells (JEG-3) were
used as positive control for the constitutive expression of
HLA-G [53]. The cells were cultured in RPMI medium
(Sigma-Aldrich, St. Louis, M, USA) with glutamine and
antibiotics with 10 % FBS and maintained at 37 °C in a
sterile humid atmosphere under 5 % CO; and 95 % 0,. No
FBS was added for the FBS-free expeniments.,

PBMC culture

Peripheral blood mononuclear cells (PBMCs) from five
healthy donors were isolated from whole blood by ficoll
gradient (Cederlane, Homby, ON, Canada) and resus-
pended in RPMI medium (EuroClone, Milano, Italy),
100 U/ml penicillin, and 100 U/ml streptomycin (Sigma-
Aldrich) with 10 % FBS. No FBS was added for the FBS-
free experiments. 10f PBMCs were supplemented with
20 ng/ml of exogenous recombinant IL-10 [54] (PeproTech
Inc., Rocky Hill, NJ, USA) to induce HLA-G expression.

mRNA preparation

Total cellular RNA was prepared from each cell culture
with TRIzol reagent (Life Technologies, NY, USA) as
descnbed [55] The RNA samples were digested with
DNase. The quality and quantity of RNA samples were
assessed by a | % agarose gel electrophoresis, followed by
ethidium bromide staining. These mRNA samples were
immediately used for cDNA synthesis or stored frozen at
=80 °C until use.

RT-PCR reactions and anal yses

To analyze the presence of HLA-G mRNA, 2 pg mRNA
was reverse transcribed for each sample using a Super-
Scrip™ First-Strand Synthesis System (Invitrogen, San
Giuliano Milanese, ML, Italy) according to manufacturer’s
instructions. The quanti fication of RNA was checked with
b-actin amplification by RT-PCR (for-5"-GCTGCTATC
ACTTAGACCTCA-3": rev-5-CTTGTCACAGTGCAGCT
CAC-3") [56). HLA-G mRNA was evaluated by RT-PCR
{for-5"-AACCCTCTTCCTGCTGCTCT-3": rev-5-CTCCT
TTTCAATCTGAGCTCTTCT-3") with the following
cycling parameters: 40 cycles of 30s at ™4 °C, 30s at
55°C, and 2 min at 68 °C, final extension at 68 °C for
5 min obtaining a 291-bp amplified fragment [57]. Jeg3
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cell was used as HLA-G-positive control. The mRNA
relative quantification was evaluated by a Geliance 600
system (Perkan Elmer, MA, USA).

Cytometric analysis

For flow cytometric analysis, cells (10%) wen: washed and
incubated for 30 min on ice in 100 pl of phosphate buf-
fered saline (PBS) containing 1 % FBS, 10 mM sodium
azide, and appropriately diluted fluorescent mAb. After
two washes with cold washing buffer, cells were then
washed, fixed in 2 % formaldehyde, and analyzed by flow
cytometry with a FACSCount flow cytometer (Becton—
Dickinson, San Jose, CA, USA) using standard settings and
CellQuest software (Becton-Dickinson, San Jose, CA,
USA) for data amalysis. The membrane-bound HLA-G
antigens were detected by anti-HLA-G FITC monoclonal
antibodies (MoAbs) (87G: MEM-G9, Exbio, Praha, Czech
Republic): HLA class | molecules were stained by W632-
FITC MoAb (Exbio, Pmha, Czech Republic). Beta-tubulin
was analyzed by anti-beta-tubulin-FITC MoAb (Milli-
Mark, Temecula, CA, USA) after cell fixation and per-
meabilization with Cytofix/Cytoperm™™ Kit (BD Biosci-
ences, San Jose, CA, USA). CDI4 staining was performed
by anti-CDI4-PE MoAb (Sigma-Aldrich). Anti-isotype
controls (Exbio) were performed.

sHLA-G ELISA

Soluble HLA-G (sHLA-G) levels in cell culture superna-
tants were measured by enzyme-linked immunosorbent
assay (ELISA) as previously reported [17, 19, 20), using as
capture antibody the MoAb MEM-G9 (Exbio), which
recognizes the HLA-G molecule in Brmicroglobulin-
associated form, or SA6G7 MoAb (Exbio), which recog-
nizes the HLA-GS and -G6 isoforms. Transfected 221-G 1
or HelLa-GS cell (kindly provided by Prof. E.Weiss, Institut
fur Anthropologie und Genetik, LMU, Munchen, Ger-
many) culture supernatants were used as standands, The
intra-assay coefficient of variation (CV) was 1.4 % and the
iner-assay CV was 4.0 %. The limit of sensitivity was

1.0 ng/ml.
sHLA-G immunoprecipitation

221-G1 cell culture supernatants were biotinylated with
0.2 mg/ml EZ-Link Sulfo-NHS-LC-Biotin (Pierce. Rock-
ford, IL, USA) in pH 8.0 PBS for 30 min at 4 °C [58].
Samples were then immunoprecipitated for 2 h at RT with
anti-HLA-G MoAb (MEMGY, Exbio), washed twice in
PBS, and incubated overnight with protein G-Sepharose
beads (Santa Cruz, CA, USA) at 4 °C. The samples were
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washed twice and suspended in 20 pl of Laemli Buffer
(BioRad, Segrate, MI, ltaly).

Western blot analysis

The protein concentration in immunoprecipitates was
quantified by the Bradford assay (Bio-Rad Laboratories)
using serum bovine albumin (Sigma-Aldrich) as the stan-
dard. The purified sHLA-G1 molecules obtained from
untreated 221-G1 culture supernatants were used as posi-
tive contol. Total protein was denatured at 100 °C for
5 min. Proteins were loaded with reducing buffers in 10 %
TGX-Precast gel (Biorad), with subsequent electroblotting
trnsfer onto a PVDF membrane (Millipore). The mem-
brane was incubated with a horseradish peroxidase (HRP -
conjugated streptavidin (Thermo Scientific, Rockford. IL,
USA) and developed with the ECL kit (Amersham Bio-
sciences, NJ, USA). The images were acquired by the
Geliance 600 (Perkin Elmer).

Cell treatments

For the MMPs" effect, cells were placed in serum-free
medium and treated with different amounts (1, 2, 4, 6 ng/
ml) of recombinant human MMP-9 or MMP-2 (R&D
System) and pre-activated with 1 mM APMA (GE
Healthcare, Milan, Italy) for 2 hat 37 °C. The activation of
both MMP-9 and MMP-2 was confirmed by zymography
(Supplementary Fig. 1). The MMPs" function was deter-
mined by commercially available activity assay systems
(GE Healthcare) as previously described [59]. Then, the
APMA was removed by the Biogel-P6 (BioRad) gel fil-
tration, For the MMPs' inhibition, cells were treated with
10 mM EDTA (Calbiochem, Merck Millipore, Darmstadt,
Gemmany) [28]. Cycloheximide at 20 pg/ml (Sigma) was
used for pmtein synthesis inhibition.

SDS-PAGE and Westem blat

We performed an SDS-PAGE on the culture supernatants
from untreated and MMP-2-treated 221-G1 cells. The gel
was stained with the Colloidal Blue Staining Kit (Invitro-
gen). The gel was then electroblotted onto a PVDF mem-
brane (Millipore), increasing the blot transfer time 1.5
times, to overcome the interference of the Coomassie
staining [60]. The membrane was incubated with MEMG 1
MoAb (Exbio), revealed with HRPconjugated antimouse
antibody (Amersham Biosciences, NJ, USA), and dewvel-
oped with the ECL kit (Amersham Biosciences, NJ, USA).
The images were acquired by the Geliance 600 (Perkin
Elmer).
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Cell viability

The evaluation of the cell viability was conducted using
Trypan blue dye (Lonza, Italy) by preparing a 1:1 dilution
of the cell suspension using a 0.4 % Trypan Blue solution.
Cells were observed by microscope: Non-viable cells were
visualized in blue: viable cells were unstained.

HLA-G1 sequence analysis

The primary sequence of human HLA-GI1 (Uniprot iden-
tifier Q8WLS1) was compared with known MMP-9 and
MMP-2 cleavage recognition sites retneved from the
MEROPS database and the literature to identify specific
recognition sites for both proteases [61], using the Site-
Prediction comparison progmm [62]. Sites with homology
>60 % (from the BLOSUM 62 matnx score), and giving
an N-temminal fragment of at least 30 kDa, were considered
in the analysis. Moreover, cleavage sites after the amino
acid 281 (305) were excluded due to the presence of a
tmnsmembrane sequence not accessible to these proteases,
Secondary structure and residue solvent accessibility were
calculated by the program.

Statistical analysis

The differences in HLA-GI levels were evaluated by the
Mann—Whitney U test wsing Stat View software (SAS
Institute Inc, Cary, NC, USA). p value was considered to
be statistically significant when <0.05.

Results

Basal HLA-G1 shedding by 221G1 and 7721.221 cell
lines

Firstly, we confirmed that 7221221 B-LCL cell line did
not express any HLA antigen (Fig. l1a, b), while 721221-
HLA-G l-transfected cell hine (221-G1) consttutively
expresses membmne HLA-G1 as confirmed by flow
cytometry (Fig. 1a) and mRNA (Fig. 1b) analysis. 221-G1
cells are characterized by a basal HLA-GI shedding in
complete medium, that decreased in the absence of FBS
(Fig. lc), which is known to contain proteases, Since the
HLA-G 1 membrane expression (Fig. 1d) and cell viability
(data not shown) were not affected by the absence of
serum, we selected this culture condition to reduce the
HLA-G1 constitutive shedding and avoid the presence of
exogenous gelatinases. To be sure that no HLA-GS was
expressed, we performed the analysis of cell culture
supernatants with a specific HLA-G5 ELISA assay, with
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5A6GT7 MoAb. No HLA-GS molecules were detected
(Supplementary Fig. 2a).

Induced HLA-G1 shedding via MMPs

We added exogenous MMP-2 and MMP-9 1o 221-G1 FBS-
free cultures and quantified the amount of membrane and
shedded HLA-GI. This in vitro appmach allowed the
selective evaluation of HLA-G1 shedding without the
presence of other exogenous confounding molecules. Thus,
we performed time course/dose dependence experiments.
As depicted in Fig. 2a, b there was increased HLAG1
shedding after the addition of MMP-2, but not of MMP-9.
In partic ular, MMP-2 had a time-dependent effect on HLA-
G1 shedding from 2 to 6 h of incubation with 2 ng/ml as
the lowest concentration that induced a significant sHLA-
Gl increase, with a peak after 6 h (Fig. 2a: sHLAG1
221-Gl: 5.8 ng/ml: sHLA-G1 221-G1 + MMP-2 2 ng/ml:
20.9 ng/ml) (p < 0.001; Mann-Whitney U test). On the
contrary, the addition of MMP-9 did not affect the con-
stitutive HLA-GI shedding, which showed comparable
levels with the untreated cells (Fig. 2b: sHLA-G1 221-G1:
5.8 ng/ml: sHLA-G1 221-G1 + MMP-9 2 ng/ml: 53 ng/
ml) (p = NS: Mann-Whitney U test). Of note, the levels of
active MMP-2 and MMP-9 did not change over time
(Fig. 2c).

Indeed, the increase of sSHLA-GI in the culture super-
natants of 221-G1 MMP-2-treated cells, detected by the
ELISA technique, correlated with a decreased percentage
of membrane HLA-G1-expressing cells, visualized by flow
cytometry (Fig. 3a,b). In paticular, we evidenced 30 % of
cells without HLA-G membrane expression after 6 h of
MMP-2 exposure. On the contrary, HLA-G-positive cells
presented the same level of HLA-G expression as in the
untreated condition.

The Western blot analysis (Fig. 3c) of cell culture
supernatants showed the presence of a band at 39 kDa
confirming the ability of MMP-2 to shed a HLA-G mole-
cule with a native dimension and folding, as the antu-HLA-
G MEMG9 MoAb is able to recognize native HLA-G
molecules [63]). We could not exclude the fact that MMP-2
could further process HLA-G molecules in lower MW
proteins. For this, we performed an SDS-PAGE of the cell
culture supernatants and stained the proteins with colloidal
coomassie blue. We observed the presence of bands at 250,
100, and 10 kDa in both MMP-2-treated and untreated
221-Gl cell culture supernatants. The 39 kDa band is
present in all the culture supernatants, with higher levels in
221-GI cells treated with MMP-2 for 6 h. On the contrary,
a band at 25 kDa is present in MMP-2-treated 221-G1
cells, while it is faint in untreated 221-G1 cell culture. This
additional band could onginate from HLA-G1 degradation.
To answer to this question, we electroblotted the gel and
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Fig.1 HLA-G molcul expression in 721221 and 221-G1 cell
lines. a Representative flow cytametry of 221-G1 and 721.221 cells
with anti-HLA-G FITC (87G, gray line peak, MEM-G9, dotwed line
pedk, Exbio) and anti-HLA-l FITC (W63, thin line peak., Exbio)
MoAls. The gray peak corresponds 1o anti-isotype control; b HLA-G-
specific mRNA quantification in 721221 and 221G1 cell hnes. JEG3
cell line was used & positive cantrol. M DNA ladder marker (IX
Marker, Roche); ¢ sHLA-G levels in culture supematants of 7221.221

stained with MEMGI1 MoAb, specific for HLA-G mole-
cules. The results showed that the 39 kDa band corme-
sponded to HLA-G1. The highest bands at 250 and
100 kDa are not stained with MEMG1 MoAb. The lowest
band at 10 kDa could contain degraded HLA-G that lacks
the antigenic epitope for MEMG 1. A faint band at 25 kDa
is evidenced in both Coomassie SDS-PAGE and Western
blot analysis and it could correspond to a degraded HLA-G
molecule, as previously suggested [64].

EDTA affected HLA-G1 shedding via MMP-2
To confirm the activity of MMP-2 in HLA-G1 shedding,

we treated 221-G1 cells with EDTA, a non-specific MMP
inhibitor [28]. The addition of EDTA in the presence or
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(whie hiswgram) and of 221-Gl in complete medium (black
hiswgram) o in FBS-free medium (gray hiswgram) during a time
point experiment (0, 2, & 24 h); d representative flow cyometry with
ant-HLA-G FITC (87G, white peak, Exibio) MoAb of 221-Gl i
complete medium or in FBS-free medium asfter 24-h culure. The gray
peak comesponds 0 anti-Botype control. Mean + SD & reported.
Significant p values obtamed by Mann-Whitney U test are reported

absence of MMP-2 did not affect cell viability (data not
shown). Of note, EDTA suppressed the effect of MMP-2,
reducing HLA-G1 shedding as confimned by the unmodi-
fied sHLA-GI (Fig. 4a) and HLA-G1 membrane (Fig. 4b,
¢) expression in comparison with untreated 221-G1 cells.
Both MMP-2 and EDTA treatments did not induce HLA-
G35 expression (Supplementary Fig. 2b).

Cycloheximide treatment

Since HLA-GI mRNA transduction into protein could
replace shedded HLA-GI molecules at the surface of
221-G1 cells incubated with MMP-2, we treated 221-G1
cells with both MMP-2 and cycloheximide, a protein syn-
thesis inhibitor [40]). The cycloheximide treatment did not
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Fig. 2 HLA-G molecule shedding by MMPs. Evaluation of sHLA-G
levek in 221-Gi1 FBS-free culmres during & time paint experiment (2,

6, 24 h) without or with a MMP-2 ar b MMP.9; ¢ active MMP-2 (left
panel) :nd MMP-9 (rght panel) levels in supematant culture of

affect cell viability (data not shown). On the contrary,
protein transcription was reduced as documented by the
decrease in house-keeping betatubulin protein content
(Fig. 4d). HLA-G1 shedding was not modified by the
addition of cycloheximide (Fig. 4¢) to MMP-2 treatment.
On the contrary, the expression of membrane-bound HLA-
G1 decreased 36 or 10 % with MMP-2 ar cycloheximide
treatment, respectively (Fig. 4f) in comparison with
untreated 221-Gl cells. The addition of both cyclohexi-
mide and MMP-2 in 221-G1 culture reduced by 60 % the
membrane-bound HLA-G1 (Fig. 4f, g, p < 0.0001) in
companison with untreated 221-G1 cells. The reduction of
HLA-G membrane expression with Cycloheximide and
MMP-2 was 2-fold higher than the MMP-2 exposure alone,
Both MMP-2 and Cycloheximide treatments did not induce
HLA-GS5 expression (Supplementary Fig. 2c).

Induced HLA-G1 shedding via MMP-2 in JEG3 cell
lines

JEG3 cell line is characterized by a constitutive expression
of HLA-G antigens, Thus, we treated JEG3 with MMP-2
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and MMP-9 in time point experiments. As illustmted in
Fig. Sa, MMP-2 had a time-dependent effect, with a sig-
nificant increase in soluble HLA-G levels measured by
ELISA, indicating a MMP-2-specific shedding. On the
contrary, no modification occurred after MMP-9 treatment.
Since we could not exclude the secretion of the HLA-GS
isoform [65] produced by mRNA alternative splicing, we
evaluated the levels of HLA-GS by ELISA with SA6G7
MoAb (Fig. 5b). The HLA-GS levels did not change after
MMP-2 treatment, accounting for a specific HLAGI
shedding induced by MMP-2 (Fig. 5¢). The increased
HLA-G1 shedding corresponded to a reduced HLA-G1
membrane expression (Fig. 5d, e).

Induced HLA-G1 shedding via MMP-2 in peripheml
blood mononuclear cells

Peripheral blood mononuclear cells present low levels of
hasal membrane HLA-G expression. For this, we induced
HLA-G expression by IL-10 treatment [54]. The addition
of IL-10 induced HLA-G expression only on the surface of
CD14+ cells and the treatment with MMP-2 reduced HLA-
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Fig. 3 HLA-G expression afier MMPs' treatment. a Percentage of
membrane HLA-G-pasitive 221-G1 cells, evalmied by flow cytom-
ety with anti- HLA-G FITC (87G, Exibio) MoAb, without weatment
or after 2 ng/fml MMP-2 or MMP-9 exposure for 2 6, 4 h. b Flow
cyometry with anti-HLA-G FITC (87G, white peak, Exibio) MoAb
of 221-G1 in FBS-free medium after 2-, 6, or 24-h culmre with
MMP-2 2 ng/ml (white peak). The gray peak carmesponds to basal
HLA-G membrane expression. ¢ Western blot analyss of 221-Gl
culture supematanis in FBS-free medium with 2 ng/ml MMP-2 in

mmmnurm

G1 membrane expression (Fig. 6a, b). As illustrated in
Fig. 6¢, after 6 h of incubation with MMP-2, there was a
significant increase in soluble HLA-G levels measured by
ELISA, indicating a MMP-2-specific shedding. Since we
could not exclude the secretion of the HLA-GS isoform
[65] produced by mRNA alternative splicing, we evaluated
the levels of HLA-GS by ELISA with 5A6G7 MoAb
(Fig. 6d). The HLA-GS levels did not change after MMP-2
treatment, accounting for a specific HLA-G1 shedding
induced by MMP-2 (Fig. 6¢). On the contrary, no modifi-
cation occurred afier MMP-9 treatment (data not shown).

Analysis of HLA-G 1 sequence for MMP-9 and MMP-2
cleavage recognition sequences

Comparison of the amino acid sequence of human HLAG 1
with MMP-9 and MMP-2 cleavage sequences retrieved
from the MEROPS database (Fig. 7a. b, mspectively)
revealed the presence of three overlapping regions
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ey resulis are reportad & arbitrary unis. PC positive control. d SDS-
PAGE with Coomassie Blue stasining of the culmre supematants of
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recognized by both proteases (Table 1, sequences from S1
to §3: Fig. 7c, in omnge, Or). Since we did not find any
increase in the shedding of membrane HLA-GI in the
presence of MMP-9, we can exclude these three regions as
possible cleavage sites. Moreover, based on the data pre-
sented in the litemture, we did not find any sequence
preferentially recognized by MMP-9 (with Arg at both P2
and P1 sites, and Ser/Thr at P2) [66]. On the contrary, we
identified three possible cleavage sites with consensus
motives (/LXXXHy, XHySXL, and HXXXHy, from P3 to
P1'), mare selective for MMP-2 over MMP-9 [61]. In
particular, the sequences S4 and S6 (Table I: Fig. 7c,
sequences in pink, Pi) seemed appropriate candidates for
the specific cleavage from MMP-2, since the residues
belonging to the sequence S5 were computed as not
accessible to the solvent (buried residues, b). Interestingly,
sequence S4 (HEGL) is similar to the cleavage site for
MMP-2 within laminin-5 [67], chamctenized by good
accessihility to the solvent.
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Fig. 4 MMP-2 blocking 221-G1 alone, i the presence of MMP-2,
EDTA (a non-specific MMP inhibitar), MMP-2 and EDTA far 6-h
cubure were evalusted for: a HLA-G1 shedding by ELISA e b,
¢ membrane HLA-G1 expression by flow cytometry with anti-HLA-G
FITC (87G, Exibio) MoAbh. Protein transduction inhibition. 221-Gl
alone, in the presence of MMP-2, cycloheximide (CYCLO, prokein
synthesis mhibitor), MMP-2, and CYCLO for 6-h culmre were

Discussion

It is known that soluble HLA-G proteins can be generated
through two mechanisms: alternative splicing and proteo-
Iytic release [36], which is known to be metallopratease
mediated [38]. Based on our results, we suggest a clear
implication of MMP-2 in membmne HLA-GI shedding.
The treatment of HLA-GI-expressing cells with active
MMP-2 increased the basal shedding. This process seems
to be MMP-2 dependent. In fact, the proteolytic shedding
of HLAG1 by MMP-2 was abolished by EDTA, a non-
specific inlibitor of MMPs, and more pronounced in the
presence of cycloheximide, a protein synthesis inhibitor. In
contrast, the treatment with active MMP-9 did not affect
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evaluied for d house-keeping prokein tubulin expression with anti-
tubulin FITC (Milli-Mark) MoAb before (gray hiswgram) and asfter
(black and white hiswgram) CYCLO trestment, € HLA-G1 shedding
by ELISA test; f, g membrane HLA-G1 expression by flow cytometry
with anti-HLA-G FITC (87G, Exibio). Mean £ SD is reponed.
Significant values obtained by Mann-Whitney U test are reported

the shedding of membrane-bound HLA-G 1 protein, con-
firming that despite the high homology and overlapping
substrate recognition profiles of these two proteases [61],
this process was MMP-2 specific. Although the sequence of
the protein shows several non-specific cleavage sites mrec-
ognized by almost all MMPs (with the generic sequence
PXX-Xuy), we identified three possible highly specific
cleavage sites for MMP-2, whereas none for the MMP-9
were detected. Of course, it will be necessary to determine
the Caermimal sequence of the MMP-2-shed HLAGI
protein to clearly identify the exact cleavage site.

It is noteworthy that the link we found between MMP-2
and HLA-GI in trmnsfected cells is strengthened by the
results obtained in JEG3 cell lines, chamcterized by a
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age stes within HLA-G1 sequence. Logo representation of the
comsensus motlf retieved from the MEROPS datshase and recog-
nized by a MMP-9 and b MMP-2. ¢ The sequences recognized by
both MMP-9 and MMP-2 are highlighted in arange (or), where s the
sequences recognized only by MMP-2 are highlighted in pink (Pi). In
cyan (Cy) is reported the ¥ brane seq of the HLA-G1. In
this parel the solvent accessibility and the secondary structure
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H hebix. (Colar figure online)

constitutive expression of HLA-G antigens. Indeed, the
MMP-2-specific shedding was confinmed by the rise in the
sHLA-G1 lewels in the cell cultures and the decrease in
membrane HLA-G expression. The same results were
obtained in pimary PBMCs, where MMP-2 was able to
reduce CDI4" cell HLA-G membrane expression and
increase sHLA-GI secretion, whereas MMP-9 did not
show a considerable effect.

To note, all the cultures where tested for the presence of
HLA-GS, and non-increase in the secretion of this isoform,
obtained by mRNA alternative splicing, was documented.

In a previous work, Diaz-Lagares et al. [68] showed that
MMP-3 and MMP-8, but not MMP-9 or MMP-2, were

responsible for the increased shedding of HLA-G1 from
transfected U-937 cells. This seems to be in contrast with
our results, where MMP-2 is implicated in HLA-G shed-
ding. However, MMP-2 is known to be expressed at very
low levels in resting U937 cells [59, 69-71] and increases
only in differentiated macrophages [70]. It is possible that
Diaz-Lagares et al. [68] failed to evidence MMP-2 impli-
cation in membrane HLA-G shedding as they worked in a
low MMP-2 concentration environment. The results from
Diaz-Lagares et al. [68) and our data suggest a complex
implication of several MMPs (MMP-3, MMP-8, MMP-2)
in HLA-G shedding, which could change the levels of
sHLA-G on the basis of the specific MMP expression.

Interestingly, there was lower HLA-G shedding after
24 h of MMP-2 treatment compared with 6 h in 221-G1
cells. One should expect higher HLA-G shedding as long
as the incubation time increased. SDS-PAGE of 221-G1
cell culture supematants (Fig. 3d) showed an increase of
the two bands at 10 and 25 kDa after the 24-h incubation,
which is likely to be HLA-G specific [64], with a corre-
sponding decrease of the native HLA-G 39 kDa band. We
could hypothesize that MMP-2 continued the degradation
of shedded HLA-G molecules, resulting in a lower detec-
tion of sSHLA-G by the available MoAbs, which are specific
to the native conformation. On the contrary, the increase in
sHLA-GI was time dependent in JEG3 and primary
PBMCs, suggesting a higher resistance of native HLA-G to
MMP-2 degradation in comparison with recombinant
molecules from transfected 221-G 1 cells. This observation
is of importance, taking into consideration the necessity of
the native HLA-G conformation to interact with the spe-
cific receptors (ILT-2, ILT-4).

Our results add novel aspects on the possible immune-
modulatory function of MMP-2, supporting its role as an
anti-inflammatory molecule, In fact, it has been previously
suggested that MMP-2 can act as an anti-inflammatory
molecule by dampening the pro-inflammatory cytokine
signal [49, 51] : Our findings add a new paint in the reg-
ulation of physiological and pathological conditions
through the production of MMP-2<dependent soluble HLA-

Table 1 Possible cleavage sites for MMP-9 and MMP-2 in HLA-G1 primary sequence

Code Position Sie N-fragment Similarity maxsoore Similarity maxsite Protease
(ammno aad) (kDa) (MMP-9/MMP-2) (MMP-9/MMP-2)
S1 245-249 AAV. WY 285 65.000/60.000 AAA VI/SAAIV MMP-972
82 250-254 PSGEE 289 88.889/84.615 PAG EEPSGES MMP-9£2
3 26121 PEPLM 309 T0.30/81 481 PRP.LVPEPLS MMP-9£2
S 263-266 HEG.L 305 —68.182 HXXX,, MMP-2
S5 m-0s IRWK 316 ~f19.167 ALADXX X sy MMP-2
56 2%-2719 sSL 321 ~10.588 X, SXL MMP-2

The amino acidic position, the site, the calculsted molecular weight for e N-fragment, and the percentage of homology (similanity maxscore)
with he ssquence recognized by the protease (sumilsrily maxsite) are mdicated. X any amino acid; Xy hydrophobic amino acid
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Gl, which in tun might act as an immune-regulatory
effector modulating the activity of NK cells, activated
CD8"* T lymphocytes, and T regulatory cells.
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