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“It is good to have an end to journey toward;
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HLA-G molecules in infections and autoimmune diseases

Abstract

Human leukocyte antigen-G (HLA-G) is a non-slaal HLA class | molecule that differs
from classical HLA class | molecules for low allelic polymorphiamd restricted tissue
distribution. HLA-G is a tolegenic molecule with anmmune-modulatory and anti-
inflammatory function on both innate and adége&immunity. This peculiar characteristic of
HLA-G molecule has led to evaluate its rolepathological conditiongn order to define a
possible use in diagnosis, prevention andtitneat of diseases. Recently, HLA-G molecule
has been shown to have an important imgbeain different inflammatory and autoimmune
diseases, pregnancy complications, tumor kigweent and severity, and susceptibility to
viral infections. HLA-G molecules have beeeported to be present differences at both
genetic and protein levels in different diseastuations, supporting itsrucial role as a
suitable key actor in pathologicabnditions. In fact, sgrific diseases showaltered levels of
soluble (s)HLA-G and different HLA-G geng@olymorphisms correlated with disease
outcome. Thus, HLA-G may exhibit two distineffects in pathologal conditions: it could
be protective in inflammatory and autoimneu diseases or it could be dangerous, for
example, in tumors or infectious diseases.

In this thesis, | report my results on HLA-@olecule analysis imifferent pathological

conditions: microbiological infectits and autoimmune diseases.



Introduction

1. Human Major Histocompatibility Complex

The human Major Histocompatibility Complex EB\MC) is composed by series of molecules
encoded by a set of genes (~18®ated on the short arm ohromosome 6 (6p) that are
responsible for lymphocyte recognition, tigen presentation” and immune response
regulation. This gene complexroprises several distinct locighin humans are called HLA,
which stands for Human Leucocyte AntigeMHC antigens can be subdivided into three
major classes: class ¢lass Il and class llIFigure 1). The class | and class Il antigens are
expressed on cells and tissues while clasantigens are present mainly as serum and body
fluid proteins €.gC4, C2, factor B, TNF, complemembmponents). In the class | gene
complex are present three major loci: A, B @dEach of these loci encodes for an alpha-
chain polypeptide that associates to R2-agtwbulin, encoded by a gene on chromosome 15.
The class Il gene complex contains at leastethoci, DP, DQ and DR, which encode for one
alpha- and one beta-chain polypdptassociated together torrio the class Il antigens. All
together, MHC class | A, B and C are considaasdclassical” MHC class | antigens (MHC
la). In fact, in addiction to those moleculesiother group of MHGnolecules, called non
classical MHC class | molecules or MHC Ib (HLA 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

-_— - e~ 1 | 1 |

Class Il Class Il Class |

Figure 1. Schematic representation ofthe HLA region on chromosome 6.The non

classical HLA class | gene are represented in grey.



2. The non classical HLA class Ib genes

Non-classical MHC class Ib molecules are clp$eimologous to classical class la molecules
but are distinguished by their limited polyrmpbism and low cell surface expression. The
group class Ib is composed by three molexuldL A-E, HLA-F andHLA-G. The class Ib
molecules do not represent just vestigial atiohary remnants of classical class la
molecules; rather some exhert highly spectalifunctions, as testifieby their conservation
between different species. In particular, huraiiA-E (Qa-1 in mouseand HLA-G (Qa-2 in
mouse) constitutes a clear homology between species. In\4@@8er et al. [3] demonstrated
a reproductive advantage in mice encoding Qa-2 molecules, evidencing in this way the
importance of the molecule pregnancy outcome [4]. On tlasis of these characteristics,
Qa-2 and HLA-G antigens seem to share not etriyctural but alsouinctional similarities in
the regulation of immune rpsnse, through interaction withoth inhibitory and activatory

receptors [5,6].

3.The HLA-G antigen

HLA-G antigen is a non-classical HLA classmiolecule characterized by (i) a low allelic
polymorphism, (ii) a restricted tissue dibution, (iii) mMRNA altenative splicing that
generates seven proteic isoforms and (iviolerogenic and anti-inflammatory biological
function [7].

The basic characteristics of HLB-biology have been further debed at differat levels [8
paper attached]

3.1. TheHLA-G gene

The HLA-G gene shows low allelic polymorphisms with 50 HLA-G alleles acknowledged in
the coding region (IMGT HLA database, October 20H)A-G gene has also polymorphic
sites at the 5’-upstream regulatory region (RR) and at the 3’-untranslated region (3' UTR)
which may contribute to the regulation HLA-G expression [9]. For example, one of the
most studied HLA-G polymorphism is a 14 bpsertion/deletion polymorphism (rs16375)
[10] in exon 8 in the 3' UTR which is asgated with mRNA stability and HLA-G protein
expression [11, 12]Higure 2). The presence of an insertioh14 bp in the gene identify the



alleleins that has been associated with lower lealBILA-G expression than the allele with
the 14 bp deletedl€l) [12-14]. An additional alternatively splicédl A-G transcripts lacking
92 bp of the first part of exon 8 is obserwsithin the insertion ofl4 bp allele and is
characterized by a more stable transcript.[Bsjother polymorphism widely studied regards
one single nucleotide polymorphism (SNP)&at the +3142bp posiin (rs1063320) that has
been explored by Tan and coauthors [16]. phesence of a guanine at the +3142 position
may influence the expression of the HLA-G lotwysincreasing the affinity of this region for
the microRNAs miR-148a, miR-148b and Rnl52, therefore decreasing the mRNA
availability for translation by mRNA degraiitan and translationuppression. The influence
of the +3142G allele hasebn demonstrated kg functional study invhich HLA-G high-
expressing JEG-3 choriocarcinoma-derived célisre been transfected with miR-148a,
decreasing soluble HLA-G levels. The contragtiesults obtained by Manaster and coauthors
[17], who have reported the sdnce of +3142C>G effect oretmiRNA control of membrane
HLA-G expression, prompt further considdons on the relationship between this

polymorphism and membma 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. Theintracellular 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 yieldranscripts. In two of these, a stop sequence in
intron 4 results in soluble isoforms.

C: The 7 HLA-G proteic isofans: four membrane-bound (HLA-GAG2, -G3, -G4) and three
soluble (HLA-G5, -G6, -G7) molecules; ttimeric conformations of HLA-G molecules

Classical MHC class | genes are transaatidaby two groups of juxtaposed cis -acting
regulatory modules: (i) the up-stream enhangeand ISRE (interferon-sensitive response



element) which mediate the constitutive andokine-induced expre®n; (ii) the S-X-Y
module which controls the constitutive ar@ITA (class Il tranactivator) mediated
transactivation. These odules are divergent iRILA-G gene that is unresponsive to NF-
kappaB (nuclear factor-kappaBRF-1 (interferon regulatory &or 1), and CIITA mediated
induction pathways [18, 19]. ThElLA-G gene promoter contains a putative interferon-
regulatory factor (IRF)-1 bindingite 746 base pairs upstrearonfr ATG, which is distinct
from the interferon-responsive element withimypmal class la gene gmoters. This control
region is the probable element, which mediateerferon beta-indied expression of the
HLA-G gene [20].

It was also reported that IFN}Jenhances HLA-G expressionrdlaght the interaction with a
ISRE present next to the nonfunctional indeoh-gamma activated site (GAS) element at
positions 754 to i743 [21]. HLA-G enhancer A and ISRE seem to bind only the
constitutively expressed fact@pl (also known as Specificirotein 1) [22, 23] but this
binding of Sp1 does not modulate the constitudvéFN-induced transactivation of HLA-G
[24]. Furthermore, in thélLA-G promoter are present threAMP/PMA response elements
(CRE/TRE) with binding affinity for RB (rice endospermbZIP)/ATF (activating
transcription factor-2) ahFos/Jun proteins. It Bdeen reported thell A-G transactivation is
regulated by CREB (cCAMP-response elemendbig protein), CREB-binding protein (CBP),
and p300. These features represent the unique regulatldbh”els transcription among the
MHC class | genes [25F{gure 3)

HLA-G expression is also gelated by epigenetic mechamis [26, 27], such as DNA
methylation. In fact, th role of methylation oRLA-G expression has been tested in human
tumours considering the effect of the mgation inhibitor 5-aza-deoxycytidine on the CpG-
enriched regulatory region of th&lLA-G gene. The 5-aza-dC treatment results in
hypomethylation of putative control seqaes within the 5' regulatory region HLA-G and
these changes in methylatioarrelate with a ginificant increase iexpression [28, 29].

The HLA-G gene seems not to undergo genomi@rinting, 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 poatficriptional mechamss [31], including
alternative splicing, mRNA stabilifytranslation and protein trgport to the cell surface [30-
32]. This is possible due to tlxpression in advance of the lexules that are essential for
cell surface expressianf class | molecules,.finicroglobulin (m) and the transportdor
antigen processing proteins (TAP1 and TAP2).

3.2. HLA-G expression and function

In physiological conditions HLA-G protein presenis restricted to c¢gin tissues such as
trophoblast, thymus, cornea, pancreas, prokimail matrix, erythroblast, endothelial
precursors and mesenchymal stem cells [33-35].

Unlike HLA class la antigens, seven HLA-G isohs are generated bitexnative splicing of

its primary transcript and differential association wimicroglobulin (2-m) [36]: four,
HLAG1,-G2, -G3 and -G4, are membrane-boumtijle three, HLA-G5, -G6 and -G7, are
soluble moleculesHigure 2). The soluble isoforms retathe 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-G5, the most ays®d isoforms, are the only structures that



contain three alpha domains, Mhthe other isoforms lackne or more globular domain.
Furthermore, the proteolytical cleavage sofrface isoform HLA-G1 generates the soluble
HLA-G1 form (sHLAG1) [37]. Several evidengendicate that the soluble HLA-G1 (sHLA-
G1) form is generated through the dtmg of the membrane bound HLA-G1 by
metalloproteinase (MMP) [38, 39]. In pigular, our group idntify that Matrix
Metalloproteinase-2 (MMP-2}) zinc-containing and calcium-requiring endopeptidase known
for the ability to cleave several extracellulaatrix constituents, as well as non-matrix
proteins, is responsible for HLA-G1 membeashedding via threpossible highly specific
cleavage sites [40 paper attached].

An in frame termination codon HLA-G exon 6 leads to a truncategtoplasmic tail which is

19 amino acids shorter than the correspondiilg td HLA-A, -B and —C proteins. This
feature prevents the signahmsduction from the cell surface to the nucleus. However, the
membrane-bound HLA-G can localize in lipid eaeind can act as a signaling molecule, via
modification of the phosphorylation state of #afitalized proteins41]. This differs from
classical HLA-I, which are recruited lipid rafts upon receptor engagement [42].

The HLA-G production could be enhanced byffedent stimuli, such as interleukin
(interleukin-10), interferon gamneand hormone molecules [43].

The anti-inflammatory and immunosuppressiveeidieukin (IL)-10 has been correlated with
concomitant HLA-G expression 31 Transactivation of HLA-Granscription has also been
demonstrated by leukemia inhibitory factor (LIF) [44] and methotrezalieexposure [45].
Furthermore, interferon (IFN); -3 and — enhance HLA-G cell-surface expression by tumors
or monocytes [46, 47]. HLA-@xpression could be acquired by trogocytosis [48], where a
“donor” cell that expresses membrane HLAe&Ehanges membrane parts containing HLA-G
with a “recipient” cell that is not expressiitl. A-G molecules. In this particular situation,
“recipient” cells will acquire and make usé membrane HLA-G molecules from a “donor”
HLA-G positive cell without the activation of -G gene transduction into protein. HLA-G
molecules undergo the trogocytosis mechanssme effectors CD4 and CD8 T lymphocytes
acquire immunosuppressive HLA-G1 molecules from antigen presenting cell membranes and
reverse their function from efttors to regulatory cells [49].

Trogocytosis of HLA-G from antigen prsting cell (APC) by T cells in humans makes
these T cells unresponsive [48].has been shown that NK cells can acquire HLA-G1 from
tumor cells, which provokes an arrest of Ni€lls proliferation ad cytotoxic activity,
behaving like suppressor cells capablénbibiting other NKeell functions [50].



Membrane-bound HLA-G1 and soluble HLA-G (HLA-G5 and sHLA-Gi9lecules exert
immunosuppressive effects: (i) inhibit the dgidc activity of CD8 positive T lymphocytes
(CTL) and Natural Killer (NK) cells [51],ii} induce the apoptosisf NK and activated
cytotoxic T cells [52], (iii) inhibit the allogeneic CD4 positive T-cell prolifevat and
interfere with naive CD4 T-cell priming [53], (iv) inhibit antigen presenting cell and B
lymphocyte differentiation [54], (vinduce regulatory T cells [55F{gure 4). Furthermore,
sHLA-G affects angiogenesis inéeting with endothelial cells6] and induces resting NK
cells to produce chemokines and cytokines [12].

HLA-G exerts its immunomodatory functions through the interaction with multiple
receptors expressed by immune celgygre 4). HLA-G is known to interact with NK
receptor [57, 58], as KIR2DL4 [5, 12] anléukocyte inhibitory receptors (LILRs) /
immunoglobulin-like transcripts (ILT) [6, 13&s LILRB1 (LIR-1/ILT2/CD85j), which is
highly expressed on T and B-lymphocytes avith LILRB2 (LIR-2/ILT4/CD85d), present
mainly in monocytes/macrophages. The alphaBalo of HLA-G is tle putative binding site
for ILT receptors [59] while the residues M6 and GIn79 in the alphal domain play a
critical role in the recognition of KIR2DLZceptor [60]. The KIR2DL4eceptor of the killer
cell immunoglobulin-like receptors (KIR) family, is expressed in all NK cell types and has
unique structural properties among the reiit receptors: it possesses a long cytoplasmic
tail characteristic of inhibity receptors, a charged amino acid in the transmembrane domain
similarly to activating KIR reqators [61], and a mix structuia the extracellular part with
DO and D2 domains. Contrary to other Ki€&eptors, KIR2DL4 expression is transitory on
NK cell surface, with a main expression in endosomes, reached by an endocytic process.
KIR2DL4 seems to participate to HLA-G endaoagis when it is trangry expressed on NK
cell surface, as both HLA-G and KIR2DL4 candmultaneously co-localized in endosomes
[5]. KIR2DL4 expression can be inducddy IL-2 and its activation upon antibodies
engagement provokes a weak cykitoactivity with a strong IFN- production [62]. In-vitro
studies have shown that KIR2DL4 is able to interact wizhm free HLA-G molecules,
inducing IFN- production [63] and increasing NK celltoyoxicity [64]. Contrary to LILR
receptors, KIR does not bind HLA-I molecules through.8s-dlomain, but throughl and .2
domains which are much more polymorphic th&xdomain [65, 66]. This could account for
the broader specificity of LILR receptors;n comparison with KIR2DL4, that binds
specifically HLA-G and nobther HLA-I molecules.



The expression of LILRB1, LILRB2 and KIRR2.4 can be induced by HLA-G without any
co-stimulatory requirement, which indicates thatan occur independently from any immune
response [67].

Soluble HLA-G has potentially a higher rangfeactivity than membrane-bound HLA-G. The
circulating isoforms could bintb the same sets of leukocytasd perform exactly the same
functions also systemically.

The membrane-bound andlgode HLA-G proteinshave 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 thidt A-G1 is able to form disulphide-linked
homodimers on cell surface [68-7Abjat bind ILT2 receptors witmore avidity compared to
monomers [71]. On the contya structural studies suggebiat KIR2DL4 cannot bind HLA-

G dimers due to steric reasons [72].

A disulfide-bonded dimer conformation is possifue the presence of a cysteine 42 residue
that is present only in the heavy chalhdomain of HLA-G [59, 68]Besides Cys residues in

. 2 and . 3 domains that allow intramolecularsdiphide bonds, HLA-G molecule presents
other important Cys residues. Cys42 ih domain and Cysl147 in 2 domain can form
intermolecular disulphide bonds giving rise HlLA-G dimers that can be observed by
SDS/PAGE under non-reducing conditions [69]. Ehsguctures have been observed for all
HLA-G isoforms except HLA-G3 [73].

Dimers of HLA-G have been observed ¢ine surface of trafected cells [68], on
choriocarcinoma cell line JEG-3 [74§n first trimester trophoblast cells [7%nd on
malignant cells [76]. Furthermore, a recent work of Ezeakile M et al. reported the importance
of HLA-G dimers in kidney allograft outcomefJ. In fact, the authors decribed the presence
of HLA-G dimers in plasma okindney transplant patienttogether with an increased
expression of membrane-bound HLA-G in assaaratwith prolongation of allograft survive.
Alegre E. et al also reportéldat other HLA-G complexes exim vivo as ubiquinated protein

in exosomes [78]

Soluble HLA-G1 is able to mmbit endothelial cells througkpecific interaction with the
CD160 molecule, a glycosylphosypiaglinositol-anchored, majdnistocompatibility complex
(MHC) Class I-dependent, immunoglobulin-likeceptor, that is expressed by activated
endothelial cells [56]Kigure 4). This interaction seems tedd to apoptosis of endothelial
cells required for normal placental development.
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Figure 4. HLA-G receptors. HLA-G receptors expresseah immune (CD8 T and CD4 T
cells, B cells, natural killer (NK) cell, macropages, dendritic cells) and endothelsalltaT:

immunoglobulin-like transcript; KIR: killemhibitory 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 analyzeddifierent pathologicalconditions, such as
transplantation, oncologyijral infections, inflammatoryrad autoimmune diseases indicating
that HLA-G can favour graft tolerance, tummell and virally infected immune escape and
control the inflammatory conditiorf39-82 paper attached, 83].

I will report my results, obtained during mBhD course, on HLA-G atysis in different
pathological conditions: rarobiological infections@d autoimmune diseases.

1.1 HLA-G and infections

Host immune defence is normally able tomahate the majority of viral and bacterial
infections. However, it is known that some lpagens, in particular mises, have developed
different mechanisms for subverting host immuledéences, thus facilitiag their spread in
the host [84]. For instance, viruses can pretgthemselves against attack by NK cells by
expressing HLA-G on the infected cell surfacevpding in this way an immunosuppressive
effect. Anyway, the diminished immuneniction induced by HLA-G in the host could
represent an advantage for virus progressiomddping viruses subvert the host’s antiviral
defences [85]. HLA-G can affect all the glka in the immune response: differentiation,
proliferation, cytolysis, cytokine secreti, and immunoglobulin production. In fact, during
infections, HLA-G modulates agtive and innate immunity by interacting with T or B-

lymphocytes and NK cells grolymorphonuclear cell$={gure 1).
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Pathogen Consequences Effects of HLA-G
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Figure 1: Causes and consequences of HLA-@odulation in infectious diseasesPositive
and negative effects of HLA-G are shown in béuel red, respectively. Parasites, bacteria, or
viruses induce the secretion of variougo&jnes, including IL-10 and interferon (or
bacterium and IFNWand -Ufor virus). These cytokines upregte the expression or secretion
of HLA-G. In addition, IL-10induces IL-10-producing human rtdritic cells (DCs), termed
DC-10, expressing HLA-G and ILT4. HLA-G induces tolerogenic DC in addition to DC-10
and regulatory cells via direéhteraction with ILT2 and/olLT4. HLA-G, through direct
interaction with ILT2, inhibitghe function of T and NK cells and B cells, whereas it inhibits
the function of granulocytes amayeloid DC via direct interaan with ILT4. Indirect effects

of HLA-G are mediated by éhinduction of HLA-E cell surface expression, which inhibits
CD94/NKG2a on NK and T cells.The consequeatélLA-G action isa downregulation of
innate and adaptive immunityImmunomodulatory Properties of HLA-G in Infectious
Diseases, Amiot L et al. J. Immunol Res 2014 [86]).
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Even if host immune system presents several mechanisms to control infections, tlse miruse
particular, have developed several stratetgesounteract host immune defenses [84], for
example by using HLA-G functions in viral mune-escape from immune cells [85]. HLA-G
modulation exherted by pathogens has the aiadfeert its expression in different ways, for
example exploiting gene polymorphysms ariteles, modifying the exposition or the

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

1.1.1 HLA-G and viral infections

During viral immune-escape, HLA-G could beodulated at differentevels affecting the
expression of HLA-G on the infected cells [8B]rstly, HLA-G polymorphism is involved in
susceptibility to viral infectins. In fact, its implication in viral immune-escape is deeply
described for example during HIV 1 infecti¢@7-92]. These studies reported that some
HLA-G alleles (in particular the G*010108 d#¢ and polymorphisms (i.e. 14bp ins/del and
+3142 C>G) that can influend¢LA-G expression have been associated with a greater risk
of HIV infection and also of horizontal transsion. Concerning the role of HLA-G, and in
particular its polymorphisms during viral infeas, we identify two polymorphisms in the 3’
untranslated region of the HLA-G gene (BTR) (14 bp ins/del, +3142C>G) that are
involved in susceptibility to Human papillomeus (HPV) infection [93 paper attached]
reporting characteristic patterramong the different kind désion developed. It is well
known that HPV is necessary but not sufficieniniduce cancer development [94] and that it
interferes with host immune response bydifong the expressiorof human leukocyte
antigen-G (HLA-G) [95]. Moreover, previoustudies already confirmed that HLA-G
polymorphisms could influence HPV infectiosasceptibility and lesion development [96-
99]. Indeed, we reported that the 14 bp d&lalis associated with a high risk of HPV
infection, and the del/C haplotype facilitates the developmeimvasive cervical cancer [93
paper attached], suggesting in this way tHa®A-G polymorphisms could represent a risk
factor for neoplastic transforriian expecially in high-risk H? positive subjects, that are
known to be more likely to cancer progressio®Ql It is known by literature that HLA-G is
also implicated in chronic hepatits B pagenesis [101, 102] and we reported the importance
of 14 bp ins/del polymorphism influence alsacerning Hepatitis B vus (HBV) infection.
Our study revealed an association betweenlth bp ins/del polymorphism and an enhanced
HBV activity in presence of high HBDNA 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
invasive cervical cancer (ICC) HPV infected patients. We showed the involvement of
HLA-G polymorphisms in HPV infection and lesion development, and suggested that
14bp del allele promotes high-risk HPV infection, with del/C haplotype associated
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
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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

Conrol proup Tt group Tas group Test group
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
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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,
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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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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
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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
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In general, viral proteins are able decrease HLA class | exm®on, but their effect on
HLA-G expression at the cell dace is more ambiguoutndeed, they may have no effect
[104-106] or an inhibitory eéfct [107-110], or as reported by Onno et al. [111], even induce
HLA-G after viral reactivation in activatechacrophages infected dyCMV. By contrast,
another study reported that HLA-G1 expressa cell surface resulted downregulated and
that this decrese was due to hCMV shomaliUS glycoproteins [109]. In fact, hCMV
produces different US proteins that aotMHC expression atifferent levels Figure 2) and
show differential effects on thexpression of classical HLA class | and HLA-G molecules at
the cell surface. This different effect is dieethe shorter cytoplasmic tail of HLA-G [112]

and other structuraharacteristics.

BAKE | remrmirarts #flach pomples
APy . Compermen Regalatony Hmn:|mm&m:ﬂ;%:

DEATH |
RECEPTOR
LIGAND

Figure 2. Model for immune escape in hCMV infection.

These conflicting results fdiICMV may depend on different cell types studied (monocytes,
trophoblasts, or the U373-MG astrocytoma catie)i In fact, the viral proteins exhibit
different effects depending on the infected celléarthe type (classicar otherwise) of HLA
class | molecules, and the membrane-boundotuble nature of the HLA-G protein. For
example, US10 recognizes the short cytoplasaiiof HLA-G (RKKSSD) as a substrate and

downregulates the cell surfaegpression of HLA-G but not that of classical class | MHC
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molecules [109]. On the other hand, the US2eginoaffects levels ofiLA class | molecules
by increasing proteasome-mediated degradatiinlike HLA-G1, which lacks the residues
essential for interaction witkhS2 [104]. Furthermore, HLA-Gtould also be targeted for
degradation, independiyn of the cytoplasmic tail 105]. Ithe case of HIV infections, the
short cytoplasmic tail of HLAG avoidsNef-induced downregulation, whereas Nef

downregulates MHC cladsmolecules [105, 113].

Basing on this peculiarity of hCMV in moditing HLA-G expression, we evaluate the
possible role of HLA-G in pregnant womemdergoing primary hCMV infection. In fact,
about 1-7% of pregnantomen present a primary hCMV adtion, with a transmission rate
to the fetus of 30—40%. Plasma samples frpnegnant women (divided according to their
infectous status in: uninfected, with primdrCMV infection and with non primary hCMV
infection), from non-pregnant women and anticidluids correspondingo primary infected
women were analyzed for hCMV presenaed soluble HLA-G (sHLA-G) levels. We
observed an increased expression of sHLARGlecules in plasma samples from primary
infected women. Moreover, amniotic fluidiom fetuses symptomatic for hCMV infection
presented higher sHLA-G levels, were maioharacterized by sHLA-G1 isoform, presence
of HLA-G heavy chain and a concentratioradient to the maternal plasma. Our result
supported the hypothesis that the determinattd SHLA-G molecules in both maternal
plasma and amniotic fluid represents a predéctharker for perinatal outcome in fetuses with
HCMYV infection [114 paper attached].
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Abstract

Background: Human leukocyte antigen (HLA)-G neslules are non classical HLA class |
antigens expressed as membrane bound and salsdfiorms (sHLA-G) with a restricted
tissue distribution and immune-regtdry functions. They are exgssed at the fetal-maternal
interface and have an important role in thamemance of a toleroge condition. Previous
researches reported an influence of HChfection in HLA-G mdecule expression. The
objective of this research was to identify tevaal and fetal characteristics as prognostic

markers of congenital human cgtegalovirus (HCMV) infection.

Methods: Plasma samples from 130 pregnawdamen (30 uninfected, 56 with primary
HCMYV infection, 44 with non primary HCM\infection), 52 non-pregnant women and 56
amniotic fluids corresponding to primary infedtwomen were analyzédr HCMV presence,

soluble HLA-G (sHLA-G), classical dt-1, beta-2microglobulin levels.

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

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

Conclusions: Our results suggest the determinatiorsbllLA-G moleculesn both maternal
plasma and amniotic fluid as a predictive marker for perinatal outcome in fetubkes wi

HCMV infection.

Key words: HLA-G; cytomegabvirus; pregnancy
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Introduction

Human cytomegalovirus (HCMV) is the mosbmmon cause of intrauterine infection,
occurring in 0.3% to 2.3% of births [IHCMV intrauterine transmission is more common
after primary infection (30-40% of probabilitghan after seconddrgcurrent infection
(1%) [2, 3]. Ten to fifteen percent of congenitahjected infants will have symptoms at birth
and around 10% of them will di&0-80% of surviving babies will suffer delayed sequelae
such as sensorineural hearing loss, delay yghgsmotor development, and visual impairment
[4]. Most congenital infected infants (85-90%)aaio symptoms at birth, but 8% to 15% of
them will develop delayed injury [3, 4].

Within 20-21 weeks of gestation prenatal diagjaas offered to women with proven primary
HCMYV infection occurring before 14-16 weeks géstation. The fetal compartment can be
studied by invasive (amniocentesis) and namagive (ultrasound examination) techniques
[5]. Ultrasonographic findings are helpful buttrdbagnostic because HCMV has features in
common with other intrauterine infections ansl sensitivity is poor [6]. HCMV detection in
amniotic fluid with virus isolabn and/or Real Time AT is useful for prenatal diagnosis of
fetal infection, due to its high sensitivity and dfieity [7]. Low viral loads in amniotic fluids
with negative ultrasound findings are asatmil with asymptomatic congenital HCMV
infection. However, high viral loads with negettiultrasound findings nyabe associated with
symptomatic or asymptomatic cargtal HCMV infections [8-10].

Therefore, there is still a neéal reliable prognosti€actors for the outcome of HCMV fetal
infection.

HCMV can modulate the expressi and/or function of human leukocyte antigens (HLA), by
encoding proteins to detain and destroy ekpression of HLA moledas on the surface of
infected cells or selectivelup-regulate specific HLA cts | molecules binding to immune

cell inhibitory receptors [11]. Ithis scenario, there is an interesting non-classical HLA class |
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antigen, HLA-G, characterized by low allefiolymorphism, restrictetissue distribution and
alternative mRNA splicing which creates different isaisr 4 membrane-bound (HLA-G1-
G4) and three soluble (HLAE>G7) [12]. HLA-G is expresed at the maternal-fetal
interface, on surface of trophokie$13] and soluble HLA-G iplasma (sHLA-G) increases
during the first trimester gpregnancy [14]. HLA-G is responsible for reprogramming the
local maternal immune response towards toleeaand remodelling etine vascularization
[15]. The importance of HLA-@roduction during pregnancy isident in pre-eclampsia and
in unexplained recurrent spone&mus abortions, where HL&- expression in placenta is
reduced [16]. HLA-G has tolerogenic functiomgjucing apoptosis of activated CD8+ T cells
[17], acting on T regulatory cel[88], modulating the atwvity of natural killer cells [19] and
dendritic cells [20] and blocking allo-cytotioxT lymphocyte response [21]. HCMV infection
modifies HLA-G expression in ssies and immune cells, with a downmodulation in infected
cytotrophoblasts [22] and upregulation infected peripheral blood cells [23]. Specific
HCMV proteins increase HLAS expression interacting witthe HLA-G promoter, and
affecting mRNA stability, protein translatioand the secretory pathway [22, 24-27]. The
increase in HLA-G expression is suggestsl a mechanism for virus immune escape,
because of the immune-inhibiyofunctions of HLA-G.

Since HLA-G has an important role during pragcy and HCMV modifies its expression,
we analyse the role of HLA-G in congenitafaations. Moreover, it has been observed that
one important component of HLA-I moleculdseta-2 microglobulin (b2M), has diagnostic
efficacy for differentiating symptomatic fromsymptomatic HCMV congenital infection
[28]. Since free-b2M mainly derives from tekedding of HLA-I-b2M associated molecules
and HLA-G molecules generateee-heavy chains releasim@M during specific conditions

[29, 30], we supposed a role for HLA-G amiig in generating b2M-free molecules.
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To explore the possible rolef HLA-G molecules in ongenital HCMV infection, we
analyzed maternal and fetal classical HLA4ALA-G and beta-2microglobulin expression in

correlation with theisk of HCMV congenital infection.

Materials and Methods

Subjects

The study analyzed a cohort of 130 pregnaamen who were referred between 2006 and
2011 to the Maternal-Fetal Medicine Unit, Stsola-Malpighi University Hospital, Bologna,
for suspected primary HCMV infection. Maternal primary HCMV infection was assessed at
the Virology Unit of the same University Hospital. Fifty-six amniotic fluid skemgrom
primary HCMV infected women were colked during amniocentesis. Written informed
consent was obtained from eachnaan before amniocentesis.

The women, aged between 18 and 40 yearse we the first and second trimester of
pregnancy. They presented no previous autoimmamdenflammatory diseases and they were
no assuming anti-inflammatony immune-modulatory drugs.

Primary infection was diagnosed on clinidabktory as well as HCMV IgM-positive and
low/moderate HCMV IgG avidity results, positive DNAemia and/or seroconversion for
HCMV. Non primary maternal HCMV infedn was diagnosed, within the first 16 weeks
gestation, according to blot-confirmed IgM-positivity with high avidity anti HCMV 1gG and
presence of DNA-HCMV in blood and/orime and or/saliva. HCMV-seronegative women
(for both IgG and IgM) wee defined as uninfected.

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

examination on terminated fetuses or testingeuahneonates within thfest 2 weeks of life.
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Fifty-two non-pregnant wmen were recruited as healthy controls.

Diagnosis of symptomatic HCMYV irfection in fetuses and infants

Fetal symptomatic infection was defined as the presence of ultrasound abnormalities and
histological and immunoistochegail findings in fetal organs with particular attention to the
brain of aborted or dead uterofetuses [31]. Congenitally ia€ted newborns were assessed

by clinical, instrumental and laboratoryndiings for disease in the neonatal period and

subsequent monitoringp to 6 years [32].

Anti-HCMV IgM and IgG detection and IgG-avidity

Maternal serum samples were tested ushregg Enzygnost® HCMV IgM and IgG assays
(Siemens Healthcare Diagnostics) and amaose immunoblot for detection of HCMV-
specific IgM [33]. HCMV IgG avidity was test with the Radim® Cytomegalovirus 1gG

Avidity EIA WELL assay (Radim).

Virological examinations

HCMV isolation from amniotic fluid was pexfmed by shell-vial procedure as described
elsewhere [34]. DNA was extracted from aot@ 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 realfhe PCR assay (HCMV ELITe MGB Kkit,
ELITechGroup) using the ELITe-MGB technologkmplification, detetion, and analysis
were performed with the ABI PRISM 7300 platio (PE Applied Biosystems). The detection
limit was 11 copies/reaction and viral load waported 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 tepéisgtreviously
reported [35] using the monoclonal antibo@oAb) MEM-G9 (Exbio), which recognizes
the HLA-G molecules, in 2-microglobulin associated form. The intra-assay coefficient of
variation (CV) was 1.4% and the inter-as€gy was 4.0%. The limit of sensitivity was 1.0
ng/ml.

Plasma and amniotic fluid concentrations WEA-G5/G6 were quaiified as previously
reported [36], using the 5A6G7 Mb (Exbio). The intra-assay efiicient of variation (CV)
was 2.0%, the inter-assay CV was 3.5%. Thetlof sensitivity was 1.0 ng/ml. The amount
of sHLA-G1 was expressed by the diffece between sHLA-G and HLA-G5/-G6

concentrations [36].

ELISA for soluble HLA-I

Plasma and amniotic fluid concentrationssefLA- | were measured as previously reported
[37] using an anti-HLA clss | monoclonal antibody (W6/32TCC). The amount of sSHLA-
la was expressed as the difference betwsdhA-I and sHLA-G oncentrations since
monoclonal antibody W6/32 used in our ELISA@edure 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 (Adam) 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 (AlphBiagnostic Internation with intra-assay

CV of 6.8 t0 11.4 % and inteassay 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 4iA-G : amniotic fluid/plasma albumin

where the ratio between amniotic fluid andgrha albumin concentrations represents the

status of placental barrier.

SHLA-G immunoprecipitation

Plasma and amniotic fluidgere biotynilated with 0.2 mg/MmEZ-Link Sulfo-NHS-LC-Biotin
(Pierce)[27]. Samples were immunoprecipitifer 2 hrs at RT with anti-HLA-G MoAb
(MEMG1, specific for HLA-G free heavychain, or MEMGY, specific for beta2-
microglobulin conjugated HLA-G, Exbio), whed twice and incubated overnight with
protein G-Sepharose (Santa Cruz,) at 4@mples were washed twice and resuspended in

20ul Laemli Buffer (BioRad).

Western Blot analysis

We quantified protein concentration in immmecipitates by the Bradford assay (Bio-Rad
Laboratories). Total proteins, migtured at 100 °C for 5 minwere loaded with native or
reducing buffers in 10% TGX-Pre-cast gelidiad), and electrobtted onto a PVDF
membrane (Millipore) [39]. The membrane svancubated with a horseradish peroxidase
(HRP)-conjugated antimouse amtdy (1:5000; Amersham Biosciences,) and developed with

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

constitutive HLA-G expression [40].

Statistics

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

Since data, screened by Kolmogorov-Smirnov f@&tsented a normal digiution, statistical
analyses were performed using Student’s tsgstn normally distributed or non-parametric
Mann-WhitneyU test when distribution was non-normgtequencies of positive samples for
a specific variable were compared by Fisher exact fesbgistic regression analysis was
performed to evaluate the effect of different variablEse relationship between sHLA-G
presence and HCMV infection status swanvestigated by the Receiver Operating
Characteristic (ROC) curve (Zweig and CanlpkE993) analysis (JROCFIT software, John

Hopkins University, Baltimore, MD, USA).

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

Ferrara, Ferrara, Italy (n. 06/2018)d the rules of thikalian Ministry ofHealth, 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 leveits sera of 130 pregnant (30 uninfected, 56
with primary HCMV infection and 44 witmon primary HCMV infection) and 52 non-
pregnant women.

Detectable serum levels of classical sHLAHI#-1a) and sHLA-G weresignificantly more
frequent in pregnant womga30/130; 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 norgpast women (20/52; 38.5%) than in infected
pregnant women (54/100; 544) (p=0.14, p=0.087, respectively).

Pregnant women showed higher levelssbilLA-la and sHLA-G in comparison with non-
pregnant women (sHLA-la: p=0.022, p=0.08HLA-G: p<0.001, p<0.001; Student’s t test)
irrespective to HCMV infectionHigure 1a, b. We observed no statistical differences in
sHLA-la and sHLA-G serum levels betweémfected and uninfected pregnant women
(Figure 1la, b. b2M levels were sligtly higher in infectedpregnant women than in
uninfected pregnant women (p=0.03jigure 10). Interestingly, subdividing the subjects
according to the maternal HCMV infection sist primary infected women presented higher
SHLA-G concentrations than in uninfected and non piymafected women (sHLA-G:
p<0.001, p<0.001; respectivelyFigure 16, with no difference in sHLA-la and b2M levels
(Figure 1d, f). sHLA-la, sHLA-G and b2M levelsvere similar in non-pregnant women

subdivided on the basis HCMVrsgositivity (data non shown).
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Fetal and neonatal HCMV infection status

Fifty-six pregnant women with primary H@/ infection underwent invasive prenatal
diagnosis. PCR and virus isolation gave no pasitesult in 39 amniotic fluid specimens and
no congenitally infected newborns were foundhis 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 indectbabies were asyngmhatic at birth and
during subsequent monitoring confirmed norrdal’elopment and the sénce of late-onset
sequelae, in agreement with literature [8-10]. The remaining 15 amniotic fluids wereepositi
for both virological tests (6x1&“copies/mL median viral loddxcept one caswhere only
HCVMV-DNA was detected10”3 copies/mL).

Overall, out of the 17 fetuses/babiesngenitally HCMV infeced, 5 newborns were
asymptomatic, 11 fetuses and 1 newborn symptomatic.

All symptomatic fetuses had HCMV positive brain with severe histological beanage and
cerebral necrosis. 4 of thenalso showed pathologicaheurosonographic findings
(periventricular hyperecogenigiand ventriculomegaly).

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

sequelae with sensoaaral hearing loss andild psychomotor retardation.

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

We evaluated sHLA-la, sHLA-G and b2M levatsthe amniotic fluid samples from the 56
primary infected pregnancies: 5 from infectegdymptomatic fetuses, 12 from symptomatic
infected fetuses and 39 from uninfected fetuses. All amniotic fluid samplegpuogtee for

sHLA-la, sHLA-G and b2M moledas. Detectable levels of sHLA-G were significantly
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higher in amniotic fluids from infected symptoticafetuses than in infected asymptomatic
fetuses (p<0.001) and in uninfected fetuses (p<0.0Bigule 2b). b2M presented slightly
higher levels in infected symptomatic feéis than in uninfected fetuses (p=0.042y\re
20). We observed no statistiddifference in sHLA-la and b2M levels in amniotic fluids from

infected symptomatic, infected asymptomatic and uninfected fettiggsd 2a, Q.

SHLA-G concentration gradient betweenmaternal serum and amniotic fluid

The sHLA-G increase in infected symptomdétus prompted the question whether sHLA-
G was produced locally in amniotic compartmen derived from mi@rnal blood. Fetal and
maternal compartments are mutually interconnected and several molecukesclamaeged
through the amniotic and chorionic membrarkéhis molecular interchange could be
hypothesized also for HLA molecules. Therefave evaluated the concentration gradient
between serum samples from primary infeaternen and the corresponding amniotic fluids.
A sHLA-G concentration gradient from th@mniotic fluid to the maternal serum was
observed only in infected symptomatic fetuses, while uninfected and infected asyatipt
fetuses presented an imge sHLA-G gradient Higure 3a). These results suggest a local

fetal production of SHLA-G, increased only in fe¢s with symptomatic HCMV infection.

SHLA-G index

The association between fetal HCMV infectiand increased fetal SHLA-G expression was
confirmed calculating the sHL-& index in comparison with albumin. Albumin is the most
prevalent serum protein, it surrounds the embryaid itiis detected in amniotic fluids [41].

Fainardi et al. [38] reported the use of ceospinal fluid and sema albumin content to
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evaluate sHLA-G brain production. Sind®th blood-brain interface and placenta are
considered selective barriers, we appliedghme concept to quantify the fetal compartment
production of HLA-G, evaluatinghe relative amount of amniotic sHLA-G and albumin
compared with maternal serum. Any increasehe index could be ascribed to sHLA-G
production in the fetal compartment. Albumevels presented a decreasing trend both in
maternal serum and in amniotic fluid when the fetus was infeétigniré 4a, b. Higher
SHLA-G indexes were detectad infected symptomatic fetus€19.45%) thann uninfected

and infected asymptomatictéises (p<0.001, p<0.001 respectivelyigure 40).

SHLA-G isoforms: HLA-G5, HLA-G6 and sHLA-G1

To discriminate between &KA-G1 and soluble isoformslLA-G5 and -G6, we analysed
isoform distribution in maternal sera and antigifluid samples. Interestingly, amniotic fluid
is mainly characterized by sHLA-G1 isoforaigure 5b, d), while maternal serum samples
showed higher levels ofiLA-G5/-G6 isoforms [igure 6a, 9. When the samples were
subdivided according to fetal HCMV infectiosiHLA-G1 isoform increasedn the presence

of symptomatic fetal irdction, both in seraF{gure 5¢) and in amniotic fluidsKigure 5d)

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

HLA-G free heavy chain analysis

HLA-G can be expressed as b2M associaiedree heavy chain (HC). Previous studies
documented a different distribati of these two conformation tite maternal-fetus interface.
In particular, HLA-G free HC is present adistal trophoblasts, while b2M associated

conformation is expressed by proximal trophobl§2§. We evaluated the presence of HLA-
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G free-HC both in both sera and in amnidhigds from primary HCMV infected pregnant
women with asymptomatic or symptomatic fetus. HLA-G free-HC was detected more
frequently in amniotic fluids from symptomatic fetusésg(@re 6c, d. On the contrary,

maternal sera did not present HLA-G free-H@y(ire 6a, b).

SHLA-G predictive efficacy

We analyzed serum and amniotic fluid samagla total SHLA-G, sHHA-G1, HLA-G5 levels

and HLA-G free HC frequencies and selected different cut-offs to be used as differentiation
values. ROC analysis showed that serum aslabove 50ng/ml and amniotic values above
30ng/ml with the highest sensitivity and specificitigble 1), in differentiating symptomatic

from asymptomatic congenital infections.odistic regression analysis confirmed the
prognostic role of serum and amniotic sHLA4@vels independently from virological
parameters (p=0.02). The isoform with thghast predictive value was sHLA-G1 for both

serum and amniotic samples.
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Discussion

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

Our results show that sHLA-@vels in maternal sera and amniotic fluids are significantly
related to symptomatic fetal HCMV infectiomc suggest a predictive role for SHLA-G in
HCMV congenital infection, asupported by ROC analysi§gble 1). In fact, SHLA-G levels
increased only in symptomatic fetuses. Sahvevidences support aepfic fetal production

of sHLA-G: i) the concentration gradient innggtomatic infection is clearly directed from
amniotic fluid to maternal serum; i) TrEHLA-G indexes were significantly higher in
infected symptomatic fetuses; iii) the diffatedistribution of sHLA-G isoforms: shedded
SHLA-G1 was predominant in amniotic fluidghile spliced HLA-G3%G6 isoforms were
over-represented in the maternal sera.résngly, sHLA-G1 isoform increased in both
compartments when fetal infection was symptoensuggesting that thaHLA-G increase in
maternal serum had a fetal origin. These @atdain why HLA-G secretion does not increase
when mothers are infected but fetuses are Rajufe 2). Likewise, HLA-G free HC
increases only in amniotic fluids but nat maternal sera. These results suggest the
opportunity for further studies,enessary to undersid the mechanisms bied the transfer
of sSHLA-G molecules from the fetus to theaternal blood, possibly involving trophoblasts
[44]. HCMV may regulate HLA-G production byost-transcriptionalevents such as
increasing MRNA stability or protein transtat and controlling the secretory pathway [25-
28]. Since HCMV transmission rate is limited46% of cases, it ipossible that placental
mechanisms might limit viral transmission tbe fetus. Different patterns of HLA-G
production could affect the ability to courdet HCMV infection, increasing the risk of
symptomatic sequelae, and increased HLAx@ression could facilite fetal transmission

without inducing an adequait@mune cell response.

46



Our results suggest thaHLA-G, mainly sHLA-G1 isoformmight be a reliable marker for
congenital infection. However, as the results of pandibgnosis might lead to irrevocable
decisions, it is highly desirablnot to base these decisionsaosingle marker. A combination
of viral and biological markers may provide thest key to the reliable identification of
fetuses at risk of congenital disease as weleases with a favorable outcome. A limitation
of our study is the small number of symptomatises and these datashbe considered only
investigational. However, to the best of durowledge, this is the first observation on the
possible use of SHLA-G as a marker to disgnate between symptomatic and asymptomatic
HCMYV congenital infection. Futurstudies in a larger number f@tuses should be performed
to verify whether the combination of sHE@ and virologic markers may have a better
diagnostic accuracy.

The prospective use of defined cutoffs mideip to integrate the routinely used HCMV
infection markers with sHLA-G detection in ethdefinition of at risk fetus in clinical
counselling. Predicting prerstoutcome has undoubted adwages: i) it will decrease the
mother's anxiety if the prective factors of goodoutcome are present; and ii) it may

significantly reduce the rat#f unnecessary abortions.
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Figure legends

Figure 1. Maternal serum samples expression of a, d) sHLA-la; b, e) sHLA-G; and c, f) b2M
molecules, (a-c): in non-pregnant and pregnaomen, without infection and with HCMV
actively infection, (d-f): in non-pregnant amidegnant women, without infection and with
primary and non primary HCMV infection. p valsiobtained by Student’'s T test and mean *

standard deviation are reported.

Figure 2. Amniotc fluid samples expression @) sHLA-la, b) sHLA-G and c) b2M
molecules according to the fetal and neonatatome, HCMV infeton with and without

symptoms. p values obtained by Student’s Tdastmean * standadgviation are reported.
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Figure 3. sHLA-G concentration gradients calcedtby: (serum concentration-amniotic
fluid concentration) and subdivided accordingtte fetal/neonatal outcome, HCMV infection

with and without symptoms. Meanstandard deviation are reported.

Figure 4. Albumin expression in anaternal 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 olediby Student’'s T test and mean * standard

deviation are reported.

Figure 5. Maternal serum samples expression dfillbA-G5/-G6 and c) sHLA-G1 molecules.
Amniotc fluid samples expression of b) HIG5/-G6 and d) sHLA-G1 b2M molecules.
Samples were subdivided according to thelfsanatal outcome, HCMV infection with and
without symptoms. p values obtained by Studemtt®st and mean + standard deviation are

reported.

Figure 6. Western Blot analysis. a, B)aternal serum samples anddg,amniotic fluids from

HCMV primary infected pregnancy subdivided according to the fetal/neonatal outcome,
HCMYV infection with and wihout symptoms, were analyzed after immunoymigion with
anti-free HLA-G HC moAb (MEMG1, Exbioyr anti-b2M associated HLA-G moAb (MEM-

G9, Exbio). The positivity for HLA-G moletes was evidenced at 39kD. JEGS3 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 symptomationgenital HCMV infection (receiver

operator characteristics analysis)

Fetuses Diagnostic accuracy (%, 95%ClI)

Parameters Cutoff Sympt.  Asympt. Sens. Spec. PPV NPV

Maternal

serum

samples

sHLA-G 50ng/mi 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

sHLA-G1  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-G5 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

fluid

sHLA-G 30ng/mi Above 11 0 917 100 100 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-G5 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 51.9-95.4 19.2-100
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Figure 5.
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HLA-G induction by viruses repreats an important immune-ege strategy86]. For this
reason, the comprehension of viral mechanisraslédad to HLA-G expgssion are crucial to
counteract the infection itself. The importante played by HLA-G induction during viral
infection was reported by manstudies in different viral iiections [82, 86] and also
confirmed by our study on HLA-G expression in nasal polyposis. Siabpa/posis (SNP)

is a chronic inflammatory pathology that cdualevelop after HPV infgion. Effectively, HPV
infection is one candidate for the developmeithe disease for its epithelial cell trophism,
hyperproliferative effect, and the induction of immune-modulatory molecules as HLA-G. In
our study, we reported that MPL1 positive SNP without colenitant allergic diseases
(SNP-W0AD) patients presented with mHLA-&d IL-10R on epithelial cells from nasal
polyps and showed secretion of sHLA-G andliLin culture supernatants. On the contrary,
no HLA-G expression was obsedvén HPV negative polyps. Our data support the crucial
role of HLA-G expression induced by HPM polyposis aetiopathogenesis [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.

fournal of Immunology Research

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).

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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Since 1L-10 interacts with a specific receptor (IL-10R)
at the cell surface, we analyzed its expression on the cells
extracied from polyp blopsies, We observed IL-10R on the

Py

| posilive

HLA-G
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| epithelial cells and (b)) ressdual cells (fGbroblasts) from representative SNP-Wo AL and SNP-

fibroblast marker-FITC (Santa Cruz Biotechnodogy ) and B7G-PI
¥

7% (median) of epithelial cells from SNP-WoAD patients
with HPV-11 infection (Figure 4), while only the 1.4% of
epithelial cells from SNP-WoAD patients without HEV infec-
tion expressed this receptor (Figure 4) (P = 0.0022, Student’s

£-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 develapether strategies for escapihgst immune surveillance, or

example through the secretion of cytokines tifétct the host cytokine network. Cytokines
are also important in bacterial infections. Theileukin- (IL-) 10 family of cytokines and the

related interferon (IFN) family form the largelass Il cytokine familyf116]. There are three

subgroups into the IL-10 family, defined on th&sis of their biological functions: IL-10, the
IL-20 subfamily cytokines (including IL-19, 20, IL-22, IL-24, and IL-26), and the type Il

IFN group (IFN&).

Several viruses are able toduce 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 hCNtvgduce functional orthobs of IL-10 [114].

1.1.2 HLA-G and bacterial infections
To date, the role of HLA-G in maintenance ottaaial infections hasden poorly investigate.

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

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

Septic shock is a cortéhn associated to high mortalitgd0-50%). initially characterized by
an important systemic inflammatory respemsimediately followed by an anti-inflammatory
process that acts as negative feedback. Toispensatory inhibitory response could
subsequently worsen the condition, as nearlyvatiune functions are agpromised [118]. It
has been reported that the persistent HLAg&pression in septic shock was predictive of
survival [119]. During sepsis, the exocytesiediated upregulationf ILT4 expression on
neutrophils is inhibitd, so the huge amounts of HLA-Géund in the plasma samples of
patients surviving sepsis may have allowed thernontrol neutrophil inflammatory activity
[120]. However, soluble HLA-G concentration was not fountid@redictive of the detection
of bacteremia and sepsis in pediatric oogyl patients with chemloérapy-induced febrile

neutropenia [121].
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Conserning bacterial infectiohfocused on the analysis ofetipossible role of HLA-G during
Pseudomonas aeruginosa (P. aeruginosa) infecfoasruginosa is a gram negative bacteria,
often associated with respirayodiseases, such as Cystic Bikis (CF) [122]. In this work,
we performed ELISA assays and qualitataved quantitative mRNA atysis of cell lines,
exhaled breath condensate (EBC) and plasora £F patients and higlay controls (CTRLS)

in order to identify if P.a@ginosa infection regulated HLG- expression. We found lower
HLA-G levels in plasma of CF patients thafter treatment, became undistinguishable from
those found in CTRLs. HLA-G was higher the EBC of CF patients and was normalized
after antibiotic therapy only in CF patients that were free of P. aeruginosaonfethese
data demonstered that HLA-G levels can morttterefficacy of 1V antibotic treatment in CF
patients and that in the CF lung microenvironmbigher expression diLA-G is associated
with P. aeruginosa infection suggesting thas timolecule could play a role in bacterial

immune-escape mechanisfii®3 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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Figure 1.

97












Figure 5.



In order to confirm the results obstainedGf patients, we investigate how P.aeruginosa
could affect HLA-G expression. P.aeruginosa i ab produce a series of soluble molecule
that altogether constitute the system“Quorum sensing” (QS) [124]F{gure 3). The QS
system is composed by two main kind of a&udoicers 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, whithract respectively with the Lasr/Lasl and
RhIR/RhII elements [125]. By litature, it is known that Q#&olecules influence the host
immune system, as for example the 3-®@ISL [126-130]. The analysis of HLA-G
membrane expression in PBMCgeafexposition to biofilm formind®. aeruginosaculture
supernatant evidenced an increase itmbrane-bound HLA-G expression in monocyte
(CD14) and T (CD3) cells [131 paper attached]. Thedata are in agreement with the
hypothesis that quorum sensing molecule G1@HLS production could up-regulate HLA-G
expression (Patent FE2014A000005 filed on"6November 2014). Basing on these results,
we demonstrated that 3-0-C12-HSL wasHInA-G inducer by treatig different cell lines
[131 paper attached]. The data confirmedt tB-0-C12-HSL was able to induce HLA-G
expression particularly in monocyte U93idaJurkat T cell lines through the CREB\p38
phosphorylation, confirming in this way ohypotesis 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 iR. aeruginosa After a threshold concentration of 3-ox@>ESL is
produced, the 3-oxo4gHSL-LasR complex binds the promoter regions of multiple genes,
activating or repressing their transcrgsti Among the genes upregulated by this complex
arelasl, which enhances the production of 3-ox@-8SL (autoinduction effect), anthlR,
which increases the production of i response regulator RhIR, activating the second AHL
pathway at an earlier stage.rdence factors regulated by each respective receptor-ligand

complex are detailed on the left.
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Reference 131

Pseudomonas aeruginosa quorum sensing meoule N-(3-oxododecaoyl)-homoserine-L-

lactone (3-0-C12-HSL) induces HLA-G egression in humanimmune cells.

Introduction

Quorum sensing (QS) is the process througtich bacterial cells communicate enabling
unicellular populations to coorditeatheir response to an extalrstimulus as a function of
population density, [1]. Gram negative bacteria suchPasudomonas aeruginosge.
aeruginosa employ N-(3-oxododecanoyl)-L-homose lactone (OdDHL) QS signal
molecules.P. aeruginosais an opportunistic humapathogen responsible for causing
infection in immune compromised individuals [2. aeruginosaemploys an OdDHL-
dependent QS system that via las/rhl playkey role in contiting virulence factor
production, biofilm maturation, swarming motilignd the expression of antibiotic efflux
pumps [3]. There is an incrgag body of evidence that OdDHlse able to interact with a
range of mammalian cell types. In particuléiney can modify function of respiratory
epithelial cells and fibroblastgl b] and they interact with immune cells [6-9]. In particular,
N-3-(oxododecanoyl)-L-homoserine lactone (3-b2cHSL) has the potential to modulate the
immune system of the host. 3-0-C12-HLS laapowerful inhibitory #ect on professional
immune cells, inhibiting dendritic cell and T-cell activation [10], promoting apap{adi —
13] and inhibiting the ability omacrophage and monocyteséspond to a range of Toll-like

receptor (TLR) agonists through disruption of NB-signalling [14]. T&en together, these
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data suggest that 3-0-C12-HLS suppressesuiingion of key immuneaetworks responsible
for bacterial clearance.

HLA-G is a non-classical HumalLeukocyte Antigen (HLA) class | characterized by the
presence of membrane bound and soluble isof¢ifis HLA-G is involved in mechanisms
of immune tolerance in several conditionxluding pregnancy, organ transplantation,
autoimmune and inflammatory diseases by bitimg cytolytic functions of natural killer
cells, cytotoxic T-lymphocytesnd T-cell allo-prolifeative responses [15]. Both soluble and
membrane-bound HLA-G isoforms have similéunctions and interact with specific
inhibitory receptors (ILT-2 ILT4) expressed by immune cellE5]. During viral infections,
HLA-G molecules are up-regulated by the giras a mechanism of immune-escape [16],
inhibiting the host irmune response.

A recent work by Glucksam-Galnoy et al. eanded that 3-0-C12-HLS is able to modulate
IL-10 production in macrophagg$7] involving the transcptional factors NFkB and p38.
Since IL-10 is one of the major HLA-G indus€]il8], it seems reasonable to speculate that
also HLA-G expression could begated in turn by 3-0-C12-HLS.

Moreover, a marked elevation of soluble fanmmeukocyte antigen-G protein was observed
during septic shock [19] and polymorphisnms exon 8 at the 3 'UTR of HLA-G gene
(+2960IN_+3142G_+3187A haplotype) recognized isgpatients with an increased risk for
septic shock [20]. For this, it seems m@aable a possible implication of HLA-G during
bacterial infections, with a possible dualpknation: i) immune-inhibitory mechanism
induced by the bacteria to prevent host immresponse; ii) HLA-G exression or secretion
may reflect an appropriate and efficient @sge to the inflammatory process occurring

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

bacteria in the inductioof HLA-G molecules.

Materials and Methods

Cell lines and Bacteria strain

U937 (ATCCCRL1593.2 and THP-1 (ATCC TIB202) mongte cell lines,Jurkat (ATCC
TIB152) T-cell line and 721.221 (ATCC CRL188Bjcell line were grown in RPMI 1640
(Gibco) added with 10% FBS, 10% Hepes Buft#¥ peniciline\strepatamicin at 37°C with
5% of CQ.

P.aeruginosgd ATCC BAA-47) PAO1 strain was growin Tryptic Soy broth (Sigma) at 37°C

for supernatant collection.

Peripheral blood mononuclear cell purification

Peripheral blood mononuclear cells (PBMCs) wisdated from whole blood of 10 control
subjects by Ficoll gradier{Cederlane, Hornby, Ontario, @&da) and resuspended in RPMI
medium (EuroClone, Milano, ltaly) witi0% FCS, 100U/ml penicillin and 100 U/ml

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

Cell treatments

The cells were treated with@®@C12-HSL (Sigma-Aldrich) at thconcentrations of 10, 25 and
50uM, suggested by literature [17], at diffat 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%@th a final concentration of 10g/ml isotype control
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monoclonal antibody (moAb) oblocking anti-IL-10 (Biolgend) or anti-ILT2 (Becton
Dickinson) monoclonal antibags (moAbs) prior to use.

To induce monocyte differgiation and activation, 5x£0 cells were seeded in 500
complete medium containing 160 nM PMA (Sig@hemical). Cells were then analyzed by

flow cytometry.

Cytometric analysis

For flow cytometric analysis, cells (J0wvere washed and incubated for 30 minutes on ice in
100 | of Phosphate Buffered Saline (PBS) comitag 1% FBS, 10 mMsodium azide plus
appropriately diluted fluorescent moAb. Afterdwvashes with cold washing buffer, cells
were then washed, fixed in 2% formaldehy@md analyzed by flow cytometry with a
FACSVantage flow cytometer (Becton Dickon, San Jose, CA, USA) using standard
settings and CellQuest softrea(Becton Dickinson, San Jose, CA, USA) for data analysis.
The membrane bound HLA-G antigens wedetected by anti-HA-G FITC moAb
(87GExbio, Praha, Czech Republic), HLA class | molecules were stained by HC10-FITC
moAb (kind gift of Prof. Fhio Malavasi). Anti-isotype antrols (Exbio, Praha, Czech
Republic) were performed. PBMCs were amaly using anti-CD3-PerCP, anti-CD14-PE,
anti-CD45-PE, anti-CD56-PE (BD) moAbs.

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

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

used to measure the apoptosis. The cells wesespended in 1x binding buffer [10 mmol/L
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HEPES (pH 7.4), 140 mmol/L NaCl, 2.5 mmol/L CaCi@| analysis. Cellsvere stained with
Annexin V-FITC to reveal goptosis and with propidium iodide to detect dead cells.
Monocyte differentiation was evaluated widnti CD11b-FITC and anti-CD14-PE (BD)

moADbs.

Immunofluorescence microscopy

For immunofluorescence microscopy, cells®{Were washed and incubated for 30 minutes
on ice in 100 | of Phosphate Buffered Saline (PB&bntaining 1% FBS, 10 mM sodium
azide plus appropriately diluted fluorescent mAb. After two washes with cold wastifer,
cells were then washed, fixed in 2% fordeltyde, and analyzed by fluorescence microscopy.
Membrane bounded HLA-G (mHLA-G) was detttby direct immnofluorescence using
the anti-HLA-G FITC moAb (MEM-G9, Exbio, Praha, Czech Republic), while
CREB\pCREB (Immulogical Sciences) and p38\pgS8ntaCruz) were detected by indirect

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

ELISA

Soluble HLA-G (sHLA-G) levels in cell culte supernatants were measured by enzyme-
linked immunosorbent assay (ELISA) usingcapture antibody the MoAb MEM-G9 (Exbio,
Praha, Czech Republic), whiclrecognizes the HLA-G molecule in,-microglobulin
associated form. The intra-assay coefficienvafation (CV) was 1.4%nd the inter-assay
CV was 4.0%. The limit of sesitivity was 1.0 ng/ml [21].

IL-10 levels were analyzed using Humiai0 ELISA detection kit (EBioscience).
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MTT cell viability assay

100ul of cells at the density of 1)A were seaded into 96-well plates and treated with 30-
C12-HSL (10uM and 25uM) for 6, 12 and 24 h®hrs). After incub@on, 10ul of MTT
(Sigma-Aldrich) for 4 hours at 37°C. Cells wehen lisate by adding 100ul of MTT solvent.
Plates were then read at 570nm for viabiéitsaluation using ELISA-reader (Victor, Perkin-

Elmer).

MRNA preparation

Total cellular RNA was prepared from eackll 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 agarose gel electrophoresis, followed by
ethidium bromide staining. These mMRNA samsphere immediately used for cDNA synthesis

or stored frozen at -80° C until use.

RealTime PCR

To analyze the presence of HLA-G mRNAu8 mRNA were reverse transcribed for each
sample using SuperScript™ First-StrangntBesis System (Invibigen, San Giuliano
Milanese, MI, Italy) according to manufactdeeinstructions. The pmers and the detection
probe for HLA-G gene expression anatyswere: forward primer HLAG-F (5'-
CCCACCATCCCCATCATG-3); reverse primer HLA-G-R (5'-
CCAGTGACTACAGCTGCAAGGA-3) and the MGB probe (5-
TATCGTTGCTGGCCTGG-FAM-3') (Aplied Biosystem) [22]. Hd expression changes
were determined by theAA" method. Amplification was performed with 100ng of RNA
converted into cDNA, TagMan 2X UniversaCR Master Mix in a final volume of 50ul

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

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

Reporter Constructs and Expression Vectors

Luciferase reporter plasmids were generdigdcloning genomic promoter fragments into
pGL3-Basic (Promega, Madison, WI). Tleesonstructs contairmespectively, a 1438-bp
promoter fragment &fLA-G (pGL3-G1500), and a 269-lsd-AhdlHLA-B7 promoter
fragment (pGL3-HLA-B) (kind giftof Prof. Sam JP Gobin) [23pIl inserts were verified by
sequence analysis.

TheRenillaluciferase control plasmid pRL-actin wasdsas transfectiorffeciency control.

Transient Transfection

721.221 cells were transfected by Amaxaclofector technology (Lonza) with a DNA
precipitate of 1 g of pGL3 reporter plasmid, 1 or 0.5 of expressiorvector, and 0.1 g

of Renillaluciferase control plasmid (pRL-actin) peell. Luciferase activity was determined
using a luminometer (Victor, Perkin Elmerdacorrected for transfection efficiency with

theRenillaluciferase activity values.

Statistical analysis
Since the values presented a normal distivbutiKolmogorov-Smirnov &) , the differences
were evaluated by the Student T test using \@aw software (SAS Institute Inc, Cary, NC,

USA). p value was considered to $tatistically significant when <0.05.
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Results

P. aeruginosaculture supernatant induces HLA-G' CD3" and HLA-G "CD14" cells.

To evaluate the inductioof HLA-G molecules byP. aeruginosan human immune cells, we
exposed peripheral blood mononuclear cells (EBMfrom 10 control subjects to the culture
supernatants (SN) of biofilm-formin&. aeruginosa PBMCs were negative for HLA-G
staining before the treatment. Afté hrs of incubation with 25ul d®?. aeruginosaSN, we
observed a 1.5+0.5% (mean+SD) of CEHUA-G" cells (p=0.002, Student T test) (Figurela,
black histogram), that increas to the 8.0+0.4% after 12h(p<0.0001) and returned to
1.8+0.2% (p=0.001) after 24hrs wéatment. 10uL and 50uR. aeruginoseéSN were able to
induce CD12HLA-G" cells after 12hrs (3.4+0.5% and 3.9+0.6% respectively) (p<0.001), that
decreased to 1.9+0.2% amdi+0.3% after 24hrs (p=0.00Ihe induction of CDHLA-G*

cells was observed after 12hrs incubatiwith 25uL (2.5£0.3%) (p<0.001) and 50uL
(2.3£0.3%) ofP. aeruginoséSN (Figure 1a, white histogram) and decreased to 1.2+0.1% and
1.75+0.2% after 24hrs. Both CD3and CD14 cells presented the highest mHLA-G
induction after 12hrs incubation with 258l aeruginosaSN (2.5+0.3% CD3HLA-G" and
8.0+0.4% CD1ZHLA-G™ cells) (Figure 1a). The decrease in HLA-G expression after 24hrs
incubation sustains a time-dependent inductdrHLA-G expression. As a confirm, we
performed a RealTime PCR quantificet of HLA-G mRNA in PBMCs afteP. aeruginosa

SN treatment. We observed a 4 folds incraaddLA-G mRNA transcmption 6hrs after the
incubation withP. aeruginosaSN (Figure 1b) (p<0.0001), thatached a 6 folds increase
after 12hrs treatment (p<0.001) but was lostra24hrs. The expressi of HLA-G molecules
was evaluated also on the surface of B anaifdékiller cells, howeer we found no HLA-G
induction (data non shown).

We are aware thd&. aeruginoséSN could contain several nealules able to modify HLA-G

expression. For this, we performed a literature raeglysis to identify the molecule with the

111



highest probability to be an immune-modifielWe selected 3-0-C12-HSL, that has the

potential to modulate the immune respoor$ monocytes and cells [13].

P. aeruginosa3-0-C12-HSL effect on maocyte and T cell viability.

First of all, we verified if3-0-C12-HSL treatment could affemonocyte and T cell viability.
We used monocyte THP-1 and U937 and T- (Jurtgt)lines to standaizk the experiments.
We treated the cells with 10, 25 or 50 uM3eb-C12-HSL [17] for 6, 12 and 24 hours. After
the treatments, cell viability was evaluated by MTT assay. The major effeslloviability
was observed in U937 cells widll the concentrations of 3612-HSL. In fact, we observed
a 40% decrease in cellahility after 12hrs of incubation withll the concentrations of 3-0-
C12-HSL (Figure 2a). Interestingly, U937 cetlsconstituted their ability after 24hrs of
incubation. On the contrary, itleer the monocyte cell line T+l (Figure 2b), nor Jurkat
(Figure 2c) cell line showed any sificant decrease inell viability.

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

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

P. aeruginosa3-0-C12-HSL induces HLA-G expressin in human monocyte and T cells.

To be sure that 3-0-C12-HSL is ableimoluce HLA-G transcription and transduction, we
treated U937 monocyte cell line with 3-d&-ZHSL for 24hrs and evaluated HLA-G mRNA
and protein expression. Wabserved an increased production of HLA-G specific mRNA
(Figure 3a) that followed a dose-dependeifect, with 10uM 3-0-C12-HSL inducing a 3
folds increase of HLA-G mRNA and 25uM indng a 6 folds increase in comparison with
untreated cells (p<0.001; Student t test). MeméHndLA-G expression acts similarly, with an
increase of 10% after 10uM and 30% af&uM 3-0-C12-HSL treatment (Figure 3b, c).

Jurkat cells presented a Hida7 folds increase of HLA-Gcells with 10uM and 25uM
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respectively (Figure 3d). On the contrary, HHcells presented a lower increase of HLA-G
expression after 3-0-C12-HSL treatment (FigBeg. These results suggest the presence of a
specific pathway of HLA-G induction followmg 3-0-C12-HSL treatment that presents

differences between cells.

P. aeruginosa 3-0-C12-HSL did not induce clasical HLA-lI expression in human
monocyte U937 cell line.

To be sure that the effect of 3-0-C12-HSéattment is HLA-G speci we treated U937 cell
line with 3-0-C12-HSL for 24hrs and evaluatddssical HLA-I expression, by means of HC-
10 moAb, that is recognized not to bitdLA-G molecules [24] We observed no
modifications in classical HLA-I molecule exgssion in U937 cells (Gure 4a, left panel),
while HLA-G was up-modulated {@ure 4a, right panel). On ¢hbasis of these results, we
sustain that 3-0-C12-HSL effetd specific for HLA-G. To aamunt the direceffect of 3-0-
C12-HSL on HLA-G gene promoter, weatisfected 721.221 cell line (classical and non
classical HLA-I negative cells) with HLA-G ddLA-B promoters [23]. These cells were
treated with 3-0-C12-HSL and luciferase assaas performed. We observed an increased
activation of HLA-G promoter after 3-0-CI2SL treatment. In particular, the promoter
activation was dose-dependent with an increaséigation of 21 and 39 folds with 10uM and
25uM respectively (Figure 4b, black histogran@ the contrary, HLA-B promoter was not
affected by 3-0-C12-HSL treatment (Figudd, gray histograms). These data sustain a
specific effect of 3-0-C2-HSL on HLA-G promoter.

Because of the characteristics of 3-0-C12-HBhf can act via transption factors [14, 25]
and IL-10 expression [17], wieypothesized two possible pathygafor HLA-G induction: i)

via IL-10, as one of the main modulator lHLA-G expression [18]or ii) direct HLA-G

induction via transcriptional factors.
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P. aeruginosa3-0-C12-HSL enhances HLA-G epression via IL-10 induction.

Since IL-10 is one of the major HLA-G indus€il8], and it is known that 3-0-C12-HSL is
able to induce IL-10 expression in macrophad&$, [we evaluated the possible implication of
this cytokine in 3-0-C12-HSL/HLA-G pathwaWe analyzed the levels of IL-10 and sHLA-
G expression in Jurkat, U937 and THPlcelllture supernatantafter 3-0-C12-HSL
treatment. We observed ancieased secretion of IL-10rehdy 6hrs after 3-0-C12-HSL
addition in both Jurkaand U937 cells (Figure 5a, whitestoagrams) that could account for
the sHLA-G increase that appeared to beifiggnt after 12hrs treatment (Figure 5a, gray
histograms). On the contrary, THP1 meted no IL-10 induction after 3-0-C12-HSL
treatment (Figure 5a), that could accounttfee absence of HLA-Gip-regulation in THP1
cells. To evaluate the rol&f IL-10, we pre-treated U937 lt® with anti-IL-10 moAb and
observed the reduction of WG secretion in 3-0-C12-HS treated U937 cell culture
supernatants (Figure 6, gray histags). It is to note that thidocking treatment was not able
to completely inhibit HLA-G expression, evencreasing anti-IL-10 moAb concentrations
(data non shown), demonstrating that IL-1@mdy one of the mechanisms used by 3-0-C12-

HSL to induce HLA-G expression.

P. aeruginosa 3-0-C12-HSL enhances HLA-G exgession via p38-CREB transcription
factors.

Since 3-0-C12-HSL is known to modify transtlan pathways [25], irparticular inducing
p38, a mitogen-activated protein kinase (MARKat phosporylates dractivates the cCAMP-
response-element-binding protdl@REB) [26], a transcriptiofiactor that regulates HLA-G
gene expression [23],we evaluated the phogdwton status of p38 and CREB after 3 -o-
C12-HSL treatment in U937 cells. We obsmt a clear increase in total p38 and

phosphorylated p38 after 15 minutes (Figure Ta) @n increased phosphorylation of CREB
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after 30 minutes of 10 uM 3-0-C12-HSL treatmdRigure 7b). On the contrary, THP1 cells
did not present p38/CREB phosphartydbn (Figure 7c, d). Thesetdasuggest the induction of
p38 and CREB phosphorylation by 3-0-C12-HSL apoasible 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 ol e&bility (Figure 2a,b, c), we observe an
intriguing result. In particalr, we observed a decreasecsll viability only in U937 cells
(Figure 2a) and not in THP1 and Jurkat £€Figure 2b, c) after 6 and 12hrs 3-0-C12-HSL
treatment. We can speculate that MTT assaydoayeal cytotoxicity @ss of viable cells) or
cytostatic activity (shift from proliferatiomo quiescence) of 3-0-C12-HSL treatment. For
this, we analysed U937 cells with Anexin-\aisiing to account cell @ptosis and necrosis
and Pl staining for cell cycle evaluatiolAnexin-V staining failed to reveal cell
apoptosis/necrosis after 12hrs 3-0-C12-HSL meaiis (Figure 8a). On the contrary, the
analysis of cell cycle showetiat the treatment with 3-6412-HSL for 12hrs blocked a 62%
of cells in a GO/G1 stage in comparison witle 20% of GO/G1 cells before the treatment
(Figure 8a). Since decreasedll division could be assa@ted with differentiation, we
evaluated U937 phenotype. Flow cytometry wasiedrout to monitotwo surface proteins
characteristic of U937: 1) CD14, marker fwth monocyte and macroge involved in LPS
recognition and contact with TLR4 recept@), CD11b, macrophage marker, involved in
phagocytosis of bacteria. @B expression was maintainedter 12hrs of 3-0-C12-HSL
treatment (Figure 9a), yielding the chaeaistics of monocyte-like cell type. CD11b
expression was increased only after AAMireatment, indicating macrophage-like

differentiation, meanwhile no CD11b indumti was observed after 12hrs 3-0-C12-HSL
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treatment (Figure 9b). Since we observed 8atC12-HSL induceslLA-G expression, we
could speculate that the interaction with itehds could affect cell viability. We tested U937,
THP1 and Jurkat cells for ILT2 expression andoleerved the presence of this receptor only
in U937 cells (Figure 9c, d, e). ILT2 issaurface receptor expressed by different immune
system cells, including monocytdbat is able to bind HLA-Gand modify monocyte status
[27]. We performed again trexperiments on U937 cells inetlpresence of anti-ILT2 moAb.
Interesting, we observed no decrease in U98GiNy when the expements were performed
with anti-ILT2 antibody (Figur®f). These data suggethat the induain of HLA-G by 3-o-

C12-HSL could act on ILT2xplaining the cytostat activity on U937 cells.

Proposed pathways

Figure 10 illustrates a potential network that nbigperate in the presence of 3-0-C12-HS. It
incorporates previous findingsd the observations made imststudy. In this network, 3-o-
C12-HS activates HLA-G expression yi@88 and CREB phosphorylati [23] and IL-10
induction, that acts in a feedtk loop pathway of HLA-G inddion [18]. In the presence of
ILT2 expression, the interaction with HLA-G tecules could modify cell activity, promoting

a resting status.
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Discussion

3-0-C12-HLS is a bacterial quorum sensing ecale that coordinatdsacteria growth and
virulence in a cell density-dependent manner [ELiithermore, different studies have already
reported the ability of 3-0-C12-HLS in regutaj both pro- and antinflammatory cytokines
production by host cells [4-14; 27].

Even more evidences suggestbdt 3-0-C12-HLS plays a tigal role not only in inter-
bacterial communication, butsal in inter-kingdom signalingln fact, 3-0-C12-HLS can
interact with mammalian cells, including immueels [4-14; 25]. In particular, 3-0-C12-HLS
exhibit modulatory effect on monocytes [28flucing changes in mRN#&anscription. Since
HLA-G is a key molecule in the immune systemitch-off [15] a theaim of our study was to
investigate whether 3-0-C12-HLS indudddA-G modification in immune cells.

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

The analysis of HLA-G membna expression in PBMCs after exposition to biofilm forming
P. aeruginosaculture supernatant evidenced &trease in membrane-bound HLA-G
expression in monocyte (CDJ)4and T (CD3) cells. These data are in agreement with the
hypothesis that quorum sensing molecule Gi@HLS production could up-regulate HLA-G
expression.

The induction of HLA-G by 3-0-C12-HLS wanfirmed in monocyte U937 and Jurkat T
cell lines. As a proof of concept, THP1 dele did not present HA-G expression nor IL-10
induction and CREB\p38 phosphorylation aftgéq-C12-HLS treatment, supporting the
existence of a network between U\CREB\p38 phosphorylation and HLA-G. The
implication of ILT2 receptoexpression on the cytostaticfexft of 3-0-C12-HLS on U937
cells is a direct proof of the functionaltiaty of the HLA-G mokcules induced by 3-0-C12-

HLS. In particular, they susin the immunosuppressive projes 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 respomg HLA-G. On tle other hand, HLA-G
expression could be a response to the nmitetory process occurring during microbial
infection, reflecting an appropriate and effeetiieedback control of inflammatory process.
On the basis of our knowledge, we proposkial role for HLA-G induction during bacterial
infections, as an immune escape factor forltheteria and a rescue mechanism for the host.
In particular, bacteria couldduce cell release of SHLA-G peripheral blood leading to the
down-regulation of chemokine receptors on ibhocytes and NK cellshat can affect the
migration of these cell populations toward amfled tissues, leading to immune escape of
bacteria [29]. The loss of baleed sHLA-G levels may causethe activation of immune
effector cells and their migration to the anfied tissues, contributing to the exacerbation of
bacterial infection.

In conclusion, we presented for the first tithe effect of 3-0-C1HSL treatment on HLA-G
induction. As a future perspidee, it will be of importage to recognize the cell types
responsive to 3-0-C12-HSL treatment. hgpi3-0-C12-HSL to induce HLA-G expression
could also be useful for clinical purposes wheergatural tolerance is beneficial instead of the

use of immune-suppressive drugsireBansplantation and pregnancy
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Figure legends

Figure 1. a) Membrane HLA-G expression in PBM@om 10 healthyubjects. Cells were
treated with 10, 25, 50 uB. aeruginosaulture supernatnats (SN) for 6, 12 and 24hrs.’CD3
(white hystogram) and CD14black histogram) cell ressltare reported. b) HLA-G mRNA
expression analysis IRBMCs after 6, 12 and 24hrs treatment with 25RiLaeruginosa
culture supernatnats (SN). Meanstandrd deviation (SD) igeported. ** Significant p value

<0.05 obtained by Student T test.
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Figure 2. MTT cell viability assayCells were treated with 10, 25 and 50uM 3-0-C12-HSL
for 6 (white histogram), 12 (gray histogram) or(®dack histogram) hrs. a) U937 cell line; b)
THP-1 cell line; c) Jurkat cell line. Mean tastrd deviation (SD) iseported. ** Significant

p value <0.05 obtained §tudent T test.

Figure 3. a) HLA-G mRNA and membrane HLA-G xpression, evaluated by b) flow
cytometry (87G-FITC moAb) and c¢) immuhabrescence (MEM-G9 moAb) in U937 cell
lines. Membrane HLA-G expression, evaluatedpjlow cytometry (87G-FITC moAb) in d)

Jurkat and e) THPL1 cell line€ells were treated with 1&and 25uM 3-0-C12-HSL for 24hrs.
Mean * standrd deviation (SIy reported. ** Significant palue <0.05 obtained by Student

T test.

Figure 4. a)Membrane HLA-G (left panels) and clasali HLA-I (right panels) expression in
U937 cell line. Cells were treated with 10 &&uM 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) promoteactivation analysign 721.221 transfected cell lines after
treatment with 10 and 25uM 3-0-C12-HSL for B#s. Mean * standrd deviation (SD) is

reported. ** Significant p value <0.G3btained by Student T test.

Figure 5. a) IL-10 and b) sHLA-G keels in Jurkat, 937 and THP1 cell dwre supernatants.
Cells were treated with 10nd 25uM 3-0-C12-HSL for 6 (hite histogram), 12 (gray
histogram), 24 (black histogram) hrs. Meanstandrd deviation (SD) is reported. **

Significant p value <0.05 obtad by Student T test.
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Figure 6. sHLA-G levels in cell culture supernatamtsU937 cells with anti-IL-10 or anti-
isotype moAb treatment and addition of 102&uM 3-0-C12-HSL for 24hrs. Mean £ SD is

reported. ** Significant p value <0.Gibtained by Student T test.

Figure 7. Intracellular pathway activation analysis U937 and THP1 cell lines. U93 and
THP1 cells were treated witB5uM 3-0-C12-HSL . Proteimnalysis and phosphorilation
status was performed by Inumofluorescence for: a, c¢) tb@nd phoshorilated p38,b, d) total
and phosphorilated CREB Here are reportedmiost representative results for p38\pp38 and

CREB\pCREB at 0 and 30 secoraf25uM 3-0-C12-HSL treatment.

Figure 8. a) Annexin-V staining of U937 cellseated with 10, 25 and 50uM 3-0-C12-HSL
for 24hrs. The percentage of Annexin V positivdsced reported. b) and c) Propidium lodide
(PI) staining. For celtycle analysis in U93¢ells treated with 25 N8-0-C12-HSL for 24hrs.

The percentage of cell in eadell cycle stage are repotteHere are reported the most

representative results.

Figure 9. a) Membrane CD14 and CD11b expressicas evaluated by flow cytometry in
U937 cells treated with PMA or with 10 andud® 3-0-C12-HSL for 12hrs. Fold increase in
comparison with basal expression is rephrtd T2 expression on b) U937, ¢) THP1, d)
Jurkat cells. Here are reported the most representative results. €) MTT cellyvassiéiy on
U937 cells after 10 or25uM 3-0-C12-HSL treaint for 12hrs in presence of anti-ILT2
moAb (gray histogram) or antsotype moAb (black histogramylean + SD is reported. **

Significant p value <0.05 obtad by Student T test.
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Figure 10. Hypothesis of 3-0-C12-HSL effectsn HLA-G induction. We suggest the
implication of p38 and CREB phosphorylation dhellO induction, that acts in a feed-back
loop pathway of HLA-G induction. In the presenof ILT2 expressiorthe interaction with

HLA-G molecules could modify cell activity, pmoting a resting status (GO/G1 cell cycle

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

Inflammation is a localized prettive reaction to different kindf injury and/or infections.
The characteristic signs of inflammation wmdé pain, heat, rednessyelling and loss of
function that result from dilation of the blos#ssels leading to ancreased blood supply
and intercellularspaces, movement of leukocytes, pnotand fluids into the inflamed
regions. Inflammatory response could be subdivided inaxuje inflammation, with a rapid
onset and a short duration. It is considerechtae defense mechanism against bacteria, virus
and parasites. It is charadéed by the exudation of fluidand plasma proteins and the
migration of leukocytes, most notably utephils into theinjured area; ii) chronic
inflammation, with a more prolonged duration arkdle presence of fibrosis and tissue
necrosis. This persistent chronnflammation facilitates the gelopment of degenerative and
autoimmune diseases such as rheumatolbgicseases, atherosclerosis, heart diseases,
asthma, multiple sclerosis (MS), diabetedlammatory bowel diseases (IBD) [132,133],
because of the persistentnmane cell reactivity and cytaké secretion. The immune cell
modulation due to the interaci between anti-inflammatory deors and immune cells and
trascription elements plays a cialarole in the rgulation of a chronic inflammation. One of

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

Given the immunomodulatory tme of HLA-G molecule, itcould be considered a good

reference parameter for prevention, diagnosistegatment in autoimmune and inflammatory
diseases.During my PhD peribdnvestigated HLA-G in differst pathologies characterized

by a dysregulation in host immune system incitHLA-G plays a central role [79-82 papers
attached, 83].

1.2.1 HLA-G in rheumatic diseases

More than 100 pathologies amgenerally described as Rheumatic disease referring to
conditions that affect the joints (rheumakoarthritis), connectivetissues (scleroderma,
systemic lupus erythematosus) and vessels (vasculitis). Rheumatiesiaeasnflammatory
and autoimmune diseases, that are the second most common cause of didadility a
musculoskeletal injuries. Rheumatoid atikriRA) (OMIM, #180300) is an autoimmune
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disease caused by the attack of the immuseesyto synovial cells. RA is characterized by
inflammation, pain and stiffness the joints that catead to a loss of function. Both genetic
and environmental factors may contribute to develop the disease. &pression profiles
(GEPs) in bone marrow-derived RA monoraal cells [134] reported 1,910 down-regulated
and 764 up-regulated ge, which include thélLA-G gene. In fact, mangroups investigated

the role of HLA-G in RA, underlining t importance of bottsHLA-G and HLA-G
polymorphisms in the disease course andrreat response [45, 135]. The role of HLA-G
polymorphisms, and in pactular the HLA-G 14bpINS/DELpolymorphism, 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 patietbased on Methotretea (MTX), a disease-
modifying anti-rheumaticdrug (DMARD). MTX &resed IL-10 production in RA patients
that exhibit a better #rapeutic response [136] and ideatb 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/MH], with a possible
implication in the control ofimmune activation. It musbe underlined, however, that
contrasting results have beebtained [137, 138], possibly dueadifferent dosage of MTX,

a different cut-off value for RAherapy response assessment.

Concernig sHLA-G levels, protein concetitba in serum is significantly lower in RA
patients [137] than in control$his low sHLA-G concentrationould contribute to develope
the disease leading to a chronic activatiomn@mmatory 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 HLA4G the inflamed synovium may be due to the
recruitment of activated HLA-G positive immugells and the locgbroduction by activated
synovial fibroblasts [140] thaboald interact with immune inhitory receptors and maintain a
chronic inflammatory response. These data ssigtfeat there is a fiierent production of
HLA-G molecules on the basis of the localdasystemic environments, characterized by
different molecular factors and cell types. Ingtirggly, the role of HLA-G molecules in RA
was confirmed by a recent work. The authosged an intracutaneous treatment of HLA-G
monomer or dimer molecules in collagen indueethritis model miceThe treatment with
these molecules produced excellent amiammatory effects with a single, local
administration [141]. Notably, the dimer exhdad higher immunosuppressive effects than the

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

disease status were characteriagdhe presence of the DEL allele.

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

evaluation can help to predict the couo$¢he disease [143 paper attached] .
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1.2.2 HLA-G in central nervous system diseases

The central nervous system (CNS) représan immune-privileged compartment that
maintains an adaptable immune surveillasgstem. Dysregulated mune function within
the CNS may lead to the development lwhin tumor growth, and consitent immune

activation results iexcessive inflammation.

Multiple sclerosis (MS) is # prototypic autoimmune disease of the CNS characterized by
chronic inflammatory demyelination and neuggdneration of unidenigfd origin [144]. MS
typically occurs in young adults and manifestsvomen twice as frequently as in men with
neurological symptoms andgsis, called relapses, which are usually disseminated in space
and time [145]. MS onset could be distinguished in: i) the relapsing—remitting (RR) form, that
affects about the 80% of MS patients followediipy secondary progressive (SP) course that
arises after years and iii) aiqmary progressive (PP) forma approximately the 20% of MS
subjects [146]. However, the recent proposetkrea [147] suggest that the coexistence of
multifocal lesions in the periventricular wé matter on T2-weighted Magnetic Resonance
Imaging (MRI) scans with or without Gadoum (Gd) enhancement on T1-weighted MRI
scans are needed for the diagnosis of MSfekint epidemiological studies affirm that
exposure to an environmentactor, e.g., an infectious agem, genetically predisposed
individuals could be crucial favlS pathogenesis [148] above all for the effect of the traffic
into the CNS of activated auto-reactive CDB helperl (Th1) [135, 149, 150]. In fact,
infiltrating CD4" T cells support the initiation of brainflammation through the activation of
microglia leading to the generation of Thldreted immuneresponses (IL-12/IFN-g and IL-
23/I1L-17). On the contrary, the resolution méuroinflammation is tggered by astrocytes,
which promote anti-inflammatory Th2-polaed responses (IL-10 and TGF-b) and the
elimination of infiltrating mmune cells through Fas/Faskgkndent apoptosis [144, 149]
(Figure4).
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Figure 4. Intrathecal immune milieu in MS

The presence in CSF of detectable sHLA-@lg in relapsing-remitting MS (RRMS) patients
and, occasionally, in other inflammatory unelogical disorders and non-inflammatory

neurological disorders was reported for fingt time by Fainardand coauthors [151].

In addition, RRMS patients present higher sHLAe@els in CSF than controls that was more
increased, in association with IL-10 valuas,RRMS patients without than in those with
magnetic resonance imaging (MRI) evidencedfease activity [152]. The importance of
SHLA-G level evaluation as a biomarkerrfd1S is confirmed[153]. In fact, CSF
concentrations of sHLA-G and 110 are positively correlated in patients with inactive MRI
disease and CSF IL-10 titers armre elevated in patientsittv than in those without CSF
measurable levels of SHLA-G.. HLA-G actsasi-inflammatory madcules under the control
of IL-10 CSF levels which, together witthe influence of HIA-G polymorphysms, may
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enhance sHLA-G production [154 paper attachkdparticular, we analysed the association
of HLA-G 14bp DEL/INS and +3142 C>G polymorphisnwith CSF and serum levels of
SHLA-G molecules in a group of relapgiemitting (RR)-MS patients, categorized
according to MRI disease activity [154 papé&raehed]. The aim of our study was to better
understand the actual role of these genetigmoiphisms in sHLA-G production occurring in
MS, and, furthermore, to clarify whether seramd CSF sHLA-G concemttions measured in
MS depend only on local ifmmatory microenvironment, are also influenced by the
individual genetic background. We found tls&rum and CSF sHLA-G levels were more
elevated in high than in low DEL/IN$4bp and +3142C>G sHLA-@roducers and were
different among the various combindtdA-G genotypes in both MRinactive and active
diseases. The highest and the lowest sHLAaRBies were identified in MS patients with
C/C,DEL/DEL and G/G,INS/INSenotypes, respectively. Otindings suggest that serum
and CSF sHLA-G levels in MS could be influencedHiyA-G polymorphisms irrespective of

the inflammatory microenvironment.
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The existence of high CSF amntrations of sHLA-G in MS patients and their association
with clinical and MRI stable disease haween repeatedly confirmed in subsequent
investigations [152-156].

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

their implication in reducing theflammatory status in MS.
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Interestingly, HLA-G and its inhibitoryeceptors (ILT-2 and ILT-4) are found strongly up-
regulated within and around MS lesions whemicroglia, macrophages and endothelial cells
are recognized as the cellusources [158]. This data agreegh our finding about HLA-G
dimers in CFS since it is known that dimers bard with major strengthLT-2 receptor [74].
Furthermore, cultured human MS microglieélls activated withThl proinflammatory
cytokines have a higher HLA-G expression and a novel subpapulzt naturally occurring
CD4" and CDS8 Treg cells expressing HLA-G (HLA-GI'reg) [159] induced by IL-10 [160,
161] has been recently descdben peripheral blood of M$atients with relapse. Taken
together, these observations strenghten theereal that HLA-G antigens are likely to be
involved in the resolution of MS autoimmitinacting as anti-inflammatory molecules and
suggest that HLA-G Treg could play a key rolén the development of a CNS

Immunosuppressive microenvironmenttet sites of inflammation in MS.

1.2.3 HLA-G in other inflammatory and autoimmune diseases

HLA-G proves also to be an portant biological marker iother pathologies, for example,

gastrointestinal, allergic, and cutaneous diseases.

Ulcerativecolitis (UC) and @hn’s disease are characted by a different sHLA-G
expression pattern [162-165] by peripherabdal mononuclear cells. In particular, non-
activated peripheral blood mononuclear cells from Crehdisease patients produce
spontaneously sHLA-G while those from UC patients and healthy donors do not.
Furthermore, after stimulain with LPS, both cells fronCrohn’s disease and healthy
subjects show sHLA-G production, while thisedonot happen in UC patients. The different
HLA-G expression profiles observed in UBdaCrohn’s disease patierssstain the different
aethiopathogenesis at the originthese two diseases. In pautar, the responses to therapies
in UC and Crohn’s disease correspond to differeHLA-G secretion levels [166]. When
immunosuppressant therapy agministered, a normalizatian the production of HLA-G
molecules in Crohn’s demse is obsverved, while it dtarthe release of HLA-G in UC
patients. These data confirm the diversitytire behavior of these two pathologies and
propose the analysis of sHLA4@vels with the final goal odlistinguishing between UC and

Crohn’s disease patients and tomtor therapy. In particular, ihvestigated the association
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between the HLA-G 14-bp deletion/insertionHDINS) polymorphism and soluble (s)HLA-
G production in Tunisian patients affectédy Crohn’'s disease (CD)Furthermore, the
presence of HLA-G dimer was analyzed bysteen Blot [167 paper attached]. We found a
significant association conceng the genotype Ins/Ins fooyng-onset CD patients, but not
with adult-onset CD patients. We observesbah significant increase in sHLA-G dosed by
ELISA in CD patients compared to coltoAmong sHLA-G positive patients, HLA-G
dimers were found in the 43% of subjects presstiit a correlation to th advanced stages of
the disease. These findings indicate that thedDel/Ins polymorphism of HLA-G gene and
the presence of dimers are associated withrikeof CD and suggest role for sHLA-G as

prognostic marker for progressive disease.
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The skin is characterized by a “skinimmunesyst(SIS),” where immune cells and humoral
components support cutaneous inflammation.e Teeregulation of this skin defense
mechanisms is evident in differeinflammatory disorders othe skin, such as psoriasis,
atopic dermatitis, pemfigo, vitiligo, and systersiderosis [168]. HLA-G protein normally is
not expressed in the skin from healthy colst[169, 170], while éopic HLA-G expression
has been described iniskathologies [-171-174].

Psoriasis is a chronioflammatory skin disease charaited by an autoimmune component.
Both membrane-bound and soluble HLA-G proteltere been detected in psoriatic skin
lesions with the main compound characteribgdnacrophage lining at the dermoepidermal
junctions [170]. It could be speculated that the up-regulatiorHloA-G molecules by
macrophages could represent aerapt to control auto-reactive cells, induced by activated
keratinocytes-derived cytokines/chemokines.

In fact, in this condition, HA-G may modulate the activity afytotoxic lymphocytes and
promoting the development of Treg cells im@r to prevent keratinocyte destruction [175].
Interestingly, psoriatic patients present loweaspha sHLA-G levels compared with controls
[176], suggesting a difference in systemic HLAe&oression that could be associated with
the IL-10 deficiency typical of psoriasis.

It is possible to identify three main therapfes Psoriasis: topical dgs, light therapy,and
systemic medications. Evaluation of therapeeffects on sHLA-G expssion has shown an
increase in plasmatic levels of systemieated patients (efalizumab, cyclosporinA and
acitretin) [176] and a significantassociation between HLA-G14bpDElllele and
14bpDEL/DELgenotype with acitretin clinical out ow [177 paper attached]. Thus, we can
suppose a possible direct effect of HLA-Gaintagonizing systemic Thelperl activation that

gives to HLA-G a potential role as a markéresponse to acitretinin psoriatic patients.
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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 i Anay play a key role in the onset of
infectious and autoimmune diseases. In fibet,impication of HLA-G poteins in creating an
impaired immune system response duringo@umunity and inthe immune-escape
mechanisms during viral infections has beerelmnfirmed. Basing on &, it appears even
more evident that understanding tlunctions of HLA-G in these disorders could help in the
identification of new approaels to control HLA-G productiofi78]. HLA-G is characterized
by a “double-faced” behaviour that explaimsw down/over-expression of HLA-G may not
only act as an immunosuppressive and beraficondition but may also sustain an
unbalanced immune stimulation and autommity. For example, during inflammatory
cutaneous diseases there is a disproportionmakssgion of HLA-G macules that could lead
to autoimmunity [176, 177]. Furthermore, seVestdies reported thahtratecal sHLA-G
could act as tolerogenic molecules in MSasfirmed by the diseagsemission associated to
the presence of the moleculbP-158] and also a strong assieition with RA severity and
therapy response [45, 142] Thengarehension of the specific mechanisms of action of HLA-
G in the development and progression ofanfmatory and autoimmune disorders could
justify the use of HLA-G molecules as a mker of inflammation and drug treatment,

providing new therapeie perspectives.

Concerning viral and bacterialfections, the improvement inghcomprehension of the role
of HLA-G in immune-escape could help the depenent of new anti-viral treatments aimed
to target HLA-G. This could represent amportant advantage itherapy but also in
prevention, above all when the infection coudduce a neoplastic tramsfnation [93] or, as
in the case of CF patients infected by P. a@maga, where the possibility to modulate HLA-G
may drastically influence the disease outc@nd therapy response [123, 131]. In fact, HLA-
G alteration is observed during both viral and bacterial infections and participaties

manteinance of the infective status.
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In fact, as reported in this thesis, the litaratand also the studiéslowed during my PhD,

suggest that HLA-G could beémplicated in both risk rad disease exacerbation and
chronicization since during thegathologic contiditionghis antigen is characterized by an
abberant expression connected to the diffecksgase environment. In particular, HLA-G
proteins could directly inteca with immune cells or cordl the balance between Thl and
Th2 cytokines creating in this way a disequiliion that would maintain inflammatory and

immune-deregulated conditions and infections.

Diagnosis and prevention of diseases isinigabased on the identification of specific
biological markers and dg targets. In view of this, thpossibility of an easy and fast
identification of molecules, for example ibiological fluids, seems to be even more
necessary. In recent years, different studie® ftemonstrated that HLA-G could fulfil this
necessity [79-83]. In fact, HLA-G expression and levels in biologic&dd| cells and tissues

in different pathological contibns have been shown. Seveaathors reported that the level
of soluble HLA-G and gengolymorphisms correlate with disease outcome and the
therapeutic success oéatment [142, 143, 179, 180].

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

and in supporting treatment decisions.

Other works

During my PhD course, | also worked on ottagics connected tarimune dysregulation in
different pathological situations.

| investigated the role of KIR (Killernhmunoglobulin-like receptor) receptors in HPV
infection and the association with cervical tes (Paper 1, paper attached) and in herpesvirus
infection in MS patients @per 2, paper attached).

| also evaluated the role of HLA-G molées during CLL immune-escape (Paper 3, paper
attached) and in the tolerogenic behaviadfirmultipotent stromalcells (Paper 4, paper
attached). | also optimazed a Real TiRRER assay to analyse the +3142 C>G HLA-G
polymorphism (Paper 5, paper attached).
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