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It is not because things are difficult
that we do not dare,
it is because we do not dare

that they are difficult.

Seneca
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Abstract

Pregnancy is commonly considered a semi-allografthalf of the fetal genome
derives from the father. However in normal pregiyaseveral tolerance mechanisms
have been demonstrated to counteract the matennalime response. Among these,
the expression of HLA-G by invasive cytotropholdadtas shown to play a
fundamental role in creating a tolerogenic conditai the feto-maternal interface.
The possible role of soluble HLA-G molecules as arker for oocyte/embryo
selection is reviewedomparing the contrasting results present in tteealiure and

the significance of HLA-G modulation in assistegdnaduction.

Key words: assisted reproduction, HLA-G, embryo, oocyte,kaar

1. Actual problems of ART

The present efficiency of assisted reproduction TAReems to be far from desired.
Until now the probability of a successful pregnafajowing anin vitro fertilization
procedure (IVF) is approximately 18%, with a babterof at about 14%. Since the
birth of the first baby created by ART, Louise Browm England in 1978 [1], it has
produced more than 40,000 ART babies each yeareMemthe average success rate
is still low because of the inability to assess gmbquality using the currently
available biochemical, genetic and imaging methddsthe present time it is not
possible to determine for sure the best oocyteettlite or the most appropriate
embryo to transfer. Therefore the usual practide tsansfer two or three embryos to
improve the chance of a positive pregnancy outcdhmmen undergoing ART have
a 20-fold increased risk of twins and a 400-foldr@ased risk of triplets or higher
order pregnancies with a perinatal mortality andbitbty [2,3]. Several studies are
involved in the identification of non-invasive metls to determine the

oocyte/embryo quality to allow fewer embryos tottansferred while maintaining or



improving pregnancy rates. Since the beginnindhisf hew century the value of non
classical HLA (Human leukocyte antigen) class | —a@tigen as a marker of

oocyte/embryo competency is under debate.

2. Human Major Histocompatibility Complex

The human Major Histocompatibility Complex (MHC)dsset of molecules encoded
by a series of genes (~130) located on the shaont aGfr chromosome 6 that are
responsible for lymphocyte recognition, "antigeagentation” and immune response
regulation. This gene complex comprises severdindisloci, grouped closely
together on a 4-6 Mb chromosomal segment. In hunttaey are called HLA for
Human Leucocyte Antigens. These antigens can beisdbd into three major
classes: class I, class Il and classHg(re 1). The class | and class Il antigens are
expressed on cells and tissues whereas classtijeas are mainly serum and body
fluid proteins €.gC4, C2, factor B, TNF, complement components). dlass | gene
complex contains three major loci A, B and C. Eathhese loci encodes for an
alpha-chain polypeptide that associates to 32-micbulin, encoded by a gene on
chromosome 15. The class Il gene complex contditesaat three loci, DP, DQ and
DR; each of these loci encodes for one alpha- aedbeta-chain polypeptide which
associate together to form the class Il antigemzeShe end of the 80’s a new group

of antigens has become interesting: the non claddicA class | molecules [4,5].

I HLA i

DP DQ DR B C E A G F

Class 11 Class 111 Class 1

Figure 1. Schematic representation of the HLA regin on chromosome 6.The

non classical HLA class | gene are representeden. g



3. The non classical HLA class Ib genes

Non-classical MHC class Ib molecules are closelspnblogous to classical class la
molecules but are distinguished by their limitedypwrphism and low cell surface
expression. The class Ib molecules are not judigialsevolutionary remnants of
classical class la molecules; rather some are \iedoin highly specialized roles, as
testified by their conservation between differepedes. The duo comprised of
HLA-E in human, Qa-1 in mouse and HLA-G in humam@-2in mouse constitutes a
clear homology between species. In 19%Barner et al. [6] demonstrated a
reproductive advantage in mice encoding Qa-2 mtdeday preimplantation embryo
development (Ped) gene, the homologue of human BL#&ene. The Qa-2 antigen
has been detected on murine oocytes and earlyageawand blastocyst-stage
embryos where it seems to function as a mediatomitdgenic signals between
embryo and uterine environment [7]. For these dharstics, Qa-2 and HLA-G

antigens seem to share not only structural but alsctional similarities in the

regulation of immune response, through interactwith both inhibitory and

activatory receptors [8,9].

4. The HLA-G antigen

HLA-G antigen is a non-classical HLA class | moliecaharacterized by (i) a low
allelic polymorphism, (ii) a restricted tissue distition to trophoblasts and a subset
of thymic epithelial cells, (i) mMRNA alternativeplicing that generates seven
proteic isoforms and (iv) a tolerogenic and antiaimmatory biological function
[10].

4.1. TheHLA-G gene

The HLA-G gene features low allelic polymorphisms with 36 A4G alleles
acknowledged in the coding region (http//:www.amyrolan.org.uk/HIG/)HLA-G
gene is also polymorphic at the 5-upstream regwategion (5 URR) and at the
3’-untranslated region (3’ UTR) which may contribub the regulation ofiLA-G



expression [11]. A 14 bp insertion/deletion polypiasm (rs16375) in exon 8 in the
3’ UTR has been reported and associated with mRidBilgy and HLA-G protein
expression [12,13]Higure 2). The allele with an insertion of 14 bp has been
associated with lower levels of HLA-G expressioartithe allele with the 14 bp
deleted [13-15]. An additional alternatively sptiddLA-G transcripts lacking 92 bp
of the first part of exon 8 is observed within timsertion of 14 bp allele and is
characterized by a more stable transcript [16].

Transactivation of classical MHC class | genes iediated by two groups of
juxtaposed cis -acting regulatory modules: (i) thgestream enhancer A and ISRE
(interferon-sensitive response element) which nmedize constitutive and cytokine-
induced expression; (ii) the S-X-Y module which tofs the constitutive and CIITA
(class Il transactivator) mediated transactivatibhese modules are divergent in
HLA-G gene that is unresponsive to NF-kappaB (nucleatofkappaB), IRF-1
(interferon regulatory factor 1), and CIITA med@teduction pathways [17]. The
HLA-G gene promoter shows a putative interferon-regolatactor (IRF)-1 binding
site 746 base pairs upstream from ATG, which idirdis from the interferon-
responsive element within proximal class la ger@maters. This control region is
the putative element which mediates interferon-edaced expression of thdLA-

G gene [18]. TheHLA-G promoter contains three cAMP/PMA response elements
(CRE/TRE) with binding affinity for REB (rice endosrm bZIP)/ATF (activating
transcription factor-2) and Fos/Jun proteins. Its Haeen shown thaHLA-G
transactivation is regulated by CREB (cAMP-respoetEment-binding protein),
CREB-binding protein (CBP), and p300. These featurepresent the unique
regulation ofHLA-G transcription among the MHC class | genes [19].

Epigenetic mechanisms seem to play an importaatindiLA-G expression [20,21].
The potential role of DNA methylation oALA-G expression has been tested in
human tumours considering the effect of the metloda inhibitor 5-aza-
deoxycytidine on the CpG-enriched regulatory regbtheHLA-G gene. The 5-aza-
dC treatment results in hypomethylation of putateatrol sequences within the 5’



regulatory region ofHLA-G and these changes in methylation correlate with a
significant increase in expression.

The HLA-G gene seems not to undergo genomic imprinting, aict it is co-
dominantly expressed on trophoblast cells [22].

A post-transcriptional regulation for HLA-G moleeslis also possible because of
the expression in advance of the molecules thateassential for cell surface
expressionof class | molecules, »f8nicroglobulin (3m) and the transportdor
antigen processing proteins (TAP1 and TAP2), alhgwa rapidaccumulation of
HLA-G protein in differentiating extravillous cytmphoblast cells [23].
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Figure 2. Multiple HLA-G proteins derived from alternative splicing of HLA-G
MRNA.

Upper: The HLA-G gene is composed of 8 exons. The intracellular and
transmembrane domains and the 14 bp insertionioeleolymorphism (rs16375) in
exon 8 in the 3’ untranslated region (UTR) are espnted. The gene is alternatively
spliced to yield 7 transcripts. In two of thesestap sequence in intron 4 results in
soluble isoforms.

Lower: The 7 HLA-G proteic isoforms: four membrameund (HLA-G1, -G2, -G3, -
G4) and three soluble (HLA-G5, -G6, -G7) molecules.



4.2. HLA-G expression and function

In physiological conditions HLA-G protein preseniserestricted to trophoblasts,
thymus, cornea, nail matrix, pancreas, erythroml @mdothelial precursors [24].
Unlike HLA class la antigens, seven HLA-G isoforare generated by alternative
splicing of its primary transcript. Four of themLAG1,-G2, -G3 and -G4, are
membrane-bound, while three, HLA-G5, -G6 and -Gik aoluble molecules
(Figure 2). The soluble isoforms retain the intron 4 whinbludes a stop codand
leads to the termination of the mRNA translatiofobe the transmembrane domain.
The HLA-G1 and HLA-G5 structures are characteribydthree alpha domains,
differently from the other isoforms which lack oone more globular domain. The
most analyzed isoforms are HLA-G1 and HLA-G5 amigeThe proteolytical
cleavage of surface isoform HLA-G1 generates thebd® HLA-G1 form (SHLAG1)
[25].

An in frame termination codon iHLA-G exon 6 leads to a truncated cytoplasmic tail
which is 19 amino acids shorter than the correspponthils of HLA-A, -B and —C
proteins. This feature prevents the signal transoludrom the cell surface to the
nucleus. However, the membrane-bound HLA-G canliloean lipid rafts and can
act as a signaling molecule, via modification o tphosphorylation state of raft-
localized proteins [26].

The HLA-G production up-regulation is controlled byerleukin (interleukin-10),
interferon and hormone molecules [13].

Membrane-bound HLA-G1 and soluble HLA-G (HLA-G5dasHLA-G1) molecules
exert immunosuppressive effects: (i) inhibit théotgxic activity of CD8 positive T
lymphocytes (CTL) and Natural Killer (NK) cells [R7ii) induce the apoptosis of
NK and activated cytotoxic T cells [28], (iii) ittt the allogeneic CD4 positive T-
cell proliferation and interfere with naive CD4 &Hcpriming [29], (iv) inhibit
antigen presenting cell and B lymphocyte diffeiadn [30], (v) induce regulatory
T cells [31] Figure 3). Furthermore, sHLA-G affects angiogenesis int@ngcwith



endothelial cells [32] and induces resting NK cdflis produce chemokines and
cytokines [8].

The functions of HLA-G molecules are due to thédility to act as a ligand for
different receptors expressed by immune céligyre 3). HLA-G interacts with NK
receptor KIR2DL4 [8] and leukocyte inhibitory re¢ers (LILRs) / immunoglobulin-
like transcripts (ILT) [9] as LILRB1 (LIR-1/ILT2/CB5j), which is highly expressed
on T and B lymphocytes and with LILRB2 (LIR-2/ILT@D85d), present mainly in
monocytes/macrophages. The alpha3 domain of HLA-e putative binding site
for ILT receptors [33] while the residues Met76 &ia79 in the alphal domain play
a critical role in the recognition of KIR2DL4 redep[34].

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

The membrane-bound and soluble HLA-G proteiase monomer, dimer, and
oligomer forms; the dimer seems to have a domie#fatt on the LILRB signaling.
Dimers of HLA-G have been observed on the surfdceamsfected cells [35], on
choriocarcinoma cell line JEG-3 [36] and on finsinester trophoblast cells [37]. A
disulfide-bonded dimer conformation is possible fioe presence of a cysteine 42
residue that is present only in the heavy claditlomain of HLA-G [33,35].

Soluble HLA-G1 is able to inhibit endothelial celtgough specific interaction with
the CD160 molecule, a glycosylphosphatidylinosg#nthored,  major
histocompatibility complex (MHC) Class I-dependent;nmunoglobulin-like
receptor, that is expressed by activated endothelis [32] (igure 3). This
interaction seems to lead to apoptosis of endaheklls required for normal
placental development.

HLA-G molecules undergo the trogocytosis mechanisame effectors CD4 and
CD8 T lymphocytes acquire immunosuppressive HLA+18dlecules from antigen
presenting cell membranes and reverse their fumdtiom effectors to regulatory
cells [38].



The HLA-G expression has been analyzed in diffepathological conditions, such
as transplantation, oncology, viral infections|animatory and autoimmune diseases
indicating that HLA-G can favour graft tolerancemor cell and virally infected
immune escape and control the inflammatory conusti@9].

Figure 3. HLA-G receptors. HLA-G receptors expressed on immune (CD8 T and
CD4 T cells, B cells, natural killer (NK) cell, mapages, dendritic cells) and
endothelial cells. ILT: immunoglobulin-like trangaf; KIR: killer inhibitory
receptor; TCR: T cell receptor.
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5. HLA-G and pregnancy

Pregnancy is commonly considered a paradox. Inudiore@ed population, half of the
fetal genes are paternal, thus the fetus may bsidened a semi-allograft. However
in normal pregnancy the maternal immune system doeseject the fetus, even if it
is a “stranger in a strange land” [40], as a sedk$olerogenic mechanisms are
developed to allow gestation and birth of healthpibs.

The enigma of the absence of fetal rejection watedtin 1953 by Sir Peter
Medawar. He proposed the presence of protectivehamesms that could stimulate
the tolerance in the mother [41]. Especially, thsemce of HLA class | and Il
molecules modulation and the production of immuuapgsessant soluble molecules
(progesterone, prostaglandine, transforming groatiior—B1, Interleukin-10) [42]
by the fetal tissues strongly confirm the developta the feto-maternal interface of
tolerogenic conditions.

Recently a fundamental role in maintaining thisetogenic condition has been
proposed for HLA-G antigens. The soluble HLA-G nwlles have been detected in
the plasma of pregnant women with increased ledaling the first trimester in
comparison to non-pregnant women [4B§lple 1). On the contrary sHLA-G plasma
levels decrease during the third trimester [44bBile it has an impressive boost at
delivery [46] probably deriving from the shedding mlacental membrane-bound
HLA-G molecules.

SHLA-G concentrations in serum/plasma of pregnaminen have been associated
with clinical outcome. sHLA-G levels in plasma fromomen who subsequently
develop preeclampsia, a potentially dangerous désorof human pregnancy
associated with utero-placental vascular defec®, [dnd/or intrauterine growth
retardation (IUGR) are lower than those in conpeégnant women, in the first,
second [43,45] and third trimesters [48]. Womenhwiit vitro fertlization (IVF)
failure manifested by spontaneous abortion in thdyepregnancy present lower
SHLA-G in the pre-ovulation period and during pragoy compared to women with

normal pregnancies [49].
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The reduction of HLA-G molecules could disregulaterine natural killer (UNK)
cells which are supposed to participate in the ggsaf placentation and in uterine
spiral artery transformation. Soluble HLA-G may trdsute to trigger functional
maturation of the uNK cells and vascular remodgllend decidualization. The
reduced release of sHLA-G into the maternal citbatain preeclampsia and I[UGR
may alter the maternal-fetal immune relationshig #us be involved in the cause of

these disorders.

Table 1.Published studies of HLA-G expression in serumanal and
pathological pregnant women.

PE: preeclampsia; IUGR: intrauterine growth rettafa

13



Study

Sample Technique MoAb Results
(year)
Normal condition
Hunt JS Serum
Am J Obstet Gynecol 2000 44 non pregnant women ELISA 16G1, 16A1 SHLA-G higher in pregnant womer
129 pregnhant women
Hackmon R Serum
. 21 pregnant women 16-20 weeks ELISA 87G, 16G1 SHLA-G lower toward term
Fetal Diagn Ther. 2004
19 women at term
Yie SM Serum SHLA-G decrease in third trimester
Am J Obstet Gynecol (2005} 12 pregnant women first, second, third trimestgrs ELISA 4H84, 3C/G4 pregnant women
. Plasma . I .
Steinborn A 40 non pregnant women ELISA MEM-G9 SHLA-G increase in first trimester
Am J Reprod Immunol (2007 pregnant women
291 pregnant women
Rizzo R Plasma ELISA MEM-G9 SHLA-G increase at delivery

Am J Reprod Immunol (2009

43 Pregnant women third trimester, at delivery

Pathological condition

Serum

SHLA-G decrease in the pre-ovulatign

Humlalﬁlrfr]:iw;f\(ZOOO) 65 IVF patients preovulatorily, after a positive ELISA TPZSV?/g/ggpIern period and during pregnancy in women
HCG test weekly until the 9th gestational wee with a spontaneous abortion in IVF
. Serum L .
Yie SM 12 pregnant women and 12 PE women first, ELISA 4H84, 3C/G4 SHLA-G decreasg In first trimester
Am J Obstet Gynecol (2005 . ! preeclamptic women
second, third trimesters
Plasma
. 40 non pregnant women . .
Am J R(—:‘S;;{fcl)gbltr)r:%ﬁnol (2007 291 pregnant women first, second, third trimestgrs ELISA MEM-G9 SHLA'GD?:;?;;;&Z \‘j'v%crﬁgg trimestgr
236 PE/IUGR pregant women first, second, thifd
trimesters
Hackmon R Serum . . SHLA-G decrease in third trimester
24 pregnant women third trimester ELISA MEM-G9

Am J Obstet Gynecol (2008

26 PE pregnant women third trimester

preeclamptic women
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5.1. HLA-G and trophoblasts

The trophoblast differentiates into extravillouslallous tissues where extravillous
cytotrophoblast (evct) cells invade the deciduademillous cytotrophoblasts (vct)
produce the outer villous syncytiotrophoblast [@y)er of chorionic villi Eigure 4).
None of these villous trophoblast populations atutstely express HLA-A and -B
at their surface. The absence of classical HLAsclasmolecules in cytotrophoblast
cells, except for HLA-C, could activate NK cellsmards fetal tissues. This is not the
fact as the NK cells cytotoxicity is controlled the interaction of HLA-C and HLA-
G molecules with inhibitory receptors. The HLA-Cfiogp interacts with inhibitory
KIR receptors 2DL2 and 2DL3, while the HLA-C2 groumteracts with 2DL1
inhibitory receptor. HLA-G antigens interact withIR2DL4 NK receptor [50]
inducing proliferation and interferon (IFN)secretion which might contribute to
implantation and decidualization during early pragey [51].

HLA-G has been firstly detected in placenta bysdi al. [52] who have reported an
HLA-G expression in chorionic membrane (extraviipwytotrophoblast cells and
in term amniochorion and trophoblast cellalfle 2). HLA-G has been observed in
all types of extravillous cytotrophoblasts, with @mcreased gradient of expression
from the villi into thedeciduas [53]. Non-trophoblastic HLA-G expressi@s lbeen
detected in Hofbauer cells in the mesenchymal oérehorionic villi [54] and in
endothelial cells [55]. An RNAse protection assag guantitative RT-PCR studies
have indicate that the full-length transmembranmenfof HLA-G (HLA-G1) is the
predominant splice variant transcribed in vivo bgphoblasts and it is mainly
expressed as a disulphide-linked homodimer [37ut3e HLA-G might derive from
transmembrane HLA-G1 molecules and from HLA-G5 sraipt [56-58]. Some
investigators have failed to report HLA-G5 in ville placenta [59] underlining some
differences in the results obtained by differersesech groups. It is of interest the
work by Ishitani et al. [56] and Le Maoult et @8] which have verifiethe presence
of HLA-G5 isoform by blocking the staining with 1@Gmonoclonal antibody
(moAb) by theaddition of the 20-mer synthetic peptide and usingew anti-HLA-

15



G5/-G6moADb called 5A6G7 respectively. However these @igancies are still to be
resolved.

The importance of HLA-G presence in placental taigasts is evident in
preeclampsiaTable 2), that is characterized by a defect in placentaiforane and
soluble HLA-G expression [60,61], where the abserfcELA-G molecules has an

effect on fetal protection and vascular events.

Cytotrophoblast (vct)

Syncitiotrophoblast (st Villus
Blastocyst I
N
Colum
—
€= Uterine epithelium  mm—p Sh_ell
R
N 09990
0 ¥0 Invasive cytotrophoblasts (evct) 6,990 Interstitia
©Q
HLAG —pay 908
®a

Endo-

o
®
Decidual vessel
vascular

|

Figure 4. HLA-G expression by cytotrophoblast cells in the edy gestation.
Placental villus, trophoblastic column, trophohlasshell and deciduas are

represented. HLA-G is expressed by invasive cypbtoblast cells.

Table 2. Published studies of HLA-G expression in trophabtasls of normal and

pathological pregnant women.

16



Study

Sample Technique MoAb Results
(year)
Normal condition
. Immunoflorescence
Ellis SA Amniochorion cytotrophoblast SDS-PAGE W6/32 _NO\_/eI HLA Class | molecule on
Immunology (1986) . . BBM.1 chorionic cytotrophoblast cell membrane
Isoelectric focusing
Ishitani A First trimester placentd—12 wk of ELISA 87G MembranéHLA-G in extravillous
J Immunol (2003) gestation) and normal term placentgs Immunohistochemical staining 01G trophoblasts, soluble HLA-@ all
(37—39wk of gestation) Western analysis 16G1 placental trophoblasts
SHLA-G1 and m/s-G2 are produced in
Morales PJ , . Immunohistochemical staining 1-2C3 (G1) placentas
J Immunol (2003) First trimester and term placentas 26-2H11 (G2) m/sHLA-G2 present in the invasive
trophoblast

Blaschitz A
Mol Hum Reprod (2005)

Term placentas

RT PCR
Immunohistochemistry and
immunocytochemistry

ELISA
Western blot analysis

MEM-G/1 4H84

Trophoblasts express only the HLA-G1
isoform

ed

LeMaoult J First-trimester . . HLA-G5 expressed by extravillous
Mol Hum Reprod (2005) extravillous cytotrophoblast Immunohistochemistry SA6G7 cytotrophoblasts
Apps R Decidual and placental Immunoblotting %323 HLA-G - b2m-associated dimers expresq
Eur J Immunol (2007) | tissues from first-trimester pregnancigs Flow cytometry MEM-G/11 by trophoblasts
Pathological condition
First, second trimesters and term
Goldman-Wohl D placentas - e HLA-G mRNA expression defective in
Mol Hum Reprod (2000) 12 uncomplicated pregnhant women RNA in-situ hybridization NA most preeclamptic placentae
10 PE pregnant women
Yie SM Term placentas
14 uncomplicated pregnant women Western Blot lysate 4HB4 Reduced HLA-G protein in PE placentd

Am J Obst Gyn (2004)

20 PE pregnant women

(%)

17



5.2. HLA-G and embryo

The first demonstration of HLA-G expression in paplantation human embryos has
been obtained by Jurisicova et al. [62] by RT-PQRI anmunocytochemistry
techniquesTable 3). The authors have shown the presence of a HLA& ¥\ chain
specific mMRNA in about 40% of the 148 blastocyststed. They have also reported
that HLA-G mRNAiIs present in all preblastocyst development stagekjding2- to
4-, 5- to 8-, and 9- to 16-cell embryos and moruld®e detection of HLA-G specific
MRNA in preimplantation embryos has been confirrbgdorotein detection at cell
membrane level and by an increased blastocystavate rate when compared to
embryos without HLA-G transcripts [63]. Yao et @4] have confirmed that human
preimplantation embryaxpress HLA-G mRNA with some difficulties at therlesst
stages but with an increasing proportion of positembryos with developmental
stage. The predominant isoform is HLA-G3 and -G4lanthe full-length membrane
bound (G1) and soluble forms (G5) atiee truncated G2 and G6 vary in their
expressionwith G1 mRNA present in the 80% of blastocystsubld G5 in the 20%
and soluble G6 in the 32%. Hunt et al. [65] havendestrated that preimplantation
human embryos express HLA-G5 but not HLA-G6 isofeumsing specific HLA-G5
and —G6 moAbs [57]. These results are in strikimptiast with mRNA data
supporting the hypothesis of a gestational posttigtional programming of HLA-
G isoforms. On the contrary Desoye et al. [66] hbgen unable to show a HLA-G
staining on three unfixepolyploid embryos at the 2-, 5-, and 8-cell stagesberts
et al. [67] have not detected HLA-G three blastocysts and Hiby et al. [68] have
found no HLA-G mRNA in 1Jpreimplantation embryos ranging from the 2 cell to
the blastocysstage using nested primers for full-length HLA-Ghe$e contrasting
data on HLA-G expression during the critical permfdpreimplantation embryonic
development could be explained by differencesé&thodology and quality of the
embryos used. Hiby et al. [68] have isolated mRN#&T zona intact embryos with a
standard phenol-chloroform extraction and a neR€&dPCR for full-length HLA-G
with the outside forward primer located at exoan8 the reverse primer at 3' UTR,

the inside forward primer located at exon 5, aredrdverse primer at 3' UTR. These
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primer sets cannot amplify HLA-G2 and -G3 isoforbesause G2 lacks exon 3 and
G3 lacks exon 3 and 4. On the contrary Yao et@d] have isolated mRNA with
high performance magnetic beads removing the zaisa fThe quality of the
embryos could be a possible reason for these difteresults. Yao et al. [64] have
used only good-quality diploid embryos (grade A-Gbeyos and grade 4
blastocysts), which was not the case in previoudias [66].

The discrepancies obtained with embryo immunostgirfior HLA-G molecules
could be explained by the differences in methodplagd the quality of the embryos
used. Previous studies have used unfixed [66], oaeetfixed [67], and
paraformaldehyde fixed embryos [62,63] and a pryn#ely incubation time between
30 min and 1 h. Yao et al. [64] and Shaikly e{é®] have used the HLA-G-specific
moAb MEMG/9 on fixed and permeabilized embryos,eading both cytoplasmic
and surface expression and prolonged overnighAthéncubation to increase the
sensitivity of the technique.

Shalikly et al. [69] have found a stronger HLA-Girsitag on the trophectoderm of
blastocysts, reinforcing the hypothesis of an icgilon of HLA-G in early
implantation of the embryo in the maternal uterus.
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Table 3. HLA-G expression by preimplantation human embryos

Study N. N® positive Culture media |Hrs post fertilization| Detection Antibody Fixative
(year) cultures embryos (%)
Positive results
Jurisicova A , '
PNAS (1996) ND ND Ham’s F10 24-96 1B8 Paraformaldehyde fixed
Yao YQ . .
J Immunol (2005) 20 15 (75) IVF 24-144 MEM-G9 Fixed and permeabilized
Shaikly VR . . . .
J Immunol (2008) 11 8 (73) Sequential medium 48-72 MEM-G9 Fixed and permeabilized
Negative results
Desoye G 3 0 Ham's F 10 24-96 W6/32 Unfixed
J Immunol (1988)
Roberts J 3 0 Earle’s solution 144-192 W6/32 Acetone fixed
Immunol (1992)




The first non-invasive proof of non classical HLAekpression by human early
embryos was obtained in 1999 by Menicucci et d].[They have demonstrated the
presence of soluble HLA-G molecules (SHLA-G) in 9@ 8-cell stage embryo
culture supernatants, obtained by ART. A significassociation has been observed
between HLA-G production and embryo cleavage rHtes study was confirmed by
Fuzzi et al. in 2002 [71]T@able 4). The authors have presented the fimstivo proof

of the role of HLA-G molecules in pregnancy impktiin showing the presence of
soluble HLA-G molecules in the supernatants frortucas containing one to four
embryos. Two groups of patients have been idedtiba the basis of sSHLA-G
molecule presence or absence in the embryo cultupernatants. Although no
clinical differences have been observed betweentwlegroups, positive embryo
implantation occurred only in women with sHLA-G raolles in embryo culture
supernatants.

This study started wide ranging research on thgtfy2,73]. Further reports [69,74-
86] have analyzed the presence of sHLA-G moleduléise supernatants from single
embryo cultures by enzymatic immunosorbent assdySik) and HLA-G specific
monoclonal antibodies (MEM-G1; MEM-G9; 4H84, 3C/GZhey have obtained a
significant relationship between the secretionh&se molecules by early embryos
and a higher implantation/pregnancy rate with anifigantly higher proportion of
SHLA-G positive embryos developing to blastocystsvitro [69,82]. The meta-
analysis of eleven studies evaluating sHLA-G in gmabculture for predicting
pregnancy outcome in women undergoing ART has tegoa modest diagnostic
accuracy (DOR: 4.38 (95% ClI, 2.93-6.55) while aggohp analysis restricted to six
studies with good quality embryos has shown anesme in the diagnostic
performance (DOR: 12.67 (95% CI, 3.66-43.80)) [87hese studies have
investigated more than six thousand supernatams fsingle ART procedure
embryos, with a recorded presence of sHLA-G fronR%B6[77] to 69.9% [80].
Shaikly et al. [69] have demonstrated a HLA-G sfiedabelling in the 50% of the
twenty-four embryos analyzed with a distributiondaimtensity of fluorescence

extremely variable.
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Two main points should be focused di): the presence of positive pregnancy
outcomes also in SHLA-G negative sampleSher et al. [75], Desai et al. [82] and
Shalikly et al. [69] have reported significantly iy pregnancy rates when sHLA-G-
positive embryos have been transferred but theg lesidenced a pregnancy rate of
25-36% with sHLA-G-negative embryos. The absol@sults of the first work by
Fuzzi et al. [71], where all the positive pregnasdnave been associated to sHLA-G
positive embryo supernatants, could be ascribéde@resence of more embryos in
each culture and/or to a different specificity bé tdetection assays. The different
ELISA protocols used could account for differenlues and correlations of SHLA-G
expression and implantation. Shaikly et al. [69yéh@onfirmed the expression of
SHLA-G in cleavage stage embryos during days 12anflhuman development but
documented a marked variability of SHLA-G expressiy early embryos from the
same patient indicating a possible gestational gsprogramming that could affect
the results of sHLA-G and implantation correlatidiowever, sHLA-G-positive
embryos have shown a higher rate of implantatiomamparison with sHLA-G-
negative embryod(ji) the presence of SHLA-G is not indicative of ctomosome
normality [69,82] as no significant differences have beeseoled in sHLA-G
expression between embryos diagnosed as chromdgamoainal or abnormal. For
this reason sHLA-G detection in conjunction witlrremt morphological parameters
to identify embryo implantation potential is needed

In 2006 Ménézo et al. started a debate on the exacotint of SHLA-G produced by
a single human embryo [88]. The authors have regdftat human preimplantation
embryo protein content is 45-50 ng with a consetjiitA-G release from 10 to
100% and above the total protein content of thergmloonsidering the levels of
SHLA-G molecules in embryo supernatants claimedhm literature. The human
embryo is able to produce high amounts of othetemme such as human chorionic
gonadotropine (hCG) that can be detected in thenenat urine [89] suggesting a
massive production at the feto-maternal interfakepossible explanation of this
protein production could be found in the morphotagiand metabolic changes of

preimplantation pluripotent embryonic cells:
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() the cleavage stages are characterized bff) a low metabolism, (ii)) a high
protein transduction rate and (iii) the necessifyegogenous pyruvate that are
unusual features for any other mammalian somalidyge [90];

(I matrix metalloproteinases, the main proteinases facilitating the process of
embryo implantation and uterus extracellular matexodeling and degradation
[91], are present at all stages of embryo developnfi®m the one-cell to the
blastocyst. It is known that metalloproteases eobahlLA-G shedding [92]
suggesting the increased secretion of HLA-G byipngantation embryo as a result
of metalloprotease activation;

(Il1) day-3 embryos cultured in vitro for 48 hours are able to secrete protein
patterns similar to those of day-5 uterine blastocsts suggesting then vitro
culture is responsible for an accelerated embry@ldpment and protein production
[93].

These observations should be considered in theuav@ah of the ability of
embryonic cells to produce proteins as they havguenfeatures and necessity in
comparison with the other cell phenotypes. Thegsguality to survive in the uterus
is connected with their ability to escape the makimmune system. Hence the
importance, in the implantation process, to susaiextensive HLA-G production.
Two studies [94,95] have failed to detect sHLA-Gla&cales in embryo culture
supernatants underlining some discrepancies witterostudies Table 4). The
authors that have observed positive sHLA-G embrytiutes have documented
different percentages of positive supernatants7(@@) and levels from 38 pg/ml to
1890 ng/ml. Warner et al. [96] have reviewed therditure present in PubMed at the
end of 2007. They found differences in the spetyfiand concentrations of capture
and detection antibodies, in the characteristicpasfitive and negative controls, in
the time and temperature of incubation. The emionitures, the time of collection
and other clinical parameters were also comparéay Thave concluded that the
presence of significant technical discrepanciesidcaexplain these contrasting

results.
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Some of the differences that should be taken imiosiceration when comparing
these different studies ar@) culture time; (ii) culture media; (iii) capture and
detection antibodies (iv) the standards(Table 4).

The embryo culture time is in a range from 48 t® I2s post fertilization. This
could explain at least in part the different lev@lsSHLA-G. The 48 - 72 hour culture
period seems to be the best time points to detlcA<S in embryo supernatants and
was selected in the majority of the studies. Whibfferent culture time were used
contrasting results as soluble HLA-G are prediead secretion levels measubgd
ELISA may increase/decrease over time.

Culture media are also important farvitro embryo growth [97] and can be divided
accordingly to their composition in four group§) glucose and inorganic
phosphate-free medium(P1, IVC-One){ii) low-glucose medium(IVF, Sequential
medium); (iii) glucose, gentamicin sulphate and protein-freemedium (Human
Tubal Fluid (HTF));(iv) early cleavage medium(ECM). The different composition
of these culture media could have influenced sHLA®@duction. Culture media
play an important role in determining whether tingbeyo potentiatan be realized
[98] leadingto epigenetic changes in the embryonic genomed@€]influencegene
expression [98,100,101,102]. Rinaudo P and ScRu[t01] have observed that the
expression of 114 genes, including genes involvedpiotein synthesis, cell
proliferation andransporter functions, are affectedembryoafter in vitro culture.
Optimizing a culture medium in terms of its abilitypromote embryo growth [103]
seems to avoid certain postnatalvelopmental and behavioural consequences and
imply that minor variations in the culture medianckeadto differences on the
resulting embryos. For example human tubal fluidfiHand preimplantation stage
one (P1) culture media differ in fertilization ragmbryo quality, implantation and
pregnancy rates. Artini et al. [104] have demonsttahat embryo fertilization rate
with HTF was 58.6% while with P1 62.5% (P = 0.0GBg HTF embryo quality was
lower (15.4%) than P1 embryos (68.7%) (P = 0.082)ha implantation rate (HTF
embryos 6.8% versus P1 embryos 12.2%) (P = 0.0@)tlzen pregnancy rate (HTF
embryos 17.1% versus Pl embryos 23.7%) (P = 0.0)e use of
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different culture media could have influenced tbasults obtained analysing sHLA-G
production by early embryos.

The discrepancy between the different ELISA systemay be related to a lack of
specificity associated with cross-reactivity amaagpture and detection antibodies.
Some of the MoAbs that have been used in thesdestuthve presented cross-
reactivities: 4H84 MoAb has a cross-reactivity whiiLA-la [105]; 5A6B MoAb
seems to recognize the denaturated HLA-G heavyndad to have an affinity also
for other proteins; BFL.1 MoAb has a doubtful HLAgBecificity as it fails to react
with HLA-G transfected cell lines [106]

The positive standards could be subdivided intd:adture purified molecules and
recombinant proteins. These molecules could presendifferent structural

conformation with a different antibody affinity theould affect MoAb recognition.

Table 4. Soluble HLA-G expression by preimplantation hureanbryos.
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N° positive sHLA-G . Hrs post Capture Detection
Study N. cultures{N. Women cultures (%) |range (ng/ml) Culture media fertilization Antibody Antibody Standard
Positive results
Fuzzi B .
Eur J Immunol (2002) 285 101 231 (26) 14-11 IVF 72 I\élg?/lgg) W6/32 bioti s7uzple.r2n2a%§nt
Roussev MEM-G9 .
Fertil Steril (2003) >60 30 6 (20) ND P1 72 (G1, Gb) W6/32 biotinl JEG3 supernatal
Sher G MEM-G9 -
Reprod Biomed (2004) 1245 201 101 (64) ND P1 72 (G1, G5) W6/32 biotinl JEG3 supernata
Yie SM 4H84 .
Fertil Steril (2005) 386 137 270 (69.9) 10 - 1890 IVC One 72 (G1-G7) 3C/IG4 Pfl;g:‘:]eglchlﬁr\]-tg
Desai N MEM-G9 . .
Reprod Biomed (2006) 712 83 309 (43) 3-10 HTF 72 (G1, G5) W6/32 biotinl Exbio standard
Rebmann V MEM-G9 o
Human Immunol (2007) 588 313 117 (20) 0.038 — 5.62§ IVF 48,72, 96 (G1, G5) B2m Purified sHLA-G
Fisch JD MEM-G9 ... | Human amniotid|
Fertil Steril (2007) 2083 209 ND ND ECM 72 (G1, G5) W6/32 biotin fluid
Rizzo R MEM-G9 - 721.221G
J Reprod Immunol (2004~ 2° 38 26 (52) 1.2 -131 IVF 72 (G1,G5) | B2mbiotin | g ernatant
Lédée N
Day 2: 309 Day 2: 71 (23) i
Am J R((azpégt;l)lmmunol Day 3: 276 ND Day 3: 188 (68 ND ND 48-72 ND ND ND
Shaikly VR Sequential ) MEM-G9 - .
3 Immunol (2008) 166 26 80 (50) 1.75-35 medium 48-72 (G1, G5) W6/32 biotinl Exbio standard
Negative results
G233 (G1, G5) .
i ' 56B biotin .
van Lierop MJ i 56B (G1, G4, L Recombinant
Mol Hum Reprod (2002)f  1° ND 0 0 ND 48-120 G5) Bs':GLélb?('ft’itr']”' HLA-G1
W6/32 (G1, G5
Sageshima N MEM-G9 . 721.221G
J Reprod Immunol (2007 109 ND 0 0 ND ND (G1, G5) WE6/32 biotin supernatant
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5.3. HLA-G and oocyte

A growing knowledge of human embryos obtained duthrough ART has not been
paralleled by a similar knowledge of human oocytdespite it being widely
recognized that embryogenesis is deeply affectedldoyte quality. The main reason
for this is probably that the selection for ART applied to embryos in order to
choose the best among them to be transferred irusut&his widely practiced
embryo selection has prevented the need to acguills in oocyte selection. In
some countries, new laws and rules on ART needdeentowards oocyte selection
and to identify valid tools to recognize the bestydes to be used for fertilization
[107]. Currently oocyte selection is performed Ismg morphological parameters,
without a clear association with a positive pregyaroutcome [108]. The
development of non-invasive methods for oocyte ctele could be an important
step in all the ART laboratories.

The oocyte quality is associated with early embiysarvival, the establishmeaid
maintenance of pregnancy and fetal development.qiaéty and the developmental
competence of an oocyte is acquired durthg maturation process, during
progressive differentiation throughout folliculogsms. The ability of the oocyte to
mature, be fertilized and to develop into a viadgebryo starts with oocyte growth
during the first steps of follicular developmentdagoes on until the final oocyte
capacitation. Ovarian cyclic activity induces somemordial follicles to grow,
however, most of these follicles degenerate thraatgbsia and in growing follicles,
only a subset of oocytes are competent and aldagport meiosis, fertilization and
early embryo development to the blastocyst stagew(Bg lines of evidence suggest
that oocyte competence relies on the storage ofenger RNAs and proteins that
will support early stages of embryo developmentoitgefull activation of embryonic
genome. It is known that fertilizexbcyte transcription is silenced in the early ssage
of embryodevelopment an@90% oocyte maternal mMRNAs degrade in the 2 cell
stage. The store of proteins in the fertilized deag sufficient to support embryo
development to the 8 cell stagetil the activation of the embryonic genome [109].

The recent discovery of oocyte secreted factors @intheir ability to regulate
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surrounding somatic cells suggests a central rblth® oocyte in the success of
folliculogenesis [110].

The follicle activation is a fundamental event fbe oocyte maturation and it is
controlled by a fine tuning of inhibitory and stitatory soluble factors. The
follicular fluid represents the essential and sjecimicroenvironment for the
regulation of the ovary function and oocyte maiorat[111] and a possible
relationship has been proposed between specifiicutar fluid components (sFas-
sFas ligand system, TNF-alpha, Nitric oxide, Hyahan, Gelatinases) and ART
outcome [112].

Rizzo R et al. [85] have analyzed sHLA-G moleculeshe follicular fluids (FFs)
and have found a significant correlation betweeb/i& presence in FFs and in the
culture supernatants of the corresponding fertilinecytes igure 5). Lédée et al.
[86] and Shaikly et al. [69] have confirmed the qaece of SHLA-G molecules in
FFs in 96% and 47% respectively but they have daiteidentify a correlation with
early embryo sHLA-G productioriréble 5). Several differences in embryo culture
conditions and the technical procedures could @xpthe differences in the
correlation results. The presence of SHLA-G in k8ot a confirmation that it is
important in oocyte maturation but the presencélloA-G molecules in follicular
fluids suggests the possible role of this antigerthie oocyte maturation process.
Further studies are required to confirm the retediop between FFs and embryo
SHLA-G production.

Rizzo et al. [85] and Shaikly et al. [69] have itiked granulosa cells as producers
of HLA-G molecules Figure 5), while thereare conflicting results on HLA-G
protein expressioby oocytes. Desoye et al. [66] have found no stgiron three
unfixed oocyteswhile Roberts et al. [67] have found 2 of 11 to puesitive and
Jurisicova et al. [62,63lave shown a positivataining of 21 out of 33 oocytes. These
findings have been confirmed by theesence of HLA-G mRNA in 17 of 21 pools of
5-8 unfertilizedbocytes [62,63].

The possible implication of HLA-G molecules on oteymaturation has been
evaluated by Rizzo et al. [113Figure 5). They have analyzed the culture
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supernatants of 152 oocytes matured in vitro foLAHE presence. Then vitro
oocyte maturation procedure has allowed the arsabfssHLA-G production by the
cumulus-oocyte complex (COC) without the influengk the in vivo maternal
microenvironment. The cumulus oophorus is chareedrby the granulosa cells
which surround the mammalian oocyte. These ce#latera structural pathway for
cell-to-cell communication where cumulus cells pdevseveral trophic factors to the
preovulatory oocyte [114]. Several results indictitat the measurement of gene
transcription levels in cumulus cells would relyalglomplement the morphological
oocyte evaluation providing a useful tool for séleg oocytes with greater chances
to be fertilized [115,116].

Rizzo et al. [113] have demonstrated the the CO@slyze sHLA-G molecules
during oocyte maturation process. The main poithas no sHLA-G molecules have
been detected in the COC culture supernatants spmneling to immature COCs
while the highest sHLA-G production has been shawgood grade COCs. Some
maturated COCs have failed to secrete sHLA-G, dimiley that sHLA-G is only
one of the factors implicated in this process. lk@rrstudies are necessary to confirm
the possible role of HLA-G molecules in oocyte mation and to evaluate if HLA-

G could be a marker of oocyte quality.
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Figure 5. HLA-G expression in mature follicle.HLA-G molecules are present in
follicular fluid as evidenced by Western Blot arasywith MEM-G9 moAb (G1, G5:
positive controls; FF1, FF2: follicular fluid; FOEOZ2: fertilized oocyte; Hela:
negative control) [85], in granulosa cells and podyphonuclear cells as
demonstrated by immunocytochemistry with MEM-G9 roj85] and in cumulus-
oocyte complex as shown by Western Blot analysith WIEM-G9 moAb (+:
positive control, -: negative control; O1, O2: cdosioocyte complex) [113].
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Table 5. Soluble HLA-G expression in follicular fluids (FFsnd by the corresponding preimplantation humahrgos.

N° positive | SHLAG SHLA-G
range N° positive| range | Culture | Hrs post Capture Detection
Study N. FFsIN. Women embry(?, /‘;“'“”es inembryo | FFs (o) | inFFs | media |fertiization | Antibody | Antibody | St2Ndard
0 (ng/ml) (ng/ml)
Rizzo R MEM-G9 _ 721.221G
3 Reprod Immunol (2007)]  ° 38 26 (52) 1.2 -13.1| 19(38) | 12.8-162.0 IVF 72 (G1, G5) | B2m biotin supermatant
Lédée N Day 2: 20 (23) ]
Am J Reprod Immunol 200] 227 | NP | pay3:sg(e8)] NP 82 (96) ND ND 48-72 ND ND ND
Shaikly MEM-G9 W6/32 .
3 Immunol (2008) 60 12 13 (21) 1.75-35| 29@47)| 1.75-4p IVF 72 (G, G5) biotr, | Exbio standarp
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6. Expected HLA-G impact in ART

Currently, different approaches are used to sadeciytes and embryos for ART
procedures, but they do not assure a significasbction with the pregnancy
outcome.

Several studies have analyzed the possible imitatf HLA-G molecules in the
selection of embryos and oocytes for ART. Furthealygsis and novel approaches
are necessary to overcome the contrasting resottgsned by different researchers
[117]. The possible use of HLA-G antigens as a maffior oocyte and embryo
selection is auspicable as it could firstly inceedise chances of success with ART,
secondly allow the selection of the best oocytefgmibo transfer so reducing the
number of transferred embryos and hence the incelehmultiple pregnancies.

7. Expert commentary

Further research is needed to evaluate the pdtesftiaHLA-G as a marker of
oocyte/embryo competency and to provide definitpreof that soluble HLA-G
molecules are secreted by early embryos. Cleadyatialysis of HLA-G molecules
has to be improved given the contrasting resultaioed in trophoblasts cells [59].
Unfortunately, it is not currently possiblerteasure HLA-G mRNA and membrane-
bound protein in the same oocyte/embrybich would help to clarify these issues.
The possible approach could be:

() a multicentre study where different laboratories calld compare their results
on the same samples.

Several technical workshops have been orgamiz2d00, 2003 and 2004 to validate
tools and protocols for HLA-Gnalysis [118,119] and laboratories are tryinggeea
standardization, in accordance with the Essen vhogksn 2004 and the EMBIC
Workshop onsHLA-G and Embryo Implantation in Oxford (June 2008

(i) the use of different techniques to confirm bth positive and negative results.
Several researchers are trying to develop new twolnalyze HLA-G molecules.
Rizzo et al. [85] have proposed a cytofluorimetagsay to detect rapidly sHLA-G
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molecules; recently Rebmann et al. [83] have estadd a rapid detection assay
based on Luminex technology, allowing sHLA-G quficdiion in sample volumes
of only 10ul within 1.5 hours. These techniqueslddae an important improvement
in order to increase the specificity and sensitioit SHLA-G detection assays.
Further studies need to answer to the followingstjaas:(i) What are the functions
of sHLA-G during ooyte maturation and embryo impédion?, (i) Why do some
preimplantation embryos secrete sHLA-G and othet8,1iiii) Where do sHLA-G

molecules in FFs come from?

8. Five-year view

Much remains to be learned about the expressigujaton and functions of HLA-
G gene products at the junction of fetal and maieissues. Cellular sources remain
unclear and target cells are still not well defined

How the semi-inflammatory conditions of the matéretal interface might
influence HLA class Ib gene expression is unknoWme functions of these antigens
at the interface, during the embryo implantatiod ancyte maturation remain to be
precisely defined.

Despite these uncertainties, much progress hasrbads. It now seems likely that
HLA-G is not simply an evolutionary remnant but iisstead, a major player in the
establishment of an appropriate immunologic statesémiallogeneic pregnancy.
Despite the considerable progress in HLA-G detadti@re are some problems in its
analysis in oocyte/embryo culture supernatants.

Nowadays it is still mandatory to evaluate oocytddeyo morphological parameters
as research should confirm the role of HLA-G moles in oocyte/embryo
development.

The value of sHLA-G molecules as a marker of odeytdryo competency is
extremely important as, in contrast with other teghes such as Pre-Implantation

Genetic Diagnosis (PGD), this test is performed completely non-invasive way by
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removing a small amount of the culture media surding two- and three-day-old
embryos, and testing for sHLA-G.

The sHLA-G molecule is a research response to ¢led f a rational basis to select
few and possibly single competent oocyte/embryaa dime, while maintaining
optimal ART success rates.

Discovery of additional molecular markers [120]oafcyte/embryo competency and
health will improve the potentiality of these nanwasive methodologies with wide
possibilities for research and therapeutic appbecat

The future of ART will be to combine morphologicadwations with a biochemical
assessment of molecules that represent a marlkercgte/embryo competency. The
expected impact will be to increase the pregnaatgsrthat will be possible when
the success rates will achieve a high quality valsieg these approaches and the
detection of these molecules will be no more qoestile. The ART laboratories
could use morphologic parameters and biochemicakens for single embryo
transfer, reducing the risk of multiple pregnancies

However further research is needed to identifyrded oocyte/embryo competence
markers. HLA-G molecules could be one of them bus mandatory to improve a
standardized detection in order to obtain comparadsults prior to use HLA-G as a

oocyte/embryo selection marker.

Key issues

* Currently it is difficult to determine the more appriate oocyte/embryo for
transfer in ART protocols

 SHLA-G detection in oocyte/embryo culture superntgtecould be a non-
invasive method to determine oocyte/embryo quality

* Embryos with sHLA-G production are more likely tesult in a successful
implantation

* sHLA-G detection in embryo culture supernatantaukhbe further analyzed

to identify the possible role as marker for embsgtection
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» Possible correlation between sHLA-G detection ilidalar fluids and in the
corresponding fertilized oocyte

* SHLA-G detection in follicular fluids should be fher analyzed to identify
the possible role as marker for oocyte selection

» Possible correlation between sHLA-G detection inureCOCs

* SHLA-G detection in COC supernatants should beh@rrtanalyzed to
identify the possible role as marker for oocyteuration
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Abstract

Background

Assisted reproduction technique (ART) pregnancgsdtave not changed in recent
years and an increased risk of twins, tripletsighér order pregnancies leads to a
perinatal mortality and morbidity. Studies haverdfere involved the identification
of non-invasive methods to determine the oocytefgmiguality allowing fewer
embryos to be transferred while maintaining or ioyang pregnancy rates.

In order to increase the chance of a successfgihprey, the most viable embryos
must be transfered but current knowledge of swatéichemical markers that could
predict the viability of embryos is extremely lieit. The selection of embryos to be
transferred is conducted using morphological aspecieavage speed and
development appearance. This embryo scoring systard help in selecting the
best embryo for transfer but it has limited abitibypredict the implantation potential
of individual embryos. The clinical challenge is dstablish a marker of embryo
competency that could increase the pregnancy ddleving ART and reduce the
number of multiple pregnancies.

Successful implantation in the human is dependenthe early embryo ability to
avoid the maternal immune system. The fetus isidernsd a semi-allograft but, in
normal pregnancies, it is not rejected by the malemmune system. The presence
of a complex signalling system, with molecujpessing from the conceptus to the
mother throughout pregnancys appealing and embryo suppressor factors
responsible for early implantation have been predo®ne of the key protective
mechanisms is thought to be the expression of massical HLA class | HLA-G
molecules by trophoblasts. Due to its importanceeproductive immunology it has
been considered a possible marker for oocyte/emdeigrtion.

The HLA-G gene is located at the telomeric part of the 6p2ZIwomosomal region,
near theHLA-A locus. It exhibits the typical structure of a claal HLA class | gene
with a similar exon/intron organization. The HLA&atigen has some characteristics
that differentiate it from classical HLA class It@ens. The HLA-G molecule has a

restricted tissue distribution, being expressed pimysiological conditions by

48



cytotrophoblasts and thymus. The allelic polymaosphiis limited to 36 alleles. The
HLA-G gene is characterized by a 14 base pair insedttetion polymorphism
(rs16375) in exon 8 in the 3’ untranslated regi€TR) that is associated with
MRNA stability and HLA-G protein expression. Théekd with an insertion of 14 bp
has been associated with lower levels of HLA-G egpion than the allele with the
14 bp deleted. Seven different HLA-G transcriptiaeaforms, derived from mRNA
splicing, have been described. Four of these enendmbrane-bound products
(HLA-G1, -G2, -G3, -G4), the other three solubletpins (HLA-G5, -G6, -G7). It is
well known that the biological functions of the sd&cal HLA-class | and class Il
molecules are related to the complex mechanistmtien recognition. The high
polymorphism of the HLA structures represent a gntae for the development of an
efficient response against different viral and baat antigens whilst the elevated
number of alleles is responsible for the allogemegponse resulting in the rejection
of transplanted organs. HLA class la and HLA claggenes are totally unexpressed
in cytothrophoblast cells preventing the consegaentdevelopment of a
semiallogenic response of the maternal CD8 posifiveells. However, the absence
of HLA-la molecules would enhance the natural KilleNK) mediated cell
cytotoxicity that is normally inhibited by the pesge on target cells of the classical
HLA-I determinants. The modulation of HLA-C and thearly monomorphic HLA-
G molecules by invasive cytotrophoblasts prevehts allogeneic response and
maintain a tolerogenic microenvironment. Membranasad HLA-G1 and soluble
HLA-G (HLA-G5 and sHLA-G1) molecules exert immungguessive effects(i)
inhibit the cytotoxic activity of CD8 positive T typhocytes (CTL) and NK cell§ij)
induce the apoptosis of NK and activated cytotdxuells,(iii) inhibit the allogeneic
CD4 positive T-cell proliferation and interfere titnaive CD4 positive T-cell
priming, (iv) inhibit antigen presenting cell and B lymphocyiéedentiation, (v)
induce regulatory T cells. sHLA-G affects angiogasénteracting with endothelial
cells and induces resting NK cells to produce chHenas and cytokines [1]. The
functions of HLA-G molecules are due to their d@pitio act as a ligand for different

receptors expressed by immune cells. HLA-G interadth NK receptor KIR2DL4

49



and leukocyte inhibitory receptors (LILRsS) / immghabulin-like transcripts (ILT)
as LILRB1 (LIR-1/ILT2/CD85j), which is highly expssed on T and B lymphocytes
and with LILRB2 (LIR-2/ILT4/CD85d), present mainiy monocytes/macrophages.
Aim

This thesis reports on several studies of the HLM@ecule and its implication in
pregnancy and embryo implantation.

Methods and Results

The analysis of the soluble HLA-G (sHLA-G) levets lypopolysaccharide (LPS)-
activated peripheral blood mononuclear cell (PBMGltures from healthy subjects
has revealed no differences between the three HLks@&rtion/deletion 14 bp
genotypes (+14/+14 bp, -14/+14 bp, +14/+14 bp),levhigher concentrations of
interleukin (IL)-10, the main up-modulator of HLA-@roduction, have been
observed in the +14/+14bp LPS-PBMC cultures [2]r @ata support the hypothesis
of a feed-back loop mechanism between HLA-G andlOLmolecules, which
sustains their production. The -14/-14 bp and -14/bp HLA-G samples with a -
477 GI/G single nucleotide polymorphism (SNP) gepetyn the 5 upstream
regulatory region (5’URR) of théHLA-G gene have presented a higher IL-10
concentration in LPS-PBMC cultures. These obsesaaticould indicate that the —
477 SNP might have an independent impact on IL-dfcentration and that the
differences are not only a consequencknégge disequilibriunbetween the G -477
SNP polymorphism and the -14 bp 3'UTR polymorphisaY.7 SNP polymorphism
is located very close to a putative heat shock etgrfHSE) and could influence the
binding of the heat shock factor 1 (HSF1) leadmglifferences in IL-10 and sHLA-
G expression.

The levels of sHLA-G are increased in the plasmapdas of pregnant women
during the first trimester in comparison to nongmant women. On the contrary
sHLA-G plasma levels decrease during the thirddstar while it has an impressive
boost at delivery [3]. We have analyzed sHLA-G dbdlO levels in the plasma
samples of 43 women (15 non-allergic, 28 allerdiming third trimester, at delivery

and 2 years after pregnancy. A significant increassHLA-G and IL-10 levels has
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been documented at delivery regardless of thegatlestatus, however, allergic
women have shown lower sHLA-G concentrations in ganson with non-allergic
women. The reduced sHLA-G levels have not beenethls deficient IL-10
production, as allergic and non-allergic women spreged equal amounts at all three
time points investigated. This indicates that otlfectors involved in sHLA-G
production and/or regulation differ between thes® tgroups of women. It is
possible that the Th2 cytokine microenvironmentsprg in an allergic individual
differently influences the sHLA-G secretion. Twoayg after pregnancy, the two
groups have presented equal levels as the allexgiten seem to experience a prime
during pregnancy that is still evident two yeargsemfpregnancy, suggesting the
presence of immunological changes imposed by pregnand still evident two
years after labour. Our data have demonstratedHiaf-G1 molecules are the most
frequent isoform in plasma (75-80%) in both allergnd non-allergic women during
labour. As sHLA-G1 molecules are mainly originatgdmetalloproteinase (MMP)-
dependent shedding at post-translational leveh@fmembrane antigens, it could be
hypothesized that sHLA-G1 could derive from thecplata disruption during labour
that is characterized by an increase in MMP-9 artsun

Several data have suggested an important role fé-@& molecules in the survival
of human embryos. HLA-G expression has been doctederot only on trophoblast
cells but also in preimplantation human embryosisiova et al. [4] have shown
HLA-G heavy chain specific mRNA in about 40% of tt¥8 embryos tested. HLA-
G proteins at 2-cell stage and an increased emtieavage rate when compared to
the embryos without HLA-G transcripts were detect&€tlese results propose a
variable expression of HLA-G during the critical ripel of preimplantation
embryonic development. In order to haveiarvitro and non-invasive system to
analyze embryo behaviour towards sHLA-G productian,in vitro fertilization
protocol was used, where the oocytes are fertilireditro and the embryos are
transferred to the woman 2-3 days after fertilmatiThis allowed the analysis of the
embryo culture supernatants for SHLA-G presencea Ispecific immunoenzymatic

assay. In 2002 the firgt vivo confirmation of the pivotal role of HLA-G molecule
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in embryo implantation was presented [5]. The preseof SHLA-G molecules in
285 supernatants from cultures containing one tw &mbryos obtained from ART
has been analyzed. Although no clinical differentage been observed between the
women, positive embryo implantation occurred onty women with sSHLA-G
molecules in embryo culture supernatants (p= 2.66xFisher's exact p test). This
is the first observation made in humans to prove importance of HLA-G
expression in embryo implantation. In 2004 the wsial of SHLA-G molecules in
supernatants from 318 single embryo cultures wasegmted [6]. We have confirmed
a significant relationship between the secretionttidse molecules by an early
embryo and a higher implantation rate (p= 0.045nM#/hitney U test). These data
propose the sHLA-G analysis in embryo supernatasta useful marker, together
with morphological characterization, for the sel@ttof embryos to be transferred.
Since 2002 up to six thousand supernatants froglesiART procedure embryos
have been analyzed for sHLA-G presence. Discrepaniti the embryo culture
protocol and the sHLA-G detection systems haveyrotallowed the importance of
sHLA-G as an embryo quality marker to be confirmaed studies are still needed to
standardize the procedures to sustain the datanebtf/,8].

No hypotheses have yet been advanced on the abstmtieA-G expression in a
percentage of early embryos obtained by ART. Thesgmce of germinal defects or
an impaired IL-10 secretion can be hypothesizea pitesence of sHLA-G in the
supernatants of single embryo cultures from coupdelsnitted to a second
fertilization procedure has been analyzed. Thesmples have previously shown a
complete absence of sHLA-G in the first cycle emsbsypernatants (0/31) [9]. The
results obtained in the secomdvitro fertilization cycle have shown some embryo
supernatants positive for HLA-G (14/40), suggestihgt the previous lack of
antigen modulation is independent of germinal dstethe levels of IL-10 in the
same embryo culture supernatants have been alsstigated. No associations have
been observed between the presence of IL-10, thduption and levels of SHLA-G
and pregnancy outcome. These results indicatethiatack of SHLA-G production
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in some early embryos is not related to germinéas or IL-10 impairment and
suggest a gestational programming of SHLA-G semmeti

Several ethical and legislative problems are irgirgathe necessity to reduce also
the number of fertilized oocytes. Nowadays the t®sglection is mainly performed
by intra and extracytoplasmic morphological chagastics, but no data documents a
clear association between the morphology and intalimm outcome. The oocyte
ability to mature, be fertilized and to developoiat viable embryo starts with oocyte
growth during the first steps of follicular developnt and goes on until the final
“oocyte capacitation” that seems to rely on theagje of messenger RNAs and
proteins that will support early stages of embrgeelopment, before full activation
of embryonic genome. It is known that in the eaivelopmental stage of the
fertilized oocytes the transcription is silencedd aime activation of the human
embryonic genome starts between the 4- and 8-es, approximately 70 hours
after fertilization. Follicular fluid (FF) represena specific microenvironment for
oocyte maturation and a possible relationship le&s lproposed between specific FF
components and ART outcome. 50 FFs were analyzedsHiA-G molecule
presence [10] and detectable sHLA-G molecules wbserved in 31.2% FFs. To
investigate the possible functional significancesefLA-G molecules in FFs, we
have related the sHLA-G in FFs and in the corredpan4-8-cell early embryos.
This analysis has shown a significant relationdfgfween sHLA-G presence in FFs
and in the corresponding embryo culture supernaitgpyt 1.3x10-6; Fisher exact p
test). These results could suggest the analyssHibA-G in FFs as a reliable and
non-invasive tool for oocytes selection to obtaimbeyos with an elevated ability to
modulate HLA-G expression and consequently a highplantation rate. Granulosa
cells and the polymorphonuclear population havenbgkentified as sHLA-G
producers but because of ethical problems it waspogsible to characterize the
oocyte.

In order to confirm that sHLA-G is involved in odeymaturation, 152n vitro
maturated oocytes were analyzed of which cultur@eswtants could be

characterized for sHLA-G presence without the imfice of the maternal
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microenvironment [11]. Our results have demonstrafeat the cumulus-oocyte
complex (COC), characterized by the surroundinghgi@sa cells and the oocyte,
produces sHLA-G. The sHLA-G molecules were present9% of mature COC
culture supernatants. On the contrary no sHLA-Geruwkes have been detected in
the culture supernatants from immature COCs (p=x814>; Fisher exact p test).
These results show, for the first time, the abititynature COCs to produce sHLA-G
antigens that seem to be a marker for oocyte niaiara

Conclusions

Further research on HLA-G and pregnancy to evaltlaée possible correlation
between the oocyte and the corresponding embryoAsBILproduction and to
confirm the value of sHLA-G as a marker of oocyteldeyo competency is required.
Work is also necessary to improve standardizatiosHbA-G detection in order to
obtain comparable results prior to use HLA-G as@eyte/embryo selection marker.
The sHLA-G molecules is a research response tandéeel for a rational basis to
select few and possibly a single competent ooayiefgo each time, while
maintaining optimal ART success rates. The futdrART foresees the combination
of morphologic evaluations with a biochemical assgnt of molecules that
represent a marker of embryo competency.

Future identification of additional molecular markef oocyte/embryo competency
and health can improve these non-invasive methaus their research and
therapeutic potential. The culture supernatant3immature and 73 mature COCs
and the corresponding preimplantation embryoshernresence of proteins involved
in inflammation, including several cytokines, chémes (IL-13, IL-1ra, IL-2, IL-4,
IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (P70), L-13, IL-15, IL-17, Basic FGF,
Eotaxin, G-CSF, GM-CSF, IFN-IP-10, MCP-1 (MCAF), MIP-&, MIP-1B3, PDGF-
BB, RANTES, TNFe, VEGF) and soluble intercellular adhesion molecdle
(sICAM-1) have been analyzed [12]. The proteinssen¢ in the supernatants were
SICAM-1 and IL-1n, however, only sSICAM-1 was expressed at high kevé@he
SICAM-1 release is very high in immature COCs, dases in mature COCs (p <
0.0001, Student t Test) and become even lower émmantation embryos (p <
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0.0001, Student t Test). No significant differenbase been observed in SICAM-1
levels between immature oocytes with different rhotpgical characteristics. On
the contrary, the high grade mature COCs have predahe lower sICAM levels.
sICAM-1 seems to have a clear tendency to decrfeaseimmature to mature COCs
and to fertilized embryos and it could be a possitibchemical marker for COC
maturation and grading.

In the future ART laboratories may be able to usephologic parameters and these
non-invasive biochemical markers for single emhbramsfer, so reducing the risk of

multiple gestation and increasing the pregnanay. rat
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Riassunto (Abstract in Italian)

Introduzione

Nonostante gli importanti sviluppi della procedwiariproduzione medicalmente
assistita (ART), la percentuale di gravidanze attemon ha subito modifiche negli
ultimi anni ed il rischio di parti gemellari e migli con una conseguente mortalita e
morbiditd perinatale & rimasto invariato. Come eguo®nza, numerosi studi sono
attualmente coinvolti nell’identificazione di metaabn invasivi per determinare la
qualita dell’oocita/embrione al fine di consentitetrasferimento di un numero

ridotto di embrioni, mantenendo o incrementandop&centuale di gravidanze
ottenute.

Al fine di aumentare la probabilita di ottenere esito positivo della gravidanza,
sarebbe necessario trasferire I'embrione maggidenertale. Attualmente, la

conoscenza di marcatori biochimici, che possaneresstilizzati per predire la

vitalita embrionale, é estremamente limitata. Ldexdene degli embrioni da

trasferire € effettuata sulla base di aspetti mogici, di sviluppo e di velocita di

clivaggio, con una limitata capacita nel predirpatenziale di impianto del singolo
embrione. Il traguardo della clinica e di stabilivem marcatore di competenza
embrionale che possa incrementare la percentug@eadidanze ottenute in seguito a
procedura ART riducendo il numero di gravidanzetipld.

La capacita dell’embrione di evitare il sistema iomtario materno e alla base
dell'impianto nell’'utero materno. Il feto € consid® un trapianto semi-allogenico
che durante una normale gravidanza non viene aigetial sistema immunitario
materno. La presenza di un complesso sistema diabega il feto e la madre

supporta I'esistenza di fattori soppressori emlaiioresponsabili dell'impianto. Uno

dei meccanismi chiave della protezione sembra edsspressione di molecole non
classiche HLA (Antigene leucocitario umano) di skasl HLA-G da parte dei

trofoblasti. Considerando la sua importanza neliiam della riproduzione si é

ipotizzato un suo possibile ruolo come marcatorer pa selezione

oocitaria/embrionale.
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Il gene HLA-G é localizzato nella porzione telomerica della oegi cromosomica
6p21-3, adiacente al lockiL_A-A. Presenta un’organizzazione di esoni/introni gmil
a quella dei geni classici HLA di classe |. L'amtigg HLA-G € caratterizzato da
alcune peculiaritd che lo differenziano dagli amtigclassici HLA di classe I. Le
molecole HLA-G hanno una ristretta distribuziorsstitale, con espressione da parte
di citotrofoblasti e cellule timiche in condiziofisiologiche. Il polimorfismo allelico

e limitato a 36 alleli. Il geneHLA-G é caratterizzato da un polimorfismo di
inserzione/delezione di 14 paia di basi (rs163@3)vello dell’esone 8 nella regione
3’ non tradotta (UTR) che é associato alla sta@bitel mRNA ed all’espressione
proteica di HLA-G. L’allele con l'inserzione di 1gp presenta livelli di espressione
di HLA-G inferiori rispetto all’allele con le 14pbdelete. Sono state descritte sette
isoforme trascrizionali dovute a splicing altermatidel mRNA. Quattro di queste
sono molecole associate alla membrana (HLA-G1, -G3, -G4), le altre tre sono
proteine solubili (HLA-G5, -G6, -G7). E’ noto conte funzioni biologiche delle
molecole classiche HLA di classe | e di classeidng associate al complesso
meccanismo di riconoscimento antigenico. In quesintesto I'alto polimorfismo
delle strutture HLA garantisce lo sviluppo di urfieiente risposta contro diversi
antigeni virali e batterici. D’altra parte, I'eleeanumero di alleli € responsabile dello
sviluppo di una risposta allogenica risultante ngétto degli organi trapiantati. |
geni HLA di classe la e di classe Il non sono esgirdai citotrofoblasti prevenendo
il conseguente sviluppo di una risposta semiallageda parte delle cellule materne
T CD8 positive. Al contrario, I'assenza di molecoldLA-la attiverebbe Ila
citotossicita mediate dalle cellule natural killeMK), normalmente inibite dalla
presenza di determinanti classici HLA-I sulla sdigex delle cellule bersaglio. La
modulazione di molecole HLA-C e HLA-G da parte a#otrofoblasti invasivi
previene la risposta allogenica e mantiene un rarotbente tollerogenico. Le
molecole HLA-G1 di membrana e solubili HLA-G (HLASG sHLA-G1) esercitano
effetti immunosoppressivifi) inibiscono I'attivita citotossica dei linfociti TTD8
positivi (CTL) e delle cellule NK,(ii) inducono l'apoptosi di cellule NK e T

citotossiche attivatg(jii) inibiscono la proliferazione allogenica dei linfbd@ CD4
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positivi ed interferiscono con la maturazione deldlule T naive CD4 positivéiv)
inibiscono le cellule presentanti I'antigene edifferenziamento dei linfociti B(v)
inducono le cellule T regolatorie. Inoltre, sHLA-(Bterviene nell’angiogenesi
attraverso le cellule endoteliali e la produziohemochine e citochine da parte delle
cellule NK [1]. Le funzioni delle molecole HLA-Gsiedono nella loro capacita di
agire da ligandi di recettori espressi dalle celldel sistema immunitario. HLA-G
interagisce con il recettore delle cellule NK KIR2De con i recettori inibitori dei
leucociti (LILRs) / trascritti immunoglobulin-like(ILT) come LILRB1 (LIR-
1/ILT2/CD85j), altamente espresso dai linfociti T B e LILRB2 (LIR-
2/1LT4/CD85d), presente prevalentemente nei moiow@crofagi.

Scopo

Questa tesi riporta diversi studi relativi alla emla HLA-G e alla sua implicazione
nella gravidanza e nell'impianto embrionale.

Metodi e Risultati

L’analisi dei livelli di HLA-G solubile (sHLA-G) incolture di cellule mononucleate
da sangue periferico (PBMCs), derivate da soggs#ini ed attivate con
lipopolisaccaride (LPS), ha evidenziato I'assentalifferenze tra i tre genotipi
HLA-G 14 bp (+14/+14 bp, -14/+14 bp, +14/+14 bp)entre sono state osservate
concentrazioni piu elevate di interleuchina (IL)-1iDmaggiore stimolatore della
produzione di HLA-G, nelle colture PBMC-LPS-attigaton genotipo +14/+14 bp
[2]. | nostri dati supportano l'ipotesi di un meocano feed-back looptra le
molecole HLA-G ed IL-10, che sostiene la loro proidae. | campioni -14/-14 bp e -
14/+14 bp con un genotipo -477 G/G polimorfismargaslo nucleotide (SNP) nella
regione regolatoria 5'upstream (5’URR) del geneHLA-G, hanno presentato
concentrazioni piu elevate di IL-10 nelle colturdNRC-LPS-attivate. Queste
osservazioni potrebbero indicare come il —477 SNi3s@ avere un effetto
indipendente sulle concentrazioni di IL-10 e Idatiénze non siano solo causate da
linkage disequilibriumtra il polimorfismo G -477 SNP ed il polimorfismd4 bp
3'UTR. Infatti il polimorfismo -477 SNP é localizzain vicinanza di un putativo
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heat shock elemefHSE) e potrebbe influenzare il legame Heht shock factor 1
(HSF1) portando a differenze nell’'espressione ellLe sHLA-G.

I livelli di sHLA-G sono aumentati nel plasma dirde gravide durante il primo
trimestre rispetto a donne non gravide. Al contrardivelli di SHLA-G nel plasma
diminuiscono durante il terzo trimestre mentre satno un incremento al parto [3].
Abbiamo analizzato i livelli di sHLA-G e IL-10 ngdlasma di 43 donne (15 non-
allergiche, 28 allergiche) durante il terzo trimmestal parto e due anni dopo la
gravidanza. E’ stato documentato un incrementafsigtivo nei livelli di SHLA-G e
IL-10 al parto indipendentemente dallo stato alterganche se le donne allergiche
hanno presentato livelli di sHLA-G piu bassi rigpealle donne non-allergiche. |
livelli ridotti di SHLA-G non sono stati causati daa ridotta produzione di IL-10, in
guanto sia le donne allergiche che quelle nongaltbe hanno mostrato livelli simili
in tutti e tre i punti analizzati . Questo indieadresenza di altri fattori implicati nella
produzione e/o regolazione di SHLA-G che differisodra i due gruppi. E’ possibile
che il microambiente citochinico Th2 presente newlividui allergici influenzi in
modo diverso la secrezione di SHLA-G. | due grupgmno presentato livelli uguali
due anni dopo la gravidanza, come se le donnegmler avessero subito
un’attivazione durante la gravidanza, ancora Misidopo due anni, suggerendo la
presenza di cambiamenti immunologici. | nostri daginno dimostrato che le
molecole sHLA-G1 sono lisoforma piu frequente mpéhsma (75-80%) sia delle
donne allergiche che non-allergiche durante il @a@onsiderando la derivazione
delle molecole sHLA-G1 da taglio proteolitico deglntigeni di membrana
dipendente da metalloproteinasi (MMP), pu6 esgmtzzato che sHLA-G1 derivi
dalla distruzione della placenta durante il part@vento caratterizzato da un
incremento di MMP-9.

Diversi dati hanno suggerito un ruolo importante fge molecole HLA-G nella
sopravvivenza degli embrioni umani. L'espression#ldA-G é stata documentata
non solo a livello dei trofoblasti ma anche negibgioni umani preimpianto.
Jurisicova et al. [4] hanno evidenziato la presetsizenRNA HLA-G specifico in

circa il 40% dei 148 embrioni testati. Inoltre glitori hanno rilevato molecole HLA-
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G negli embrioni allo stadio di due cellule ed urcremento della velocita di
clivaggio embrionale rispetto agli embrioni senrastritto HLA-G. Questi dati
propongono un’espressione variabile di HLA-G dueailt periodo di sviluppo
embrionale preimpianto. Al fine di avere un sistemavitro e non invasivo per
analizzare la secrezione di sHLA-G da parte delbeome, € stato utilizzato il
protocollo di fertilizzazioneén vitro, in cui gli oociti vengono fecondaiti vitro e gli
embrioni trasferiti 2-3 giorni dopo la fertilizzawie. Questo sistema ha permesso di
valutare i sopranatanti di colture embrionali pepresenza di sHLA-G utilizzando
un’analisi immunoenzimatica specifica. Nel 2002 tatss presentata la prima
confermain vitro del ruolo delle molecole HLA-G nell'impianto embniale [5]. E’
stata analizzata la presenza di molecole sHLA-&8b sopranatanti di colture
contenenti da uno a quattro embrioni ottenuti c&®rANonostante non siano state
osservate differenze cliniche, solo le donne coeomde SHLA-G nei sopranatanti
delle colture embrionali hanno presentato impiamtdrionale positivo (p= 2.56x10
3 Fisher's exact p test). Questa & stata la prissarvazione effettuata nell’'uomo che
provi 'importanza dell’'espressione di HLA-G netlipianto embrionale.

Nel 2004 e stata condotta I'analisi delle molecs.A-G in 318 sopranatanti da
colture singole embrionali [6]. Abbiamo confermaddorelazione significativa tra la
secrezione di queste molecole da parte dell’embramhun’incrementata probabilita
di impianto (p= 0.045, Mann-Whitney U test). Quedditi propongono I'analisi di
SHLA-G nei sopranatanti embrionali come marcatoraenitamente alla
caratterizzazione morfologica, per la seleziondigegbrioni da trasferire. Dal 2002
ad oggi sono stati analizzati piu di sei mila soptanti di colture embrionali singole
ottenute da procedure ART per la presenza di sHLAd=discrepanze nei protocol
di coltura degli embrioni e nei sistemi di anal&i SHLA-G non hanno ancora
confermato limportanza di sHLA-G come marcatore glialita embrionale e
numerosi studi saranno necessari per standardizzapeocedure e confermare i
risultati ottenuti [7,8].

Non é stata ancora spiegata I'assenza di mole¢dlé\45 in una percentuale di

embrioni ottenuti con ART. E’ possible ipotizzaeefdresenza di difetti germinali o
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una produzione diminuita di IL-10. E’ stata anaditez la presenza di sHLA-G nei
sopranatanti di colture di singolo embrione di deggmmesse ad un secondo ciclo di
fertilizzazione; queste coppie non avevano presewiature embrionali positive per
SHLA-G nel primo ciclo (0/31). | risultati ottenutiel secondo ciclo ART hanno
mostrato alcuni sopranatanti embrionali positivi gelLA-G (14/40), suggerendo
che la precedente mancanza di antigene fosse m#pée da difetti germinali. Sono
stati analizzati i livelli di IL-10 nelle stesselttoe embrionali. Non e stata osservata
alcuna associazione tra la presenza di IL-10, dayorione ed i livelli di sHLA-G ed

il risultato della gravidanza. Questi dati indicacmme la mancanza di produzione
SHLA-G in alcuni sopranatanti embrionali non siavata a difetti germinali o
diminuita produzione di IL-10 e suggeriscono laesemza di un programma
gestazionale nella secrezione di sHLA-G.

Numerosi problemi etici e legislativi stanno auna@o la necessita di ridurre il
numero di oociti fertilizzati. Attualmente, la selene degli oociti € svolta
utilizzando caratteristiche morfologiche intra edracitoplasmatiche, senza avere
una chiara associazione tra la morfologia e I'esil'impianto. La capacita
dell'oocita di maturare, di essere fertilizzato iesdilupparsi in un embrione vitale
inizia con la crescita oocitaria durante le prinaeifdello sviluppo follicolare e
continua fino alla “capacitazione oocitaria” chenfea associarsi alla riserva di
RNA messaggeri e proteine che supporterebbero imeprfasi di sviluppo
embrionale, prima della completa attivazione delagea embrionale. E’ noto come
nelle prime fasi di sviluppo degli oociti fertiliati la trascrizione sia silenziata e
I'attivazione del genoma embrionale inizi allo staddi 4-8 cellule,
approssimativamente 70 ore dopo la fertilizzaziollefluido follicolare (FF)
rappresenta il microambiente specifico per la nafione oocitaria ed e stata
proposta una possible relazione tra i componehtrBee I'esito del ART. Sono stati
analizzati 50 FF per la presenza di molecole sHLA9Ge le molecole sHLA-G
sono state rilevate nel 31.2% dei FF. Per valutgressibile ruolo funzionale degli
antigeni sHLA-G nei FF, abbiamo correlato i livetli SHLA-G nei FF con le

concentrazioni rilevate nei corrispondenti embrialhd stadio di 4-8 cellule. Questa
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analisi ha mostrato una relazione significativddrpresenza di sHLA-G nei FF e nei
corrispondenti sopranatanti di colture embrionp# (L.3x10-6; Fisher exact p test).
Questi risultati potrebbero suggerire I'analisi SHILA-G nei FF come metodica
affidabile e non invasive per la selezione degtithoal fine di ottenere embrioni con
un’elevata capacita di modulare I'espressione dAHL e conseguentemente con
una maggiore probabilita di impianto. Abbiamo idicato le cellule della granulosa
e la popolazione polimorfonucleata come produtthri SHLA-G ma no abbiamo
potuto caratterizzare gli oociti per problemi etici

Al fine di confermare il coinvolgimento di sSHLA-Getla maturazione oocitaria,
sono stati analizzati 152 oociti maturati in vitiogui sopranatanti possono essere
caratterizzati facilmente per la presenza di sHLA€hza subire l'influenza del
microambiente materno. | nostri risultati hanno afstnato come il complesso oocita-
cumulo (COC), caratterizzato dalle cellule dellargrlosa strettamente associate e
dall'oocita, producano sHLA-G. La presenza di sHGAe stata rilevata nel 19% dei
sopranatanti di colture di COC maturi. Al contramion sono state rilevate molecole
SHLA-G nei sopranatanti di colture di COC immat{p 8.4 x 10; Fisher exact p
test). Questi risultati mostrano, per la prima &pla capacita dei COC maturi di

produrre sHLA-G che potrebbe essere un marcataretiirazione oocitaria.

Conclusioni

Le prospettive della ricerca relativa a HLA-G ewganza potrebbero riguardare la
valutazione della possibile correlazione tra ladpmone di sHLA-G da parte del
COC e dellembrione corrispondente e confermarevaillore di sHLA-G come
marcatore di competenza oocitaria/embrionale. Leerca deve migliorare e
standardizzare la rilevazione di sHLA-G al fine attenere risultati comparabili
prima dell’'utilizzo di HLA-G come marcatore perdalezione oocitaria/embrionale.
Le molecole sHLA-G sono una delle risposte dellenda alla necessita di una base
razione per la selezione di pochi o possibilmente singolo oocita/embrione
competente, mantenendo ottimale la percentualeatiessi del ART. Il futuro del
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ART sara di combinare valutazioni morfologiche cbanalisi biochimica di
molecole marcatori di competenza oocitaria/embit@na

L’identificazione di nuovi marcatori di competeneavitalita oocitaria/embrionale
potra migliorare la potenzialita di queste metod@mon-invasive con implicazioni
nella ricerca e nella clinica. Sono stati analizzsopranatanti di colture di 39 COC
immaturi, di 73 COC maturi e dei corrispondenti eimhi preimpianto per la
presenza di proteine coinvolte nell'inflammazionéncludendo citochine,
chemochine (IL-B, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12
(P70), IL-13, IL-15, IL-17, Basic FGF, Eotaxin, GSE€, GM-CSF, IFNy, IP-10,
MCP-1 (MCAF), MIP-In, MIP-18, PDGF-BB, RANTES, TNFx, VEGF) e la
molecola solubile intercellular adhesion moleculgsICAM-1) [12]. Le uniche
proteine rilevate nei sopranatanti sono state sI€AM IL-1r, con sSICAM-1
espressa a livelli piu elevati. Il rilascio di sI®AL & molto elevato nei COC
immaturi, diminuiscenei COC maturi (p < 0.0001,d#nt t Test) e raggiunge valori
ancora inferiori negli embrioni preimpianto (p <0001, Student t Test). Non sono
state osservate differenze significative tra illivsi SICAM-1 tra COC immaturi con
caratteristiche morfologiche diverse. Al contrarioCOC maturi con alto grado
hanno presentato i livelli di SICAM piu bassi. sIMAL sembra avere una chiara
tendenza a diminuire dal COC immaturo a quello meatsino all’embrione e
potrebbe essere un marcatore biochimico di matmazt grado del COC.

La prospettiva per i laboratori di ART potrebbe ezssl’utilizzo di parametri
morfologici e di marcatori biochimici non invasiper la selezione di oociti ed
embrioni, riducendo il rischio di gravidanze mulkigd aumentando la probabilita di

gravidanza.
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ABSTRACTS

MHC and Reproduction

02-01
HLA-G Expression and Regulation in
Early Embryos

R Rizzo, OR Baricordi
Department of Experimental and Diagnostic Medicine, Section of Med-
ical Genetics, University of Ferrara, Ferrara, Italy

OQur previous data have evidenced that HLA-G
expression in early embryos is a mandatory prere-
quisite for the development of pregnancy. The
screening of soluble HLA-G molecules in embryos
cultures supernatants 48-72 hr after in vitro fertiliza-
tion (IVF) could allow the selection of embryos to be
transferred with an elevated possibility of positive
pregnancy outcome.

Different evidences have suggested that the tran-
scription in fertilized oocyte is silenced during the
early phases of the development with a possible role
of maternal mRNA in the production of soluble
HLA-G molecules by early embryos. Thus, we have
hypothesized an oocyte selection based on HLA-G
expression. For this, we have investigated the pres-
ence of soluble HLA-G molecules in follicular fluids,
with positive results in a large percentage of speci-
mens. Furthermore, these results were related to
HLA-G production in early embryos obtained by the
fertilization of the corresponding oocyte. These data
have shown a significant correlation between follicu-
lar fluids and embryos HLA-G modulation. More-
over, we have identified by ditferent techniques the
precise HLA-G isoforms of the follicular fluids and
early embryos supernatants. Both soluble HLA-GI
and HLA-G5 molecules were revealed in follicular
fluids, whereas only sHLA-G1 antigens were detec-
ted in embryos supernatants.

Immunocytochemistry on follicular fluids cells
have identified granulosa cells as producer of the
HLA-G5 isoform and polymorphonuclear cells of the
SHLA-G1 molecules. In summary, the detected rela-
tionship between sHLA-G1/HLA-GS5 presence in folli-
cular fluids and early embryos propose the follicular
fluids analysis as a reliable tool for oocyte selection
in IVF.

Ametican Journal of Reproductive Immunology 56 (2006) 7-33 © 2006 The Authors
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02-03
MHC Class | Antigens as Markers of
Reproductive Success

IL Sargent', A Swales’, YQ Yao?

"Nuffield Department of Obstetrics and Gynaecology, University of
Oxford, John Radcliffe Hospital, Oxford, UK; *Department of Obstetrics
and Gynaecology, Tangdu Hospital, Fourth Military Medical University,
Xi'an, China

HLA-G is thought to play a key role in implanta-
tion by modulating cytokine secretion to control
trophoblast invasion and maintain a local immuno-
suppressive state. It differs from other class T mole-
cules in that the gene can be alternatively spliced
to produce four membrane-bound and three sol-
uble isoforms. The existence of soluble forms of
HLA-G extends the potential for its action. Not
only could it be acting locally at the interface
cytotrophoblast  and  the
maternal immune cells in the decidua but it may
also enter the maternal blood stream and act sys-
temically to influence maternal immune responses.
The soluble isoforms have recently attracted much
attention as their levels may be diagnostic of poor
trophoblast invasion in miscarriage or pre-eclamp-

between  extravillous

sia and the implantation potential of IVF embryos.
A number of studies have reported that early dea-
vage stage (day 2-3 post-fertilization) embryos
which produce sHLA-G are more likely to form a
pregnancy than those that do not.
all workers agree and we have been unable to find
mRNA for soluble HLA-G in human embryos at
this stage of development. Furthermore, there is
new evidence that soluble HLA-G may
secreted by trophoblast. The technological
biological implications of these findings will be dis-
cussed.

However, not

not be
and

02-04

Ontogeny and Role of the MHC in Early
Development: Expression of the Full
Length Isoform of HLA-G, HLA-G1 and
its Soluble Counterpart HLA-G5 in
Human Pre-implantation Embryos

v Shaikly', | Morrison®, M Taranissi?, C Noble?,

N Fernandez'

"Department of Biological Sciences University of Essex, Essex, UK;
“pssisted Reproduction and Gynaecology Centre, London, UK
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Polymorphism in the 5" Upstream
Regulatory and 3" Untranslated Regions of
the HLA-G Gene in Relation to Soluble

HLA-G and IL-10 Expression

Thomas Vauvert F. Hviid, Roberta Rizzo,
Loredana Melchiorri, Marina Stignani, and

Olavio R. Baricordi

ABSTRACT: The nonclassical human leukocyte antigen
(HLA) class Ib gene HLA-G may be important for the
induction and maintenance of immune rolerance between
the mocher and the semi-allogeneic ferus during pregnancy.
Expression of HLA-G can influence cytokine and cytotoxic
T-lymphocyte responses. Different HLA-G mRNA isoform
expression patterns have been associated with HLA-G poly-
morphism, especially with a 14-bp insertion deletion poly-
morphism in the 3" untranslated region (3"UTR) of the
HLA-G gene. A significantly high level of interleukin-10
(IL-10) secretion is observed in homozygous +14/+14-bp
HLA-G peripheral blood mononudlear cells after lipopoly-
saccharide (LPS) stimulacion. This scudy finds char poly-
morphism in the 5" upstream regularory region (3'URR) of
the HLA-G gene may also be implicated in differences in
IL-10 secretion. However, this may alse be due to linkage
disequilibrium with che 14-bp polymorphism. A single-

ABBREVIATIONS

ELISA enzyme-linked immunosorbent assay

HLA human leukocyte antigen

HSE heat shock element

HSF1 heat shock factor 1

IL-10 inrerlenkin-10

LPS lipopolysaccharide
INTRODUCTION

Human leukocyre antigen (HLA)}G is a nonclassical
HLA class Ib gene locared on the short arm of chromo-
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nucleotide polymorphism located —477 bp from the starc
site of exon 1 had a significant association with [L-10
concentrations bur not after correction (p = 0.011; p. =
0.154). This polymorphism is located next to a heat shock
element. Eighteen 5'-URR/3'-UTR HLA-G haplorypes
wete defined; one common homozygous genotype based on
these haplotypes was significantly associared with a high
IL-10 level after LPS stimulation compared to certain other
genotypes. This study indicates that polymorphism in che
5'-URR of the HLA-G gene may have functional signifi-
cance, although a new line of investigations 15 needed to
elucidate these findings.  Hwman Immunology 67, 53-62
(2006). © American Society for Hiscocomparibilicy and
Immunogenetics, 2006. Published by Elsevier Inc.

KEYWORDS: HLA-G; sHLA-G; Regulatory region;
3'UTR

NK natural killer

PBMCs peripheral blood mononuclear cells
SNP single-nucleotide polymorphism
5'URR 5" upstream regulatory region
F'UTR 3" untranslaced region

some 6 in the major histocompatibility complex. It
resembles the classical HLA class [a genes in structure
burt has a very limited polymorphism, and HLA-G tran-
scripts are alternatively spliced into seven different iso-
forms, whereas three are potentially soluble (HLA-G3 to
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polymorphisms depicted in the 5'URR are shown in relacion to the start site of exon 1.

-G7) {1-71. HLA-G transcripts have been detected in
many different tissues; however, under normal condi-
tions, HLA-G protein has been detected only in tropho-
blast cells in the placenta, in some monocytes and T cells,
and in the thymus {1, 8, 9. HLA-G may have a role in
the suppression of immune responses and contribute to
long-term immune escape or tolerance {10-12}. HLA-G
seems to be able to inhibit both a cytotoxic T lympho-
cyte response and natural killer (NK) functions [13}.
Furthermore, antigen-presenting cells that have been
transfected with HLA-G can prevent the proliferation of
CD4" T cells and apparently direct these cells toward
immunosuppression [12}. Finally, soluble (sHLA-G) ex-
pression seems to be able to induce CD8™ T cell apo-
ptosis through the Fas/FasL pathway {14, 15]. Expression
of HLA-G in organ transplantation may be associated
with a better prognosis {16, 17]. Detection of sHLA-G
in the culture media from preimplantation embryos be-
fore transfer to the woman during in witro fertilization
treatments is associated with a higher implantation rate
and pregnancy success [18—21}. Yet, no explanation of
why only some embryos express detectable HLA-G ex-
ists. Several studies have linked abnormal expression of
membrane-bound HLA-G and especially sHLA-G with
certain complications of pregnancy such as preeclampsia,
spontaneous abortion, and abruptio placentae [20, 22-261.
Polymorphisms in the HLA-G gene have been associated
with risk of preeclampsia and spontaneous abortion, with
autoimmune disease, and with susceptibility to asthma;
however, some of these associations are controversial
[27-31]. A few studies have found associations between
HLA-G mRNA expression or detection of sHLA-G and
HLA-G genotype [7, 27, 32-34]. We and others have
found an association between a 14-bp polymorphism in
the HLA-G 3'untranslaced region (3'UTR) and HLA-G
mRNA expression and alternative splicing, as well with
sHLA-G concentrations in sera [7, 27, 33, 33, 3G]. The
genotype of the 14-bp polymorphism is also associated
with differences in interleukin-10 (IL-10) secretion from
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peripheral blood mononuclear cells (PBMCs) after stim-
ulation with lipopolysaccharide (LPS) {341.

Polymorphism in the 5' upstream regulatory region
(3'URR) of the HLA-G gene has been described {29, 33,
371 (Fig. 1). As the list of possible importance of HLA-G
expression in different aspects has grown, we found it
interesting to further investigate the associations be-
tween HLA-G expression and HLA-G gene polymor-
phism. In this study, we have focused only on the rele-
vance of polymorphisms in the 5'URR and in the
3'UTR (the 14-bp polymorphism) of the HLA-G gene in
relation to secretion of sSHLA-G and IL-10 in PBMCs and
in LPS-stimulated PBMC cultures.

MATERIALS AND METHODS
Samples and Extraction of Genomic DNA

Peripheral blood samples were obtained from 61 healthy
Caucasian donors (31 females and 30 males; mean age =
35 * 10; no female subjects were pregnant). Genomic
DNA was extracted by a commercial kit (Nucleon; Am-
ersham Biosciences, Buckinghamshire, UK) according to
the manufacturer’s instructions. In 47 donors selected by
the 14-bp 3'UTR HLA-G genotype, further PBMC
analysis was performed.

Genotyping of the 14-bp Polymorphism in Exon 8

(3'UTR) of the HLA-G Gene

The 14-bp HLA-G polymorphism was genotyped by
PCR performed as previously described {381 Briefly,
100 ng of genomic DNA was amplified in a 25-pl
reaction, with final concentrations of the reagents as
follows: Reaction Buffer (Roche, Basel, Switzerland) 1¢;
each dNTP (Roche) 0.2 mM; MgCl, (Roche) 1.5 mM;
Tag polymerase (Roche) 0.75 Unirs; each primer
(GE14HLAG, RHG4) 10 pmol. The thermocycling con-
ditions were as follows: 94°C for 2 min, 25 cycles of
94°C for 30 s, 64°C for 60 s, 72°C for 120 s, and then
72°C for 10 min. The amplified products were visualized



by electrophoresis on a 2.5% agarose gel (Invitrogen,
Paisley, Scotland) containing echidium bromide (0.5
pg/ml).

DNA Sequence Analysis of the HLA-G 5'
Upstream Regulatory Region/Promoter Region

Direct DNA sequence analysis of the HLA-G 5'URR
was performed. For DNA sequencing of the 5'URR a
sequence between —1437 and —18 bp from the start site
of transcription was PCR amplified: Genomic DNA was
made up to a final volume of 50 pl containing 30 mM
Tris—=HCI (pH 8.3), 50 mM KCl, 0.1% Triton X-100;
1.5 mM MgCl,; 0.1% Igepal-CAG30; 0.2 mM each
dNTP; 25 pmol of each primer (SKBHLAG, 5 AGC
TIC ACA AGA ATG AGG TGG AGC 3’ and
PROHLAG3, 5' AAT GAG TCC GGG TGG GIG
AGC GA 3'), and 1.25 units of Tug polymerase. Ther-
mocycling conditions were as follows: The initial dena-
turation was 94°C for 2 min and che final extension step
was 72°C for 10 min. PCR cycling consisted of the
following: 35 cycles of 94°C for 30 s, 60°C for 60 s, and
72°C for 240 s. The PCR products of the HLA-G
5'URR/promoter region were DNA sequenced using a
310 DNA Analyzer (Applied Biosystems, Foster City,
CA, USA). Primers for sequencing were as follows:
GB830F (3'URR), 5' CAC ACG GAA ACT TAG GGC
TAC G 3" and for control sequencing (5'URR) G304R,
5" GCC AAG CGT TCT GTC TCA GTG T 3'.
HLA-G Haplotypes

The reconstruction of HLA-G haplotypes from polymor-
phism data in the 5’URR of the HLA-G gene {11
single-nucleotide polymorphisms (SNPs), one insertion
polymorphism, one deletion polymorphism} and the
14-bp polymorphism in exon 8 was made by the PHASE
program, Version 2.1, which implements a Bayesian
statistical method for reconstructing haplotypes from
population genotype data (heepi//www.stat.washing-
ton.edu/stephens/software.heml) [39].

Lipopolysaccharide Stimulation of PBMC Cultures

PBMCs obtained by Ficoll centrifugation (Cedarlane,
Hornby, Ontario, Canada) were resuspended in Iscove's
medium (Biochrom, Berlin, Germany) with 10% feral
calf serum at a concentratcion of 1 ¥ 10°/ml. The PBMC
culrures were stimulared with 10 ng/ml LPS (Calbio-
chem, La Jolla, CA, USA) for 48 h ar 37°C as previously
reported {34]. CD14 " cell viability and percenrages were
evaluated by flow cytomerry (FACS Vantage, BD Bio-
science, Franklin Lakes, NJ, USA) using propidium io-
dide staining and an anti-human CD14-FITC-conju-
gated antibody (Cymbus Biotechnology Ltd, Hants,
UK). For the determination of the temporal stability of
the sHLA-G and IL-10 response to the LPS stimulus,

]
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two blood samples were obtained from five subjects,
spaced 15 days aparr, and processed as described abave.

HLA-G5/sHLA-G1 Enzyme-Linked
Immunosorbent Assay (ELISA)

HLA-G5/sHLA-G1 levels in culture supernacants and in
serum samples were assayed in triplicate as previously
reported [18, 40-42] using as capture antibody the
MoAb MEM-G9 (Exbio, Praha, Czech Republic), which
recognizes the HLA-G molecule, in B2-microglobulin-
associated form, at a concentration of 20 pg/ml. As
detecting antibody an anti-B2-microglobulin MoAb
conjugated with HRP was used (DakoCytomation,
Redovre, Denmark). The incra-assay coefficient of varia-
tion (CV) was 1.4% and the inter-assay CV was 4.0%.
The limir of sensitivity was 1.0 ng/ml.

IL-10 ELISA

IL-10 concentrations were determined in triplicate in
1:10 diluted serum and undiluted culture supernacancs
using the commercially available Human IL-10 Bio-
Source Immunecassay Kit (Human IL-10 US; BioSource,
Camarillo, CA, USA) wich a detection limit of 0.2 pg/
ml. The intra-assay CV was 4% and cthe inter-assay CV
was 7.3%.

Statistics

For each HLA-G polymorphism, the three genotypes
were compared with respect to differences in the IL-10
concentrations in the PBMC culture supernatants after
LPS stimulation. A Kruskal-Wallis test was performed
for each polymorphism and p values were corrected for
multiple comparisons by the Bonferroni method. Com-
parison of IL-10 concentrations berween two HLA-G
haplotypes was performed with the use of the Mann-
Whitney test.

RESULTS

The 5'URR of the HLA-G gene including all polymor-
phisms berween —762 and —400 bp from the start site
of exon 1 was analyzed by DNA sequencing in the 61
samples from healthy donors. Eleven SNPs, one single
nucleotide insertion, and one deletion polymorphism
were detected (Table 1, Fig. 1). The 14-bp polymor-
phism in exon 8 in the 3'UTR of the HLA-G gene was
also genotyped. In only 8 of the 61 serum samples,
sHLA-G5/sHLA-G1 could be detected (median 5.5 ng/
ml, range 0.5-38.0). Therefore, no meaningful analysis
of HLA-G 5'URR polymorphism and sHLA-G concen-
trations in the serum samples could be performed. How-
ever, it shall be noted that all 8 samples had eicher a
—14/—14 or —14/+14 bp HLA-G genorype. Interleu-
kin-10 could be detected in 19 of the 61 serum samples
(median 1.4 pg/ml, range 0.5-81.8 pg/ml). This small
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Interleukin-10 concentrations in LPS-stimulated PBMC cultures in relation to HLA-G genorypes of seven of the

studied 5'URR HLA-G SNPs and the 14-bp polymorphism in the 3'UTR of the HLA-G gene.

number of IL-10 positive serum samples prevented fur-
ther analysis of correlations berween serum IL-10 and
HLA-G genotype; it can be noted that all three 14-bp
HLA-G genotypes were represented in the 19 IL-10
positive serum samples.

There were no difference between cthe levels of
sHLA-G and the number of sHLA-G positive sera in
male and female donors. To confirm the temporal sta-
bility of the sHLA-G and IL-10 response to LPS stimu-
lation, two serial blood samples from five subjects were
obtained. For each individual, sHLA-G and IL-10 pro-
duction was temporally reproducible in response to the
LPS stimulus (data not shown).

Forty-seven of the 61 healthy donors were investi-
gated further; the 47 donors were initially chosen based
on their 14-bp HLA-G genotype. IL-10 and sHLA-G
concentrations were measured in media from PBMC
cultures with or withour stimulation with LPS. No
sHLA-G could be detected in the unstimulated PBMC
culrures. There were no associations berween HLA-G
polymorphisms and sHLA-G after LPS stimulation
(mean sHLA-G concentration for all cultures = SEM:
6.9 = 0.7 ng/ml). Soluble HLA-G was detected in all
LPS-stimulated culrures.

The mean IL-10 concentration withour LPS stimula-
tion was 10.5 £ 1.4 pg/ml (£SEM). After LPS stimu-
lation the mean IL-10 concentration was 150.7 £ 14.9
pg/ml. Each of the 14 HLA-G polymorphisms was ana-
lyzed for differences in IL-10 concentration related to
genotype after LPS stimulation. The only HLA-G poly-
morphism of the 14 polymorphisms investigated that
was significantly associated with differences in IL-10
concentrations after LPS stimulation of PBMCs after
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correction was the 14-bp polymorphism, with the high-
est IL-10 concentrations in the +14/+14 bp HLA-G
genotypes (p = 0.001, p. = 0.014; Kruskal-Wallis test).
For the —716 SNP, —689 SNP, —666 SNP, and
—633 SNP, there was a trend roward differences in [L-10
concentrations between the specific SNP genorypes;
however, they were not significant (p = 0.099, p_= 05;
Kruskal-Wallis test; Fig. 2). The test for the —477 SNP
was significant but not after correction for multiple
comparisons, with the G/G genotype being associated
with the highest IL-10 concentrations (p = 0.011, p, >
0.154; Kruskal-Wallis test; Fig. 2). Interestingly, sam-
ples with a G/G —477 SNP genotype also had a high
IL-10 concentration in —14/+14 bp and —14/—14 bp
HLA-G samples, indicating chat this polymorphism may
have an independent impact on IL-10 concentration and
that the differences were not only a consequence of
linkage disequilibrium between the G —477 SNP poly-
morphism and the +14-bp 3'UTR polymorphism.
HLA-G haplotypes based on the polymorphisms in
the 5'URR and the 14-bp polymorphism were recon-
structed with the use of the PHASE program. Eighteen
different HLA-G haplotypes were defined (Table 1).
Based on each of the HLA-G SNP genotype analyses
described above, a consensus HLA-G S'URR/3'UTR
haplotype could be constructed, which was associated
with a high IL-10 concentration after LPS stimulation of
PBMCs (Table 2). This HLA-G haplotype was identical
to the 5'URR.HLA-G-01 haplotype. A comparison of
the IL-10 concentrations after LPS stimulation in 5'UR-
R.HLA-G-01/5'URR.HLA-G-01 samples (253.8 =+
55.6 pg/ml; mean * SEM) and 5'URR.HLA-G-01/
5'URR.HLA-G-09 samples (129.7 * 29.9 pg/ml) re-
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TABLE1 List of HLA-G haplotypes in healthy Caucasian donors (n = 61) based on polymorphisms in the 5" upstream regulatory region and the
14-bp polymorphism defined by the PHASE software

5" Upstream regulatory reginn
3" Untranslared Allele

—-T62 -T2 —716 -G8 466 —&dé —633 —500  —4856  —477  —400 region frequency
HLA-G haplocype bp bp bp bp bp bp bp  —30w-333bp  bp bp bp bp  ldbparnc3?dl (N =122)
S URRHLA-G-01 T C G G T A A - C C G G + 0.352 (43)
FURRHLA-G-02 T C G G T A A - C C G G - 0.008 (12}
5'URR HLA-G-03 T C G G G A G - C A C G - 0.008 (1)
' URRHLA-G-04 T G G G G A G - C A C G - 0.008 (1)
5 URR.HLA-G-03 C C G G T A A - C C G G - 0.016(2)
5'URRHLAG-06 € C T A G A G - C C C G - 0.016(2)
S URRHLA-G-07 C C T A G A G - C A G G - 0.025(3)
SURRHLA-G-08 C C T A G A G - C A C G + 0.025(3)
S'URRHLAG-0 € C T A G A G - C A C G - 0.262 (32)
FURRHLA-G-10 C C T A G A G DelA333 G A C G - 0.025(3)
5'URR.HLA-G-11 C C T A G G G - C A G A + 0.016(2)
SURRHLAG-12  C G T A G A G - C A G G - 0.008 (1)
URRHLA-G-13 C G T A G A G - C A C G + 0.016(2)
SURRHLAG-14 € G T A G A G - C A C G - 0.057 (7}
S'URRHLAG-15  C T T A G A G - c A C G - 0.008 (1)
' URRHLA-G-16 C T T A G A G ins(3540 C A G A + 0.008 (1)
SURRHLA-G-17 C T T A G A G insG540 G A G A + 0.0411(5)
5'URR.HLA-G-18 C T T A G A G ins(3540 G A G A - 0.008 (1)
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TABLE 2

after LPS stimulation

T.V.F. Hviid et al.

Consensus 5'URR/3'UTR HLA-G haplotype in relation to high IL-10 concentration

5" Upstream regulatory region

3" Unrranslated

region
=762 —725 —T716 —689 —666 —646 —633 -S540 —500 —486 —477 —400 14 bpacac
bp bp bp bp bp bp bp  —333bp bp bp bp bp 3741
= - G G T B A 2 - (9] G = +

sulred in a p value of 0.038 (Mann-Whitney test; Fig. 3).
The 5'URR.HLA-G-02 and 5"URR.HLA-G-09 haplo-
types were associated with a low IL-10 concentration
after LPS stimulation.

DISCUSSION

We have previously reported that the 14-bp polymor-
phism in the 3'UTR of the HLA-G gene (exon 8) is
associated with differences in IL-10 concentrations after
LPS stimulation of PBMCs. The HLA-G genotype ho-
mozygous for the presence of the 14-bp sequence is
associated with a significantly higher level of IL-10 in
the cell culture medium after LPS scimulation [34]. The
14-bp 3"UTR polymorphism is also associared with dif-
ferences in serum levels of sSHLA-G where the +14/+14
bp HLA-G genotype appears to be associated with no
detectable serum-sHLA-G [33, 34]. The presence of the
14-bp sequence in exon 8 is also associated with differ-
ences in alternative splicing of HLA-G transcripts {7, 27,
35]. Finally, and quite incerestingly, a +14/+14-bp
HLA-G genotype of the fetus is associated wich a signif-
icantly higher risk of preeclampsia in primiparas {27, 29}
and the same genotype is associated with recurrent spon-
taneous abortion and unsuccessful iz witro fertilization
treatments [30]. We also have evidence for an association

=038 Mann-Whilnay st
— T =048, Mann Whitnay fest

B |

#

$

=
T

Interleukin-10 after
LPS stimulation (pg/ml)
B

SURREUTROD! BURRTUTR02108. §URRILITRA1A2 SURRI TR 62
HLA-G 5'URR/3'UTR genatype

FIGURE 3 Inrerleukin-10 concentrations in LPS-stimulared
PBMC cultures in relation to two of che 5'URR/3'UTR
HLA-G genorypes, namely, the homozygous 53'URR.HLA-G-
01/5"URR.HLA-G-01 and the heterozygous 5'URR.HLA-
G-01/3'URR.HLA-G-09 (5'URR.HLA-G-01/5"URR.HLA-
G-01 and 5'URR.HLA-G-01/5'URR.HLA-G-09: z = 8,
S'URR.HLA-G-01/5'URR.HLA-G-02: » = 2, 3'URR
HLA-G-02/5'URR.HLA-G-09: n = 4).
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between the 14-bp HLA-G polymorphism and autoim-
mune disease (Rizzo ef @/., in preparation).

However, all these differences in HLA-G expression
and associations related to the 14-bp polymorphism in
the 3'UTR of the HLA-G gene may be due to strong
linkage disequilibrium to other sequence variation in the
HLA-G gene. Several polymorphisms have been de-
scribed in the 3'URR of the HLA-G gene {28, 33, 371
(Fig. 1). Therefore, we investigated polymorphisms in
the S'URR of the HLA-G gene (berween —762 and
—400 bp from the start site of exon 1) together with the
14-bp polymorphism in the 3'UTR in relation to
sHLA-G and IL-10 secretion in PBMC cultures wich and
withoutr LPS stimulatien. No associations between
HLA-G polymorphisms and sHLA-G after LPS stimula-
tion were observed; sHLA-G could not be detected be-
fore LPS stimulation. However, we found associations
between HLA-G polymorphisms and IL-10 concentra-
tions after LPS stimulation as expected. Several SNPs had
trends toward associations, however, they were far from
significant. The —477 SNP HLA-G genotype reached
significance bur not after correction (p = 0.011, p, =
0.154; Kruskal-Wallis test; Fig. 2). The only HLA-G
polymorphism that was significantly associated wich dif-
ferences in IL-10 concentrations after LPS stimulation of
PBMCs after correction was the 14-bp polymorphism,
with the highest IL-10 concentrations in the +14/
+14-bp HLA-G genotypes as previously reported (f =
0.001, p. = 0.014; Kruskal-Wallis test; Fig. 2) {34].
However, samples wich a G/G —477 SNP genotype had
also a high IL-10 concentration in —14/+14 bp and
—14/—14 bp HLA-G samples. These observations could
indicate chat che —477 SNP might have an independent
impact on IL-10 concentration and that the differences
were not only a consequence of linkage disequilibrium
between the G —477 SNP polymorphism and the
+14-bp 3'UTR polymorphism. Interestingly, the —477
and —486 SNPs are located very close to a purative heat
shock element (HSE) that seems to be able to bind heat
shock factor 1 (HSF1) as shown in Fig. 4{43]. Heat shock
elements are contiguous repeats of a pentanucleotide
sequence, nGAAn, arranged in alternaring orientation.
These elements are located in the promoter region of
genes encoding heat shock proteins [44]. Stress to the
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Heat Shock Element

The heat shock element in the 5 upstream regulacory region (3'URR) of the HLA-G gene. Two of the investigated

SNPs (—486 and —477 bp from the start site of exon 1) are located close to the HSE in the 3'URR of the HLA-G gene, and
especially the —477 bp SNP may be associated with differences in IL-10 response after LPS stimularion of PBMCs. HSF1, heat

shock factor-1.

cell, e.g., hyperthermia, induces binding of HSF to HSE,
which activates transcription. It has been shown that
heat shock and arsenite can induce the expression of
HLA-G in rumor cell lines [43]. This stress treacment of
the cells did not induce the expression of the HLA-A, -B,
-E, or -F gene transcripts. Stress-induced proteins may be
implicated in the balance of the immune response during
certain diseases [45]. Interestingly, HsfI '~ deficient
mice survive into adulthood but defects of the placenta,
prenatal lechality, growth retardation, and female infer-
tility are observed {46}. Furthermore, there is an elimi-
nation of the classical heat shock response and aug-
mented tumor necrosis factor-a expression is seen. It can
be speculated that the polymorphism at positions —477
and —486 may affect the binding of HSF1 to the HSE
leading to initial differences in HLA-G expression and in
cytokine expression, e.g., IL-10. However, further eluci-
dation of this possibility needs a new line of experiments.

With the use of the PHASE program, HLA-G hap-
lotypes based on the polymorphisms in the 5'URR and
in the 14-bp polymorphism could be reconstructed.
Eighteen HLA-G haplotypes were defined (Table 1).
Based on each of the HLA-G SNP genotype analyses
described above, a consensus HLA-G 5"URR/3"UTR hap-
lotype was identified, which was associated with a high
IL-10 concentration after LPS stimulation of PBMCs
(Table 2). This HLA-G haplotype was identical to the
5'URR.HLA-G-01 haplotype (Table 1). Similarly,
5'URR/3'UTR HLA-G haplotypes associated with low-
level TL-10 secretion after LPS stimulation were identified.
The 5'URR.HLA-G-02 and 5'URR.HLA-G-09 haplo-
types seemed to be associated with a low IL-10 concentra-
tion after LPS stimulation (Fig. 3).

A couple of common polymorphisms in the gene for
Toll-like receptor 4 (TLR4), involved in the response to
LPS, have been associated with slightly higher IL-10
production capacity ex vivs and in wive [471. It can be
speculated that there might be a link between TLR4 and

HLA-G gene polymorphisms and differences in the
IL-10 response; however, this would be an issue for
further studies.

Although differences in IL-10 concentrations after
LPS stimulation of PBMC cultures in relation to the
HLA-G genotype were observed in this study, there
seems to be no clear correlation with sHLA-G levels.
However, differences in sHLA-G concentrations related
to the HLA-G genotype may be observed over time,
especially during the initial phases of the cultures. How-
ever, we have not yet studied these aspects in detail and
further studies are needed. We have advocated that
HLA-G alleles may be divided in two main groups based
on polymorphisms in the 3'UTR and che 5'URR {7,
37} Interestingly, Tan et @/. have recently published a
study supporting this notion {48}. Genotyping of the
HLA-G promoter in three populations showed two com-
mon haplotypes separated by deep branches, which sug-
gests that balancing selection is acting in the region.
This could be in line with the hypothesis of “yin—yang”
haplotypes {491, The present study further supports pos-
sible functional significant differences between the two
groups of HLA-G alleles/haplotypes.

Alrogether, these results still point to the 3'UTR
14-bp HLA-G polymorphism as being the most impor-
tant polymorphism regarding functional significance.
However, partly because of the linkage disequilibrium
between most of the different polymorphic sites, the
possibility cannot be excluded that polymorphism in the
5'URR of the HLA-G gene may also have functional
importance. Most importantly, specific HLA-G haplo-
types are associated with (functional) differences in
HLA-G expression. This may have importance in rela-
tion to HLA-G expression during implantation and
pregnancy, in relation to the outcome of the pregnancy
[18, 20, 29, 331, and in relation to some disorders with
an immunological etiology, such as asthma, as well as
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autoimmune disease and rejection in organ transplanta-
tion {16, 31, 50-52].
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HLA-G Expression is a Fundamental

Prerequisite to Pregnancy

Roberta Rizzo, Loredana Melchiorri, Marina Stignani,

and Olavio R. Baricordi

ABSTRACT: Human leukocyte antigen-G (HLA-G) 15
thought to play a key role in implantation by controlling
trophoblast invasion and maintaining a local immunosup-
pressive state. The secretion of soluble HLA-G antigens
(sHLA-G) by early embryos seems necessary for a success-
ful implantation and could be a marker of increased
pregnancy rate following in witvo fertilization. We have
reviewed the results obrained during the last years (from
1987 to 2005). They overall confirmed the predictive role
of sSHLA-G production in pregnancy outcome. Further-
more, we have examined the technical procedures utilized,
with a particular attention to the monoclonal antibodies
used in the enzyme-linked immunosorbent assay (ELISA)

ABBREVIATIONS

FF follicular fluid

HLA-G  human leukocyte antigen-G
IVF in vitvo fertilization

INTRODUCTION

Several studies have proposed the production of soluble
human leukocyte antigen-G (sHLA-G) antigens by early
embryos as a reliable marker of an increased chance of
positive pregnancy outcome. Since the first investiga-
tions performed in 2002 {11, more than 2000 early-
embryo supernatants have been analyzed by different
research groups, confirming the fundamental role of
HLA-G expression in pregnancy and validating the prog-
nostic value of this test in the embryo transfer selection
[2-6}

The first studies on HLA class I (HLA-I) expression by
ovarian tissues and preimplantation human embryos
started in the 1980s and reported contrasting results
(Table 1). Both Dohr e 4/. and Desoye ef @/. performed
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techniques. New functional roles for HLA-G molecules in
pregnancy could be suggested by the relationship ob-
served between the presence of sHLA-G antigens in fol-
licular fluids and sHLA-G expression in the correspond-
ing fertilized oocyte. Furthermore, since maternal mRNA
is fundamental for protein production in early embryos,
the biologic role of the HLA-G 14 base pair polymor-
phism could be explored.  Human Immunology 68,
244250 (2007). © American Society for Histocompat-
ibility and Immunogenetics, 2007. Published by Elsevier
Inc.

KEYWORDS: HLA-G; IVF; embryo; follicular fluid

MoAb
sHLA-G

monoclonal antibody

soluble HLA-G

indirect immunofluorescence assays with W6/32 mono-
clonal antibody (MoAb)}—specific for classical and non-
classical HLA-T antigens)—on human oocytes, ovarian
tissues, and human preimplancation embryos {7, 8]
They revealed the expression of HLA class I (HLA-I)
antigens only in granulosa cells. On the contrary, by
means of the same MoAb, Roberts ef «/. demonstrated a
strong positivity in some unfertilized human oocytes {9].
The first demonstration of HLA-G expression by preim-
plantation human embryos was obtained by Jurisicova e
al. in 1996 by reverse transcriptase—polymerase chain
reaction and immunocytochemistry techniques {101, The
authors were able to evidence HLA-G heavy chain—
specific mRNA in about 40% of the 148 blastocytsts
tested. Furthermore, the presence of HLA-G specific
mRNA in preimplantation embryos was associated with
protein detection and increased blastocystic cleavage rate
when compared with the embryos without HLA-G tran-
scripts [111. Moreover, the blastocysts with detectable
HLA-G mRNA exhibited a significantly (p<< 0.001)

greater number of blastomeres per embryo at 24 to 48

0198-8859/07/§—see front matter
doi: 10,1016/ humimm.2006.10.012



TABLE 1 Published studies on HLA-G production in early embryos from IVE procedure

Study (lsted

chronologically) Type of study Technical approach Samples Anribodies Results
Dohe et al. (1987) 7] HLA expression Immunofluorescence  Human oocytes V6,32 MoAb (HLA-T) No HLA-[ on cultured oocytes and
51y Human ovarian disstes zom pellucida
HLAY expression on granulosa cells
Desoye i al. (1988) ~ HLA- expression Immunofluorescence  Human preimplantacion embeyos (IVE) — W6.32 MoAb (HLA-D) No HLA on blastomees and zom
18] w5y pellucida
HLAY expression on granulosa cells
Raberts et al. (1992)  HLA espression [mmunccytochemistey  Human oocytes W6.32 MoAb (HLA-) No HLA-[ on oocytes and blastocysts
[9] 6-8 days preimplantarion - embryos HLA expression on some unfertil
(IVF) ized 00cytes
Judsicova of . HLA-G expression Tmmunocyrochemistey 164 blastocysts W62 MoAb (HLA) 484 HLA-G expression on same occytes,

(1996){10]

Menicucci ¢ 4l
(1999) {20)
Fuz a . (2002) {1]

van Ligrop f ol
(2000 22)

Noriko ¢ 2, (2004)
(4]
Sher et al. (2004) [7]

Noci et af. (2005) [6]

Sher ef al. (2003 [3]

Sher et af. (200%) [4]

Yie o al, (2003) 5]

Nonclassical sHLA-] expeession

SHLA-G expression and
pregaancy (teteospective)

SHLA-G expression

SHLA-G expression

SHLA-G molecule expeession
and pregnancy outcome
(reteospective)

SHLA-G molecule ezpression
and pregnancy outcome
(reteospective)

SHLA-G molecule ezpeession
and pregnancy outcome
(prospective)

SHLA-G molecule ezpression
and pregnancy outcome
(prospective)

SHLA-G molecule expression
and pregnancy outcome
(recrospective)

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

21 pools of oocytes

Peeimplantation embryos (2, 4, 16 cells;
IVE

41 ey embryos supermatants (-8
iells; 1= embryos; IVE)

285 early embryos supermatants (8
cells; 14 embeyos; IVE, ICST)

15 follcular fluids

? embeyo culture supermarants (8 eells
IVEF

44 blastorysts

106 aly enmbryo supernarants (8 cell,
single embryos; IVE)

394 early embryo supernatants (8 cell,
=4 embryos; ICS])

318 early embryos supernatants (8
«ells,single embryos; IVF, 1CST)
1404 early embryos supematants (8

cells, single embryos; 1CS1)

259 eady embryos supernatants (8
aells, single embryo; ICS])

386 early embeyos supermatants (8
cells, -4 embryos; ICS)

mMoAb (HLA-G HC bm
free/HLA-D HC b free)

W62 MoAb (HLAH)

TP25.9) {classical HLA-T HC)

MEM-GY capture MoAb
(HLA-G)

W63 2-bior detection MoAb
(HLAT)

568 MoAb (HLA-G denatured
HO)

(G237 MoAb (HLA-G)

BEL.1 MoAb (HLA-GH

6,52 MoAb (HLA-)

816 capture Modb (HLA-G)

MEM-GY detection Moab
(HLAG)

MEM-GY capture Moab
(HLAG)

Anti-b,m detection MoAb

MEM-GY capture MoAb
(HLA-G)

W6.32-biot detection MoAb
(HLA)

MEM-GY capture MoAb
(HLA-G)

Anti-b,m detection MoAb

MEM-GY capture MoAb
(HLAG)

Anti-b,m detection MoAb

4H84 capruee MoAb (HLA-G
HC bym freeHLAT HC
b,m free)

3C/G4 detection MoAb
(HLAG)

preimplantation embryos,
blastocysts

Nonclassical sHLA- expeession in
early embryo supematants

SHLA-G expression in eadly embryo
sttpernatants corgelates wich
pregaancy

No sHLA-G expression

Na sHLA-G expession

sHLA-G expression in eadly embryo
stipernatants correlates with
piegnancy

SHLA-G expiession in early embeyo
supernatants cortelaces with
pregnancy

SHLA-G expression in eadly embeyo
sttpernatants correlates with
plegnancy

SHLA-G expression in early embryo
supernatants cortelaces with
pregnancy

SHLA-G expression in early embryo
supernatants and cleavage rate
correlate with pregmancy

Abtwriations: HLA-G = human leukocyre antigen-G; IVF = in vito fetilization; sHLA-G = soluble human leukocyte antigen-G; ELISA = enzyme-linked immunososbent assay; 18I = inteacyroplasmic

sperm injection.
*7 = undefined.
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hours after fertilization. These data proposed a variable
expression of HLA-G during the critical period of pre-
implantation embryonic development and suggested the
important role of this molecule in the survival of human
embryos. The HLA-G antigen inhibition of the cytotoxic
activity of natural killer cells {12} and CD8 " lympho-
cytes {13], and the control of CD4™ cell functions [14],
could be at the basis of the immunotolerance of the
semiallogenic fetus by the mother.

These observations confirmed in humans the results
previously obtained in mice. In 1993, Warner and co-
authors demonstrated the association between the repro-
ductive advantage and the expression of Qa-2 molecules
encoded by preimplantation embryo development gene,
the homologue of human HLA-G gene {15]. The Qa-2
antigen can be detected on murine oocytes and early-
cleavage and blastocyst-stage embryos [16], and it seems
to act as a mediator of the transmission of mitogenic
signals within the embryo and uterine environment in
mice [17]. Because of these characteristics, Qa-2 and
HLA-G antigens could share not only structural but also
functional similarities, which could explain the findings
on HLA-G expression in pregnancy.

In humans, another study confirmed the presence of
HLA-G mRNA in the 44% of 108 day-3 preimplanta-
tion embryos from 25 couples attending an in vitro
fertilization (IVF) procedure [18]; whereas Hiby er /.
failed to detect HLA-G mRNA in two-cell and blasto-
cyst-stage embryos [19], even when they analyzed only
11 embryos.

The first noninvasive investigation on nonclassical
HLA-T expression in human early embryos was per-
formed in 1999 by Menicucci ef @/, [20]. The authors
performed an enzyme linked immunosorbent assay
(ELISA) with a monoclonal antibody specific for both
classical and nonclassical HLA-class I molecules (W6/32)
and the TP25.99 MoAb that is specific only for classical
HLA-class T antigens heavy chain. They demonstrated
the presence of sHLA-G in the 90% of eight cell-stage
embryo culture supernatants obtained by IVE. Further-
more, a significant association was observed between
HLA-G production and embryo cleavage rate, confirm-
ing the results of Jurisicova e #/. [L1]. However, the
study by Fuzzi ef a/. in 2002 {1] represented the first “in
vivo” confirmation of the pivotal role of HLA-G mole-
cules in pregnancy implantation. The authors analyzed
the presence of SHLA-G molecules in 285 supernatants
from cultures containing one to four embryos obtained
from 101 IVF procedures. The ELISA technique was
performed with MEM-G9 MoAb as capture antibody,
specific for both sHLA-G! molecules— generated from
shedding or proteolytic cleavage of the HLA-G1 mem-
brane bound—and HLA-G5 isoform, produced by
mRNA alternative splicing, and the biotinylated W6.32
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MoAb as detection. Two groups of patients were iden-
tified on the basis of the presence or absence of sHLA-
G1/HLA-GS molecules in the embryo culture superna-
tants. Although no clinical differences were observed
between the two groups, positive embryo implantation
occurred only in women with sHLA-G1/HLA-G5 mol-
ecules in embryo culture supernatants. This was the first
“in vive” observation made in humans that proved the
imporrance of the expression of HLA-G products as a
mandatory, but not sufficient, prerequisite for pregnancy
positive outcome {211,

Further reports [2—6] were based on the detection of
sHLA-G1/HLA-GS molecules in supernatants from sin-
gle embryo cultures, with HLA-G specific monoclonal
antibodies (MEM-G1; MEM-G9; 4HS84, 3C/G4), con-
firming the significant relationship between the secre-
tion of these molecules by early embryos and a higher
pregnancy rate. These studies investigated up to 2000
supernatants from single IVE and intracytoplasmic
sperm injection embryos, with a recorded presence of
sHLA-G from 36.2% [6] to 69.9% {5]. These data are in
agreement with the 40% of HLA-G mRNA positivity
found by Jurisicova et a/., suggesting the reliability of the
detection techniques and proposing the presence of
sHLA-G molecule as a marker for embryos transfer se-
lection {10}, It is worth noting that Sher e a/. [2-4] and
Noci et 4/, [6] obtained their results with MEM-G9
MoAb as capture antibody and similar results were re-
ported by Yie ez &/ {5] with 4H84 and 3C/G4 MoAbs as
capture and detection, respectively.

On the contrary, Van Lierop e al. [22] proposed
ELISA techniques based on three different MoAb com-
binations: G233 MoAb as coating and 56B as detection
MoAb, 56B MoAb as coating and BEL.1 as detection
MoAb, and W6.32 MoAb as coating and 56B as detec-
tion MoAb. They analyzed the culture supernatants from
human IVF embryos at the eight-cell morula and at the
blastocyst stage and failed to detect sHLA-G antigen.
The three ELISA methods presented a substantial incon-
sistence, explained as a possible difference in the MoAbs
specificity. BFL.1 MoAb HLA-G specificity was consid-
ered doubtful [23] because it failed to react with HLA-G
transfected cell lines; 5A6B seemed to recognize the
denatured HLA-G heavy chain and to have an affinity
also for other proteins {22]. Noriko et /., in a recent
investigation using 87G and MEM-G9 MoAbs, were
similarly unable to detect the presence of sHLA-G mol-
ecules in 106 embryo culture supernatants {24}.

It is important to emphasize that, for the diagnostic
test, it is necessary to use particular attention in the
selection of the MoAbs for the ELISA technique. To
overcome this problem, a collaborative study was re-
cently held in Essen {25} During this workshop, a
comparison of different capture and detection MoAbs
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was performed. The MEM-G9/anti-B,-m MoAbs system
was proposed as the most reliable procedure to detect
both sHLA-G1 and HLA-G5 molecules, whereas the
SA6GT/W6/32 biotinylated MoAbs system was sug-
gested as the most specific for HLA-G5 isoform
identification.

Since the majority of investigations on sHLA-G were
carried out with antibodies specific for both sHLA-GI
and HLA-G5 molecules, different suggestions were ad-
vanced on the HLA-G isoforms produced by early em-
bryos. Blaschitz er @/, demonstrated that neither of the
intron 4-containing isoforms, sHLA-GS or -G6, were
produced by human trophoblasts iz situ ot in vitro {26].
A recent paper by Yao ef a/. demonstrated the absence of
HLA-G5 mRNA in two eight-cell stage embryos posi-
tive for immunofluorescence labeling performed with
MEM-G/9 MoAb [27]. These results clearly suggest the
predominance of sHLA-G1 isoform.

On this assumption, we have performed a specific
ELISA test for HLA-G5 isoform {25] in two groups of
embryo-cultured supernatants previously identified as
negative or positive for MEM-G/9 reactivity. The pre-
liminary results have demonstrated the absence of de-
tectable HLA-GS levels, confirming the sHLA-G1 na-
ture of the molecules secreted by early embryos {27].

PERSPECTIVES

Several studies demonstrated that in the early develop-
mental stage of the fertilized oocytes, the transcription is
silenced and the activation of the human embryonic
genome starts berween the four- and eight-cell stages,
approximately 70 hours after fertilization {28, 29]. For
this, the maternal mRINA seems to be fundamental in
the production of the sHLA-G molecules in early embryo
culture supernatants [307. This postulate suggests a more
accurate analysis of the oocytes. Currently, the selection
of oocytes eligible for IVF procedure is performed on the
basis of morphologic paramerers, but litcle evidence was
obtained on their association with pregnancy outcome
{311. Follicular fluid (FF) represents a specific microen-
vironment for oocyte maturation, and a possible relation-
ship was proposed between specific FF components and
IVF outcome {32]. Furthermore, the ovulation is char-
acterized by an inflammarorylike process with the mi-
gration into the follicle of macrophages and monocytes
{33]. Overall, these considerations could suggest the
analysis of FEs for the presence of sHLA-G molecules.
Our preliminary results on FFs of women admitted to
IVF procedure have evidenced detectable sHLA-G mol-
ecules in 38.0% of the 50 FFs investigated. Surprisingly,
the FFs have exhibited the highest concentration (65.1 *
70.6 ng/ml; mean £ SD) of sHLA-G recently reported in
the analysis of biologic fluids, with a mean value twice

higher than plasma samples of healthy subjects (38.6 *
5.0 ng/ml) [34]. Moreover, the specific ELISA performed
in FFs for the detection of sHLA-GL and HLA-G5
molecules has demonstrated the presence of both iso-
forms, with a percentage of 920% for sHLA-G1 molecules
and 10% of HLA-GS isoform. Concentrated follicular
fluids (FF) and early embryos culture supernarants
(EMB), defined positive and negative for sHLA-G pres-
ence with ELISA analysis, have been analysed with West-
ern Blot technique. The MEM-G1 (sHLA-G1/HLA-GS5)
and SAG6GT (HLA-G5) MoAbs have been used. The
supernatants of 721.221G and HeLa-G5 cells have been
used as controls. Briefly, concentrated and albumin de-
pleted FFs and early embryos supernatants have been
loaded on 8% sodium dodecyl sulfate (SDS)- polyacryl-
amide gel, electrophoresed at 80 V for 2 hours and
blotted onto polyvinylidene difluoride (PVDF) mem-
brane (Immobilon-P, Millipore, Billerica, MA, USA) by
electrotransfer at 100 V for 45 minutes in 25 mM TRIS
buffer, 190 mM glycine, 2% SDS, and 20% (vol/vol)
methanol. Blocking was carried out with 5% nonfat dry
milk, TRIS 100 mM pH 7.5, NaCl 150 mM overnight
at 4°C. After two washes, the membrane was incubated
with MEM-G1 or SA6G7 MoAbs (10 pg/ml) for 3 hours
at room temperature, with gentle shaking. The sHLA-G
molecules were detected using Protein-G HRP (BioRad,
Hercules, CA, USA) at dilution of 1:5000 in 10 mM
TRIS pH 8.0, 150 mM NaCl, and 0.1% Tween 20.
Reactions were developed by chemiluminescence with
SuperSignal enhanced chemiluminescence kit (SuperSig-
nal West Pico system, Pierce, Rockford, IL, USA) and
exposed to Hyperfilm ECL (Amersham Bioscience, Pis-
cataway, NJ, USA). The Western blot analysis has con-
firmed the presence of these two sHLA-G isoforms in FEs
and only of sSHLA-G1 in embryo supernatants (Figure 1).

To investigate the possible functional significance of
sHLA-G1/HLA-G5 molecules in FFs, we have related
their presence to the sHLA-G production in four- to
eight-cell early embryos obrained with the fercilization of
the corresponding oocyte.

Preliminary results relative to the analysis of 50 FFs
and of the corresponding embryos have demonstrated a
significant relationship between the presence of sHLA-G
in FFs and the embryos’ production of sHLA-G (p = 1.3
% 107 Fisher exact test). The receiver operating char-
acteristic curve analysis has demonstrated a value of
sensitivity of 95.8% and a specificity of 69.2% [35].
These results could suggest the analysis of sHLA-G in
FFs as a reliable and noninvasive tool for oocyte selection
to obtain embryos with an elevated capacity to modulate
HLA-G expression.

A further interesting perspective is related to the
possible role of 14 base pair (bp) polymorphism at the 3’
untranslated region of the HLA-G gene in the regulation
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of HLA-G levels in early embryos. It is well known that
the production of HLA-G molecules is regulated by a
deletion/insertion polymorphism of a 14 bp sequence
located in exon 8 of the HLA-G gene {36]. Previous
investigations evidenced an increase of the T14/714 bp
genotype, characterized by instability of specific mRNA
[37] and reduced protein production {35] in recurrent
spontaneous abortion and unsuccessful IVF {381, and a
higher susceptibility to autoimmune diseases (Rizzo R,
Hvidd TVEF, Rubini M et al., 2006, unpublished). More-
over, a pharmacogenetic role for the HLA-G 14 bp
genotypes was demonstrated in the methotrexate therapy
of rheumatoid arthritis {39]. Taking into consideration
the importance of maternal mRNA in the expression of
HLA-G molecules during the 72 hours after fertilization,
further investigations could be proposed on the HLA-G
14 bp polymorphism distribution and the presence of the
sHLA-G molecules in FFs.

Finally, it is worth noting that apoptosis seems to be
one of the major biologic events in the ovary and that
HLA-G molecules are characterized by a proapoptotic ca-
pacity. Previous reports clearly demonstrated the apoptortic
capacities of sHLA-G1 molecules against T CD8" cells
[40, 41]. On the opposite, a recent paper by Le Rond er a.
demonstrated that HLA-G5 molecules can induce toler-
ance via nonapoptotic mechanisms in allograft response
with the induction of immunosuppressive/regulatory T
cells [421. The detection of both HLA-GS and sHLA-G1
molecules in FFs could propose further investigations on
the possible differences in the functional role of these two
isoforms in chis microenvironment.
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Abstract

Currently, different approaches are used to select oocytes for in vitre fertilization (IVF) procedures, but they do not assure a
significant association with the pregnancy outcome.

Since several studies have proposed the expression of HLA-G antigens in early embryos to be a possible marker of elevated
implantation rate, we have investigated the presence of seluble HLA-G molecules in 50 fellicular fluids (FFs). The resulls have
shown soluble HLA-G antigens (sHLA-G) in 19/50 (38%) FFs. Furthermore, we have related the presence of sHLA-G molecules
in FFs to detection of the soluble antigens in culture supernatants of the corresponding fertilized oocyte. evidencing a significant
relationship (p= 1.3 % 107°; Fisher exact p-test). Specific ELISA and Western blot approaches identified both HLA-GS5 and soluble
HLA-G 1 molecules in FFs while immunocytochemical analysis indicated polymorphonuclear-like and granulosa cells as responsible
for production of sHLA-G1 and HLA-GS molecules. In contrast, only sHLA-G1 antigens were detected in culture supernatants of
ferfilized oocytes.

Overall, these results suggest a role for sHLA-G molecules in the ovulatory process and propose the FFs analysis for sHLA-G
molecule presence as a useful tool for cocyte selection in IVF.

@ 2007 Elsevier Ireland Lid. All rights reserved.
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1. Introduction embryos from in vitro fertilization (IVF) procedures

can secrete soluble HLA-G antigens (SHLA-G) into the

Our previous results (Fuzzi et al., 2002; Noci et al.,
2005), confirmed by following observations (Sher et al.,
2004, 2005a,b; Yie et al., 2005), demonstrated that early
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Wia L. Borsari, 46 44100 Ferrara. Italy. Tel.: 439 0532 291 383;
fax: +39 0532 291380

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

culture supernatants. Detection was performed by spe-
cific Enzyme-Linked ImmunoSorbent Assay (ELISA).
Screening of 4-8 cell-stage embryo supernatants for
sHLA-G molecules provides a reliable tool for the selec-
tion of embryos to transfer with an elevated chance of
a positive pregnancy outcome. Furthermore, since the
most common complication of in vifre fertilization pro-
cedures (IVF) is multiple pregnancies, the selection and
the reduction of transferred embryos could be interest-
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ing. Nowadays, Italian legislation has promulgated new
rules on medical assisted procreation (Law 40/2004),
with a mandatory limit to produce and reimplant no more
than three embryos. For this, the proposed screening for
embryo selection has lost any functional implication in
our country.

Several evidences suggest that transcription is
silenced in the first phases of embryo development
(Tesarik etal.. 1986; Braudeetal., 1988). This could sup-
port the possible pivotal role of maternal mRNAs in the
production of sHLA-G molecules by early embryos rein-
forcing the importance of oocytes in the positive outcome
of pregnancy, because they are the ‘keeper” of mater-
nal mRNAs. Currently, oocyte selection is performed
on morphological parameters, without a clear associ-
ation with a positive pregnancy outcome (Coticchio
ef al., 2004). Contrasting results were reported previ-
ously on classical and non-classical HLA class [antigen
expression by oocytes. Dohr et al. (1987) and Desoye
et al. (1988) failed to detect HLA class 1 (HLA-I)
molecule expression in oocytes by immunohistochem-
ical approaches, whereas Roberts et al. (1992) proposed
HLA-I modulation in at least a percentage of cocytes.
Furthermore, Jurisicovaet al. (1996a.h)evidenced HLA-
G mRNA expression inunfertilized oocytes while, in our
previous study, we excluded the presence of sHLA-G
molecules in the supernatants from unfertilized oocytes
following 48-72 h cultures (Fuzzi et al., 2002). Taking
into consideration these contrasting data, we focussed
our attention on sHLA-G molecules in the follicular
fluids (FFs). As is known. follicle activation is con-
trolled by fine tuning of inhibitory and stimulatory
soluble factors (Dorrington et al., 1987) and FFs rep-
resent an essential and specific microenvironment for
regulation of ovarian function (Mendoza et al., 2002).
Moreover, a possible relationship has been proposed
between specific FF components and I'VF outcome (Baka
and Malamitsi-Puchner, 2006). For this. we hypothe-
sized ocyte selection related to the presence of sHLA-G
in FFs.

We have investigated the presence of sHLA-G anti-
gens in 50 FFs, where we detected both sHLA-GI and
HLA-G5 molecules in a percentage of samples. The
presence of sHLA-G molecules in FFs was related to
the secretion of sHLA-G molecules by the correspond-
ing fertilized oocyte, showing a significant correlation.
ELISA and Western blotting analysis. performed with
monoclonal antibodies (MoAbs) specific for HLA-GI
and HLA-G5 molecules. identified the different isoforms
present in FFs and fertilized oocyte supernatants. Fur-
thermore, the immunocytochemical approach detected
the cell phenotypes responsible for production of HLA-
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G isoforms in FFs. Finally, we have developed anew flow
cytometric assay for rapid evaluation of sHLA-G levels
in the hypothesis of a possible diagnostic utilization of
the sHLA-G antigen research in FFs,

2. Material and methods
2.1. Patients

The study was performed on a group of infertile
patients who underwent an IVF or intracytoplasmic
sperm injection (ICSI) procedure at the Department of
Gynecology, Perinatology and Reproductive Medicine
University of Florence. Only one cycle, and from
one to three FFs/fertilized oocytes per couple were
considered. Following these criteria, 38 couples were
recruited for the study (19 IVE 19 ICSI). All patients
received a similar stimulation regimen. Ovarian stimu-
lation was induced with a recombinant FSH (Gonal F,
Serono Industrie Farmaceutiche, Rome, [taly, or Pure-
gon, Organon Italia, Milan, Italy) protocol starting from
the 3rd to 5th day of the cycle after pituitary down-
regulation with 0.1 mg/day triptorelin or 0.2 ml/day
leuproulin (Decapeptyl 0.1, Ipsen, Milan, Italy: Enan-
tone die, Takeda [talia, Rome, Italy) for 68 days prior to
the expected period. Complete pituitary desensitization
was confirmed by both low plasma estradiol <50 pg/ml
and ultrasound examination to exclude ovarian cysts and
verify that endometrial thickness was <5 mm. 10.000UI
human chorionic gonadotrophin (hCG; Gonasi HP,
Amsa, Milan, Italy: or, Ovitrelle, Serono Industrie Far-
maceutiche, Rome, Italy) was administered when at least
two folliclesexceeded 17 mm in diameter. Qocyte recov-
ery was performed by transvaginal ultrasound guidance
and local analgesia 36 h after hC'G administration. Luteal
phase was supported with natural progesterone in oil,
50 mg/day (Prontogest f 100 mg, Amsa, Florence, [taly)
or vaginally 200 mg » 2 (Prometrium: Rottapharm SpA.,
Milan, Italy) from the day of oocyte recovery. Embryo
transfer was performed on the 3rd day post-oocyte col-
lection. A single serum beta-hCG measurement was
performed 12 days after embryo transfer. Collected
oocytes were cultured in a four-well multidish (Nunc,
Roskilde, Denmark) with 600 pl of culture medium (IVF
or M3: Medi Cult, Jyllinge. Denmark). Each well con-
tained only one oocyte. IVF or ICSI techniques were
used for insemination. Oocyte fertilization was observed
16-18h after insemination under an inverted micro-
scope (TM/300, Nikon, Japan), the fertilization rate (FR)
was calculated and the zygotes were transferred into
fresh medium. Embryo morphology was evaluated after
48 h, the embryos were scored and transferred into fresh
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mediumuntil the transfer in uterus the day after. Embryos
were evaluated for the number of blastomeres, regularity
orirregularity of blastomeres and fragmentation percent-
age. Each of these parameters was scored and the sum
of them gave embryo quality (Noci et al., 2005). The
embryos analysed scored from grade A to C (data not
shown). At48 hfrom fertilization, 550 pl of supernatants
were collected from each human fertilized oocyte culture
and stored at —20°C until being tested for the presence
of sHLA-G.

2.2. Follicular fiuids

Individual FF samples were collected during oocyte
retrieval from 50 follicles of 38 women (mean age:
333444 years: mean£S5.D.; range 26-41 vears)
undergoing controlled ovarian hyperstimulation. FFs
were centrifuged at 300 > g for 10 min. The follicles had
a mean diameter of 18.9 4+ 1.9 mm (range 15-24 mm).
The FFs included in this study were non-haemorrhagic
and not contaminated with flushing medium. The clari-
fied supernatants were stored in aliquots at —20°C until
sHLA-G concentrations were determined. The remain-
ing cells were washed twice with PBS and used for
immuncytochemical analysis. Giemsa stain (Enien et al..
1998) (data not shown) permitted identification of three
cell types in FF: polymorphonuclear-like cells, large
epithelial cells and granulosa cells.

2.3. sHLA-GI/HLA-G5 ELISA

sHLA-GI1. obtained from the proteolytic cleavage
of membrane-bound HLA-G1, and HLA-G3, gener-
ated by mRNA altemative splicing, were assayed in
fertilized oocyte culture supernatants and in FFs, in
triplicate as reported in Essen Workshop on sHLA-G
quantification (Rebmann et al., 2005) using as cap-
ture antibody the MoAb MEM-GY9 (Exbio, Prague,
Czech Republic) which recognizes the HLA-G molecule
in beta2-microglobulin-associated form at the con-
centration of 20pg/ml. As detection antibody, an
anti-betaymicroglobulin MoAb-HRP conjugated was
used (Dako, Glostrup, Denmark). HeLa cell wild-type
culture supernatants were used as negative control,
and transfected HeLa-G5 cell (kindly provided by
Prof. E. Weiss, Institut fur Anthropologie und Genetik,
LMU, Munchen, Germany) as positive control. They
were cultured in CD hybridoma AGt medium (Gibco,
Auckland, NZ) added with 1% FCS and antibiotics.
Culture supernatants were collected at cell confluence
and concentrated by lyophilization procedure. Follow-
ing depletion of albumin by the Albumin Depletion Kit

{Enchant Life Science kit; Pall Corporation, ML, USA),
purification of the sHLA-G proteins was carried out as
previously reported (Le Friec et al., 2003). The sHLA-G
molecules obtained were used as standards at different
dilutions.

The intra-assay coefficient of variation (CV) was
1.4%, and the inter-assay CV was 4.0%. The limit of
sensitivity was 1.0ng/ml. The detection limit was cal-
culated with repeated measurements of a blank and a
standard deviation being calculated, with the value of
lower limit of detection being 3.29 standard deviations
(S.D.) (Anderson, [989). In this case. there is only a 5%
chance of classifying a result in the wrong population
and the lower limit of detection sample determinations
are above this midway concentration with a probability
of the 95%.

2.4 HLA-GS ELISA

The specific ELISA for HLA-G3 isoform was per-
formed as previously reported (Rebmann et al., 2005)
with SA6GT as capture MoAb (Exbio, Prague, Czech
Republic) and biotinylated W6/32 (Dako, Glostrup,
Denmark) as detection MoAb, The fertilized oocyte
culture supernatants and FFs were analysed in trip-
licate as previously reported. Transfected HeLa-G5
cell (kindly provided by Prof. E. Weiss, Institut fur
Anthropologie und Genetik, LMU, Munchen, Germany)
culture supernatants, purified as described earlier (HLA-
G5/sHLA-G1 ELISA section), were used as standard.
The intra-assay coefficient of variation (CV) was 2.0%
and the inter-assay CV was 3.5%. The limit of sensitivity
was 1.0ng/ml, calculated as previously reported.

2.5. Western blotting

The presence of HLA-G molecules in FFs and
48h fertilized oocyte supernatants were analysed
by denaturating SDS-PAGE in a group of ELISA
sHLA-G-positive samples. Briefly, 10x concentrated
and albumin-depleted FF and 100x concentrated and
albumin- depleted pooled fertilized oocyte supernatants
were loaded on 109% SDS-polyacrylamide gel, elec-
trophoresed at 80V for 2h and blotted onto PVDF
membrane (Immobilon-F, Millipore, Billerica, MA.,
USA) by electrotransfer at 100V for 45 min in 25 mM
Tris buffer, 190mM glycine. 2% SDS and 20% (v/v)
methanol. Blocking was carried out with 5% non-fat dry
milk, Tris 100mM, pH7.5, NaCl 150 mM overnight at
4°C, After two washes, the membrane was incubated
with MEM-G1 or 5A6GT7 moAbs (10 pg/ml) for 3h
at room temperature with gentle shaking. The sHLA-G
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molecules were detected using Protein-G HRP (BioRad,
Hercules, CA, USA) at dilution of 1:5000 in 10 mM
Tris pH8.0, 150mM NaCl, 0.1% Tween 20. Reactions
were developed by chemiluminescence with SuperSig-
nal enhanced chemiluminescence kit (SuperSignal West
Pico system; Pierce, Rockford, IL, U5SA) and exposed
to Hyperfilm ECL (Amersham Bioscience. Piscataway,
UK). Transfected 721.221-HLA-GI and HeLa-G3 cell
culture supernatants, purified as described earlier (HLA-
G5/SHLA-G1 ELISA section), were used as positive
control, and HeLa wild-type cell culture supernatants
as negative control. They were loaded with the same
sample concentration (10 ng). Molecular weights were
determined with the BenchMark (Invitrogen, CA, US)
pre-stained protein ladder (range 10-200 kDa).

2.6. Immunocytochemical HLA-G expression in
cells present in FF

fn sitw immunocytochemical analysis of HLA-G
expression was performed in cells from FFs by an alka-
line phosphatase anti-alkaline phosphatase (APAAP)
technique (Campioni et al., 2004). Briefly, cells collected
from FFs were washed in prewarmed Tris-buffered
saline (TBS) (pH 7.6), air-dried and fixed in acetone
and methanol (1:1) for 1 min. Cells were then incu-
bated for [0min with normal rabbit serum (Dako,
Glostrup, Denmark) and washed in TBS. The primary
MoAbs. anti-HLA-G MEM-G9 IgG1 or SA7G6 1gGl
(both Exbie, Prague, Czech Republic), were added at
a dilution of 1:100 followed by incubation with rab-
hit anti-mouse Ig (Dako Glestrup, Denmark), human
serum and APAAP complex at the dilution of 1:20 {Dako,
Glostrup, Denmark): a 30 min incubation period was
used for each step. Alkaline phosphatase substrate was
added, and the mixture incubated for 15 min, Samples
were washed in TBS, stained with hematoxylin, mounted
in permanent media, and examined by light microscopy
(Leitz, Germany). Samples were tested also with isotype-
matched irrelevant MoAbs (MoAbs to mouse IgGl,
IgG2a, IgM: Dako, Glostrup, Denmark) as negative con-
trols (Figs. 3b and 4b). Positive controls were performed
on lipopolysaccharide-activated monocytes (Rizzo et al.,
2005) (Figs. 3¢ and 4c).

2.7. Dynabeads M-280 Tosylactivated conjugation
with mAb MEM-G9

Dynabeads M-280 Tosylactivated (Dynal Biotech,
Oslo, Norway) were prepared according to the manu-
facturer’s recommendations. Briefly, the dynabeads were
incubated for 24 hat 37 °C with MEM-G9 MoAb (Exbio,
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Prague, Czech Republic), with a ratio of 107 dynabeads
to 3 pg mAb MEM-G9 MoAb. After several washes in
recommended buffers. the Dynabead-MEM-G? conju-
gates were stored in PBS, pH7.4 with 0.19% BSA and
0.02% sodium azide at 4°C.

2.8 Flow cytometry assay

Recently, CD45 has been proposed as a marker
to distinguish granulosa cells (CD45- negative) from
leukocytes (CD45-positive) (De Neubourg et al., 1996).
Nevertheless, we analysed granulosa cells by FACS on
the basis of their negativity for the leukocyte CD45 anti-
gen (CD45-APC moAb (BD PharMingen, San Jose, CA,
USA)). We identified only 0.5-1% of CD45-positive
cells (leukocytes), whereas the other cells were CD45-
negative (zranulosa cells) (data not shown).

The flow cytometry technique was used also to ana-
Iyze the presence of sHLA-G protein in FF. Transfected
HeLa-G5 cells culture supernatants were used as positive
control, and HeLa wild-type cells culture supernatants
as megative control. The FFs and cell culture super-
natants were incubated with 10° dynabeads—MEM-G9
conjugated for 1h at 37°C, then washed twice with
PBS and labeled with anti fzmicroglobulin-FITC MoAb
{Biodesign International, Saco, MN, USA) for 15 min at
room temperature, The flow cytometric assay was per-
formed on FACS Vantage (Becton Dickinson, San Jose,
CA, USA) using standard settings and data analysis per-
formed with Lysis software (Becton Dickinson).

2.9, Siatistics

Fisher's exact test was used to analyse the different
frequencies in sHLA-G positivities.

These statistical analysis were conducted using Stat
View software package (SAS Institute Inc., Cary, NC,
USA). p-value of <0.05 was considered significant (two-
tailed). The relationship between sHLA-G presence in
FFs and in fertilized oocyte cultures was investigated
with the Receiver Operating Characteristic (ROC) curve
{Zweig and Campbell, 1993) analysis (JROCFIT soft-
ware; John Hopkins University, Baltimore, MD, USA).

3. Results
3.1, Soluble HLA-G molecules in FFs

Soluble sHLA-G1/HLA-GS molecules were identi-
fied in 19 out of the 50 FFs investigated (38%). The
concentrations in positive FFs ranged from 12.8 to
162.0ng/ml, with a median value of 44.5 ng/ml.
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3.2, Soluble HLA-G molecules in fertilized oocyie
culiure supernatants

The presence of sHLA-GI/HLA-G5 isoforms was
investigated in the 30 culture supernatants of fertilized
cocytes. The results demonstrated sHLA-G1/HLA-GS
molecules in the culture supernatants of 26 (52%)
fertilized oocytescultures (median, 4.35ng/ml: range,
1.2-131.0 ng/ml) from sHLA-G1/HLA-GS3 positive and
negative FFs. However, 18 sHLA-G positive super-
natants correspond to the 19 sHLA-G positive FFs
(94.7%), whereas the other 8 sHLA-G positive super-
natants correspond to the 31 sHLA-G negative FFs
(258%)(p=1.3 x |D_6;FiShel’EKRCIP—EESE}{Fig. 1).No
differences were observed between the results obtained
from ICS1 and IVF fertilized oocytes.

3.3. Specific SHLA-G isoforms in FFs and fertilized
aocyle supernatants

3.3.1. ELISA test

The investigation performed with SA6G7 MoAb, spe-
cific for the HLA-GS3 isoform, showed positive reaction
in all 19 FFs positive for MEM-G9 MoAb. The con-

FFs
n=50

sHLA-G positive

n=19 (38.0%)
Range 12.8 — 162.0 ng/ml

sHLA-G negative

n=31(62.0%)

*p=1.3x 10% ; Fisher exact p test

-
\
o
T~

Table |
Frequencies and levels of sHLA-G1 and HLA-GS molecules in positive
FFs

FFs in =50) sHLA-GI FFsin=50) HLA-G5

Positive n=19(38%) Positive n=19(38%)
Median (ng/ml) 367 Median (ng/ml) 5.6
Range (ng/ml} 12.8-142.1 Range (ng/ml) 2.2-192

centration of HLA-G5 molecules ranged from 2.2 to
19.2 ng/ml, with a median value of 5.6ng/ml. HLA-G5
antigens were not detected in the 31 FFs negative for
MEM-G9 MoAb. The sHLA-G1 concentration was cal-
culated as the difference between sHLA-GI/HLA-GS
and HLA-GS5 levels (Table 1).

Moreover, the analysis of fertilized oocyte super-
natants indicated the presence of sHLA-GI1 molecules
(median, 4.35ng/ml: range, 1.2-13.1 ng/ml) since no
detectable HLA-GS5 antigens were observed (Table 2).

3.3.2. Western blotting analysis

The western blotting analysis performed on FFs
and 48 h fertilized oocyte culture supernatants positive
and negative for the presence of sHLA-GI/HLA-G5

FOs
n=50

sHLA-G positive
n=18 (94.7%)
Range 1.2-13.1ng/ml

sHLA-G negative*
n=1(53%)

sHLA-G positive®
n=8(25.8%)
Range 1.5-12.7ng/ml|

sHLA-G negative*
n=23(74.2%)

Fig. 1. Frequencies and levels of sHLA-GI/HLA-GS (sHLA-G) in fertilized cocyte culture supernatants (FOs) according to sHLA-G positive and

negative FFs,
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Table 2
Frequencies and levels of sHLA-G1 and HLA-G5 molecules in positive
fertilized oocyte culture supernatants (FOs)

FOs. 48k (n=350) sHLA-GI FOs, 48 h in=50) HLA-G5

Positive n=26(52.0%) Posilive n=0
Median (ng/ml) 4.4 Median (ng/ml)
Range (ng/ml) 1.2-13.1 Range (ng/ml)

molecules confirmed the ELISA results. Fig. 2a and
b show the detection of both sHLA-G1 and HLA-G5
molecules in FFs but only of sHLA-GI isoform in fer-
tilized oocyte culture supernatants (Fig. 2a), where no
HLA-G3 positivities were revealed (Fig. 2b).

(a) GI G5 FF1 FF2 FO1 FO2 Hela
kDa — o — - - —
w_
40_

T e e W S— ——

25—

(b) Gi G5 FF1 FF2 FO1 FO2 Hela
kDA e e S  — —
——
. -

50— .
40—

— ey B
25 .

—— Ay, e o -

Fig. 2. Western blot analysis of 10x concentrated FFs and 100 con-
centrated 48 h fertilized cocyte culture supernatants (FOs), probed
with {a) MEM-G1 or (b) SA6GT MoAbs, sHLA-G was revealed at
37 kDa. Samples were loaded with the same soluble HLA-G concen-
tration {1 ng/jul) previously determined by ELISA test. The molecular
weights were determined with the BenchMark (Invitrogen. CA, US)
pre-stained protein ladder (range 10-200kDa). Transfected 721.221-
HLA-G1 (G1) and Hela-G5 (G5) cell culture supematants were used
as positive control, and Hela cell colture supernatants (HELA) as
negative control.
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Fig. 3. (a) Immunocytochemical analysis of FF cells with 3A6G7
MoAb. Black arrows indicate positive granulosa cells. (b) Negative
controls with isotype-matched non-relevant MoAb (mouse IgG1). (¢)
Positive control with HeLa HLA-GS transfected cells.

3.3.3. Receiver Operating Characteristic (ROC)

The sHLA-G1/HLA-GS5 presence in FFs could be
considered a prognostic marker of the ability of fer-
tilized oocytes to produce sHLA-G1 molecules with a
sensitivity of 95.8% and a specificity of 69.2%.

3.3.4. Immunocyiochemical HLA-G expression in
FF cells

Immunocytochemical investigation showed the pres-
ence in FFs of different cell phenotypes, granulosa
cells, polymorphonuclear-like and large epithelial cells
in FFs, as previously evidenced by De Neubourg
et al. (1996). The immunostaining performed with
5A6GT MoAb, specific for HLA-GS5 isoform. showed
a positive result in granulosa cells (Fig. 3a), while
significant reactivity of both pelymorphonuclear-
like cells and granulosa cells was obtained with

Fig. 4. (a) Immunocytochemical analysis of FF cells with MEM-G9
MoAb. Black arrows indicate positive polymorphonuclear-like cells;
white arrows indicate positive granulosa cells. (h) Negative controls
with isotype-maiched non-relevant MoAb (mouse [gG1). (c) Positive
control with JEG3 cells.
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Fig. 5. (a) Flow cytometry analysis of HeLa cell culture supernatants (empty area) and transfected HeLa-G35 cells culture supematants (dark area).
(b1 Flow eytometry analysis of FFs with different sHLA-G concentrations, accordingly to ELISA test (dark area). sHLA-G-negative FFs were used
as negative controls (empty area). The cell culture supernatants and the FFs (200 ) were incubated with 10° dynabeads-MEM-G9 conjugates and
labeled with-anti B2 microglobulin-FITC MoAb. The detection limit of this assay was 3.0 ng/m] sHLA-G. according to ELISA results.

MEM-G9 MoAb (Fig. 4a). These results suggest 3.4. Flow cyiometry assay
granulosa cells as responsible for the production of

the HLA-G5 isoform and the polymorphonuclear- The results obtained with the flow cytometric assay
like poepulation could be a producer of sHLA-GI proposed this technique as a reliable and rapid procedure
molecules. for investigation of soluble HLA-G molecules in FFs.
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The comparison of the detection limits reported in
ELISA and in the flow cytometry assay evidenced a
limit of sensitivity for the flow cytometry procedure of
3.0 ng/ml (Fig. 5a). The intra-assay coefficient of varia-
tion (CV) was 2.5%, and the inter-assay CV was 3.0%.

The analysis of FFs failed to detect sHLA-G
molecules in 2/19 (10.5%) FFs, that showed a positivity
under 3.0ng/ml in the ELISA technique (Fig. 5b).

4. Discussion

Currently, intracytoplasmic and extracytoplasmic
morphology are the main parameters used in non-
invasive oocyte selection in IVE but few lines of
evidence have been obtained on a significant association
with the pregnancy outcome (Coticchio et al., 2004).

Considering the importance of HLA-G molecules in
human reproduction and the possible role of maternal
mRNA in the expression of these molecules by early
embryos, we investigated the presence of sHLA-G anti-
gens in FFs. The results have demonstrated, sHLA-G
molecules in a percentage of the FFs examined. Inter-
estingly. soluble antigens in FFs showed the highest
concentration since now observed in human biological
fluids. The mean value of soluble antigens in posi-
tive specimens (65.1 £70.6 ng/ml; mean45.D.) was
twice higher than in plasma samples (38.6 £ 5.0 ng/ml)
(Rudstein-Svetlicky et al., 2006). These elevated concen-
trations suggest a functional role for HLA-G molecules
in pregnancy, not only in post-fertilization mechanisms
but also during ovulation. Moreover, ELISA and Western
blotting procedures revealed the presence of two solu-
ble HLA-G isoforms in FFs: sHLA-GI obtained from
shedding and/or proteolytic cleavage of the membrane-
bound HLA-GI molecules, and HLA-G3 produced by
alternative splicing mechanisms. We compared the qual-
itative and quantitative presence of these two isoforms
in the 19 positive FFs, with a ratio of about 6:1 for
SHLA-G1 isoform concentration (median: 36.7 ng/ml,
range: 12.8-142.1 ng/ml) in comparison to HLA-G5 lev-
els (median: 5.6ng/ml; range: 2.2-9.2ng/ml). It is of
note that we observed only the concurrent presence in
FFs of these two isoforms and not only a single isoform.
These results suggest nonspecific activation mediated by
the follicular microenvironment in different cell pheno-
types which produce HLA-G molecules.

To identify the precise nature of these cells, we per-
formed an immunocytochemical analysis with specific
MoAbs. The results indicated granulosa cells as producer
of the HLA-GS3 isoform and the presence of membrane-
bound HLA-G1 molecules in polymorphonuclear-like
cells could be responsible for the sHLA-G1 production,

but further experiments should be necessary to validate
this hypothesis and obtain a more precise cell pheno-
type definition. As known, granulosa cells are steroid
producers that surround the oocyte as an avascular com-
partment (Nottola etal., 2006). Since ithas been reported
that progesterone can enhance HLA-G expression in
cytothrophoblasts (Yie et al., 2006), the production of
the HLA-G5 isoform by granulosa cells could be simi-
larly related to steroid activity. Moreover. granulosa cells
from normal women have been reported as positive for
MHC class 1 and IT expression and an increased MHC
class IT antigen modulation, responsible for activation
of the immune response, was observed in patients with
autoimmune ovarian failure (Hill et al., 1990). The pro-
duction of HLA-GS5 molecules demonstrated in our study
could represent an inhibitory mechanism against the pos-
sible development of an autoimmune response that may
strongly modify the cytokine balance of the follicular
microenvironment.

Moreover, our data demonstrated the presence
of polymorphonuclear-like cells expressing/secreting
HLA-G1 molecules in FFs. Ovulation is characterized
by an inflammatory-like process (Zolti et al., 1991
Machelon and Emilie, 1997) with the presence of
polymorphonuclear cells in the ovary (Smith et al.,
2005). These cells are related (o different immuno-
logical functions in the female reproductive tissue,
and the HLA-G1 presence in FFs could be related
to angiogenic functions of polymorphonuclear cells
(Brannstrom and Enskog, 2002). It has been reported
that the enhancement of vascular activity in the cor-
pus luteum is regulated by secretion of different growth
factors and soluble molecules (Kaczmarek et al., 2003)
and HLA-G molecules have demonstrated an angio-
genic activity (Blaschitz et al., 1997; Le Bouteiller et
al., 2003). The production of HLA-G molecules by
polymorphonuclear-like cells could be influenced by the
follicular microenvironment that might enhance specific
pathways of expression.

Recently. an interesting discussion has tried to define
the precise nature of the sHLA-G isoforms detected in
the culture supernatants of early embryos (Yao et al.,
2005). In the last years, a large percentage of ELISA
investigations used MEM-G9 MoAb that recognizes
both sHLA-G1 and HLA-G5 molecules. A recent study
by Yao et al. (2005) demonstrated the absence of spe-
cific HLA-G5 mRNA in early embryos with a positive
immunostaining with MEM-G9 MoAb that recognizes
both isoforms. For this, the sHLA-G molecules detected
in the supernatants of fertilized oocyte cultures should
originate by shedding or cleavage of the membrane-
bound HLA-G isoform. To confirm this suggestion, we
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investigated with the SA6GT7 MoAb, specific for HLA-
G5 molecules, the isoforms produced by the fertilized
oocyte culture supernatants. The results obtained with
ELISA and Western blotting procedures confirmed the
presence of sHLA-G1 molecules, but not of HLA-G3
antigens.

To assess the possible role of sHLA-G molecules
in FFs in relation to the oocyte functional capacities,
we analysed further the association between the data
obtained in FFs and the presence of sHLA-G1 molecules
in the culture supernatants of the corresponding fertilized
oocyte. We observed a significant correlation between
sHLA-G molecule presence in the FF and sHLA-GI
secretion by fertilized oocyte. The receiver-operating
characteristics (ROC) analysis suggested a sensitivity of
95.8% and a specificity of 69.2% for the presence of
sHLA-G in FF in relation to sHLA-G1 expression by
fertilized oocyte.

The correlation between the presence of sHLA-G
molecules in fertilized oocyte supernatant and FF pro-
poses a functional role for sHLA-G expression in the
ovary compartment that leads to sHLA-G secreting
embryos with a higher probability. The exact cause of
this correlation is unknown, but it suggests the investi-
gation of sSHLA-G melecules in FF as a useful tool for
the selection of oocytes with an increased capacity
express HLA-G antigens.

Until now, the detection of sHLA-G molecules in fer-
tilized oocyte culture supernatants has been performed
by ELISA techniques that normally require 5-6 h, while
oocyte fertilization should occur within 3-3h from the
follicle collection. To overcome this problem, we gen-
erated a new flow cytometric assay that can detect the
presence of SHLA-G molecules in FFs within 60 min.
This assay failed to reveal sHLA-G molecules in 2/19
(10.5%) FFs that showed a positivite labelling below
3.0ng/ml according to the ELISA technique.

It is well known that oocytes selection represents
a fundamental step in the IVF procedure. We have
identified the presence of SHLA-G molecules in FFs,
propesing a biological role for HLA-G molecules in the
complex mechanism of the ovulatory process. Although
complete validation is required in a larger number
of FF/oocyte combinations, the significant relationship
between HLA-G presence in FFs and sSHLA-G1 produc-
tion by fertilized oocytes could propose investigation of
FFsas a useful tool for oocyte selection in IVE.
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Abstract: HLA-G antigens are non classical HLA-class I molecules characterized by a low allelic polymorphism, a lim-
ited tissue distribution and the presence of membrane bound and soluble isoforms. The HLA-G antigens were firstly de-
tected 1n cytotrophoblast cells at the feto-maternal interface where they mamtain a tolerogenic status between the mother
and the semuallogenic fetus. Recently a variable expression of HLA-G molecules has been documented in several auto-
immune diseases, viral infections, cancer diseases and transplantation. Overall the presence of HLA-G molecules i both
membranes bound and soluble 1soforms was associated with tolerogenic functions against mnnate and adaptatrve cellular
responses. HLA-G antigens are able to affect the cytotoxicity of natural killer and CD8+ T cells, CD4+ T lymphocyte
functions and dendnitic cell maturation.

In addition to the allelic polymorphism the HLA-G gene shows a deletion/insertion polymorphism of a 14 base pairs se-
quence (14bp) in the exon § at the 37 untranslated region. Several reports have associated the presence of the 14bp mser-
tion allele (+14bp) to an unstable mRNA and a lower sHLA-G protein production, suggesting a different ability to coun-
teract inflammation between genotypes

We reviewed the literature on the expression of HLA-G antigens in autoimmune and allergic diseases and the possible
functional role of these molecules in counteracting inflammation.

Keywards: HLA-G. inflammation. autoimmunity, immune response, genetic polymorphism.

The first report on the specific role of Human Leukocyte
Antigens (HLA) 1n mducing the susceptibility to affections,
such as Hodgkin's disease, was reported by Amiel JC. and
coauthors m 1967 [1]. In the following vears several studies
identified hundreds of classical HLA class I and class II
haplotypes behaving as genetic markers of different disor-
ders [2, 3]. HLA determmants might be directly mvolved in
the etiopathogenesis of the disease or could be only a marker
of a disease gene, characterized by strong linkage disequilib-
rium with the HLA loci [4]. Recently 1t has been demon-
strated that the HLA-G antigen, a new human MHC mole-
cule, has a direct implication m the development/mam-
tenance of autoimmune and mflammatory conditions [3].
These structures are currently defined as non classical HLA-
class [ antigens since they differ from classical HLA- A, B
and C molecules for a reduced polymorphism and a re-
stricted tissue distribution (Fig. 1). HLA-G antigens, as the
classical HLA-class [ molecules, are peptide presenting het-
erodimeric glycoproteins non-covalently associated with p2-
microglobulin. The allelic polymorphisms, located in exons
2,3 and 4, characterize 30 alleles and one “null allele” [6]. A
peculiar mRNA alternative splicing mechanism generates
eight proteic 1soforms, four membrane bound (HLA-GI to -
G4) and three soluble (HLA-G5 to -G7) [7] (Fig. 2). The
membrane bound HLA-GI1, its soluble counterpart HLA-G5
and the soluble HLA-GI1 isoform, produced by the prote-
olytic release of the membrane bound HLA-GI1 [8] are the
most expressed isoforms with a clear biological function.
The HLA-G1 and HLA-G5 structures are characterized
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by three heavy chain domains, differently from the other
1soforms which lack one or more globular domains

A further polymorphism, characterized by the wmser-
tion/deletion of a 14 base pair sequence (14bp), has been
recently detected in the exon § at the 37 untranslated region
(UTR) of the gene [9,10]. The presence of the 14bp mnsertion
was associated with mRNA instability and consequently a
reduced production of HLA-G molecules [11-13] (Fig. 3).

The expression of HLA-G antigens was firstly described
in trophaoblast cells [14]. It is known that the placental thro-
phoblast cells lack classical HLA-T and II antigens expres-
sion in order to avoid maternal immune response. However
this deficiency of HLA expression activates natural killer
(NK) cell lysis of target cells. Several “in vitro™ studies have
demonstrated the ability of HLA-G molecules, i both mem-
brane and soluble isoforms. to preserve target cells, lacking
classical HLA-class I antigens, from NK cell mediated cy-
tolysis [13-19].

The molecular mechanisms that regulate HLA-G tolero-
genic and anti-inflammatory functions have been reviewed
by Carosella et al 2008 [3]. HLA-G molecules can display
mnhibitory functions against NK, T lymphocytes and antigen
presenting cells by the direct binding of ILT-2
(LILRB1/CD85]), ILT-4 (LILRB2/CD85d) and KIR2DL4
(CD158d) receptors (20-24). These receptors produce an
mhibitory signal that interferes with cellular activation. The
mteraction between soluble HLA-G isoforms and the CD8
receptor has shown to induce apoptosis in T cells by a Fas
ligand/Fas mediated mechanism [25].

Membrane bound HLA-G molecules were 1dentified i a
restricted number of tissues in normal conditions, such as
thymus, cornea, nail matrix, pancreas and erythroid and en-

© 2008 Bentham Science Publishers Ltd.
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Fig. (1). Map of the human MHC on chromosome 6p21. Class I and class Il HLA genes are shown in defail. Classical class I HLA genes
are shown as blackened rectangles: non classical class THLA genes are shown as gray-shaded rectangles.

dothelial precursors [26-28]. By means of a specific enzyme
immunosorbent assay (ELISA). detectable amounts of solu-
ble HLA-G molecules were identified in the serum/plasma of
a percentage of healthy subjects [29]. The perspheral blood
CD14+ monocyte cells were reported as the main producer
of these circulating molecules following bacterial lipopoly-
saccharide (LPS) activation and interleukin. interferon and
hormone up-modulation [13. 30].

Overall HLA-G molecules are able to generate. by direct
or mdirect mechanisms, an anti-inflammatory Th2 microen-
vironment, fundamental for a positive pregnancy ouicome
[31). Recently the HLA-G molecules were associated with

the induction of immunosuppressive regulatory T cell and to
angiogenetic events [32-36].

The clearly tolerogenic  and  anti-
mnflammatory functions mediated by membrane bound and
soluble HLA-G molecules have been analyzed in different
physiological and pathological conditions. HLA-G expres-
ston and modified HLA-G serum/plasma levels were found
in pregnancy [37. 38]. viral mfection [39-42]. cancer [43-
48], transplantions [49-32] and autoimmune diseases [33,
34]. A further confirm of the functional role of HLA-G
molecules 1 mediating tolerance has been recently provided
by Feger [33]. The authors have idenufied a novel CD23 and

demonstrated
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al a2 ““3 . 3 UTR
Exon Exon Exon / Exon Exon Exon Exon Exon
1 2 3 5 6 7

S ATTTGTTCATGCCT-3’

Fig. (2). Organization of the HLA-G gene. Axons and the corresponding protem domains are shown in detail. The nucleotide sequence of
the 14 base pawr (14bp) insertion/deletion polymorphism located m the 3" untranslated region of the exon 8 1s shown.
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sponding membrane-bound HLA-G1. -G2 and -G3 1soforms but they lack the transmembrane domaim.

FOXP3 negative regulatory T cell subpopulation with potent
suppressive properties that are partially mediated by HLA-G.

A potential role for HLA-G molecules has been recently
proposed in the cotransplantation of bone marrow mesen-
chymal stromal cells (MSCs) during allogeneic hema-
topoietic stem cell transplant. MSCs can counteract the graft-
versus-host disease that represents the most frequent and
severe complication in allogeneic hematopoietic stem cell
transplantation. Although different mechamisms seem to be
wmvolved i the ability of MSCSs to down-modulate the lym-
phoproliferaive response to mitogen and alloantigens. three
different reports have demonstrated the primary role of
HLA-G molecules i this mnhibitory function [34, 35-57].

Since the first report by Koller BH. in 1989 [38]. about
one thousand papers have analyzed the functional role of
HLA-G molecules m pregnancy, cancer, viral mfection,
transplantation and avtoimmune disease. This review will
focus on the current knowledge on HLA-G modulation and
susceptibility/maintenance of mflammatory condition.

HLA-G AND SKIN

The first observation on HLA-G expression in skin was
reported by Aractingi mn 2001 [39]. The authors identified
the specific mRNAs for HLA-G1 and HLA-G5 isoforms in
lesional skin specimens from psoriatic patients. Furthermore.
using HLA-G specific monoclonal antibodies. they detected
the presence of HLA-G molecules m the psoriatic sections
but not i healthy subject samples. The presence of ITL2
natural killer receptor in psoriatic skin. as well as the detec-
tion of HLA-G antigens, proposed HLA-G modulation as a
mechanism to counteract mnfiltrating T cells. In the same vear
Khosrotehrani [60] identified HLA-G antigen expression in
biopsies from atopic dermatitis patients. In atopic dermatitis,
such as m psoriasis, the presence of HLA-G positive cells in
dermal infiltrates supports the hypothesis of an ann-
mflammatory role of HLA-G antigens with a possible sig-
nificant relevance in a favourable disease prognosis [61]. As
previously reported, different studies have demonstrated the
potential anti-inflammatory role of HLA-G 14bp polymor-

phism in regulating the quantitative production of HLA-G
molecules [12. 62]. Gazit [63. 64] investigated the 14bp
genotype distribution m Jewish patients affected by pemphi-
gus vulgaris (PV) and 1n healthy subjects in order to analyze
the possible association between 14bp genotypes and disease
susceptibility. The comparison between the two groups dem-
onstrated an increase of the deletion variant (-14bp) m PV
patients. Consequently the authors proposed a relationship
between HLA-G and disease due to the affection of NK and
T cell cytotoxicity with a possible mvolvement m the im-
mune response at the basis of this pathology. More recently
Yar1 [65] confirmed. in PV, the modulation of HLA-G mole-
cules at transcriptional and translational levels. In addition
the patterns of HLA-G expression revealed a reduced HLA-
G2 and an increased HLA-GI1 transcription m epidermal
cells of PV patients when compared to normal cells.
Urosevic [66] summarnzed the data obtained by several stud-
tes on HLA-G modulation in skin cancer and mflammatory
dermatoses such as psorasis and atopic dermatitis. Overall
the author proposed a dual expression of HLA-G molecules
in skin that mediates immunosuppression and cancer devel-
opment or nduces stimulatory mechanisms responsible for
inflammatory skin diseases. However the real effect of HLA-
G molecules on disease development 1s stll unknown.

HLA-G AND NERVOUS SYSTEM

The HLA-G expression in the central nervous system
(CNS) was firstly reported by Mater S. in 1999 [67]. The
authors detected HLA-G transcripts m bramn cells and in
glioma cell lines, defining the relationship between HLA-G
expression and cancer immune surveillance i CNS [68-70].
In 2007. Wiend] [71] reviewed the data on HLA-G expres-
sion 1 different neurological disorders with autoimmune,
infectious, and neoplastic origins. HLA-G molecules seem to
represent an inducible factor that could maintain an anti-
inflammatory milien 1 the CNS. The mamn paradigm of
knowledge of HLA-G antigen tolerogemec role m CNS was
obtained on Multiple Sclerosis (MS). the prototypic autoim-
mune mflammatory disorder of this anatomic district. In
2003 Famardi [72]. using a specific ELISA technique, re-
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ported the first evidence of soluble HLA-G (sHLA-G) mole-
cule presence in the cerebrospinal fluid (CSF) of MS pa-
tients. The results showed an mcreased HLA-G molecule
mean level in the CSF of MS patients when compared to
other inflammatory and non-inflammatory neurological dis-
orders. Similarly, IL-10 cytokine, the main HLA-G up-
modulator, presented higher levels i the CSF of M$S pa-
tients. In a further paper the same authors demonstrated a
link between intrathecal HLA-G synthesis and the magnetic
resonance mmaging (MRI) results of disease activity [73].
These data proposed a CSF-restricted release of sHLA-G
during clinically MRI stable MS$ confirming the anti-
mflammatory functions of the HLA-G molecules and their
protective role in counteracting the inflammatory conditions
which characterize MS. These results suggested a balance
between classical sHLA-I and non-classical sHLA-G prod-
ucts modulating both MRI and clinical disease activity in
opposite directions. Fainardi [33] then identified the mamly
produced sHLA-G isoform in CSF. The authors demon-
strated the presence of HLA-G3 isoform in CSF of patients
with relapsing-remitting multiple sclerosis. In a recent study
[74]. they showed an inverse association between CSF levels
of soluble HLA-G and Fas molecules and the MRI evidence
of disease activity. Considering the well known role of
sHLA-G molecules 1n mducing CD8™ and NK cells apopto-
sis [ 73], these results proposed a link between CSF sHLA-G
levels and clinical conditions.

The cell types that can modulate HLA-G antigens i CNS
of MS patients were investigated by Wiendl [76]. HLA-G
immunoreactivity was observed in acute plaques, i chronic
active plaques. in perilesional areas as well as in white mat-
ter normal apparence. In all these areas microglial cells,
macrophages and part of the endothelial cells were identified
as the primary cellular source of expression. These results
propose a most complex relationship between HLA-G and
MS development. maintenance and therapy. As known inter-
feron-beta therapy represents one of the main therapeutic
protocols m MS.

In 2003, a report by Mitsdoerffer [77] showed that the
patients with relapsing remitting MS CDI14+ peripheral
blood monocytes have significantly lower HLA-G expres-
sion in comparison with healthy control subjects. However
both MS patients and healthy subjects showed a significant
HLA-G up-modulation after “in vitre” stimulation with In-
terferon-beta (IFN-beta), the leading immune-modulatory
agent used i MS treatment. The evaluation of HLA-G
mRNA levels in the monocytes of MS patients confirmed a
significant increase in HLA-G expression during IFN-beta
therapy, suggesting a clinical role of these molecules i MS
therapy.

The HLA-G expression was also analyzed in neural cells
following viral infections [78] by rabies virus or herpes sim-
plex virus type 1 [79]. The positive results remnforced the
hypothesis of HLA-G modulation as an escape mechanism
used by viruses against the cytotoxic CD® positive and NK
cell activities.

INFLAMMATORY MYOPATHIES

Wiendl H. and coauthors performed the analysis of HLA-
G expression and role i inflammatory myopathies. They
demonstrated the presence of HLA-G molecules in muscle
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fibers of different nflammatory myopathies [80]. They
showed the ability of HLA-G molecules to protect muscle
cells from immuno-mediated lysis in an i virre model of
human myablasts [81]. As HLA-G has an immunoinhibitory
function due to its interaction with cellular cytotoxic immune
effectors, this molecule represents an appealing self-derived
anti-inflammatory factor. These characteristics could sustain
its possible application in gene therapy, transplantation and
inflammation control [82].

HLA-G AND GASTROINTESTINAL DISEASES

The relationship between inflammatory condition and
HLA-G presence suggested the analysis of the expression of
this molecule in gastromtestinal disease. A recent review by
Down-Kelly [83] reported all the conflicting results obtained
1n this field that still fails to identify a precise link. However,
three different studies nvestigated the HLA-G expression in
ulcerative colitis (UC) and Crohn’s disease (CD) focusing on
its link with clinical condition and pathogenesis. In particu-
lar, in 2004 Torres [84] analyzed the expression of HLA-G
molecules in intestinal biopsies of UC and CD patients. They
demonstrated, by an immunohistochemistry approach, the
presence of HLA-G molecules on the surface of intestinal
epithelial cells of UC patients mn spite of the complete ab-
sence in CD intestinal biopsies. In addition, high levels of
IL-10 were detected in the lamma propria of the colon of
patients with UC, supporting the hypothesis of a role of
HLA-G in UC as a regulator of mucosal immune responses.
A different pattern of HLA-G expression was suggested as a
potential biological marker to distinguish these two diseases.
Glas [85] analyzed the genotype distribution of the HLA-G
14bp polymorphism in UC and CD. The results showed an
increase of both heterozygous +14/-14 bp and homozyzous
+14/+14 bp genotypes m UC patients, with a consequent
decrease of the -14/1-4bp condition when compared to CD
subjects. A significant mcrease of the +14/+14bp genotype
and a corresponding decrease of the -14/-14bp homozygous
condition were observed in those CD cases positive for ileo-
cecal resection. A further confirmation of a significant dif-
ference m HLA-G expression between CD and UC disease
was recently obtamned by Rizzo [86] that investigated the in
vitro sHLA-G production by peripheral blood mononuclear
cells (PBMCs) activated by an inflammatory stimulus such
as LPS. The data demonstrated a spontaneous secretion of
sHLA-G by non activated PBMCs of CD patients but not in
UC and healthy subjects. A lack of sHLA-G antigen produc-
tion was observed following LPS activation in UC patients
but not in CD patients and healthy subjects. The defective
production was related to a generalized impaired secretion of
IL-10 in response to the inflammatory stimulus m UC dis-
ease. These different specific and reproducible patterns of
sHLA-G production in UC and CD patients remforced the
hypothesis of a distinct ethiopathogenesis mechanism among
these disorders and proposed the analysis of sHLA-G and
IL-10 anti-inflammatory molecules as a non invasive diag-
nostic tool in the early phases of the diseases. These data
propose the study of the differences in immunological ho-
meostasis between UC and CD diseases in order to under-
stand the discrepancies between in vivo and in viro results.
It is clear that there 15 a complex immunological balance 1n
UC and CD patients that differs in mtestinal and svstemic
HLA-G production.
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Fig. (4). Immune cell targets of HLA-G molecules. HLA-G antigen behaves as an anti-inflammatory and tolerogenic molecule inhibiting
different immune cell phenotypes such as CD4+ and CD8+ T and B lymphocytes, namral killer (NK) and antigen presenting (APC) cells.

In 2006 Torres MI. and coauthors mvestigated the HLA-
G modulation m coeliac disease and the possible relationship
with clmical conditions [87]. They analyzed the expression
of HLA-G molecules in ntestinal biopsy and sHLA-G serum
levels m patients with coeliac disease. All patients showed a
positive HLA-G expression m intestinal mucosa and an in-
creased serum concentration of sHLA-G molecules when
compared to the healthy subject group. However. the detenc-
tion of elevated levels of sHLA-G was demonstrated to be
associated with the presence of other antoimmune diseases in
celiac patients and/or related to diet transgressions with glu-
ten ingestion.

HLA-G AND RHEUMATOID DISEASES

In 2006 a study by Verbruggen [88] reported a potential
correlation between sHLA-G plasma concentration and the
clinical conditions in theumatoid arthritis (RA) patients. The
results showed a decreased sHLA-G level in plasma speci-
mens from RA patients when compared to healthy control
subject samples. Smce sHLA-G strongly inhibits T and NK
cells functions, the authors suggested that the presence of
low sHLA-G levels in rheumatoid arthritis disease could
cause an inefficient inhibition of the cytotoxic cell activities.
Soluble HLA-G levels were relatively higher m patients car-
rying the HLA-class II determmant HLA-DQB1*03. that
mereases the disease susceptibility and is significantly corre-
lated with disease activity or severity. These results sup-
ported the hypothesis of a functional role of HLA-G mole-
cules in RA but were unable to explain the mechanisms that
sustain the nflammatory condition. In the same year Rizzo
[89] demonstrated a pharmacogenetic role of the HLA-G

14bp polymorphism in the chinical response of RA patients
to Methotrexate (MTX), the principle therapy i the first
phases of rheumatoid arthritis.

The authors evidenced, by an “in vitro™ model, the ability
of MTX to up-modulate IL-10 secretion that m turn leads to
the production of sHLA-G molecules. They observed higher
secretion of sHLA-G by the subjects with a -14/-14bp geno-
tyvpe. characterized by a stable mRNA . The analysis of HLA-
G 14bp genotype distribution 1 a group of RA patients fol-
lowing a MTX therapy and clinically defined as responder
/mon responder to the treatment confirmed an increased fre-
quency of the -14/-14bp genotype 1n the responder patient
group suggesting the HLA-G 14bp polymorphism as a ther-
apy marker in the early phases of the disease.

More recently Vet [90] wvestigated the distribution of
HLA-G 14bp polymorphism m RA and juvenile idiopathic
arthritis (JIA). They showed an increased frequency of the
14bp deleted allele. but no differences m the percentages of
heterozygous or homozygous genotypes m JIA females. In
contrast no significant differences were observed between
healthy subjects and RA patients. These results sustain the
role of HLA-G 14bp polymorphism 1n the pharmacogenetics
of MTX therapy but not in the RA development. Even if JTA
and RA share some common features. such as pro-
mflammatory response with a consequent joint and tissue
destruction, HLA-G 14bp polymorphism seems to show the
discrepancies between these two diseases. The lower sHLA-
G levels in RA patient serum samples [90] are still indicatuve
that HLA-G molecule might play a role also in the physiopa-
thology of RA and could propose the analysis of other HLA-
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G gene polymorphisms in order to show a possible correla-
tion to the disease.

Recently two papers pomted out the relationship between
HLA-G modulation and Systemic Lupus Erythematosus dis-
ease (SLE). Rosado [91] observed elevated levels of sHLA-
G and IL-10 cytokine in patient serum when compared to
healthy subjects. A weak expression of HLA-G molecules
was detected in patient skin biopsies without significant cor-
relations with disease activity. Rizzo [54] confirmed the m-
crease i [L-10 cytokine levels but, m contrast to Rosado 5.
results [91]. proposed lower median concentrations of
sHLA-G molecules in patient plasma samples. The analysis
of the 14bp polymorphism in SLE patients showed an -
creased frequency of +14bp HLA-G allele and +14/+14bp
genotype, characterized by mRINA mstability, m comparison
to healthy subjects. This result suggested a role of the HLA-
G 14bp polymorphism m SLE susceptibility mediated by an
inadequate production of the anti-inflammatory HLA-G
molecules. The discrepancies m sHLA-G levels between
these two studies could be ascribed to the different samples
(serum or plasma) analyzed. Indeed Rudstein-Svetlicky [92]
demonstrated that sHLA-G levels are higher in plasma than
m serum obtained from the same subject because of a trap-
ping phenomenon, during clot formation. able to subtract
sHLA-G molecules from the serum.

HLA-G AND ASTHMA

The possible role of HLA-G molecules was also investi-
gated in allergic diseases such as asthma. The first study was
reported by Nicolae D. i 2005 [93]. The authors used a
positional candidate gene study and proposed HLA-G as a
novel asthma and bronchial hyperresponsiveness susceptibil-
ity gene. In a following paper by Tanz [94]. the authors re-
ported a SNP in the 37 untranslated region of HLA-G gene
that could mfluence the targeting of three microRNAs to the
gene, with a possible functional role in asthma susceptibility.
The biological role of HLA-G molecules in asthma was
demonstrated by Rizzo R. in 2005 [93]. The authors used
PBMC from healthy and asthmatic subjects stimulated by
LPS m an in vitro system. They showed a specific deficit in
IL-10 secretion by asthmatic patients and a consequent re-
duced production of sHLA-G molecules. The decreased ex-
pression of HLA-G mmunosuppressive molecules was sug-
gested to contribute to the persistence of the chronic airway
nflammation in asthma disease. However, a following study
on asthmatic children [96] failed to find a significant differ-
ence in sHLA-G plasma levels when compared to healthy
children. Higher levels of soluble HLA-G molecules were
evidenced in atopic asthmatics with respect to controls.
These data seem to be in contrast and this could be due to a
different analytical approach. It has to be considered that the
systemic production could be affected by drugs, atopy and
external factors that are avoided m the in virro system.

CONCLUSION

The results of the studies on HLA-G functions m m-
flammatory diseases confirm the double role of the HLA-G
molecules previously suggested. It resembles the Janus of
Roman mythology usually depicted with two faces looking
in opposite directions. Similarly, the modulation of HLA-G
molecules can induce conflicting clinical consequences in
relation to the specific microenvironment. It 1s well accepted
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that HLA-G expression represents a beneficial event in em-
bryo implantation and organ transplantation. where the im-
mune response down-regulation 1s essentral for a positive
outcome. On the other hand, HLA-G up-modulation 15 asso-
ciated with negative events in cancer and viral infections,
where the expression of these tolerogenic molecules could
act as an immune-escape mechanism from the innate and
adaptative immune response.

In mflammatory diseases, although some contrasting re-
sults 1n skin affection, the expression of HLA-G antigens 15
generally associated to a positive clinical condition. The
ability of HLA-G molecules to counteract autoreactive T
cells as well as to stimulate the proliferation of HLA-G posi-
tive regulatory T cells and mnduce a Th2 microenvironment
represent the main functional benefits mediated by HLA-G
molecules.

Therefore the setting-up of strategies able to up-regulate
the expression of these natural anti-inflammatory molecules
could represent a foundamental improvement in autommmune
diseases prevention and therapy.
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Abstract

Background: During the last years, several studies have reported the significant relationship between the production of
soluble HLA-G molecules (sHLA-G) by 48-72 hours early embryos and an increased implantation rate in IVF protocols. As
consequence, the detection of HLA-G modulation was suggested as a marker to identify the best embryos to be transferred.
On the opposite, no suitable markers are available for the oocyte selection.

Methodology/Principal Findings: The major finding of the present paper is that the release of ICAM-1 might be predictive
of oocyte maturation. The results obtained are confirmed using three independent methodologies, such as ELISA, Bio-Plex
assay and Western blotting. The sICAM-1 release is very high in immature oocytes, decrease in mature oocytes and become
even lower in in vitro fertilized embryos. No significant differences were observed in the levels of sICAM-1 release between
immature oocytes with different morphological characteristics. On the contrary, when the mature oogytes were subdivided
accordingly to morphological criteria, the mean sICAM-l levels in grade 1 ococytes were significantly decreased when
compared to grade 2 and 3 oocytes.

Conclusions/Significance: The reduction of the number of fertilized ococytes and transferred embryos represents the main
target of assisted reproductive medicine. We propose sICAM-1 as a biochemical marker for oocyte maturation and grading,
with a possible interesting rebound in assisted reproduction technigues.
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Introduction

Successful embryo formation and implantation are critical steps
during in viro [ertlizaton procedure. Unformnately, approxi-
10%%
transferred embryos result in a successful delivery [1]. Analysis

mately of retrieved oocytes and fewer than
of the embryo morphology in stll one of the most common
approaches of selecton in assisted reproduction, with the obvious
drawhack of being to some extent subjective,

need of bochemical markers

cordingly, there i

_L;l‘l][

facilitating the predicion of successful oocyte fertiization and
implantation of the @ wée fertiized (IVF) human embryos, In this
respect, the only biochemical marker so far proposed for the

selection of the most promising embryo obtained by IVF is
represented by the release of in vitro cultured embryo (24-, 48- and
7Z-hours embryo) of soluble HLA-G {Histocompatibility Leako-
eyt Antigen-G) molecules. This has been consistently reported by
several groups [2-7]. Using Engyme-Linked Immunosorbent

PL0S ONE | waww.plosone.org

0% of

(ELISA) and Bio-plex approaches, these groups reported
that high expression of soluble HLA-G i3 assoctated with higher

pregnancy and implantatdon rates,
On the other hand the analysis of oocyte maturation might be of

ation and embryo
ia, several have

great importance in predicting successful ferd
development. As far as oocyte morphological or
been claimed to correlate with outcome, incuding polar body
morphology [8]; cytoplasm appearance [9], and more recently
zona pellucida thickness, appearance and hirefringence [10-12]
and the position or shape of the spindle [13]. Also in this case
biochemical markers helping in identifying oocytes completing i

vifre mataration would be very interesting in IVF approaches.
Markers of cocyte maturation are the presence of activated
mitochondria and the ability to mobilize and release calcum for
imternal stores [14].

In this paper we analyze the release by oocytes and in vitro
fertiized human embryos of proteins involved i inflammadon,

including several eytokines, chemokines and soluble Intercellular

Decemnber 2008 | Veolume 3 | lssue 12 | e3970
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Adhesion Molecule | 5ICAM-1), This study was carried on using
three independent methodologies, such as ELISA; Bio-Plex assay
[15,16], and Western blotting.

Results

Release of cytokines, chemokines and ICAM-1 by human
embryos

We first performed a preliminary screening of 11 embryos using
premixed muldplex beads of the Human 27-Plex Panel and the
ICAM-1 Bio-Plex kit, obtaining the following results. IL-1B, T1-2,
114, IL-5, IT-10, IL-12 (F70), IL-15, IL-17, Basic FGF, G-CSF,
GM-CSF, IFN-y, MIP-12, TNF-a were not present or undetect-
able in the analyzed supernatants. Presence of TL-lea, -6, T1-7,
118, 119, [-13, BEotaxin, IP-10, MCP-1 NMCAF), MIP-1,
PDGF-BB, RANTES, VEGF, ICAM-1 were detectable n LI, 1,
L1, L L7, L L 10 1, 4 1] embryos respectively. The only
proteins present in the supernatant of all the screened embryos
were TCAM-1 and IL-Tron However, only TCANM-1 was expressed
at high levels. In additional experiments on other IVS embryos
(not included m this paper) we never found absence of ICAM-I

release, with the exception of few damaged embryos (data not
shown).

Quantization of sICAM-1: ELISA and Bio-Plex assay

In Figure | representative analysis 1s shown demonstrating that
levels of TCAM-1 standards are detectable following both ELISA
and the Bio-Plex assay. As expected, however, the Bio-Plex assay is
more sensitive than ELISA. This is of course important for anakysis
of single cells, incuding cocytes. Accordingly, Bio-Plex analysis
was chozen for stadies iuvtah’iug human DOCYLEs and fertilized
embryos.

ICAM-1 in Oocytes and Embryos

Comparison of sICAM-1 production in mature and
immature oocytes and in vitro fertilized embryos

Figure 2 reports a sharp difference in sSICAM-1 levels among
immature and mature oocytes and fertilized embryos. The average
sICAM-1 production by immature (n=39) and mature (n=73)
oocytes was 67115215024 and 2987 =103.7 pg/ml/24 hours
imean=8D), respectively (Figure 2). This difference was very
reproducible  and  statistically  significant  (Student ¢ Test;
p=0.0001). In addidon, the levels of rdease of sSICAM-I levels
by mature oocytes and m vitro ferthized embryos n=73),
1486.82164.2 pg/ml/24 hours, were also found to be significant-
Iy different (Student t Test, p<0.0001) (Figure 2). Therefore, it
appears that the rease of sICAM-1 has a dear tendency to
decrease from immature embryos, to matare embryos and to
fertilized embryos.

The presence of sICAM-1 molecules in oocytes  culture
supernatants was also analyzed by western bloting. The results

obtained arc shown in Figure 3. Standard positive ICAM-1

controls are shown in lanes 2" and “bh”. As dearly evident,

sICGAM-1 is detectable both in mature {lane “d”’) and immature
{lane “e™) DOCYLE SUPCrDatants, In addidon, sSICAM-1 is present in
MAtUre oncytes in lower quantitics in respect to Imature oocytes,
fully in agreement with the Bio-Plex data shown in Figure 3. These
data were fully in agreement with ELISA assays (data not shown).

Production of sICAM-1 in immature and mature oocytes

Figure 4a reports the levels of sSICAM-1 in immature oocytes at
different mamraton stages (MI, Metaphase I; GV, germinal
vesicle; DEG, degenerated). The average released sICAM-1 was
5900 pg/ml/24 hours for MI oocytes, 6600 pg/ml/24 hours for
GV noCyles and GGOO pgﬁ'rnh"ﬁ"{- hour for DEG OOCYLES, The
difference between sTICAM-1 production by MI, GV and DEG

30000 - T18
116
25000 +
114
20000 + +1,.2 E
(=]
14 7
15000 T
T tos 8
10000 + 1086
104
5000 +
+ 0,2
0 - 0

Q

ng/mi

9@19@;\(,9@19&“@“:‘}@ Q@@Q@&Q@?‘&@‘Pﬁ ,,5590 .;55’0 & %9&6

Figure 1. ELISA and Bio-Plex standard curves (white circles and black square respectively) have been obtained with 50 ul of ICAM-1
standard reagent at the concentrations of 0.25, 0.5, 1, 2, 4, 8 ng/m| or 0.0002, 0.00081, 0.0032, 0.0129, 0.0516, 0.20638, 0.82522,
3.3 ng/ml as indicated. Fl: fluorescence intensity values. OD 450 nm: optic density at 450 nm wavelength.

dei10.1371/journal pene.0003970.g001
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Figure 2. sICAM-1 release in immature oocytes (black box)
compared to mature (white box) oocytes and to in vitro
fertilized embryo (grey box). Cocytes were individually cultured in a
4-well culture dish as reported in the methods section. Following the
maturation period 250 ul of supernatants were collected from each
culture systern and stored at —20°C until being tested for the presence
released proteins. Mature and immature oocytes were identified, one by
one, evaluating the presence or absence of the first polar body. In vitro
fertilized embryos were individually cultured in 4-well culture dishes
and 250 pl of supernatants collected from each embryo culture and
stored at —20°C until being tested for the presence of released
proteins, * Student t Test.

doi10.1371journal pone0003970.002

immature oocytes was not statistically significant (Student t Test,
p=IN8) {

Moreover, Figure 4b reports the analyas of ICAM-1 releas
mature oocytes subdivided in grade 1, 2 and 3, as reported in the
material and methods section. The average released sSICAM-1 was
2804 pg/ml/ 24 hours for grade 1 oocytes, 2978 pg/ml/24 hours
for grade 2 bocytes and 2923 pg/ml/24 hours for grade | cocytes
(Figure 4b). Statisocal analysis showed significant lower levels of
sSICAM-1 in grade 1 oocyte supernatants in comparison to grade 2
(Student ¢ Test, p=0.018) and grade 3 (p=0.02) oocyte
supernatants. Therefore, lower siCAM-1 levels in mature oocyte

Figure 3a).

are predictive for the best grade oocytes (Grade 1),

sICAM-1 levels and Embryo Grade
sICAM-1
supernatants graded as reported in the Methods section, The
average levels of sSICAM-1 were 14763187 pe/ml/24 hours in
the 28 Grade | embryos; 152242206 pg/ml/24 hours in the 13
of Grade 2; 1481 116 pg/ml/24 hours in the 15 of Grade 3;
1461.9£ 143.9 pg/ml/24 hours in the 16 Grade 4 and 5 embryos.

The
4 and 5 embryos were not statistically significant (Student t Test
p=N5.

Figure 5 represents levels in embryo  culoare

flerences between sICAM-1 production by Grade 1, 2

sICAM-1 levels in oocyte supernatants and pregnancy
rate

Tahble 1 reports the sSECAM-1 mean levels observed in mature
oocyte and embryo culture supernatants subdivided for implan-
tation and pregnancy outcome.

There were no statistical differences (Student t Test, p=N5) in
sICAM-1 levels observed in the supernatant of cocytes and
embryo with a negative or positive implantadon and pregnancy

rate (Table 1)

@ PLoS ONE | www.plosone.org

ICAM-1 in Oocytes and Embryos
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Figure 3. Western blotting analysis. The anti-ICAM-1 MoAb was
used for the detection. a: standard positive control loaded at 8000 pg;
b: plasma sample loaded at 10000 pg, accordingly to ELISA detection; ¢
medium negative contrel; d: mature cocyte supernatant loaded at
35 pg accordingly to ELISA detection; e immature oocyte supernatant
loaded at 100 pg accordingly to ELISA detection; M: protein ladder.
doil0.1371 fjournal. pone 0003970.9003

The relationship between oocyte grade (Figure 4h) and

implantation/pregnancy rate was not investigated, since we were
not able to associate the pregnancy event to a specific embryo. In
fact, our IVF protocol, in order to achieve the highest probability
of pregnancy and meet law restrictions [17], allows the transfer of
three embayos that could onginate from different grade oocoytes.

Comparison of sICAM-1 and sHLA-G levels in
supernatants of oocytes using Bio-plex technology

Since the release of soluble HLA-G (sHLA-G) molecules by in
vitro i embiryos tw help  the morphological
characterization m the selection of the most promising embryo

srtilized seems

obtained by IVF and has been proposed as a possible candidate
marker for oocyte mataration [17] we compared the release of
these two proteins in our samples. Representatve analyses are

shown in Figure 6, which dearly indicate that in human cocytes
the release of sSTICAM-1 is fur more efficient that release of sHLA-G
molecules. In general, the release of sHLA-G molecules is very low
in most of the cocytes employed. On the contrary, confident

results are obtained studying sICAM-1, due to the high release of
this protein by human oocytes,
Discussion

oocytes  and
sted

The reduction of the number of fertilized

ransferred  embryos represents the main targer of

reproductive medicine, During the last years, several studies have

December 2008 | Volume 3 | Issue 12 | 3970
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Figure 4. sICAM-1 levels in culture supernatants from imma-
ture (a) and mature cocytes (b). Immature cocytes were analysed
individually for morphological characteristics to differentiate them as
Metaphase | (M), germinal vescicle (GV) and degenerated (DEG). (a).
Mature cocytes were subdivided on the basis of the first polar bedy and
cytoplasm characteristic in Grade 1, 2 and 3 (b). Preparation of cocyte
supernatants was performed as described in the legend to Figure 2. *
Student t Test.

doi: 101371/ journzlpene0003970.9004

confirmed the significant relationship between the production of
sHLA-G - molecul
increased implantation rate in IVF protocols [18]. As conse-
quence, the detection of HLA-G modulation was suggested as a

by 43-72 hours carly embryos and an

3000

%

o
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& Q 2
g v
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ICAM-1 in Occytes and Embryos

marker to identify the best embryos to be transferred. On the
opposite, no suitable markers are available for the cocyte selecton.
The major finding of this paper is the detection, by a reliable
technique, of soluble ICAM-1 molecules in the culture superna-
tants of human in vitro maturated oocytes and in vitro fertilized
embryos. The data obmined showed a significant difference in
sICAM-1 levels between immature and mature oocytes with
significant higher amounts of sSICAM-1 in the oocytes that failed to
maturate. When the immature oocytes were morphologically
classified in metaphase I, perminal vesicle and degenerated
phenotypes we ohserved similar levels of sSICAM-1 in the three
groups. On the contrary, the mature oocytes subdivided into grade
I, 2 and 3 presented lower s-ICAM-1 levels in grade | group.
Therefore, these results propose sSICAM-1 levels as predicave for
oocyte maturation and quality. Biochemical markers of the oocyte
maturation are very important, due to the fact that (a) during in
vitro oocyte maturation no ore than 30% of the cocytes isolated
b ouly these

oocytes are routinely considered for IVF. In additon, we like to

from a single woman reach grade | (Table 2j;

point out that in some countries no embryo selection is allowed,
only a hmited number of oocytes are fertilized and all of the
obtained embryos must be implanted [19].

The culture supernatants of carly embryos showed sICAM-1
lewvels lower in comparison to both mature and immatre oocytes.
nificant differences were observed 1 sSICAM-1

Interestingly no sig
concentrations in the culture supernatants of ecarly embryos
subdivided into grades. These results. underine the importance
of SICAM-1 as a marker of the oocyte matration process but not
of the carly embryos development.

This i the first report showing release of sSICAM-1 in human
oocytes and IVE human embryo. However the expression of
ICAM-1 in human ¢cmbryos & not surprising, when considering
the implantation phase. In this context, ICAM-1 has been already
presented as a protein involved in inflammation. In fact ICAM-1
knock-out mice do not develop inflammation and have less

<

GRADE 4/5

Figure 5. sICAM-1 levels in embryo culture supernatants subdivided into grades as reported in the Methods section.

doi10.1371/journal pone.0003970.g005
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Table 1. sICAM-1 release, implantation outcome and pregnancy outcome.

Implantation outcome

Pregnancy cutcome

positive negative positive negative
frequency (n} 7 4 38
sICAM-1 oocytes (pg/mi) 2865421077 2856.9+520 2858421176 2860.7+403.1
sSICAM-1 embryos (pg/ml) 14247121425 1493 B2170.7 1463.52127.5 1483.9=171.2

doi:10.137 /journal pore. 0003 5701001

inflammatory cell infilradon [20,21]. Mutatons of ICAM-1 are
assoctated with different diseases as mfarct, bihary atre

a, multiple
sclerosis, obesity [21-24]. When the sICAM-1 levels are compared
to sHLA-G, a soluble molecule involved in embryo implantation
[3], sSICAM-1 showed higher levels in oocyte supernatants than
sHLA-G. These two molecules are both secreted by human
oocytes but with a more eff :
sHLA-G molecules. In general, the release of sHLA-G molecul
very low in most of the oocytes employed. On the contr

nt rele

ary,

M-1, due to the high

confident results are obtained studying sI
release of this protein by human oocytes.

The results obtained are counfirmed using three independent
methodologies, such as ELISA, Bio-Plex assay and Western
blotting, Therefore, we propose this biochemical marker w bhe
tightly hnked to cocyte maturation. This finding 15 novel and, in
our opinion, very important in the ficld of the selection of cocytes
to be fertihized.

As known, the ococytes obtained under ovarian stimulation
present a variable competence and although molecular approach-

es have been proposed [253,26], the selection s stll performed on
morphological characteristics such as ploidy and chromosome/
chromatin status. Since maturation of pocytes & so important for
in vitro fertiizatdon approaches, we suggest sSICAM-I to be a
marker for testing different culture mediums under development

3000 +

2500

2000

1500

1000 -

s = NN
1 2 3 4

oocyte samples

pg/mi

Figure 6. Comparison of levels of sICAM-1 (black boxes) and
sHLA-G (white boxes) in supernatants of representative
oocytes. For sHLA-G detection, covalent coupling of the anti-sHLAG
antibodies to the carboxylated polystyrene microspheres (Bio-Rad,
Hercules, CA, USA) was performed using the Bio-Plex amine coupling kit
{Bio-Rad, Hercules, CA, USA), Bio-Plex assay was performed as elsewhere
reported [2].

doi:10.1371/jeurnalpone.0003970.006

@ PLGS ONE | www.plosone.org

of sICAM-1 than of

al lahoratories to the aim to obtain optimal in vitro oocyte
maturation,

In conclusion, our data encourage further studies from different
laboratories/networks using TCAM-1 as a marker for a positive
DOCYIC MAUration,

Materials and Methods

Patients

The oocyees employed in this study were obtained from
regularly cycling patients attending the Biogen
Medicine Centre of Monza, Iraly, for an Assisted Reproducton
Technique with In Viro Maturation Protocol IVM). Couples
included in the tral had an ndication to IVF procedure becanse of

i Reproductve

infertility due to male factor, tubal factor, stage I/11 endometriosis,
polyey: syndrome (PCO) or unexplaned cause, All the
women included had regular cycles of 26-35 ¢
informed consensus was obtained from all paria
We considered just one oyde per couple, and after maturaton
process we used from one to three oocytes according to the Ttaban
Law 40 on IVFE. Following thes
for the study. Women characteristics are reported in Table 2,

ic ovarian

. A written
ing couples,

criteria, 42 women were recruited

Oocyte recovery  was

performed by means of transvaginal
ultrasonound-guided follicle aspiradon, using a single lumen
aspiration needle (Gynetics cod. 4551-E2 @17- gauo
connected to a vacuum  pump  (Craft Pump  pres

35 cm)
ure B0
90 mmHg). The retrieved oocyies were surrounded by granulosa
cells forming a structure known as the cumulus ophorus complex
[COC). The COCs were washed with prewarmed Flushing
Medium with heparin (Medi-Cult product n. 10760125, Den-
mark).

The COCs, that for e
detected under a stereomicroscope, examined and dassified on the
basis of their momphology. Oocytes with signs of mechanical

siness we will define cocytes, were

damage or atresia were discarded.

Immature cocytes were individually cultared in & 4-well culture
dish with 0.5 ml of IVM Medium {vial 2 of TVM sys
Medicult no. 82214010, Denm
0,075 TU/ml |
10% Serum Protein Substitute |

- rmedium;
kl supplemented with rec-FSH
{Serono, Traly), hGQG 0,1 TU/ml (Serono, Ttaly) and
PS no, 3010- Sage Media- USA)

for other 30 hrs.

Table 2. Details of the in vitro maturation procedure.

Women {n=42)

Age {years} (mean=5D} 3543
Mumber of recovered oocytes per woman (mean= 50} =1

Mature oocytes per woman (%) 20-50

doib 10,1371/ joumal pone H00357 00002
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F(ﬂ]{:wing the maturation p(:ri{ld, 250 }1] of SUPCTHAANG were
collected from each culture system containing a single ooc
stored at —20°C) undl being tested for the presence released
proteins,

The oocytes were then classihed, one by one, evaluating the
presence of the first polar body to confirm Metaphase 1T stage and
their morphological characteristics,

Immature oocytes were classified as Metaphase T MI), germinal
vesicle (GV) and degenerated (DEG) whereas mature oocytes were
classified on the first polar body and cytoplasm characteristics in
Gradel: homogenous cytoplasm and round polar body; Grade 2
oocyte with variations in color or cytoplasm granularity and/or
presence of inclusions, vacuoles or retractable bodies, but a round
polar body: Grade 3: oocyte with variation in color or cytoplasm
granularity and/or presence of melusions, vacuoles or retractable
bodies with a fragmented polar body.

Embryos were graded accordingly to cleavage (cell number) and
{:}'Ln}']}a_-smi(' rrugmt:m ation. Fﬂlbrym were gradrd as follows on
Day 3: Grade 1, blastomeres have equal size and no cytoplasmic
fragmentadon; Grade 2, blastomeres have equal stze and minor

e and

cytoplasmic fragmentation involving < 10% of the embryo; Grade
3, blastomeres have unequal size and fragmentation involving 10~
20% of the embryo; Grade 4, blastomeres have equal or uneqgual
sizee, and moderate to significant  cytoplasmic fragmentation
covering 20-30% of the embryo; and Grade 5, few blastomeres
and severe fragmentation covering 230% of the embryo [17].

Measurement of sICAM-1 levels by enzyme-
immunosorbent assay (ELISA)

sICAM-1 concentrations were analyzed in tophicate on 12
diluted oocyte culture supernatants by the commercially available
sICAM-1 kit (Diaclone, Besancon, FR) with a detection Hrnit of
0.25 ng/ml.

Western blotting

The presence of sSICAM-1 molecules i pocyte  culture
supernatants was analyzed by Western Blot. Briefly, concentrared
and albumin depleted (Enchant Life Science kit, Pall Corporation,
MI, US) oocyte culture supernatants were loaded on 8% SDS-
polyacrylamide gel, electrophoresed at 80V for 2 hours and
blotted onto PVDE membrane (Immobilon-P Millipore, Billerica,
MA, US) by electrotransfer at 100 V for 45 minutes in 25 mM
Tris Buffer; 190 mM Glycine, 2% SDS and 20% (V/V) Methanol.
Blocking was carried out with 5% nonfat dry milk, Tris 100 mM
pH 7.5, NaCl 150 mM over night at 470, After two washes, the
membrane was incubated with monoconal mowse-anti-human
TICAM-1 {10 pg/ml) (Genzyme, MA, TUSA) for 3 hours at room
temperature with gentle shaking, The SICAM-1 molecules were
detected wsing Protein-G HRP (BioRad, Hercules, CA, US) at
dilution of 1:3000 m 10 mM Tris pH 8.0, 150 mM NaCl, 0.1%
Tween 20. Reactions were developed by chemiluminescence with
SuperSignal enhanced chemiluminescence kit {Super Signal West
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Pico system, Pierce, Rockford, IL, US) and captured by
Chemiluminescence Imaging Geliance 600 (PerkinElmer, CT,
USA). The ELISA standard (sSICAM-1 kit {Diaclone, Besancon,
FR)) and a plasma sample were wsed as positve control, the
culture medinm alone as negative control. The molecular weights
were determined with the BenchMark (Invitrogen, CA, US) pre-
stained protein ladder {range 10-200 kD). Densitometric analysis
was performed with the Gene Tools software (PerkmElmer, CT,
USA).

Cyto/chemokines and ICAM-1 profiles

Cytokines and chemokines presence were measured in embryo
culture supernatants by Bio-Plex cytokine assay (Bio-Rad Laho-
ratories, Hercules, CA) [15,16] described by the manufacturer.
The Bio-Plex cytokine assay is desipned for the multplexed
quantitative measurement of multiple cytokines in a single well
using as litthe as 30 @l of sample. In our experiments, we used the
premixed multiplex beads of the and Bio-Plex Human Cytokine
singleplex Assay ICAM-1 (Bio-Rad, Cat. no. XFO-000003N) and
Bio-Plex human cytokine Human 27-Plex Panel (Bio-Rad, Cat.
no. 171-A11127) which included twenty=seven cytokines [IL-1f,
IL-Iro, I0-2, T4, 115, ILA6, IL-7, TL-8, TL-9, IT-10, IL-12 (P70},
IL-13, IL-15, IL-17, Basic FGF, Eotaxin, G-CSF, GM-CSF, IFN-
v, IP-10, MCP-1 (MCAF), MIP-la, MIP-13, PDGF-BB,
RANTES, TNF-2, VEGF]. Briefly, 50 pl of cytokine/chemokine
and TCAM- 1 standards or samples (supernatants from IVF human
embryos) were incubated with 530 @l of anticytokine/ chemikine/
ICAM-1 conjugated beads in 96-well filier plates for 30 min ac
room temperature with shaking., Plates were then washed by
vacuum filiration three dmes with 100 pl of Bio-Plex wash buffer,
25 Wl of diluted detection antibody were added, and plates were
incubated for 30 min at room temperature with shaking. After
three flter washes, 50 Wl of streptavidin-phycoerythrin was added,
and the plates were incubated for 10 min at room temperature
with shaking. Finally, plates were washed by varuum Altration
three times, beads were suspended in Bio-Plex assay buffer, and
samples were analyzed on a Bio-Rad %6-well plate reader using the
Bio-Plex Suspension Array System and Bio-Plex Manager software

(Bio-Rad Laboratories, Hercules, CA).

Statistical analysis

Statistical analysis was conducted using the Stat View software
package (SAS Imsutute Inc, Cary, NC, US), The data were
analyzed by the Student t test for unpaired samples, Statistical
significance was assumed for p<<0.05 {two tailed).
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ABSTRACT

Problem

HLA-G antigen maintains a tolerogenic conditionthé feto-maternal interface,
counteracts inflammation in autoimmune diseases sotable HLA-G (SHLA-G)
levels decrease in allergic-asthmatics. Taking odasideration these findings we
analyzed if sHLA-G and IL-10 could be influenced pyegnancy and labour in
allergic and non-allergic women.

Method of Study

SHLA-G isoforms and interleukin 10 (IL-10) level®re determined in the plasma
samples of 43 women (15 non-allergic, 28 allerdiming third trimester, at delivery
and 2 years after pregnancy by immunoenzymaticyassa

Results

A significant increase in sHLA-G and IL-10 levelsasvdocumented at delivery in
both allergic and non-allergic women. Allergic wamshowed lower sHLA-G
concentrations. sHLA-G1 was evidenced as the pregormplasma isoform.
Conclusions

The data propose an impressive boost in SHLA-G &nR#tl0 concentrations at
delivery, regardless of the allergic status. TheLA51 isoform is the main

responsible for the increased sHLA-G levels atvaeyi.

Key words: delivery, HLA-G5, plasma, sHLA-G1

INTRODUCTION

In the last years it has been demonstrated that-BLantigens are likely to play a
pivotal role during pregnanty’. The HLA-G antigens are currently defined as non-
classical MHC Ib antigens characterized by lowl@llpolymorphism and restricted
tissue distribution. Furthermore, the presence Itdrmative mRNA splicing can
generate different membrane-bound (HLA-G1, -G2,,-&31) and soluble isoforms
(HLA-G5, -G6, -G75. The expression of HLA-G molecules was first degilin
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extravillous cytotrophoblast cells, and it was liert associated with the development
and maintenance of a tolerogenic condition agatmstsemiallogenic fetdsLater,
HLA-G expression has also been identified in adiajtmic medulla, cornea, nail
matrix, immature erythroid cells and pancre&@everal reports have confirmed the
possibility of membrane and soluble HLA-G moleculslLA-G) in the protection
of the fetus from the deleterious effects of maaemmmune cells. HLA-G molecules
are able to induce apoptosis in CDBcells via a Fas-FasL-dependent mechahism
to inhibit natural killer cell activity and allo-specific CD4T cell proliferatiori, to
enhance regulatory CD4T cells® and to inhibit the differentiation of dendritic
cells™. Overall, these effects propose HLA-G moleculestiisient mediators of
immunosuppressive functions against innate andtagapmune responses.

HLA-G expression itself is also regulated by themiume system. For example,
interleukin 10 (IL-10) up-regulates HLA-G surfacepesssion on decidual stromal
cells, while it is down-regulated by IL*2

SHLA-G concentrations in serum/plasma of pregnastnen have been associated to
clinical outcomé. sHLA-G levels in plasma from women who subsedyetevelop
preeclampsia are lower than control patients, @y @a in the first trimestét. In
comparison to non-pregnant women, sHLA-G levelsngjly increase during the
first trimester. Interestingly, women with signdiatly decreased sHLA-G levels in
the second trimester have an increased risk of lolevg preeclampsia and/or
intrauterine growth retardation (IUGR)

Pregnancy is further associated with alterationscytokine levels. We have
previously demonstrated an increase of spontandbu) production during
pregnancy compared to two years after pregndndi-10 is one of the main
enhancers of HLA-G production, with a clear feediboop interaction between
these two moleculés

We have further demonstrated the relationship betwsHLA-G and IL-10 in a
study where we described a clear decrease of sHIahdIL-10 levels in asthmatic
patient$®. This indicates that SHLA-G levels could be aféettn conditions where

there is an altered cytokine balance.
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The aim of this study was to analyze possible wifiees in sHLA-G production in
allergic and non-allergic pregnant women. We aredythe levels of soluble HLA-
G, the two isoforms sHLA-G1 and sHLA-G5, as welllbslO in plasma from 43
women (28 allergic and 15 non-allergic) at two tip@nts during pregnancy (third

trimester, delivery) as well as 2 years after paegy.

MATERIALS AND METHODS

Study subjects and diagnosis of allergy

Plasma samples were randomly selected from womeitipating in a larger
prospective study on allergic heredity includingl2Bfants and their parents,
described in detail elsewhéreThe women were classified as allergic=(28) or
non-allergic 6= 15) (Table I) based on their clinical historfldegic bronchial
asthma and/or allergic rhinoconjunctivitis to animdander and/or to pollen) together
with skin prick test (SPT) results. The same nymsdormed SPT according to the
manufacturer's recommendation (ALK, Copenhagen, rmbaRk) against the
following inhalant allergens: birch, timothy, mugsmiohorse, rabbit cat, dog, and
Dermatophagoides farinaéSoluprick 10 Histamine Equivalent Prick). Histaei
chloride (10mg/mL) served as the positive contnodl @he allergen diluent as the
negative control. The SPT has been considerediymsitthe weal diameter after
15min was> 3mm.

Demographic data are shown in Table I. All pregmsicwere term
pregnancies (> 37 weeks) and all infants had bwights within the normal range.
There were no statistically significant differenacegarding maternal age, mode of
delivery, sex of child, or the number of childreetween the two groups. The
clinician (CN) who met all families both before aaffer the delivery recorded that
the women unwillingly used inhalation steroids,ilaistamines or other drugs. None
of the women used systemic steroids. Approval fleenHuman Ethics Committee at
Huddinge University Hospital, Stockholm, Sweden bagn granted. All families

have given their informed consent to the study.
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Samples

Plasma samples were obtained from peripheral daoables collected from
the same women at 3 time points; during tiietrBnester of pregnancy, at delivery
and at a non-pregnant state 2 years post-partuinof Ahe samples were stored at -
20°C until analysis.. The samples were thawed pridh¢éoELISA assay and freezing
and thawing of the samples was avoided.

Cytometric Bead Array

Levels of IL-10 in plasma were measured using theo@detric Bead Array
(CBA, BD Biosciences Pharmingen, San Diego, CA, Y&%hnique according to
the recommendations from the manufacturer. Briefiye standards and samples
were diluted in assay diluent mixed with the PEelad beads and incubated for 3 h.
After incubation the samples and standards weré&t® remove unbound material
and analyzed using the BD CBA software (BD BiosceenPharmingen, San Diego,
CA, USA). Calibration of the flow cytometer was beperformed by using BD
FACSComp™ (BD Biosciences Pharmingen, San Diego, G&8A) and BD
CaliBRITE™ Beads (BD Biosciences Pharmingen, Sagbi CA, USA). The assay

sensitivity was 3.3 pg/ml.

Measurement of total SHLA-G levels by enzyme-immurgorbent assay (ELISA)
Total sHLA-G (sHLA-G1 and HLA-G5) antigen concertioas were
investigated by enzyme immunosorbent assay, astegpim the Essen Workshop on
SsHLA-G quantification®. Briefly, 20 ug/ml MEM-G9 MoAb (Exbio, Praha, Ctec
Republic) were used as capture antibody and atdi-Bemicroglobulin — HRP
conjugated MoADb, (Dako, DK) as detection antibo@lige concentration of sHLA-G
was estimated as a mean of triplicate plasma sanfyyi@bsorbance at 450 nm on a
microplate reader (Wallac Victor 3, PerkinElmer, fam, Massachusetts, USA).
HelLa cell wild type culture supernatants were usednegative controls and
transfected HelLa-G5 cells (kindly provided by Prdt.Weiss, Institut fur

Anthropologie und Genetik, LMU, Munchen, Germang)pasitive controls. Culture
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supernatants were collected at 90% cell conflueand concentrated by the
lyophilization procedure. Following depletion obamin by the Albumin depletion
kit (Enchant Life Science kit, Pall Corporation, NUS), purification of the sHLA-G
proteins was carried out as previously repdtethe sHLA-G molecules obtained
were used as standards at different dilutions 23020, 15, 6, 3, 1.5, 1 ng/ml). The
standard curve is shown in Figure 1A. The intraapssoefficient of variation (CV)

is 1.4%, the inter-assay CV was 4.0%. The limgerfsitivity was 1.0 ng/ml.

Measurement of HLA-G5 levels by enzyme-immunosorbérassay (ELISA)

Plasma sample concentrations of HLA-G5 were quadtiffollowing the
protocol proposed by Rebmann et‘%lBriefly, 20 pg/ml 5A6G7 MoAb (Exbio,
Praha, Czech Republic) were used as capture agtiaod biotinylated anti-HLA
class | W6/32 MoAb, (Dako, DK) and extravidin-peidase (Sigma-Aldrich, Italy)
was used for detection. The concentration of SHLAv&s estimated as a mean of
triplicate plasma samples by absorbance at 450 mra microplate reader (Wallac
Victor 3, PerkinElmer, Waltham, Massachusetts, USW)e used the same standards
as the total SHLA-G ELISA. The standard curve isvgh in Figure 1B. The intra-
assay coefficient of variation (CV) was 2.0%, tiéer-assay CV was 3.5%. The

limit of sensitivity was 1.0 ng/ml.

Determination for non classical sHLA-G1

After ELISA measurements of plasma levels of tatdlLA-G and HLA-G5,
the amount of sSHLA-G1 was expressed as the difterdmetween total sHLA-G
(SHLA-G1 and HLA-G5) and HLA-G5 concentrations.

Statistical analysis
Statistical analyses were performed with STATISTICZA software (Statsoft
Inc., Tulsa, OK, USA), by the Division of Matheneiat Stockholm University (Dr.

Jan-Olov Persson). To analyse HLA-G variation diree, Friedman’s test was used
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and the influence of background variables was nredsby logistic regression.
Fishers’'s exact test was used to test for diffezsenia the proportion of HLA-G
positive individuals between the two groups. Foredults the Mann-Whitney U test
was used to test for differences of median valuesvéen groups. Correlations
between HLA-G levels and IL-6 and IL-10 respectyvelvas analysed with

Spearman rank test. A difference was consideratfgignt if p<0.05.

RESULTS
Labour influences sHLA-G and IL-10 plasma levels

To evaluate the effect of pregnancy and labourhenpiasma sHLA-G levels,
we measured sHLA-G in a total of 43 women (15 nlbergic and 28 allergic) at
three occasions, during th& 8imester, at labour and at 2 years post partwiubfe
HLA-G plasma levels were significantly increasedinly labour in comparison to
the third trimester and two years after deliverig(EA). The IL-10 plasma levels
followed the same pattern (Fig 2B).

The Spearman correlation coefficient between sHLA@ IL-10 plasma
levels was calculated for all the individuals aé tdifferent time points, but no

significant correlations between these factors wéserved.

Allergy is associated with reduced sHLA-G plasma leels during pregnancy and
at delivery

When subdividing the women according to allergiatisd, plasma levels of
both sHLA-G (Fig 3A) and IL-10 (Fig 3B) presentdtetsame behaviour towards
labour. In both groups of women, sHLA-G (non alleygp<0.001; allergic: p<0.001,
Friedman test) and IL-10 (non-allergic, p<0.05;edjic, p<0.01, Friedman test)
levels were elevated at delivery in comparisonhi third trimester and two years
after delivery. Comparing non-allergic and allergiomen at each time point,
showed that there was a significant differencehangroportion of sHLA-G positive

samples between allergic (11/28) and non-allergiznen (14/15) during the™3
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trimester (p=0.0009, Fisher exact test) with low&A-G levels in allergic women
(p<0.01; Mann Whitney U test). Also, allergic wombad lower sHLA-G levels
(38.0 ng/ml) than non-allergic women (62.0 ng/mt)delivery (Fig 3A) (p<0.05,
Mann Whitney U test). Interestingly, no significatifferences were evidenced 2
years after pregnancy (p=NS; Mann Whitney U te$tjese differences between
SHLA-G levels in allergic and non-allergic womenmaned after control for
background variables in both third trimester (p9®.0Logistic regression) and
delivery (p=0.007, Logistic regression).

IL-10 levels increased at delivery in both allergitd non-allergic women, but

no significant differences were found between e groups (Fig 3B).

SHLA-G isoform analysis
The analysis of sHLA-G isoforms (SHLA-G1, HLA-G5emonstrated that
SHLA-G1 was the predominant isoform responsible tfog increase of sHLA-G

levels in plasma during delivery (Fig 4A, B).

Subdividing the women accordingly to the allerdiatss revealed that sHLA-
G1 increased at delivery both in allergic (from @ml in the & trimester to 36.0
ng/ml at delivery) and non-allergic (from 22.0 ng/im the 3% trimester to 42.2
ng/ml at delivery) women (Fig 4A), with a clear inase during labour in
comparison to the third trimester and two yearsrafielivery (non-allergic,
p<0.0001; allergic, p<0.0001, Friedman test) anghéi levels in non-allergic
women both in the third trimester (p= 0.001; Manrhitvey U test) and at the
delivery (p<0.05; Mann Whitney U test). Moreoveert® was a significant difference
in the proportion of sHLA-G1 positive samples betwaallergic (10/28) and non-
allergic (14/15) women during the third trimester@.0003, Fisher exact test).

HLA-G5 levels presented the same concentrationatapic and non-atopic
women at all the three time-points (Fig 4B), with differences between time points

(non-allergic, p=NS; allergic, p=NS, Friedman test)
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DISCUSSION

We focused our study on the comparison of sHLA-&pla concentrations at
third trimester, delivery and two years after paggy in allergic and non-allergic
women. The results demonstrated an impressivedseref sHLA-G molecules at
delivery in both allergic and non-allergic womerurthermore, our data revealed
significantly reduced levels of sHLA-G moleculesdalivery in allergic women in
comparison to non-allergic women. A similar pattesas observed for plasma IL-10,
with increased levels at delivery, but without atijfference between allergic and
non-allergic women. Plasma levels of IL-6 also @&ased at delivery, indicating a
process of labour at the delivery time point. Gagults demonstrate that the delivery
process is able to affect both sHLA-G in plasma sygtemic cytokine levels in both
allergic and non-allergic women,

Interestingly, sHLA-G levels were lower in allergimmen than in non-allergic
women at delivery. The reduced sHLA-G levels werse caused by deficient IL-10
production, as allergic and non-allergic women enésd equal amounts at all three
time points investigated. This indicates that otfectors involved in sHLA-G
production and/or regulation differ between thes® tgroups of women. It is
possible that the Th2 cytokine microenvironmentspre in an allergic individu#l
differently influences the sHLA-G secretio@f course to definitely prove that
allergic status affects the sHLA-G production, ibuld have been necessary to
evaluate these women also prior to pregnancy. Asatbmen were enrolled in the
study when visiting the maternity ward, this was fleasible.

Reduced sHLA-G levels have been described in preges complicated by
preeclampsia and intra-uterine growth retardatiéh HLA-G molecules have been
implicated in the regulation of uterine naturaleil(UNK) cells. The uNK cells are
supposed to participate in the process of pladentaind being particularly
important for the process of uterine spiral arteansformation. A dysregulation of
uterine NK cells has been suggested in pregnarsyeaged pathological conditions

like preeclampsia (PE); and modified HLA-G expressin trophoblasts and/or
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altered levels of sHLA-G have been implicated assfme mechanisms for this
dysregulation. Soluble HLA-G may contribute localipd further away from the
invading trophoblast to trigger functional matuoatiof the uNK cells and thereby
contribute to vascular remodelling and deciduailirat Soluble HLA-G levels in
plasma from women who subsequently developed PEe wawer than control
patients, as early as the first trime&tefThe reduced release of sHLA-G into the
maternal circulation in preeclampsia may alter theaternal-fetal immune
relationship and thus be involved in the causéisfdisorder.

However, the absence of any complication in alekgomen and their babies
suggests a non-significant clinical influence o tibserved differences in sHLA-G
plasma levels in comparison to non-allergic wonieis. interesting in relation to the
old Th1/Th2 pregnancy dogrfa suggesting that allergic women with their Th2
profile would have higher parity compared to nolergic women. This is highly
questionable, but the supposed Th2 profile of giberwomen could perhaps
compensate for the lower sHLA-G levels.

Non-allergic women have higher sHLA-G plasma leatlglelivery, while two
years after pregnancy, the two groups presentedl éenels. Allergic women seem
to experience a prime during pregnancy that id swident two years after
pregnancy. These data are in agreement with oentestudy that demonstrated the
presence of immunological changes imposed by pregnatill evident two years
after labout®.

The difference in the levels of sHLA-G betm allergic and non-allergic
women could be also genetically determined. The H&gene is characterized by a
polymorphism of deletion/insertion of 14 base patdhe 3’ untranslated region of
the exon &. This polymorphism influences the stability of tHeA-G mRNA and
in particular the presence of the 14bp sequencéahibzes the mRNA and
consequently reduces the protein producfion’® This insertion/deletion
polymorphism is in linkage disequilibrium with patlar alleles in the classical
HLA loci including HLA-DR3’. Some allergic disorders may be associated with
polymorphisms in the HLA region that may be in lgle disequilibrium with this
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polymorphism predisposing to low sHLAG levels. Maver the HLA-G protein
production seems to be controlled also by HLA-Gg@olymorphisms at the 5’
upstream regulatory regith mutationd® and microRNAZ. It would be interesting
to evaluate all these mechanisms in the attemmxfgain the different HLA-G
production by allergic and non-allergic women.

To better investigate the nature of SHLA-G increaseanalyzed the sHLA-G1
and HLA-G5 isoforms, which represent the main congos of the total sHLA-G
plasma amount. Our data demonstrated that sHLA-®lecules were the most
frequent isoform in plasma (75-80%) in both allergnd non-allergic women during
labour. As sSHLA-G1 molecules are considered maindyiginated by
metalloproteinase (MMP)-dependent shedding at asslational level of the
membrane antigeffs it could be hypothesized that sHLA-G1 could derikom the
placenta disruption during the labour that is cbemazed by an increase in MMP-9
amount&?.

On the opposite, the production of HLA-G5 soluldeform is mainly ascribed
to splicing mechanisms at gene levels that occuthen IL-10 activated CD14+
peripheral blood monocyte population. IL-10 repres¢he main activator of CD14+
cells, and it is well accepted that HLA-G5 prodantmediated by IL-10 represents a
mechanism to counteract inflammation. In our stu@dyhave observed a significant
increase of plasma IL-10 levels at delivery, with@ny significant difference
between allergic and non-allergic women. The ineedaevels of IL-10 at delivery
could affect the HLA-G5 production, associated toamti-inflammatory response
that tries to counteract the inflammatory statudeivery™..

In summary our results demonstrate an increase HIEASG plasma
concentrations at delivery compared to tffet@mester and 2 years after delivery.
SHLA-G plasma levels in allergic women followed teame pattern as in non-
allergic women with the highest levels at deliverdowever, at delivery, sHLA-G
levels were lower in allergic women than in noreajic women. The reduced
SHLA-G levels were not caused by deficient IL-1@duction, as allergic and non-

allergic women produced equal amounts at all thiree points investigated. Further
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experiments are needed to understand the mechanesmpensible for the reduced

production of sHLA-G in allergic women, that in ¢hstudy however, did not

represent a significant hazard for a normal dejiver
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Table I.
Demographic data of allergic and non-allergic women

Allergic women Non-Allergic women  p value®

(n=28) (n=15)
Maternal age at 32 32 0.2975
delivery (years) 24 - 44 27 - 40
Gestation length 40 40 0.5770
(months) 37-42 38 -43
Mode of delivery *ECS: 4/28 ECS: 2/15 0.9323
VD: 24/28 VD: 13/15
Sex of child Girl: 14/28 Girl: 10/15 0.2999
Boy: 14/28 Boy: 5/15
Number of children 1 2 0.6427
1-4 1-3

*ECS: elective caesarean section; VD: vaginal @eliv

° Mann Whitney sum of rank test
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Legends to figure

Figure 1. Standard curve of the ELISA assays ftal toHLA-G (A) and HLA-G5
isoform (B). The standard sHLA-G was used at ddferdilution (30, 25, 20, 15, 6,
3, 1.5, 1 ng/ml) in triplicate. The enzyme-linkechmhunosorbent assays were
performed as described in the Material and Methseigion. The detection limit,
3.29 SD added to the mean optical density of regeabtegative control
measurements, is reported (Dotted line). The hioklihdicates the linear regression

and the dashed lines the 95% confidence interval.

Figure 2. Molecule levels in plasma samples fronp&&ynant women (allergic and
non-allergic) at the third trimester'{8 delivery (del) and 2 years after delivery (2ys)
measured by enzyme-linked immunosorbent assay. s)A-G; (B) IL-10. *
Difference between time poin{Briedman test); ©° Mann Whitney U test, was used to

test for differences of median values between ggoup

Figure 3. Soluble HLA-G (A) and IL-10 (B) levels ptasma samples from 15 non-
allergic (grey) and 28 allergic (white) women aé tthird trimester (8), delivery

(del) and 2 years after delivery (2ys) measurecmgyme-linked immunosorbent
assay. * Difference between time poirfEgiedman test); ° Mann Whitney U test,

was used to test for differences of median val@daden groups.

Figure 4. Soluble HLA-G1 (A) and HLA-G5 (B) isoforfavels in plasma samples
from 15 non-allergic (grey) and 28 allergic (whitedmen at the third trimester'{s
delivery and 2 years after delivery (2ys) measureg enzyme-linked
immunosorbent assay. * Difference between time tgdiRriedman test); ©° Mann

Whitney U test, was used to test for differencemetlian values between groups.

124



ABSORBANCE (450 nm)

ABSORBANCE (450 nm)

Figure 1

2 -
1 =
0 = T T T T T 1
0 1% 30
sHLA-G (ng/ml)
21
11
o = T T T T T 1
0 15 30
sHLA-G (ng/ml)

125



Figure 2
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ABSTRACT

Oocyte selection with the highest competency asgmt a major goal in IVF.
Several studies have demonstrated that non clas#iga class | HLA-G molecule
modulation creates a tolerogenic microenvironmetiefeto-maternal interface and
it seems to be implicated in embryo implantatiohisTstudy investigated if soluble
HLA-G molecules production by the cumulus-oocytenptex (COC) could be a
marker of oocyte maturation. sSHLA-G molecule |svelere analyzed using Bio-
Rad’s Bio-Plex assay in 152 COC supernatants addaiinom 42 women and
maturated by an “in vitro maturation procedure”. eTlpresence of sHLA-G
molecules was confirmed by Western blot techniqliee results demonstrate
detectable amounts of SHLA-G molecule ranging fréd® to 800 pg/ml in 14/73
(19%) COCs that generated mature oocytes and timglete absence of detectable
SHLA-G antigens in the supernatants of COCs thatesponded to immature
oocytes.

The detection of SHLA-G molecules in the COC cutsupernatants corresponding
to matured oocytes is proposed as a possible maskédentify the gametes with a
higher functionality. This non-invasive marker abube used in addition to
morphological approaches to reduce the numberrtfiZed oocytes and transferred

embryos.

Key words: HLA-G; oocyte; in vitro maturation
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1. INTRODUCTION

Currently, several oocytes are fertilized during=I¥rocedures and two or more
embryos are transferred to the uterus in ordentoease the chance of a positive
pregnancy. However, this approach results in a highber of multiple pregnancies,
perinatal mortality and morbidity. The necessityawercome these risks together
with the presence of ethical problems has incredbBedinterest in selecting the
gametes with the highest competency. This poinbfixtreme interest in Italy,
where the law 40/2004 states that no more thaw thmgbryos must be created at any
one time and all the embryos created must be &amsf together even if the couple
does not need all the embryos (Finesthal, 2005).

In this context the identification of validated mkers for oocyte selection represents
a fundamental step in IVF.

Several studies have demonstrated that HLA-G amtigedulation creates, by direct
and indirect mechanisms, a tolerogenic microenvitemt at the feto-maternal
interface (Rouas-Freisg al, 2007). HLA-G molecules inhibit, together with AL

C and HLA-E, the innate Natural Killer responseiagicytotrophoblast cells which
lack classical HLA class | and Il expression (Mttftet al, 2006; Khalil-Daheet al.,
1999; Rouas-Freisst al, 1997;). HLA-G antigens affect the adaptativelutet
response inducing the apoptosis of cytotoxic CD8Wyriphocytes (Le Gaét al,
1999; Fournelet al, 2000), impairing CD4+ T cell functions and preireg
dendritic cell maturation (Bainbridget al, 2000; Lilaet al, 2001). HLA-G
molecules also induce immunosuppressive regulafocgll development (Fegeat
al., 2007; Selmaret al, 2008).

Detectable levels of soluble HLA-G (sHLA-G) moleesl in a percentage of
follicular fluids (FFs) from patients admitted t¥H procedures have recently been
reported (Rizzet al, 2007) and granulosa cells have been identigedroducers of
SHLA-G molecules. The granulosa cells which surtbtire mammalian oocyte are
known as the cumulus oophorus. These cells creatauetural pathway for cell-to-
cell communication (Gilchriset al, 2004) where cumulus cells provide several

trophic or metabolic factors to the preovulatorycyte (Elvinet al, 1999). Several
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results indicate that the measurement of genedrigtion levels in cumulus cells
would reliably complement the morphological oocgtaluation providing a useful
tool for selecting oocytes with greater chancesdofertilized (Feuersteiet al,
2007; Cilloet al, 2007).

Considering the presence of sHLA-G in FFs durirgdbcyte maturation this study
verified if it is a marker of this process. The tané supernatants of “in vitro
matured” oocytes were analyzed for sHLA-G preserdee target of “in vitro
maturation” (IVM) technique is to retrieve immatuecytes from the ovary and to
induce their maturation in vitro. We have employeditro co-cultures of oocytes
and cumulus cells to restore support from the smdong cumulus cell® the oocyte
(Combelleset al, 2002; Eppig1991). This system has allowed us to analyze the
SHLA-G production by the cumulus-oocyte complex (@Q@vithout the influence of

thein vivomaternal microenvironment.

2. MATERIALSAND METHODS

2.1 Patients

The oocyte employed for this study have been obthiftom regularly cycling
patients attending the Biogenesi Reproductive Medi€entre of Monza, Italy, for
an Assisted Reproduction Technique with In Vitrotidation Protocol (IVM).
Couples included in the trial had an indicatiotM® procedure because of infertility
due to male factor, tubal factor, stage I/Il endtiosis, polycystic ovarian
syndrome (PCO) or unexplained cause. All the womeluded had regular cycles of
26-35 days. A written informed consensus has béxaireed from all participating
couples.

We have considered just one cycle per couple. Aftaturation process we have
used from one to three oocytes according to tHeutd.aw 40 on IVF (Fineschet
al., 2005). Following these criteria, 42 women haverbeecruited for the study.

Women characteristics are reported in Table 1.
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Oocyte recovery has been performed by means oévagmal ultrasonound—guided
follicle aspiration, using a single lumen aspiratioeedle (Gynetics cod. 4551-E2
@17- gauce 35 cm) connected to a vacuum pump (CGafbp pressure 80-90
mmHg). The aspirated follicular fluids, containi@PCs, have been washed with
prewarmed Flushing Medium with heparin (Medi-Cultogluct n. 10760125,
Denmark). The oocytes have been detected undereosticroscope, examined and
classified on the basis of their morphology. Oosytth signs of mechanical
damage or atresia have been discarded.

Immature COCs have been individually cultured iaell culture dish with 250ul
ml of IVM Medium (vial 2 of IVM system medium; Meclilt no. 82214010,
Denmark) supplemented with rec—FSH 0,075 1U/ml ¢8er Italy), hCG 0,1 1U/ml
(Serono, Italy) and 10% Serum Protein SubstituRBS(80.3010—- Sage Media- USA)
for 30 hrs.

Following the maturation period, the supernatarasehbeen collected from each
culture system containing a single COC and stotedC until being tested for the
presence of sHLA-G. The oocytes have been denuded dumulus and evaluated
for the presence of the first polar body to confivietaphase Il stage. The Metaphase
Il oocytes have been considered mature, while tetaphase |, degenerated and
germinal vescicle oocytes have been defined imraatduang et al., 2002). The
mature oocytes have been classified accordinglgutoounding cumulus cells as
follow: Grade A: expanded cumulus with multilayerdaslack cumulus cells with a
full adhesion to the oocyte with cumulus; Gradef@l or spare compact cumulus
with one to three layers of cumulus cells with argpadhesion to the oocyte (Table
2a); and graded on the first polar body and cywmplaharacteristics: Grade 1:
homogenous cytoplasm and round polar body; Gradso@yte with variations in
colour or granularity of the cytoplasm and/or prese of inclusions, vacuoles or
retractable bodies , but a round polar body; G@adecyte with variations in colour
or granularity of the cytoplasm and/or presencedaliusions, vacuoles or retractable
bodies with a fragmented polar body (Table 2b))e Bubdivision of the mature

oocytes is reported in Table 3.
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2.2sHLA-G ELISA

sHLA-G1, obtained from the proteolytic cleavagelod membrane bound HLA-G1,
and HLA-G5, generated by mRNA alternative splicifggve been assayed as
reported in Essen Workshop on sHLA-G quantificagi@ebmanret al,, 2005) using
as capture antibody the MoAb MEM-G9 (Exbio, PraBaech Republic), which
recognizes HLA-G molecule, in beta2-microglobulssaciated form, at the
concentration of 20 pug/ml. The anti-bgetaicroglobulin MoAb — HRP conjugated,
(Dako, Glostrup, Denmark) has been used as detectingaaiytidiluted 1:1000 in
PBS1x. HelLa cell wild type culture supernatantsehlagen used as negative control,
transfected HelLa-G5 cell (kindly provided by ProE.Weiss, Institut fur
Anthropologie und Genetik, LMU, Munchen, Germang)pasitive control. Culture
supernatants have been collected at cell conflueand concentrated by
lyophilization procedure. Following depletion obamin by Albumin depletion kit
(Enchant Life Science kit, Pall Corporation, MI, A)Sthe purification of the sHLA-
G proteins has been carried out as previously tegdiLe Friecet al, 2003). The
SHLA-G molecules obtained have been used as st@radadifferent dilutions. The
COC culture medium has been use for the standhrtioah.

The detection limit has been calculated with repgaheasurements of a negative
control obtained with the culture medium. In thiaynall the variables of the assay
have been considered. We have calculated the mie#ime mptical density (OD)
value obtained in the negative control wells, pnése triplicate in each plate, and a
standard deviation, with the value of lower limit detection being 3.29 standard
deviations (SD) added to the mean OD value (AndeBd 1989). In this case, there
is only a 5% chance of classifying a result in Wr®ng population and the lower
limit of detection sample determinations are abibv® midway concentration with a

probability of the 95%. The limit of sensitivity &0 pg/ml.
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2.3 Bio-Plex system

2.3.1 Covalent coupling of antibodies to microsphes. Covalent coupling of the
anti-sHLAG antibodies to the carboxylated polystgemicrospheres (Bio-Rad,
Hercules, CA, USA) has been performed using theM&x amine coupling kit (Bio-
Rad, Hercules, CA, USA). Briefly, the microsphérsegck solution has been
dispersed by bath sonication until a homogeneosisilalition of the microspheres
has been observed. For a 1x scale coupling readt@h ul of monodisperse beads
(1.25 x 16 microspheres), has been centrifugated at 14,0@0far 4 min and
washed with 10@ of bead wash buffer. This bead pellet has besasgended in 80
pl of bead activation buffer, vortexed for 30 semd then sonicated by bath
sonication for 30 sec. Solutions fhydroxysulfosuccinimide (S-NHS) and 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide hydrochlaid (EDC) (Pierce
Biotechnology, Rockford, USA), both at 50 mg/ml,veabeen prepared in bead
activation buffer immediately prior to its use, ab@d ul of each solution has been
sequentially added to stabilize the reaction antivate the microspheres. This
suspension has been vortexed for 30 sec and thtateagwith a rotator at room
temperature for 20 min in the dark. Then activatedds have been washed twice
with 150 ul of PBS, pH 7.4, incubated with 5 pg of MoAb MEMBGEXbio, Praha,
Czech Republic) in a final volume of 500 ul of PR 7.4 and agitated with a
rotator at 4°C overnight in the dark. After washingh 500 ul of PBS, pH 7.4 the
beads have been resuspended with 250 ul of blodkifiigr and agitated at room
temperature for 30 min in the dark. The coupledibdave been washed with 500 pl
of storage buffer, resuspended in 150 pl of storagi#er and counted with a
hemacytometer.

Coupling efficiency of monoclonal antibodies hasmdested by staining 10,000
microspheres with biotinylated antibody directed ttee source of the capture
antibody (goat anti-mouse immunoglobulin G (e-Biesce, San Diego, USA)
followed by streptavidin-PE for 30 min and 10 minr@om temperature in the dark

respectively. The microspheres, resuspended inul%d storage buffer, have been
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measured and analyzed with the Bio-Plex system-f&id Laboratories, Hercules,
CA, USA).

2.3.2 s-HLAG Bio-plex assayCOC culture supernatants have been assayed for
SHLA-G using a bead array system Bio-Plex (Bio-R&tkrcules, CA, USA)
according to the manufacturer's instructions. Brje50 ul of sHLA-G standards
(prepared in thsame fresh culture medium amdsayed in duplicate) or samples
(COC culture supernatants in duplicate) have beenbated with 5Qul of anti-
SHLA-G conjugated beads (5000 beads/well) in 98-Wekr plates for 60 min at
room temperature with shaking. Plates have beehedaby vacuum filtration three
times with 100ul of Bio-Plex wash buffer, 2fl of biotinylated antibody W6/32 (10
ung/ml) (Dakq Glostrup, Denmark) has been added, and platesimewbated for 30
min at room temperature with shaking. After thrakerf washes, 50ul of
streptavidin-phycoerythrin has been added, anglties have been incubated for 15
min at room temperature with shaking. Finally, etahave been washed by vacuum
filtration three times, beads have been suspendé&@5 ul of Bio-Plex assay buffer,
and samples have been analyzed on the InstrumerRIBx system in combination
with the Bio-Plex Manager software. The standard/esi for SHLA-G have been
used from 24000 to 93,75 pg/ml and the minimumatatde dose was 300 pg/ml.
The detection limit has been calculated with repgaheasurements of a negative
control obtained with the culture medium. In thisywwe have considered all the
variables of the assay. We have calculated the nodatme fluorescence value
obtained in the negative control wells, presentriplicate in each plate, and a
standard deviation, with the value of lower limit detection being 3.29 standard
deviations (SD) added to the mean fluorescencevi@ie (Anderson DJ, 1989). In
this case, there is only a 5% chance of classif@mgsult in the wrong population
and the lower limit of detection sample determioiasi are above this midway
concentration with a probability of the 95%. Theedficity of this assay has been
validated with an isotype control (Mouse IgG1 Ismycontrol, code 1B-457-C100
biotin; Exbio, Praha, Czech Republic) used in tlzee of W6.32 biotin moAb. The
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background observed was lower than the selectegttitat limit (data non shown).

We have obtained the limit of sensitivity at 300rph

2.4 Western blotting

The presence of HLA-G molecules in COC supernataatsee been analysed by
denaturating SDS-PAGE in a group of ELISA sHLA-Gsphioe samples (Rizzet
al., 2007). Briefly, 100x concentrated and albumin ldigad pooled COC
supernatants have been loaded on 10% SDS- pobaié gel, electrophoresed at
80V for 2 hours and blotted onto PVDF membrane (thibon-P Millipore,
Billerica, MA, USA) by electrotransfer at 100V rfd5 minutes in 25mM Tris
Buffer, 190mM Glycine, 2% SDS and 20% (V/V) MethanBlocking has been
carried out with 5% nonfat dry milk, Tris 100mM pB7NaCl 150mM over night at
4°C. After two washes, the membrane has been itedbaith MEM-G1 moAb
(Exbio, Praha, Czech Republic) (10pg/ml), whichogrizes HLA-G molecule in
denaturated form, for 3 hours at room temperatutie gentle shaking. The sHLA-G
molecules have been detected using Protein-G HRIRéS, Hercules, CA, USA) at
dilution of 1:5000 in 10mM Tris pH8.0, 150mM Na@,1% Tween 20. Reactions
have been developed by chemiluminescence with Sigeal enhanced
chemiluminescence kit (Super Signal West Pico syskierce, Rockford, IL, USA)
and captured by Chemiluminescence Imaging Gelia@@ detection system
(PerkinElmer, CT, USA). Soluble HLA-G moleculesyified as previously reported
(sHLA-G ELISA Section), have been used as positggatrol, culture medium as
negative control. The COC supernatants have bemtetbat the same total protein
concentration that has been evaluated by Quick Btadford protein assay (Bio-
Rad Laboratories, Hercules, CA, USA). The moleculaeights have been
determined with the BenchMark (Invitrogen, CA, U&ke-stained protein ladder
(range 10-200 kD).

2.5 Statistics

The Fisher’s exact test has been used to analgzdiffierent frequencies in sHLA-G

positivities between COCs that generated matuneature oocytes.
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The Correlation Z test and the Regression test Hmen used to analyze the
interpolation of ELISA and Bioplex standard curves.

The statistical analysis have been conducted &iagView software package (SAS
Institute Inc, Cary, NC, USA). P-value of 0.05 eaneidered significant (two tailed).

3. RESULTS

3.1 Comparison between the sHLA-G ELISA and the sHRA-G Bioplex assays
We have compared the Bio-Plex assay and ELISA tqakrin quantifying sHLA-G

molecules.

We have used the same capture antibody and staretgedts in both the techniques
in order to maintain the same specificity. They éndseen compared for their
sensitivity by geometric dilutions of the sHLA-Gastlard reagent. In Figure 1a and
1b the standard curves of the ELISA and Bio-Plesags have been obtained with
50ul of standard reagent at the concentrationsO6f 800, 400, 300 pg/ml. The
sensitivity has been calculated with repeated nreasents of a negative control and
a 3.29 standard deviation (SD) has been calcul@&ederson DJ, 1989) (Materials
and Methods Section). We have interpolated the matader to obtain a standard
curve. The low limit of detection, correspondinghte 3.29 standard deviations (SD)
added to the mean fluorescence (FI) or optical idemalue of the negative control,
reached 300 pg/ml in the Bio-Plex assay and 60tipg/the ELISA system.

We have observed a different accurateness of thesassays. As reported in Table
3, the Bio-Plex calibration curve described thendéad data with the lowest error
(mean error: 3.2%) in comparison to ELISA calibvaticurve (mean error: 25.7%)
(Plikaytiset al, 1991). The coefficient of variation (CV) for tiBeo-Plex assay was
1.7 whereas the ELISA has presented a CV of 3.&. statistical analysis of these
two calibration curves has documented a higheretation in the Bio-Plex standard
curve in comparison with ELISA (Correlation Z teBto-Plex p<0.0001,%= 0.9958;
ELISA p=0.035, =0.9434; Regression test Bio-Plex p=0.0001; ELISA.p287).

138



The low CV, error and detection limit associatethwthe Bio-Plex test indicated us
to select this assay to analyze the COC culturersapants in order to reach lower
SHLA-G levels with a higher degree of reliability comparison with the ELISA

system. The highest sensitivity of Bio-Plex assayoi be considered in comparison

to our ELISA system and for low sHLA-G concentraso

3.2 Detection of SHLA-G molecules in COC culture suernatants.

We have analyzed the COC culture supernatants bysnaf Bio-Plex technology.
We have analyzed 152 COC supernatants from IVM gatoes performed in 42
women. Among the COCs, 73 matured (metaphase fgestand 79 remained
immature (Prophase | or Metaphase | stage). Eaaghanohad from one to three
mature oocytes and from one to two immature oocytes

We have revealed sHLA-G levels above 300 pg/ml #73 (19%) COC
supernatants that generated mature oocytes (FR)une a range from 309 to 800
pg/ml, while no sHLA-G has been detected in COCesungtants corresponding to
immature oocytes (p= 8.4 x T0Fisher exact test).

These results have documented the presence of gblldelecules only in COCs

that produced mature oocytes.

3.3 Western blot analysis

We have confirmed the data obtained in COC supant&atby Bio-Plex technique
with Western Blot analysis. In Figure 3 we haveorégd a representative Blot with a
SHLA-G positive COC supernatant (second line) andHAA-G negative COC
supernatant (third laine), confirming the resultstained by Bio-Plex. We have
considered the upper bands present in all the ssngsl aspecific positivities and the
37 kD positive band as HLA-G specific.

3.4 sHLA-G molecules and mature COC characteristics

The variability in sHLA-G levels could be assocdtdo different oocyte
characteristics. We have evaluated the morpholbfgeture of mature COCs (Table
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1). Taking into consideration the surrounding cumsudell feature, we have observed
no differences in the percentage of sHLA-G posisupernatants in Grade A mature
COCs (expanded cumulus) (9/43; 21%) in comparisoitade B COCs (full or
spare cumulus): (5/30; 17%) (p=NS, Fisher exact) téBable 4; Figure 4a).
Considering the polar body and cytoplasmic morpiickl characteristics of the
mature oocytes (Metaphase Il), evaluated after tusmemoval, we have observed a
difference in the percentage of sHLA-G positive CGfpernatants which
correspond to Grade 1 oocytes (8/22; 36%) in corsparto Grade 2 (1/15; 7%) (p=
0.056, Fisher exact test) and Grade 3 (5/36; 1495).0.058, Fisher exact test)
(Table 4; Figure 4b). The increased ability of CQkat generated Grade 1 oocytes
to produce sHLA-G molecules is near the significatattistical p value, probably
because of the low number of samples. Howeverlga tendency of mature COCs
with high score oocytes to produce more sHLA-G moles, proposes these
molecules as a marker of oocyte grade. Therefavédlibe mandatory to increase the

number of analyzed COCs in order to confirm thiseskation.

3.5 sHLA-G molecules in mature COC culture supernatants subdivided into
women

In order to identify a possible different sHLA-Gopuction between the mature
COCs of the same woman, we have subdivided themeleet women (Figure 5a).
The 14 supernatants with a SHLA-G positivity cop@sded to 13 different women.
Taking into consideration the women with at lease GsHLA-G positive COC
culture, we have observed different SHLA-G leveaistheir COC supernatant. For
example, in Figure 5a, the woman number 1 pregemt<COC supernatants with no
SHLA-G and one with 410 pg/ml of sHLA-G; woman numidO has all the three
COC cultures negative for sHLA-G detection.

The women have presented different sHLA-G levelemive have compared COC
supernatants between women. These data are ofigtesst because it seems that
the COCs could be characterized by a differenttyltd produce HLA-G molecules.
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Taking into consideration the previous results ooyte morphology and differences
in sHLA-G modulation, we have analyzed if the diffieces in sHLA-G levels
between women could be correlated to different tm&rades. In Figure 5b we have
reported 10 representative women. There is an ms&ocbetween the differences
observed in sHLA-G levels and the oocyte Grade® Wwbman number 1 has two
COC supernatant without sHLA-G classified as Gradehite), and Grade 2 (grey)
and one with 410 pg/ml of sHLA-G (Grade 1 oocytieck); woman number 10 has
all the three COC cultures negative for sHLA-G &rdde 3 oocytes.

4. DISCUSSION

The reduction of the number of fertilized oocytes &ransferred embryos represents
the main target of assisted reproductive medicDering recent years, several
studies have suggested a relationship betweenrtitigtion of SHLA-G molecules
by early embryos and an increased implantationirat®’F protocols (Fuzzet al,
2002; Rousseet al.,2003; Sheet al, 2004; Criscuolet al, 2005; Nockt al., 2005;
Sheret al 2005a; Sheet al. 2005b; Yieet al, 2005; Desagt al, 2006; Fisclet al,
2007; Rebmanet al, 2007; Rizzcet al, 2007). Two studies (van Liera al.,2002
Sageshimaet al.,2007) have failed to detect sHLA-G molecules in grakculture
supernatants, probably due to technical discrepan@s suggested by the recent
review by Warner et al. (Warnet al, 2008). It is important to develop a very high
quality level in sHLA-G detection methodology, tewescome these problems in
order to evaluate the exact amount of sHLA-G preduby an in vitro cultured
embryo (Menezet al, 2006) and to establish the functional role oEAHG during
early embryo development (Apps al, 2008). However the data obtained by twelve
researches suggest the production of sHLA-G astanpal marker of embryo
implantation Surely, it is still mandatory to evaluate embryorphological

parameters for an accurate embryo selection.
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Oocytes obtained under ovarian stimulation presentariable competence and
although molecular approaches have been propos#t¢tio et al, 2004; Patrizio
et al, 2007) the selection is still performed on morpigatal characteristics.
Recently, the presence of sHLA-G molecules in agrage of FFs and a significant
association with the production of these antigepsthe corresponding fertilized
oocyte was reported (Rizat al, 2007). Shaikly and coauthors (Shaiklyal, 2008)
have confirmed the presence of sHLA-G molecule§fs but they have failed to
identify the correlation with early embryo sHLA-Gopluction. Several differences
in embryo culture conditions and in the technicalcedures to detect SHLA-G could
justify the different results obtained by these tstodies. The presence of SHLA-G
in FFs is not a confirmation that it is importantdocyte maturation but it seems to
be a marker of embryo competency. However, furshigdies are required to confirm
the relationship between FFs and embryo sHLA-G ypetdn. The goal of this
study was to identify if SHLA-G could be also a k®&rof oocyte maturation. The
oocyte maturity has been demonstrated to be impoitaproducing good quality
blastocysts for embryo transfer (Huagtgal, 2002) and molecular markers to define
oocyte maturity would be of great interest togetherth morphological
characterization. A sHLA-G assay based on Lumineghmology reaching a
detection limit of 300 pg/ml has been proposed (Rainet al, 2007). We have
developed a similar Bio-Rad’'s Bio-Plex system r@&aghthe same limit of
sensitivity.

Our results show that the COCs produce sHLA-G mudsc during oocyte
maturation process. The main point is that no sHEMolecules have been detected
in the COC culture supernatants corresponding tmdtare oocytes. Some COCs
have produced mature oocytes but no sHLA-G haven bagserved in their
supernatants, underlining that sHLA-G is only orighe factor implicated in this
process. Overall these results suggest a variabtiuption of SHLA-G molecules in
association with a different oocyte maturation. =& production have been related
to the morphological characteristics of mature C@Csrder to analyze the possible

functional role of these differences. All the matucOCs have been classified
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accordingly to their granulosa cell morphology, a@odthe oocyte cytoplasm and
polar body characteristics before insemination. idfgkinto consideration the
surrounding cumulus cell feature, we have obsesimilar percentages of sHLA-G
positive supernatants in Grade A and Grade B mad@€s (Figure 4a). On the
contrary, the classification using polar body andoplasm characteristics has
demonstrated a tendency of Grade 1 mature oooytpsotiuce sHLA-G molecules
higher than Grade 2 and Grade 3 oocytes (FigureTid association could propose
SHLA-G as a marker to identify high score matureypes. It will be mandatory to
increase the number of analyzed oocytes in ordepidirm our observation based
on a statistical significance near the limit p walulrhe analysis of sHLA-G
concentrations in mature COCs between women havevrstdifferent sHLA-G
levels both in mature COCs from the same woman ianthature COCs from
different women. These data confirm that COCs cbeld@¢haracterized by a different
ability to produce sHLA-G molecules that is asstedawith the different oocyte
grade. Further analyses are required to definenghehanisms that influence sHLA-
G production and the role of this antigen as diyactplicated in oocyte maturation
or as a marker of COC metabolism. A metabolic coapmn between oocyte and the
surrounding granulosa cells is required for a catepimaturation. The absence of
SHLA-G molecules in immature COCs could suggestla for these molecules in
oocyte maturation. It is known that cumulus celkpress innate immune related
genes (CD14, Toll like receptors) (Let al, 2008) that may play critical roles in
surveillance and cell survival during the ovulatgnocess and HLA-G could be one
of these mechanisms. sHLA-G could be importanthi maintenance of a balance
between pro - and anti — inflammatory effectors #relabsence of this molecule in
COC supernatants could identify a difficulty in @tieg the correct maturation
microenvironment.

In conclusion, these data demonstrate for thetfirgt the ability of mature COCs to
produce detectable amounts of sHLA-G moleculess Tgroduction could be a

marker of good quality oocyte maturation and itldobe used to select the best
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oocyte to be fertilized in addition to the morphgiteal approaches in order to reduce

the number of produced and transferred embryos.
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Table 1

Details of in vitro maturation procedure.

Women
(n=42)
Age (years) (mean + SD) 353
Number of recovered oocytes per woman (mean + SD) +17
Mature oocytes per woman (%) 20 -50
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Table 2
Mature COC (a) and oocyte (b) grade scoring.

a)
MATURE COC
CUMULUS ADHESION TO OOCYTE
GRADE
EXPANDED
GRADE A FULL
MULTILAYER
FULL / SPARE
GRADE B SPARE
ONE - THREE LAYERS
b)
MATURE OOCYTE
CYTOPLASMATIC POLAR BODY
GRADE
GRADE 1 HOMOGENOUS ROUND
GRADE 2 GRANULAR ROUND
GRADE 3 GRANULAR FRAGMENTED/ IRREGULAR
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Table 3

Calculated standard concentrations fro ELISA (a@) BioPlex (b) assays

a)
Standard Conc Calculated Conc*  %Error '
(pg/ml) (pg/ml)
800 1035 29.4
500 535 7.0
400 485 21.3
300 435 45.0
Mean error (%) 25.7
b)
Standard Conc Calculated Conc* %Error '
(pg/ml) (pg/ml)
800 798 0.3
500 514 2.6
400 379 5.0
300 315 5.0
3.0
200 195
Mean error (%) 3.2

* For the calculated standard concentrations wel tise regression curve equations.
The F values were 0.9434 and 0.9958 for ELISA and BipRlgsays respectively.
'o6 Error, absolute value {[(calculated concentratierstandard concentration) /

standard concentration] x100}

151



Table 4
Subdivision of mature oocytes accordingly to CO@ aocyte grading and sHLA-G

production.
Mature oocyte SHLA-G +
(n=73) (n=14)
COC Grade
Grade A 43 9
Grade B 30 5
Oocyte Grade
Grade 1 22 8
Grade 2 15 1
Grade 3 36 5

Legendsto figures

Figure 1

ELISA (a) and Bio-Plex (b) standard curves (Blaiclke). They have been obtained
with 50ul of standard reagent at the concentratadr&00, 500, 400, 300 pg/ml. The

detection limit, 3.29 SD added to the mean opiieadsity (OD) or fluorescence (FI)

of repeated negative control (culture medium) mesments, is reported (Dotted

line). The bold line indicates the linear regressand the dashed lines the 95%
confidence interval.

The F values were 0.9434 and 0.9958 for the ELISA arapBix assays respectively

and the CV values were 3.1 and 1.7 respectively.
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Figure 2
SHLA-G levels in 73 COC culture supernatants trextegated mature oocytes. The
detection limit, 3.29 SD added to the mean fluceese (FI) of repeated negative

control (culture medium) measurements, is repdibexdted line).

Figure 3

Western Blot analysis of COC supernatants posi{®&) or negative (02) for
SHLA-G detection by Bioplex system. Anti HLA-G1/HL&5 MEM-G1 MoAb has
been used for the detection. HLA-G purified molesuhave been used as positive
control (+), culture medium as negative controlflRe COC supernatants have been
loaded at the same total protein concentrationtthatbeen evaluated by Quick Start
Bradford protein assay (Bio-Rad Laboratories, HesuCA, USA). The molecular
weights (Mk) have been determined with the BenchiM&vitrogen, CA, US) pre-
stained protein ladder (range 10-200 kD).

Figure 4

SHLA-G levels in mature COC supernatants subdividedordingly to a) COC
feature (Grade A and Grade B); b) characterizattbnoocyte polar body and
cytoplasm (Grade 1, Grade 2 and Grade 3). The titmtdonit, 3.29 SD added to the
mean fluorescence (FI) of repeated negative coftudlure medium) measurements,
is reported (Dotted line).

Figure 5

SHLA-G levels in mature COC supernatants subdiviteéd women (a) and in 10
representative women with oocyte Grade (Gradedckd] Grade 2 (grey) and Grade
3 (white)). The detection limit, 3.29 SD added ke tmean fluorescence (Fl) of

repeated negative control (culture medium) measenésnis reported (Dotted line).
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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