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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).
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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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ics, Section of Medical Genetics, Department of Experimental and Diagnos-
tic Medicine, University of Ferrara — Via Luigi Borsari, 46; 1-44100 Ferrara
—Italy; Tel: ++390532455382; Fax: ++300532455380; E-mail: bri@unife it

1871-5281/08 $53.00+.00

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

Extracelluar Membrane Intracellular
Domain Domain Domain
STOP
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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Fig. (3). HLA-G membrane-bound (A) and soluble (B) protein isoforms. HLA-G1 1soform 15 characterized by the ¢l and ¢2 -domains
that form the peptide-binding groove and by the 3 domain that binds the §; nucroglobulin. HLA-G? 1soform lacks the ot2-domain; HLA-G4
1soform lacks the o3-domam while HLA-G3 1soform lacks both 2 and o3 -domains. HLA-GS. -G and —G7 1soforms resamble their corre-
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.

ACKNOWLEDGEMENT
We thank Dr. Amanda Neville for writing assistance.
REFERENCES

1] Amiel, 1.C. Study of the leukocyte phenotypes in Hodghkin's dis-
ease. In Histocompatibility testing. Custoni, E.S.; Mattivz, P.L.;
Tosi, .M. Munksgaard Publishing: Copenhagen. 1967; p 69.

[2] Tiwari, JL. and Terasaki, PI. HLA and disease associations.
Springer Publishing: Berlin. 1985.

[3] Thorsby, E. Human Immunel, 1997, 33, 1.

4 Lie, B.A.; Thorshy, E. Cury Opin Immunol., 2005.17.526.

[3] Carozella, ED.; Moreau, P LeMaoult, I.; and Rouas-Freiss N.
Trends in Immunology, 2008, 3,125,

[6] http:/fwww.anthenynolan.org.uk/HIG/ lists/class List html,  Apnl
2008.

M [shitani, A ; Geraghty, D.E. Proc. Natl Acad. Sci USd, 1992, 89,
3947

[8] Park, GM; Lee, S; Park, B; Kim_E; Shin J; Cho, K ; Ahn K
Biochem Biophys Res Commun. 2004, 313, 606.

9] Harison, GA; Humphrey, KE; Jakobsen IB.; Cooper, D.W.
Hum. Mol Gener,, 1993, 2, 2200.

[10]  Tamaki, I Arimura, Y. Koda. T.: Fujimoto, S Fujine, T.:
Wakisaka, A Kakinuma, M. Microbiol Immuncl. 1993, 37, 633

[11]  Hvid. T.V. Hylenius, S.; Rerbye, C.; Nielsen. L.G. Immunogenei-
ics, 2003, 55, 63

[12] Hviid, TV ; Rizzo, R.; Christiansen, O B.; Melchiorri, L ; Lind-
hard, A Baricordi, O.R. Immunogenetics, 2004, 36, 135,

[13]  Rizzo. R.: Hviid, T.V.F.; Stignani, M.; Balboni, A Grappa, M.T.;
Melchiom, L. Immunogenetics, 2008, 37,172,

[14] Ellis, S.A; Palmer, M.5.; McMichael. AT J. Immunol 1990, 144,
731

[15] Rouas-Freiss, N.; Marchal, RE; Kirszenbavm, M.; Dausset, I;
Carozella, ED. Proc. Natl Acad. Sci U5 41997 94 5249,

[16] Pazmany, L.; Mandelboim, O.; Valés-Gémez, M.; Davis, D.M.;
Reyburn, H.T.; Strominger, JL. Science, 1996, 274, 792,

[17]  Rouass-Freiss, N Goncalves, EM.: Menier, C.; Dauvsset, I
Carosella, ED. Proc. Natl Acad. Sei USA. 1997, 94, 11520.

[18] Khalil-Daher, I; Riteau, B.; Menier, C; Sedlik. C_; Paul, P.; Daus-
set, J.; Carosella. ED.: Rouass-Freiss, N. J. Reprod. Immunol.
1999 43 175.

[19] Ritean, B.; Rouass-Freiss, N.; Menier, C; Paul P Daunsset, I
Carosella, ED. J. Immunol., 2001, 166, 5018,

[20] Le Gal, F.A: Riteav, B.; Sedlik, C.; Khalil-Daher, 1. Menier, C.;
Dausset, J.; Guillet, ].C; Carosella, ED_; Rouass-Freiss, N. Int.
Tmmunol, 1999 1] 1331,

[21] Foumel. 5.: Agverre-Girr, M.: Huc, X.; Lenfant, F.: Alam, A
Toubert, A ; Bensussan, A ; Le Bouteiller, P. J Jmmunol | 2000,
164,6100.




HILA-G and Inflammatary Diseases

2]

(23]

[24]
25]

[26]

[36]

[37]
[38]

[39]

[40]
1
421

[47]

[48]
[49]

[50]

Riteau. B.; Menier. C.: Khalil Daher. 1. Sedlik. C.: Daunsset, I.;
Rouas-Freies, N.: Carosella, ED. J. Raprod. Immunol., 1999, 43,
203.

Bainbridge. D.R.: Elhs. S.A ; Sargent. IL. HLA-G suppresses
proliferation of CD4(+) T-lymphocytes. J. Reprod. Immumel.
2000, 48, 17.

Lila, N.; Rouvas-Freiss, N.; Dausset, I.; Carpentier. A; Carosella,
ED. Proc. Natl. dead. Seii US4, 2001, 28, 12150.

Centini, P.; Ghie, M.; Merle, A.: Pogi. A Indivien. F.; Puppe, F.J
Tmmunol. 2005, 157, 7244

Onno, M.; Guillandeux, T Amiot, L.: Renard. I; Drenou, B ;
Hirel, B.: Gur, M ; Semana, G.; Le Bouteiller, P.; Fauchet, R. Hum.
Tmmunol, 1994 4179

Le Discorde, M.: Motean, P.; Sabatier, P Legeais, JM.: Carosella,
ED. Hum. Immunol., 2003, 64, 1039,

Cirulli. V. Zalatan, J; McMaster, M. Prinsen. E.; Salomon,. DR ;
Ricordi, C.: Torbett. BE: Meda, P.; Crisa. L. Diabetes.. 2006, 55,
1214

Rebmann, V. Pfeiffer, K Pazder, M.; Ferrone, 5 Maier, 5.;
Weiss, E.; Grosse-Wilde, H. Tissue Antigens.. 1999, 33, 14.
Moreau, P Adrian-Cabestre, F.; Menier. C.; Guiard. V.; Gourand,
L.; Dausset, I., Carosella, ED.; Paul, P. Int. Immunol.. 1999, 11,
203,

Rizzo, R Melchiori, L; Stignani, M.; Baricordi, OR. Hum. Im-
munol.. 2007, 65.244.

Le Rond, S.; Azéma, C.; Krawice-Radanne, I.; Dunbach, A.; Guet-
tier, C.; Carozella, ED.; Rouas-Freisz, N. J Imnnunel, 2006, 176,
3266.

Feger, U.: Tolosa, E: Huang. Y H.; Waschbisch, A ; Biedermann,
T.: Melms, A ; Wiendl, H. Blood. 2007, 110, 568.

Selmani, Z; Naji. A; Zidi, L; Favier, B.; Gaiffe, E.: Obert. L.;
Borg, C.; Saas, P Tiberghien. P Rouas-Freiss, N; Carosella,
E.D.: Deschaseaux. F. Stem Cells, 2008. 26, 212,

Fons, P Chabet., S Cartwright, JE.; Lenfant. F.; L'Fagihi F.:
Giustiniani. 1., Heravlt, JP.; Gueguen. G.; Bone. F.o Savi, P A-
guerre-Girr, M.; Foumel S Malecaze, F.: Bensussan. A Plouét,
I:Le Bouteiller, P. Blood, 2006, 108, 2608.

Le Bouteiller, P: Fons. P Herault, I P; Bono, F.; Chabot, S.;
Cartwright, J.E.; Bensussan, A. J. Reprod. Immunol., 2007, 76, 17.
Huat, I8, Immunol. Rev. 2006, 213 36.

Hackmon, R.; Koifinan. A.: Hyobo. H.: Glickman; H.; Sheiner. E.:
Geraghty, D.E. Am. J. Obster. Gynecol.. 2007, 197253,

Demen, M. Pizzato, N, Dolcim, G.. Menu, E.. Chaouat, G.;
Lenfant, F.; Barré-Sinoussi. F.; Bouteiller PL_J. Gen. ivol, 2004,
85,1945,

Matte, C.; Lajoie, ].; Lacaille. I.; Zijenah, LS. ; Ward, B.J.; Roger,
M. AIDS, 2004, 18,427

Onno, M. Pangault, C; Le Friec. G.; Guilloux, V. André P
Fauchet, B J Immunol, 2000, 164, 6426.

Donaghy, L. Gros, F.: Amiot, L; Mary, C.; Maillard, A.: Guiguen.
C.; Gangneus, JP. Clin. Exp. Tumunol, 2007, 147236,
Rouas-Freiss, N.; Moreau. P.: Menter, C.; LeMaoult, J.; Carosella,
E.D. Semin. Cancer Biol.. 2007, 17, 413.

Pistoia, V.: Morandi. F.; Wang. X.: Ferrone, S. Semin. Cancer Biol.
200717, 465

Crispim. J.C.; Duarte, R.A.; Secares, C.P.; Costa, B.; Silva, J.S.;
Mendes-Junior, C.T.; Wastowsks, 1.T; Faggioni. LP.; Saber, LT.;
Donadi, E.A. Transpl. Immunol,, 2008, 18, 361.

Sebti. Y.; Le Maux, A Gros, F.; De Guibert. S Pangault, C.:
Rouas-Freiss, N.; Bemard, M.; Amiot, L. Br. J. Haemarol, 2007,
135,202,

Morandi, F.; Levreri, 1.; Bocea, P; Galleni, B.; Raffaghello. L ;
Ferrone, S.; Prigione I; Pistota V. Cancer Res., 2007, 67, 6433,
Urosevic, M.; Dummer, B. Cancer Res.. 2008, 68, 627,

Lila, N.; Carpentier. A: Amyein C.; Khalil-Daher, L Dausset. 1
Carosella, ED. Lancer, 2000, 353, 2138,

Lila. N.: Amrein. C.; Guillemain, R.: Chavalier. P.; Latrempuille,
C.; Fabiani. JN.; Dausset. I; Carosella, ED.; Carpentier. A. Ciren-
lation, 2002, 103, 1949,

Qiu, J.; Terasald, PI: Miller, J.; Mizutani. K ; Cai, J; Carosells,
ED. Am. J. Transplant, 2006, 6, 2152.

Luque, I; Torres. MI; Aumente. MD.: Marin. I Garcia-Jorado.
G.; Gonzales, B Pascual. Do Guerra, N Lopez-Rubio, F. Alva-
rez, MLE.; Avizon JM; Pena_ J. Hum. Immunol., 2006, 67 257.

[58]
[39]

[60]

79

[80]
[81]
[82]

[83]

[84]

Inflammation & Allergy - Deng Targets, 2008, Val. 7, No. 2 7

Fainardi, E.; Rizzo. B Melchior, L.; Stiznam M.; Castellazzi.
M.: Cantatri, M.L; Baldi, E.: Tela, MR Granieri E.; Baricord:.
OF_J Neurcimmimol, 2007, 192 219

Rizzo, R.; Hvud, TV.F; Govoni, M; Padovan, M. Rubini M:
Melchicr, L. Stignani. M.; Carturan, 5. Grappa, M.T.; Fotinidi,
M.; Ferretti, S.: Voss, A Laustrup, H.: Junker, P; Trotta F; Bari-
cordi, O.R. Tissue Antigens, 2008 in press.

Nasef. A Mathien, N.; Chapel, A.. er al. Transplantation. 2007,
84,231

Naji, A: Le Rond, S: Durtbach. A; Erawicw-Radanne, 1; Creput.
C Daouwya, M. Caumann. I LeMaoult, J.; Carosella, ED.;
Bouas-Freiss, N. Blood. 2007, 110, 3936.

Rizzo, R Campioni D.; Stignani M.. Melchioni, L. Bagnara
GP.: Bonsi, L; Alviano, F.; Lanzoni. G.; Moretti, 5; Cuneo, A
Lanza F. and Baricordi O.R. Cytotherapy. 2008, in press.

Koller, B H; Geraghty. DE ; DeMars, B; Duvick, L; Rich, 5.5
Ou HT.J Exp. Med., 1989. 169, 469.

Aractingi, 5.; Briand, N.: Le Danff, C.; Viguier, M.; Bachelez. H.
Michel, L.; Dubertret. L; Caroszella, ED. Am. J Pathol., 2001;
159,71,

Khosrotehrani, K: Le Danff. C.; Reynaud-Meadel. B.; Dubertret,
L.; Carosella, ED.; Aractingi. 5. J. Jnvast. Dermatel, 2001, 117,
750.

Carosella, ED; Moreau, P.; Aractingi, 5 ; Rouas-Freiss, N. Trands
Immuneol. 2001, 22, 553,

Hviid, T.V.F.: Rizzo, R.; Melchiorri, L.; Stignam, M.: Baricords.
O.F. Hum. Immunol_ 2006, 67. 53,

Gazit, E;; Slomov, Y.: Goldberg, L: Brenner, S.; Loewenthal, R
Hum. Immuncl. 2004, 6539,

Gazit. E ; Loewenthal. B Ausoimmun. Rev, 20054, 16,

Yari, F.: Zavaran Hosseini, A ; Nemat Gorgani, M. Khorrami-
zadeh, M.R.; Mansouri, P ; Kazemnejad, A. fran J Allergy Asthma

Urosevie, M. Seminars in cancer biology. 2007 17, 480,

Maier, S.; Geraghty, D.E.; Weiss, EH. Transplant, Proc., 1999,
31,1849,

Wiendl, H; Mitsdoerffer. M.; Hofmeister, V.. Wischhnsen I
Bomemann, A Meyermann, R.: Weiss, EH.; Melms, A, Weller.
M. J. Immunel., 2002, 168, 4772.

Wiendl, H: Mitsdoerffer. M., Weller, M. Semin. Cancar Biol,
2003, 13,343,

Friese, MLA ; Steinle. A Weller, M. Onkologie, 2004, 27, 487.
Wiendl. H. Hum. Immunol., 2007, 65, 286,

Fainardi, E. Rizze, R.: Melchiorri, L; Vaghi L.; Castellazzi, M.
Marzola, A.; Govent, V.; Paclino. E.; Tola, MR ; Graniery, E.; Ba-
ricordi. O B J Neuroimnmunol. 2003, 142, 148

Fainardi, E ; Rizzo. R.; Melchiomi. L. ; Castellazzi, M Paolino, E.;
Tola, M.E.; Granieni. E.; Baricordi, O B Mulr. Scler., 2006, 12, 2.
Fainardi, E.; Rizzo, B.; Melchiorr, L; Stignani, M.; Castellazzi.
M.: Tamborino. C; Paolino, E ; Tola. MR : Granieri. E ; Baricordi.
OFR. Mulr Seler.. 2008 in press.

Contind, P.; Ghio. M.: Poggi. A Filaci. G.; Indiveri. F.; Ferrone,
S.; Puppo. F. Eur J Immunel, 2003, 33,1235,

Wiendl, H.: Feger. U.: Mittelbronn, M.; Jack, C.: Schreiner. B
Stadelmann, C.; Antel, J.: Brueck, W Mevermann, R.; Bar-Or. A
Kieseier, B.C.; Weller. M. Brain, 2005,128, 2689,

Mitsdoerffer, M.; Schreiner, B Kieseier, B.C.; Nevhaus. O.; Dich-
gans, I; Hartung, HP.; Weller. M.: Wiendl. H. J. Neuroimmumnol,
2005, 139.155.

Lafon, M.: Prehaud. C.; Megret, F.; Lafage. M.: Mouillot, G.: Rea.
M. Moreau, P_; Rouas-Freiss, N Carozella, ED. J. Tiral. 2005,
7915226,

Meégret, F.: Prehaud. C.; Lafage. M.; Moreau. P.: Rovas-Freiss, N
Carosella, E.D.: Lafoa, M. Hum. Immunol. 2007, 68, 294,

Wiendl, H.: Behrens, L.; Maier. S.; Johnson. MA ; Weiss. EH.;
Hohlfeld, B_ dnn. Newrol, 2000, 48, 679.

Wiendl. H.: Mitsdoerffer. M.; Hofmewster. V.. Wischhusen, I
Weiss, EH.: Dichgans. J: Lochmuller. H.; Hohlfeld, R.;. Melms.
A . Weller. M. Brain 2003, 126, 176.

Wiendl H: Mitsdoerffer, M.; Weller, M. Hum. Immunel, 2003,
44,1050,

Downs-Kelly, E.; Schade. A E; Hansel. D.E. Semin. Cancer Biol.,
2007, 17,451,

Torres, M1 Le Discorde. M: Lorite, P.; Rios, A Gassoll, MA
Gil, A ; Maldonado. T.; Dausset. J.; Carozella, ED. Int. Tmmunal .
2004, 16,579,

99



8  Inflammation & Allergy - Drug Targets, 2008, Vol. 7, No. 2

[83]

[86]
(87]
(88]

[39]

[90]

(1]

Glas, J.; Taérdk, HP. Tonenchi, L; Wetzke, M.; Beynon, V.
Teshome, MY ; Cotofana, S.; Schiemann, U Griga. T.; Klein, W
Epplen, I.T.; Folwaczay, C.: Folwaczay, M. Mussack, T.; Weiss,
EH. Int. Immunol, 2007, 19, 621.

Rizzo, R.; Melchiorn, L.; Simone, L.; Stignani, M.: Marzola, A
Gullini, S.; Baricordi, O.R. Inflamm. Bowel Dis., 2008, 14, 100.
Torres, M.I; Lopez-Casado, MA; Luque, J; Pefla, I.; Rios, A. Int
Tmmunol, 2006, 15, 713,

Verbruggen, LA Febmann, V.. Demanet, C.; De Cock, S
Grosse-Wilde, H. Hum. Immuncl, 2006, 67, 361.

Rizzo, B.; Rubini, M. Govoni, M.; Padovan, M.; Melchiomi, L ;
Stignani, M.; Carturan, S.; Ferretti, S.; Trotta. F.; Baricordi, OR.
Pharmacogenet. Genomics, 2006, 16, 613.

Veit, TD; Vianna, P Scheibel, I ; Brenol, C; Brenol, JC; Xa-
vier, RM.: Delgado-Cafiedo, A.; Gutierrez, ] E.; Brandalize, AP
Schules-Faccini, L.; Chies, J A Tissue Antigens, 2008 in press.
Rosade, 5.; Perez-Chacon, G.; Mellor-Pita, S.; Sanchez-Vegazo, I
Bellas-Menendez, C.; Citores, M.I.; Losada-Fernandez, I.; Martin-

[92]

[93]

[94]

[53]

[96]

Baricordi et al.

Denaire, T Rebolleda, N.; Perez-Aciego. P. Hum. Immunsl, 2008,
£9,9.

Budstein-Svetlicky, N.; Loewenthal, R.; Horejsi, V.. Gazit, E.
Tissue Antigens, 2007, 1, 140.

Nicolae, D.; Cox, N.J.; Lester, L A; Schoeider, D.; Tan, Z; Bill-
strand, C.; Kuldanek, S Donfack. J: Kogut, P.: Patel, N.M.;
Goodenbour, I; Howard, T.; Wolf, R.; Koppelman, G.H.. White,
SE.; Parry, B Postma, DS Meyers. D.; Bleecker, ER.; Hunt,
1.5, Solway, I.; Ober, C. dm. J. Hum. Genet,, 2005, 76, 349,

Tan, Z.; Randall, G.; Fan, J.; Camoretti-Mercado, B.; Brockman-
Schneider, B; Pan, L. Selway, I.; Gem, J.E.; Lemanske, B.F.; Ni-
colae, D.; Ober, C. Am. J Hum. Genet, 2007; 81,829,

Rizzo, R.; Mapp. C.E.; Melchiorn, L.; Maestrelli, P.: Visentin, A
Ferretti, 5. Bononi. I; Miotto, D_; Baricordi, O.R. J. Allergy Clin.
Tmmunol , 2005, 115, 508.

Tahan, F.; Patirogin, T. Int Arch. Allergy Immunsl., 2006, 141,
213,

Beceived: Aprl 22, 2008

100

Bevised: May 9, 2008

Accepted: June 9, 2008



OPEN a ACCESS Freely available online

"PLOS one

Release of sICAM-1 in Oocytes and /n Vitro Fertilized

Human Embryos

Monica Borgatti'®, Roberta Rizzo?®, Maria Beatrice Dal Canto?, Daniela Fumagalli®, Mario Mignini

Renzini®, Rubens Fadini®, Marina Stignani?, Olavio Roberto Baricordi**, Roberto Gambar

i‘lf‘h-

1 BioPharmaNet, Department of Biochemistry and Molecular Biology, University of Ferrara, Ferrara, Italy, 2 Department of Experimental and Diagnostic Medicine,
Labomtory of Immunogenetics, University of Ferrar, Ferrara, ltaly, 3 BIDGENESI Reproductive Medicine Centre, Istituti Clinici Zucchi, Monza, Italy, 4 Bistechnology Center,

University of Fermra, Ferrara, laly

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
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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
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o
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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

ACKNOWLEDGEMENTS:
This study was supported by the Swedish AsthmaAdlalgy Association’s

Research foundation, the Swedish Research CouMatifine) grants no 74X-
15160-03-2, 57X-15160-05-2 the Swedish Medical &g¢ithe Golden Jubilee

Memorial Foundation, the HRH Crown-princess Lov&aAxel Tielman-,Golje-,

Hesselman-, Vardal-, and the Ahlén foundations.

REFERENCES

1)
2)

3)

4)

5)

6)

Hunt JS: Stranger in a strange land. Immunol R&62013: 36-47.

Hviid TVF: HLA-G in human reproduction: a aspectisgenetics, function
and pregnancy complication. Human Reprod Updat®;202; 209-232.
Ishitani A, Geraghty DE: Alternative splicing of LG transcripts yields
proteins with primary structures resembling bo#issll and class Il antigens.
Proc Natl Acad Sci U S A 1992; 89: 3947-3951.

Rouas-Freiss N, Gongalves RM, Menier C, Dauss€adpsella ED: Direct
evidence to support the role of HLA-G in protectihg fetus from maternal
uterine natural killer cytolysis. Proc Natl Acadi &S A. 1997; 94: 11520-
11525.

Carosella ED, Moreau P, Aractingi S, Rouas-FreissHNA-G: a shield
against inflammatory aggression. Trends Immunoll2@@: 553-555.
Fournel S, Aguerre-Girr M, Huc X, Lenfant F, Alam, Aloubert A,
Bensussan A, Le Bouteiller P: Cutting edge: solubleA-G1 triggers

119



CD95/CD95 ligand-mediated apoptosis in activated 8€Dcells by
interacting with CD8. J Immunol 2000; 164: 6100-610

7) Contini P, Ghio M, Poggi A, Filaci G, Indiveri F,eFone S, Puppo F:
Soluble HLA-A,-B,-C and -G molecules induce apoas T and NK CD8+
cells and inhibit cytotoxic T cell activity througPD8 ligation Eur J Immunol
2003; 33: 125-134.

8) Riteau B, Rouass-Freiss N, Menier, C, Paul, P, Betus), Carosella ED:
HLA-G2, -G3, and -G4 isoforms expressed as nonmeaitell surface
glycoproteins inhibit NK and antigen-specific CTlytalysis. J Immunol
2001; 166: 5018-5026.

9) Bainbridge DR, Ellis SA, Sargent IL: HLA-G suppressproliferation of
CDA4(+) T-lymphocytes. J Reprod Immunol 2000; 48267

10)LeMaoult J, Krawice-Radanne |, Dausset J, Caros&lx HLA-G1-
expressing antigen-presenting cells induce immupa®ssive CD4+ T cells.
Proc Natl Acad Sci U S A 2004; 101: 7064-7069.

11)Gros F, Cabillic F, Toutirais O, Maux AL, Sebti Xmiot L: Soluble HLA-G
molecules impair natural killer/dendritic cell cstalk via inhibition of
dendritic cells. Eur J Immunol. 2008: 38: 742-749.

12) Blanco O, Tirado |, Mufoz-Fernandez R, Abadia-MaliAC, Garcia-
Pacheco JM, Pefna J, Olivares EG: Human deciduainatr cells express
HLA-G: Effects of cytokines and decidualization. ruReprod. 2008; 23:
144-152.

13)Yie SM, Taylor RN, Librach C: Low plasma HLA-G peih concentrations
in early gestation indicate the development of geeapsia later in
pregnancy. Am J Obstet Gynecol. 2005; 193: 204-208.

14) Amoudruz P, Minang JT, Sundstrom Y, Nilsson Cja (5, Troye-Blomberg
M, Sverremark-Ekstrom E: Pregnancy, but not thergit status, influences
spontaneous and induced interleukin-1beta (IL-D)béta6, IL-10 and IL-12
responses. Immunology. 2006; 119: 18-26.

120



15) Rizzo R, Hviid TV, Stignani M, Balboni A, Grappa Ty Melchiorri L,
Baricordi OR: The HLA-G genotype is associated With10 levels in
activated PBMCs. Immunogenetics. 2005; 57: 172-181.

16) Rizzo R, Mapp CE, Melchiorri L, Maestrelli P, Vigen A, Ferretti S,
Bononi I, Miotto D, Baricordi OR: Defective prodiumt of soluble HLA-G
molecules by peripheral blood monocytes in patigith asthma. J Allergy
Clin Immunol. 2005; 115: 508-513.

17) Nilsson C, Linde A, Montgomery SM, Gustafsson liskhan P, Blomberg
MT, Lilja G: Does early EBV infection protect agatnigE sensitization? J
Allergy Clin Immunol 2005; 116: 438-444.

18) Rebmann V, LeMaoult J, Rouas-Freiss N, Carosdla Grosse-Wilde H:
Quantification and identification of soluble HLA-Gsoforms. Tissue
Antigens. 2007; 69: 143-149.

19) LeFriec G, Laupeze B, Fardel O, Sebti Y, PangaulGuilloux V, Beauplet
A, Fauchet R, Amiot L: Soluble HLA-G inhibits humasendritic cell-
triggered allogeneic T-cell proliferation without lteaing dendritic
differentiation and maturation processes. Hum Imoh@003; 64: 752-761.

20) Akkoc T, de Koning PJ, Ruckert B, Barlan I, Akdils Akdis CA: Increased
activation-induced cell death of high IFN-gammaschrcing T(H)1 cells as a
mechanism of T(H)2 predominance in atopic disea$edllergy Clin
Immunol. 2008; 121: 652-658.

21) Yie SMA, Li LH, Li YM, Librach C: HLA-G protein cacentrations in
maternal serum and placental tissue are decreasgdeeclampsia. Am J
Obstet Gynecol 2004; 191: 525-529.

22) Steinborn A, Varkonyi T, Scharf A, Bahlmann F, &l&, Sohn C: Early
detection of decreased soluble HLA-G levels in thaternal circulation
predicts the occurrence of preeclampsia and irdrangt growth retardation
during further course of pregnancy. Am J Reprod tmah. 2007; 57: 277-
286.

121



23)Yie SM, Taylor RN, Librach C: Low plasma HLA-G pent concentrations
in early gestation indicate the development of gesapsia later in
pregnancy. Am J Obstet Gynecol. 2005; 193: 204-208.

24) Chaouat G: The Th1/Th2 paradigm: still importamtpgregnancy? Semin
Immunopathol. 2007; 29: 95-113.

25)Hviid TV, Hylenius S, Rarbye C, Nielsen LG: HLA-Gldic variants are
associated with differences in the HLA-G mRNA isofgprofile and HLA-G
MRNA levels Immunogenetic&)03; 55: 63-79.

26) Chen XY, Yan WH, Lin A, Xu HH, Zhang JG, Wang XXh& 14 bp deletion
polymorphisms in HLA-G gene play an important rolethe expression of
soluble HLA-G in plasmalissue Antigen2008; 72: 335-341.

27) Hviid TV, Christiansen OB. Linkage disquilibrium ti:eeen human leukocyte
antigen(HLA) class Il and HLA-G - possible implicats for human
reproduction and autoimmune disease. Hum Immun;2885%88-699.

28)Hviid TV, Rizzo R, Melchiorri L, Stignani M, Bariadi OR: Polymorphism
in the 5' upstream regulatory and 3' untranslaggibns of the HLA-G gene
in relation to soluble HLA-G and IL-10 expressi¢tum Immunol 2006: 53-
62.

29)Yie SM, Li LH, Xiao R, Librach CL: A single base4panutation in the 3'-
untranslated region of HLA-G mRNA is associatedhwpteeclampsia. Mol
Hum Reprod2008 in press.

30)Veit TD, Chies JA: Tolerance versus immune respondéicroRNAs as
important elements in the regulation of the HLA-Eng expression. Transpl
Immunol2008 in press.

31) Dong Y, Lieskovska J, Kedrin D, Porcelli S, Marm@in O, Bushkin Y:
Soluble nonclassical HLA generated by the metatitgpnase pathway. Hum
Immunol. 2003; 64: 802-810.

32) Cataldo DD, Bettiol J, Noél A, Bartsch P, FoiddM, Louis R: Matrix

metalloproteinase-9, but not tissue inhibitor oftrxametalloproteinase-1,

122



increases in the sputum from allergic asthmaticieptd after allergen
challenge. Chest 2002;122: 1553-1559.

33) Romero R, Espinoza J, Goncalves LF, KusanovicFiie] LA, Nien JK:
Inflammation in preterm and term labour and deliv&emin Fetal Neonatal
Med 2006; 11: 317-326.

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.
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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).
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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

142



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}
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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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