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ABSTRACT
The placenta acts as an immunological barrier between the 
mother and the fetal “graft”, allowing two antigenically 
different organisms to tolerate one another. Human 
leukocyte antigen-G (HLA-G) may be involved in the 
mechanisms modulating the maternal immune system. 
Indeed, several authors have found that HLA-G is 
primarily expressed on the placental trophoblast plasmatic 
membrane.
However, pregnancy still remains a major immunological 
enygma and current studies are far from clarifying the 
mystery. To further investigate this   matter, we undertook 
the current study, using laser scanning confocal (LSCM) 
and transmission electron microscopy (TEM), in order to 
deepen knowledge on  HLA-G expression in placentas 
from normal pregnancies, following a spontaneous 
term delivery. Unexpectedly, we observed that HLA-G 
expression includes both vesicles and clusters, localized in 
the cytosol or close to the nucleus.  
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SOMMARIO
La placenta agisce come una barriera immunologica tra la 
madre ed il “ trapianto” fetale, permettendo la tolleranza 
reciproca di due organismi antigenicamente differenti 
. Il sistema HLA-G, Human Leukocyte Antigens,  può 
essere coinvolto nei meccanismi che modulano il sistema 
immunitario materno nei processi di tolleranza. In effetti, 
diversi autori hanno scoperto che il sistema HLA-G è 
espresso principalmente sulla membrana plasmatica  del  
trofoblasto placentare.
Tuttavia,  la gravidanza rimane ancora uno dei  principali 
enigmi immunologici e gli studi attuali  sono ben lungi 
dalla  soluzione  del mistero. Per approfondire questo 
tema, abbiamo intrapreso questo studio, utilizzando 
la microscopia confocale a scansione laser (LSCM) e 
la  microscopia elettronica a trasmissione (TEM), al fine 
di approfondire le conoscenze sull’espressione HLA-G 
in placente da gravidanze fisiologiche, a seguito di un 
parto spontaneo a termine. Inaspettatamente, abbiamo 
osservato che l’espressione HLA-G include sia  vescicole 
che aggregati, localizzati nel citosol o in stretta  prossimità 
del nucleo.
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INTRODUCTION
The human placenta is a feto-maternal  organ 

that connects the fetus to the uterine wall. At 
term, the human placenta is discoid in shape 
and composed of fetal and maternal sides(1). The 
fetal surface of the placenta consists of the wall 
of the chorion, called the chorionic plate, and 
the chorionic villi, complex tree-like projections 
that arise from that region. On the fetal surface, 
the umbilical cord is inserted in a slightly off-
center position into the chorionic plate, with the  
chorionic vessels ramifying over the surface. 
These vessels can be seen through the transparent 
amnion. 

The maternal portion of the placenta is 
formed by the decidua basalis or basal plate, 
formed from the uterine endometrium. The 
decidua contains a mixture of fetal extravillous 
trophoblasts and several kinds of maternal cells of 
the uterine decidua, such as decidua stroma cells, 
macrophages and other immune cells. 

The fetal and maternal components of the 
placenta enclose a separate space, the intervillous 
space, which is occupied by freely circulating 
maternal blood that directly bathes the surface of  
the placental villi(2).

Considerable attention has been paid to 
how the placenta receives maternal nutrients 
and disposes of the products of metabolism 
through maternal circulation(3). This focus rightly 
recognizes physiological exchange as the primary 
function of the placenta, but it fails to emphasize 
the placenta’s central role in immunoregulation 
at the maternal-fetal interface in order to support 
the pregnancy(4, 5). One of the major mysteries of 
pregnancy is why the fetus and placenta, which 
are immunologically distinct from the mother, are 
not recognized as foreign tissue and rejected by 
the mother’s immune system(6, 7, 8, 9). To establish 
and maintain an immune privileged site where 
the embryo can survive and grow despite its 
genetic dissimilarities, the fetal and the maternal 
immune systems have to cooperate jointly(10,11).  
The mother does this through the presence of local 
regulatory immune cells, such as decidua natural 
killer (dNK) cells and macrophages(12, 13), and 
the fetus possibly utilizes several mechanisms. 
Among all mechanisms contributing to a fetal-
maternal tolerance, the unique HLA status of fetal 
trophoblasts seems to be the most important(14,15). 
Fetal extravillous trophoblast cells that infiltrate the 
decidua, thus making direct contact with maternal 
immune cells, do not express the polymorphic 
HLA class I (HLA-A and -B) and class II (HLA-DR, 
DQ, and DP) molecules, but they do preferentially 

express HLA-G molecules as well as low amounts 
of HLA-C, HLA-E and HLA-F. HLA-G plays a 
crucial role in maternal-fetal tolerance, which is 
the only example of physiological tolerance to 
semi-allergenic tissues(16,17).
In contrast to classical HLA class I molecules, 
HLA-G displays a low degree of polymorphism, 
and an unusually large variety of molecular 
structures due to alternative splicing of the 
primary transcript. Seven isoforms of HLA-G have 
been identified, all products of alternative splicing 
of a unique mRNA transcript. Four of these are 
membrane bound (HLA-G1 to -G4), and three are 
soluble isoforms (HLA-G5 to -G7). HLA-G1 and 
HLA-G5 isoforms present the typical structure 
of the classical HLA class I molecules formed by 
a 3 globular domain heavy-chain, noncovalently 
associated to a β-2-microglobulin (B2M) and a 
nonapeptide(18, 19).
With regard to function,  HLA-G is able to  protect  
the fetus by inhibiting immune responses of 
maternal immunocompetent cells. HLA-G binds 
to several receptors, including ILT2, ILT4, and 
KIR2DL4 receptors, to inhibit immune responses 
of myelomonocytic cells, dendritic cells, T cells, B 
cells, and NK cells(20).
Despite numerous studies, the intracellular 
organization of HLA-G remains unclear (i.e. light 
immunohistochemical studies were not able to 
determine whether immunoreactive proteins 
are expressed on the cell membrane or in the 
cytoplasm)(21). However, in vitro experiments 
on trophoblast cell lines or HLA-G transfectants 
showed HLA-G clustered on the cell surface(22, 23).
The aim of the present study was to analyze the 
cellular localization and the macromolecular 
organization up to ultra structural level of the 
HLA-G protein on decidua trophoblasts from 
normal pregnancies at 36-40 weeks following a 
spontaneous delivery,  using LSCM and TEM. 
In all experiments two different monoclonal 
antibodies specific for HLA-G were used in order 
to confirm our LSCM and TEM results. 

Transmission Electron Microscopy  
TEM was carried out on placental specimens 

taken close to the same zone processed for LSCM. 
Samples were fixed in 3% glutaraldehyde (0.1 M 
phosphate buffer pH 7.4), post-fixed in 1% OsO4 
buffered solution, dehydrated in ethyl alcohol and 
embedded in epoxidic resin. Ultrathin sections of 
placentas were cut at ultramicrotome, collected on 
nickel grids, and processed for post-embedding  
immunoelectron microscopy. 
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Figure 1.
Immunofluorescence detection of HLA-G in decidua trophoblast cells: HLA-G membrane and cytoplasmatic staining. Staining 
with MEM-G/1 and 4H84 mAb showed the presence of HLA-G molecules on the surface of decidua cells (B, C, arrows). The cytoplasm and  the 
perinuclear area of decidua cells, often showed a strong HLA-G immunofluorescence positivity (B, C, arrowheads). Original magnification 40x. 
Magnified view of tissue sections showed that membrane HLA-G stain was distinct in a linear (D, E arrows)  and a dot pattern (D, E, dashed 
arrows).  Cytoplasmic HLA-G signals were prevalently in a dot nature (D, E arrowheads). Original magnification 40x; 3,6x electronic zoom. 
Negative control, A.  The negative control sample: green autofluorescent signals were minimal; Original magnification 40x.

After deosmication in aqueous saturated 
solution of sodium metaperiodate, the grids 
were treated with PBS (10% goat serum and 0.2% 
saponin) to block nonspecific antigenic sites. The 
incubation in mAb MEM-G/1 (1:10) in PBS or in 
mAb 4H84 antibodies (1:10) in PBS was carried out 
overnight at  4°C. The secondary gold-conjugated 
antibody (10 nm) was diluted 1:10. After 
incubation in 1% of glutaraldehyde for 3 min., 
the grids were contrasted for TEM and examined 
using a Jeol JEM SX 100 electron microscope (Jeol, 
Tokyo, Japan). Control sections were incubated 
only with the secondary antibody.

RESULTS
Immunofluorescence labelling of HLA-G in 
decidua trophoblast cells

HLA-G protein expression in human placental 
trophoblast cells was investigated by LSCM using 
two anti- HLA-G mAbs:  MEM-G/1 and  4H84.
In the negative control samples incubated with 

the substrate solution only,  no signals above 
background fluorescence were observed, thus 
minimizing false-positive signals (Figure 1A).
In all placental tissues, immunofluorescence 
staining combined with confocal microscopy 
revealed that  HLA-G protein was expressed on 
the surface of decidua cells. This finding was in 
accordance with previous studies on placental 
tissues and cell lines(16, 22, 23).

Unexpectedly, the cytoplasm and, in particular, 
the perinuclear area of decidua cells, often showed 
a strong HLA-G immunofluorescence positivity 
(Figure 1B).  To exclude the possibility that the 
detection of the HLA-G protein in the cytoplasm 
was a result of MEM-G/1 over-sensitivity, the 
4H84 antibody was also employed. However, 
we found that 4H84 mAb had the same staining 
characteristics as the MEM-G/1 mAb, thus 
confirming our results using MEM-G/1 (Figure 1C). 
To gain further insight into the staining pattern 
for HLA-G in decidua cells, we used a higher 
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Figure 2.
Immunofluorescence detection of HLA-G in decidua trophoblast cells: prevalent HLA-G membrane  or cytoplasmatic staining. 
Staining with MEM-G/1 and 4H84 mAb showed that HLA-G expression was not uniform in all placenta tissues analyzed; different area 
showed  higher HLA-G expression  in the cytoplasm (A, C, arrows) , compared with the cell surface (B, D, arrows).  Original magnification 
40x.

Figure 3.
TEM analysis. Reactivity with MEM-G/1 and 4H84 mAb showed that HLA-G immunogold positivity was localized on cell membrane (A, 
arrows) and  closed to the nuclear envelop (B, arrows); in the cytoplasm HLA-G  immunogold particles  were localized in vesicles (C, arrows), 
otherwise in clusters  without limiting membrane (D, arrow). (n: nucleus; ne: nuclear envelop; c: cytoplasm).

HLA-G membrane

HLA-G vescicle in the cytosol HLA-G cluster in the cytosol

HLA-G near the nucleus

MEM-G/1 4H84
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magnification of tissue sections. 
A magnified view of the tissue sections 

revealed that membrane HLA-G staining was 
clearly distinctive, with a pattern of lines and 
dots, while the intracellular HLA-G signals were 
prevalently in a dotted pattern.  (Figure 1D and 
Figure 1E). 

Interestingly, HLA-G immunofluorescence dots 
were very heterogeneous in size and distribution 
(Figure 1), suggesting a variable aggregation of 
HLA-G molecules in the cell membrane and the 
cytoplasm. 

Moreover, confocal microscopy analysis 
indicated that HLA-G expression was not uniform 
among different areas of all placental tissues; 
some populations of analyzed cells showed higher 
HLA-G expression in the cytoplasm compared 
with the cell surface (Figure 2).

Transmission Electron microscopy  
TEM is one of the most sensitive methods 

for detecting ultrastructural localization and 
conformation of cell structure/macromolecules. 
At the ultrastructural level, we observed that 
HLA-G immunogold positivity was localized on 
the cell membrane, close to the nuclear envelope 
and in the cytoplasm (Figure 3A and Figure 
3D).  In particular, TEM analysis revealed that 
the cytoplasmic HLA-G immunogold particles 
were localized in vesicles  or otherwise in clusters 
without a limiting membrane (Figure 3C and 
Figure 3D). These TEM analyses are in line with 
the LSCM data. 

In all samples analyzed, the pattern of reactivity 
of the mAb MEM-G/1 was similar to that of the 
mAb 4H84. 

DISCUSSION
One of the most characteristic features of 

human embryonic development is the intimate 
relationship between the embryo and the mother. 
To survive and grow during intrauterine life, 
the fetus must maintain an essentially parasitic 
relationship with the body of the mother to 
acquire oxygen and nutrients and eliminate waste. 
The fetus displaying antigens inherited from 
the father on its cell surfaces must avoid being 
rejected as a foreign body by the immune system 
of its maternal host. Reprogramming of immune 
cell functions into suppressive modes is believed 
to be a central feature of maternal tolerance to 
the semiallogenic fetus. A key role in maternal 
tolerance to the fetus has been attributed to the 
expression of nonclassical class I MHC molecules 

HLA-G on trophoblast cells. 
This molecule has garnered a lot of interest 

due to its ability to confer protection to the 
semiallogenic fetus from the maternal immune 
system, creating a general state of tolerance via 
interaction with inhibitory receptors presented 
in maternal killer (NK) cells, T cells and antigen-
presenting cells (APC)(27, 28). 

Previous studies clearly demonstrate an 
additional unique capability of the HLA-G 
protein: its ability to form molecular complexes 
on the surface of trophoblast cell lines(23, 29, 30, 31, 32). 
Moreover, emerging studies have revealed that 
multimeric complexes of HLA-G enhance the 
inhibitory signal mediated by immune inhibitory 
receptors compared with HLA-G monomers, 
thereby favoring inhibition of NK cell-mediated 
cytotoxicity(33, 34, 35). 

To date, no study has investigated whether 
HLA-G multimeric complexes are present in 
placental tissue cells. Here, we document for 
the first time the existence of HLA-G multimeric 
complexes not only in the membrane, but also in 
the cytoplasm of cells in term placental tissue.

In all samples analysed, we showed by 
LSCM that HLA-G was expressed on the plasma 
membrane of term placental decidua cells. The 
HLA-G specific stain was clearly distinct in a linear 
and dot pattern (Figure1 and Figure2) , suggesting 
a variable aggregation of the HLA-G protein on 
the cell surface. These results are consistent with 
previous studies(16, 22, 23).

Unexpectedly, in all placental tissue analyzed, 
the cytoplasm and perinuclear region of cells also 
showed a strong HLA-G immunofluorescence 
punctate staining. These intracellular dots were 
strongly heterogeneous in size and distribution, 
suggesting an irregular aggregation of HLA-G 
proteins in the cell cytoplasm. 

Supporting immunofluorescence results,  
TEM experiments clearly indicated a cluster 
distribution along with single HLA-G protein 
expression on the cell surface. TEM analysis 
also revealed that the immunofluorescence of 
the intracellular HLA-G dots  correspond at the 
ultrastructural level to HLA-G protein aggregates  
either enclosed in vesicles or without a limiting 
membrane. Our LSCM and TEM findings in 
human term placental tissue clearly revealed for 
the first time, the unusual presence of cytoplasmic 
multimeric HLA-G protein aggregates localized in 
clusters without a limiting membrane or otherwise 
in vesicles.

Moreover, immunoexpression of the HLA-G 
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protein showed a varying degree of cellular 
distribution among different areas of all placental 
tissue analyzed, but at the moment the significance 
of these findings is unclear.  

In recent years, up-regulation of HLA-G has 
been found in many types of primary tumors such 
as trophoblastic tumors, breast carcinoma and 
various gastrointestinal cancers, and metastases(36, 

37, 38), suggesting that HLA-G antigen expression is 
one strategy used by tumor cells to escape immune 
surveillance.

HLA-G has been detected in tumors mainly 
by immunohistochemistry and usually with the 
4H84 antibody(20, 39). In these studies, an over-
expression of HLA-G was observed either in the 
membrane and/or in the cytoplasm of tumor cells. 
In addition, a study on hepatocellular carcinoma(40) 
showed a mainly cytoplasmic staining of HLA-G. 
Membrane and/or cytoplasmic expression of 
HLA-G, suggested that not only membranous, but 
even cytoplasmic HLA-G might participate in the 
regulation of tumor progression. 

Recently, an in-vitro study(41) indicated a new 
role of HLA-G in trophoblast cells.  This work 
supports the hypothesis that HLA-G may affect 
the invasiveness of trophoblast-derived cell lines 
JEG-3 without interacting with the immune cells.

Considerable attention has been paid to the 
HLA-G protein’s capability to form disulfide-
linked homodimers on the cell surface that bind 
to inhibitory receptors with increased avidity 
compared to HLA-G monomers. This has been 
proven only on the surface of trophoblasts and 
HLA-G transfectants. Recently the existence of 

HLA-G dimers was also documented  on the 
surface of tumor cells(42).  These data emphasize the 
physiological relevance of HLA-G complexes on 
the surface of cells, highlighting the relationship 
between HLA-G conformation and its efficiency at 
inhibiting the immune response.

Very interestingly, our study revealing 
cytoplasmic HLA-G expression in placental tissue 
seems to be in agreement with HLA-G expression 
observed in tumors.  Moreover, our LSCM and 
TEM results provide evidence for the first time 
that HLA-G is present as protein aggregates not 
only on the cell surface but also in the cytoplasm 
in human term placental tissue.

In light of our findings and literature data we 
hypothesize that membranous and cytoplasmic 
HLA-G aggregates represent a biologically active 
form of this molecule. In particular, cytoplasmic 
complexes of the HLA-G molecule could be active 
structures that play important roles in modulating 
immune responses in the context of pregnancy. 
In addition, cytoplasmic HLA-G complexes may 
be part of autocrine networks that regulate non-
immunological functions, such as promoting cell 
growth and control of trophoblast invasion.

In summary, based on our LSCM and TEM 
staining results, we showed for the first time 
a marked HLA-G sub-cellular variability in 
expression and localization.  Still, the topic of 
HLA-G is far from being fully exhausted. Further 
investigations are necessary to determine whether 
and how the level of expression and the subcellular 
distribution of the HLA-G protein complexes are 
affected in a pathological pregnancy. 
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