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Abstract: Previous studies showed that aberrant HLA-G expression in trophoblast cells plays important roles in
trophoblast invasion; however, the mechanisms remain to be explored. In this study, we found that suppressed
HLA-G expression could dramatically decrease the mRNA and protein expression levels of matrix metalloproteinase
2 and matrix metalloproteinase 9, and in the proteome assay, there were 3 identified proteins namely, prefoldin 1,
eukaryotic translation elongation factor 2 and malate dehydrogenase 2, which were verified by Western blot and
known to be associated with invasion, cell cycle and cell metabolism, respectively. Collectively, our study indicated
a potential involvement of HLA-G in autocrine networks that may regulate prefoldin, MMPs and trophoblast invasion

at the maternal-fetal interface in human pregnancy.
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Introduction

Nonclassical major histocompatibility complex
class | human leukocyte antigen G (HLA-G)
gene, specifically expressed at the maternal-
fetal interface [1], has been characterized as
an immunosuppressor [2] and is associated
with several common pregnancy complications,
including inexplicable miscarriage and pre-
eclampsia [3, 4]. However, the non-immune
function that HLA-G plays in trophoblast inva-
sion has not been well addressed.

Aberrant HLA-G expression in situ was found in
various malignancies, and its expression was
highly associated with malignant invasive and
metastatic status [5-7]. In this context, the
matrix metalloproteinases (MMPs) in particu-
lar, is well established both in tumor invasion
and in metastasis. Owing to its ability to
degrade basement membrane and extracellu-
lar matrix components, MMPs is one of the cen-
tral mediators of the biology of tumor invasion
and metastasis [8]. Both tumor cells and
extravillous trophoblasts (EVT) share similar
characteristics in many regards, such as the

capability of invasion. Therefore, similar tactics
may be involved in invasion of trophoblast [9,
10]. Previous studies revealed that invasive
EVT express MMPs play a critical role in preg-
nancy, and only the HLA-G positive EVT has the
invasive potential [11-13]. There were several
studies demonstrating that the expression of
HLA-G may play important roles in the invasion
of trophoblast in vitro [14-16]. It seems that,
expression of HLA-G and MMP in EVT which
work in a concerted-manner, cause the highly
invasive EVT invading the maternal wall and
ultimately initiating the uterine spiral arteries.
Recently, the relationship between HLA-G and
trophoblast invasion has been strengthened.
However, the mechanisms remain to be
explored.

The JEG-3 cell with high expression of HLA-G
serves as a widely used model for trophoblast
[17, 18]. The limited availability of trophoblast
tissue often requires the use of such a model,
especially in investigations about trophoblast
invasion in vitro [19-22].

Our previous data provided the evidence that
HLA-G expression was associated with the inva-
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Table 1. Details of the primers employed in the study

Name of gene Primer sequence Annealing temperature (°C) Amplicon length (bp) Cycle

HLA-G F 5-CTGACCCTGACCGAGACCTGG-3 57 338 28
R 5-GTCGCAGCCAATCATCCACTGGAG-3
GAPDH F 5-GAAGGTGAAGGTCGG AGTC-3 57 228 28
R 5-GAAGATGGTGATGGGATTTC-3
MMP9 F 5-GGGACGCAGACATCGTCATC-3 60 755 40
R 5-TCGTCATCGTCGAAATGGGC-3
MMP2 F 5-CCGTCGCCCATCATCAAGTT-3 60 502 40

R 5-CTGTCTGGGGCAGTCCAAAG-3

All the primers were synthesized by ShengGong, Shanghai, China.

sion of JEG-3 cells [23]. However, the mecha-
nisms need further study. In the current study,
we examined the effect of suppressed HLA-G
on the expression of MMPs and on the pro-
teome of JEG-3 cells using 2-dimensional elec-
trophoresis and MALDI-TOF-TOF-MS tech-
niques. Our results showed that HLA-G may get
involved in autocrine networks that regulate
prefoldin, MMPs and trophoblast invasion at
the maternal-fetal interface in human preg-
nancy.

Materials and methods
Cell culture

The human trophoblast cell line JEG-3 pur-
chased from American Type Culture Collection
(Manassas, VA, USA), was grown in 6-well
plates with 10% FCS antibiotic-free RPMI 1640
medium under standard culture conditions of
5% CO, in air at 37 °C with medium renewal
every 2-3 days.

Cell transfection

The JEG-3 cells were seeded into groups with
30% confluence in 12-well culture plates and
were transfected with a target small-interfering
RNA (siRNA, 100 nmol/L, Invitrogen, Carlsbad,
CA, Si(HLA-G) group), a negative control siRNA
(Invitrogen, Carlsbad, CA, Si(neg) group) and
only Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, Si(non) group) respectively, according to the
manufacturer’s instructions. After treatment
for 6h with siRNA, the medium containing
siRNA and transfection reagents was removed,
and after washing, the cells were cultured for
72h with fresh culture medium. In preliminary
testing, HLA-G was significantly down-regulated
at 48h of transcript level and 72h of protein
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level. The cells were then harvested after vari-
ous conditions, and transcript and protein lev-
els of HLA-G were determined by RT-PCR and
Western blot, respectively.

Transfection efficiency was evaluated by obser-
vation of stained cells using fluorescein conju-
gated siRNA (Invitrogen, Carlsbad, CA). At 24h
after transfection, cells were fixed with 95%
alcohol, observed with an OLYMPUS BX51 fluo-
rescence microscope and photographed with
NIKON NP2 digital microscopy. The transfec-
tion efficiency of JEG-3 cells was up to 80%-
90%, according to the expression of cytoplas-
mic intensity of the fluorescence using
Image-pro plus 6.0 software.

RNA extraction and semi-quantitative reverse
transcription polymerase chain reaction (RT-
PCR)

Total RNA was extracted from the cell culture
dishes using Trizol (Invitrogen, Carlsbad, CA)
according to the manufacturer’s instructions.
The cDNA was synthesized from 5 ug total RNA
by reverse transcription kit (Takara, Dalian,
China) as described in manufacturer’s instruc-
tions. Relative transcript abundance of HLA-G,
matrix metalloproteinase 2 (MMP2), matrix
metalloproteinase 9 (MMP9) was analyzed by
semi-quantitative RT-PCR using GAPDH as an
internal standard. The primers, expected sizes
of the PCR products and amplified conditions
used in the subsequent RT-PCR were shown in
Table 1 (Table 1). PCR products were separat-
ed on a 2% agarose gel. Gels were stained with
ethidium bromide. A single band for each gene
was observed at the expected size. The inten-
sity of either the target or GAPDH band for each
sample was quantified using a gel documenta-
tion and analysis system and the ratio of the
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Figure 1. The reduction of HLA-G expression by siRNA and the downregulated expression of MMP2 and MMP9 af-
ter HLA-G knockdown. JEG-3 cells transfected with HLA-G siRNA, negative siRNA and only Lipofectamine 2000 as
control for 6h and then cultured with fresh culture medium for 2 or 3 days. HLA-G siRNA had a maximal inhibition
effect on both transcript and protein level at 48h and 72h after transfection, respectively. A: Image was obtained
from JEG-3 cells at 24h after transfected with fluorescein conjugated siRNA using an OLYMPUS BX51 microscope
with fluorescence light. The transfection efficiency of JEG-3 cells was up to 80%-90%. B: Total RNA was subjected
to semi-quantitative RT-PCR to determine HLA-G, MMP2, MMP9 and GAPDH expression at 48h after transfection.
GAPDH served as an internal control. C: Total protein was subjected to Western blot to determine HLA-G, MMP2,
MMP9 and tubulin expression at 72h after transfection. Tubulin served as an internal control. Groups of Si(HLA-
G), Si(neg) and Si(non) were the JEG-3 cells transfected with HLA-G siRNA, negative siRNA and only Lipofectamine
2000, respectively. Data were shown as means + SD in each group. *P < 0.05, **P < 0.01, ***P < 0.001 when
compared with si(non) group, respectively; SD, standard deviation.

Relatlve protein

(a) SHHLAG) Sineg) Sifnon) (b)

two was used as a normalized value for expres- teins were MMP2, MMP9, prefoldin 1, malate
sion of each target gene. All assays were con- dehydrogenase 2 (MDH2), and eukaryotic
ducted in triplicate. translation elongation factor 2 (eEF2). Cell

lysates were prepared by radioimmunoprecipi-
Western blot analysis tation assay (RIPA) buffer. Equal amounts of

protein (30 pg) were separated by 12/10%
HLA-G and five important proteins involved in SDS-PAGE, and then transferred onto PVDF
invasion activity and signal transduction were membranes. After blocking in PBS/Tween-20
chosen for Western blot analysis. The five pro- with 5% dry milk for 2h at room temperature,
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Figure 2. The two-dimensional gel electrophoresis graph of total protein was extracted from the cells before (B) and
after (A) RNAi knockdown. All the protein spots whose expression levels changed more than 1.5-fold at 72h after

HLA-G siRNA transfection was shown.

membranes were incubated with specific pri-
mary antibodies overnight at 4 °C. The follow-
ing antibodies were used in this study: the anti-
HLA-G monoclonal mouse antibody (1:1000,
Abcam, USA), anti-MMP2 monoclonal rabbit
antibody (1:2000, Epitomics, USA), anti-MMP9
monoclonal rabbit antibody (1:2000, Epitomics,
USA), anti-prefoldin 1 polyclone rabbit antibody
(1:500, Abcam, USA), anti-MDH2 monoclonal
mouse antibody (1:1000, Abcam, USA), anti-
eEF2 monoclonal rabbit antibody (1:10000,
Abcam, USA). The immunoreactive bands were
detected by a chemiluminescence detection kit
(Tiangen, Beijing, China) after incubation with
horseradish peroxidase-labeled mouse/rabbit
antibody (1:5000, Jackson, USA). The mem-
brane was probed with anti-Tubulin (1:500,
Invitrogen, Carlsbad, CA) as a loading control.
All blotting experiments were repeated at least
three times, and representative data are
shown.

2-dimensional gel electrophoresis
Three hundred microgram of proteins were sep-
arated by 2-dimensional gel electrophoresis

(2-DE) by isoelectric focusing at pH 3-10 (17
cm, Immobilone dry strip, Amersham-Phar-
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macia) followed by 12% polyacrylamide gel
according to the manufacturer’s instructions.
The total protein was extracted from the JEG-3
cells before and after siRNA knockdown. The
silver stained proteins were scanned and ana-
lyzed by PDQUEST (BioRad). The protein spots
of interest were destained, and digested with
trypsin. The protein spots were arbitrarily num-
bered, and the intensity of the spot of interest
was compared for further analysis. When the
expression level of protein in one group was 1.5
times greater or lower than compared group,
those spots can be regarded as differentially
expressed spots. The selected four spots which
were at least 3 fold up- or down-regulated ones
and scattered over the 2-DE protein map of
JEG-3 cells with decreased expression of HLA-
G, were then determined by matrix-assisted
laser desorption ionization-time-of-flight (MAL-
DI-TOF) mass spectrometry analysis as previ-
ously described [24].

Statistical analyses
Data were presented as the mean + SD of at
least three independent experiments per-

formed in triplicate. Data were analyzed for sta-
tistical significance using the Student’s t-test. A

Int J Clin Exp Pathol 2013;6(11):2451-2459
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Figure 3. The enlargement graph for differentially ex-
pressed protein before (B) and after (A) RNAi knock-
down. The selected four spots were at least 3 fold
up- or down-regulated ones and scattered over the
2-DE protein map of JEG-3 cells with decreased ex-
pression of HLA-G.

value of P < 0.05 was considered statistically
significant.

Result

Transient expression of HLA-G in JEG-3 cell
lines

After transfected with HLA-G siRNA, both pro-
tein and mRNA expressions of HLA-G in JEG-3
cells were confirmed by Western blotting analy-
sis and RT-PCR, respectively. Western blotting
analysis showed that in comparison with si(non)
group, protein expression of HLA-G was obvi-
ously reduced 92.54% in si(HLA-G) group in
JEG-3 cell lines (P < 0.001, Figure 1C). In
RT-PCR, si(HLA-G) group showed mRNA expres-
sion of nearly 100% reduction compared with
that of si(non) (P < 0.01), indicating that tran-
scriptional expression of HLA-G was significant-
ly decreased in si(HLA-G) group (P < 0.01,
Figure 1B). There was no significant difference
in protein and mMRNA expressions between
si(neg) and si(non) group of JEG-3 cells (P >
0.05, Figure 1B, 1C). This indicated that HLA-G
siRNA transfection specifically down-regulated
the protein and mRNA expression levels of
HLA-G in JEG-3 cell lines.

HLA-G depletion affected MMP9 and MMP2
production in JEG-3 cells

HLA-G knockdown resulted in a significant

decrease in mRNA expression of MMP9 and
MMP2 (55.16%, 49.71%, respectively) in com-
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parison with that of si(non) (P < 0.01, P < 0.05,
respectively, Figure 1B). Meanwhile, si(HLA-G)
group showed MMP9 and MMP2 protein
expressions of 68.38% and 56.21% reduction
compared with that of si(non) (P < 0.001, P <
0.001, respectively, Figure 1C).

Modulation of protein expression by HLA-G
SiRNA in JEG-3 cells

In order to examine the underlying mechanism
of HLA-G on invasion of JEG-3 cells in vitro, pro-
teomic analysis of JEG-3 cells transfected with
HLA-G siRNA was performed using 2-DE fol-
lowed by MALDI-TOF mass spectrometry
analysis.

There were thirty-three protein spots signifi-
cantly up- or down-regulated more than 1.5 fold
(Figure 2). Among them, 18 were down-regulat-
ed and the other 15 were up-regulated after
HLA-G knockdown. Figure 3 was the enlarge-
ment graph for differentially expressed point
number 4102, 5016, 7903 and 9420 of 2-DE
gels, which were at least 3 fold up- or down-
regulated (Figure 3). After JEG-3 cells were
transfected with HLA-G siRNA for 72h, expres-
sion levels of MDH2 and prefoldin 1 were
decreased to 5%, 11%, respectively. On the
other hand, expression level of eEF2 was up-
regulated 326% (Table 2).

Western blot analysis of JEG-3 cells expression
of prefoldin 1, MDH2 and eEF2

To confirm the protein expression changes
after HLA-G knockdown in 2-DE gels, Western
blot analysis was performed for the identified
proteins involved in invasion activity and cell
cycle. As seen in Figure 4, the protein levels of
prefoldin 1 and MDH2 decreased (P < 0.01, P <
0.05, respectively, Figure 4), while the protein
level of eEF2 increased in JEG-3 cells with
HLA-G knock-down (P < 0.001, Figure 4). The
results correlated with those obtained from
2-DE analysis.

Discussion

In the present study, we used powerful pro-
teomic tools to elucidate the impact of
decreased HLA-G expression on the protein
expression in JEG-3 cells. The study found sup-
pressed expression of MMP9, MMP2, MDH2
and prefoldin 1 and up-regulating of eEF2 with

Int J Clin Exp Pathol 2013;6(11):2451-2459
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Table 2. Identification of the up- or down-regulated proteins of the four selected spots in JEG-3 cells
before and after RNAi knockdown using MALDI-TOF-MS

Spot No. Protein identification Up- or down- Accession No  Mr (Dalton) pl Functional association
regulated
9420 MDH2 l gi | 49168580 35536.8 8.92 metabolism
9420 unknown l gi | 41472053 33207.5 8.54 unknown
5016 prefoldin 1 variant l gi | 62898349 14187.5 6.32 cell mobility
5016 prefoldin subunit 1 l gi | 3212110 142846  6.85 cell mobility
7903 eukaryotic translation 1 gi | 4503483 95277 6.41 cell cycle
elongation factor 2
4102 none
MALDI-TOF-MS, matrix-assisted laser desorption ionization-time-of-flight mass spectrometry.
A
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Figure 4. Western blot analyses of three proteins found to be up- or down-regulated after HLA-G knockdown. 30 pg
of total cell lysates were separated on 12%/10% SDS-PAGE, and immunoblotting was performed with anti-prefoldin
1, anti-MDH2 and anti-eEF2. Tubulin served as an internal control. Groups of Si(non) and Si(HLA-G) were the JEG-3
cells transfected with only Lipofectamine 2000 and HLA-G siRNA, respectively. Data were shown as means £ SD in
each group. *P < 0.05, **P < 0.01, ***P < 0.001 when compared with si(non) group, respectively; SD, standard

deviation.

knockdown of HLA-G expression in JEG-3 cells.
To our knowledge, this is the first 2-DE protein
map of JEG-3 cells with decreased expression
of HLA-G. This map may provide a basis for
identifying possible changes in protein expres-
sion in response to suppressed HLA-G in JEG-3
cells. The identified proteins may represent
new and important targets associated with cel-
lular responses to downregulated HLA-G in
trophoblast.

Thirty-three protein spots were found to be dif-
ferently expressed in JEG-3 cells after HLA-G
siRNA transfection. In the selected four protein
spots (#4102, #5016, #7903 and #9420),
three proteins were identified, which were
MDH2, component of citric acid cycle; eEF2, a
G protein and prefoldin 1, a molecular chaper-
on, regulating folding and degradation of pro-
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tein. None of them were reported to be related
to decreased expression of HLA-G in tropho-
blast.

MDH2, also known as NAD (mitochondrial), is a
protein which catalyzes the reversible oxidation
of malate to oxaloacetate, utilizing the NAD/
NADH cofactor system in the citric acid cycle.
The protein encoded by this gene is localized
on the mitochondria and may play important
roles in the malate-aspartate shuttle that oper-
ates in the metabolic coordination between
cytosol and mitochondria. As far as we known,
there are no reports that suggest other HLA iso-
forms function in the citric acid cycle or regu-
late MDH2 in other cell types. However, our
study may suggest that HLA-G may function at
some key points in the citric acid cycle and reg-
ulate the expression of MDH2 in JEG-3 cells.

Int J Clin Exp Pathol 2013;6(11):2451-2459
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However, the cell signal transduction pathways
need further study.

eEF2 is a G-protein required for the transloca-
tion step of translation elongation. Its activity
can be controlled through posttranslational
modifications. Our results showed up-regulat-
ing of eEF2 in JEG-3 cells with decreased
expression of HLA-G. Besides, JEG-3 cells were
found to be arrested in the S phase of the cell
cycle under the same condition in our previous
study [23]. Coinciding with our results, it was
reported that knockdown of eEF2 induced
G2/M arrest in gastric cancer cell lines [25].
Therefore, whether HLA-G functions as a cell
cycle modulation agent via eEF2 in trophoblast
deserves further research and our result
reminded that HLA-G probably has little influ-
ence on cell cycle of trophoblast.

Among the down-regulated proteins, prefoldin
1, which is known as a cofactor of the group I
chaperonins, is a molecular chaperone that
captures and stabilizes unfolded proteins and
then delivers them to chaperonin for correct
folding [26]. In particular, prefoldin plays an
essential role in actin- and tubulin-mediated
functions in cell division, motility, and cytoskel-
etal stability [27]. Our research suggested that
expression of prefoldin 1 was suppressed in
JEG-3 cells with knock-down of HLA-G in vitro
while our previous study implicated reduced
invasiveness of JEG-3 cells under the same
condition [23]. Coinciding with our results,
Lundin VF et al. demonstrated that reducing
prefoldin function by RNAi caused defects in
cell division and distal tip cell migration [28].
These findings provided new insights into the
molecular mechanism in mediating cellular
response to down-regulating of HLA-G in tro-
phoblast invasion.

In addition, the temporal and spatial regulation
of trophoblast invasion is controlled by many
factors. The invasive nature of trophoblast is
partly due to its ability to secrete MMPs. Among
members of MMP family, MMP2 and MMP9 are
highly expressed in trophoblast and critical for
trophoblast invasion [29, 30]. Several studies
have found MMP9 to be the key-enzyme in tro-
phoblast invasion in vitro [31-33]. Similarly, our
previous and current observation demonstrat-
ed that HLA-G may suppress the invasion of
JEG-3 cells [23] with down-regulated expres-
sion of MMP9 and MMP2. Meanwhile, Wang'’s
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data suggested novel roles for HLA-G in regu-
lating B-hCG production via the modulation of
the Erk1/2 pathway [34]. Furthermore, McCor-
mick’s research demonstrated that soluble
HLA-G suppressed growth factor-stimulated
motility and invasion of trophoblast cells [35].

It is interesting to speculate a potential involve-
ment of HLA-G in the autocrine networks that
regulates prefoldin, MMP production and the
invasive function of trophoblast. There were
several studies demonstrating that a decreased
expression was found in HLA-G placental and
maternal serum expression in pre-eclampsia
compared with normal pregnancy [14, 36, 37].
Besides, it was reported that MMP2 and MMP9
levels were decreased in severe pre-eclamptic
placentas when compared with normal placen-
tas [29]. In particular, pre-eclampsia is proba-
bly caused by endothelial injury and abnormal
invasion of trophoblast, which interfere placen-
ta implantation. Nevertheless, to some extent,
the effect of HLA-G on the invasion of JEG-3
cells directly via MMPs or prefoldin may offer a
novel and potent pathway to explain the pathol-
ogy of high-risk pregnancy and further explora-
tion is needed.

Whether JEG-3 cells possess a receptor to
HLA-G and the related intracellular mecha-
nisms in trophoblast have yet to be determined.
HLA-G is known to bind to and activate a num-
ber of cell surface receptors expressed by NK
and endothelial cells including KIR2DL4, ILT-2
and CD160 [38-41]. The identity of the receptor
and the signal transduction pathways getting
involved in HLA-G’s regulation of trophoblast
invasion need further research.

In conclusion, HLA-G may be an important regu-
lator of trophoblast invasion in an autocrine
way via regulation of prefoldin and MMP pro-
duction. Further investigations are needed to
explore the related molecular mechanisms and
its detailed role in pregnancy maintenance and
pathological pregnancy.
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