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Abstract: Embryo implantation is regarded as a critical physiological process for the success of pregnancy. There 
are so many reports on the research of human chorionic gonadotropin (HCG) in artificial insemination, but the 
impact of HCG on endometrial receptivity has not been elucidated. Beta1, 4-Galactosyltransferase-I (β1,4-GalT-I) is 
ubiquitously expresses in human tissues with the exception of the brain. It not only transfers galactose from UDP-
galactoside to GlcNAc to form Galβl,4-GlcNAc, but plays crucial role as cell adhesion molecule by recognizing and 
adhering other extracellular matrix and galactose of cell surface glycoprotein and glycolipid in cancer cells invasion 
and migration. The process of the embryos implantation is very similar to tumor invasion, so many biological factors 
participate in the tumor invasion also play a role in embryo implantation. We hypothesize that β1,4-GalT-I may take 
part in embryo implantation. In this study, we demonstrated that the over expression of β1,4-GalT-I was induced by 
HCG in RL95-2 cells. Moreover, the expression of some molecules, such as TIMP-1, LN and MMPs could be regu-
lated by engineered expression of β1,4-GalT-I and therefore lead to the significantly alteration of adhesion capability 
of RL95-2 cells, even result in reduced adhesive ability between JAR cells and RL95-2 cells. Furthermore, our results 
indicated that HCG can obviously increase the EGFR signaling pathways-dependent molecular expression through 
β1,4-GalT-I, HCG also improved the adhesive ability between JAR cells and RL95-2 cells (P < 0.01). Taken together, 
our data suggested that HCG provides a mechanism to bridge embryo to endometrium through β1,4-GalT.
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Introduction

Embryo implantation is a complex process 
including apposition, adhesion and invasion [1]. 
These steps require the endometrium become 
receptivity of the embryo during the window of 
implantation, with spatial and temporal syn-
chronization of the uterine endometrium and 
the embryo. First of all, the embryo locates at 
the receptive endometrium and adheres to 
uterine epithelial cells. Then, trophectoderm 
cells penetrate into the cell proliferation, differ-
entiation, development, mutual recognition 
between cells and adhesion [2, 3]. During this 
process, there are a variety of adhesion mole-
cules expressed, like growing factors, immune 
cells, chemokines, cytokines, and so on. Those 
molecules contact with each other, and form an 
adhesion molecular-cell factors-immune mole-

cules-hormones network system [2, 4, 5]. Our 
previously studies showed that β1,4-GalT-I was 
up-regulated by estrogens and some important 
cytokines of embryo implantation especially 
epidermal growth factor (EGF), osteopontin 
(OPN), TGF-α, Interleukin-1 (IL-1) and Leukemia 
Inhibitory Factor (LIF) in the endometrial cells 
[6, 7].

Hormone, plays a functional role in embryonic 
development and set up the receptivity of endo-
metrium. As embryo implantation place, uterus 
are impacted with estrogen and progestogen. 
However, estrogen and progestogen are stimu-
lated and secreted by HCG in endometrial peri-
odical changes and none of investigation of 
HCG mediate embryo implantation through 
β1,4-GalT-I yet. HCG is another abundant hor-
mone secreted by placental syncytiotropho-
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blasts activating the cAMP signaling pathway 
through a G protein-coupled receptor shared 
with the pituitary luteinizing hormone (LH) [6]. 

We hypothesis that HCG promoted embryo 
implantation with β1,4-GalT-I through MMPs 
and EGFR signaling-dependent manner.

β1,4-GalT-I is known as one of the members of 
glycosyltransferase which closely associated 
with immune response and inflammatory 
response [8-15]. However, few attempts have 
been done of β1,4-GalT-I in embryo implanta-
tion. On the Golgi apparatus, β1,4-GalT-I plays 
a pivotal role in protein sugar chain modifica-
tion, which is responsible for the use of oligo-
nucleotides glycan chains bonded on glycopro-
teins and glycolipids through synthetic β1,4 
glycosidic. In addition, it also plays a signifi-
cance role in the process of fertilization, cell 
migration, growth of axons, organization forma-
tion and tumor metastasis [16-18]. Although 
the expression models via many implantation 
of related molecules change dynamically during 
this process, the influence of β1,4-Galt-I on 
endometrial receptivity has not been elucidat- 
ed.

LN is a kind of extra cellular matrix. LN can be 
combined with other cell surface adhesion mol-
ecules specificity by sequence RGD (Arg-Gly-
Asp), and regulate cell proliferation, differentia-
tion, transfer, blastocyst implantation, pregnan-
cy and other physiological activities. MMPs are 
markers of blastocyst trophoblast invasion of 
endometrial cells, with their expression levels 
correspond to most invasion ability of tropho-
blast cell. Generally, MMPs secrete in extracel-
lular matrix with the original enzyme form, and 
hydrolysis ECM. Furthermore, the activity of 
MMPs can be restrained by the TIMPs. TIMPs 
secretion is accompanied by MMPs and their 
biological activity are adjusted with MMPs 
through covalent bond, such as embryo implan-
tation, angiogenesis and reshaping of endome-
trial lining. As a kind of crucial growth factor, 
EGF combines with EGFR and induces down-
stream signaling pathway, PI3K→PKC→IKK 
and Ras→Raf→MAPK [19-23]. ICAM-1 is a cell 
adhesion molecules, which participates in the 
cell invasion of trophocyte to maternal decidu-
as and expresses regularity in endometrium 
[24, 25].

In addition, we used a vitro implantation model 
with villa cancer cells (JAR cells) imitating 

embryo and endometrial cancer cells (RL95-2 
cells) imitating endometrial. Further studies on 
HCG mediate embryo implantation through 
β1,4-GalT-I will be summarized in our next 
study.

Materials and methods

Antibodies and reagents

RNA PCR Kit (AMV) was purchased from the 
Takara Company (Dalian, Liaoning, China). 
Dulbecco’s Modified Eagle Medium/F12(1:1), 
RPMI 1640, fetal bovine serum(FBS), TRIzol® 
and LipofectamineTM reagent were purchased 
from Invitrogen (Camarillo, CA, USA). The 
enhanced chemiluminescence (ECL) assay kit 
was purchased from Amersham (Pittsburgh, 
PA, USA). Progesterone and diaminobenzidine 
(DAB) were purchased from Sigma (St Louis, 
MO, USA). Goat anti-human β1,4-GalT-I anti-
bodies were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). Mouse 
anti-human β-actin antibodies were purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Rabbit anti-human EGFR antibodies were 
purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA). Rabbit anti-human EGF 
antibodies were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). Rabbit 
anti-human NF-κB antibodies were purchased 
from Bioworld Technology. Rabbit anti-human 
ICAM-1 antibodies were purchased from Santa 
Cruz Biotechnology (Santa Cruz, CA, USA).
Rabbit anti-human LN antibodies were pur-
chased from Abcam (Cambridge, CA, USA). 
Rabbit anti-human MMP-9 antibodies were  
purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA). Rabbit anti-human 
MMP-2 antibodies were purchased from Abcam 
(Cambridge, CA, USA). Rabbit anti-human TIMP-
1 antibodies were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA).

Cell culture

Human uterine epithelial cell lines (RL95-2) 
and human embryonic cell line (JAR) were 
obtained from the American Type Culture 
Collection (Manassas, VAUSA). RL95-2 cells 
were grown in DMEM/F12 (1:1) supplemented 
with 10% FBS, 100 U/mL penicillin and 100 
mg/mL streptomycin. JAR cells were main-
tained in RPMI1640 supplemented with 10% 
FBS. Cell cultures were maintained in a humidi-
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fied atmosphere containing 5% CO2, 95% air at 
37°C. When the cells reached 80% confluence 
in a six-well plate format, cells were washed 
three times with phosphate-buffered saline 
(PBS). Subsequently, treatment with HCG or 
transfection with β1,4-GalT-I gene regulation 
plasmid 48h for RT-PCR and 72h for western 
blot in RL95-2 cell respectively. 

Transient transfection

Transfected into RL95-2 cells by using 
LipofectamineTM Transfection Reagent (Roche) 
at concentration of 0.4 μg plasmid plus 4 ml 
Lipofectamine Transfection Reagent in a six-
well plate format. The cells were harvested 
after treatment 48 h for RT-PCR and 72 h for 
western blot respectively.

Reverse transcription-polymerase chain reac-
tion

Total RNA was extracted with the TRIzol® 
reagent according to the manufacturer’s proto-
col. Semi-quantifications and purity assess-
ments were performed by optical density mea-
surement at 260 and 280 nm. Total RNA was 
reverse transcribed into cDNA using RNA PCR 
Kit (AMV) version 3.0. The β1,4-GalT-I primers 
(polymerase chain reaction[PCR] products 386 
bp) were 5’ CGG CGG GAA GAT GAG GC 3’ 
(sense) and 5’ ACA GTG CGG TGG TGT GGG G 3’ 
(antisense). The laminin primers (polymerase 
chain reaction [PCR] products 361 bp) were 5’ 
TGC CTG TGC TGC GGA TGA ACC 3’ (sense) and 
5’ GGC GAT GTG CCA ACC CAC CA 3’ (antisense). 
The MMP-2 primers (polymerase chain reaction 
[PCR] products 319 bp) were 5’ GTCCACTGT- 
TGGTGGGAACT 3’ (sense) and 5’ CTCCTGAAT- 
GCCCTTGATGT 3’ (antisense). The TIMP-I prim-
ers (polymerase chain reaction [PCR] products 
286 bp) were 5’ TCT GCA ATT CCG ACC TCG TC 
3’ (sense) and 5’ CTG TTC CAG GGA GCC ACA AA 
3’ (antisense). The MMP-9 primers (polymerase 
chain reaction [PCR] products 79 bp) were 5’ 
CCT GGA GAC CTG AGA ACC AAT C 3’ (sense) 
and 5’ CCA CCC GAG TGT AAC CAT AGC 3’ (anti-
sense). The β-actin primers (polymerase chain 
reaction [PCR] products 828 bp) were 5’ ACA 
CCT TCTA CAA TGA GCT G 3’ (sense) and 5’ CTG 
CTT GCT GAT CCA CAT CT 3’ (antisense). For 
each reaction, 100 ng cDNA was added into a 
PCR master mixture to the total volume of 25 
mL. PCR reactions were performed as follows: 
initial denaturation at 94°C for three minutes, 

30 cycles of 94°C for 30 s, (β1,4-GalT-I 62°C, 
Laminin 62°C, MMP-2 55°C, TIMP-1 62°C, 
MMP-9 58°C, β-actin 62°C) for 30 s, 72°C for 
35 s and a final extension for 72°C for 15 min. 
The PCR reaction products were electropho-
resed on 1% agarose gel, and the bands were 
visualized by ethidium bromide staining, fol-
lowed by analysis with Labworks 4.6 (UVP, 
Upland, CA, USA).

Western blot

Cells were washed in PBS before incubation 
with Lysis Buffer (1% Triton X-100, 150 mM 
NaCl, 10 mM Tris, pH 7.4, 1 mM EDTA, 1 mM 
EGTA, pH 8.0, 0.2 mM Na3VO4, 0.2 mM phenyl-
methyl-sulfonyl fluoride, 0.5% Nonidet P-40) on 
ice for 10 min. The cell lysates were clarified by 
centrifugation at 9000 g for 15 min and the 
supernatants were collected. Protein concen-
tration was determined with the Coomassie 
Protein Assay reagent using bovine serum albu-
min (BSA) as a standard. Equal amounts of pro-
tein extracts (30 μg) were separated by 12% 
sodium dodecyl sulphate (SDS)-polyacrylamide 
gel electrophoresis (PAGE) and transferred to 
nitrocellulose filter (NC) membranes. The mem-
branes were blocked in 5% non-fat milk in Tris-
buffered saline containing 0.1% Tween 20 
(TBST) for 2 h at room temperature. The mem-
brane was incubated overnight with specific 
anti-β1,4-GalT-I, anti-EGFR, anti-EGF, anti- 
NF-κB, anti-ICAM-1, anti-MMP-9, anti-MMP-2, 
anti-TIMP-1 or anti-LN at 4°C. The membranes 
were washed with TBST three times. Then the 
membranes were incubated with horse-radish 
peroxidase-conjugated antibody for 1 h at room 
temperature. After four washes with TBST, the 
membranes were processed using enhanced 
chemoluminescent (ECL) and visualized using 
Bio-Rad Laboratories. Western blots shown are 
representative of at least three independent 
experiments. Densitometry of each band for 
the target protein was quantified by densitom-
etry analysis with Labworks 4.6 (Media 
Cybernetics, Inc, USA).

Adhesion of embryonic cells JAR to RL95-2 
cells monolayer

After treatment with HCG or transfection with 
β1,4-GalT-I gene regulation plasmid in the 
monolayer RL95-2 cells. JAR cells were traced 
with the fluorescent vitaldye CFSE (Invitrogen) 
for 20 min at 37°C and subsequently delivered 
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onto confluent monolayers of RL95-2 cells. 
After 60 min of co-culture in JAR medium, un-
adhered JAR cells were removed by centrifuga-
tion for 5 min. Unattached cells were counted 
by Flow cytometry and the results expressed as 
the percentage of the number with initial JAR 
cells.

Statistical analysis

Each experiment was repeated 3-5 times,  
with results presented as the mean ± SEM. 
Statistical differences between test groups 
were analyzed by one-way analysis of variance 
and Student-Newman-Keuls q value tests; 
P<0.05 was considered to be significant.

Results

HCG promotes β1,4-GalT-I expression in RL95-
2 cells

To determine whether HCG induces β1,4-GalT-I 
expression, RL95-2 cell was treated without or 

HCG for 0-48 h and expression of β1,4-GalT-I in 
cell lysates was detected by RT-PCR and west-
ern blot. Results indicated that HCG induced 
β1,4-GalT-I expression in time-dependent man-
ner in RL95-2 cells, slightly increased from 12 
h to 36 h, and showed a strong expression on 
36 h, followed by a decline thereafter by RT-PCR 
(Figure 1A). Western blot also demonstrated 
similar results that the expression of β1,4-
GalT-I mRNA reached maximum expression at 
36 h, after which the expression began to 
decline (Figure 1B). The dose-dependent 
response of HCG (0-10000 U/L) on β1,4-GalT-I 
expression was also detected. Results of west-
ern blot showed that the expression of β1,4-
GalT-I increases in dose-dependent manner, 
and 1000 U/L, HCG induced highest level of 
β1,4-GalT-I expression compared with other 
doses (Figure 1C). The result of RT-PCR showed 
that them RNA level of β1,4-GalT-I treated with 
1000 U/L HCG reached maximum expression 
for 36 h (Figure 1D).

Figure 1. The expression of β1,4-GalT-I in RL-95-2 cells. After the treatment with HCG the expression of β1,4-GalT-I 
in protein and mRNA levels were detected by RT-PCR (A and B) and Western-blot (C and D).
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Figure 2. RT-PCR (A) and Western blot (B) analysis of β1,4-GalT-I, MMP2, MMP9, TIMP-1 and LN expression in RL95-2 cells after transfection with β1,4-GalT-I gene 
overexpression plasmid, β1,4-GalT-I gene interference plasmid, contrast interference plasmid and empty plasmid.
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β1,4-GalT-I influences the expression of β1,4-
GalT-I, MMP2, MMP9, LN and TIMP-1 in RL95-
2 cells

To examine the how β1,4-GalT-I regulated 
embryo implantation, we measured the expres-
sion of MMP2, MMP9, LN and TIMP-1 after 
transfection with β1,4-GalT-I sh- or over- plas-
mids in RL95-2 cells. RT-PCR assay revealed 
that after transfection with β1,4-GalT-I overex-
pression plasmid the expression of β1,4 GalT-I, 
MMP2 and MMP9 were up-regulated, and the 
expression of LN and TIMP-1 were reduced. In 
contrast, the expression of β1,4-GalT-I, MMP2 
and MMP9 were down-regulated, and promot-
ed the expression of LN and TIMP-1 by trans-
fection of β1,4-GalT-I interference plasmid. 
There are no significantly difference of the 

expression of β1,4-GalT-I, MMP2, MMP9, LN 
and TIMP-1 after transfected with contrast 
interference plasmid and empty plasmid 
between no treatments (Figure 2A). Western 
blot also demonstrated similar results that the 
expression of β1,4-GalT-I between MMP2 and 
MMP9 were positive correlation, and β1,4-
GalT-I between LN and TIMP-1 were negative 
correlation (Figure 2B).

HCG induces β1,4-GalT-I expression in MMP2, 
MMP9, LN and TIMP-1 signaling-dependent 
manner

In order to examine how HCG regulated the 
expression of MMP2, MMP9, LN and TIMP-1, 
we measured the β1,4-GalT-I upon HCG treat-
ment. Results demonstrated that the level of 

Figure 3. RT-PCR analysis of β1,4-GalT-I, MMP2, MMP9, LN and TIMP-1 expression in RL95-2 cells without or after 
treatment with HCG.

Figure 4. Western blots analysis of β1,4-GalT-I, EGFR, EGF, ICAM-1 and NK-κB expression in RL95-2 cells without or 
after treatment with HCG.
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MMP2, MMP9 increased, 
and LN and TIMP-1 degrad-
ed after HCG treatment by 
reverse transcription-poly-
merase chain reaction (Fig- 
ure 3).

These results indicated that 
HCG induced MMP2, MMP9, 
LN and TIMP-1 expression 
possibly through β1,4-GalT- 
I.

Expression of EGFR signal-
ing pathway correlates with 
treatment of HCG

Western blots were used  
to study the effect of HCG on 
the EGFR signaling pathway. 
In RL95-2 cells, the expres-
sion of β1,4-GalT-I, EGFR, 
EGF, ICAM-1 and NK-κB were 
significantly increased by 
treatment with HCG (Figure 
4). These results illustrated 
that EGFR signaling pathway 
is another way of the HCG 
promoting embryo implant- 
ation.

Adhesion of embryonic cells 
JAR to RL95-2 cells mono-
layer

Cell line RL95-2 was used as 
a model of receptive endo-
metrium, because of its high 
adhesiveness for tropho-
blast-derived cells. And JAR 
choriocarcinoma cells serve 
as an in vitro model, for the 
trophoblast cells. Using the 
in vitro implantation model, 
we found that HCG signifi-
cantly facilitated the adhe-
sion ability of JAR cells to the 
RL95-2 cell monolayer com-
pared with control group 
(Figure 5B). In addition, the 
results show that the adhe-
sion ability was promoted by 
transfection of β1,4-GalT-I 
gene overexpression plas-
mid. In contrast, β1,4-GalT-I 

Figure 5. RL95-2 cells were transfected without (normal) or with β1,4-GalT-I 
gene regulate plasmid, JAR cells were traced with the fluorescent vital dye CFSE 
before JAR cells were delivered to RL95-2 cells. Attached JAR cells were cal-
culated by Flow cytometry. Attached JAR cells were detected by fluorescence 
microscope (A). Similarly, after treatment with or without HCG, JAR cells were 
traced with the fluorescent vital dye CFSE before JAR cells were delivered to 
RL95-2 cells. Attached JAR cells were detected by fluorescence microscope. 
Attached JAR cells were calculated by Flow cytometry (B).
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charide ligands in extracellular matrix, most 
significantly during cell interaction with the 
basal lamina and during sperm binding to the 
egg coat [42]. A great many of researches sug-
gested that β1,4-GalT-I is involved in tumor 
cells migration, adhesion and invasion extracel-
lular matrix degradation [43-45].

Because the similarity exists between tumor 
invasion and embryos implantation, we hypoth-
esized that β1,4-GalT-I may play a vital role in 
the conceptus-maternal interface. At present, 
there have been few studies on the functions 
and expression of β1,4-GalT-I in embryo implan-
tation. In this study, we found that β1,4-GalT-I 
participate in embryo implantation through 
MMPs-ECM-TIMP. In recent years, more and 
more researches find that human trophoblast 
cells can invade the endometrium because 
they can secrete MMPs [46]. MMPs are a kind 
of proteolytic enzyme which depend on zinc 
[47]. Most of the releases happen in the form of 
preferment after cracking N-terminal propep-
tide converted to active form. Because tropho-
blast cells and endometrial stromal cells 
secrete MMPs, ECM in implantation would be 
degraded subsequently through ECM in the 
process of embryo implantation. MMPs are 
also involved in embryonic intrusion process at 
the same time, especially for MMP-9. MMP-9 
has a degradation of extracellular matrix pro-
tein functions; it can specify enzyme solution 
type IV and V collagen and fibronectin. When it 
comes to the embryo implantation, MMP-9 
degrades endometrial ECM, making the loose 
connection between cells, and helping tropho-
blastic cells through the maternal endometri-
um. Although the existing research suggests 
that the secretion of MMP-9 is regulated by 
many factors such as TIMPs, IL-1 and NF-κB, 
detailed regulation mechanism still remains 
unclear [48-50]. To figure out how to maintain 
the body balance of MMP-9, in addition, how 
uterus and embryo reaches a steady state, are 
conducive to the success of embryo implanta-
tion and help avoid excessive damage from tis-
sue invasion. This requests us to control the 
upstream gene expression, as well as embryo 
implantation related signal transduction path-
ways for further research.

In this study, we found that HCG could promote 
the expression of β1,4 GalT-I and β1,4 GalT-I 
could regulated the expression of MMP2, 

gene interference plasmid down-regulated the 
adhesion ability (Figure 5A). Results indicated 
that the HCG enhanced the JAR cell adhesion 
to the RL95-2 cells through β1,4-GalT-I.

Discussion

During the window of implantation, endometrial 
epithelial cells undergo ultrastructural changes 
and express a variety of molecules to facilitate 
the adhesion of the embryo to the uterine endo-
metrium [25]. HCG is a major embryonic signal 
playing a key role in the initiation and mainte-
nance of pregnancy [26]. It is transcribed as 
early as the 2-cell embryo stage [27] and is pro-
duced abundantly by the trophectodermal cells 
of the pre-implantation blastocyst [28]. 
Following implantation, HCG is produced by 
syncytiotrophoblast of the developing concep-
tus [29]. Recent evidence suggests that HCG is 
also produced in glandular and luminal epithe-
lium of human endometrium, primarily during 
the secretory phase [30, 31]. HCG production 
by embryonic cells may directly regulate the 
expression of endometrial factors and extend 
the period during which the endometrium is 
receptive [32, 33].

Adhesion-related molecules such as integrins 
and mucins increase in the window of implanta-
tion, and are known to participate in the estab-
lishment of endometrial receptivity [19, 34]. To 
date, studies show that some glycosyl transfer-
ases are localized on the plasma membrane in 
addition to their conventional Golgi location, a 
wide variety of observations confirm the pres-
ence of a few specific glycosyl transferases on 
the cell surface, most notably β1,4-GalT-I [21-
23, 35, 36].

Researches show that endometrial cells 
secrete a large number of adhesion molecules, 
proteolytic enzyme cytokines and related factor 
expression can promote embryonic and endo-
metrial mutual recognition and adhesion, and 
along with the process of implantation [37]. 
Adhesion-related molecules such as mucins 
and integrins increase in the window of implan-
tation, and are known to participate in the 
establishment of endometrial receptivity [38, 
39]. A great many of researches suggested that 
β1,4-GalT-I is involved in extracellular matrix 
degradation, adhesion and invasion, tumor 
cells migration [40, 41]. In addition, the surface 
β1,4-GalT-I functions as a receptor for oligosac-
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MMP9 and TIMP-1. These indicated that HCG 
may influence embryo implantation by MMP2, 
MMP9 and TIMP-1 through the expression of 
β1,4 GalT-I. Then we did the adhesive experi-
ment, the results showed that over-expression 
of β1,4 GalT-I and HCG could promote the  
adhesion between the JAR and RL95-2 cells. In 
summary, to our knowledge, this study is the 
first to demonstrate that HCG promotes he 
expression of β1,4 GalT-I. HCG also promotes 
trophoblast cell invasion and migration by 
upregulating the expression of β1,4 GalT-I. 
However, further studies are needed to be 
detected the precise mechanism underlying 
the role of β1,4 GalT-I in the embryo implant- 
ation.
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