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a b s t r a c t

Secreted by the placental trophoblast, human chorionic gonadotropin (hCG) is an important hormo ne 
during pregnancy and is required for the maintenance of pregnancy. Previous studies have shown that 
dys-regulation of hCG expression is associated with preeclam psia. However, the exact relationship 
between altered hCG levels and development of preeclampsia is unknown. Metastasis associated protein 
3 (MTA3), a chromatin remodeling protein, is abundantly expressed in the placental trophoblasts, but its 
function is unknown. In breast cancer, MTA3 has been shown to repress the expression of Snail and cell 
migration. However, whether MTA3 acts similarly in the trophoblast has not been investigated. In the 
present study, we examine d the role of MTA3 in regulating the hCG b-s ubunit gene (gene name: 
CGB5) and Snail expression in the trophoblast cell line, BeWo, as well as its relevance to the high hCG 
expression levels seen in preeclampsia. First, we investigated MTA3 expression in preeclamptic placenta 
as compared to normal control placenta via gene expression mic roarray and qRT-PCR and found that 
MTA3 was significantly down-regulated, whereas both CGB5 and Snail were up-regulated in preeclamp- 
tic placenta. Secondly, we knocked down MTA3 gene in trophoblast cell line BeWo and found Snail and 
hCG were both up-regulated, suggesting that MTA3 represses Snail and hCG gene expression in tropho- 
blasts. Next, we cloned the CGB5 and Snail promoters into the pGL3-basic vector individually and found 
that silencing of MTA3 by siRNA resulted in an increase of both CGB5 and Snail promoter activities. To 
confirm that this MTA3 inhibition is a direct effect, we performe d a chromatin immune-precipitation 
(ChIP) assay and found that MTA3 occupied the proximal promote r regions of both Snail and hCG within 
BeWo cells. Furthermore, we examined MTA3 expression in placental trophoblast by immunohistochem- 
istry and found that MTA3 expression was higher in villous cytotrophob lasts versus syncytiotrophoblasts, 
which supports an inverse association of MTA3 with hCG expression. Lastly, usi ng the well-characterized 
trophoblast fusion model, we examined MTA3 and hCG leve ls in forskolin-treated BeWo cells and found 
that MTA3 down-regulation was accompanied by an up-regulation of hCG. These data further suggest 
that MTA3 is repressing placental hCG expression. In summary, MTA3 plays a critical role in repressing 
hCG and Snail in placenta trophoblast and its deregulation is associated with preeclampsia. 

� 2013 Elsevier Inc. All rights reserved. 
1. Introduction 

The placenta is an endocrine organ and secretes several hor- 
mones required for successful pregnancy, such as human placental 
lactogen (hPL) and human chorionic gonadotropi n (hCG). Previous 
research has shown that hCG is required for embryo implantati on 
and placental developmen t. hCG is composed of a shared a-
subunit and a specific b-subunit coded by a lists of CGB genes with 
99% sequence similarity [1,2]. The four genes which encode the 
b-subunit (CGB8, CGB5, CGB, CGB7) together with the ancestral 
LHb (LHB) and the hCG b noncoding genes CGB1 and CGB2 all map 
ll rights reserved. 
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to a gene cluster located at chromosom e 19q13.33 . Given that 
CGB5 and CGB8 together account for 62–82% of the total pool of 
hCGb transcripts, CGB5 or CGB8 genes are used to study CGB gene 
regulatio n [3,4]. Proper serum hCG levels during pregnancy are 
critical for a healthy pregnancy, and abnormally high levels in 
the late of 2nd trimester are considered an indicator of preelamp- 
sia, a pregnancy complication associated with shallow placentation 
[5,6].

DNA methylat ion, histone modification and chromati n remod- 
eling are important epigenetic mechanism s of gene regulation. It 
has been reported that DNA methylat ion of the CGB5 promoter is 
associate d with repressed CGB5 gene expression and first trimester 
pregnancy loss [7] but the mechanism is unknown. Metastasi s
associate d protein 3 (MTA3) is one subunit of the Nucleoso me 
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Remodeling and Histone Deacetylase (NuRD) complex, which 
couples histone deacetylase with nuclesome stimulated ATPase- 
activity and plays a major role in gene repression. MTA3 has been 
well studied in breast cancer cells where it has been shown to 
repress Snail (an inducer of cell movement) gene transcrip tion in 
a histone deacetylase (HDAC)-dependent manner [8]. Furthermore, 
via its regulatio n of Snail, MTA3 subsequently alters the target 
genes downstream of Snail such as E-Cadherin and, therefore, 
has been implicated in cancer cell migration and metastas is as well 
as the mediate epithelial to mesenchymal transition [8].

In the placenta, MTA3 is abundantly expressed in trophobl ast 
cells [9]; however, its function and its potential role in the pathol- 
ogy/etiology of pregnancy complications such as preeclampsia has 
not been investigated . In the present study, we investiga ted the 
relevance of MTA3 to preeclamps ia and its role in the regulation 
of CGB5 and Snail genes in the placental trophobl ast using the hu- 
man trophoblast cell line BeWo. 

2. Material and method 

2.1. Preeclamptic placental samples recruitment 

This study protocol was approved by the Ethical Review Board 
for Human Genome Studies at Fujita Health University. All 
placental samples both from preeclampti c and normal pregnancies 
were obtained at the department of Obstetrics and Gynecology, 
Fujita Health Universit y, Japan, with patients’ Informed consent. 
Preeclampsi a was defined as a blood pressure of higher than 
140/90 mmHg, with proteinuria of more than 0.3 g in a 24-h 
collection.

2.2. Analysis of mRNA expression by microarray and quantitative 
RT-PCR

The transcrip tome database of preelamptic and normal pla- 
centa, which was deposited at GEO database (http://
www.ncbi.nl m.nih.gov/gds/ ) (GSE24129) and included 8 indepen- 
dent samples in each group [10], was used in this study. Gene 
expression based on probe signal intensity was extracted and ana- 
lyzed using the Student’ T-Test.

A total of 83 placenta samples were collected (preeclamptic pla- 
centa samples n = 44 and normal placenta samples n = 39) in the 
qRT-PCR assay. The clinic information of these samples is listed 
in Table 1. In each placenta, chorionic villous tissue was collected 
randomly from four areas, and then total RNA were extracted 
and mixed together. These RNA samples were reverse-transcr ibed 
into cDNA with Superscript III First-Strand Synthesis System for 
quantitative RT-PCR (Invitrogen, CA). The power SYBR PCR regent 
(ABI, CA) was used for qRT-PCR. Delta Ct method was conducted 
to analyze results. Primers are listed in Table 2.

2.3. Cell culture, lentivirus mediated gene knock-down and forskolin 
treatment

The trophoblast cell line BeWo (ATCC) was cultured in F12K 
supplemented with 10% FBS, 2 mmol/L L-glutamine and 1%
Table 1
Clinic parameters of the preelamptic (PE) and normal (NL) pregnancy. 

Maternal 
age 

Gestational Age 
at testing 

BMI (pre-pregnancy) Systo

NL (n = 39) 31.7 ± 5.4 35 ± 4.8 22 ± 4.2 114
PE (n = 44) 30.9 ± 4.5 33.4 ± 3.2 22.2 ± 4.4 164.5
P value (PE vs NL) 0.502 0.061 0.869 <0.00

Date are shown as the mean ± standard deviation (SD).
Pen/Strep. Medium was refreshed every other day. The lentivirus 
particles expressing MTA3 shRNA or control shRNA (titer: 108–109)
were purchased from Openbiosy stem (Thermo Scientific). 2 days 
after infection with these viruses, BeWo cells were cultured in 
media containing 5 lg/ml puromycin (Invitrogen) for 3 weeks 
prior to harvesting cells for protein analysis. In forskolin treatment, 
50 lM forskolin (R&D) was added into culture media. 

In the tissue culture of full term placenta, we obtained fresh 
normal placental tissue from Michigan State University’s Center 
for Women’s Health Research , Human Female Reproductive Tract 
Bio-repos itory with the donors‘ written informed consent and 
the approval of the MSU Institutional Review Board. After being 
minced with scissors, placenta tissues were cultured with the same 
media as the BeWo cells. After one week in culture, the trophobl ast 
outgrowt h appeared beside tissue clump. 
2.4. Luciferase reporter assay 

Luciferas e reporter assay was performed as previously pub- 
lished [11]. Briefly, the CGB5 gene promoter region, �2000 to 
+364 bps relative to its transcriptio n start site (TSS) and Snail gene 
promote r region, �350 to +84 bps relative to TSS, were cloned into 
pGL3-Bas ic vector (Promega), respectively , upstream of firefly
luciferase coding sequence via PCR and subsequent ligation. Prim- 
ers are listed in Table 2. Next, BeWo cells plated at 5 � 104 cells per 
well in a 96-well plate were transiently transfected with 0.1 lg of 
plasmid and 0.005 lg of the internal control plasmid (pRL-TK vec- 
tor, expressing Renilla luciferase), along with MTA3 siRNA or con- 
trol siRNA using the Lipofectimine 2000 transfection reagent 
(Invitrogen, CA). 5 h post-transfecti on, cells were treated with 
100 nM trichostatin-A (TSA, Sigma) or 50 lM forskolin for 18 h. 
DMSO treatment was used as vehicle control. The activities of both 
luciferases were determined using the Dual-Lucife rase Reporter 
System (Promega) according to the manufactur er’s instructions. 
Assays were performed 3 times each in duplicate and promote r
activity determined by the ratio of the two luciferase activities. 
2.5. Chromati n-immunopreci pitation (ChIP) assay 

BeWo cells were harvested, chemical ly crosslinked with 1% 
formaldehy de (Sigma–Aldrich) for 10 min at room temperature, 
pelleted, washed with PBS and flash frozen in liquid nitrogen. Pel- 
lets were resuspend ed in ChIP lysis buffer and sonicated using a
Branson Sonifier 450D (Branson, Danbury, CT) at 20% amplitude, 
with 3 � 30-s pulses in ice water, given an average DNA size of 
about 200–800 bp. Post-sonication , samples were centrifuged, 
flash frozen in liquid nitrogen until future use. Sonicated extracts 
(equivalent to 1 � 106 cells) were used in each ChIP reaction 
accordin g to manufac turer’s protocol (LowCell ChIP kit, Diagen- 
ode). 2 lg of MTA3 antibody (Rabbit) and non-specific IgG (Rabbit)
were added per reaction (antibody sources are listed in Table 3)
and quantitative PCR was used to confirm enrichment of MTA3 
in the Snail and CGB5 promoters (Primers listed in Table 2). ChIP 
DNA and IgG control DNA were normalized to input DNA. 
lic BP Diastlic BP Gestational age 
at delivery (wks)

Birth weight Placental 
weight 

 ± 9.9 67.2 ± 9.8 35.1 ± 4.9 2408.1 ± 852.3 529.9 ± 150.9 
 ± 13.7 102.7 ± 12.9 33.7 ± 3 1531.4 ± 559.1 323.6 ± 92.7 
1 <0.001 0.118 <0.001 <0.001 

http://www.ncbi.nlm.nih.gov/gds/
http://www.ncbi.nlm.nih.gov/gds/


Table 2
Primers for qRT-PCR and Luciferase reporter assay s and ChIP assay. 

Gene symbol NCBI GI/ID Primer sequence (50 to 30) Position to TSS or in cDNA 

MTA3 GI:50878291 F AAGCCTGGTGCTGTGAATGG 1281 
R CTGGTGAGACTGTGTAGCATAG 1382 

Actin GI:168480144 F CAGCAGATGTGGATCAGCAAG 1141 
R TTGTCAAGAAAGGGTGTAACGC 1252 

Snail Promoter 6615 F AAGCGCTCAGACCACCGGGC �350 
R AGTGGTCGAGGCACTGGGGT +84 

CGB5 promoter 93,659 F ATAATGCCTGACCTGTAGTTGT �2000 
R CCTTGGTGCGTCCCCTGCCT +364 

Snail ChIP 6615 F GAACGGGTGCTCTTGGCTAG �600 
R ACGAGGGAAACGCACATCACTGG �500 

CGB5 ChIP 93,659 F CCTGGCTTGAGGGTAGAGTG �219 
R GAAGCCACTTGACCCAGATGC �126

Table 3
Antibody list used for IHC and Western blot and ChIP. 

Antibody Company Catalog Used in 

E-Cadherin R&D MAB1838 IHC and Western blot 
hCG Abcam Ab9376 Western blot 
Snail ABgent AP2054a Western blot 
Actin Sigma A5441 Western blot 
MTA3 Abcam Ab87275 IHC and Western blot and ChIP 
IgG ABgent P1200-101 ChIP 
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2.6. Immunocyto chemistry (ICC), Immunohist ochemistry (IHC) and 
Western blot 

Cells were fixed in 4% paraformald ehyde (PFA) for 20 min. Then, 
the cells were permeabilized with 0.3% Triton X-100 in PBS for 
20 min, blocked with PBS with 4% BSA for half hour, and incubated 
with antibodies (antibody source listed in Table 3) for two hours. 
Next, cells were incubate d one hour with either a FITC- or Rhoda- 
mine-conju gated secondar y antibody, mounted with an anti-fade 
mounting solution containing DAPI (Invitrogen) and examined 
using fluorescence optics (Nikon TS100).

Placental tissue was fixed in 4% PFA for 20 min, paraffin embed- 
ded and 10 lM sections were subjected to immunoh istochemistry 
using the same ICC protocol listed above. 

For Western analysis, total protein was isolated from frozen pla- 
cental tissue using RIPA buffer supplemented with protease inhib- 
itor cocktail (Invitrogen) and quantified using BCA kit (Thermo
Scientific) according to manufactur er’s protocol. 10 lg total pro- 
tein was loaded per well and subjected to electrophor esis and 
immunoblo tting using the antibodies listed in Table 3.

2.7. Statistical analysis 

The Student’ T-Test was used for the statistical analysis of clinic 
information , microarray gene expression data, real-time PCR, lucif- 
erase reporter assay, and ChIP assays. A p-value of less than 0.05 
was considered statistically significant.
3. Results 

3.1. Repressed MTA3 expression correlates with high CGB5 and Snail 
expression in preeclamp tic placenta 

To verify the expression of MTA3 in placental trophoblast , we 
examined the MTA3 expression in the trophoblast outgrowth of 
in vitro cultured placental villi tissue and trophoblast cell line, 
BeWo, and found that MTA3 was expressed in the trophobl ast nu- 
clei (Fig. S1 ). To investiga te the relationship between MTA3 with 
preeclamps ia and the interaction of MTA3 and CGB5 genes in the 
placenta, we first compared the expression levels of MTA3, Snail, 
E-Cadher in and CGB5 in our previous transcriptome data of pre- 
eclamptic and normal placenta (n = 8 each group) (GSE24129)
[10]. We found that in preeclamptic placenta MTA3 and E-Cadherin 
were significantly down-re gulated, Snail was up-regulate d (a trend 
which did not reach statistical significance, p = 0.13) and CGB5 was 
significantly up-regulate d as compare d with normal placenta 
(Fig. 1A). To confirm this microarray data, we performed qRT-PCR 
to measure MTA3 expression in preeclamp tic and normal placenta 
(n = 44 in preeclamp tic group and 39 in normal group). We found 
that, consistent with the microarr ay data, MTA3 was significantly
down-re gulated in preeclamps ia (Fig. 1B).
3.2. Knock down of MTA3 increases Snail and HCG expression in 
trophoblas t cell line, BeWo 

The trophoblast cell line, BeWo, is a well-character ized in vitro 
model for the placental cytotroph oblasts, which is known to un- 
dergo cell fusion as well as to highly express and secrete hCG upon 
forskolin treatment [12]. To further investigate the role of MTA3 in 
trophobl ast function, we knocked down MTA3 gene expression in 
BeWo cells using a lentiviral-med iated MTA3 shRNA and found 
that, upon MTA3 silencing, hCG and Snail protein levels were up- 
regulated and E-Cadherin was down-regulated (based upon nor- 
malization to beta-tub ulin levels). These results indicate that 
MTA3 represses Snail and hCG gene expression in the trophoblast 
(Fig. 2A). To confirm the regulation of hCG and Snail by MTA3, we 
cloned the CGB5 (the major contributing member of the CGB gene 
family) promoter and Snail promoter into pGL3-bas ic up-stream of 
the luciferase gene, respectively (pGL3-CGB5 and pGL3-Snai l).
After co-transfection with MTA3 siRNA (Promega) or control siRNA 
in BeWo cells, transcriptio nal activity of the CGB5 promoter was 
up-regulate d in MTA3 siRNA group compare d with control siRNA 
group with forskolin treatment (significant) or vehicle treatment 
(a trend which did not reach statistical significance). Similar with 
the result in CGB5 promoter, transcriptional activity of the Snail 
promote r was also significantly up-regulate d, indicating that 
MTA3 repressed CGB5 and Snail transcriptio n (Fig. 2B and C). The 
effectiven ess of MTA3 siRNA and control siRNA in knocking-dow n
MTA3 protein were examined by Western blot after transfection of 
these siRNA into BeWo cells. Results showed that MTA3 siRNA effi-
ciently down-regul ated MTA3 protein level compared with control 
siRNA (Fig. S2 ). MTA3 is one component of NuRD complex, and the 
cellular function of MTA3 is mediated via the histone deacetylace 
1/2, (HDAC1/2), another component of NuRD. HDAC1/2 can de- 
acetylate histones to wrap the DNA more tightly and silence gene 
expression. Trichostatin-A (TSA) is a known inhibitor of HDAC1/2 
activity which has previously been shown to increase Snail pro- 
moter activity in breast cancer cells [8]. To examine whether 
HDAC1/2 has a potential role in MTA3 regulation of CGB5 and Snail 
promote r activities in this model, we used TSA, forskolin and 



Fig. 1. Down-regulation of MTA3 and up-regulation of CGB5 and Snail are associated with preeclampsia. (A) Gene expression of MTA3, Snail, CGB5 and E-Cadherin in 
preeclamptic and normal placenta in microarray data (GSE24129). (B) Gene expression of MTA3 using qRT-PCR normalized to beta-Actin mRNA. Data is presented as 
mean ± SEM. 
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DMSO (vehicle control) to treat pGL3-CGB5 or pGL3-Snail transfec- 
ted BeWo cells, and found that TSA significantly increased CGB5 
and Snail transcription activities, whereas forskolin only signifi-
cantly increased CGB5 transcriptional activity but not increase 
Snail transcriptio nal activity (Fig. 2D). This result suggests that 
the regulation of CGB5 and Snail promoter activities by MTA3 is 
mediated via the HDAC1/2 component of NuRD complex. 
3.3. MTA3 complex occupies the CGB5 and Snail promoter 

It is well established that MTA3 regulates Snail gene expression 
by occupyin g its promoter in breast cancer cells [8]. Accordingly ,
we hypothesized that MTA3 could occupy CGB5 and Snail pro- 
moter in BeWo cells. To test this hypothes is, we performed chro- 
matin immune-preci pitation (ChIP) assay and found that the 
MTA3 antibody bound to the proximal promoter regions of both 
Snail (�600 to �500 bp to transcription start site, TSS) and hCG 
(�219 to �126 bp to TSS) in BeWo cells as compared with the 
binding level of IgG control, suggesting that MTA3 could directly 
regulates these two genes. 
3.4. MTA3 is inversely associated with hCG expression in trophoblasts 

To examine the role of MTA3 in trophoblast , we investigated 
MTA3’s dynamic expression during forskolin -induced expression 
of hCG in BeWo cells. After 2 days of forskolin treatment, we exam- 
ined MTA3 and hCG protein levels by Western blot, and found that 
forskolin treatment decreased MTA3 and increased hCG expression 
(Fig. 3A) as compared to vehicle-trea ted cells. These data suggest 
an inverse relationship between MTA3 and hCG expression in tro- 
phoblasts. It has been shown that hCG is more highly expresse d in 
syncytiotrop hoblasts as compare d to cytotrophobl asts within pla- 
cental villi [13]. E-Cadherin is a known cytotrophobl ast marker 
gene which is not expressed by synctiotrophob lasts. To compare 
the expression of MTA3 in both cytotrophoblas ts and syncytio- 
trophoblast s, we co-staine d MTA3 and E-Cadherin in fixed full 
term placental sections via IHC. Our results show that MTA3 signal 
intensity is greater in the cytotroph oblasts as compare d to syncy- 
tiotrophobla sts (Fig. 3B), suggestin g an inverse correlation be- 
tween MTA3 and hCG expression in the placenta. 
4. Discussion 

Preeclam psia is a pregnancy complication characterized by high 
blood pressure (more than140/90 mmHg) and significant amounts 
of protein in the urine in a pregnant woman, affecting 6–8% of all 
pregnanci es [14]. Compromis ed trophobl ast function, such as de- 
creased trophoblast invasion and under-grow n villi is directly 
linked to preeclamps ia, resulting in decreased blood perfusion 
and hypoxia within the placental environment. Previous studies 
have also shown that altered levels of Snail [15,16] and abnormally 
high levels of hCG [5] are linked with this disease. As a chromatin 
modifier, MTA3 is an important component of the nucleosome 
remodeli ng and deacetylation complex (NuRD). NuRD can repress 
gene expression by deacetylatin g chromati n via its component, 
histone deacetyla ses 1/2 (HDAC1/2). MTA3 has previousl y been 
shown to mediate breast cancer cell invasion via regulation of Snail 
gene expression [8]. In this research, we have shown that, consis- 
tent with its function in cancer cells, MTA3 also represses Snail 
expression in the trophoblast. Furthermore, we have shown that 
MTA3 regulates hCG expression in the trophoblast in a HDAC1/2- 
depende nt manner. Lastly, we have shown that MTA3 expression 
is reduced in preeclamp tic placenta, which may account for previ- 
ous reports of dys-regu lation of hCG and Snail expression in this 
disease.

Trophobl ast fusion (cytotrophoblasts fuses into syncytiotrop ho- 
blasts) is important for placental villi maintenance and growth. 
Syncytio trophoblast is the epithelia which covered the placenta 
villi with multiple nuclei, and maintenance of syncytiotrop hoblasts 
physiolog ical function need cytotroph oblasts continuously to fuse 
with them. Previous studies have shown that forskolin treatment 
can induce BeWo cell fusion in vitro , making this cell line an ideal 
model for examining the cellular events during trophoblast fusion 
[12]. Following forskolin treatment, BeWo cells undergo significant
changes in cell size and morphology (from uni- to multi-nuclear )
and hCG expression is highly induced; hence expression of hCG 
is universally considered a marker of trophoblast fusion. In this 
study, we observed that MTA3 repressed hCG gene expression in 
BeWo cells (Fig. 2), and higher expression in un-fused than in fused 
trophobl ast in trophoblast fusion models (Fig. 3). These results 
suggest that MTA3 could play an important role in the trophobl ast 
fusion process. 



Fig. 2. MTA3 represses of CGB5 gene in BeWo cells. (A) Knock-down of MTA3 increases Snail and HCG expression in the trophoblast cell line, BeWo, as detected by Western 
blot. (B) Schematic diagrams of pGL3-CGB5 and pGL3-Snail used in luciferase reporter assay. (C) Knock-down of MTA3 via MTA3 siRNA caused significantly up-regulation of 
CGB5 and Snail promoter activity in BeWo cells. (D) Treatment with Trichostatin-A (TSA), an inhibitor of HDAC1/2, significantly increased CGB5 and Snail promoter activities 
in BeWo cells. (E) Schematic diagram of CGB5 and Snail promoters and primer positions used in ChIP assay. (F) MTA3 occupation of CGB5 and Snail promoters using ChIP 
assay. Occupation level of MTA3 and Control IgG is demonstrated relative to input DNA. Data is presented as mean ± SEM. 
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A deeper understand ing of the regulator y mechanisms of MTA3 
in the placenta will enhance our understanding of pregnancy com- 
plications such as preeclamps ia. For example, in cancer cells, MTA3 
is directly regulated by estrogen and estrogen receptor alpha (ERa)
binding to its promoter [17]. In the trophobl ast cell line, JAR, recent 
research has shown that over-expres sion of estrogen receptor beta 
(ERb) increased MTA3 expression and decreased expression of its 
target gene, Snail [18]. Furthermor e, dys-regu lation of estrogen 
and ER a expression has been reported in preeclampti c placenta 
[19,20]. These studies suggest that estrogen, ER dependent regula- 
tion of the MTA3 gene and dys-regu lation of estrogen/ER/M TA3 
signaling axis may participate in the impaired MTA3 expression 
seen in preelamptic placenta. Therefore, in our future studies, 
we will investiga te the molecular mechanism of estrogen/ER 
regulatio n on MTA3 in trophoblast s. In summary, the present 
study has indicated that MTA3 regulates hCG and Snail expres- 
sion in trophoblasts, and its dys-regulat ion is associated with 
preeclamp sia. 
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Fig. 3. MTA3 expression is inversely associated with hCG expression in the 
trophoblast. (A) Forskolin treatment increases hCG protein levels and decreased 
MTA3 protein levels in BeWo cells as detected by Western blot. (B) MTA3 
expression is higher in cytotrophoblasts (CT) than syncytiotrophoblasts (SNT) as 
detected by IHC using MTA3 and E-Cadherin antibodies. The white dash line shows 
representative placental villi, the white arrow shows a representative cytotropho- 
blast and the yellow arrow shows a representative syncytiotrophoblast. 
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