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Gestational trophoblastic disease includes choriocar-
cinoma, a frankly malignant tumor, and hydatidi-
form mole (HM), which often leads to the develop-
ment of persistent gestational trophoblastic neoplasia
and requires chemotherapy. NANOG is an important
transcription factor that is crucial for maintaining
embryonic stem cell self-renewal and pluripotency.
We postulated that NANOG is involved in the patho-
genesis of gestational trophoblastic disease. In this
study, significantly higher NANOG mRNA and protein
expression levels, by quantitative PCR and immuno-
blotting, respectively, were demonstrated in HMs,
particularly those that developed persistent disease,
when compared with normal placentas. In addition,
significantly increased nuclear NANOG immunoreac-
tivity was found by immunohistochemistry in HMs
(P < 0.001) and choriocarcinoma (P = 0.002). Higher
NANOG expression levels were demonstrated in HMs
that developed persistent disease, as compared with
those that regressed (P = 0.025). Nuclear localization
of NANOG was confirmed by confocal microscopy
and immunoblotting in choriocarcinoma cell lines.
There was a significant inverse correlation between
NANOG immunoreactivity and apoptotic index as-
sessed by M30 CytoDeath antibody (P = 0.012). After
stable knockdown of NANOG in the choriocarcinoma
cell line JEG-3 by an shRNA approach, increased ap-
optosis was observed in relation to with enhanced
caspases and poly(ADP-ribose) polymerase activi-
ties. NANOG knockdown was also associated with
decreased mobility and invasion of JEG-3 and down-
regulation of matrix metalloproteases 2 and 9.
These findings suggest that NANOG is involved in

the pathogenesis and clinical progress of gesta-
tional trophoblastic disease, likely through its ef-
fect on apoptosis, cell migration, and invasion.
(Am J Pathol 2008, 173: 1165-1172; DOI: 10.2353/
ajpath.2008.080288)

Gestational trophoblastic disease (GTD) is a heteroge-
neous group of diseases that arises from the placental
trophoblasts. It includes lesions such as hydatidiform
mole (HM), which may be considered as abnormal pla-
centa that is prone to malignant transformation, and
frankly malignant tumors such as choriocarcinoma. Most
HM will spontaneously regress after suction evacuation.
However, about 8% to 30% will develop persistent ges-
tational trophoblastic neoplasia with metastatic potential
requiring chemotherapy. The pathogenesis of GTD re-
mains a controversial issue.' >

NANOG is one of the core transcription factors found in
pluripotent embryonic stem cells.* NANOG is found to be
essential for maintaining self-renewal and pluripotency of
both human and mouse embryonic stem cells.®> 8 On
implantation of blastocysts, Nanog mRNA is detected
exclusively in the epiblast of the mouse embryo, is finally
restricted to primordial germ cells, and becomes unde-
tectable in adult tissues.®'°

Embryonic stem cells and cancer cells may be con-
sidered to share some similarities in phenotypes. They
have the potential to grow rapidly and display high te-
lomerase expression, which is responsible for maintain-
ing their immortality.’"'? Trophoblasts and cancer cells
may also be comparable regarding their proliferative and
invading potential. In HM, activation of telomerase is
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associated with the development of aggressive gesta-
tional trophoblastic neoplasia.'® '

Recently, NANOG expression has been reported in
human neoplasms, including germ cell tumors,'® '8
breast carcinomas,'® and osteosarcoma.'® Furthermore,
ectopic expression of Nanog induced an oncogenic po-
tential in NIH3T3.2° We postulate that NANOG is impor-
tant in the development and malignant progression of
GTD. In the present study, we attempted to examine the
expression of NANOG in GTD in association with clinical
outcome and to characterize the in vitro functions of
NANOG.

Materials and Methods

Clinical Sample Selection

A total of 38 fresh-frozen trophoblast samples, including
9 first trimester placentas, 8 term placentas, 14 HMs that
spontaneously regressed (regressive moles), and 7 HMs
that subsequently progressed to persistent gestational
trophoblastic neoplasia (persistent moles), were col-
lected at Queen Mary Hospital, the University of Hong
Kong (study approval had been obtained from the Insti-
tutional Research Board). Fifty formalin-fixed paraffin-em-
bedded tissues, including 7 first trimester placentas, 6
term placentas, 20 regressive moles, 11 persistent
moles, and 6 choriocarcinomas, were also retrieved. The
tissues of HMs and choriocarcinomas were obtained
from specimens of uterine evacuate and/or hysterec-
tomy. First trimester and term placentas were collected,
after induced abortion by suction evacuation and normal
delivery, respectively. Persistent gestational trophoblas-
tic neoplasia was diagnosed if there was a plateau in
human chorionic gonadotrophin level for 4 weeks or a
further rise in human chorionic gonadotrophin for three
consecutive weeks after evacuation, according to in-
ternationally accepted criteria.?’ The histological fea-
tures of all these cases in H&E-stained sections were
determined using generally agreed and accepted
diagnostic criteria.’ Most HM cases had previous-
ly been assessed for apoptotic activity by M30
CytoDeath antibody®? and ploidy analysis by fluores-

cent microsatellite genotyping after microdissection
and chromosome in situ hybridization.?%24

Cell Lines, Cell Culture, and Subcellular Protein
Extraction

A normal extravillous trophoblast cell line (TEV-1)?® and
three choriocarcinoma cell lines, JEG-3, JAR, and BeWo
(American Type Culture Collection, Rockville, MD), were
cultured in Minimum Essential Medium Eagle (Sigma, St.
Louis, MO) supplemented with 10% fetal bovine serum
(JRH Biosciences, Lenexa, KS), and 100 U/m! penicillin
and streptomycin (Invitrogen, San Diego, CA). Isolation of
cytoplasmic and nuclear extracts from JEG-3 was per-
formed using the NE-PER Nuclear and Cytoplasmic Ex-
traction Reagents (Pierce Biotechnology, Rockford, IL).2¢
Twenty pg protein was used for detecting NANOG in
subcellular protein fractions.

Quantitative Real-Time PCR

Total RNA was extracted using Trizol reagent (Invitro-
gen). cDNA was synthesized from 2.5 pg total RNA by
SuperScript Reverse Transcriptase (Invitrogen). Primers
and probes used are listed in Table 1. Quantitative PCR
(gPCR) was performed with the ABI PRISM 7700 Se-
quence Detection System. The expression of NANOG
was normalized with respect to that of TBP, a housekeep-
ing gene.?”?® The expression of matrix metalloprotease
(MMP)-2, MMP-9, vascular endothelial growth factor, and
urokinase-type plasminogen activator was determined by
27AACT method after normalization with house keeping
gene.?®

Immunoblotting

Total protein lysate was extracted with lysis buffer (0.125
M Tris, pH 6.8 at 22°C containing 1% NP-40 [v/v], 2
mmol/L EDTA, 2 mmol/L N-ethylmaleimide, 2 mmol/L
phenylmethylsulfonyl fluoride, 1 mmol/L sodium or-
thovanadate, and 0.1 umol/L sodium okadate). Protein
concentration was determined by detergent compatible

Table 1. Primers and Probes Used for Quantitative Real-Time PCR
Gene Primer direction Sequences (5'-3") References

NANOG Forward 5'-CCATCCTTGCAAATGTCTTCTG-3’ Design
Reverse 5'-CTTTGGGACTGGTGGAAGAATC-3’
TagMan probe 5'-AGATGCCTCACACGGAGA-3’

TBP Forward 5'-ACGAACCACGGCACTGAT-3’ 27
Reverse 5'-AACCCAACTTCTGTACAACTCTAGCA-3'
TagMan probe 5'-ACAGTCCAGACTGGCAGCAAGAAAATA-3'

MMP-2 Forward 5'-GGCCCTGTCACTCCTGAGAT-3’ 48
Reverse 5'-GGCATCCAGGTTATGGGGGA-3’

MMP-9 Forward 5'-CAACATCACCTATTGGATCC-3' 48
Reverse 5'-CGGGTGTAGAGTCTCTCGCT-3’

VEGF Forward 5'-AACCATGAACTTTCTGCTGTCTTG-3’ 49
Reverse 5'-TTCACCACTTCGTGATGATTCTG-3’

uPA Forward 5'-TCACCACCAAAATGCTGTGT-3' 50
Reverse 5'-AGGCCATTCTCTTCCTTGGT-3’
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Table 2. Primary Antibodies Used for Immunoblotting, Immunofluorescence Microscopy, and Immunohistochemistry
Target protein Animal source* Catalog# Usage** Working dilution Vendor
NANOG Goat AF1997 B 1:300 R&D systems (Minneapolis, MN)
NANOG Rabbit ab21603 IF, IHC 1:50 (IF, IHC) Abcam (Cambridge, MA)
M30 CytoDeath Mouse 2140349 IHC 1:100 Boehringer (Mannheim, Germany)
a Tubulin Mouse sc-8035 B 1:200 Santa Cruz biotechnology, Inc
(Santa Cruz, CA)
Histone H1 Mouse sc-8030 B 1:200 Santa Cruz biotechnology, Inc
Caspase-3 Rabbit 9662 B 1:1000 Cell Signaling (Beverly, MA)
Cleaved caspase-3 Rabbit 9661 B 1:1000 Cell signaling
Caspase-7 Rabbit 9492 B 1:1000 Cell signaling
Cleaved Caspase —7 Rabbit 9491 B 1:1000 Cell signaling
Caspase-9 Rabbit 9502 B 1:1000 Cell signaling
Cleaved Caspase-9 Rabbit 9501 B 1:1000 Cell signaling
PARP Rabbit 9542 B 1:1000 Cell signaling
Cleaved PARP Rabbit 9541 B 1:1000 Cell signaling
Actin Rabbit A5060 B 1:1000 Sigma

Antibodies prepared in corresponding host animals.

**IB: immunoblotting; IF: immunofluorescence microscopy; IHC: immunohistochemistry.

protein assay (Bio-Rad Laboratories, Hercules, CA). Fifty
ng of protein was resolved by SDS-polyacrylamide gel
electrophoresis, transferred to polyvinylidene difluoride
membrane, and probed with corresponding antibod-
ies.®° Antibodies used in the present study are listed in
Table 2.

Confocal Microscopy

JEG-3 cultured on coverslips were fixed with 3.7% para-
formaldehyde in PBS for 10 minutes, permeabilized with
0.2% Triton X-100 for 10 minutes, blocked in 3% bovine
serum albumin for 1 hour, and incubated subsequently
with an anti-NANOG antibody (as listed in Table 2) over-
night and Alexa 488-labeled secondary antibody (1:500;
Molecular Probes, Eugene, OR) for 30 minutes. Immuno-
fluorescence images were acquired in a Zeiss LSM510
laser scanning confocal microscope (Carl Zeiss Microim-
aging Inc., Thornwood. NY).2!

Immunohistochemistry

Formalin-fixed paraffin sections were stained with anti-
NANOG antibody and anti-M30 CytoDeath antibody (as
listed in Table 2) by EnVision+ Dual Link System (K4061;
Dako, Carpinteria, CA). Antigen retrieval was performed
by heating in a pressure cooker using 10 mmol/L EDTA
(pH 8.0) (for NANOG) or in a microwave using 10 mmol/L
citric acid buffer (pH 6) (for M30 CytoDeath). Omission or
replacement of the primary antibody with pre-immune
IgG serum was used as a negative control. Images were
captured through a X20 objective. For NANOG, only
nuclear staining was considered as positive. Staining
intensity was scored as 0 (negative), 1 (weak), 2 (mod-
erate), and 3 (intense). The percentage of positive stain-
ing was rated as 0 (negative), 1 (<25%), 2 (26% to 50%),
3 (61% to 75%), and 4 (>75%). The immunoreactivity
score was given as a sum of the values of the two pa-
rameters, giving the range of 0 to 7.°° For M30 Cy-
toDeath, cells having intense cytoplasmic staining were
considered as positive.??

Stable Knockdown of NANOG in JEG-3

For stable silencing, cells transfected with a set of shRNA
constructs (containing a puromycin-resistant gene)
against human NANOG, pRS-shNANOG (Origene, Rock-
ville, MD) using Lipofectamine 2000 (Invitrogen, Carls-
bad, CA) were selected with puromycin (1.875 ug/ml).
The pRS vector was used as control. Stable clones were
picked 2 weeks after selection.®>33 Specific knockdown
of NANOG was determined by gPCR and immunoblotting
analysis.

TdT-Mediated dUTP Nick End Labeling Assay

TdT-mediated dUTP nick end labeling assay (TUNEL)
assay was performed using an In Situ Cell Death Detec-
tion kit (Roche Biochemical, Indianapolis, IN).22 By fluo-
rescence microscopy, the number of TUNEL-positive
cells in control and in JEG-3 after stable knockdown of
NANOG was counted in five different fields at x40
magnification.

Flow Cytometry

Harvested cells were washed in PBS, fixed in 70% etha-
nol, and stained with propidium iodide (1 wg/ml) (Sigma).
Green fluorescent protein-positive cells were analyzed by
flow cytometry using FACSCalibur system (BD, Franklin
Lakes, NJ) and WinMDI software.

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide Assay

Cells were seeded in 96-well plates with 2000 cells/well.
At day 5, 10 ul 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide (MTT) was added to each well.
Plates were then incubated at 37°C for 4 hours, to be
followed by the addition of 100 wl dimethyl sulfoxide to
each well for dye extraction. Cell viability was determined
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by measuring the absorbance of samples at 570 nm with
630 nm as the reference wavelength.

Wound Healing Assay

Cells grown in twelve-well plates with 90% confluence
were cut with a sterile 200-ul pipette tip. Fresh culturing
medium was added. Photos were retaken at the same
position of the wound after 48 hours.

In Vitro Migration and Invasion Assays

Migration and invasion assays were performed as previ-
ously described.®* Briefly, cells were plated on the upper
compartment of a Transwell chamber. For migration as-
says, cells were migrated through an 8-um pore size
membrane. For invasion assays, cells were invaded
through a Matrigel-coated membrane. After 48 hours,
cells at the upper side of the membrane were removed
and the migrated or invaded cells were fixed, stained,
and counted.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism
3.0 for Windows (GraphPad Software, San Diego, CA).
Non-parametric unpaired t-test (Mann-Whitney test) was
used for continuous data. Correlation analysis was per-
formed using Spearman'’s rho test. P values <0.05 were
considered as statistically significant.

Results

NANOG Was Overexpressed in Nuclei of HMs
and Choriocarcinomas and Correlated with
Clinical Outcome

By gPCR, significantly increased NANOG mRNA was
found in HMs when compared with that in normal first
trimester (P < 0.001) and term placentas (P < 0.001) that
showed barely detectable expression (Figure 1A). Signif-
icantly higher NANOG mRNA was detected in the HMs
that developed persistent gestational trophoblastic neo-

JEG-3

TEV-1JEG-3 JAR BeWo
NANOG

ACTIN

Figure 1. mRNA and protein expression of
NANOG in GTD clinical samples and cell-lines.
A: A comparison of NANOG mRNA expression
in GTD clinical samples by qPCR. NANOG ex-
pression was normalized with that of TBP and
analyzed by Mann-Whitney test. B: Representa-
tive images from immunoblot analysis of
NANOG in randomly selected GTD clinical sam-
ples. C and D: mRNA and protein expression,
respectively, of NANOG in a normal extravillous
trophoblast cell line (TEV-1) and three chorio-
carcinoma cell lines, JEG-3, JAR, and BeWo, as
determined by qPCR (Bars = means * SD of
three experiments; *P < 0.05 as compared with
TEV-1, Mann-Whitney test) or immunoblotting

JAR BeWo

 |¢ NANOG analysis, respectively. E: Immunofluorescence
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plasia requiring chemotherapy compared with HMs that
spontaneously regressed (P = 0.008) (Figure 1A). Such
differential expression pattern was also detected at pro-
tein level by immunoblot analysis (Figure 1B). Further-
more, higher NANOG mRNA (P < 0.05) and protein were
found to be expressed in all three choriocarcinoma cell
lines, JEG-3, JAR, and BeWo, than that in normal tropho-
blast cell line TEV-1 (Figure 1, C and D). At the subcel-
lular level, nuclear localization of NANOG was also de-
tected in choriocarcinoma cells by confocal microscopy
(Figure 1E) and by immunoblot analysis using subcellular
protein fractions (Figure 1F).

Immunohistochemical studies show that immunoreac-
tivity of NANOG was mainly detected in the nuclei of
cytotrophoblasts and villous intermediate trophoblasts in
first trimester placentas and GTD samples (Figure 2). The
expression in implantation site intermediate trophoblasts
was focal, whereas no immunoreactivity was detected in
syncytiotrophoblast. The nuclear NANOG immunoreac-
tivity in chorionic-type extravillous intermediate tropho-
blast was very weak. In term placentas, nuclear expres-
sion of NANOG was thus almost non-detectable (Figure
2B). Significantly higher NANOG nuclear immunoreactiv-
ity was detected in HMs (P < 0.001) and choriocarcino-
mas (P = 0.002), as compared with normal placentas
(Figures 2A, C-F). Among HMs, significantly higher nu-
clear immunoreactivity of NANOG was found in the 11
HMs that subsequently developed persistent gestational
trophoblastic neoplasia than the 20 HMs that spontane-
ously regressed (P = 0.003) (Figure 2, C, D, and F).
Furthermore, nuclear NANOG expression was found to
correlate inversely with apoptosis assessed by M30
CytoDeath antibody in the group of HMs (correlation
coefficient = —0.504, P = 0.012, Spearman’s rho test).
Such inverse expression patterns of NANOG and M30
CytoDeath Antibody was shown in Figure 3.

Knockdown of NANOG Increased Apoptosis of
Choriocarcinomas Cells in Relation to Caspases
and Poly (ADP-Ribose) Polymerase Cleavage
Activities

The possible functional role of NANOG was investigated
after stable knockdown of NANOG in JEG-3 by short
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Figure 2. Immunoreactivity of NANOG in first trimester placenta (A), term
placenta (B), HM that regressed (C), HM that subsequently developed per-
sistent trophoblastic neoplasia (D), and choriocarcinoma (E). NANOG im-
munoreactivity was mainly detected in the nuclei of cytotrophoblast (CT) and
was absent in syncytiotrophoblast (ST) (see arrows). Insets highlighting
selected regions of the trophoblasts at higher magnification are included. F:
Bar chart of nuclear immunoreactivity of NANOG in first trimester placentas
(First), term placentas (Term), HM that regressed (HM-R), HM that subse-
quently developed persistent trophoblastic neoplasia (HM-GTN), and chori-
ocarcinomas (CCA). Nuclear immunoreactivity of NANOG was analyzed by
Mann-Whitney test.

hairpin RNA (shRNA) approach. After confirming the spe-
cific knockdown of NANOG mRNA and protein (Figure
4A), the effect on apoptosis was assessed by TUNEL
assay. Stable knockdown of NANOG (shNANOG) in
JEG-3 led to increase in proportion of apoptotic cells to
2.4% compared with 0.3% in control (Figure 4B). In ad-
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Figure 3. Inverse relation of NANOG expression and M30 CytoDeath Anti-
body staining in HMs. Weak NANOG expression (A) and strong M30 Cy-
toDeath Antibody staining (B) in the same case of HM. Strong NANOG
expression (C) and weak M30 CytoDeath Antibody staining (D) in the other
case of HM.
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dition to TUNEL results, further analysis by flow cytometry
also showed a significant increase in the percentage
of apoptosis cells from 0.52% to 3.81% after knockdown
of NANOG (P < 0.05) (Figure 4C). Increased cleavage of
caspase-3, caspase-9, and poly (ADP-ribose) polymer-
ase, central regulators of apoptosis, was demonstrated
by immunoblot analysis (Figure 4D).

Knockdown of NANOG Had No Effect on
Proliferation Rate and Cell-Cycle of
Choriocarcinoma Cells

MTT proliferation assay showed no significant difference
in the proliferation rate of control and shNANOG JEG-3
(Figure 4E). Flow cytometry analysis also confirmed that
stable knockdown of NANOG had no significant effect on
the proportion of cells at GO/G1, S, and G2/M (Figure 4C).

Knockdown of NANOG Reduced
Choriocarcinoma Cell Migration and Invasion
and Down-Regulated MMP-2 and MMP-9

The effect of NANOG on cell motility and invasion was
further assessed. By wound healing assay, slower migra-
tion rate was found in shNANOG JEG-3 than in control
(Figure 5A). By Transwell migration and invasion assays,
significantly reduced migration and invasion (P < 0.05) in
shNANOG JEG-3 was observed, implicating that down-
regulation of NANOG slowed down JEG-3 migration and
invasion (Figure 5B). Furthermore, gPCR showed signif-
icantly reduced expression of MMP-2 and MMP-9 mRNA
(P < 0.005), whereas the levels of vascular endothelial
growth factor and urokinase-type plasminogen activator
mRNA (P > 0.05) remained virtually unchanged in control
and shNANOG JEG-3 (Figure 5C).

Discussion

In this study, we found significantly higher NANOG
mRNA and protein expression in HMs and choriocarci-
nomas as compared with normal placentas. An associa-
tion between higher NANOG expression and aggressive
behavior of HMs was also demonstrated. Such findings
suggested that NANOG may participate in the pathogen-
esis of GTD, including clinical progress of gestational
trophoblastic neoplasia and tumorigenesis of choriocar-
cinoma. Our observations concur with the presence of
NANOG expression in other human malignancies, ' '®
further providing evidence on the role of NANOG in hu-
man neoplasms.

To explore the function of NANOG in choriocarcinoma,
we have adopted a shRNA approach to specific knock-
down of NANOG in JEG-3. The anti-apoptosis effect of
NANOG on JEG-3 was found, probably mediated
through the regulation of caspase-3, caspase-9, and poly
(ADP-ribose) polymerase cleavages, suggesting that
overexpression of NANOG in choriocarcinoma may con-
tribute to the prolonged survival of cancer cells. To the
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best of our knowledge, this is the first report demonstrat-
ing such an anti-apoptotic effect of NANOG on cancer
cells. Such an anti-apoptotic ability of NANOG is not
surprising since regulation of apoptosis is necessary
to maintain the self-renewal state of embryonic stem
cells.®5*% In mouse embryonic stem cells, suppression of
Nanog expression by the tumor suppressor p53 was
associated with the differentiation of mouse embryonic
stem cells into other cell types that undergo efficient
p53-dependent cell-cycle arrest and apoptosis.®” Recent
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Figure 4. Stable knockdown of NANOG
promoted apoptosis and activation of
caspase-3, caspase-9, and poly (ADP-ri-
bose) polymerase in JEG-3. A: Specific
knockdown of NANOG (shNANOG)
mRNA and protein expression by qPCR
and immunoblotting analysis (inset) re-
spectively. NANOG mRNA expression in
control was arbitrarily set as 1. Bars =
means * SD of three experiments. B: Left
panel:  photographed  representative
fields of TUNEL assay. Right panel: per-
centage of apoptotic cells (apoptotic
cells/total cells counted). Bars = mean *+
SD of three experiments; **P < 0.005,
Mann-Whitney test. C: Representative ex-
amples of cell cycle analysis by flow cy-
tometry in control and shNANOG JEG-3.
Sub-G1 peak represented the apoptotic
cells. Cell populations’ sizes were given
as percentage of total populations. D:
The expression of total and cleaved
forms of caspases-3, -7, and -9, and poly
(ADP-ribose) polymerase in control and
shNANOG JEG-3 as determined by im-
munoblot analysis. E: Cell proliferation
rate in control and shNANOG JEG-3 as
determined by MTT assay. The absor-
bance of control was arbitrarily set as 1.
Bars = means * SD of three experi-
ments; ns, not significantly different,
Mann-Whitney test.

~N

Control shNANOG

e £ =
& ® = N

(MTT assay)
S

o
o N

Control shNANOG

reports also demonstrated that Oct-4, another stem cell-
related gene, is essential for protecting mouse embryonic
stem cells from stress-related apoptosis.®® Furthermore,
the anti-apoptotic effect of NANOG can also explain the
association of higher NANOG expression in HMs that
progress to gestational trophoblastic neoplasia, because
our earlier studies have demonstrated that HMs with
lower apoptotic activity tend to progress and require
chemotherapy.?22° In the present study, nuclear NANOG
expression was inversely correlated with an apoptotic

Figure 5. Stable knockdown of NANOG-re-
tarded JEG-3 cell migration and invasion
through the down-regulation of MMP-2 and
MMP-9 mRNA expression. A: Wound healing
assay in control and shNANOG JEG-3. B: In vitro
migration (left panel) and invasion assays (right
panel) involving transwell membrane without or
with Matrigel coating respectively. Upper pan-
els: representative images showing cells mi-
grated or invaded to the lower chamber after 48
hours. Lower panels: Bars = mean * SD of cell
migration or invasion as percentage of control in
five fields of triplicate wells from three experi-
ments; *P < 0.05, Mann-Whitney test. C: qPCR
analysis on the mRNA levels of MMP-2, MMP-9,
vascular endothelial growth factor, and uroki-
nase-type plasminogen activator in control and
shNANOG JEG-3. Bars = means = SD of three
experiments; **P < 0.005, Mann-Whitney test.
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index evaluated by M30 CytoDeath antibody, further sup-
porting the notion that NANOG plays a role in determining
the progress of HM through regulation of its apoptotic
activity.

The present study also revealed that knock-down of
NANOG decreased mobility and invasion of choriocarci-
noma cells. Such finding suggested that NANOG may be
involved in the malignant progression of trophoblasts. In
fact, Nanog has been suggested to have effect on cell
migration in studies of migrating primordial germ cells in
the mouse.*® Moreover, ectopic expression of Nanog has
been found to promote transformation and growth rate in
NIH3T3 cells.?®*' Such effects of NANOG on cell inva-
sion seems to be better demonstrated in choriocarci-
noma than in extravillous implantation site intermediate
trophoblasts (a trophoblast subtype associated with in-
vasive capacity) in normal placentas, because only focal
NANOG immunoreactivity was found in this trophoblast
subtype. On the other hand, higher NANOG nuclear im-
munoreactivity was detected in choriocarcinoma, a
frankly malignant tumor, as compared with normal pla-
centas. These observations suggested that the effect of
NANOG on cell invasion may be cell-type specific. In-
deed, different from malignant tumor cells, the invasion of
implantation site intermediate trophoblasts occurs in nor-
mal placentas during early pregnancy, under precise
control and is restricted to the implantation site.*>~44 In
the choriocarcinoma cell line, we further found that the
cell-invasion effect of NANOG was likely to be medi-
ated through the down-regulation of MMP-2 and
MMP-9, two MMPs essential for choriocarcinoma cell
invasion.*® In fact, the promoters of these two likely
targets of NANOG have been found to be occupied by
NANOG in embryonic stem cells.*® These observations
help to explain the mechanisms regarding the role of
NANOG in tumorigenesis.

Cytotrophoblasts act as germinal cells that proliferate
and differentiate into either syncytiotrophoblasts or villous
intermediate trophoblasts, that subsequently proliferate
in the proximal site of the cell columns, and eventually
differentiate into implantation site intermediate tropho-
blasts in the implantation site, or chorionic-type interme-
diate trophoblast in the chorion leave (fetal membrane).*”
Thus, the observation of nuclear NANOG immunoreactiv-
ity in cytotrophoblasts and villous intermediate tropho-
blasts in first trimester placentas and HMs tends to sug-
gest that NANOG may have an effect on trophoblast
proliferation. Involvement of Nanog in cellular prolifera-
tion in NIH3T3 after its ectopic expression has indeed
been reported.?° However, by in vitro studies on chorio-
carcinoma cells, no change in the proliferation rate after
stable knock-down of NANOG could be detected. Our
findings suggested that NANOG may not be involved in
choriocarcinoma cell proliferation in an in vitro setting.
NANOG may be executing its functional roles differently
in different environments.

In summary, our findings provide new insights into the
role of NANOG in the pathogenesis of GTD, particularly
its correlation with the clinical progress of HM, as well as
the possible effect of NANOG on apoptosis, migration,
and invasion in choriocarcinoma cells. The mechanism
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regulating NANOG expression in GTD is not yet known.
Indeed, we have attempted to investigate the possible
effect of histone deacetylation on NANOG mRNA expres-
sion by treating JEG-3 and JAR with Trichostatin A. Our
gPCR results showed that Trichostatin A could not induce
NANOG mRNA expression in JEG-3 and JAR (unpub-
lished data), implicating that histone acetylation is not
involved in the increase expression of NANOG in chorio-
carcinoma cells. It is also important to determine whether
a change in NANOG expression is a primary causal or
secondary event in the pathogenesis of GTD. This query
needs to be elucidated by more studies in the future.
Such findings may assist to define NANOG as a potential
therapeutic target in GTD.
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