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Abstract

Introduction—N-Myc downstream-regulated gene 1 (NDRG1) expression is increased in
placentas of human pregnancies with intrauterine growth restriction and in hypoxic cultured
primary trophoblasts. We previously showed that elevated NDRG1 decreases trophoblast
apoptosis induced by hypoxia. Separately, we found that pomegranate juice (PJ) decreases cell
death induced by hypoxia in trophoblasts. Here, we test the hypothesis that PJ protects
trophoblasts from hypoxia-induced apoptosis by modulating NDRG1 expression.

Methods—Quantitative rtPCR was used to investigate the effects of PJ treatment on mRNA
levels of 22 candidate genes involved in apoptosis, oxidative stress, and differentiation in
trophoblasts. Western blotting and immunofluorescence were used to analyze NDRG1 protein
levels. siRNA-mediated NDRG1 knockdown was used to investigate the role of NDRG1 in
response to PJ in hypoxic BeWo choriocarcinoma cells and hypoxic cultured primary human
trophoblasts.

Results—The mRNA levels of eight genes were altered, with NDRG1 showing the largest
response to PJ and thus, we pursued the role of NDRGL1 here. PJ significantly increased NDRG1
protein expression in primary trophoblasts and in BeWo cells. Knockdown of NDRGL1 in hypoxic
BeWo cells in the presence of PJ yielded increased apoptosis. In contrast, knockdown of NDRG1
in hypoxic primary trophoblasts in the presence of PJ did not increase apoptosis.

Discussion—We conclude that the PJ-mediated decrease in cell death in hypoxia is partially
mediated by NDRGL1 in BeWo cells but not in primary trophoblasts. The disparate effects of
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NDRG1 between BeWo cells and primary trophoblasts indicate caution is required when
extrapolating from results obtained with cell lines to primary trophoblasts.

1. Introduction

Normal placental development and function are keys to a successful pregnancy. Pre-
eclampsia and intrauterine growth restriction (IUGR) are often associated with placental
dysfunction, which is in part due to maldevelopment and in part to increased placental
oxidative stress. Pre-eclampsia and IUGR also associate with short-term and long-term
adverse health consequences for both mother and offspring [1]. Thus, dissection of the
mechanisms by which villous trophoblast responds to oxidative stress is critical for the
identification of prophylactic or therapeutic approaches to ameliorate injury.

N-myc downstream-regulated genel (NDRG1) belongs to a family of proteins (NDRG1-4)
implicated in many cellular processes, including differentiation, proliferation and invasion
[2,3]. NDRGL is expressed in diverse cell types and functionally interacts with p53, HIF-1a,
N-Myc, c-Myc, and AP-1 [2,3]. NDRG1 appears to have complex roles, being implicated in
cell-cycle regulation, vesicular transport and in cellular responses to stress [2,4,5]. Missense
mutations in NDRG1 cause hereditary motor and sensory neuropathy, an autosomal-
recessive form of Charcot-Marie-Tooth disease [6]. Several lines of evidence suggest
NDRGL is important in placental development and the response of placental trophoblasts to
stress. First, pups of Ndrgl-null mice display an IUGR phenotype and an increased rate of
hypoxia-induced death of female embryos [7]. Second, NDRGL1 is expressed in vivo in
human placental villous trophoblasts and its expression is elevated in pregnancies
complicated by IUGR [8,9]. Third, we [8] and others [10] found that NDRG1 expression in
cultured primary villous trophoblasts is induced by hypoxia and the hypoxia mimetic, cobalt
chloride (CoCly), but not by non-hypoxic stressors. Similarly, NDRG1 expression is also
increased by hypoxia and CoCl, in BeWo cells [10], a commonly used model thought to
mimic villous trophoblasts. BeWo cells are a human choriocarcinoma derived cell line that
exhibits many characteristics of primary villous trophoblasts, including the ability to fuse to
form multinucleated syncytia and to secrete placental lactogen and chorionic gonadotropin
[11,12]. The function of NDRG1 in BeWo cells is uninvestigated. However, using lentiviral-
mediated siRNA knockdown of NDRGL1 in primary trophoblasts, we found that reduction of
NDRGL in hypoxia increases apoptosis [8], indicating that NDRGL1 can provide protection
from stress-induced trophoblast death.

Pomegranate juice (PJ) is a food replete with polyphenols with antioxidant activity and other
biological effects [13-17]. We showed previously that PJ reduces oxidative stress in human
placental villi in vitro and in vivo and that PJ limits apoptosis in both villous explants and
cultures of primary human trophoblasts exposed to hypoxia and other inducers of cell death
[18,19]. Importantly, we found that at least part of the mechanism by which PJ-mediates
attenuation of hypoxia-induced apoptosis in cultured trophoblasts involves down-regulation
of p53 [18,19]. Thus, like NDRGL1, PJ can provide protection from stress-induced
trophoblast death. We used quantitative rtPCR to screen 22 candidate genes predicted to
participate in the trophoblast responses to stimuli and found that NDRG1 mRNA levels were
markedly enhanced in trophaoblasts exposed to PJ, compared to control. We thus tested the
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hypothesis that PJ protects trophoblasts from hypoxia-induced apoptosis by modulating the
expression of NDRGL.

2. Materials and Methods

2.1. Culture of primary human trophoblasts (PHTs) and BeWo choriocarcinoma cells

The Institutional Review Board of Washington University School of Medicine in St. Louis
approved this study. Primary human cytotrophoblasts were isolated from normal term
placentas of uncomplicated pregnancies at 39 weeks’ gestation after delivery by repeat C-
section under epidural anesthesia, as described previously [8,20].

Cytotrophoblasts were plated at a density of 300,000 cells/cm? and cultured at 37°C under
5% CO5 and 95% ambient air (with ~20% oxygen, termed as standard conditions) in
Dulbecco’s Modified Eagle’s Medium (Life Technologies, Grand Island, NY) with 20 mM
HEPES (Sigma, St. Louis, MO), 100 units/ml penicillin and 100 pg/ml streptomycin
(hereafter referred to as DMEM) with 10% fetal bovine serum (FBS; Hyclone, Logan, UT).
Cells were allowed to attach for 4 h, rinsed three times with DMEM to remove syncytial
fragments and unattached cells [21] and then replenished with fresh, phenol-red-free DMEM
(Life Technologies) with 10% charcoal stripped FBS (csFBS). To determine the effects of
PJ on NDRGL1 expression in standard conditions, cells were cultured for a total of 24 h under
standard conditions with glucose or PJ added for the final 3, 8, or 24 h, as indicated. To
determine the effects of PJ on NDRGL1 and cleaved Parp expression under hypoxia, medium
was replenished and cells were pretreated with PJ (1% vol/vol; POM Wonderful LLC, Los
Angeles, CA) or with glucose (1% vol/vol of a 7.5 mM glucose solution) for 8 h under
standard conditions and then transferred to hypoxia with hypoxia-equilibrated medium
containing either PJ or glucose, and culture was continued an additional 16 h. All hypoxia
experiments were conducted in an anaerobic glove box chamber that allowed pre-gassing of
medium and handling of cultures without exposure to ambient conditions. For CoCl,
treatment, cells were cultured for a total of 24 h standard conditions with 200 uM of CoCl,
(Sigma) present for the last 4 h of culture. BeWo cells were maintained in DMEM until
exposure to PJ, glucose or transfection reagents, as specified in the corresponding figure
legends.

2.2. Quantitative rtPCR

RNA was obtained from primary trophoblasts using Tri-Reagent (Molecular Research
Center, Inc., Cincinnati, OH) according to the manufacturer’s instructions. Purified RNA
was treated for 1 h at 37 °C with DNas e | (DNA-free, Ambion, Austin, TX) to remove
contaminating DNA. Reverse transcription to generate cDNA was performed using the High
capacity cDNA reverse transcription reagents kit (Applied Biosystems) in a 50-pl reaction
mix that contained 1 pg of total RNA, 1X RT buffer, 0.5 mM of each dNTP, 2.5 uM random
hexamers, 0.4 units/pl RNAase inhibitor, and 1.25 units/ul Multi-Scribe reverse
transcriptase, at 25 °C for 10 min, 37 °C for 120 min, and 85 °C for 10 min. For the PCR
reaction, two microliters of cDNA was used with a 300 nM each of the forward and reverse
gene-specific primers (Table 2) and SYBR green PCR Master Mix (Applied Biosystems) in
a total reaction volume of 20 pl. Dissociation curves were evaluated for all reactions to
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ensure amplification of a single product with the appropriate melting temperature. Samples
were normalized to parallel reactions, which contained primers specific for YWHAZ
[22,23]. The fold changes of the examined genes were determined using the 2722Ct method
[24].

2.3. Immunofluorescence

PHTSs were cultured in standard conditions in the presence of PJ- or glucose-containing
DMEM for 24 h and then fixed with methanol for 20 min at —20°C. After blocking for 1 h at
room temperature with PBS with 5% bovine serum albumin (Sigma), fixed cells were
incubated with either no primary antibody or a mixture of anti-NDRG1 (1:200; Catalog #
426200, Life Technologies) and anti-E-cadherin (1:200; Catalog # 18-0223, Life
Technologies) antibodies overnight at 4°C. Cells were washed three times with PBS and
incubated with a 1:500 dilution of DRAQ5 (Biostatus Unlimited, Leicestershire, UK) to
stain DNA, and with appropriate secondary antibodies, as described [25]. One-micron-thick
optical-section images were acquired by confocal microscopy using 600X total
magnification and identical acquisition settings for all samples, as described [25]. The
percent of cells expressing detectable NDRG1 was scored in five random fields, containing
over 50 nuclei each, using trophoblasts from three different placentas, with the observer
blinded to the treatment condition.

2.4. NDRG1 knockdown in BeWo cells and PHTs

BeWo cells were plated at a density of 50,000/cm? in DMEM for 24 h and medium
exchanged with OPTI-MEM reduced serum medium with 10% csFBS containing HEPES,
sodium bicarbonate and L-glutamine (Life Technologies), and then transfected with three
SiINDRG1 RNAs (Ambion, Grand Island, NY; ID: s20334, s20335, 520336, designated as
SINDRG1 A, B, and C, respectively) at 10 nM using DharmaFECT 1 (Ambion). 10 nM
scrambled siRNA (Ambion: catalog # 4390843) was used as control. The duration of
treatment with the siRNA was 24 h under standard conditions, after which the cells were
washed, fresh DMEM with 10% csFBS was added, and culture was continued under
standard conditions in the presence of PJ or glucose for 8 h. Media was then exchanged with
pre-equilibrated, hypoxia-exposed media, and cells were cultured an additional 16 h in =1%
05 in the continued presence of PJ or glucose. Proteins were extracted after a total duration
of 48 h of culture.

PHTs were plated at a density of 300,000/cm? in DMEM under standard conditions and
washed 4 h after plating to eliminate syncytial fragments and cell debris. Cells were then
transferred to OPTI-MEM with 10% csFBS and transfected with 50 nM siNDRG1 A with
DharmaFECT 1 for 16 h under standard conditions. After washing, fresh DMEM with 10%
csFBS was added and culture was continued under standard conditions in the presence of
either PJ or glucose for 8 h. Medium was then exchanged with pre-equilibrated, hypoxia-
exposed medium, and PHTs were cultured an additional 16 h in <1% O, in the continued
presence of PJ or glucose. Proteins were extracted after a total duration of 48 h of culture.
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2.5. Western blotting

Protein isolation and Western blotting were done as described previously [26]. PHTs and
BeWo cells cultured in 35 mm dishes were rinsed with PBS, lysed with 200 ul of RIPA
buffer (1% Nonidet P-40, 0.5% deoxycholate, and 0.1% SDS in PBS) containing protease
and phosphatase inhibitors (Sigma), sonicated and centrifuged. Soluble proteins were
separated by SDS-PAGE and transferred to polyvinylidene difluoride membranes, blocked
for 1 h with 5% nonfat dry milk in PBST (PBS with 0.05% Tween 20) and incubated
overnight with either rabbit polyclonal anti-NDRG1 (1:1000; Catalog # 42-6200; Life
Technologies), monoclonal rabbit anti-cleaved Parp (1:1000; Catalog #9541S; Cell
Signaling Technology, Danvers, MA), monoclonal mouse anti-cleaved cytokeratin 18
(1:1000; Catalog # 12140322001, Roche Diagnostics, Indianapolis, IN), monoclonal mouse
anti-p53 (1:1000; Catalog # SC-126, Santa Cruz Biotechnology, Dallas, TX) or polyclonal
goat anti-actin (1:1000; Catalog # SC-1616, Santa Cruz). Blots were washed, incubated for
>2 h with horseradish peroxidase-conjugated donkey anti-rabbit, anti-mouse or anti-goat
IgG antibodies (1:10,000, Santa Cruz), washed, and target proteins detected by enhanced
chemiluminescence (Amersham Biosciences, Piscataway, NJ). NDRG1, cl-Parp, and cl-
Cyt18, p53, and actin protein levels were determined using ImageJ software
(rsbweb.nih.gov/ij/) after normalization to actin.

2.6. Data analyses and statistics

All experiments with primary trophoblasts used cells isolated from four or more different
placentas. Each experiment with BeWo cells was repeated at least three times. Statistical
tests used are described in the text or Figure legends and were performed using
KaleidaGraph software (Synergy Software, Reading, PA), with P > 0.05 considered
significant.

3. Results

3.1. PJ affects gene expression in cultured primary human trophoblasts

Our previous study indicated that PJ decreases hypoxia-induced oxidative stress and
apoptosis in placental trophoblasts [18,26]. To identify potential pathway(s) involved in PJ-
mediated protection of trophoblasts, we cultured primary trophoblasts under ambient oxygen
and treated the cells with either glucose (as control) or pomegranate juice (PJ) for 24 h. We
then used quantitative rtPCR to compare expression of 22 candidate genes that were chosen
on the basis of their known involvement in apoptosis, oxidative stress, and trophoblast
differentiation (Table 1). PJ significantly altered the mRNA levels of eight genes. NDRG1
showed a marked, ~9 fold increase, in mMRNA expression. BID, BAK, BETA-HCG and INOS
levels were increased by 1-2 fold, and we found decreased levels of ENOS NOXA and
SYNCYTIN.

3.2. PJ enhances NDRG1 protein expression in primary trophoblasts and BeWo cells
under conditions of ambient oxygen

NDRGL protein expression is increased in placental trophoblast by hypoxia and other
stressors [8-10], as well as in placentas from pregnancies with IUGR [9], compared to
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placentas from uncomplicated pregnancies. We thus examined the effects of PJ on NDRG1
protein expression in the primary cytotrophoblasts under ambient oxygen. In agreement with
the observed increase in MRNA levels, PJ increased NDRG1 protein levels in a time-
dependent manner in cytotrophoblasts (Fig. 1A, B). Similarly, PJ increased NDRGL1 protein
levels in BeWo cells (Fig. 1C, D).

Recent studies show that, in addition to increasing NDRG1 protein levels, hypoxia can result
in subcellular redistribution of NDRG1 in trophaoblasts, yielding substantial nuclear
localization in addition to cytoplasmic localization [10]. We thus used immunofluorescence
to assay NDRGL1 expression and localization in PJ-treated primary trophoblasts. As
expected, NDRG1 expression was significantly increased by PJ, with NDRG1 detectable in
both the cytoplasm and nuclei of about half of the cells after exposure to PJ (Fig. 1E, F).

3.3. PJ increases NDRG1 expression in primary trophoblasts under hypoxia

We next asked whether PJ enhances NDRG1 expression in primary trophoblasts under
hypoxia. Indeed, PJ significantly increased NDRG1 expression in the hypoxic primary
trophoblasts compared to hypoxic trophoblasts exposed to glucose control (Fig. 2A, B). We
also found that PJ increased NDRG1 expression in primary trophoblasts exposed to CoCly, a
hypoxia mimetic (Fig. 2D, E). Using cleaved Parp (cl-Parp) as a nuclear marker for
apoptosis, we found that PJ reduced apoptosis in both hypoxic (Fig. 2A, C) and CoCl,-
treated (Fig. 2D, F) cytotrophoblasts, compared to controls, confirming our previous results
with cultured syncytiotrophoblasts [18,26].

3.4. Silencing of NDRGL1 in hypoxic BeWo cells in the presence of PJ increases apoptosis

We next asked if PJ-mediated induction of NDRG1 contributes to the ability of PJ to reduce
hypoxia-induced apoptosis in BeWo cells. First, we noted that PJ increased NDRGL1 levels
in hypoxic BeWo cells, compared to glucose control (Fig. 3A, B). Next, we tested three
candidate siRNAs to reduce NDRGL1 expression (see Methods), and found siNDRG1 A most
effective, yielding ~80% reduction of NDRG1 protein levels in hypoxic BeWos treated with
PJ or glucose (Fig. 3A, B). Consistent with our findings with primary trophoblasts, PJ
reduced apoptosis of BeWo cells cultured in hypoxia compared to glucose control (Fig. 3A,
C). Moreover, in both glucose- and PJ-treated hypoxic BeWo cells, knockdown of NDRG1
significantly increased apoptosis (Fig. 3A,C). Together, these data indicate that PJ reduces
hypoxia-induced apoptosis in BeWo cells, and, notably, that the PJ-mediated increase of
NDRGL1 contributes to the PJ-mediated decrease in apoptosis of hypoxic BeWos.

3.5. Silencing of NDRGL1 in hypoxic primary trophoblasts in the presence of PJ did not
increase apoptosis

We then asked if the PJ-mediated increase in NDRGL1 levels played a role in reducing
apoptosis in hypoxic primary trophoblasts. In these experiments, we used 50 nM siNDRG1
A, as this concentration was required to generate sufficient knockdown of NDRG1. We
achieved >50% reduction in NDRG protein in the presence of glucose and ~70% in the
presence of PJ (Fig. 4A, B). Consistent with our previous results using lentiviral-mediated
knockdown [8], siRNA-mediated knockdown of NDRGL1 in control (glucose) treated
hypoxic trophoblasts resulted in increased apoptosis, as indicated by increased levels of

Placenta. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenetal.

Page 7

cleaved Parp and of cleaved cytokeratin 18, a cytoplasmic marker for apoptosis (Fig. 4C, D).
However, in PJ-treated hypoxic primary trophoblasts, knockdown of NDRG1 did not result
in increased apoptosis compared to siRNA-control treated primary trophoblasts. Thus, in
contrast to BeWo cells, the PJ-mediated increase of NDRG1 in hypoxic primary
trophoblasts does not appear to contribute to the PJ-mediated reduction of apoptosis.

Down regulation of p53 is a potential mechanism by which PJ protects trophoblasts from
hypoxia-induced injury [18,19]. Thus, we compared the affect of PJ on p53 in
cytotrophoblasts and BeWo cells. We found that PJ significantly decreased p53 levels in
hypoxic cytotrophoblasts but increased p53 levels in hypoxic BeWo cells (Fig. 4E, F).

4. Discussion

The data show that PJ selectively modulates gene expression in human cytotrophoblasts,
with increased expression of BAD, BAK, INOS BETA-HCG, and NDRG1 and decreased
expression of NOXA, SYNCYTIN, and ENOS. Notably, PJ had the most marked effect on
gene expression of NDRG1, which translated to substantially higher levels of NDRGL1 in
both the cytoplasm and nucleus. These results indicate that PJ can influence gene mRNA
and protein levels in trophoblasts exposed to either standard culture conditions of 20%
oxygen or hypoxia with <1% oxygen. Using siRNA-based knockdown of NDRG1, we
found that PJ-induced expression of NDRG1 was important for the reduced apoptosis in
hypoxic BeWo cells. However, PJ-mediated induction of NDRG1 was not detectably
involved in PJ-mediated reduction of apoptosis in hypoxic primary trophoblasts. These data
suggest that caution must be used in extrapolating results from trophoblast cell line models
to primary trophoblasts.

We are investigating PJ as a potential therapeutic agent to protect human trophoblasts from
exogenous insults. We previously found that PJ can reduce oxidative stress in vivo and in
vitro, reduce apoptosis in primary trophoblasts exposed to hypoxia and other stressors, and
that these protective effects involve, at least in part, reduction of p53 mRNA and protein
[18,26]. PJ has been shown to affect the mMRNA levels of PONL1 in hepatocytes [16] and of
PON2 in macrophages [17], indicating diverse biological activities of PJ. Our current
finding that PJ significantly alters the mRNA levels of NDRG1 and other genes in
trophoblasts are consistent with this idea, and suggest that the activity of PJ on trophoblasts
involves more than simply acting as an antioxidant.

NDRG1 is expressed by many cell types, including trophoblasts, and NDRG1 function is
complex, as noted in the Introduction. Using primary trophoblasts and BeWo
choriocarcinoma cells, here we find that hypoxic stress increases NDRG1 levels in both
primary trophoblasts and BeWo cells, in agreement with previous results by us [8] and
others [10]. PJ treatment resulted in an increase of NDRG1 protein in both hypoxic primary
trophoblasts and BeWo cells, suggesting additive effects of PJ and hypoxia. This finding,
along with the above mentioned data showing that increased NDRG1 can reduce hypoxia-
induced apoptosis, led us to test the hypothesis that the PJ-mediated induction of NDRG1
would further ameliorate apoptosis in hypoxic primary trophoblasts. Surprisingly, however,
this was not the case: in these cells, sSIRNA-mediated knockdown of NDRG1 did not alter
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the ability of PJ to mediate protection from apoptosis. Thus, in hypoxic primary trophoblasts
further induction of NDRG1 by PJ is not important for PJ-mediated protection from
apoptosis.

In contrast, sSiIRNA-mediated knockdown of NDRG1 significantly increased apoptosis in
hypoxic BeWo cells treated with PJ. Thus, in this trophoblast cell line PJ-mediated induction
of NDRG1 does contribute to PJ-mediated reduction of apoptosis. One contributor to the
different role of NDRG1 in hypoxic, PJ-treated BeWos and primary trophoblasts may be
technical, as knockdown was about 10% more efficient in BeWo cells than in primary cells.
A second possibility is that NDRG1 plays qualitatively, or quantitatively, different roles in
BeWo cells and primary trophoblasts. Notably, though both hypoxia and PJ enhance
NDRGL1 expression in both BeWo and primary trophoblasts, the fold increase differs
between the two trophaoblast lineages. Nonetheless, we can conclude that PJ alter NDRG1
MRNA and protein expression in both villous and choriocarcinoma trophoblast phenotypes.

Although often a good model system for villous trophoblasts, others have noted cases where
BeWos differ from primary cells. For example, BeWos and primary trophoblasts differ in
their DNA methylation [27,28], expression of the vitamin D receptor [27,29], and in their
responses to activation by TLR ligands [30,31]. Here, we found that p53 responds to PJ
treatment in opposite ways: PJ decreases p53 levels in hypoxic primary cytotrophoblasts but
increases p53 levels in hypoxic BeWo cells. Together, these results indicate the need for
strong caution when extrapolating from results obtained with cell lines to primary
trophoblasts.
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Figure 1. Effect of PJ on NDRG1 protein expression in primary human trophoblasts (PHTs) and
BeWo choriocarcinoma cells
Cells were cultured in 20% O, for 24 h in the presence of glucose (Glu) or pomegranate

juice (PJ). (A) Representative Western blot of NDRGL1 in PHTSs treated with PJ for the times
indicated. (B) Quantification of NDRGL1 levels, as represented in A (n=5 PHTs, *P < 0.05
by ANOVA). (C) Representative Western blot of NDRG1 in BeWo cells treated with Glu or
PJ for 24 h. (D) Quantification of NDRGL1 levels in BeWo cells (n=3 experiments, *P < 1.5
by Student's t-test). (E) Immunofluorescence of NDRG1 in PHTS stained for plasma
membrane E-cadherin (red), nuclear DNA (blue), and NDRG1 (green). Scale bars: 10 um.
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(F) Quantification of immunofluorescence, as represented in E. Percent of cells in which
NDRG1 was detectable were 0% for no primary antibody 1.1+2% and 47.2+8.0% for
glucose and PJ treated cells, respectively. (Meantstandard deviation, n=4 PHTs, *P < 0.05
by Student's t-test).
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Figure 2. Expression of NDRG1 and cl-Parp in PHTSs in response to PJ in the presence of

oxidative stressors

PHTSs were cultured in DMEM with glucose or PJ in 20% O, for 8 h and then subjected to
<1% O, for 16 h or cultured initially in 20% O, for 20 h and then exposed to CoCl, for 4 h.
(A, D) Representative Western blots of NDRG1 and cl-Parp in PHTs exposed to hypoxia
(A) or CoCl, (D). (B, C, E, F) Quantification of NDRG1 (B, E) and cl-Parp (C, F) in PHTs
exposed to hypoxia (B, C) or cobalt chloride (E, F), as represented in A and D. (n=4 PHTs

and n=3 BeWo experiments, *P < 0.05 by Student's t-test).
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Figure 3. Effect of knockdown of NDRG1 on apoptosis in BeWo cells subjected to hypoxia in the
presence of PJ or glucose
BeWo cells were incubated for 24 h in 20% O, with siNDRGL1 or scrambled siRNA control.

Cells were then pretreated in DMEM with either PJ or glucose in 20% O, for 8 h and then

exposed to <1% O, for 16 h while continuing PJ or glucose treatment. (A) Representative

Western blots for NDRGL in transfected BeWo cells. (B, C) Quantification of NDRG1 (B)
and cl-Parp (C), as represented in A. (n=3 experiments, *P < 0.05 by Student's t-test).
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Figure 4. Effect of knockdown of NDRG1 on apoptosis in primary trophoblasts subjected to
hypoxia in the presence of PJ or glucose
Trophaoblasts were cultured for 4 h in DMEM, transfected with SINDRGL1 or scrambled

siRNA control, treated with PJ or glucose for 8 h and then exposed to <1% O, for 24 h
while continuing PJ or glucose treatment. (A) Representative Western blots for NDRG1, cl-
Parp, and cl-Cyt18 in transfected PHTs. (B-D) Quantification of NDRGL1 (B), cl-Parp (C),
and cl-Cyt18 (D), as represented in A. (n=4 PHTSs, *P<0.05 by Student’s t-test). (E, F)
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Representative Western blots (top) and quantification (bottom) for p53 in PHTs (E) and
BeWos (F). (n=3 PHTs and n=6 experiments BeWos, *P < 0.05 by Student’s t-test)
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PJ effects on candidate gene mRNA expression in cytotrophoblasts.

Table 1

Fold

Fold expression

Gene n expressti)on in o poD P-value
glucose

Apoptosis
BAD 3 1.0(0.01) 0.6(0.54) 0.26
BECLIN 6 1.0(0.04) 1.0(1.29) 0.92
P53 8 1.0(0.004) 1.0(0.15) 0.86
MDM2 7 1.0(0.03) 1.7(1.07) 0.40
BAK 7 1.0(0.02) 1.6(0.65) 0.03
BID 8 1.0(0.05) 2.3(1.24) <0.01
PUMA 7 1.0 0.01) 1.4(1.28) 0.38
NOXA 9 1.0(0.003) 0.3(0.22) <0.01
BNIP3 9 1.0(0.16) 1.6(2.13) 0.44
BAX 9 1.0(0.02) 0.9(0.43) 0.47
MCL1 7 1.0(0.02) 1.1(0.58) 0.49

Up-requlated in hypoxia
NDRG1 9 1.00.02) 9.4(7.06) <0.01
VEGFA 7 1.0(0.12) 2.2(1.85) 0.13
SFLT2 5 1.0(0.02) 0.8(0.60) 0.65
FLT1 7 1.0(0.07) 0.7(0.73) 0.38
PLGF 6 1.0(0.00) 1.6(1.67) 0.36

Differentiation
BETA-HCG 5 1.1(0.14) 2.4(0.68) <0.01
SYNCYTIN 7 1.0(0.004) 0.5(0.23) <0.01

Oxidative stress response
cox2 6 1.0(0.01) 7.7(7.78) 0.07
INOS 6 1.0(0.01) 1.6(0.44) <0.01
ENOS 9 1.0(0.01) 0.3(0.27) <0.01
PON2 7 1.0(0.01) 1.3(0.77) 0.27

Candidate genes are grouped into four categories based on presumed function. Gene expression was analyzed by quantitative rtPCR and

normalized to YWHAZ.

Cstudent's t-test vs. glucose

PJ: pomegranate juice.

a . . . .
Number of different placentas from which cytotrophoblasts were isolated for quantitative rtPCR.

bMean(Standard Deviation)
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Table 2

Primers used for rtPCR.

Gene Primer  Sequence
. F ATC ATG GAG GCG CTG GGG CT

R CTG GGC TCC TCC CCC ATC CC

F CCA GGA TGG TGT CTC TCG CA
BECLIN

R CTG CGT CTG GGC ATA ACG CA
os3 F AGA GAC CGG CGC ACA GAG GA

R GGC TGG GGA GAG GAG CTG GT

F CCC TGG TTA GAC CAA AGC CAT
MDM2

R GGC ACG CCA AAC AAA TCT CC
Bak F GCT CGC CAT CAT CGG GGA CG

R CCA CTC TCA AAC AGG CTG GTG GC
BiD F CCT ACC CTA GAG ACA TGG AGA AG

R TTT CTG GCT AAG CTC CTC ACG

F GAC CTC AAC GCA CAG TAC GAG
PUMA

R AGG AGT CCC ATG ATG AGATTG T

F ACC AAG CCG GAT TTG CGA TT
NOXA

R ACT TGC ACT TGT TCC TCG TGG
BIP F GTT CCA GCC TCG GTT TCT ATT

R AGC CCT GTT GGT ATC TTG TG
Bax F AGG ATG CGT CCA CCA AGA AG

R GCA GCT CCA TGT TAC TGT CCA G
oL F AGG CTG GGA TGG GTT TGT GGA GT

R ACC TGC AAA AGC CAG CAG CA CA

F CCG CCA GCA CAT TGT GAAT
NDRG1

R GGC TGT TGT AGG CAT TGA TGA A

F GGA GCG TGT ACG TTG GTG CCC
VEGFA

R AGC AAG GCC CAC AGG GAT GGG
L2 F ACA ATC AGA GGT GAG CAC TGC AA

R TCC GAG CCT GAA AGT TAG CAA
Lt F TGG CAG CGA GAA ACA TTC TTT TATC

R CAG CAA TAC TCC GTA AGA CCA CAC
oLaF F CAG ACT GCC ACC TGT GCG GC

R GGT GCG GGG TCT CTC TCC TCC
BETA. F CGG GAC ATG GGC ATC CAA
HCG R GCG CAC ATC GCC GTA GTT

F GAA GGC CCT TCA TAA CCA ATG A
SYNCYTIN

R GAT ATT TGG CTA AGG AGG TGA TGT C

F TGA TTG CCC GAC TCC CTT GGG T
COX2

R TG GTG AAA GCT GGC CCT CGC
INOS F CGT GTT CCC CCA GCG GAG TG
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Gene Primer  Sequence

R ACG TTG GCA GGG TCC CCT CT

F TCC CTACTC CCACCAGCGCC
ENOS

R GTG CAG GGC CCATCC TGC TG
PON2 F TCG GGG GAC ATC TGG GTA GGC

R TGC GGA GAA CCT CTG ACG AGG G

F ACT TTT GGT ACATTG TGG CTT CAA
YWHAZ

R CCG CCA GGA CAA ACC AGT AT

F-forward; R- reverse
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