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Abstract

Metastasis-associated protein | (MTAI) and its short form (MTAs) regulate the function of estrogen receptors (ERs). Estrogens,
via ERs, affect placental growth and fetal development, a process that may involve MTAI signaling. Expression of MTAI, MTAIs,
ERa, and ER[ genes and proteins in rat placentas was studied on 16, 19, and 21 days of gestation (dg). The ER} messenger RNA
decreased significantly toward the end of gestation, whereas its protein level increased in the nuclear fraction on 21 dg. Both
MTAI and MTAIs increased with gestation. Decidual, trophoblast giant, glycogen, and villous trophoblast cells expressed MTAI,
ERa, and ER proteins on all dg with colocalization of MTAI with ERa and ER in the nucleus and cytoplasm. Expression of MTAI
suggests a possible role in regulating placental functions; considering the repressive function of MTA| on ERs, the expression of

MTAI suggests that placental cells may be less sensitive to estrogens during late pregnancy.
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Introduction

As an interface between mother and fetus, the placenta acts as a
barrier between maternal and fetal circulation, limits trespassing
of chemicals or drugs, supplies nutrition, mediates gas exchange
and waste disposal as well as acts as an endocrine organ.' Thus, a
proper structural and physiological placentation is essential for
normal fetal growth and pregnancy outcome.” During preg-
nancy, the enhanced production of estrogens controls various
aspects of placental function and fetal development. However,
in rats, a minor elevation in maternal serum estradiol levels dur-
ing pregnancy causes placental and fetal growth restriction.®
Therefore, estrogen action should be carefully regulated to pre-
vent its deleterious growth-retarding effects so as to maintain a
normal pregnancy. The actions of estrogens are mediated by the
expression of its receptors, which either increase or decrease
depending upon the activity of the hormone; thus, the growth-
retarding effects of the hormone are generally nullified.” Thus,
it appears that estrogens play crucial roles in the development
and maintenance of the placenta, although these mechanistic
aspects of the hormone are not unequivocally proved in
humans.® The estrogen receptors (ERs), therefore, are the rate-
limiting steps in estrogen action, but when activated, they regu-
late cellular functions via both genomic and nongenomic
signaling pathways leading to transcription of target genes,
which translate into functional proteins.®’

The signaling and transcriptional activities of the ERs are
influenced by a variety of coregulators; some of them belong
to a relatively novel family of metastasis-associated protein
genes (MTA).® The MTA family has a set of 3 genes (MTALI,
MTAZ2, and MTA3), which code for 6 protein isoforms (MTA1,
MTALls, MTA1-ZG29p, MTA2, MTA3, and MTA3L). The
MTAL, MTA2, and MTA3 proteins are the components of the
nuclear remodeling and histone deacetylation complex that
modulate transcription and influence chromatin remodeling.’
Due to its ability to manipulate histone binding to DNA, MTA1
can regulate the transcription of genes coding for many tumor
suppressors such as p53.'" Further, MTAI also facilitates
methylation of ERa and enhances the metastatic ability of
breast cancer cells.'! Thus, overexpression of MTAL is always
associated with tumorigenesis and metastasis. Similar to
epithelial-mesenchymal transition in cancer metastasis in
which MTA1 has a crucial role,'? the protein might also have
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a role to play during trophoblast invasion and placentation,
although this aspect of MTA1 function has not been studied.

Although MTAL is expressed in many cancer tissues, it is
also expressed in many normal tissues and organs suggesting
a role in the regulation of transcription of some genes or DNA
damage repair.'> Metastasis-associated protein 1 upregulates
B catenin and cyclin D1 activities, which in turn activate the
Wnt pathway that results in cell differentiation and prolifera-
tion.® Metastasis-associated protein 1 interacts with the ERs
and inhibits the effect of estradiol on ER transactivation.'*
Furthermore, MTA1s (short isoform of MTA1) sequesters
ERs in the cytoplasm and suppresses their genomic func-
tion.'> These findings may be indicative of involvement of
MTAT and MTAT1s in regulation of estrogen actions and con-
sequently placental growth. Moreover, MTA1 and MTA3 are
also expressed in nuclei of trophoblast cells of human pla-
centa, which also indicates a possible role for these proteins
in trophoblast invasion.'? However, the expression of MTA1
and MTAs in rat placentas at different days of normal preg-
nancy has not been previously reported. We have shown ear-
lier that ERa and ER are expressed in rat placentas during
the last third of gestation.5 However, thus far, there are no
studies reporting the coexpression of the ERs and MTAI in
a functional placenta. In view of this, the present study was
designed to investigate (1) the expression of the ERs and
MTALI at both messenger RNA (mRNA) and protein levels,
(2) the localization of the proteins in different placental cells,
and (3) the coexpression of proteins in the rat placenta during
the last third of gestation.

Materials and Methods

Materials

Estradiol enzyme immunoassay (EIA) kit (solid plate; catalo-
gue #582251.1) and the ultrapure water (catalogue # 400000)
were obtained from Cayman Chemical Company, San Diego,
California. Antibodies raised against MTA1 (a rabbit polyclo-
nal antibody catalogue # H-166; sc-10813, Santa Cruz Biotech-
nology Inc, Dallas, Texas), ERa (mouse monoclonal antibody,
catalogue # MAB463, Chemicon, Temecula, California), ERf3
(rabbit polyclonal antibody, catalogue #07-359, Millipore
Corporation, Billerica, Massachusetts), and B actin (mouse
monoclonal antibody, catalogue # MAB1501R, Millipore Cor-
poration, Billerica, Massachusetts) were used unless otherwise
specified. Polyvinylidene difluoride (PVDF) membranes were
obtained from GE Healthcare (Buckinghamshire, United King-
dom). Reverse transcription buffers, enzymes, and reagents
were supplied by Invitrogen (Grand Island, New York). Real-
time polymerase chain reaction PCR (ReT-PCR) reagents were
purchased from Applied Biosystems (Grand Island, New
York). The ReT-PCR TagMan ERa primer/probe set (catalo-
gue# Rn01430446_m1), ERP primer/probe set (catalogue #
Rn00562610_m1), and Vic/MGB-labeled 18S RNA primer/
probe set (catalogue # 4319413E) were purchased from
Applied Biosystems.

Animals and Tissue Collection

Adult female Sprague-Dawley rats were housed in the Animal
Resources Centre at the Faculty of Medicine, Kuwait Univer-
sity, with free access to food and water. The rats were main-
tained in a 12-hour light-12-hour dark cycle at 22°C. The
experiments were carried out in accordance with the guidelines
of laboratory animal care in our institution. Female rats (60 to
70 days old) were mated with male rats (60 to 90 days old);
pregnancy was verified by the presence of sperm in vaginal
smears (day 0 of pregnancy). Pregnant dams were stunned and
killed by cervical dislocation on 16, 19, and 21 days of gesta-
tion (dg). Uterine horns containing conceptuses were removed
and placed on ice immediately. Fetuses and placentas were
separated and placental tissues from the litters were pooled
(4 pregnancies for each dg and 3 to 4 placentas/pregnancy).
The fetuses and placentas were weighed, and the placental effi-
ciency was determined by dividing the mean fetal body weight
by the average weight of the placentas. Placentas were frozen at
—70°C for protein analysis; the cryoprotective agent, dimethyl-
sulfoxide, (10% v/v) was added before freezing. For RNA iso-
lation and EIA, the samples were cryopreserved using liquid
nitrogen and then stored at —70°C. Maternal serum and amnio-
tic fluid were obtained for estradiol estimation by EIA at the
time of killing.

Measurement of Estradiol Levels by EIA

The placentas were thawed at room temperature (rt), weighed,
and suspended in phosphate buffer. The tissue (0.5 g/1 mL of
the buffer) was homogenized for 1 minute and transferred to
Eppendorf tubes and incubated on ice for 30 minutes. The
homogenates were centrifuged at 15 000g for 5 minutes, and
the supernatants were stored at —80°C until use. The estradiol
levels in serum, amniotic fluid, and placentas were measured
by the estradiol (E2) EIA kit (Cayman Chemical Company,
Michigan) according to the manufacturer’s instructions.

RNA Isolation and Quantification

RNA extraction and reverse transcription. The total RNA was
extracted using TRIzol method and washed with ethanol and
dissolved in diethylpyrocarbonate-treated water at 55°C. The
RNA concentration was determined by reading absorbance at
260 nm wavelength, and 2pug portions were used for reverse
transcription. Intron-spanning primers were used in the study
that excluded interference from genomic DNA in the results;
however, all RNA samples were treated with DNAase (4
units/sample; Invitrogen) prior to reverse transcription. 16 RNA
of 2 ng was used for first-strand complementary DNA synth-
esis, which was performed with M-MLYV reverse transcriptase
(RT; Invitrogen) using random hexamer primers, according to
the manufacturer’s instructions (RT+ samples). Negative con-
trols (RT— samples) were processed under the same conditions
but in the absence of RT, which was replaced by water.'®
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Table I. Litter Size, Fetal Body Weights, and Placental Weights During Gestation.”

Gestational Days, dg Litter Number Fetal Body Weight, g

Placental Weight, g Fetal Body Weight/Placental Weight

6 2 +2 0.41 + 0.03
19 13 + 1| 221 + 0.19°
21 M4+ 1 464 + 0.29°

0.31 + 0.01 1.34 + 0.09
0.48 + 0.04° 458 + 0.18¢
0.55 + 0.0I¢ 8.46 + 0.45¢

Abbreviation: SEM, standard error of the mean.

? Data are mean + SEM; n = 4.

P < .0l 16 versus 19 dg and 16 versus 21 dg.

P =.001 16 versus 19 dg; P <.00I 16 versus 2| dg.
9P <.001 16 versus 19 dg, 16 vs 21 dg, and 19 vs 21 dg.
€ P <.0l 19 versus 2| dg.

Real-time PCR. The ReT-PCR reaction was carried out in a ReT-
PCR system (model 7500, Applied Biosystems), using the fol-
lowing gene expression assays: (1) TagMan chemistry ID
Rn01430446_m1 for ERa assay (expected amplicon length
73 bp), ID Rn00562610_m1 for ERP assay (expected amplicon
length 89 bp), and assay ID Hs99999901-sl for the internal con-
trol 18S (expected amplicon length 187 bp). (2) SYBR-green
chemistry was used for detection of MTA1 and MTA1s: the
forward and reverse primer sequences for MTA1 and MTAls
are as follows: sense primer MTAlwt_F: 5'-GAGCTGTTA-
CACCACACAGTCTTA-3' and an antisense primer MTA1_R:
5'-GCCTGGTCTTCATGGCAA-3’ giving a 230-bp product
for MTAL; a sense primer MTAldel_S1: 5-CTGCGA-
GAGCTGTTACATGT-3' and the antisense primer MTAI_R
giving a 180-bp product for MTAT1s."” The housekeeping gene
B-glucuronidase was used as an internal control (forward pri-
mer: ATCGCCATCAACAACACAC and reverse primer
TGACGCCTTGGAAGTAGAAAG). The PCR reactions were
prepared using TagMan or SYBR-green master mixes (Applied
Biosystems) according to the manufacturers’ instruction. The
PCR was then run as follows: 2 minutes at 50°C (1 cycle);
10 minutes at 95°C (1 cycle), 15 seconds at 95°C, and 1 minute
at 60°C (40 or 60 cycles); this was followed by a dissociation
step for 15 seconds at 95°C, 1 minute at 60°C, and 15 seconds
at 95°C for 1 cycle (only for SYBR-green chemistry experi-
ments). In all experiments, an RT— control and no template
control, where water was added as sample, were included as
negative controls, the former to exclude genomic DNA con-
tamination and the latter to exclude any reagent contamination.
All samples were run in duplicates; both RT— and water sam-
ples were negative (data not shown). In some cases, a 10-uL
sample of the PCR product was analyzed by electrophoresis
on a 2% agarose gel that contained ethidium bromide in order
to verify that the product sizes were obtained as expected.

Western Blotting and Immunodetection

Isolation of proteins. Placentas were processed as described pre-
viously.> The initial homogenate fraction (the total receptor/
homogenate fraction) was centrifuged at 1000g for 10 minutes
at 4°C. The supernatant was further centrifuged at 105 000g for
45 minutes at 4°C. The resultant supernatant (cytosol) was col-
lected, and a sample was taken for protein estimation and

Western blot analysis. The pellet from the first centrifugation
was washed with 1 mL ice-cold homogenization buffer and
again centrifuged at 1000g for 10 minutes at 4°C. The superna-
tant was discarded, and the pellet was then resuspended in 1 to
1.5 mL of extraction buffer (homogenization buffer containing
0.6 mol/L NaCl) and incubated on ice for 50 minutes with vor-
texing twice in between; the mixture was then centrifuged at 50
0000g for 30 minutes at 4°C. The supernatant, containing iso-
lated nuclear proteins, was then collected. The proteins in the
supernatant were precipitated by adding 6 volumes of ice-cold
ethanol to the supernatant and kept overnight at —20°C and then
centrifuged at 10 000g for 10 minutes at 4°C. The pellet was
then resuspended in homogenization buffer, and a sample was
taken for protein estimation and Western blot analysis.

Verification of cytosolic and nuclear fractions. Western blotting
using the histone H4 antibody and glucose 6 phosphate dehy-
drogenase (G6PD) assay were the two methods employed for
verification of nuclear and cytosolic fractions, respectively.
The cytosolic and nuclear fractions were subjected to both pro-
tocols. In G6PD assay, the following reagents were used: 100
mmol/L Tris-HCI buffer, pH 8.0, 10 mmol/L glucose 6 phos-
phate, and 10 mmol/L nicotinamide adenine dinucleotide phos-
phate (NADP). In a glass cuvette, 800 pL of 100 mmol/L
Tris-HCI buffer (pH 8.0), 100 pL of 10 mmol/L glucose 6 phos-
phate, and 100 pL of 10 mmol/L NADP were added. Cytosolic/
nuclear fraction sample of 50 pg/pL was added to a cuvette and
a reference reading was taken (auto-zeroing the spectrophot-
ometer), followed by a reading at an absorbance of 340 nm
wavelength automatically measured for 60 seconds. An absor-
bance profile (the change in absorbance [AA34¢] vs time in sec-
onds) was provided by the spectrophotometer. A positive graph
(AA > 0) indicates G6PD enzyme activity. To verify the purity
of the nuclear fraction and to exclude contamination of the
cytosolic fraction from any nuclear contaminants, Western
blotting was carried out using the histone H4 antibody as out-
lined subsequently. Following immunodetection, 1 band with
the size of interest (band size ~ 35 kDa) was detected in the
nuclear fraction only.

Western blotting. Western blotting and immunodetection with
analysis of protein sizes were performed as described earlier.'®
Briefly, 20 pg of protein (homogenates, cytosols, and nuclear
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Figure |. Estradiol levels and estrogen receptor (ER) transcript
expression in rat placentas. A, Estradiol levels in maternal serum did
not show any significant changes; however, in amniotic fluid and pla-
centas, the hormone levels increased on 2| dg compared to that on
16 dg (*P < .05). B, Percentage change in ERo and ER [ messenger RNA
(mRNA) expression on 19 dg and 21 dg after normalization with the
expression on |6 dg, for each gene, respectively. No significant differ-
ences between the three dgs were observed for ERoa mRNA. A signif-
icant percentage change in mRNA expression of ER[} was detected on
21 dg when normalized to the expression on 16 dg (*P < .05). Note
that real-time PCR (ReT-PCR) for both the genes was conducted sep-
arately. Samples were run in duplicates; data are mean + standard
error of the mean (n = 4/group).

fractions) and molecular weight rainbow markers were electro-
phoresed using either 7.5% sodium dodecyl sulfate polyacryla-
mide gel electrophoresis or gradient gels, and the proteins were
then transferred to PVDF membranes. Membranes were then
incubated with the following primary antibodies overnight at
4°C: (1) mouse monoclonal anti-ERa antibody (1:500 dilution
in 10% nonfat dry milk in Tris-buffered saline with Tween 20
[TBS-T; 20 mmol/L Tris, 137 mmol/L NaCl, pH 7.6 and 0.1%
v/v Tween], (2) rabbit polyclonal anti-ERf antibody (1:100
dilution in 10% nonfat dry milk in TBS-T), and (3) rabbit poly-
clonal anti-MTA1 antibody (1:500 dilution in 10% nonfat dry
milk in TBS-T). Membranes were stripped and incubated with
the internal control antiactin antibody (1:50 000 in 5% nonfat
dry milk in TBS-T) at rt for 1 hour. For verifying the purity
of the nuclear fractions, the membrane was incubated with
mouse monoclonal antihistone H4 antibody (1:500 in 10%

OMTA1l mMTAIls

“ 'l .
0
16 19 21
dg

Figure 2. The expression of metastasis-associated protein | (MTAI)
and MTAIs transcripts in rat placentas. A, Ethidium bromide-labeled
gelfor MTAI, MTAIs, and B glucuronidase (internal control) following
real-time PCR (ReT-PCR). MTAI and MTAIs were detected from |6
dg. Both negative controls (RT-) and water samples were negative
(data not shown). B, A significant increase in expression of MTAI
mRNA was detected between 16 dg and 21 dg and 19 dg and 21 dg
($P <.001 and #P < .0, respectively). Expression of MTAls increased
between 19 dg and 21 dg (P < .05). Samples were run in duplicates;
data are mean + standard error of the mean (n = 4/group).

milk; original concentration 200 pg/mL) for 1 hour at rt.
Appropriate horseradish peroxidase -linked secondary antibo-
dies were used at a dilution range of 1:20 000 to 1:40 000 in
10% nonfat dry milk in TBS-T and then washed. Secondary
antibody incubation was done for 2 hours at rt. Detection was
by chemiluminescence using the ECL-Plus kit (GE Health-
care). Results were expressed relative to actin.

Confocal microscopy. Sections of placentas with 3-pum thickness
were deparaffinized in xylene and hydrated by passing through
descending grades of alcohol. The sections were treated with
phosphate-buffered saline (PBS; pH 7.35), and antigen retrie-
val was carried out by immersing the slides in 0.1 mol/L citrate
buffer in a microwave oven. The sections were treated with
PBS-Triton X, 3% hydrogen peroxide, and glycine and sodium
borohydride. The sections were then treated with 5% bovine
serum albumin. Double labeling for MTA1 (rabbit polyclonal
antibody; 1:50; secondary antibody-goat-anti-rabbit FITC) and
ERa (mouse monoclonal antibody; 1:50; secondary antibody-
goat-anti-mouse TRITC), for MTA1 and ERf (mouse mono-
clonal antibody; 1:50; secondary antibody-goat-anti-mouse
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Figure 3. Protein expression of estrogen receptor o (ERa) in the homo-
genate, cytosolic, and nuclear fractions of placentas. A, Representative
Western blots for ERa and B actin. B, No significant change was detected
among different groups on different dg; however, there was a decreasing
trend in the homogenate and cytosolic fractions and an increasing trend
in the nuclear fractions at 2| dg. Samples were run in duplicates; data are
mean + standard error of the mean (n = 4/group).

TRITC), and for ERa and ERp (rabbit polyclonal antibody;
1:50; secondary antibody-goat-anti-rabbit FITC) was carried
out by a simultaneous labeling procedure. The primary antibo-
dies were mixed and the sections were covered with the antibo-
dies and incubated at 4°C overnight. The slides were removed,
washed with PBS, and treated with appropriate secondary anti-
bodies (1:250) for 1 hour and again washed with PBS. The sec-
tions were counterstained with 4’,6-diamidino-2-phenylindole
(1:4000) for 1 minute, washed with PBS, and mounted with
Vectashield mounting media (Vector Laboratories, Burlin-
game). The margins of the coverslips were covered with nail
polish, and the slides were stored at 4°C. The slides were
observed under a multifluorescence confocal microscopy
(Zeiss LSM 510 META, Carl Zeiss Microscopy, New York),
and representative photomicrographs were taken using 40x
objective.

The immunoexpression of MTA1 and ERs was investigated
in 4 main placental cell types: decidual cells, trophoblast giant
cells (giant cells), glycogen cells, and villous trophoblast cells.
The color intensity was directly proportional to the protein
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Figure 4. Protein expression of estrogen receptor  (ERp) in the
homogenate, cytosolic, and nuclear fractions of placentas. A, Repre-
sentative Western blots for ER and B actin. B, No significant change
was detected in expression of ERB in the homogenate and cytosolic
fractions on all dg; however, there was an increase in the expression
in the nuclear fraction on 2| dg compared to that on |19 dg (*P <.05).
Samples were run in duplicates; data are mean + standard error of
the mean (n = 4/group).

concentration in the cells. The coexpression of the proteins was
investigated.

Statistical Analysis

Western blotting images were captured using Gene Genius
Bio Imaging System (Syngene, Cambridge). The absorbance
readings for target protein are expressed relative to those of
internal control. The results for ReT-PCR studies were calcu-
lated using the comparative Ct method.'® Briefly, the ACt
value was determined by subtracting the average housekeep-
ing Ct values from the average target Ct values. The AACt
was calculated by subtracting the ACt value of 19 and 21 dg
from that of 16 dg, which was used as the calibrator. The nor-
malized expression was determined using 2", All data are
shown as mean =+ standard error of the mean, unless other-
wise stated, and a P value of <.05 was considered significant.
Data were tested for statistical significance by analysis of var-
iance followed by least significant difference post hoc analy-
sis when the test for homogeneity of variance was fulfilled
and using Games-Howell post hoc analysis when the homoge-
neity of variances was not attained (Software package for sta-
tistical analysis [SPSS] software, version 17).
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Figure 5. Expression of metastasis-associated protein | (MTAI) in
the homogenate, cytosolic, and nuclear fractions of placentas. A, Rep-
resentative Western blots for MTAI and B actin. B, No significant
change was detected in the homogenate, cytosolic, and nuclear frac-
tions among different groups on all dg. Samples were run in duplicates;
data are mean + standard error of the mean (n = 4/group).

Results

Body and Organ Weights

Body weights of fetuses and the ratio of body to placental
weights increased with gestation (P < .01-.001). The placental
weight increased significantly between 16 and 19 dg (P = .001)
and between 16 and 21 dg (P < .001; Table 1).

Estradiol Level

Estradiol level in maternal serum did not vary significantly
between the three days of gestation. On the other hand, there
was a significant increase (P <.05) in estradiol levels in the pla-
cental tissue and in the amniotic fluid on 21 dg when compared
to that on 16 dg (Figure 1A). It should be noted that as whole
unperfused placentas were homogenized, the presence of
maternal and fetal trapped blood may have added to E2 levels.

Expression of ER mRNA

The expression of both ERa and ER transcripts in rat placen-
tas is shown in Figure 1B. No significant differences were
detected among different dg in expression of ERa mRNA;
however, there was a significant decrease in expression of ER3
mRNA on 21 dg when compared to that on 16 dg (P < .05).

Figure 6. Structural organization of a rat placenta and negative and
positive controls. A, A low-magnification photomicrograph of the pla-
centa stained with Periodic acid-Schiff reaction showing basal (Bz) and
labyrinth (Lz) zones. The location of decidual (Dc), glycogen (Gc),
giant (Gic), and trophoblast (Tc) cells and villi are indicated, 40x. B,
A negative control (without primary antibody) used simultaneously
with confocal microscopy but stained for light microscopy showing
no background labeling, 400 x. C, Rat testis was used as a positive con-
trol for MTAI showing labeled germ cells, 400x. Both negative and
positive controls were counterstained with Mayer hematoxylin.

Expression of MTA| and MTAIs mRNA

The mRNA for MTA1 and MTA1s was detected from 16 dg
onward (Figure 2A). An increase in expression of MTAI
mRNA was detected on 21 dg compared to that on 16 and 19
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Trophoblast

Figure 7. Colocalization of estrogen receptor (ER) o (TRITC) and ERf (FITC) in placental cells. Confocal images showing expression of the ERs
in different cells of the placenta. The nuclei are labeled with 4',6-diamidino-2-phenylindole (DAPI; blue). Expression of ERa. (red staining indi-
cated by white arrows) and ER[} (green staining indicated by yellow arrows) is shown. Yellow to white labeling observed is due to colocalization
of the proteins (mixture of green and red to variable degrees due to merging of images) and is indicated by open yellow arrows. These pictures
show that ERa and ER are coexpressed in the cytoplasm and nucleus of decidual, glycogen, giant, and trophoblast cells on 16 dg, 19 dg, and
2| dg. Original magnification, 400x. (The color version of this article is available at http://rs.sagepub.com.)

dg (P < .01; Figure 2B). The expression of MTAls gene
increased between 19 and 21 dg (P < .05; Figure 2B).

Expression of MTAI and ER Proteins

The protein expression of the ~67 kDa ERa, ~ 54 kDa ERp,
and ~79 kDa MTAI1 bands in total homogenate, nuclear frac-
tion, and cytosolic fractions is shown in Figures 3 to 5. All pro-
teins were expressed in all fractions from 16 to 21 dg (Figures
3A, 4A, and 5A). When normalized to actin, the expression of
ERa protein did not differ among the groups (Figure 3B). The
ERp protein showed an increased expression (P < .05) in the
nuclear fraction on 21 dg when compared to that on 19 dg (Fig-
ure 4B). No significant differences were detected among the

groups in MTAL1 expression in the homogenate, cytosolic, and
nuclear fractions (Figure 5B).

Colocalization of ERa, ERP, and MTAI Proteins

The different regions and cell types of a rat placenta are shown
in Figure 6A. The negative control (placenta without any pri-
mary antibody) did not show any immunostaining (Figure
6B). The ERs are very well known to be expressed in placentas
of all species; therefore, we did not use any other positive con-
trols for the antibodies used in the study. The normal rat testis
has been used as a positive control for MTAL1 (Figure 6C). The
ERa and ERP proteins are colocalized in all placental cells on
all gestation days (Figure 7). The colocalization is most promi-
nent in glycogen cells and its intensity tends to reduce in
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Decidual

Glycogen Trophoblast

Figure 8. Merged confocal images indicating colocalization of estrogen receptor (ER) o (TRITC) and metastasis-associated protein | (MTAI;
FITC) in placental cells. The nuclei are labeled with 4',6-diamidino-2-phenylindole (DAPI; blue). Expression of ERa. (red staining indicated by
white arrows) and MTAI (green staining indicated by yellow arrows) is shown. Yellow to white labeling is due to colocalization of the proteins
(mixture of green and red to variable degrees due to merging of images) and is indicated by open yellow arrows. These photomicrographs show
that ERa and MTAI are coexpressed in the cytoplasm and nucleus of decidual, glycogen, giant, and trophoblast cells on 16 dg, 19 dg, and 21 dg.
Original magnification, 400x. (The color version of this article is available at http://rs.sagepub.com.)

decidual, giant, and trophoblast cells on 21 dg. Colocalization
of ERa and MTAL1 proteins was observed in the nucleus and
cytoplasm of all placental cell types (Figure 8). The colocaliza-
tion is strong mainly in glycogen and trophoblast cells and
tends to reduce in intensity by 21 dg with predominance of
MTAI expression. At 21 dg, the staining of MTA1 was stron-
ger than ERo when compared to the pattern seen on 16 and 19
dg. Both MTAI and ERP are colocalized in the nucleus and
cytoplasm of all cells on all dg. The most prominent colocali-
zation is seen in trophoblast cells (Figure 9).

Discussion

Placental growth and development are of great significance for
normal fetal growth and development. Indeed, abnormal

placental growth is associated with adverse fetal development
and poor pregnancy outcome. An increase in E2 levels seen
in our study may be a contributing factor for placental growth
restriction, which was detected from 19 dg onward. Despite the
high E2 levels, placental efficiency®® was not affected, in fact it
increased with progressing gestation allowing fetal growth.
Both ERa and ER are expressed in various tissues; how-
ever, the intensity of expression of ERa and ERf varies during
cellular proliferation and differentiation.?' The ERa is essential
for development and proliferation of estrogen-sensitive tissues.
The ER, on the other hand, is required for functional matura-
tion and differentiation; nevertheless, it may also inhibit
ERa-mediated proliferation of many cells.”**> A decrease in
expression of ERB mRNA on 21 dg indicates that functional
maturation and differentiation in the rat placentas were
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Decidual

Trophoblast

Figure 9. Merged confocal images indicating colocalization of estrogen receptor (ER) B (red, TRITC) and metastasis-associated protein |
(MTALI; green, FITC) in placental cells. The nuclei are labeled with 4',6-diamidino-2-phenylindole (DAPI; blue). Expression of ERP (red staining
indicated by white arrows) and MTAI (green staining indicated by yellow arrows) is shown. Yellow to white labeling is due to colocalization of
the proteins (mixture of green and red to variable degrees due to merging of images) and is indicated by open yellow arrows. These photo-
micrographs show that ER and MTAI are coexpressed in the cytoplasm and nucleus of decidual, glycogen, giant, and trophoblast cells on
16 dg, 19 dg, and 21 dg. Original magnification, 400x. (The color version of this article is available at http://rs.sagepub.com.)

affected. It is known that giant and glycogen cells tend to
degenerate and decrease in number toward the end of gesta-
tion.?® This phenomenon which we observed in our study could
be the cause for a reduction in the level of ERB mRNA on 21 dg
as these cells highly expressed ERp.

It is known that the ratio of nuclear to cytoplasmic ER
expression depends on cell types and physiological condi-
tions.?! Nuclear ERa. protein expression was gradually upregu-
lated in an inverse relation to its expression in the homogenate
and cytosol. Although these changes were not significant, this
finding indicates that the protein was translocated to nuclei of
placental cells, suggesting a possibility of activation of the
genomic pathways. It has been reported that the nuclear expres-
sion of ERa is characteristic of estrogen-sensitive cells, which

might be stimulated by estrogens to proliferate and functionally
differentiate.?” On the other hand, the significant increase in
expression of ER protein in the nucleus on 21 dg may indicate
an increased activity of ER and its involvement in cell differ-
entiation, specifically toward the end of gestation.?®*°

It has been reported that MTAL is localized predominantly
in the nucleus®*° with possible cytoplasmic localization.*® In
our study, we reported MTA1 protein localization in the
nucleus and cytoplasm. The increase in MTA1 and MTAls
transcripts toward the end of gestation has also been reported
in human placentas.'> Expression of MTA1 may contribute
to placental growth via different mechanisms that may include
the activation of B catenin and cyclin D1 through Wnt path-
ways.® Moreover, MTAI1 inhibits p53-induced apoptosis by
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deacetylation of p53, thus increasing the proliferation potential
of cells.®' On the other hand, MTA s, which is predominantly a
cytoplasmic protein, binds with the AF2 domain of ERo, lead-
ing to its cytoplasmic sequestration, subsequent suppression of
genomic functions, and augmentation of rapid cytoplasmic ER
activities, such as mitogen-activated protein kinase activation.
Therefore, an increased expression of both MTA1 and MTAls
seen in our study shifts the balance toward more cell prolifera-
tion, which correlates better with the growing placentas during
pregnancy in rats.

By using confocal microscopy, we observed coexpression of
ERa and ER in all placental cell types studied, supporting the
fact that both ERs are needed for normal gestation.*? The
expression of ERa and ER was seen in both nuclei and cyto-
plasm unlike that was observed in human placentas.”

Colocalization of MTA1 with the ERs was also seen in all pla-
cental cells at all gestation days indicating a close interaction
between these proteins. Metastasis-associated protein 1 is an anti-
apoptotic protein that is involved in cell proliferation and migra-
tion."' However, the protein also has a role to play in cell cycle
arrest at G,-S phase transition in cells that have suffered DNA
damage; this arrest gives enough time for the DNA damage repair
machinery to repair DNA.>? In the present study, expression of
MTAI1 was observed in all placental cell types studied. Generally,
on all days of gestation, the placental cells showed predominantly
MTALI, when compared to ERs, indicating its role in cell survival.
This difference may be the cause for the increase in the placental
efficiency toward the end of pregnancy. Considering the repres-
sive function of MTA1 on ERs,® the high expression of MTA
suggests a possibility that MTA1 suppresses estrogen-
dependent signaling and reduces estrogen sensitivity in placental
cells. Overexpression of MTA1 makes the cells insensitive to
estrogens™”; therefore, it may be that through this mechanism, the
placental cells survive the detrimental effects of estrogens.

In conclusion, MTAL is coexpressed with ERa and ERP
in the nuclei and cytoplasm of all placental cell types stud-
ied and its level increases at the end of pregnancy indicating
a possible function in the development of rat placenta. High
MTA1 mRNA expression, specifically toward the end of
gestation, indicates that placental cells are less dependent
on ERs and less sensitive to estrogens during that time, pro-
tecting the rat placentas from high estrogen levels at late
gestation. High MTA1 levels toward the end of gestation
also indicates a possible role for MTAI1, unrelated to ERs,
in regulating proliferation of placental cells.
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