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Abstract
Estrogens play a pivotal role in the control of female reproductive function. Recent studies using
primate GnRH neurons derived from embryonic nasal placode indicate that 17β-estradiol (E2)
causes a rapid stimulatory action. E2 (1 nM) stimulates firing activity and intracellular calcium
([Ca2+]i) oscillations of primate GnRH neurons within a few min. E2 also stimulates GnRH
release within 10 min. However, the classical estrogen receptors, ERα and ERβ, do not appear to
play a role in E2-induced [Ca2+]i oscillations or GnRH release, as the estrogen receptor antagonist,
ICI 182,780, failed to block these responses. Rather, this rapid E2 action is, at least in part,
mediated by a G-protein coupled receptor GPR30. In the present study we further investigate the
role of ERα and ERβ in the rapid action of E2 by knocking down cellular ERα and ERβ by
transfection of GnRH neurons with specific siRNA for rhesus monkey ERα and ERβ. Results
indicate that cellular knockdown of ERα and ERβ failed to block the E2-induced changes in
[Ca2+]i oscillations. It is concluded that neither ERα nor ERβ is involved in the rapid action of E2
in primate GnRH neurons.
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Introduction
17β-Estradiol (E2) modulates a wide variety of neuronal functions. It is a key regulator of
the stimulatory and inhibitory release of GnRH during the reproductive cycle [1], it is
necessary for induction of reproductive behavior in most mammalian species [2], it is
important for memory [3], and neuroprotection against brain insult or neurodegenerative
diseases [4]. Importantly, estrogen action in those neuronal functions are a result of
“nuclear-initiated steroid signaling” pathways involving the estrogen receptors, ERα and
ERβ [5], through which E2 activates gene transcription.

More recently, a rapid action of E2 in several neuronal cell types through “membrane-
initiated steroid signaling” pathways [5] has been reported. For example, E2 hyperpolarizes
guinea pig GnRH neurons [6], depolarizes guinea pig β-endorphin neurons [7], modifies
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cAMP production in GT1-7 cells [8], stimulates intracellular calcium, [Ca2+]i, oscillations in
mouse GnRH neurons [9], and modulates metabotropic glutamate receptor function in rat
hippocampal as well as striatal neurons [10-12]. “Membrane-initiated E2 signaling” occurs
within one minute to 10-15 min, whereas “nuclear-initiated E2 signaling” takes hours to
days.

We have also shown that E2 induces a rapid action in primate GnRH neurons in the presence
or absence of tetrodotoxin (TTX). Using a patch clamp recording method both E2 and E2-
BSA, a plasma membrane impermeable form of E2, increased firing activity within a few
minutes [13]. Similarly, with a calcium imaging method both E2 and estrogen dendrimer
conjugate (EDC) [14], a nuclear membrane impermeable form of E2, resulted in an increase
in the pulse frequency and synchronization of [Ca2+]i oscillations with a short latency in
GnRH neurons [15]. Moreover, E2 stimulates GnRH release in vitro [16]. However, the
classical estrogen receptors, ERα and ERβ, do not appear to play a role in E2-mediated
[Ca2+]i oscillations or GnRH release, as the estrogen receptor antagonist, ICI 182,780, failed
to block these responses [16]. Rather, this rapid E2 action appears to be mediated by a G-
protein coupled receptor GPR30 as: 1) PTX treatment completely blocked the E2-induced
[Ca2+]i oscillations and GnRH release, 2) a GPR30 agonist, G1, mimicked E2 action and 3)
human GPR30 specific siRNA blocked E2-induced [Ca2+]i oscillations [16].

Even though ICI 182,780 failed to block the rapid E2 action in primate GnRH neurons in our
previous study, one can argue that the involvement of ERα and ERβ in the rapid E2 action is
not ruled out unless ERα and ERβ are eliminated from our preparation. Therefore, in the
present study, we conducted experiments to examine whether cellular knockdown of ERα
and ERβ influences E2 action in primate GnRH neurons.

Materials and Methods
Animals

Rhesus monkey embryos (Macaca mulatta) from time-mated pregnancies were delivered by
cesarean section under isoflurane anesthesia. A total of 7 fetuses between embryonic day 36
(E36) and E39 were used in this study. All experimental procedures were conducted in
accordance with the standards outlined in the Principles for the Use of Animals and Guide
for the Care and Use of Laboratory Animals. The protocol used in these studies was
approved by the Animal Care and Use Committee of the University of Wisconsin-Madison.

Tissue Culture from the olfactory placode
Culture methods for GnRH neurons derived from the fetal nasal placode region have
previously been described [17,18]. Briefly, the nasal placode and the ventral GnRH neuronal
migratory pathway (terminal nerve region) were dissected out and cut into small (<0.5 mm3)
pieces. Two to three pieces were plated on each collagen coated 25-mm round glass
coverslip. On the fourth day of culture, cells were exposed to an antimitotic agent, 5-
fluoro-5-deoxyuridine (40 μM), for 2 days in order to eliminate non-neuronal cells and to
better visualize GnRH neurons. Cultures were incubated at 37°C, 1.5% CO2 in culture
media (Medium 199 + l-glutamine, Sigma, St. Louis, MO) supplemented with 10% fetal
bovine serum (Hyclone Laboratories, Inc. Logan, UT), 0.6% glucose, and 50 μg/ml
gentamycin (Sigma) for at least two weeks before experiments. Medium was replaced every
1-3 days as needed. All experiments began after two weeks in culture and finished by the
end of the fourth week in culture. Transfections: As previously described [16], 48-72 h prior
to initiation of experiments GnRH neurons were transferred to serum free media and
transiently transfected with human specific ERα, ERβ, or control siRNA using Fugene HD
Transfection reagent (Roche Diagnostics, Indianapolis, IN) at 37°C following the
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manufacturer’s instructions. On-target plus siRNA for human ERα provided by Dharmacon
(Lafayette, CO) was targeted at the sequence: GAAUGUGCCUGGCUAGAGA, Human
ERβ On-target plus siRNA was targeted at the sequence: GGAAAUGCGUAGAAGGAAU,
and the On-target plus scramble control (catalog number D-001810-01-20) was a
nonspecific sequence control. ERα and ERβ siRNA sequences were 100% identical to
macaca mulatta ESR1 (accession # XM_001097228.1) and ESR2 (accession #
XM_001101433.1), respectively.

Quantitative Real time PCR
RNA was isolated from neuronal cultures using RNA STAT-60 (Tel-test, Friendswood, TX)
and the RT-reaction was performed using GeneAmp RNA PCR core kit (Applied
biosystems). Quantitative RT-PCR was performed using SYBR GREEN Jump Start Taq
ready Mix for Quantitative PCR (Sigma), primers were designed based on macaca mulatta
ESR1 (accession # XM_001097228.1), ESR2 (accession # XM_001101433.1), and β-actin
(accession # NM_001033084.1) genes using sequences that cross an intron/exon junction to
eliminate genomic DNA amplification in the reaction. Primer sequences were as follows:

ESR1: Sense: 5′- CCTGATGATTGGTCTCGTCTG -3′

Antisense: 5′- GGCACACAAACTCCTCTCC -3′

ESR2: Sense: 5′- AGTATCTCTGTGTCAAGGC -3′

Antisense: 5′- GAGCATCAGGAGGTTAGC -3′

β-actin: Sense: 5′- CTCTTCCAGCCTTCCTTCCT -3′

Antisense: 5′- AGCACTGTGTTGGCGTACAG -3′

Relative amounts of mRNA were determined using the ΔΔ CT method with β-actin as the
internal control and relative to control siRNA samples. Quantitative RT PCR reactions were
run in triplicate on a DNA Engine Opticon System PTC-200 DNA engine Cycler with
CFD-3200 Opticon Detector (MJ Research, San Francisco, CA) using the following
protocol, 94°C for 2 min (initial denaturing), followed by 45 cycles of amplification (plate
read after each cycle): 94°C for 15 sec (denaturing); 58°C ERα primers (59.3°C for ERβ,
60°C for β–actin) for 30 sec (annealing); 72°C for 45 sec, and completed with a dissociation
step for melting point analysis from 50°C-94°C with a plate read every 1°C. Melt curves
yielded single peaks, which were distinct for each product. PCR products were run on a 5%
agarose gel, cut out, isolated using Quantum Prep Freeze ‘N Squeeze DNA Gel Extraction
spin Columns (Bio Rad), and sequenced at the University of Wisconsin-Madison
biotechnology sequencing center. Reactions yielded single bands with sequences matching
macaca mulatta ESR1 for ERα primers and ESR2 for ERβ primers.

Measurement of [Ca2+]i
As previously detailed [15,16] [Ca2+]i levels were assessed by loading cultured cells on
glass coverslips with 18 μM fura-2 AM (Teflab, Austin, TX) and 6 μl of a mixture of
pluronic F-127 and DMSO (BASF Pharma/Knoll AG, Parsippany, NY) for 30 min at 37°C
and 1.5% CO2. The coverslip was then placed in a Dvorak-Stotler chamber. Flourescence
imaging of the dye loaded cells was achieved with an inverted microscope. GnRH neurons
were identified and viewed through a 20X objective lens with a 750×750 μm recording field.
Cultures were perifused with serum free M199 media (pH 7.4, 95% O2, 5% CO2) at a speed
of 50 μl/min at room temperature under low light conditions.

[Ca2+]i was determined from the function of the ratio of the 510-nm fura-2 emission excited
by illuminations at 340 and 380 nm with a Lambda DG-4 light source and filter exchanger
(Sutter Instruments, Novato, CA). Fura-2 flourescence was recorded at 10 sec intervals with
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a charge-coupled device camera (Photometrics, Tucson, AZ) and using Metafluor imaging
software (Molecular Devices Corp., Downingtown, PA). The ratio of the fluorescence
intensities (ΔF/F0) from the 340- and 380-nm excitation was used to calculate free [Ca2+]i
levels and saved as a text file in Microsoft Excel for analysis. Viability of GnRH neurons
were assessed with a 56 mM KCl challenge at the end of each experiment.

GnRH neurons for [Ca2+]i imaging were identifiable by their unique morphology, size, and
migratory pattern: large oval shaped soma (>10 μM) with large bundled somatic processes.
Because these cultures contain many other cell types including epithelial cells, fibroblasts,
and other unidentified cells as well as a small proportion of non-GnRH neurons [17,19], the
identity of each GnRH neuron was confirmed by immunocytochemistry. The
immunocytochemistry results were compared with a fluorescent image of the view area and
matched with the location on the reference grid of the coverslip [19].

Immunocytochemistry
Culture dishes used for [Ca2+]i imaging experiments were stained using standard
immunocytochemical procedures with an antisera cocktail of GF-6 and LR-1 [gifts from Dr.
N.M. Sherwood (University of British Columbia, Victoria, Canada; 1:9000 dilution) and Dr.
R.A. Benoit (University of Montreal, Montreal, Canada; 1:15,000)] for 40-42 h, the
Vectastain ABC peroxidase system (Vector laboratories, Burlingame, CA), and 3,3′-
diaminobenzidine (Sigma) as the chromogen. GnRH-positive cells were matched up with a
digitized fluorescent image from the [Ca2+]i imaging experiments. Fibroblasts, epithelial
cells and other GnRH negative neurons were excluded from all analyses.

Data Analysis
Peaks in [Ca2+]i oscillations were determined by Pulsar algorithm [20] as described
previously [15]. After [Ca2+]i peaks were established, the average amplitude, interpeak
interval, and number of peaks were counted in each neuron in 20 min blocks: −20-0, 0-20,
20-40, and 40-60 with time 0 corresponding to the initiation of treatment. Mean values for
all neurons in a culture dish (n = 10-60) were calculated from these parameters. For
statistical comparison of each treatment, overall mean values were obtained by averaging the
mean values of each culture. For the purpose of graphical representation the frequency was
presented as a percentage relative to 100 % at −20-0 min. All statistical analyses were
conducted using raw data.

Synchronization of [Ca2+]i peaks in each culture was determined as previously described
[15]. First, the average number of peaks was determined for the entire experimental time
period. Then the mean number of peaks was calculated in consecutive 50 sec periods for the
entire experiment. A synchronization was considered to occur if the mean rate in two
consecutive 50 sec periods was greater than the total mean + 3 SD, based on previous
observations [18,19]. The total number of synchronizations in the 60 min period during and
after treatments was expressed as the synchronization frequency. The effects of treatments
were analyzed against their respective controls and statistics were performed using student’s
t-test (unpaired, two tailed). All groups consisted of six cultures per group. Data are
presented as means ±SEM.

Effects of treatment (E2 vs. vehicle, E2/vehicle in the presence of ERα/ERβ/control siRNA)
for [Ca2+]i imaging, were examined using two-way ANOVA repeated measure followed by
Bonferroni analysis. Statistical analysis of qPCR was conducted with one-way ANOVA.
Significance was established at P<0.05.
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Results
1. Effects of E2 on [Ca2+]i oscillations

As we have shown previously, E2 (1 nM) exposure of GnRH neurons resulted in an increase
in the frequency of [Ca2+]i oscillations and number of activated cells (Fig. 1A). E2 also
stimulated the synchronization frequency of [Ca2+]i oscillations (Table 1). In contrast,
vehicle infusion did not cause any significant effect (Fig. 1B, Table 1).

2. Transfection of GnRH neurons with specific siRNA for human ERα and ERβ
E2 (1 nM) exposure of GnRH neurons, which had been transfected with control siRNA,
resulted in an increase in the number of activated cells and frequency of [Ca2+]i oscillations
(Fig. 1A and 2A) as well as the synchronization frequency of [Ca2+]i oscillations (Table 1).
E2 exposure of GnRH neurons, which had been transfected with specific siRNA for human
ERα, failed to block the E2-induced changes in [Ca2+]i oscillations: E2 increased the number
of activated cells and frequency of [Ca2+]i oscillations (Fig. 1A and 2C) and the
synchronization frequency of [Ca2+]i oscillations (Table 1). Similarly, E2 exposure of ERβ
siRNA transfected GnRH neurons failed to block the E2-induced changes in [Ca2+]i
oscillations (Fig. 1A and 2D and Table 1). In contrast, vehicle exposure of GnRH neurons
transfected with ERα siRNA, ERβ siRNA, or control siRNA did not cause any significant
effect on [Ca2+]i oscillations (Fig. 1B and 2B, and Table 1).

3. Effects of siRNA transfection on expression of ERα mRNA and ERβ mRNA
To determine the efficacy of transfection with ERα siRNA and ERβ siRNA, we transfected
neurons and assessed ERα mRNA and ERβ mRNA levels using qPCR. Neurons from the
fetal brain were dissected out after the olfactory placode was removed and cultured for at
least 2 weeks. ER mRNA levels were standardized relative to β-actin mRNA for each
sample, and comparisons were made using the ΔΔ CT method. Transfection with ERα
siRNA significantly (p<0.001) reduced ERα mRNA levels, but not ERβ mRNA levels, when
compared to those of control siRNA transfected cells (Fig. 3A). Similarly, transfection with
ERβ siRNA significantly reduced ERβ mRNA but not ERα mRNA (Fig. 3B).

Discussion
The results of the present study indicate that cellular knockdown of ERα and ERβ does not
interfere with the rapid action of E2, as transfection of fetal neurons with siRNA for human
ERα and ERβ reduced mRNA by 80-90 %, yet E2 still induced an increase in [Ca2+]i
oscillations. Because there is a possible compensatory mechanism between ERα and ERβ,
we further conducted experiments with double knockdown of ERα and ERβ. Preliminary
data indicate that ERα and ERβ double knockdown does not block the E2-induced increase
in [Ca2+]i oscillations.

It has been proposed in Chinese hamster ovarian cells that membrane ERs mediating E2
action are products of the same nuclear ERα and ERβ gene transcripts [21]. Indeed, the
importance of ERα and ERβ for membrane initiated signaling has been reported in some
neuronal cells. For example, rapid stimulatory action of E2 resulting in mitogen-activated
protein kinase (MAPK)-dependent activation of cAMP-response element binding (CREB)
protein is mediated by ERα with the glutamate receptor mGluR1, whereas E2’s attenuation
of L-type calcium channel-mediated CREB phosphorylation is mediated by ERβ with
mGluR2/3 phosphorylation in rat hippocampal pyramidal neurons [10,11]. Similarly, E2 via
coupling of ERα with mGluR5 activates MAPK-dependent CREB phosphorylation, whereas
E2 through ERβ with mGluR3 attenuates L-type calcium channel-mediated CREB signaling
in striatal neurons [12]. In mouse GnRH neurons, an E2-induced increase in [Ca2+]i
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oscillations is blocked by ICI 182,780 [9], and presumably mediated by ERβ, as mouse
GnRH neurons express ERβ, but not ERα [22,23]. Likewise, E2 stimulates firing activity of
mouse GnRH neuronsthrough ERβ [24], modifying L-type voltage gated calcium currents
(VGCCs), as this E2 action is blocked by an ERβ antagonist [25].

There are also several examples that E2 signaling causing rapid action is not mediated by
ERα and ERβ in the brain. First, Toran-Allerand et al. [26] show that E2 elicits rapid and
sustained phosphorylation and MAPK-dependent activation, specifically extracellular
signal-related kinases (ERK1 and ERK2), in neocortical neurons obtained from neonatal
mice. Because this action of E2 is not blocked by ICI 182,780 and because a similar action
of E2 can be induced in cortical neurons from ERα knockout mice, the authors have
proposed the presence of ER-X, a membrane estrogen receptor, yet to be identified. Second,
Kelly and his colleague show that the diphenyl acrylamide compound, STX, induces E2-like
signaling in mouse hypothalamic neurons. Although this STX effect is blocked by ICI
182,780 [27], STX also causes E2-like action in ERα or ERβ knockout and ERα/ERβ double
knockout mice [28], suggesting that STX sensitive receptors are independent of both ERα
and ERβ. Third, GPR30, which was originally identified as a membrane estrogen receptor in
cancer cells [29,30], appears to be involved in rapid E2 action in neuronal cells. In mouse
GnRH neurons, E2 rapidly increases high voltage activated (HVA) currents primarily
through L- and R-type VGCCs and this E2 action is blocked by ICI 182,780 in a subset of
cells and appears to be mediated by ERβ, but it is also mediated by GPR30 in another subset
of GnRH neurons, as they are stimulated by the GPR30 agonist G1 [25]. E2 also enhances
excitatory postsynaptic potentials (EPSPs) in rat CA1 hippocampal neurons by stimulating
Schaffer collateral fibers [31]. Similarly, E2 causes enhancement of EPSPs in CA1
hippocampal neurons from gonadectomized male and female ERα knockout mice. ICI
182,780 does not block the E2-induced potentiation of EPSPs in ERα knockout mice, and
ICI 182,780 alone increased EPSPs in 5 of 12 ERα knockout mice [32], indicating
membrane receptors, such as GPR30, not ERα or ERβ, mediate E2 actions. Indeed, in rat
hippocampal neurons it has been shown that GPR30 is responsible for the E2-induced
increase in EPSPs [33].

It has been proposed that GPR30 may not be a “stand-alone” receptor, but it may require a
collaborator, forming a complex with ERα and ERβ [34]. For example, in some cancer cells
the effects of both E2 and G1 are blocked by ICI 182,780 [35] and the formation of an E2-
inducible ERα and GPR30 complex are also blocked by 10 μM ICI 182,780 [36]. In a subset
of myelinated vagal nerves both E2 and G1 stimulate firing activity and these changes are
sensitive to 10 μM ICI 182,780 [37]. Similarly, E2 and G1 cause protective action for the
ischemia-induced global cell death in hippocampal CA1 neurons and this E2 action is
blocked by 100 μM ICI 182,780 [33].

In nonhuman primate GnRH neurons, GPR30, rather than an ERα or ERβ-mediated
signaling mechanism, appears to be involved in rapid E2 action: The E2-induced increase in
the frequency of [Ca2+]i oscillations, the number of activated cells, and the frequency of
synchronization in primate GnRH neurons [15] are not blocked by 100 nM ICI 182,780, but
they are abrogated by cellular knockdown of GPR30 [16]. Results of the present study
showing that both cellular knockdown of ERα and ERβ and ERα/ERβ double knockdown
(Kenealy and Terasawa, unpublished observations) failed to modify the changes in the E2-
induced changes in [Ca2+]i oscillations, support the notion that ERα and ERβ are not
involved in the rapid E2 action characterized in primate GnRH neurons.

In ERα and ERβ negative breast cancer cells, the G protein coupled estrogen receptor,
GPR30, is activated by 1 μM of ICI 182,780 [29,30]. Similarly, ICI 182,780 at a 1 μM dose
alone elicits changes in the frequency of [Ca2+]i oscillations and the number of activated
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cells in primate GnRH neurons [16]. The mechanism of ICI 182,780 stimulation in GPR30
signaling is currently unknown. While E2 effects on changes in [Ca2+]i oscillations are not
blocked by 100 nM ICI 182,780, E2 action does not occur in the absence of GPR30 [16].
Thus, it appears that GPR30, independent from ERα and ERβ, is responsible for E2 action in
primate GnRH neurons. Nonetheless, in future studies we need to examine 1) whether
GPR30 effects are blocked by a high dose of ICI 182,780 and 2) whether stimulatory effects
of ICI 182,780 alone are blocked by the GPR30 antagonist G15.

The mechanism of rapid E2 action leading to an increase in [Ca2+]i oscillations and GnRH
release is unknown at this time. It is quite possible that E2 may potentiate KATP channel
activity through GPR30, as Zhang et al. (38) have shown in mouse GnRH neurons that both
E2 and STX activate the protein kinase C (PKC)-protein kinase A (PKA) signaling pathway
resulting in a rapid increase in KATP channel activity. We will investigate the role of the
PKC-PKA signaling pathway in rapid E2 action in primate GnRH neurons in near future.

Rapid E2 action is mediated by multiple receptors and multiple signaling pathways in single
neurons [39,40]. For example, G1, STX, and E2 all have neuroprotective effects against an
ischemic insult to rat hippocampal CA1 neurons [41]. In mouse GnRH neurons ERβ and
GPR30 both caused effects on different VGCCs [25]. We have also shown that in primate
GnRH neurons, E2 action appears to be mediated by GPR30 and STX sensitive receptors
[42]. Importantly, all membrane bound ERs are seven transmembrane (7TM) GPCRs or
associated with 7TM GPCRs. In rat hippocampal neurons ERα and ERβ together with
mGluR1 and mGluR2/3, respectively, activate Gαq and Gαi/o pathways [10,11], while STX
sensitive receptors are thought to signal through Gαq/ Gβγ mechanisms [27,43]. Although
the signal transduction mechanisms of E2 through GPR30 in primate GnRH neurons are yet
to be clarified, it has been shown in cancer cells that GPR30 is associated with Gαs/Gβγ
[29,30]. Considering the importance of E2 action with the complexity of neurocircuitry in
the brain, we propose that E2 signals through different types of GPCRs in various neuronal
cell types to provide flexibility for versatile neuronal function.
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Figure 1.
Effects of siRNA transfection with ERα or ERβ specific siRNA on [Ca2+]i changes in
GnRH neurons in the absence and presence of E2. E2 treatment resulted in a significant
increase in the frequency of [Ca2+]i oscillations (Aa), calculated as frequency as a % of
control, and the percentage of activated cells (Ab) regardless of siRNA transfection with
control, ERα specific, or ERβ specific siRNA. These results were not significantly different
from untransfected cultures (no siRNA). Vehicle treated cultures showed no significant
changes in the frequency of [Ca2+]i oscillations (Bc), nor percentage of cells increased by
treatment (Bd). *, P<0.05, **, P<0.01, ***, P<0.001 vs. before treatment; =, P<0.05, =,
P<0.01, =, P<0.001 vs. respective vehicle control.
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Figure 2.
The effects of E2 on [Ca2+]i oscillations in siRNA transfected cultures. Examples of E2
effects on a control siRNA transfected culture (A), an ERα siRNA transfected culture (C),
and an ERβ siRNA transfected culture (D) are shown. Effects of vehicle (as a control for E2)
in a control siRNA transfected culture are also shown (B) for comparison. Each example
shows 6 cells from a single culture.
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Figure 3.
Transfection of fetal brain cells with siRNA specific to ERα significantly reduced ERα
mRNA levels (A) but not ERβ levels (B). Transfection with siRNA specific to ERβ
significantly reduced ERβ mRNA (B) but not ERα mRNA (A) as determined by qPCR by
the ΔΔ CT method using β-actin as an internal control. Data is representative of triplicate
samples from 3 independent experiments. ***, P<0.001 vs. control siRNA.
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Table 1

Effects of treatments on the synchronization of calcium oscillations in primate GnRH neurons

Treatments
Synchronizations in the 60-min period
after initiation of treatment (n)

No siRNA + Vehicle 1.00± 0.18

No siRNA+ E2 2.33± 0.47**

Control siRNA + Vehicle 1.00± 0.26

Control siRNA + E2 2.50± 0.62**

ERα siRNA + Vehicle 0.57± 0.30

ERα siRNA + E2 1.83± 0.40**

ERβ siRNA + Vehicle 1.17± 0.54

ERβ siRNA + E2 2.14± 0.80**

N=6 in all treatment groups except for vehicle treatment ( N=12).

**
p< 0.01 vs. respective vehicle control.
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