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Abstract
Background—We previously demonstrated that vascular smooth muscle cells (VSMC)
proliferation and development of neointimal hyperplasia as well as the ability of nitric oxide (NO)
to inhibit these processes is dependent on sex and hormone status. The aim of this study was to
evaluate the role of estrogen receptor (ER) in mediating proliferation in male and female VSMC.

Materials and Methods—Proliferation was assessed in primary rat aortic male and female
VSMC using 3H-thymidine incorporation in the presence or absence of ER alpha (α) inhibitor
methyl-piperidino-pyrazole, the ER beta (β) inhibitor (R,R)-5,11-Diethyl-5,6,11,12-
tetrahydro-2,8-chrysenediol, the combined ERαβ inhibitor ICI 182,780, and/or the NO donor
DETA/NO. Proliferation was also assessed in primary aortic mouse VSMC harvested from
wildtype (WT), ERα knockout (ERα KO), and ERβ knockout (ERβ KO) mice in the presence or
absence of DETA/NO and the ERα, ERβ, and ERαβ inhibitors. Protein levels were assessed using
Western blot analysis.

Results—Protein expression of ERα and ERβ was present and equal in male and female VSMC,
and did not change after exposure to NO. Inhibition of either ERα or ERβ had no effect on VSMC
proliferation in the presence or absence of NO in either sex. However, inhibition of ERαβ in rat
VSMC mitigated NO-mediated inhibition in female but not male VSMC (p<0.05). Evaluation of
proliferation in the knockout mice revealed distinct patterns. Male ERαKO and ERβKO VSMC
proliferated faster than male WT VSMC (p<0.05). Female ERβKO proliferated faster than female
WT VSMC (p<0.05), but female ERαKO VSMC proliferated slower than female WT VSMC
(p<0.05). Last, we evaluated the effect of combined inhibition of ERα and ERβ in these knockout
strains. Combined ERαβ inhibition abrogated NO-mediated inhibition of VSMC proliferation in
female WT and knockout VSMC (p<0.05), but not in male VSMC.
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Conclusions—These data clearly demonstrate a role for the ER in mediating VSMC
proliferation in both sexes. However, these data suggest that the antiproliferative effects of NO
may be regulated by the ER in females but not males.
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Introduction
Atherosclerosis is the number one health care concern in the United States.[1]
Cardiovascular disease (CVD) causes a tremendous amount of morbidity and mortality and
costs over $475 billion dollars to treat per year.[1] In addition to medical therapy to delay
the progression, there are a number of surgical interventions that can be performed to
improve blood flow including: angioplasty, stenting, endarterectomy, and bypass grafting.
Unfortunately, these procedures can fail due to restenosis caused by neointimal hyperplasia.
[2-4] Nitric oxide (NO) is a small gaseous molecule normally produced by endothelial cells
that is known to inhibit the development of neointimal hyperplasia in animals following
arterial balloon injury and vein bypass grafting in small and large animal models.[5-16]
Thus, NO provides a promising translational therapeutic intervention for the treatment and
prevention of restenosis following vascular intervention in our expanding cardiovascular
patient population.

In our previous experiments, we examined the effects of NO on vascular smooth muscle cell
(VSMC) proliferation, migration, and cell cycle regulation in vitro and neointimal
hyperplasia in vivo based on sex and hormone status of the animal.[17] The results of this
study show that NO is effective at inhibiting these vascular processes in both sexes, however
we found that NO is more effective in males versus females and more effective in a
hormonally intact versus deficient environment. At baseline, in a hormone replete
environment, male VSMC proliferated and migrated more and had less cell cycle arrest
compared to female VSMC. After exposure to NO, male VSMC experienced greater
inhibition of proliferation, migration, and cell cycle arrest than female VSMC. In a hormone
deplete environment, while females proliferated more than males, NO was still more
effective at inhibiting VSMC proliferation in males compared to females. In our in vivo
model, NO therapy resulted in a greater reduction in neointimal hyperplasia in males than
females, and in hormone intact versus castrated rats. In summary, our previous work
indicates that VSMC growth and the efficacy of NO at inhibiting neointimal hyperplasia is
sex- and hormone-dependent.

To address the differences in proliferation and neointimal hyperplasia between the sexes and
following exposure to NO, we directed our attention to the sex hormone receptors. It
remains unknown whether the sex hormone receptors are responsible for these observed
differences. Since sex and hormone differences in the cardiovascular system exist in both
humans and animals, it stands to reason that the sex hormone receptors could explain these
differences. Thus, the goal of our study is to determine if estrogen receptor (ER) signaling
regulates VSMC proliferation at baseline and following exposure to NO. Because we
observed less proliferation and neointimal hyperplasia at baseline and following NO
exposure in females, we hypothesized that the ER modulates proliferation as well as the
antiproliferative effects of NO in females, but not males.
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Methods
Nitric oxide donor

The diazeniumdiolate utilized in this study, 1-[N-(2-aminoethyl)-N-(2-
ammonioethyl)amino]diazen-1-ium-1,2-diolate (DETA/NO), was provided by Larry K.
Keefer. DETA/NO was chosen based on its half-life, efficacy in our prior publications, and
to maintain consistency among our experiments.[17] DETA/NO was stored in a desiccator
in the -20°C freezer. For the studies in this manuscript, a 10 mM stock solution was made
fresh for each experiment and diluted accordingly. Of note, DETA/NO releases 2 moles of
NO per mole of compound.

Cell culture
VSMC were isolated and cultured from the aortas of 8-week-oldmale and female Sprague-
Dawley rats (Harlan, Indianapolis, IN) using the collagenase method[18] and maintained as
previously described.[19;20] VSMC were also isolated and cultured from the aortas of 8-
week-old male and female mice. VSMC from three different mouse strains were cultured:
wild-type C57BL6/J (Taconic, Hudson, NY), ER alpha knockout mice (ERaKO), and ER
beta knockout mice (ERβKO). The ERαKO mice were generously supplied by Larry
Jameson, MD (Northwestern University) and Pierre Chambon, MD (Institut de Génétique et
de Biologie Moléculaire et Cellulaire) and the ERβKO mice were generously supplied by
Douglas Losordo, MD (Northwestern University). Please refer to the details of the creation
of these KO mice as described by Dupont et al.[21] Purity of each lot of VSMC was
confirmed using anti-smooth muscle α-actin monoclonal antibodies (Sigma; St. Louis, MO)
and by specific morphology for VSMC. Cells were maintained in media containing equal
volumes of DMEM-low glucose (SAFC Biosciences; Lenexa, KS) and Ham's F12 (JRH;
Lenexa, KS) supplemented with 10% fetal bovine serum (FBS, Invitrogen; Carlsbad, CA),
100 U/mL penicillin (Invitrogen), 100 ug/mL streptomycin (Invitrogen) and 4 mM L-
glutamine (VWR; West Chester, PA) and incubated at 37°0, 95% air and 5% CO 2. Rat
VSMC were used between passages 3-8 for all experiments and mouse VSMC were used
between passages 5-8. Every experiment was performed in male VSMC and female VSMC
lines simultaneously under identical conditions.

Proliferation assay
Tritiated (3H) thymidine incorporation was assessed as a surrogate for cellular proliferation.
Rat (4 × 104 cells/well) and mouse (1 × 104 cells/well) VSMC were plated in 12-well plates
and were growth-arrested for 24 hours with starvation media containing no FBS. These
densities were chosen in order to achieve 30-40% subconfluence on the treatment date and
60-70% subconfluence by the end of the experiment. Mouse VSMC were smaller than rat
VSMC, however, proliferated faster. Thus, mouse VSMC were plated at lower densities.
Mouse VSMC were plated in 12-well plates (1 × 104 cells/well), and were growth-arrested
for 24 hours with starvation media (containing no FBS). Cells were then exposed to media ±
DETA/NO (31-1000 μM) ± sex hormone receptor inhibitor in the presence of 3H-thymidine
(5 μCi/mL, PerkinElmer, Wellesley, MA) for an additional 24 hours. Inhibitors to the
following sex hormone receptors were used: estrogen receptor alpha (ERα), estrogen
receptor beta (ERβ), combined ERα and ERB (ERαβ), androgen receptor (AR), and
aromatase. The ERα inhibitor, Methyl-piperidino-pyrazole (MPP, Tocris Bioscience;
Ellisville, MO), was dissolved in ethanol and used between 10-1000 nM. The ERβ inhibitor,
(R,R)-5,11-Diethyl-5,6,11,12-tetrahydro-2,8-chrysenediol (THC, Tocris Bioscience), was
dissolved in ethanol and used between 100-2500 nM. The ERαβ inhibitor, ICI 182,780 (ICI,
Sigma, St. Louis, MO), was dissolved in ethanol and used between 10-1000 nM. The AR
inhibitor, flutamide (Sigma), was dissolved in ethanol and used between 1-100 nM. The
aromatase inhibitor, formestane (Sigma), was dissolved in methanol and used between 1-100
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nM. The concentrations of the inhibitors were initially determined by evaluating a range of
concentrations around the known Ki for each compound and ensuring no cell death using
trypan blue exclusion. The cells were pre-treated with the inhibitors 1-2 hours prior to
treatment with DETA/NO. After 24 hours of exposure to the treatment groups, 3H-
thymidine incorporation into trichloroacetic acid–precipitated DNA was quantified by
scintillation counting. Of note, cell counting was also performed and the results of cell
counting correlated with 3H-thymidine incorporation.

Western blot analysis
VSMC were collected after 24 hours of exposure to DETA/NO by scraping and were
resuspended in 20 mM Tris with 100 μM phenylmethylsulfonylflouride (Sigma), 1 μM
leupeptin (Sigma), and 1 μM sodium orthovanadate (Sigma). Protein was quantified with the
bicinchoninic acid protein assay according to manufacturer's instructions (Pierce, Rockford,
IL). Whole cell samples (20 μg) were subjected to sodium dodecylsulfate-polyacrylamide
gel electrophoresis on 8-13% gels and transferred to nitrocellulose membranes (Schleicher
& Schuell, Keene, NH). Membranes were hybridized using antibodies to ERα (rabbit
polyclonal, 1:500, Santa Cruz Biotechnology, lnc.; Santa Cruz, CA), ERβ (mouse
monoclonal, 1:1000, Abcam; Cambridge, MA), AR (rabbit monoclonal, 1:2000, Abcam),
and aromatase (rabbit polyclonal, 1:750, Abcam). Primary antibodies were followed by
horseradish peroxidase-linked goat anti-rabbit immunoglobulin (1:10,000; Pierce). Proteins
were visualized using chemiluminescent reagents according to the manufacturer's
instructions (Supersignal Substrate; Pierce), and the membranes were exposed to film and
developed. Western blot films were scanned to JPEG images. Densitometry was performed
on representative images using ImageJ (National Institutes of Health (NIH), Bethesda, MD).
Protein levels were adjusted to beta actin levels, and normalized to the male starvation group
to allow for comparisons between different experiments.

Statistical analysis
Results are expressed as mean ± standard error of the mean (SEM). For baseline properties
between male and female VSMC, the male control was compared to the female control.
Each NO group was compared to the same-sex control group. In order to compare the
effects of NO between the male and female groups, the male group was calculated as a
percent of its control and the female group was calculated as a percent of its control. The
percent reduction of each male NO group was compared to the female counterpart. Studies
with inhibitors were compared to DETA/NO 250 μM treatment group within the same sex.
Differences between two groups were analyzed using t-tests. Differences between multiple
groups were analyzed using one-way analysis of variance (ANOVA) with the Student-
Newman-Keuls post hoc test for all pairwise comparisons (SigmaStat; SPSS, Chicago, IL).
Statistical significance was assumed when P < 0.05.

Results
No difference in hormone receptors was found between male and female rat VSMC

Given the differences in proliferation that were observed between the sexes and based on
hormone status, hormone receptor levels were compared based on sex and after NO therapy
using Western blot analysis (Figure 1). Aromatase converts testosterone to estrogen, thus is
responsible for local hormone levels. Therefore, we assessed expression of aromatase as
well. The expression of ERα, ERβ, AR, and aromatase was found in both male and female
rat VSMC. However, no differences were found based on sex or after NO therapy in ERα,
ERβ, AR, and aromatase levels. Thus, levels of these proteins do not appear to be
responsible for observed differences in proliferation based on sex.
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Estrogen receptors mediate the antiproliferative effects of NO in females
Since hormone receptors were present and expressed equally in males and females, we
wanted to determine if their activity differed between sexes or after NO therapy. Therefore,
proliferation assays were conducted in the presence of inhibitors to ERα, ERβ, ERαβ, AR,
and aromatase (Figures 2A-E, respectively). None of the inhibitors (MPP, THC, ICI,
Flutamide, and Formestane) had any effect on proliferation compared to control, and neither
solvent (ethanol nor methanol) had any effect on proliferation compared to control.
Treatment with MPP (Figure 2A) at 10 nM, 100 nM, and 1000 nM did not alter NO-
mediated inhibition of VSMC proliferation in males (74%, 73%, and 72% respectively vs.
81%) or females (67%, 74%, and 73% respectively vs. 69%) compared to NO alone.
Treatment with THC (Figure 2B) at 100 nM, 1000 nM, and 2500 nM did not alter NO-
mediated inhibition of VSMC proliferation in males (71%, 76%, and 75% respectively vs.
81%) or females (68%, 77%, and 70% respectively vs. 69%) compared to NO alone.
Treatment with flutamide (Figure 2D) at 1 nM, 10 nM, and 100 nM did not alter NO-
mediated inhibition of VSMC proliferation in males (93%, 93%, and 81% respectively vs.
91%) or females (88%, 81%, and 83% respectively vs. 79%) compared to NO alone.
Treatment with formestane (Figure 2E) at 1 nM, 10 nM, and 100 nM did not alter NO-
mediated inhibition of VSMC proliferation in males (73%, 77%, and 77% respectively vs.
81%) or females (70%, 70%, and 71% respectively vs. 69%) compared to NO alone.
However, using ICI (Figure 2C), males had less reduction in proliferation at the highest
concentration (1000 nM) with DETA/NO compared to DETA/NO alone (61% vs. 89%
respectively, P < 0.05). In females, all concentrations of ICI (10 nM, 100 nm, 1000 nM), the
combined ERαβ inhibitor, resulted in a decrease in the antiproliferative effects of NO on
VSMC proliferation compared to DETA/NO alone (21%, 24%, and 30% respectively vs.
40%, P < 0.05). Thus, blocking all ERs in females abrogates the antiproliferative effects of
NO on VSMC.

ERα and ERβ have different roles in mediating proliferation between the sexes
Given that combined inhibition of ERα and ERβ using ICI caused partial reversal of NO-
mediated inhibition of VSMC, but not ERα or ERβ alone, we wanted to examine this
further. Since MPP is not a complete ERα inhibitor and THC is not a complete ERβ
inhibitor and these inhibitors have not been used extensively in cultured VSMC, we
harvested VSMC from ERαKO and ERβKO mice which have complete knockdown of their
respective receptors.[21] Proliferation assays were conducted in the presence of DETA/NO
in male and female VSMC from three strains: WT, ERαKO, and ERβKO (Figures 3A-C). In
males, ERαKO (41.0 × 103 ± 3,465 cpm) and ERβKO (41.0 x 103 ± 3,465 cpm) VSMC
proliferated at greater rates than WT VSMC (4.4 × 103 ± 774 cpm, *P < 0.05, Figure 3A),
indicating that ERα and ERβ regulate basal proliferation in males. In females, ERβKO (32.1
× 103 ± 3,013 cpm) VSMC proliferated at greater rates than WT VSMC (12.6 × 103 ± 451
cpm, *P < 0.05, Figure 3B). However, ERαKO (1.2 × 103 ± 341 cpm) VSMC proliferated at
lower rates than WT VSMC (*P < 0.05, Figure 3B). These data suggest that ERβ may
function to repress proliferation or ERα may function to stimulate proliferation in females.

Similar to previous experiments, exposure to NO (DETA/NO 31-1000 uM) resulted in a
dose-dependent inhibition of VSMC proliferation in all six cell types (#P < 0.05; Figure 3).
In males, there was no difference in the antiproliferative effects of NO in the ERα, ERβ, and
WT VSMC (78%, 84%, 80% reduction, respectively, DETA/NO 125 μM, P=NS), indicating
that NO does not appear to signal through ERα or ERβ. Also, similar to our prior work,[17]
at equivalent NO dosing the antiproliferative effect of NO is greater in male compared to
female VSMC (Figure 3C, *P < 0.05). However in females, NO is most effective in ERαKO
compared to WT and ERβKO (65% vs. 31% and 26% reduction, respectively, DETA/NO
125 μM, #P < 0.05). These data confirm a dependency of NO on the ERs and suggest that
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NO may mediate its antiproliferative effects on VSMC proliferation through ERβ in
females.

Knockout mice experiments confirm that NO may signal through ERs in female VSMC
In an effort to confirm the above findings with the KO VSMC and with the inhibitors in rat
VSMC, we performed additional proliferation assays using a combination of ER inhibitors
and KO mice [Figure 4]. All mouse VSMC groups were treated to achieve combined
inhibition of ERα and ERβ. WT VSMC were treated with ICI. ERaKO VSMC were treated
with THC. ERβKO VSMC were treated with MPP. Inhibitors and solvents alone had no
effect on proliferation compared to controls (data not shown). Similar to the data presented
above using rat VSMC, partial reversal of the antiproliferative effects of NO was observed
in only one male group, ERαKO VSMC exposed to the ERβ inhibitor, THC (10 nM, *P <
0.05). However, combined inhibition of ERα and ERβ abrogated the antiproliferative effects
of NO in all female cell types (Figure 4, *P < 0.05 compared to the corresponding NO alone
group). These data demonstrate that the ERs play some role in mediating the
antiproliferative effects of NO in female VSMC.

Discussion
In this study, we examined the presence of hormone receptor proteins in VSMC and sought
to determine whether these proteins regulate proliferation. We found that there were no
differences in the protein levels of ERα, ERβ, AR, and aromatase at baseline or following
exposure to NO in male and female VSMC. However, through investigations using chemical
inhibitors and/or KO cells, we determined that ERα and ERβ may serve to repress
proliferation in males, whereas only ERβ may do so in females. Furthermore, ERα appears
to mediate the antiproliferative effects of NO in VSMC more than ERβ, yet, combined
inhibition of ERα and ERβ consistently decreased the efficacy of NO in female but not male
VSMC in two different assays.

Estrogen receptors exist in male and female VSMC and have been proven to be responsible
for estrogen-induced vasoprotection in models of vascular injury. Estrogen also shares many
vasoprotective properties in common with NO.[22-24] Thus, we sought to determine
whether NO mediates its antiproliferative effects on VSMC through ER-mediated signaling.
[25-33] Krom et al evaluated the role for the ER in the arterial injury response by using ERα
and ERβ agonists and an ERα antagonist in a mouse model of arterial injury.[32] In this
model, the investigators induced arterial injury and delivered drugs locally via an external
cuff applied to the periadventitial surface of the femoral artery in male mice.[32] An ERα
agonist decreased neointimal formation at low concentrations but an ERβ agonist decreased
neointimal formation in a dose-dependent response for all concentrations studied.[32]
Adding an ERα antagonist (MPP) produced no effect, mitigated the effect of the ERα
agonist, and did not change the effects of the ERβ agonist alone.[32] These data suggest that
both ERα and ERβ activation are involved in the inhibition of neointimal hyperplasia.
However, ERβ may play a more prominent role in the process than ERα.

To explore the direct role of the ER in estrogen-mediated inhibition of neointimal
hyperplasia, studies have been conducted in KO mice. The first ERαKO that was created
was done so by the Korach laboratory.[34] Initial experiments performed in this incomplete
ERαKO did not show any difference with respect to estrogen-mediated inhibition of intimal
thickness or VSMC proliferation compared to WT mice.[29] ERβKO also did not show any
difference with respect to intimal thickness or VSMC proliferation compared to WT mice.
[30] This was a surprising finding given the results of the Krom study described above, and
that Lindner et al showed that ERβ mRNA expression markedly increased after vascular
injury in males.[25;32] Karas et al then created an ERα and ERβ double knockout mouse
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(ERαβKO).[31] These investigators reported that estrogen did not inhibit neointimal
hyperplasia to the same degree in the ERαβKO compared to WT controls, yet VSMC
proliferation was inhibited. These data demonstrated that ERs do play an important role in
estrogen-mediated inhibition of neointimal hyperplasia, but combined inhibition may be
necessary due to redundant signaling.[31] This ERαKO mouse created by Korach's group
was actually an incomplete knockout. Subsequently, Chambon's laboratory created a
complete ERαKO.[28] In vivo experiments performed in the complete ERαKO showed no
detectable effect on any measure of vascular injury, including medial area and VSMC
proliferation after estrogen therapy.[28] Therefore, a clear role for the ER was established
for estrogen-mediated inhibition of neointimal hyperplasia.

Before embarking on costly animal experiments using large numbers of KO mice, our lab
wanted to determine if any effect could be ascertained in cell culture that may indicate that
NO signals through the ER in mediating its antiproliferative effects on VSMC. Our results
consistently showed that combined inhibition of ERαβ brought partial reversal of NO-
mediated inhibition of VSMC proliferation in females. These results are consistent with data
indicating vasoprotective properties of the ER. Expression of these receptors was not
different based on sex, but activity may be. However, NO may be less effective at inhibiting
neointimal hyperplasia in female rats because NO signals through ERs. Since it has already
been proven that estrogen mediates vasoprotection through the ER; higher local estrogen
concentrations found in females could be competitively inhibiting NO signaling, thus
making the therapy less effective in our female model.

What our prior in vivo data show is the greater the serum concentration of testosterone, the
more effective NO is at inhibiting neointimal hyperplasia.[17] This could potentially
establish a role of testosterone in NO-induced vasoprotection. However, it could also mean
that testosterone stimulates VSMC proliferation and that NO is more effective in cells that
proliferate at greater rates. Alternatively, since testosterone is converted to estrogen locally
via aromatase, serum testosterone levels may ultimately affect local estrogen levels.
Aromatase is an enzyme whose function is to aromatize androgens thereby producing
estrogen. Most recently, VSMC and endothelial cells have also been found to be involved in
this process.[35] Furthermore, aromatase expression was found to be present in both male
and female VSMC and endothelial cells.[36-39] Since aromatase is an estrogen-producing
enzyme in the vasculature, local hormone concentrations may be more important than
plasma hormone concentrations in dictating final outcome. For example, exogenous
administration of testosterone to VSMC in vitro elicits significant production of estrogen
due to conversion by aromatase.[35] This may explain the conflicting results observed in the
studies above administering systemic testosterone to inhibit neointimal hyperplasia, as local
concentrations may be more significant.[40-42] We showed that aromatase was expressed in
rat VSMC, but inhibiting this protein did not alter NO's effect on VSMC proliferation.
Aromatase can still play a role in this process, but differences in VSMC proliferation based
on sex and hormone status cannot be explained by aromatase alone.

Ultimately, VSMC proliferation is a result of multiple cellular and extracellular processes. It
has been well established that NO, both endogenous and exogenous, clearly plays a role.
Additionally, we have already shown that sex and hormones, estrogen and testosterone,
clearly influence this process.[17] These experiments show that ERs play an additional role
in this process and may interact with NO. The exact mechanism still needs to be delineated.
The NO and ER signaling pathways are complex and redundant. For example, the ER is
known to stimulate the MAPK and the PI3K/Akt signaling pathways, the latter of which
stimulates NO production from eNOS. NO is known to regulate many intracellular signaling
pathways, including the cGMP, cAMP, MAPK, PI3K/Akt, and protein phosphatase
pathways, to name but a few. The purpose of our current study was to determine if NO
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signals through ERα and ERβ as one pathway to inhibit VSMC proliferation, given the
downstream similarities in the effect of both estrogen and NO in the vasculature. Our data
suggest that it is possible, but may depend on the specific ER subunit, sex, and local
hormone environment. Additional studies are planned including: measuring hormone
concentrations in tandem with these experiments, analyzing downstream signaling including
MAPK and Akt pathways, and evaluating the role of reactive oxygen species including
superoxide dismutase.

In conclusion, ER signaling is likely involved in regulating sex-based differences in VSMC
proliferation as well as the response of NO. Ultimately our goal is to develop a therapy that
will prevent restenosis following vascular interventions, and to be able to translate this
therapy to all patient populations. Thus exploring specific challenges to all patient
populations on a cellular level is important to product development. Overall, NO-based
therapies have promising clinical potential for an ever-growing population of patients with
vascular disease, but more specific evaluation into mechanisms and efficacy of the therapy
based on sex, hormone, and ER status are warranted.
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Figure 1.
Western blots showing the presence of estrogen receptor alpha (ERα), estrogen receptor beta
(ERβ), androgen receptor (AR), and aromatase present in male and female vascular smooth
muscle cells. No differences in any of these proteins levels were noted between the sexes or
following treatment with NO. NO = DETA/NO (μM). Western blot image is representative
of 3-4 separate experiments. Graphs represent the densitometry data from 3-4 separate
experiments adjusted for beta actin levels and normalized to the male starvation group to
allow for comparisons between experiments and groups.
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Figure 2.
Proliferation of male and female rat vascular smooth muscle cells (VSMC) exposed to
inhibitors to ERα, ERβ, or ERαβ. No reversal of NO-mediated inhibition of VSMC
proliferation was observed after treatment with the A) ERα inhibitor, MPP or B) the ERβ
inhibitor, THC. C) The ERαβ inhibitor ICI resulted in partial reversal of NO-mediated
inhibition of proliferation in female VSMC at all concentrations but only male VSMC at the
highest concentration (*P < 0.05 compared to same sex NO). No reversal of NO-mediated
inhibition of VSMC proliferation was observed after use of the D) androgen receptor
inhibitor, flutamide, or E) the aromatase inhibitor, formestane. NO = DETA/NO 500 μM.
Data are representative of at least 3 separate experiments. n=3/treatment group.
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Figure 3.
Proliferation of male and female mouse vascular smooth muscle cells (VSMC) harvested
from ERα and ERβ knockout (KO) mice. A) Male ERaKO and ERpKO VSMC proliferate at
greater rates than male wild-type (WT) VSMC (*P < 0.05 vs. male WT VSMC). NO caused
a dose-dependent inhibition of proliferation in all mice groups (#P < 0.05 vs. same group
control). B) Female ERβKO VSMC proliferate at greater rates than female WT VSMC, and
female ERαKO VSMC. ERαKO VSMC proliferated at lower rates than WT cells (*P < 0.05
vs. female WT VSMC). NO caused a dose-dependent inhibition of proliferation in all mice
groups (#P < 0.05 vs. same group control). C) NO had a general trend toward greater VSMC
inhibition in male cells than their female counterpart (*P < 0.05 vs. corresponding male NO
and mouse group). In the male groups, NO was equally effective in all male mouse cells. In
the female groups, NO was most effective in the ERαKO mice (#P < 0.05 vs. corresponding
female WT and ERβKO groups). NO = DETA/NO. Data are representative of at least 3
separate experiments. n=3/treatment group.
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Figure 4.
Proliferation of male and female mouse vascular smooth muscle cells (VSMC) harvested
from ERα and ERβ knockout (KO) mice exposed to chemical inhibitors to ERα and ERβ.
All mice groups were treated to achieve combined inhibition of ERα and ERβ. Wild-type
(WT) VSMC were treated with combined estrogen receptor inhibitor, ICI. ERαKO were
treated with the ERβ inhibitor, THC. ERβKO VSMC were treated with ERα inhibitor, MPP.
This combined inhibition caused partial reversal of NO-mediated inhibition of VSMC
proliferation in female WT and KO VSMC (*P < 0.05 vs. same group NO alone). NO =
DETA/NO 250 μM. Data are representative of at least 3 separate experiments. n=3/treatment
group.
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