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Abstract

Background—We have shown previously that 17β-estradiol (E2) increases left ventricular (LV)

and cardiomyocyte hypertrophy following myocardial infarction (MI). However, E2 decreases

hypertrophy in pressure overload models. We hypothesized that the effect of estrogen on cardiac

hypertrophy was dependent on the type of hypertrophic stimulus.

Methods—Ovariectomized wild type female mice (n=192) were given vehicle or E2 treatment

followed by coronary ligation (MI), transverse aortic constriction (TAC), or sham operation.

Signaling pathway activation was studied at 3, 24, and 48 hours while echocardiography and

hemodynamic studies were performed at 14 days.

Results—MI induced early but transient activation of p38 and p42/44 MAPK pathways, whereas

TAC induced sustained activation of both pathways. E2 had no effect on these pathways, but

increased Stat3 activation following MI while decreasing Stat3 activation following TAC. MI

caused LV dilation, and decreased fractional shortening (FS), that were unaltered by E2. TAC

caused LV dilation, reduced FS, and increased LV mass, but in this model, E2 improved these

parameters. Following MI, E2 led to increases in myocyte cross-sectional area, atrial natriuretic

peptide (ANP) and β-myosin heavy chain (MHC) gene expression, but E2 diminished TAC-

induced increases ANP and β-MHC gene expression.

Conclusions—These data demonstrate that the effects of E2 on LV and myocyte remodeling

depend on the nature of the hypertrophic stimulus. The opposing influence of E2 on hypertrophy

in these models may, in part, result from differential effects of E2 on Stat3 activation. Further
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work will be necessary to explore this and other potential mechanisms by which estrogen affects

hypertrophy in these models.
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Heart failure is an increasing public health problem,[1] with the vast majority of cases in the

United States resulting from ischemic heart disease and/or hypertension. Myocardial

infarction (MI) and chronic hypertension often lead to progressive left ventricular (LV)

remodeling that contributes to the development of heart failure. LV remodeling is largely

reflective of cardiomyocyte hypertrophy that, in turn, results from activation of signaling

pathways and a reprogramming of gene expression.[2,3]

Clinical and experimental studies have established that gender influences LV

remodeling,[4,5] though, the role of sex hormones in LV remodeling is not well understood.

We previously observed in a mouse MI model that treatment with 17β-estradiol (E2), the

main circulating form of estrogen, in ovariectomized females led to an increase in LV and

myocyte hypertrophy.[6] These findings contrast with results in pressure overload models in

which E2 has been shown to reduce LV hypertrophy.[6–8] Taken together, these studies

suggest that E2 may differentially influence LV remodeling in a manner dependent on the

type of hypertrophic stimulus. In the present study, we directly compared the effects of E2

treatment on LV remodeling following MI or pressure overload induced by transverse aortic

constriction (TAC). We now show that E2 promotes hypertrophy following MI, but inhibits

hypertrophy after TAC.

Methods

Materials

All chemical agents were obtained from Sigma unless otherwise specified. Antibodies used

included the following: Anti-phosho-thr242/tyr248Extracellar signal regulated kinases

(ERK1/2), ERK1/2, anti-phospho-thr180/tyr182-p38 mitogen activated protein kinase

(MAPK), p38-MAPK, anti-phospho-tyr705-Stat3 and Stat3 antibodies were all purchased

from Cell Signaling. Horseradish Peroxidase-tagged secondary antibodies and enhanced

Chemilluminescence reagents for western blotting were obtained from Amersham. All

polymerase chain reaction reagents were obtained from Invitrogen unless otherwise

specified.

Overall Study Plan

On day −14, all mice underwent ovariectomy followed seven days later (day −7) by the

placement of subcutaneous pellets containing placebo or E2. In prior studies from this

lab,[9,10] we showed that E2 delivered subcutaneously reaches a steady state level by 4 days

following the start of therapy. This experimental scheme therefore assures that steady state

levels of E2 are reached at the time that the hypertrophic stimulus is applied. On day 0, mice

underwent one of three procedures: Sham surgery, coronary ligation to induce MI, or
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transverse aortic constriction (TAC) resulting in 6 groups: placebo-Sham, E2-Sham,

placebo-MI, E2-MI, placebo-TAC, and E2-TAC. A total of 192 female C57/BL6 mice 8–10

weeks of age were used. Twenty two animals were included in each of the placebo-Sham

and the E2-Sham groups; 45 E2- and 36 placebo-treated mice underwent coronary ligation;

35 E2- and 32 placebo-treated mice were assigned to TAC. Both short-term and long-term

studies were performed. In the short-term study, 4 animals in each of the six groups were

harvested at 3, 24, and 48 hours following MI or TAC for a total of 72 mice. In the long-

term study, the remaining animals in each group (10 in each of the placebo- and E2-Shams,

33 E2-MI, 24 placebo-MI, 23 E2-TAC, 20 placebo-TAC groups; total =120 mice)

underwent echocardiography on day 13 and hemodynamic evaluation and sacrifice on day

14.

Animals

8–10 week old female C57/BL6 mice were housed at no more than five per cage in an

AAALAC approved animal facility, with 12 hour light-dark cycles and given free access to

standard rodent chow (PROLAB, Syracuse, NY) and water. This protocol was approved by

the Institutional Animal Care and Use Committee at the Tufts-New England Medical Center.

Surgical Procedures

All procedures were performed under general anesthesia using 2.0–2.5% isoflurane.

Ovariectomy, subcutaneous pellet placement, MIs, and TAC were performed as described

previously.[6,10–12] Estrogen or placebo was administered via 60-day release pellets placed

subcutaneously (0.25mg/60 day release pellet; Innovative Research of America, Sarasota

FL). For the Sham, MI, or TAC operations mice were anesthetized, intubated, and ventilated

with a small animal respirator (Harvard Rodent Ventilator, Model 683, Natick, MA). A left

thoracotomy was performed. For the MI group, a ligature was tied around the left coronary

artery approximately 1mm below the left atrial appendage as described (12). TAC was

induced by tying a 7-0 polypropylene suture around the transverse aorta, against a 27-gauge

needle.

Echocardiography

Transthoracic echocardiography was performed under light sedation with 1.5% isoflurane

administered via nose cone while the core body temperature was maintained at 37.0±0.2 °C

as described.[6,11–13] Analysis of the echocardiographic images was performed by a blinded

investigator. LV end diastolic diameter (EDD) and LV end systolic diameter (ESD) were

indexed to femoral length (FL) that was measured post mortem to the nearest 0.01mm with a

micro-caliper (Fisher Scientific).

Hemodynamic Evaluation

In the long-term study, terminal hemodynamic evaluation was performed as described [6,13]

using 2.0% isoflurane anesthesia administered via nose cone. Pressures were acquired

sequentially from the left internal carotid, right internal carotid, ascending aorta, and the left

ventricle.
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Tissue Harvest

At sacrifice, the heart was arrested in diastole by the intravenous injection of 0.3ml of 1M

KCl, the heart was then rapidly removed, the RV free wall carefully separated from the LV.

All tissues were weighed. LV weights were indexed to FL measured to the nearest 0.01mm

with a micro-caliper. In the short-term study, the LV (excluding infarct and peri-infarct

tissue in the case of MI hearts) was snap frozen in liquid nitrogen (N2) for biochemical

analyses. In the long-term study, a small portion (10–20mg) of the LV base was removed

and snap-frozen in liquid nitrogen (N2) and stored at −70°C for future RNA extraction. The

remaining portion of the LV was fixed in 10% formalin overnight and embedded in paraffin

for histologic analyses described below.

Serum Estradiol Levels

Estradiol levels were determined using a standard radio-immunoassay as described.[6,9,10,14]

Infarct Size and Myocyte Cross Sectional Area

Infarct size and myocyte cross sectional area (CSA) were measured by a blinded observer

(AA) as described.[6] For CSA and gene expression measurements, a total of 5 samples each

for the Placebo and E2 sham groups and 10 samples each for the Placebo-MI, E2-MI,

Placebo-TAC, and E2-TAC groups were analyzed. The E2 and placebo-MI groups were

matched for infarct size and the TAC groups matched for TAC-induced pressure gradients.

Groups were matched in this fashion to assure an approximately equivalent stimulus to

hypertrophy between the groups.

Western Blotting

Myocardial segments (excluding infarct or peri-infarct tissue in the MI group) were

pulverized under liquid nitrogen using a mortar and pestle and placed in lysis buffer

containing: 50mM NaCl, 50mM NaF, 20mM TrisHCl, 10mM EDTA, 20mM Na4P2O8,

1mM Na3VO4, 1% Triton, 1mM PMSF, 10mM β-glycerophosphate, and 10μM microcystin

plus protease inhibitors; western blotting was performed on the cleared lysates as

described.[15]

Semi-quantitative Reverse Transcription Polymerase Chain Reaction (rtPCR)

From each frozen LV segment, total cellular RNA was isolated using the Trizol reagent

(Invitrogen) as described.[13] rtPCR was performed using a multiplex approach by adding

primers for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a comparative internal

standard to each reaction. Primers and PCR conditions to measure the expression of atrial

natriuretic peptide (ANP) were performed exactly as described.[13] β-myosin heavy chain

(MHC) expression was quantified using the following primers (5′-3′): sense:

CTGGAGAAGATCCGAAAGCA; and antisense: GTGTCCTTCAGCAAACTCTGG

resulting in a 383 base pair product. β-MHC PCR was performed using the following

cycling conditions: 94°C × 30″, 57°C x30″, and 72°C × 30″ for a total of 29 cycles. All

rtPCR samples were run on 1–2% agarose gels stained with ethidium bromide and

visualized under UV light. A digital image of the illuminated gel was obtained and the
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amount of a given PCR product was quantified by densitometric scanning using a

commercially available system (Alpha Innotec Corp.).

Statistical Analysis

All data are shown as mean ± standard error of the mean (sem). Survival plots were

constructed using Kaplan Meier Analysis and survival between the groups was compared

using the Mantel Cox log-rank test. Two-way analysis of variance (ANOVA) was used to

detect an interaction between treatments (E2 vs. Placebo) and the hypertrophic stimulus (MI

vs. TAC). Where appropriate, individual pair-wise comparisons were conducted using the

Student Newman-Keuls test to correct for multiple group comparisons.

Results

Survival

None of the mice in the short-term study died. In the long-term study, 2 E2 shams died.

Following MI, 88% (21/24 mice) survived in the placebo-treated group compared with only

64% (21 of 33 mice) in the E2-treated group (p<0.05). Following TAC, 100% (20/20 mice)

of the placebo-treated mice survived compared with 78% (18/23 mice) of the E2-treated

group (p<0.01).

Estrogen Levels and Uterine Weights

Estradiol levels in the E2-treated mice were significantly greater than the placebo-treated

mice (217±25 vs. 7.5±0.6pg/ml, p<0.01). Uterine weights were also significantly increased

in the E2-treated mice compared with the placebo-treated mice (111±4 vs. 11.3±0.3mg,

p<0.01). In the short-term study, a similar pattern of uterine weights was evident.

Infarct Size

Infarct size data are shown in Table I. Infarct sizes were similar in the placebo-MI and E2-

MI groups. In the short-term study, infarct sizes were not measured but infarcts were

visually inspected to ensure involvement of the apex and anterior wall.

Hemodynamic Parameters

Mice sacrificed at two weeks underwent hemodynamic evaluation, the results of which are

shown in Table I. The E2-MI group had a significantly higher heart rate compared to the

placebo-MI group; the E2-TAC group had a significantly higher heart rate than E2 shams.

MI had no significant effect on LV systolic pressure in the placebo group but E2 treatment

significantly lowered LVSP compared to E2-shams. TAC increased LV systolic pressure to

a similar extent in the placebo- and E2-treated mice. Systolic pressure gradients across the

aortic constriction were also statistically similar between the placebo- and E2-TAC groups.

MI and TAC raised LV end diastolic pressure (LVEDP) to a similar degree in the placebo

and E2 groups. MI decreased peak positive LV dP/dt in the placebo group, that was even

lower in the E2 group. TAC caused a similar decline in peak positive LV dP/dt in the

placebo and E2-treated groups.
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LV Chamber Size and Mass

LVEDD and LVESD measurements are shown in Figure 1. These values along with LV

mass were indexed to FL rather than body weight (BW) because of differences in body

weight between E2 and placebo-treated mice. MI increased LVEDD/FL (Fig 1A),

LVESD/FL (Fig 1B), and decreased fractional shortening (FS-Fig 1C) in the placebo group.

None of these parameters were altered significantly by E2 treatment. In the placebo-treated

mice, TAC led to a trend for increased LVEDD/FL (p=0.09 vs. placebo-shams) and E2

significantly limited the increase in LVEDD/FL. TAC caused a significant increase in

LVESD/FL and decrease in FS in the placebo group that were normalized by E2 treatment.

As shown in Figure 1D, MI did not significantly increase LV mass (LV/FL) in the placebo

group (p=0.13 vs. placebo-shams). E2 treatment, however, significantly increased LV/FL

post-MI compared to E2-shams. TAC led to an increase in LV/FL in the placebo group but

in this model, E2 treatment limited the increase in LV/FL following TAC (p<0.05 vs.

placebo-TAC).

Myocyte Hypertrophy

Compared to shams, the placebo-MI group demonstrated a statistically similar myocyte

CSA compared to shams (226±28 vs. 214±9μm2, p=NS). Consistent with our prior study,[6]

E2 treatment caused a significant increase in myocyte CSA following MI (263±16μm2,

p<0.05 vs. Placebo-MI and Shams). TAC significantly increased myocyte CSA in the

placebo group (273±17μm2), and E2 treatment led to a non-significant reduction in myocyte

CSA following TAC (255±15μm2). By 2-way ANOVA, there was a significant interaction

(p<0.05) between treatment and the hypertrophic stimulus supporting that the effect of E2

treatment on myocyte CSA differed significantly between the MI and TAC models.

During hypertrophy, myocytes express increased ANP and β-MHC mRNA comparable to

those in the fetal heart during development.[16] As shown in Figures 2A and 2B, MI

increased ANP gene expression in the placebo group compared to placebo-shams; E2

treatment led to a significantly greater increase in ANP expression following MI. TAC also

increased ANP expression in the placebo group; E2 replacement significantly limited the

TAC-induced increase in ANP expression. MI did not increase the expression of β-MHC in

the placebo-group but E2 treatment resulted in a 2-fold increase in β-MHC expression post-

MI (p=0.09 vs. E2-sham). TAC caused a significant increase in β-MHC expression in

placebo treated mice; E2 treatment limited the increase in β-MHC expression following

TAC. 2-way ANOVA analysis for both ANP and β-MHC gene expression were significant

(p<0.01 for ANP and β-MHC) supporting that E2 treatment has different effects on the

expression of these hypertrophic markers between the MI and TAC models. Taken together,

these data support that E2 treatment augments hypertrophy following MI but inhibits

hypertrophy following TAC.

p38 and ERK 1/2 Activation Following MI vs. TAC

We utilized myocardial samples from the short term study to explore whether differences in

early signaling pathway activation contribute to the disparate effects of E2 on hypertrophy in

the MI and TAC models. MI and TAC induced a modest rise in ERK1/2 phosphorylation at

3 hours (Figure 3A). ERK1/2 phosphorylation in the MI group decreased to a level similar
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to Shams at 24 and 48 hours. In both the estrogen and placebo groups, TAC led to a

significant and sustained increase in phosphorylation of ERK1/2 at 24 and 48 hours

compared to MI and sham groups. MI caused a significant increase in p38 MAPK

phosphorylation at 3 hours compared to Shams (Figure 3B) that waned at 24 and 48 hours.

TAC significantly increased p38 phosphorylation at 3 hours compared to shams but

significantly less than MI. At 24 and 48 hours, TAC increased p38 phosphorylation to a

greater degree compared to Shams and MI. E2 treatment did not affect activation of p38

MAPK following MI or TAC. Thus, MI and TAC lead to different activation patterns of

ERK 1/2 and p38 MAPK. No significant increases in Akt or Glycogen synthase kinase 3β

phosphorylation were observed at these selected time points (data not shown).

Activation of Signal Transducer and Activator of Transcription 3 (Stat3) Following MI
versus TAC

Because of the known importance of Stat3 activation in cardiac hypertrophy,[17,18] we

analyzed the relative phosphorylation of Tyr705, a residue targeted by Janus kinases (JAK)

thereby activating Stat3 (Figure 3C). In both E2 and placebo treated mice, MI increased

Tyr705-phosphorylated Stat3 (p-Stat3) at 3 hours compared to shams. In the placebo group,

MI led to a modest rise in p-Stat3 at 24 and 48 hours, that was significantly augmented by

E2 treatment at both time points. TAC increased p-Stat3 at 3 hours to a similar degree in

placebo and E2 groups. With placebo, TAC further increased p-Stat3 at 24 and 48 hours

compared to shams. In contrast to that seen following MI, however, E2 reduced p-Stat3 at

24 and 48 hours compared to placebo-treated TAC mice. By 2-way ANOVA, a significant

interaction between treatment and stimulus for hypertrophy was present (p<0.05 at 24 hours

and p<0.01 at 48 hours) supporting that effects of E2 treatment on Stat3 activation differed

significantly between the MI and TAC model.

Discussion

In a prior study, we observed that E2 treatment resulted in greater LV remodeling and

myocyte hypertrophy 6-weeks following MI. These findings are in contrast to the effects of

E2 treatment on LV remodeling reported in pressure overload models.[6–8] The discrepancy

among these studies could be the result of experimental variations such as differences in

species/strains, E2 administration or dose, animal age or operator techniques. However,

these findings suggest that the effects of E2 on LV remodeling might depend on the stimulus

for hypertrophy. To test this hypothesis, we directly compared the effects of E2 on LV

hypertrophy, myocyte cross sectional area, and molecular markers of remodeling in mouse

models of MI or pressure overload induced by TAC. We demonstrate here that 2 weeks

following MI, treatment with 17β-estradiol in ovariectomized female mice results in a

greater increase in myocyte CSA, ANP and β-MHC gene expression consistent with

increased myocyte hypertrophy, though these changes at the cellular level were not apparent

in the echocardiographic or gross morphologic assessment of LV remodeling. In contrast,

E2 treatment following TAC limited the increase in LV mass, ANP and β-MHC gene

expression, while preserving LV chamber size and function. As summarized in the

schematic within Figure 4, these data support our initial hypothesis that estrogen treatment
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can increase or inhibit LV or myocyte remodeling in a manner dependent on the nature of

the hypertrophic stimulus.

In our prior 6-week MI study,[6] estrogen increased the extent of LV hypertrophy and

dilation. While the current results at 2-weeks presented here differ from our previous study,

this likely results from continued and more rapid progression of LV and myocyte

hypertrophy between two and six weeks following MI in E2-treated mice compared to

placebo. Consistent with our previous study, however, myocyte CSA increased only in the

E2-MI, but not in the placebo-MI group, further substantiating that E2 treatment may

promote a more concentric pattern of myocyte remodeling. On the contrary, the placebo-MI

group at 6 weeks developed a significant increase in LV mass but no increase in myocyte

CSA was observed at both 2 and 6 weeks. Because myocyte size is a major determinant of

LV mass, these findings suggest that lack of E2 following MI leads to the development of a

more eccentric pattern of hypertrophy, i.e. myocytes increasing in length rather than width.

Due to the nature of our studies here we were unable to perform myocyte morphometric

measurements on freshly dispersed cardiac myocytes. Further studies are required to explore

how E2 affects myocyte length in these models.

The effects of E2 on hypertrophy in response to pressure overload are in agreement with a

prior study in ovariectomized female mice 4 weeks following TAC.[14] In this study, van

Eickels et al demonstrated enhanced ANP protein expression in the E2-treated TAC animals

at 4 weeks, while ANP mRNA expression in our study appeared to mirror closely the effects

of E2 on hypertrophy. The reasons for these discrepant results may be related to the methods

used to measure ANP (western blotting vs. rtPCR) or the time at which mice were sacrificed

(4 vs. 2 weeks). Based on our findings, however, we cannot invoke ANP as important to the

anti-hypertrophic effects of E2 in response to pressure overload. On the contrary, enhanced

ANP expression in the E2-MI group was associated with greater hypertrophy.

While the mechanisms of these opposing E2-effects on LV and myocyte remodeling in the

MI and TAC models are not entirely clear, our data provide some potentially important and

novel insights. The short-term study was conducted to address whether differences exist in

the early activation of signaling pathways following TAC versus MI. The current findings

demonstrate interesting differences in signaling pathway activation between the MI and

TAC models: MI led to greater early (3 hours) but transient activation of p38 MAPK and

ERK1/2 compared to TAC which produced a progressive and sustained increase in the

activation of both signaling pathways. It is interesting to note that both p38 MAPK and

ERK1/2 have been reported to phosphorylate estrogen receptors.[19,20] Thus, the different

patterns of kinase activation between the TAC and MI models observed here may have led

to differences in estrogen receptor phosphorylation that in turn might alter the signaling

responses to E2.

We also chose to analyze the effects of E2 on phosphorylation of Stat3, the activation of

which occurs immediately downstream to the gp130-associated cytokine receptors. Upon

phosphorylation at tyrosine 705, Stat3 enters the nucleus and promotes the transcription of

hypertrophic genes including β-MHC within cardiac myocytes.[17,18] In line with the

observed differences on hypertrophy and remodeling between the TAC and MI models, E2
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had opposing effects on activation of Stat3, increasing Stat3 phosphorylation following MI

and decreasing Stat3 phosphorylation following TAC. As also demonstrated in Figure 4,

these novel findings support that the E2-induced differences in Stat3 activation may, in part,

account for the opposing effects of E2 in these models. The mechanism by which estrogen

influences the activation of the Stat family of transcription factors has not been elucidated in

cardiac myocytes. However, in cultured osteoclasts, estrogen rapidly induces Stat1 tyrosine

phosphorylation and DNA binding in a manner dependent on Src kinase.[21] Similar findings

have been reported in endothelial cells.[22] Elucidation of the precise molecular mechanisms

that underlie the differential effects of E2 on Stat3 activation and myocyte hypertrophy

following MI or TAC will require further investigation.

Other signaling pathways that may play a role in the myocyte hypertrophic response include

Akt and glycogen synthase kinase 3β, among many others. We did not observe an effect of

E2 on the Akt or GSK3β phosphorylation in this study. In a prior study, we showed that E2

replacement led to increased activation of Akt in the peri-infarct zone in the early period

following MI.[23] The time points of this prior study differed from those chosen in our

present analysis in which non-infarct zone tissue (rather than peri-infarct zone) was

analyzed. In the post-MI heart, we also demonstrated previously that E2 replacement limits

myocyte apoptosis in the peri-infarct zone at 24 and 72 hours following coronary

ligation.[6,23] Our primary interest in the present study was to explore the effects of E2

replacement on hypertrophy and not apoptosis. If E2 replacement also reduced the low level

of apoptosis following TAC, this may, if at all, contribute to an increase in LV mass in this

pressure overload model due to a reduction in myocyte cell loss.

Analyses of clinical heart failure trials have shown that postmenopausal women taking

estrogen have improved morbidity and mortality compared with those not on estrogen.[24,25]

Importantly, a majority of women in these trials had heart failure secondary to non-ischemic

etiologies and a subgroup analysis from the study by Lindenfeld et al demonstrated that the

benefits of HRT were only significant in those with non-ischemic etiology.[24,25] Aside from

effects on heart failure incidence or progression, recent randomized trials that included

women with either elevated risk for, or known coronary artery disease demonstrated that

hormone replacement therapy (including estrogen and progesterone) does not reduce

cardiovascular events and in some circumstances may increase morbidity.[26–29] While our

findings in short term mouse models cannot be extrapolated to explain clinical observations,

LV remodeling is increasingly being recognized as an important prognostic variable and

potential surrogate for clinical outcomes.[30] The disparities among hormone replacement

therapy studies may, in part, result from differential effects of estrogen on LV remodeling.

Clearly, further investigation is needed to more fully understand the complex effects of

estrogen and its receptors on cardiomyocyte growth and LV remodeling.

In summary, we demonstrate here that E2 treatment increases myocyte hypertrophy

following MI, yet reduces LV and myocyte hypertrophy following TAC in association with

preserved LV chamber size and function. The effects of E2 on hypertrophy are mirrored by

differential activation of Stat3 activation that may, in part, contribute to the disparate effects

of E2 in these models. These data therefore support that estrogen treatment can promote or

inhibit LV and myocyte remodeling in a manner dependent on the nature of the hypertrophic
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stimulus. Further work will be needed to more completely understand the mechanisms

underlying these E2-mediated effects on cardiomyocyte growth.
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Figure 1. LV Chamber Size, Function, and LV Mass 2 Weeks Following MI vs. TAC
All data are means±sem; bar graphs represent echocardiographically derived LV chamber

size and function; LV mass was measured immediately post-mortem. LV end diastolic

diameter (LVEDD), end systolic diameter (ESD), and LV mass are indexed to femoral

length (FL). MI=myocardial infarction; TAC=transverse aortic constriction; E2=17β-

estradiol; FS=fractional shortening. * p<0.01 vs. the respective sham group; † p=0.09 vs.

placebo-shams; ‡ p<0.05 vs. placebo-TAC; ** p<0.05 vs. the respective sham group.
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Figure 2. Gene Expression Markers of Myocyte Hypertrophy 2 weeks following MI vs. TAC
A. ANP Gene Expression. Measured semi-quantitatively using multiplex rtPCR,

simultaneously measuring GAPDH and ANP. The figure represents an example of an

ethidium bromide-stained agarose gel from which ANP gene expression (above) was

quantified by densitometry, correcting for GAPDH levels (below). B. β-MHC Gene
Expression: Measured by multiplex rtPCR as with ANP. * p<0.01 vs. the respective sham

group. † p<0.05 vs. placebo-MI. ‡p<0.05 vs. placebo-TAC. ** p<0.01 vs. placebo-TAC. §

p=0.09 vs. E2-Sham
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Figure 3. Signaling Pathway Activation Following MI vs. TAC
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Activation of these signaling kinases was assessed by western blotting for the activated,

phospho-form, correcting for total kinase levels. Data represent the fold increase vs. the

respective sham group (not included). Placebo groups (N=4 each for Sham, MI and TAC at

each time point) are represented in open squares with black lines that are either solid (TAC)

or dashed (MI); Estrogen groups (N=4 for Sham, MI and TAC at each time point) are

depicted as black circles with grey lines that are either solid (TAC) or dashed (MI). The

western blots shown are representative of the 48-hour time point. Data are means±sem. A.
ERK1/2 Activation. *p<0.01 TAC (E2 and placebo) vs. sham and MI groups within a given

time point. B. p38 MAPK Activation. * p<0.05 TAC (E2 and placebo) vs. sham and MI

groups within a given time point. † p<0.05 MI (E2 and placebo) vs. shams. No significant

differences were observed between E2 and placebo groups in the activation of these

signaling kinases following MI or TAC. C. Stat3 Activation. *p<0.05, MI or TAC (placebo

and E2) vs. shams; † p<0.05 E2-MI vs. E2-shams; ‡p<0.05 E2-MI vs. E2-shams and

placebo-MI. **p<0.05 placebo-TAC vs. placebo-shams. †† p<0.05 E2-TAC vs. placebo-

TAC. 2 way-ANOVA revealed a signficant treatment by procedure interaction supporting

that the effect of E2 treatment on Stat3 activation differed between the MI and TAC models

(p<0.05 at 24 hours and p<0.01 at 48 hours).
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Figure 4.
Flow diagram summarizing the manner in which estrogen replacement differentially

influences Stat3 phosphorylation and hypertrophy in the mouse MI and TAC models.
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