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Abstract
In addition to its role in cell adhesion, β-catenin is an important signaling molecule in the Wnt/
Wingless signaling pathway. Recent studies have indicated that β-catenin is stabilized by
hypertrophic stimuli and may regulate cardiac hypertrophic responses. To explore the role and
requirement of β-catenin in cardiac development and hypertrophy, we deleted the β-catenin gene
specifically in cardiac myocytes by crossing loxP-floxed β-catenin mice with transgenic mice
expressing a Cre recombinase under the control of the α-myosin heavy chain promoter. No
homozygous β-catenin deleted mice were born alive and died before embryonic day 14.5, indicating
significant and irreplaceable roles of β-catenin in embryonic heart development. Heterozygous β-
catenin deleted mice, however, demonstrated no structural and functional abnormality. The response
of heterozygous β-catenin deleted mice to transverse aortic constriction, however, was significantly
attenuated with decreased heart weight and heart weight/body weight ratio compared to controls with
intact β-catenin genes. Hemodynamic analysis revealed that there was no difference in cardiac
function between wild type and heterozygous β-catenin deleted mice. On the other hand, the
expression of fetal genes, β-myosin heavy chain, atrial and brain natriuretic peptides was significantly
higher in heterozygous β-catenin deleted mice when compared to wild type β-catenin mice. These
results suggest that the cytoplasmic level of β-catenin modulates hypertrophic response and fetal
gene reprogramming after pressure overload.
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Introduction
In cardiac myocytes, actin filaments anchor to adherens junctions through a catenin complex.
β-Catenin directly binds to cadherin cytoplasmic domains and indirectly to actin filaments
through α-catenin. In addition to this role in initiating and maintaining adherens junctions, β-
catenin, is also involved in the Wnt/Wingless signal transduction [1]. In the cytoplasm, β-
catenin forms a large complex including adenomatous polyposis coli (APC), glycogen synthase
kinase-3β (GSK-3β), and axin. GSK-3β phosphorylates β-catenin in the complex resulting in
its degradation through the ubiquitin-proteasome system, and thus lowering its cytoplasmic
level [2]. In the basal state, GSK-3β is constitutively active and cytoplasmic β-catenin level is
low. GSK-3ß activity is controlled by several signaling pathways and primarily regulated by
inactivation. In cardiac myocytes, GSK-3ß is mainly regulated by Akt, but not Wnt/Wingless
signaling pathway [3]. Akt phosphorylates GSK-3β and inhibits its activity, thereby stabilizing
β-catenin and increasing its free cytoplasmic level. The inhibition of GSK-3ß activity is
required for cardiac hypertrophy induced by pressure overload and calcineurin activation [3,
4]. Constitutively active GSK-3β attenuates cardiac hypertrophy by phosphorylating the
nuclear factor of activated T cells (NFAT) and inhibiting its nuclear translocation. Similarly,
the overexpression of wild-type GSK-3β in the heart also inhibits cardiac hypertrophy [5], most
likely through the reduction of cytoplasmic β-catenin levels in cardiac myocyte [6].
Interestingly, wild-type GSK-3β also inhibits postnatal physiological growth in addition to
pathological hypertrophy. It is not currently determined whether constitutively active and wild
type GSK-3β have differential effects on NFAT activation or cytoplasmic β-catenin levels.

The cytoplasmic level of β-catenin is increased in cultured neonatal cardiac myocytes by
hypertrophic stimuli and in adult animals after transverse aortic constriction (TAC) [3]. More
importantly, adenoviral infection of adult myocardium with a stabilized form of β-catenin
induces cardiac hypertrophy [3]. Thus stabilization of β-catenin in cardiac myocytes is
sufficient to cause cardiac hypertrophy. More importantly, homozygous deletion of β-catenin
in cardiac myocytes of maturing mice inhibits both physiological and pathological hypertrophy
[7]. The knockout of β-catenin in mature mice, however, has no apparent effect on the heart
weight and myocyte morphology in normal physiological condition [8]. The direct role of β-
catenin in early cardiac development and postnatal physiological growth remains to be
investigated.

β-catenin is required for early embryogenesis. Deletion of β-catenin disrupts axis formation.
Conditional inactivation of β-catenin in endothelial cells also demonstrates that β-catenin plays
a critical role during cardiac cushion development [9]. To investigate the direct role of β-catenin
in cardiac development and hypertrophy, we specifically deleted β-catenin in cardiac myocytes
by crossing loxP-floxed β-catenin mice [10] with transgenic mice expressing a Cre
recombinase under the control of the α-myosin heavy chain promoter. No homozygous loxP-
floxed β-catenin mice positive for Cre transgene were born alive, indicating that the β-catenin
gene was deleted during embryonic development and required for the survival of embryos.
Mice with heterozygous deletion of β-catenin gene, on the other hand, were phenotypically
unremarkable under normal physiological condition. The haploinsufficiency of β-catenin,
however, attenuated cardiac hypertrophy after TAC. Paradoxically, the expression of fetal
genes was enhanced by the loss of one copy of the β-catenin gene. These findings also suggest
that the reactivation of the fetal gene program does not always correlate with hypertrophic
growth.
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Materials and methods
Animals

Mice with two loxP sites inserted in introns 1 and 6 of the β-catenin gene were generously
donated to the research community by Dr. Rolf Kemler (Max-Planck Institute of Immunology,
Germany) [10] and maintained at The Jackson Laboratory (Bar Harbor, ME). Transgenic mice
expressing Cre recombinase under the control of the α-myosin heavy chain promoter (αMyHC-
Cre) were created as described previously [11]. Homozygous β-catenin loxP-floxed (β-
cateninfl/fl) mice were crossed with αMyHC-Cre mice to generate heterozygous β-catenin loxP-
floxed (β-cateninfl/wt) negative for αMyHC-Cre or heterozygous β-catenin deleted (β-
catenindel/wt) positive for αMyHC-Cre. Mice with β-catenindel/wt genotype were bred with β-
cateninfl/fl or β-cateninfl/wt to produce homozygous β-catenin loxP-floxed or deleted mice.
DNA was isolated from tail or toe biopsy of neonates following proteinase K digestion as
described [10]. αMyHC-Cre transgene, loxP-floxed and wild type β-catenin genes were
amplified by PCR as described previously [10,11]. A pilot study confirmed that recombination
of β-catenin gene only occurred in atrial and ventricular tissues. All procedures were performed
in accordance with the Guide for the Care and Use of Laboratory Animals (US Department of
Health, Education, and Welfare, Department of Health and Human Services, NIH Publication
85-23), and approved by the University of South Dakota Animal Care and Use Committee.

Transverse aortic constriction (TAC)
Eighty 3- to 4-month old β-cateninfl/wt and β-catenindel/wt mice were randomly subjected to
TAC or sham surgery. Wild type β-catenin mice with Cre transgene were included in the
preliminary study and demonstrated similar change to β-cateninfl/wt mice. Midline
thoracotomy was performed with sterile technique under endotracheal intubation and
isoflurane anesthesia. The aortic arch was ligated with a 7-0 silk suture against a 27-gauge
needle between the origin of the innominate and left common carotid arteries. The needle was
quickly removed and the incision was closed with sutures. The sham operation was performed
identically except that the aorta was not ligated. Mice were allowed to recover on a warming
pad until they were fully awake.

Echocardiography and hemodynamics
Four weeks after the surgery, transthoracic echocardiography was performed using a high-
resolution Vevo660 echocardiogram system with a 30MHz transducer (Visual Sonics, Toronto,
Canada). The animals were lightly anesthetized with 1-2% isoflurane via a nose cone during
echocardiography. Two-dimensional parasternal short axis images of the left ventricle (LV)
were acquired at mid ventricle between the papillary muscles with guided M-mode recordings.
Measurements of diastolic and systolic wall thicknesses and left ventricular end-diastolic and
end-systolic chamber dimensions were made from leading edge to leading edge of the tracings.
Ejection fraction (EF) and percentage fractional shortening (FS) were calculated with the
accompanying software.

After echocardiography, mice were endotracheally intubated and anesthetized with isoflurane.
The right carotid artery was isolated and cannulated with a 1.4F Millar micro-tip catheter
transducer (model SPR-835, Millar Instruments, TX). After carotid arterial pressure was
recorded, the transducer was advanced to the LV cavity. Heart rate (HR) and LV pressures
were measured respectively after 15 minutes stabilization. The first derivatives of rising and
declining LV pressure (+dP/dtmax and -dP/dtmin) were recorded using a PowerLab data
acquisition system (AD Instruments, Colorado Springs, CO).
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Myocyte isolation and Morphometry
Cardiac myocytes were enzymatically isolated from 8 hearts in each group by retrograde
coronary perfusion described previously [12,13]. The dissociated cells were filtered through
200-μm nylon mesh and fixed in 1.5% glutaraldehyde in 80 mM phosphate buffer. Optimal
samples with more than 90% rod-shape cardiac myocytes were subjected to morphometric
measurements. Cell volume was determined with a Coulter Channelyzer system using a 100-
μm aperture [12]. Cell length was measured directly with NIH image analysis software. Forty
myocytes from each heart were measured. Average myocyte cross sectional area was derived
from cell volume/cell length, while cell width was derived from cross-sectional area (assuming
a circular profile) [12].

RNA isolation and dot blot analysis
Total RNA was isolated from the LV of four mice from each group using the Trizol reagent
(Invitrogen, Carlsbad, CA) following manufacturer's instruction. Four μg of total RNA was
loaded to each well of the dot blot apparatus (Whatman Biometra, 96-3 mm). The membranes
were then baked at 80 °C for 2 hours in a vacuum for adequate binding. Transcript-specific
oligonucleotides (oligos) for atrial natriuretic factor (ANF), brain natriuretic peptide (BNP),
ß-myosin heavy chain (MHC), skeletal α-actin, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), sarcoplasm reticulum Ca2+-ATPase 2a (SERCA), and phospholamban (PLN), were
used as probes [14,15]. The oligos were labeled by γ32P ATP via the polynucleotide kinase
reaction and then hybridized with the membranes as described previously [14] [15]. The
hybridized membranes were then exposed to a phosphor screen, and detected with the Personal
Molecular Imager FX (BioRad Laboratories, Hercules, CA) and quantitated with associated
Quantity-One software. The GAPDH density of each sample was used as the loading control
for normalization.

Protein separation and Western blot analyses
LV tissues from 5 mice in each group were homogenized using a PT1200C Polytron
Homogenizer in ice-cold Tris/Triton extraction buffer (10mM Tris-HCl, 50mM NaCl, 5mM
EGTA, 1%Triton X-100, pH 7.4) with phosphatase inhibitors (0.1mM Na3VO4, 30mM
Na4P2O7, 50mM NaF) and proteinase inhibitors (10mg/ml PMSF, 1μg/ml aprotinin) [16]. The
homogenates were centrifuged at 15,000 g for 15 minutes and separated into Triton soluble
supernatant and insoluble pellet. The pellets were suspended, vortexed, and then boiled in
Laemmli SDS sample buffer for 5 minutes. Equal amount of proteins were separated by
Laemmli SDS-PAGE after the quantification with BCA Protein Assay (Pierce Biotechnology,
Rockford, IL) and subsequently transferred to nitrocellulose membrane. Western blots were
performed with polyclonal anti-β-catenin (Sigma-Aldrich, St Louis, MO), and detected with
ECL detection reagents (Amersham Bioscience, Piscataway, NJ). A VersaDoc imaging system
(model 3000, Bio-Rad, Hercules, CA) was used to digitize Western blot images. The density
of protein bands with each antibody was quantified with NIH image software. The same-lane
actin level was used as an internal control to insure equal loading [17].

Statistics
Data are expressed as mean ± SD and analyzed by two-way analysis of variances. The Turkey
test for multiple group comparisons was performed to determine the statistical significance. A
P value smaller than 0.05 was regarded as statistically significant.
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Result
Homozygous deletion of β-catenin in cardiac myocytes was embryonically lethal

If β-catenin loxP-floxed mice are positive for αMyHC-Cre, the sequence between two loxP
sites will be deleted in the heart to inactivate β-catenin gene expression. Between the crossing
of heterozygous loxP-floxed β-catenin mice positive (β-catenindel/wt) and negative (β-
cateninfl/wt) for αMyHC-Cre, no homozygous loxP-floxed β-catenin mice positive for αMyHC-
Cre (β-catenindel/del) were detected at birth (Table 1). All other genotypes are present in normal
number according to the Mendelian inheritance. To confirm the lethality of homozygous β-
catenin deletion, we also crossed homozygous loxP-floxed β-catenin mice negative for
αMyHC-Cre (β-cateninfl/fl) with β-catenindel/wt mice. Again, no β-catenindel/del mice were
present at birth (Table 1). Our preliminary observation revealed that β-catenindel/del mice died
before post coitus day (PCD) 14.5, the earliest time points so far investigated. Embryos of each
expected genotypes are present in normal ratio according to the Mendelian inheritance at PCD
14.5. Homozygous β-catenin deleted embryos at PCD 14.5, however, were grossly pale, small,
and developmentally delayed (Figure 1). Under microscope, β-catenindel/del embryos at PCD
14.5 demonstrated diffuse necrosis with inflammatory infiltrates. Based on the gross
morphology of the deceased embryos, we estimated that the β-catenindel/del embryos developed
up to post coitus day 11.5 to 12.5. The cause and mechanism of fetal demise in homozygous
knockout mice requires further investigation.

Heterozygous deletion of β-catenin in cardiac myocytes had no effect on normal
development or physiological growth

The deletion of one copy of β-catenin genes in the heart reduced β-catenin levels in Triton
X-100 soluble, but not insoluble fraction (Figure 2). The Triton X-100 fraction contains
cytoplasmic and membrane associated β-catenin. The reduction of β-catenin in this fraction
indicates that there is less β-catenin available for signaling to the nucleus. Echocardiography
revealed that the reduction of β-catenin expression in the heart had no detectable effect on
cardiac dimension and function (Table 2). Hemodynamic measurements further confirmed that
β-catenindel/wt mice had normal cardiac function (Table 3). No difference in body weight, heart
weight, ventricular weight, or heart weight/body weight and ventricular weight/body weight
ratio was detected among heterozygous β-catenin loxP-floxed and deleted mice (Table 3). More
importantly, myocyte volume and cell dimension remained identical between two genotypes
(Table 4).

Heterozygous deletion of β-catenin in cardiac myocytes inhibited cardiac hypertrophy after
TAC

The constriction of the aorta created a similar LV pressure increase of 60 to 65mmHg in both
β-catenindel/wt and β-cateninfl/wt mice 4 weeks after TAC (Table 3). Hemodynamic changes
in β-catenindel/wt mice 4 weeks after TAC were similar to that in β-cateninfl/wt mice (Table 3).
β-Catenin in Triton X-100 soluble, but not insoluble fraction, was increased in β-cateninfl/wt

and β-catenindel/wt mice after TAC (Figure 2). The percentage increase was similar in β-
cateninfl/wt (48%) and β-catenindel/wt (56%) mice. Heterozygous β-catenin deleted mice,
however, contained significantly less β-catenin in Triton X-100 fraction after TAC since they
had a marked lower baseline level (Figure 2).

Echocardiography demonstrated that there was more increase in the wall thickness after TAC
in β-cateninfl/wt than in β-catenindel/wt mice (Table 2). The chamber dimension was slightly
enlarged in both β-catenindel/wt and β-cateninfl/wt mice after TAC, but no difference was
detected between two genotypes. Cardiac function was depressed in both β-catenindel/wt and
β-cateninfl/wt mice with reduced EF and FS. The EF and FS was slight lower in β-
catenindel/wt mice than in β-cateninfl/wt mice, but no statistical difference was present between
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two groups. There was significantly more increase in heart and ventricular weight in β-
cateninfl/wt than in β-catenindel/wt mice after TAC. Consequently, there was much less increase
in heart weight and body weight ratio, and ventricular weight and body weight ratio in β-
catenindel/wt mice after TAC. Histologically, there was no significant fibrosis in either type of
animals after TAC. To determine the impairment of hypertrophic response in knockout mice,
we isolated cardiac myocytes and performed morphometric measurement. Myocyte volume
increase was significantly attenuated in β-catenindel/wt mice after TAC. More dramatically,
there was basically no change in cell diameter in β-catenindel/wt mice while the change in cell
length was identical in both genotypes after TAC (Table 4). These findings suggest that
deficiency of β-catenin in cardiac myocytes mainly affects the cross-sectional growth after
pressure overload.

Heterozygous deletion of β-catenin in cardiac myocytes differentially regulated hypertrophic
gene expression

To assess the expression of fetal gene program, RNA dot blot analysis was performed on LV
tissues 4 weeks after TAC. The transcript levels of ANF, BNP, ß-MHC, skeletal α-actin were
significantly increased in both β-catenindel/wt and β-cateninfl/wt mice 4 weeks after TAC
(Figure 3). Interestingly, the upregulation of ANF, BNP, and ß-MHC was more pronounced
in β-catenindel/wt mice that in β-cateninfl/wt mice. On the other hand, the increase of skeletal
α-actin after TAC was blunted in β-catenindel/wt mice. SERCA was decreased in both groups
after TAC, but more change was detected in β-catenindel/wt mice despite the similar basal level
(Figure 3). Another Ca2+ regulator, PLN, was lower in β-catenindel/wt mice compared to β-
cateninfl/wt mice both in basal state and after TAC (Figure 3). The percentage of decrease after
TAC was also less in β-catenindel/wt mice (10%) than in β-cateninfl/wt mice (18%).

Discussion
Mammalian cardiac myocytes rapidly lose their proliferative activity soon after birth [18]. In
response to the increased workload in many different physiological and pathological
conditions, cardiac myocytes mainly increase their size through building more contractile units.
The change in myocyte shape and dimension reflects the type of hemodynamic stress and
results in different ventricular remodeling [19]. In adults, afterload increase of the LV induced
by hypertension or aortic stenosis initially induces myocyte cross-sectional growth [20]. But
sustained and severe afterload increase often provokes myocyte longitudinal growth eventually
leading to ventricular chamber dilatation [21]. The change in myocyte length and diameter is
proportional with volume overload during postnatal physiological growth, arterial and venous
fistula or hyperthyroidism [22]. On the other hand, myocardial infarction (MI) only promotes
myocyte lengthening without adequate CSA growth in adjacent and remote noninfarcted region
[21]. Infarct expansion and myocyte lengthening in noninfarcted region of the ventricle after
MI thus causes a relatively thinner ventricle and progressive ventricular dilatation [23].

The molecular mechanisms that regulate myocyte shape and ventricular remodeling remain
elusive. Recent investigations have revealed distinct pathways modulate cross-sectional and
longitudinal growth of cardiac myocytes. Cardiotrophin-1 (CT-1) leads to preferential addition
of sarcomeres in series rather than in parallel in cultured cardiac myocytes [24]. Mitogen-
activated protein kinase (MAPK) kinase5 (MEK5), an upstream activator of MAPK/
extracellular signal-regulated kinase5 (ERK5), plays a critical role in mediating CT-1 signal
transduction. MEK5/ERK5 activation induces myocyte elongation in vitro. More importantly,
cardiac specific overexpression of MEK5 causes eccentric cardiac hypertrophy and eventually
CHF in vivo [4].

Wnt/Wingless signaling pathway controls cell shape and polarity. β-Catenin, a key signaling
molecule in this pathway, is implicated in cardiac myogenesis, differentiation and hypertrophy.
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During early cardiogenesis in gastrulating vertebrate embryos, β-catenin signaling is inhibited
[25]. Thus deletion of β-catenin in the endoderm promotes cardiac differentiation leading to
ectopic heart formation [26]. Activation of β-catenin signaling, however, is required for in
vitro cardiac myogenesis and differentiation [27]. More importantly, β-catenin knockout in the
endothelium causes defects in cardiac septation and valve formation [9]. Our result reveal that
homozygous deletion of β-catenin in cardiac myocytes is embryonically lethal, indicating that
β-catenin is indispensable for late cardiac development. The exact mechanism, however,
remains to be investigated.

Overexpression of constitutive β-catenin is sufficient to induce hypertrophic growth in adult
cardiac myocytes [3]. On the other hand, homozygous deletion of β-catenin in cardiac myocytes
of adult mice has no apparent effect on cardiac morphology and function in normal
physiological condition [8]. The deletion of β-catenin in the heart of 5-week old mice, however,
attenuates both physiological and pathological hypertrophy [7]. Our data indicate that even
loss of one copy of β-catenin also significantly inhibits cardiac hypertrophy in response to
aortic constriction. The haploinsufficiency of β-catenin, however, has no major effect on
physiological cardiac hypertrophy during postnatal development. The primary defect in
hypertrophic response to pressure overload is the inability to grow in cross-sectional growth.
GSK-3β is a well-characterized regulator of cytoplasmic β-catenin level. Recent study has
shown that cardiac overexpression of wild type GSK-3β inhibits postnatal physiological
growth [6]. The deficiency in cardiac growth lies in the defect of cardiac myocytes to growth
in cell diameter, while myocyte growth in length is maintained or even enhanced. Interestingly,
cardiac specific overexpression of wild type GSK-3β decreases cytoplasmic levels of β-catenin
in cardiac myocyte [6]. Similarly, overexpression of constitutively active GSK-3β also
dampens hypertrophic response to calcineurin overexpression and pressure overload. It has
been shown that GSK-3β antagonizes the actions of calcineurin by phosphorylating NFAT
proteins and promoting their nuclear export [4]. Although the effect of constitutively active
GSK-3β on cytoplasmic β-catenin level is not determined, it is reasonable to assume that it
also reduces cytoplasmic level of β-catenin similar to wild-type GSK-3β. Furthermore,
overexpression of dominant negative Lef, a functional partner of β-catenin in the nucleus,
accelerates myocyte lengthening, but inhibits cross-sectional growth in cardiac myocytes [7].
These data all support the hypothesis that cytoplasmic β-catenin level regulate myocyte shape
and size, especially cross-sectional growth. Thus signaling pathways lowering cytoplasmic β-
catenin are likely strong inhibitors of concentric cardiac hypertrophy.

Reactivation of the fetal gene program is a critical molecular hallmark of pathological cardiac
hypertrophy. The expressional changes of fetal genes usually correlate with the severity of
cardiac hypertrophy. Recent studies, however, have demonstrated the discordance and
disassociation of fetal gene program from cardiac hypertrophy [4,28]. Inhibition of calcineurin
by cardiac overexpression of myocyte-enriched calcineurin-interacting protein (MCIP1)
enhances the expression of ANF and BNP by pressure overload despite marked attenuation of
hypertrophic response [28]. GSK-3β, a key regulator of cytoplasmic β-catenin level, is
inhibited by hypertrophic stimuli both in vitro and in vivo [5,29]. Adenoviral infection of an
active form of GSK-3β prevents cardiac hypertrophy and ANF expression induced by
Endothelin-1 and phenylephrine in cultured neonatal cardiac myocytes [5]. Cardiac specific
overexpression of constitutively active GSK-3β, also reduce cardiac hypertrophy mediated by
calcineurin activation, pressure overload, or isoproterenol infusion [4] [5]. Interestingly,
GSK-3β enhances the effects of calcineurin on the expression of ANF and BNP, but
antagonizes on the switch from α- to β-myosin heavy chains [4]. In this study, we also
demonstrated that the heterozygous deletion of β-catenin has an opposite effect on cardiac
growth and fetal gene program after pressure overload: attenuation of hypertrophy and
enhancement of fetal gene expression.
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Figure 1.
Gross (upper, A) and microscopic (bottom, B and C) morphology of β-catenin knockout
embryos at post coitus day 14.5. Homozygous β-catenin deleted embryos (right embryo in A)
were pale and smaller compared to that with intact β-catenin genes (left embryo in A). Under
microscope, mutant embryos demonstrated diffuse necrosis with inflammatory infiltrates (C).
Inserts in B and C, enlargement of the thoracic region with the heart. fl/fl, β-cateninfl/fl mouse;
del/del, β-catenindel/del mouse.
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Figure 2.
β-Catenin expression levels in left ventricles (LVs) of β-catenindel/wt (del in A or del/wt in B)
and β-cateninfl/wt (fl in A or fl/wt in B) mice. LV whole tissue lysates were separated into
Triton X-100 soluble and insoluble fractions and probed with polyclonal anti-β-catenin
antibody. Representative Western blots (N=5) were shown in A (upper). The band density of
Western blots was quantified and graphed in B (bottom). At baseline, β-catenin level in soluble
fraction was significantly decreased in β-catenindel/wt mice. After transverse aortic constriction
(TAC), β-catenin in soluble fraction increased in both β-catenindel/wt and β-cateninfl/wt mice,
but was significantly lower in β-catenindel/wt mice. There was no difference in β-catenin levels
in insoluble fraction among all four groups. *, †, ‡, P<0.05 when comparing statistically with
fl/wt sham (*), del/wt sham (†), and fl/wt TAC (‡), respectively.
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Figure 3.
Dot blot analysis of hypertrophic gene expression normalized to GAPDH. As shown by
autoradiographs (A, upper) and histograms (B, bottom), steady mRNA levels of atrial
natriuretic factor (ANF), brain natriuretic peptide (BNP), ß-myosin heavy chain (MHC),
skeletal (sk) α-actin were upregulated in both β-cateninfl/wt (fl/wt) and β-catenindel/wt (del/wt)
mice 4 weeks after transverse aortic constriction (TAC). The upregulation of ANF, BNP, and
ß-MHC was further enhanced in β-catenindel/wt mice. Sarcoplasm reticulum Ca2+-ATPase 2a
(SERCA) and phospholamban (PLN) were decreased in both β-catenindel/wt and β-
cateninfl/wt mice after TAC. *, †, ‡, P<0.05 when comparing statistically with fl/wt sham (*),
del/wt sham (†), and fl/wt TAC (‡), respectively.
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