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Myocardial hypertrophy and extended cardiac fibrosis are
independent risk factors for congestive heart failure and sud-
den cardiac death. Before age 50, men are at greater risk for
cardiovascular disease than age-matched women. In the cur-
rent studies, we found that cardiac hypertrophy and fibrosis
were significantly more pronounced in males compared with
females of guanylyl cyclase-A knockout (GC-A KO) mice at 16
wk of age. These gender-related differences were not seen in
wild-type mice. In the further studies, either castration (at 10
wk of age) or flutamide, an androgen receptor antagonist,
markedly attenuated cardiac hypertrophy and fibrosis in
male GC-A KO mice without blood pressure change. In con-
trast, ovariectomy (at 10 wk of age) had little effect. Also,
chronic testosterone infusion increased cardiac mass and fi-

brosis in ovariectomized GC-A mice. None of the treatments
affected cardiac mass or the extent of fibrosis in wild-type
mice. Overexpression of mRNAs encoding atrial natriuretic
peptide, brain natriuretic peptide, collagens I and III, TGF-g1,
TGF-B3, angiotensinogen, and angiotensin converting en-
zyme in the ventricles of male GC-A KO mice was substantially
decreased by castration. The gender differences were virtu-
ally abolished by targeted deletion of the angiotensin II type
1A receptor gene (AT1A). Neither castration nor testosterone
administration induced any change in the cardiac phenotypes
of double-KO mice for GC-A and AT1A. Thus, we suggest that
androgens contribute to gender-related differences in cardiac
hypertrophy and fibrosis by a mechanism involving AT1A re-
ceptors and GC-A. (Endocrinology 145: 951-958, 2004)

MYOCARDIAL HYPERTROPHY IS prevalent in a sub-
stantial portion of individuals with essential hyper-
tension (1, 2), and it is recognized as an independent risk
factor for congestive heart failure and sudden cardiac death
(3). Extended cardiac fibrosis results in increased myocardial
stiffness, causing ventricular dysfunction and, ultimately,
heart failure (4). Significant gender-related differences in the
cardiovascular system are now well documented, and before
the age of 50, men are at greater risk for cardiovascular
diseases than age-matched women (5-9). However, the pre-
cise mechanism underlying gender-related differences in
cardiac diseases is not fully understood. The results of both
in vitro and in vivo studies indicate that sex steroids play a key
role in the development of cardiac structural abnormalities.
Estrogen and androgen receptors are present in myocardial
tissues (10-12). Estradiol has antiproliferative effects on car-

Abbreviations: ACE, Angiotensin converting enzyme; Agt, angio-
tensinogen; Ang, angiotensin; ANP, atrial natriuretic peptide; AR, an-
drogen receptor; AT1A, Ang II type 1A; BNP, brain natriuretic peptide;
BW, body weight; GC-A, guanylyl cyclase-A; HR, heart rate; KO, knock-
out; LVW, left ventricular weight; OVX, ovariectomy; SBP, systolic blood
pressure; WT, wild-type.
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diac fibroblasts (13) and vascular smooth-muscle cells (14,
15), whereas androgens increase proliferation of vascular
smooth-muscle cells (16). Studies using sinoaortic denerva-
tion-induced cardiac hypertrophy in rats have also shown
that testosterone facilitates hypertrophy but estradiol inhib-
its it (17). A less severe model of cardiac hypertrophy in rats
(swimming- or hypertension-induced) failed to confirm the
antiproliferative effect of estradiol (18). Moreover, not all
males, whether human or experimental animal, develop gen-
der-related cardiac abnormalities. Somjen and colleagues
(15) reported a biphasic proliferative response for both es-
trogen and testosterone in vascular smooth muscle and en-
dothelial cells. It, therefore, is unclear how gender-induced
changes in cardiac structural pathology are made manifest.

Mice lacking guanylyl cyclase A (GC-A), a natriuretic pep-
tide receptor, exhibit salt-resistant hypertension, myocardial
hypertrophy and interstitial fibrosis, and sudden death (be-
fore the age of 6 months) (19-20). In the present study, we
found that male GC-A knockout (KO) mice show more pro-
nounced cardiac hypertrophy and fibrosis compared with
female GC-A KO mice and that gender-related differences
are not seen in wild-type (WT) mice. Additionally, we found
that these gender-related differences are attenuated either by
castration or flutamide, an androgen receptor (AR) antago-
nist, and abolished by genetic disruption of angiotensin
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(Ang) II type 1A (AT1A) receptors in male GC-A KO mice.
We propose that androgens contribute to gender-related dif-
ferences in cardiac structure and that the AT1A receptor and
GC-A are involved in a reciprocal fashion.

Materials and Methods
Animals and treatments

All experimental procedures were carried out in accordance with
Kyoto University standards for animal care. GC-A KO mice were orig-
inally generated at the University of Texas, Southwestern Medical Cen-
ter at Dallas and Howard Hughes Medical Institute. Mice were housed
in groups of three to five per cage under climate-controlled conditions
with a 12-h light/dark cycle and were provided with standard food
(CRF-1; Oriental Yeast Co., Ltd, Tokyo, Japan) and water ad libitum. The
WT (GC-A+/+,AT1A+/+), ATIAKO (GC-A+/+,AT1IA—-/-),GC-A
KO (GC-A—/—, AT1A+/+), and double-KO (GC-A—/—, ATIA—/—)
mice used in these experiments were generated from heterozygous
(GC-A+/—,AT1A +/—) mice after crossing of single GC-A KO (19) and
AT1A KO (21) mice. The genetic background of the original GC-A KO
and AT1A KO mice was C57BL/6. Genotypes were determined before
and verified after experimentation using PCR. Comparisons of age and
body weight (BW) between the KO and WT mice were made among
littermates. Also comparisons of age, body weight, and systolic blood
pressure (SBP) between control and treated mice were performed.

Measurement of heart rate (HR) and SBP

HR and SBP were measured in conscious mice using a computerized
tail-cuff method (Softron Co., Ltd., Tokyo, Japan) (19, 21). Briefly, mice
were restrained in a pocket and warmed at 38 C. HR and SBP were
measured at 1000-1400 h and calculated as the average of six sessions
per day after mice were adapted to the apparatus for 5 d. The validity
of this system has been established previously in our laboratory (22).

Measurement of left ventricular weight (LVW) and
interstitial fibrosis

After animals were killed by cervical dislocation under anesthesia
with ether at 16 wk of age, the hearts were dissected out, LVW was
measured, and its ratio to BW (LVW/BW) was calculated and used as
an index of ventricular hypertrophy. The left ventricles were then fixed
in 10% formalin and prepared for routine histological examination. To
determine the degree of collagen fiber accumulation, we randomly se-
lected 20 fields in three individual sections and calculated the ratio of
the areas of van Gieson-stained interstitial fibrosis to the total left ven-

TABLE 1. Primer and probe sequences for RT-PCR assays
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tricular area using image analysis software and a Zeiss KS400 system;
perivascular fibrosis was excluded in the present study.

mRNA analysis

Total mRNA was prepared from the left ventricle using TRIzol (Life
Technologies Inc., Rockville, MD). Expression of mRNAs encoding atrial
natriuretic peptide (ANP), brain natriuretic peptide (BNP), collagens I
and III, TGF-B1, TGF-B3, angiotensinogen (Agt), and Ang converting
enzyme (ACE) was evaluated using quantitative RT-PCR in a 7700
sequence detector (ABI PRISM, Applied Biosystems, Foster City, CA).
The oligonucleotide primers are shown in Table 1. Glyceraldehyde-3-
phosphate dehydrogenase mRNA was also amplified with specific
primers and probe (Applied Biosystems).

Experimental protocols

We first compared the gender-related differences in the phenotypes
of 16-wk-old GC-A KO and WT mice (n = 7-9 per group). HR and SBP
were measured, and LVW, LVW/BW, and left ventricular fibrosis were
calculated, after which related mRNA expression was analyzed.

To evaluate the involvement of estrogen in gender-related differ-
ences, we compared the phenotypes of sham-operated and ovariecto-
mized (OVX) mice (n = 7-9 per group). Under anesthesia with ether, the
ovaries of 10-wk-old female mice were exteriorized, ligated, and re-
moved via bilateral paralumbar incisions, which were then closed with
sutures. In sham mice, the ovaries were exteriorized and replaced, and
the incisions were closed. Six weeks later, HR and SBP were measured,
and the animals were killed.

To investigate the effects of androgens, male mice at 10 wk of age (n =
7-9 per group) were castrated using the trans-scrotal approach. Sham
castration consisted of exteriorizing and replacing the testes. As in fe-
males, 6 wk later, HR and SBP were measured, and the animals were
killed.

To confirm the role of androgen, we ovariectomized female WT and
GC-A KO mice (n = 6-7 per group) under anesthesia with ether at 10
wk of age and sc implanted a testosterone pellet (25.0 mg/pellet, 60-
darelease, catalog item SA-151) or vehicle pellet (placebo for testoster-
one, catalog item SC-111) (Innovative Research of America, Sarasota, FL)
between the shoulders. Six weeks later, the animals were killed after HR
and SBP were measured.

We further confirmed the role of androgens by chronically blocking
AR with flutamide (23-24). Flutamide (Sigma Chemical Co., St. Louis,
MO; 8 mg/kg-d, dissolved in polyethylene glycol 300) was sc infused for
6 wk using an osmotic mini-pump (model 2002, Alza Corp., Mountain
View, CA) at 10 wk of age in male animals (n = 7-9 per group). The
mini-pumps were sc implanted under the mice were anesthetized with

mRNA Probe Primers®
ANP TGTACAGT GCGGT GTCCAACACAGAT f GCCATATTGGAGCAAATCCT
r GCAGGT TCTTGAAATCCATCA
BNP TGCAGAAGCTGCTGGAGCTGATAAGA f CCAGTCTCCAGAGCAATTCAA
r GCCATTTCCTCCGACTTTT
AT1A CCGGAATTCAACGCTCCCCA f GTTTGCGCTTTTCATTACGAGT
r TCTTGGTTAGGCCCAGTCCT
ACE CACATCCCAAACGT GACACCGTACAT f CGGAATGAAACCCATTTTGA
r GCACAAAGCTCACGAAGTACC
Agt AGGTTCTCAATAGCATCCTCCTCGAACTC f CATTGGTGACACCAACCCC
r GCTGTTCCTCCTCTCCTGCT
TGF-p1 AGCGCATCGAAGCCATCCG f GACGTCACTGGAGT TGTACGG
r GCCTGAATCGAAAGCCCTGT
TGF-B3 CGGATGAGCACATAGCCAAGCA f TTGAGCTCTTCCAGATACTTCG
r TTCTTGCCACCTATGTAGCG
Collagen I CACGCCTGTGTGCGATGACG f GTCCCAACCCCCAAAGAC

Collagen III

TCCCACTCTTATTTTGGCACAGCAGIC

r CATCTTCTGAGT TTGGTGATACGT
f TGGTTTCTTCTCACCCTTCTTC
r TGCATCCCAATTCATCTACGT

Sequences are listed 5’ to 3'.
¢ Forward primers are designated by f and reverse primers by r.
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ether and changed with new ones every 2 wk. Control mice were ad-
ministered only vehicle. Six weeks later, the animals were analyzed.

To assess the involvement of the AT1A receptors in GC-A disruption-
induced gender difference, we deleted AT1A receptor by the described
method above. At 16 wk of age, the animals (n = 5-9 per group) were
analyzed.

To further support the conclusion of AT1A receptor involvement, we
castrated male double-KO mice (10 wk old; n = 5-6 per group) and
chronically infused exogenous testosterone and analyzed the animals by
the described methods above.

Statistical analysis

All results are expressed as means * sgM. Data were analyzed by
one-facter ANOVA. If a statistically significant effect was found, the
Newman-Keuls test was performed to isolate the difference between the
groups. Values of P < 0.05 were considered statistically significant.

Results
GC-A deficiency induces gender-related cardiac differences

Targeted deletion of GC-A led to increased LVW/BW
ratios in both male and female mice. However, the effect was
greater in males (58% increase vs. 33% increase in females;
Fig. 1A). In contrast, in WT mice, there was no difference in
LVW/BW ratio in males vs. females (Fig. 1A). In addition,
male GC-A KO mice, but not WT mice, exhibited higher
levels of left ventricular fibrosis than did females (378% vs.
44%, respectively; Fig. 1, B and C). On the other hand, there
was no gender-related difference in HR (WT female 599.6 =
26.1 vs. male 619.0 = 52.4 beats/min; GC-A KO female
574.5 * 25.9 vs. male 571.3 = 28.1 beats/min; n = 7-9 per
group) or in SBP (WT female 118.4 + 1.7 vs. male 113.2 = 3.4
mm Hg; GC-A KO female 140.0 = 3.4 vs. male 147.4 £ 2.2 mm
Hg; n = 7-9 per group) in either genotype. Male mice
weighed more than females, but there was no difference
between genotypes [WT female 25.0 = 0.9 vs. male 32.3 *
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1.6 g (P < 0.05); GC-A KO female 25.1 * 0.8 vs. male 31.6 =
1.9 g (P < 0.05); n = 7-9 per group].

OVX has little effect in the heart

To elucidate a possible mechanism by which GC-A could
prevent gender-related difference in the heart, we first in-
vestigated the effects of estrogen depletion. OVX had no
effect on HR (WT sham 599.6 = 26.1 vs. OVX 590.4 = 17.9
beats/min; GC-A KO sham 574.5 *= 25.9 vs. OVX 582.3 + 14.1
beats/min; n = 7-9 per group), SBP (WT sham 1184 + 1.7
vs. OVX 112.0 = 2.2 mm Hg; GC-A KO sham 140.6 = 3.4 vs.
OVX137.7 = 3.0 mm Hg; n = 7-9 per group), LVW/BW ratio,
ventricular fibrosis in either mouse type (Fig. 1, A-C), or BW
(WT sham 25.0 = 0.9 vs. OVX 25.6 £ 0.8 g; GC-A KO sham
25.1 = 0.8 vs. OVX 25.1 * 1.6 g; n = 7-9 per group).

Neither castration nor administration of an AR antagonist
diminishes cardiac hypertrophy and fibrosis in male GC-A
KO mice, whereas testosterone infusion increases cardiac
hypertrophy and fibrosis in OVX GC-A mice

In contrast to OVX, removal of testes was associated with
a marked reduction in the LVW /BW ratio and in ventricular
fibrosis in GC-A KO mice (by 20.5 and 44.7%, respectively)
but not to levels comparable to those seen in WT mice.
Castration had no effect in WT mice (Fig. 1). Castration
reduced BW in male WT as well as in male GC-A KO mice
JWT5.7 = 050vs. 2.1 £0.4 g (P < 0.05), and GC-A KO 6.6 =
0.9vs.2.7 + 0.6 g (P < 0.05) for sham and castrated groups,
respectively; n = 7-9 per group]. Castration had no effect on
HR (WT 619.0 = 52.4 vs. 606.2 * 45.9 beats/min, and GC-A
KO 571.3 = 28.1 vs. 600.2 = 13.2 beats/min, for sham and
castrated groups, respectively; n = 7-9 per group) or SBP
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(WT113.2 = 3.4vs.105.8 = 4.2 mm Hg,and GC-A KO 147 4 +
2.2 vs. 142.2 = 6.3 mm Hg, for sham and castrated groups,
respectively; n = 7-9 per group). The AR antagonist flut-
amide had similar effects to castration on LVW /BW, fibrosis
(Fig. 2), HR (data not shown), and SBP (data not shown). In
contrast, chronic infusion of testosterone increased
LVW/BW ratio (by 20%) and cardiac fibrosis (by 114%) in
OVX GC-A mice but not in OVX WT mice (Fig. 3). Testos-
terone treatment was also associated with increased BW in
GC-A KO but not in WT mice JWT 2.6 = 03 vs. 3.2 £ 03 g
(P <0.05), and GC-AKO 29 = 0.2vs.5.2 = 0.5 g (P < 0.05),
for sham and testosterone-treated groups, respectively; n =
6-9 in each group[. HR and SBP were not affected by tes-
tosterone treatment (data not shown).

Gender-related difference in molecular expression profile

Basal left ventricular levels of ANP, BNP, collagen I, col-
lagen III, TGF-B1, and TGF-83 mRNAs were all higher in
male than female GC-A KO mice. Castration of males de-
creased mRNA expression of these molecules to levels seen
in females (Fig. 4). Again, no gender-related difference or
castration-associated effects were seen in WT mice (Fig. 4). In
contrast to the above mentioned genes, the levels of Agt and
ACE mRNAs were higher in males than in females, and
castration of males strongly suppressed their expression, and
their levels were comparable in both genotypes of mice.

Deletion of AT1A abolishes gender-related
cardiac differences

Deletion of the AT1A gene in GC-A KO mice reduced
LVW/BW in both male and female mice, but the effects were
more pronounced in the males (by 34 and 32.7% in males vs.
18 and 23.5% in females, respectively). AT1A deletion also
markedly reduced cardiac fibrosis in male GC-A KO mice (by
57.5%). Gender-related cardiac differences (LVW/BW and
fibrosis) were evident only in GC-A KO mice, but not in WT
(as above), AT1A KO or double-KO mice (Fig. 5).

Castration or testosterone infusion fails to induce changes
in cardiac mass and fibrosis in male double-KO mice

In contrast to the data obtained in GC-A KO mice (see
above), neither castration nor testosterone infusion affected
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cardiac mass or the level of fibrosis in male double-KO mice
(data not shown). Similarly, HR and SBP were unaffected by
either castration or testosterone replacement (data not
shown).

Discussion

As previous literatures documented significant gender-
related differences in cardiovascular function and geometry
(6, 7), the present study demonstrates that male GC-A KO
mice show more marked left ventricular hypertrophy and
severe interstitial fibrosis than female ones. Considering the
protective effects of estrogen on the cardiovascular system
(25, 26), we first investigated the effects of estrogens on the
gender-related difference in the GC-A KO mouse hearts.
Although OVX had little effect on cardiac mass and fibrosis
in both WT and GC-A KO mice, there are still some possi-
bilities that have not been addressed, such as, first, the fact
that the effects of estrogen deprivation in women are not
immediate; they develop over years, meaning that the 6-wk
period of estrogen deprivation may be insufficient. Second,
phytoestrogens are found in over 300 plants, including some
used in human and animal diets (27-29). They can bind to the
estrogen receptor and induce estrogen-like effects in animals,
humans, and cells in culture. In the present study, we cannot
exclude the possibility that the chow of mice may contain
phytoestrogens, which may protect from (or limit) the effects
of OVX. Therefore, the role of estrogen in gender-related
cardiac difference observed in GC-A KO mice should be
further clarified.

Next, we examined the effects of androgens. ARs are
widely distributed in the cardiovascular system, where they
have been identified on aortic, peripheral vascular, ventric-
ular, and atrial myocytes (30), and were recently shown to
mediate robust, testosterone-induced hypertrophic re-
sponses in cardiac myocytes (12). Nevertheless, although
virtually all men have much higher levels of androgens than
women do, not all men exhibit more severe cardiac hyper-
trophy and fibrosis. In the present study, significant gender-
related differences in cardiac abnormalities were observed
only in GC-A KO mice. In addition, it is notable that both
castration and AR antagonist markedly diminished cardiac
hypertrophy and fibrosis in male GC-A KO mice, and chronic
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this effect (12). Like cardiac geometric changes, changes in
ANP and BNP, or markers for ventricular fibrosis, collagen
I, and collagen III were higher in male GC-A KO mice than
in females and were reduced by removal of testes. These
findings suggest that androgens play an important role in
gender-related cardiac differences in GC-A KO mice. Cas-
tration in males and AR antagonist could not reduce the
cardiac mass and fibrosis to WT levels, suggesting that more
than androgens are involved.

Ang II is known to potently stimulate cardiomyocyte and
fibroblast growth, both in vitro and in vivo (31, 32), and the
tissue renin-Ang system is known to play a key role in car-
diac remodeling (33). It has been proposed that increased
ACE abundance in the hypertrophied and failing heart may
contribute to the local generation of Ang II and impact car-
diac remodeling through local paracrine or autocrine effects
(34-36). The greater abundance of ventricular ACE in males
may contribute to the tendency of male rodents to develop
cardiac abnormalities, which has been described in trans-
genic mouse models (37, 38) and spontaneously hypertensive
rats (39) and in response to left ventricular pressure overload
in rats (10) and in humans (40-42). It has been reported that
hepatic Agt mRNA levels are higher in intact male hyper-
tensive rats than in the females; moreover, those levels are
reduced by orchidectomy and increased by administration of
testosterone (43). Recently, Freshour et al. (44) demonstrated
a gender difference in the expression of ACE in the murine
heart with greater cardiac ACE levels seen in male animals
compared with females. Moreover, ventricular ACE levels
were substantially decreased in androgen-deprived males
(44). Consistent with those reports, our data show that levels
of cardiac Agt and ACE expression are higher in the ven-
tricles of both GC-A KO and WT males than they are in
females. Castration reduced expression of Agt in the male

GC-A KO Double KO

ventricle to levels approximating those seen in the females in
both WT and GC-A KO mice. Given the evidence that Ang
IT has hypertrophic and fibrogenic activities in the heart, Ang
II is a possible candidate to link androgens with cardiac
abnormalities. It should be noted, however, that gender-
related increases in LVW/BW ratios and interstitial fibrosis
were observed only in the GC-A KO mice but not in WT mice,
despite the similar up-regulation of Agt and ACE expression
in ventricles of both genotypes of mice. We recently observed
that GC-A signaling counteracts Ang II-induced cardiac ab-
normalities. A subpressor dose of Ang II increased cardiac
mass and fibrosis only in male GC-A KO but not WT mice,
suggesting an augmented responsiveness to Ang II in the
heart of GC-A KO mice (22). Thus, we speculate that gender-
related differences in the heart were made manifest by lack-
ing inhibitory actions of GC-A on AT1 signaling in GC-A KO
mice. Inhibitory effects of GC-A were also supported by the
overexpression of TGF-B1 and -3, which are activated by
AT1A signaling and responsible for interstitial fibrosis (28,
45-47), in GC-A KO mice.

To further test this hypothesis, we deleted the AT1A re-
ceptor gene, which mediates classical Ang II actions, includ-
ing cardiac hypertrophy and fibrosis, by crossing GC-A KO
mice and AT1A KO mice. The gender-related cardiac dif-
ferences were absent in the double-KO mice. Furthermore,
castration of males did not reduce and testosterone admin-
istration failed to increase the cardiac mass and fibrosis in
male double-KO mice. These results strongly suggest that
GC-A prevents androgen-induced cardiac abnormalities
mainly by inhibiting the androgen-Ang II-AT1A axis.

The present data did not indicate that androgens and Ang
II solely provide a causative contribution to gender-related
cardiac differences in GC-A KO mice. LVW/BW in male
GC-A KO mice after castration or flutamide treatment were
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comparable to that in female GC-A KO mice, but the degree
of fibrosis was still higher in male GC-A KO mice after the
treatments than in females, suggesting androgens mostly
contribute to gender-related left ventricular hypertrophy,
and at least approximately 50% to the gender-related in-
crease in fibrosis. In the case of AT1A blockade, LVW /BW
in GC-A KO mice were reduced to the level corresponding
to that in WT mice, in which there was no difference in
hypertrophy, and fibrosis was more intensively reduced by
knocking out the AT1A receptor, compared with blockade of
ARs. These findings suggest that AT1A signaling contributes
not only to gender-related cardiac abnormalities but also to
abnormalities specifically observed in both genders of GC-A
KO mice, suggesting androgen is one of the factors up-
regulating the Ang system. Additional studies are required
to elucidate the entire mechanism for gender-related differ-
ence observed in GC-A KO mice, in which other molecules,
such as catecholamines and endothelin, would be involved.

Another interesting finding is that castration or the treat-
ment with androgen antagonist improved cardiac abnormal-
ities in GC-A KO mice without significant change in SBP. As
mentioned above, a subpressor dose of Ang II exaggerated
hypertrophy and fibrosis in GC-A KO mice (22). It is likely,
therefore, that androgen-induced Ang II is sufficient for in-
ducing hypertrophy and fibrosis in GC-A KO mice but not
to elevate BP.

The presence or absence of androgens in male GC-A KO
mice showed marked effects on the expression levels of ANP.
The molecular mechanism is unclear at present. In the
present study, despite the similar up-regulation of Agt and
ACE expression in ventricles of both male WT and GC-A KO
mice, ANP was markedly increased only in male GC-A KO
mice. We demonstrated a similar expression level of AT1A
mRNA in males and females of both WT and GC-A KO mice
(data not shown). Therefore, it seems that androgen-induced
intracellular signaling at a postreceptor level for modulation
of ANP gene expression is up-regulated in GC-A KO mice.
Ang II is known to increase ANP expression mediated by
protein kinase C or MAPK (48). Further examination is nec-
essary to determine whether the protein kinase C or MAPK
pathway is involved in the elevation of ANP by androgens.

Recently, Nakayama et al. (49) described a functional mu-
tation in the 5'-flanking region of the human GC-A gene that
reduces transcriptional activity by more than 70% in reporter
gene assay, is present in approximately 5% of the hyperten-
sive individuals in Japan, and is associated with cardiac
hypertrophy. Evidence also suggests that GC-A receptors
may be down-regulated in patients with chronic, severe heart
failure (50). Indeed, there may be substantial numbers of
patients whose abnormal GC-A signaling makes them sus-
ceptible to androgen-induced cardiac abnormalities. From
the clinical points of view, the present study raises the pos-
sibility of the prophylactic use of Ang II receptor blocker or
AR antagonist in patients with loss of functional mutations
in the GC-A gene.

Taken together, our findings strongly support the hypoth-
esis that androgen contributes to cardiac abnormalities via
the AT1A receptor. Furthermore, this androgenic effect is
normally inhibited by stimulation of GC-A by natriuretic
peptides.
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