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ffects of Steroid Hormones on
orphology and Vascular Endothelial
rowth Factor Expression in Female Bladder

anlan Yu, Zhoujun Shen, Xielai Zhou, and Shanwen Chen

BJECTIVES To investigate the roles of steroid hormones, including estrogen, progesterone, and testosterone,
in the morphology and vascularization of the female bladder.

ETHODS A total of 70 adult, female Sprague-Dawley rats were divided into 7 groups: group 1, sham; group
2, ovariectomized rats without treatment; group 3, low-dose estradiol; group 4, high-dose
estradiol; group 5, progesterone; group 6, estradiol combined with progesterone; and group 7,
testosterone. All were given for 4 weeks. The serum steroid hormone levels were determined by
radioimmunoassay. The total weight and thickness of the bladder were measured. Morphologic
changes were observed under light and electron microscopy. The expression of vascular endo-
thelial growth factor (VEGF) in the bladder was evaluated by immmohistochemistry and
Western blotting.

ESULTS The ovariectomized rats had a thinner bladder wall compared with the sham group (0.97 � 0.11
mm vs 1.10 � 0.10 mm, P � .05) and widened spaces between the detrusor muscle fascicles with
collagen deposit. Estrogen reversed these changes, and testosterone increased the thickness of the
bladder wall to 1.26 � 0.12 mm (P � .05). VEGF staining was mainly located in the urothelium
and endothelial cells, with weak staining in the smooth muscles. VEGF was almost absent in the
urothelium after ovariectomy. In the estrogen- and androgen-treated groups, although the
expression of VEGF was significantly greater than that in the nontreated ovariectomized group,
it was still lower than normal.

ONCLUSIONS Our findings suggest the importance of steroid hormones in maintaining the integrity of the
bladder structure and regulating the expression of VEGF in the female urinary tract. Both
estrogen and androgen can reverse the bladder muscle atrophy induced by ovariectomy.
However, the decline in VEGF expression in the bladder cannot be fully recovered with
either estrogen or androgen replacement. UROLOGY 73: 1210 –1217, 2009. © 2009 Published

by Elsevier Inc.
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ncreasing evidence from animal and human studies
has shown that sex steroids hormones, especially es-
trogen,, has an essential role in the female lower

rinary tract, because it shares a common embryonic
rigin with the genital system, arising from the urogenital
inus. Estrogen receptors and progesterone receptors have
een identified throughout the bladder, urethra, and pel-
ic floor, as well as in lumbosacral dorsal root ganglion
ells.1-3 Fluctuations in the serum level of estrogen result
n anatomic, histologic, and functional changes. Epide-
iologic reports have implicated estrogen deficiency in

he etiology of a number of different lower urinary tract
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ymptoms (LUTS), such as urge syndromes, nocturia,
ncontinence, and urinary tract infection. Iosif and Bek-
ssy4 evaluated 2200 postmenopausal women and found
he prevalence of lower urinary tract disorders was as
reat as 49%.

In the early 1950s, Berkow5 first reported on a vascular
etwork in the female urethra and suggested its possible
oles in urinary control and stress incontinence in
omen. Later, several studies confirmed that the periure-

hral vessels contributed to urethral closure by furnishing
he urethral mucosa and, consequently, the maintenance
f urethral pressure. After menopause, a deficiency of
strogen leads to a reduction in blood flow, mucosal
trophy, and a weakened muscular response to adrenergic
timuli.6,7 Angiogenesis is also important to bladder de-
elopment. In cultured murine embryonic bladders, de-
rusor smooth muscle differentiates only when the mes-
nchyme is close to the epithelium, suggesting that such

nduction is mediated by epithelial-derived secreted mol-

0090-4295/09/$34.00
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cules.8,9 Vascular endothelial growth factor (VEGF) is a
ritical angiogenic factor known to be required for the
ormal development of the vasculature, as well as for
athologic angiogenesis. VEGF exerts its effects on the
ascular endothelium through binding to 2 high-affinity
eceptors, R1 (fms-related tryosine kinase [Flt-1]) and R2
kinase insert domain-containing receptor/fetal liver ki-
ase [KDR/Flk-1]). This binding, in turn, activates the

ntrinsic tyrosine kinase activity of their cytodomains,
nitiating intracellular signaling. VEGF-, VEGFR1-, and
EGFR2-positive cells were detected in E14 and E18
ladders. Exogenous VEGF has been observed to en-
ance embryonic bladder growth in organ culture in both
he urothelial and the detrusor smooth muscle compart-
ents.10 It has been demonstrated that VEGF might be

egulated by steroid hormones. With the decline of ovar-
an function, serum levels of VEGF were diminished.11 In
variectomized rats that received estrogen treatment, the
erum VEGF concentration was significantly greater than
n those not receiving estrogen.12 A few studies have
een done on the relationship of steroid hormones and
EGF and VEGF receptors in some sex steroid-respon-

ive tissues, but none have yet studied this relationship in
he bladder. Hervé et al.13 reported on an increase in
DR/Flk-1 expression in the uterus of ovariectomized
ice treated with estradiol or estradiol combined with

rogesterone. However, KDR expression was not regu-
ated by estradiol in vitro. In contrast, it was upregulated
y VEGF itself in a time- and dose-dependent manner,
uggesting that estradiol upregulates KDR expression
ainly through the paracrine mechanism of VEGF.
äggström et al.14 found that VEGF mRNA and protein

evels were significantly decreased by castration, and tes-
osterone treatment induced VEGF synthesis in the rat
entral prostate epithelium. However, the expression of
he Flt-1 and KDR/Flk-1 receptors was unaffected. Ac-
ording to these previous studies, it seems that steroid
ormones can directly modulate the expression of VEGF.
It is known that the ovary is also a critical organ for

roducing testosterone in peri- and postmenopausal
omen. Of the circulatory levels of androgen, 50% are
ontributed equally from the ovaries and the adrenal
lands. Davison et al.15 measured the testosterone levels
n 595 female patients aged 18-75 years and found that
he testosterone levels declined by around 55% with
ging. Although estrogen and progesterone are being
tudied widely, the effects of androgen on the female
rinary tract have barely been investigated and are poorly
nderstood.
In the present study, we investigated the morphologic

hanges in ovariectomized rats induced by androgen and
ompared these with rats treated estrogen and/or proges-
erone. To further understand the regulation of steroid
ormones on angiogenesis in the female urinary tract, we
nalyzed the expression profiles of VEGF in the bladders

f rats undergoing different hormonal treatments. s

ROLOGY 73 (6), 2009
ATERIAL AND METHODS

ats
n the present study, we used 4-month-old adult female
prague-Dawley rats (180-200 g). Bilateral ovariectomy or
ham surgery was performed by low abdominal midline incision
nder pentobarbital anesthesia (40 mg/kg body weight intrave-
ously). A total of 70 rats were divided into 7 groups. Each
roup was composed of 10 rats: sham group, rats with sham
urgery; group OVX, ovariectomized rats; group OVX�E, ovari-
ctomized rats treated with 0.25 mg/kg estradiol benzoate; group
VX�E1mg, ovariectomized rats treated with 1 mg/kg estradiol

enzoate; group OVX�P, ovariectomized rats treated with 1
g/kg progesterone; group OVX�E�P, ovariectomized rats

reated with 0.25 mg/kg estradiol benzoate combined with 1
g/kg progesterone; group OVX�T, ovariectomized rats

reated with 3 mg/kg testosterone propionate. The solutions
ere diluted in sesame oil and given by intramuscular injection
very 2 days for 4 weeks. The sham and OVX groups were only
njected with sesame oil. Estradiol benzoate and testosterone
ropionate were purchased from Shanghai Tongyong Pharma-
eutical (Shanghai, China). Progesterone was from Zhejiang
ianju Pharmaceutical (Zhejiang, China). All the procedures
ere performed under the guidelines of the Institutional Ani-
al Care and Use Committee for the care and use of laboratory

nimals.

ample Harvest and Preparation
t 4 weeks after bilateral ovariectomy or sham operation, deep

nesthesia was induced. Blood samples were collected from the
ortal vein immediately before the rats were killed and centri-
uged at 3000 rpm for 10 minutes before being stored at �20°C.
erum estradiol, progesterone, and testosterone levels were de-
ermined using a radioimmunoassay. The radioimmunoassay kit
as purchased from Depu (Tianjin, China). The bladder and
rethra were dissected and weighed. One half was fixed in 10%
ormalin, and the other half was immediately put into liquid
itrogen and stored at �80°C.

ematoxylin-Eosin Staining and
hickness of Bladder Wall Measurement
ormalin-fixed specimens were embedded in paraffin in a ver-
ical position, and serial 5-�m tissue sections were placed on
icroscope slides, dewaxed, and rehydrated. Hematoxylin-eo-

in–stained slides were used to determine the bladder thickness
t equatorial cross-sections. Images were captured using a Carl
eiss digital camera with an image definition of 1024 � 768
ixels, at 100� magnification. Each pixel corresponded to 2
m. The computer program Image-Pro Plus (Media Cybernet-

cs, Bethesda, MD) was used to analyze the digital images, and
0 consecutive points of each specimen were calculated.16

lectron Microscopy
ladder biopsy specimens were immediately immersed in freshly
ade 2.5% glutaraldehyde prechilled to 4°C. Two blocks from

ach group were trimmed to a size of 1 mm3. They were
rocessed by osmification and dehydration and embedded in
raldite. Ultrathin silver to silver-gold sections were obtained
rom the blocks and mounted on uncoated 150-mesh grids and
tained by the standard uranyl nitrate/lead citrate sequence.
he samples were observed under an EM300 electron micro-
cope (Philips, Hamburg, Germany), and the images were cap-
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ured by a computer-controlled image analysis system (Image-
ro Plus). The biopsy specimens’ coded random numbers were
elected at random and evaluated by electron microscopy with-
ut knowledge of the source of the data.

mmunohistochemical Staining
he samples were dissected, fixed in 10% neutral formalin for
4 h at room temperature, dehydrated in ethanol, cleared in
ylene, and embedded in paraffin; 3-�m sections were cut and
ounted on coated slides. All immunostaining was performed

t room temperature according to the following protocol. The
lides were boiled for 15 min in a microwave oven in 10 mM
odium citrate buffer (pH 6.0) for 15 min and endogenous
eroxidase was blocked using 1% hydrogen peroxide in Tris-
uffered saline/0.05% Tween 20 for 20 min. The sections were
insed again in phosphate-buffered saline, incubated with 10%
abbit serum for 1 h rinsed with phosphate-buffered saline. The
lides were washed in Tris-buffered saline/0.05% Tween 20 and
ncubated with primary antibody VEGF (Santa Cruz Biotech-
ical, Santa Cruz, CA) diluted into a ratio of 1:100 in phos-
hate-buffered saline with 3% bovine serum albumin and
.05% Tween 20 for 1 h. The ChemMate Envision� detection
it (peroxidase/diaminobenzidine, DAKO, Glostrup, Denmark)
as used as the detection system. After washing, the slides were
ounterstained with hematoxylin, dehydrated in graded series of
thanol, and finally mounted. The specificity of the immuno-
eactions was verified by substituting the primary antibody with
he corresponding concentration of mouse IgG. In addition,
ositive control slides were included in each run.

estern Blot Analysis
he bladder tissues were homogenized and sonicated in lysis
uffer: 50 mmol/L Tris-HCl, 150 mmol/L NaCl, 1 mmol/L
thylenediaminetetraacetic acid, 1% Triton X-100, 0.5 mmol/L
odium orthovanadate, 50 mmol/L 4-(2-hydroxyethyl)-1-
iperazineethanesulfonic acid (pH 7.4), 1 mmol/L phenylmeth-
lsulfonyl fluoride, and complete protease inhibitor mixture
Cell Signaling Technology, Beverly, MA) on ice. The lysate
as clarified by centrifugation at 10 000g for 20 min at 4°C. The

upernatant was recovered, and the protein concentration was
etermined using the BCA kit. Equal amounts of protein were
iluted in 6� Laemly sample buffer containing 0.3 M 2-mer-
aptoethanol and resolved by 4%-20% sodium dodecyl sulfate-
olyacrylamide gel electrophoresis. Western blotting was per-

Table 1. Serum hormone levels, body weight, and lower u

Group n E (pg/mL) P (nmol/L

Sham 10 78.1 � 9.1 25.6 � 8.1
OVX 10 10.1 � 2.5* 9.7 � 3.1
OVX�E 10 84.8 � 13.9 6.5 � 2.1
OVX�E1mg 10 504.1 � 203.3† 5.6 � 1.8
OVX�P 10 26.3 � 17.3 24.9 � 7.8
OVX�E�P 10 89.3 � 29.3 28.5 � 9.0
OVX�T 10 16.6 � 5.2 14.4 � 4.6

E, estradiol benzoate; P, progesterone; T, testosterone; OVX, ovar
estradiol benzoate; OVX�E1mg, ovariectomized rats treated with
1 mg/kg progesterone; OVX�E�P, ovariectomized rats treated with
and OVX�T, ovariectomized rats treated with 3 mg/kg testostero

Data presented as mean � standard deviation.
* Significance vs sham group, P � .05.
† P � .01.
ormed using the primary antibody anti-VEGF-A (1:200 g

212
ilution) or anti-tubulin, mouse monoclonal antibody (1:1500
ilution, Santa Cruz Biotechnical). The intensity of the bands
as determined by scanning video densitometry (Ultra Violet
roducts, Cambridge, England) and expressed as arbitrary den-
itometric units normalized to tubulin expression.

tatistical Analysis
he quantitative data are presented as the mean � standard
eviation and were analyzed according to the analysis of vari-
nce using computer software Statistical Package for Social
ciences, version 14.0. P � .05 was used as the level of signif-

cance.

ESULTS

erum Hormone Levels and Lower
rinary Tract Wet Weight in Animal Model
he mean � standard deviation serum hormone levels
fter treatment in each group are listed in Table 1. After
variectomy, the serum estradiol and progesterone levels
eclined significantly, and 0.25 mg/kg estradiol benzoate
ith or without progesterone replacement recovered se-

um estradiol to normal levels efficiently. High-dose es-
radiol benzoate and testosterone propionate induced
igh concentrations of estradiol and testosterone after 4
eeks.
The body weights and lower urinary tract weights after

reatment in each group are listed in Table 1. At the end
f the treatments, no statistically significant difference
as found in the body weights among the 7 groups. The
ean lower urinary tract weights were decreased in group
VX and group OVX�P compared with the sham group

P � .001, P � .023, and P � .05 respectively). In the
VX�E, OVX�E1mg, and OVX�E�P groups, the

ower urinary tract weights were close to that in the sham
roup and significantly greater in the testosterone-treated
roup (P � .001 and P � .01, respectively).

uantitative Morphometric Analysis of Bladder Wall
igure 1 shows that ovariectomy induced smooth muscle
trophy. The total bladder wall thickness of the OVX

y tract weight after treatment in each group

T (ng/dL) Body weight (g) LUT weight (mg)

1.8 � 0.2 278.9 � 14.2 133.5 � 6.7
1.6 � 0.1 279.4 � 15.4 116.4 � 6.9†

1.5 � 0.1 268.7 � 16.3 130.2 � 9.4
1.8 � 0.3 272.3 � 12.2 129.0 � 9.3
1.7 � 0.3 279.5 � 16.3 123.1 � 13.1
1.8 � 0.2 276.0 � 14.6 134.3 � 11.8

46.4 � 8.6* 269.5 � 10.4 149.3 � 12.1†

mized rats; OVX�E, ovariectomized rats treated with 0.25 mg/kg
/kg estradiol benzoate; OVX�P, ovariectomized rats treated with

mg/kg estradiol benzoate combined with 1 mg/kg progesterone;
opionate.
rinar

)

*
*

*

iecto
1 mg
0.25

ne pr
roup was much thinner than that of the control group

UROLOGY 73 (6), 2009
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0.97 � 0.11 vs 1.10 mm � 0.10 mm, P � .035 and P �
05, respectively). In the testosterone-treated groups, the
hickness of the bladder wall increased to 1.26 � 0.12
m (P � .016, P � .05; Fig. 1C). No significant change
as seen in the estrogen- or progesterone-treated group

igure 1. Representative hematoxylin-eosin staining of blad
alls. (A) Sham group. (B) Ovariectomized (OVX) group wi
tain, reduced from �100. (C) Total thickness of bladder wa
s sham group, P � .05. **P � .01. bSignificance vs OVX
variectomized rats; OVX�E, ovariectomized rats treated wi
ats treated with 1 mg/kg estradiol benzoate; OVX�P, ovar
variectomized rats treated with 0.25 mg/kg estradiol b
variectomized rats treated with 3 mg/kg testosterone pro
ompared with the control group. i

ROLOGY 73 (6), 2009
ltrastructural Morphology of Bladder Wall
lectron microscopy was used to evaluate the ultrastruc-
ural changes in bladder detrusor cells (Fig. 2). After
variectomy, smooth muscle compartments appeared
ildly decreased with markedly widened spaces between

alls and quantitative analysis of total thickness of bladder
uscle layer showing significant atrophy. Hematoxylin-eosin
each group. Each bar represents mean � SD. *Significance
p, P � .01. SHAM, rats treated with sham surgery; OVX,
25 mg/kg estradiol benzoate; OVX�E1mg, ovariectomized
mized rats treated with 1 mg/kg progesterone; OVX�E�P,
ate combined with 1 mg/kg progesterone; and OVX�T,
te.
der w
th m
ll in
grou

th 0.
iecto
enzo
ndividual muscle cells and their arrangement seemed less
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ell organized compared with other groups. Under high
agnification, abundant collagen was deposited in the

pace between muscle fascicles, which did not show in
ther groups. A large number of caveolae were revealed
n the detrusor muscles in the high-dose estrogen treat-
ent group, but no obvious change was seen in the

estosterone-treated group compared with the sham
roup.

xpression of VEGF in Bladder Tissue
igure 3 shows that receptor patterns as evaluated with
mmunohistochemical staining and Western blotting.
rown staining in the investigated cells was considered as
positive immunoreaction. VEGF positive staining was
ainly localized in the urothelium and endothelial cells,
ith weak staining in the smooth muscles. After ovari-
ctomy, VEGF immunostaining was mostly absent in the
rothelium and endothelial cells. With estrogen admin-
stration, very little was recovered. In the testosterone
roup, most of uroepithelial cells were positive for VEGF,
nd the expression of VEGF in the endothelial cells was
eaker than normal.
Quantitative VEGF-A in each group was evaluated

y Western blotting (Fig. 3D). The protein level of
EGF-A decreased significantly in group OVX compared
ith the sham group (16.6% � 4.3% vs 87.8% � 7.8%,

igure 2. Ultrastructure of detrusor muscle fascicles an
variectomized rats treated with 1 mg/kg estradiol benzoate
ropionate groups. Note, large spaces between fascicles in o

n ovariectomized rats treated with 1 mg/kg estradiol benz
� .001). Estrogen treatment slightly increased the t

214
EGF level (23.6% � 5.7%, P � .027). High-dose
strogen and estrogen combined with progesterone resulted
n better improvement (42.2% � 8.1% and 30.1% �
.6% respectively, P � .001 vs group OVX). Testoster-
ne increased the expression of VEGF to 61.6% �
0.6%, although it was still signficantly lower than that
f the sham group (P � .001). Progesterone alone did not
how a noticeable effect.

OMMENT
ccording to our animal study, ovariectomy induced a

hinner bladder wall with an impaired ultrastructure of
etrusor cells. Elbadawi et al.17 examined the biopsy
pecimens from patients with LUTS by electron micros-
opy and noted that changes in the detrusor tissue were
haracterized by collagenosis, with quite a bit of collagen
lus some elastic fibers in the markedly widened spaces
etween muscle fascicles, suggesting that these changes
n detrusor structure might account for the voiding dys-
unction. In our present study, we observed a similar
attern of structural changes in ovariectomized rats.
herefore, the deficiency of steroid hormones is likely
ssociated with bladder dysfunction.17,18 Hormone re-
lacement with estrogen or androgen can reverse these
ffects induced by hormonal deficiency. Under the elec-
ron microscope, we observed a number of caveolae in

tracellular spaces of (A) sham, (B) ovariectomized, (C)
(D) ovariectomized rats treated with 3 mg/kg testosterone

ectomized rats (B) and numerous caveolae in detrusor cells
(C). Reduced from �3700.
d ex
, and
vari
he cytoplasm of the detrusor cells in the high-dose

UROLOGY 73 (6), 2009
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strogen-treated group. This unexpected finding might
elp explain the failure of estrogen therapy for meno-
ausal LUTS. Although it has been well known that
strogens have important physiologic effects in the
emale lower urinary tract, the efficacy of estrogen
eplacement therapy in treating menopausal LUTS is
till controversial. Meta-analyses have failed to show
strogen therapy had an effect greater than that of a
lacebo.19 However, it is still too early to conclude
hat high-dose estrogen has adverse effects on the
unction and morphology of the bladder from our cur-
ent data.

We also demonstrated that androgen plays a poten-
ially important role in maintaining the integrity of the
ladder structure in female rats. Testosterone administra-
ion reversed the atrophy and disorganization of detrusor
uscles induced by bilateral ovariectomy. A general con-

ensus has been reached that androgens produce anabolic
ffects on skeletal muscle.20 Testosterone administration
s associated with a dose- and concentration-dependent
ncrease in fat-free muscle mass, muscle size, and maximal
oluntary strength. Davison et al.15 have shown that the
uscles in the pelvic floor and lower urinary tract are

articularly sensitive to androgen. Moreover, androgen

igure 3. Immunostaining of vascular endothelial growth f
rown) cells in normal rats, especially in (A) uroepithelium.
estosterone-treated group, most uroepithelial cells were V
hat in normal rats. Original magnification �100. (D) Rep
emiquantitative analysis. Protein levels determined by e
ormalized to tubulin expression (i.e., tested protein/tubulin
01 vs sham group. bP � .05 vs OVX group. cP � .01 vs O
eceptors have been detected in various female urogenital h

ROLOGY 73 (6), 2009
issues. In rabbits, androgen receptors were found in the
rethral and trigonal epithelium, detrusor muscle, and
mooth muscle of the urethra.21-23 The widespread co-
ocalization of androgen receptors with estrogen receptors
nd progesterone receptors in the female lower urinary
ract suggests that androgen might play an important role
n the maintenance of the normal function of female
ower urinary tract. However, it is interesting that we did
ot see a reduction of serum testosterone after ovariec-
omy such as was shown for estrogen or progesterone.
his could have been because the detection method of
ndrogen has limitations under certain low levels. The
ther possibility is that the adrenal glands might produce
ore androgen to recover the depletion of ovary-derived

ndrogen after ovariectomy. Moreover, the serum con-
entrations of testosterone appeared much greater than
hat of the controls after testosterone replacement. We
sed 3 mg/kg testosterone propionate in our study accord-
ng to previously published data (1-5 mg/kg testosterone
ropionate was usually used in female rats)24,25; however,
lack of studies has been published on the relationship of
ndrogen treatment and female bladders. Thus, the func-
ions of physical level testosterone need additional study,
lthough we did see some significant positive effects with

r (VEGF) in bladder. Note, larger amount of stained (dark
VEGF almost absent in ovariectomized (OVX) group. (C) In
positive, but staining in endothelial cells was weaker than
tative Western blotting of VEGF-A of bladder tissues and
ting intensity of bands by scanning video densitometry,
ch bar represents mean value � standard deviation. **P �
roup. Abbreviations as in Figure 1.
acto
(B)

EGF
resen
valua
). Ea
igh-dose androgen.
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To our knowledge, this is the first report on the regu-
ation of steroid hormones, including estrogen, progester-
ne, and androgen, in the expression of VEGF in the
emale bladder. We found that the expression of VEGF
as extremely low after ovariectomy. Either estrogen or
ndrogen can only partially recover this decline. Our
nding is in accordance with those of previous studies on
he genital system. Soares et al.26 evaluated the effects of
strogen and progesterone in the expression of VEGF
RNA and protein levels using a human breast cancer

ell line, MCF-7, and observed that estrogen upregulated
EGF expression in both mRNA and protein. Fluctua-

ions in the expression of VEGF in the genital tract occur
ith the menstruation cycles, as well as reproductive
henomena, such as ovulation, endometrial growth, im-
lantation, and placentation.27 The presence of estrogen-
esponse elements in the VEGF gene promoter region28

as also been reported, indicating that estrogens are, in
act, involved in VEGF regulation. According to our
mmunochemistry staining, VEGF-positive cells were
ainly localized in the urothelium and endothelial cells.
he expression of VEGF was particularly low in the
ndothelial cells even after hormone replacement. VEGF
romotes endothelial cell proliferation and maintains the
iability of immature blood vessels. The depletion of
EGF could lead to a decrease in angiogenesis, a reduc-

ion in the number of blood vessels, and, consequently, a
eakening of the musculature and connective tissue. In
ddition, Youssif et al.29 found that VEGF not only
nhanced smooth muscle formation and angiogenesis,
ut also increased nerve fiber generation in bladder grafts.
he partial improvement of VEGF expression level by
ormone replacements might also explain why estrogen
herapy has not shown satisfactory efficacy in treating
enopausal LUTS. Considering the positive effect of

ndrogen in the female bladder, combined estrogen and
estosterone therapy might be a promising strategy.

ONCLUSIONS
lthough the most obvious and well-known conse-

uences of menopause are due to the decline of estrogen
evels, the effects of androgen are by no means less
ignificant. Our findings suggest the importance of steroid
ormones in maintaining the integrity of the bladder
tructure and imply a potential relationship between
EGF and urinary tract physiology that is partially reg-
lated by steroid hormones.
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