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Decreased urothelial expression of caveolin 1 and
2 in aging rats showing detrusor overactivity:
Potential association with aging bladder

Jae Hyeon Kim, Seong Hyeon Yu, Sun-Ouck Kim
Department of Urology, Chonnam National University Medical School, Research Institute of Medical Sciences, Gwangju, Korea

Purpose: The purpose of this study was to investigate the effect of aging on bladder function and caveolin protein expression in
rat urothelium.

Materials and Methods: Female Sprague-Dawley rats were divided into the following two groups: young age control group (12
weeks) and old-aged group of rats (80 weeks). Urodynamic measurements were taken to compare the contraction interval and the
contraction pressure between the two groups. The expression and cellular localization of caveolin 1 and 2 in the urothelium of the
rat urinary bladder were determined by Western blot and immunofluorescence microscopy.

Results: In cystometrograms, the contraction interval (min) was significantly shorter in the old-aged group (3.7+£0.5 min) than in
the young age control group (6.2+0.8 min). Also, the average contraction pressure (mmHg) was lower in the old-aged group (8.4+0.6
mmHg) than in the young age control group (13.2+1.3 mmHg). Caveolin 1 and 2 were expressed in the subepithelial area in the
urothelium. The protein expression of both caveolin 1 and 2 was significantly lower in the old-aged group than in the young age
control group.

Conclusions: Aging caused a significant change in the expression of caveolin 1 and 2 in the urothelium of the rat urinary bladder.
These findings suggest that these molecules might have specific roles in the functional change of the urinary bladder that occurs
in association with aging.
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INTRODUCTION

The urothelium has been considered a simple passive
membrane barrier between the urinary tract and urine.
Recently, the urothelium has been found to be an actively
involved responsive organ capable of mediating a variety of
signals from the urinary bladder [1] Many studies support

the view that the urothelium exhibits specialized sensory
and signaling properties that regulate normal bladder func-
tion [L2] The urothelium has an important role as it can
release chemical mediators, express a number of sensor mol-
ecules, and respond to external stimuli, and alterations in
urothelial features may in part contribute to abnormalities
such as various bladder disorders [2]
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Caveolae are 50 to 100 nm flask-shaped small invagina-
tions in the plasma membrane that are found in most cell
types, but are abundant in adipocytes, endothelial cells, and
smooth and striated muscle cells [3] Caveolins are the main
protein component of the caveolae structure necessary for
the formation of caveolae. In the mammalian cells, at least
three different isoforms of the caveolin family have been
identified (caveolin 1, 2, 3). Caveolae are shown to represent
membrane compartments enriched in a large number of sig-
naling molecules which are essential for many cell signaling
processes that regulate various signal molecules and may
facilitate and integrate the cellular response to a specific ex-
tracellular stimulus [4-6] Caveolin 1 is an essential structural
component of cell surface caveolae biogenesis and is re-
garded as an important molecule for trafficking and mobil-
ity of the caveolae. Caveolin 1 and 2 are usually co-expressed
in many cells and tissues. Caveolin-null animals provide
valuable insights regarding the roles of caveolin proteins in
cell function. Functional roles of caveolin 1 in the urinary
bladder are beginning to emerge with the study of caveo-
lin 1 knockout animals. Lai et al. [7] reported that loss of
caveolin 1 expression was associated with disruption of M3
muscarinic cholinergic activity, showing a 70% reduction in
acetylcholine release in the bladder by deletion of caveolin 1.
They suggested that caveolin 1 is involved in pre-junctional
acetylcholine release from the neuromuscular junction and
post-junctional M3 receptor-mediated signal transduction in
bladder smooth muscle [7] Caveolin 1 knockout mice exhibit
several urological abnormalities showing decreased electrical
neural and carbachol-evoked detrusor contraction power [8]

Functional changes of the urinary bladder, such as im-
paired detrusor smooth muscle contraction and detrusor
overactivity, are a prevalent feature in the aging population
[910] Age-associated change of caveolins has been reported
in various organs, resulting in functional alterations [11,12]
In the aging bladder, structural change of bladder smooth
muscle including an apparent reduction in bladder smooth
muscle caveolae has been described. Lowalekar et al. [13]
investigated the effect of aging on caveolin in the smooth
muscle of the aging bladder. They reported that biological
aging significantly decreased caveolae number (50% fewer
caveolae) and morphology combined with alteration of ca-
veolin expression in the bladder smooth muscle. But the
impact of aging on the urothelial tissue and related caveolin
expression are unclear. Since the urothelium is highly as-
sociated with bladder function and is an emerging target
for the treatment of bladder dysfunction, the relationship
between aging and caveolin expression in the urothelium
warrants investigation.
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Urothelial expression of caveolin in aging rats

Previously, we investigated the effect of functional ab-
normality of the urinary bladder showing detrusor overac-
tivity on the expression of caveolins in the urinary bladders
using animal models [14,15] In those studies, we reported that
alterations of detrusor function cause a significant change
in the expression of caveolins in the urinary bladder, which
suggests that caveolin might have a functional role in the
detrusor overactivity.

Most studies to date have demonstrated caveolin expres-
sion in the detrusor muscle of the urinary bladder. However,
there have been no studies to investigate the changes in
the expression of caveolin 1, 2 in the urothelium and func-
tional activity of this protein in response to the clinically
important aging condition. The purpose of this study was to
investigate the effect of aging on bladder function and pro-
tein expression of caveolin in rat urothelium. Understanding
the effect of caveolin 1 and 2 on the urothelium induced by
the aging process would provide a valuable insight into the
mechanism regulating bladder function and could identify
caveolin protein as a promising target for the treatment
of dysfunctional change of the urinary bladder or bladder
overactivity that occurs in association with the aging blad-
der.

MATERIALS AND METHODS

Female Sprague-Dawley rats (12 weeks old, 230-240 g,
n=30) were divided into the following two groups: young age
control group (12 weeks, n=15) and old-aged group (80 weeks,
n=15).

All experimental animals were fed a standard diet until
the day before the experiment. Animals having an estrous
cycle confirmed via a vaginal smear were anesthetized with
an intramuscular injection of ketamine (15 mg/kg) for tissue
dissection after the cystometry. The study protocol was re-
viewed and approved by the Institutional Animal Care and
Use Committee of the Chonnam National University Hos-
pital (approval number: CNU TACUC-H-2015-10). In addition,
the study was performed in accordance with the Declaration
of Helsinki and the Ethical Guidelines for Clinical Studies.

1. Cystometrogram

Five rats in each group were anesthetized with 12 g/kg ure-
thane injected subcutaneously. A suprapubic midline incision
was performed to expose the bladder, a transvesical catheter
with a fireflared tip (polyethylene catheter-50) was inserted
into the dome of the bladder and secured with a ligature, and
then the abdomen was closed. The catheter was connected to
a pressure transducer and syringe pump via a 3-way stopcock
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to record the intravesical pressure and to infuse saline into the
bladder (PowerLab/400 system, ADInstruments, Sydney, Aus-
tralia). After 30 minutes equilibrium the bladder was emptied
and cystometry was performed with saline infused at a rate
of 004 ml/min using the infusion pump (CMA 100; Microject,
Solna, Sweden). The contraction pressure and the contraction
interval were calculated.

2. Immunofluorescence staining

Samples were frozen in liquid nitrogen mixed with op-
timal cutting temperature compound in the cryomold and
subsequently stored in liquid nitrogen. Each tissue was cut
by 6 micrometer thick. The tissue sections (n=5 for each
group, eight sections of each tissue) were rinsed in phos-
phate-buffered saline (PBS), and then treated with 3% hy-
drogen peroxide in 60% methanol for 30 minutes to quench
endogenous peroxidase activity. After washing in PBS, tis-
sue sections were treated with normal chicken serum for 30
minutes to block nonspecific binding. After being washed
in PBS, the sections were incubated with a 1:100 dilution in
PBS of antibody for caveolin 1 or caveolin 2 (BD Biosciences,
San Jose, CA, USA) for 12 to 14 hours at 4°C. Immunoreac-
tivity for caveolin 1 and caveolin 2 was detected with the
use of Alexa-Fluor 594 chicken anti-mouse IgG (1,100, H+L;
Invitrogen, Carlsbad, CA, USA). Tissues were mounted with
the use of a mounting solution containing 4-6-diamidino-
2-phenylindole. For a negative control, tissues were prepared
in a similar manner, except that caveolin 1 and caveolin 2
antibody were omitted from the incubation solution. Tissues
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Fig. 1. Representative cystometric profiles of the following two groups
of rats: the young age control group and the old-aged group. The val-
ues denote the meanzstandard error of the mean of 5 experiments for
each condition determined by cystometrogram. *p<0.05.
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were examined with a model LSM 510 confocal microscope
(Carl Zeiss, Jena, Germany) with an excitation wavelength
appropriate for Alexa-Fluor (594 nm). Final images were
constructed with the use of LSM Image Examiner software.
Densitometric analysis was performed with Studio Star
Scanner using the NIH Image V1-57 software.

3. Western blot

The whole bladder tissues were harvested for the pro-
tein extraction. Proteins (n=5 for each group, 30 pg) were
separated by 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to polyvinylidene fluoride
membranes (Amersham Pharmacia Biotech, UK). The blots
were then washed with Tris-Buffered Saline Tween (10 mM
Tris-HC, pH 76, 150 mM NaCl, 005% Tween-20). Each mem-
brane was blocked with 5% skimmed milk for 1 hour and in-
cubated with the appropriate primary antibody. Monoclonal
mouse antibodies for caveolin 1 and caveolin 2 (1:1,000; BD
Biosciences) and polyclonal rabbit antibody against glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) (1:4,000; Cell
Signaling Technology, Danvers, MA, USA) were used. The
membrane was then washed, and caveolin 1, caveolin 2, and
GAPDH were detected with goat anti-mouse-IgG and goat
anti-rabbit-IgG conjugated to horseradish peroxidase, respec-
tively. Antibody incubations were performed in a 4°C incu-
bator. The bands were visualized with LAS-3000 (Fujifilm
Lifescience, Tokyo, Japan). GAPDH was used as an internal
control. Densitometric scanning was conducted by the Multi
gauge V30 (Fujifilm Life-science) analysis software and che-
miluminescence system.

4, Statistical analysis

The results are expressed as meantstandard deviation,
except for the data for the cystometric parameters, which
are expressed as meanzstandard error of the mean. Analysis
of variance was used to test the null hypothesis that there
would be no differences in the mean expression levels be-
tween the two groups. Differences were considered statisti-
cally significant at p<0.05.

RESULTS

1. Effect of aging on the cystometric parameters

In cystometrograms, the contraction interval (min) was
significantly shorter in the old-aged group (3.7+05 min) than
in the young age control group (62+0.8 min). Also, the aver-
age contraction pressure (mmHg) was lower in the old-aged
group (84406 mmHg) than in the young age control group
(132+1.3 mmHg) (Fig. 1).

https://doi.org/10.4111/icu.20210284



ICUROLOGY

Young-aged
(12 weeks)

Old-aged
(80 weeks)

-
*

Caveolin 1

Caveolin 2 [

Urothelial expression of caveolin in aging rats

21 ] Young-aged (12 weeks)
Il Old-aged (80 weeks)

Relative optical density
(ratio of young-aged)

Caveolin 1 Caveolin 2

Fig. 2. Immunofluorescence labeling for caveolin 1 and caveolin 2. Distinct staining of caveolin 1 and 2 was apparent subepithelial area in the
urothelium (= urothelium, * suburothelium). Immunofluorescence staining showed that the old-aged group had decreased expression of ca-
veolin 1 (p=0.01) and caveolin 2 (p=0.02). The horizontal scale bar at the bottom left of each figure indicates the magnification power. The right
panels denote the mean+standard deviation of 5 experiments for each condition determined by relative densitometry. *p<0.05.

2. Effect of aging on the immunofluorescent
expression of caveolin 1 and caveolin 2

Confocal microscopy was performed and immunofluo-
rescence of caveolin 1 and caveolin 2 in each group was
compared. Distinct staining of caveolin 1 and 2 was apparent
subepithelial area in the urothelium. Immunofluorescence
staining showed that the old-aged group had decreased ex-
pression of caveolin 1 (p=0.01) and caveolin 2 (p=0.02) (Fig. 2).

3. Effect of aging on the protein expression of
caveolin 1 and caveolin 2
Western blot analysis revealed bands at 20 kDa corre-
sponding to caveolin 1 and caveolin 2 proteins. Anti-GAPDH
antibody recognized the 42 kDa band (Fig. 3). The protein
expression of both caveolin 1 and 2 was significantly de-
creased in the old-aged group than in the young age control

group (p<0.05) (Fig. 3).

DISCUSSION

Aging is commonly associated with various bothersome
symptoms like frequency, urgency, nocturia weak stream,
hesitancy and incomplete bladder emptying that affect the
elderly population and these symptoms increase dramatical-
ly with age, becoming a major health problem in daily life.
Despite its prevalence, the exact pathophysiology of the ag-
ing bladder is poorly understood. Many disease entities that
increase with the aging process, such as Alzheimer’s disease,
atherosclerosis, and diabetes mellitus, have been shown to be
associated with structural and functional abnormalities of
caveolin [16]

In the present study, the expression of caveolin 1 and
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caveolin 2 was significantly decreased in the old-aged group
of rats. Cystometric results showed that bladders in the
old-aged group exhibited a decreased voiding interval and
voiding pressure compared to those in the young age control
group. The immunohistochemical study showed that co-local-
ization of caveolin 1 and caveolin 2 in the urinary bladder
was detected in the subepithelial layer in the urothelium.
These results suggest that the aging process may induce a
change in the expression of urothelial caveolins in the rat
urinary bladder and that caveolins may play a role in blad-
der dysfunction induced by aging. To the best of our knowl-
edge, this is the first study to show the possible occurrence
of signaling alteration in the urothelium via caveolins re-
sulting in bladder dysfunction by using an aging rat model.

More than 50 years ago, caveolae are small subcellular
structures that were originally described in the capillary en-
dothelial cell [17] Caveolae are plasma membrane invagina-
tions that play a role in the cell signaling processes such as
endocytosis and transcytosis in the endothelial and epithelial
cells [18] Signaling molecules such as G-proteins, eNOS, EGF
receptors and some protein kinase-C isoenzymes that bind
directly to the domain of caveolins are accumulated prefer-
entially in these membrane invaginations [19]

There are a number of studies indicating that caveo-
lae may have an important role in bladder function in an
animal study. Several studies have shown that caveolae
regulate bladder smooth muscle and modulate bladder con-
traction, and have documented pronounced alteration in
caveolae under specific conditions [7,20,21] Polyak et al. [20]
reported decreased numbers of caveolae in hypertrophied
detrusor smooth muscle, which might contribute to altera-
tions in signal transduction pathways that regulate the
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Fig. 3. Immunoblotting of caveolin 1 and caveolin 2. Western blot analysis revealed bands at 20 kDa corresponding to caveolin 1 and caveolin 2
proteins. Anti-GAPDH antibody recognized the 42 kDa band. The protein expression of both caveolin 1 and 2 was significantly decreased in the
old-aged group than in the young age control group. The lower panels denote the mean+standard deviation of 5 experiments for each condition

determined by densitometry relative to GAPDH. *p<0.05.

downstream effects of agonist induced bladder contraction.
Cristofaro et al. [21] examined the expression of caveolin 1, 2,
and 3 in rat urinary bladder tissue and found reduced ago-
nist induced bladder contraction after cholesterol depletion
that was restored following cholesterol replacement. The
authors concluded that caveolins have a central role in the
regulation of receptor signaling pathways in bladder smooth
muscle.

Age-associated change of the membrane microdomain
and expression of caveolin protein have been exhibited in
various organs such as aorta, penile smooth muscle and hu-
man prostate showing functional alterations [22-24] In the
rat heart, age-dependent dissociation of caveolin expression
from the muscle sarcolemma that alters cell signaling in car-
diomyocytes was detected [25] Many studies have described
a number of changes in lower urinary tract function that
occur in the aging population as well as in animal models.
Pfisterer et al. [26] assessed voiding function in a group aged
between 20 and 90 years using bladder diary, uroflowmetry
and detailed videourodynamics. They showed that bladder
sensation, detrusor contraction power, maximal flow rate
and maximum urethral closure pressure were negatively
associated with age. They suggested a progressive decrease
in detrusor contraction strength. Animal models allow de-
tailed investigation of structural and functional aspects of
the micturition pathways and changes occurring with aging.
In what concerns the bladder structure, it seems undoubt-
edly that aging severely alters its properties. Elbadawi et
al. [27] extensively studied the aged human bladder under
the electron microscope. The membrane of detrusor muscle
cells from healthy aged individuals becomes dominated by
dense bands with depleted caveolae, slightly widening the
spaces between muscle cells. The caveolin 1 knockout mouse
model may support the importance of this structure in blad-
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der aging. When comparing 3-month-old and 1-year-old ca-
veolin 1 knockout mice vs. age-equivalent healthy mice, the
knockout group showed a diminished contractile response to
electric stimulation and carbachol [8] Daly et al. [28] found
significant changes on comparing 24-month-old mice with
3-month-old controls. They reported an elevated voiding fre-
quency accompanied by an increased release of ATP and a
decreased release of Ach, a rise in the number of spontane-
ous detrusor contractions, an increment in the contractile
detrusor response to muscarinic and purinergic agonists and
an increase in the frequency of afferent nerve impulses.
Lowalekar et al. [13] established age-dependent reduction
of caveolae and alteration in caveolin protein expression in
bladder smooth muscle cells on comparing young (10 weeks
old), adult (6 months old), and aged (12 months old) rat uri-
nary bladders.

Significant advances have been made in recent years
in the understanding of bladder sensory function in terms
of crosstalk between the urothelium and afferent nerves.
However, there have been no studies to date investigating
the expression of caveolins in the urothelial tissue of the
urinary bladder or changes in the functional activity of
these proteins in response to aging. In the present study, the
expression of caveolins in the urinary bladder was signifi-
cantly affected by aging in association with the change of
cystometric parameters. One of the possible reasons behind
this influence on the expression of caveolins is believed to be
the significance of the location of caveolins: the microvascu-
lature is highly dependent on aging and altered blood sup-
ply of the urinary bladder may also be an important step in
regulating bladder function. Our results suggest that aging
may lead to significant down-regulation of caveolin expres-
sion in urinary bladder, providing presumptive evidence
that caveolins are involved in the affected lower urinary
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tract symptoms induced by aging, probably via modification
of specific cellular transmission and signaling pathway.

A limitation of our study is that an assessment of the
precise morphological change of caveolins via electron mi-
croscopy was not conducted, although we showed the change
in the expression of urothelial caveolins in the aging rat
urinary bladder and suggested the possible relationship
between bladder function and urothelial caveolins. Further
studies are needed to investigate the expression and localiza-
tion of all caveolin family members in the urinary bladder
and to unveil the functional role of these molecules in the
underlying mechanisms of bladder pathophysiology. Future
translational studies should be aimed at unraveling the pa-
thology of the aging bladder and developing new modalities
targeting the pathological processes for the treatment of age-
related dysfunction of the urinary bladder.

CONCLUSIONS

Aging caused a significant change in the expression of
caveolin 1 and 2 in the urothelium of the rat urinary blad-
der. These findings suggest that these molecules might have
functional roles in the functional change of the urinary
bladder that occurs in association with aging.
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