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Abstract
Objectives—We examined the expression of Rho Kinase (ROK) isoforms in young and old rabbit’s
detrusor smooth muscles (SM) during the progression of short term partial bladder outlet obstruction
and correlated them with the time course of obstruction.

Methods—Detrusor samples were obtained from bladders after 1, 3, 7, and 14 days of obstruction
and also sham operated control rabbits. Reverse transcriptase-polymerase chain reaction, sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and Western blotting were used to determine the
relative levels of ROK isoform expression at the mRNA and protein levels.

Results—Bladder weight for young rabbits increased between 1 and 7 days obstruction and came
back toward control levels at 14 days obstruction. In old rabbits bladder weight increased after
obstruction reaching a maximum at 3 days and remaining at this level throughout the 14 days. In
young rabbits, the expression of ROKα increased in 1 to 7-day obstructed groups and decreased in
the 14 day, while it increased progressively in the old rabbits, both at the mRNA and protein levels.
There was a significant decrease in the expression of ROKβ in young obstructed rabbits, which
gradually decreased during the course of 1–7 day obstruction period and increased after 14 days of
obstruction. In old groups, there was a decrease in expression after 1 day of obstruction and values
remained at a decreased level throughout the course of the study.

Conclusions—The young rabbit bladders are better able to adapt to bladder outlet obstruction and
ROK isoforms respond in a similar way.
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INTRODUCTION
Partial bladder outlet obstruction (PBOO) is observed in children with posterior urethral valves
or severe voiding dysfunction and in adults with benign prostatic hyperplasia or urethral
stricture.1 Experimentally, many pathologic characteristics of human obstructed bladder
disease can be reproduced in animal models of PBOO.2 Smooth muscle structure and function
is significantly altered following PBOO. Insufficient adaptive capacity of the bladder in
response to PBOO is one of the major reasons for decreased bladder contractile function 3,
4.

It is well established that SM tone is triggered by an increase in cytosolic Ca2+ concentration
([Ca2+]c). At increased concentration, Ca2+ binds to calmodulin (CaM), and Ca2+/CaM then
activates myosin light chain kinase, which phosphorylates the regulatory myosin light chain.
The result is a conformational change that allows actin to stimulate myosin ATPase activity,
crossbridges to cycle, and actin to slide past myosin resulting in myocyte contraction.5–8
Conversely, a decrease in [Ca2+]i causes relaxation. Recently, secondary mechanisms were
identified that can modulate SM contractility independently of Ca2+. Activation of excitatory
G-protein coupled receptor can cause contraction of SM without necessarily changing [Ca2+]
i, a process termed ‘Ca2+-sensitization.7 ROK, a serine/threonine protein with two isoforms,
ROKα and ROKβ has been shown to play important roles in this process. ROK can regulate
the phosphorylation of myosin light chain either through phosphorylation and subsequent
inhibition of myosin phosphatase or direct phosphorylation of MLC on Ser 19 and Thr 18.3,
5,7,9 It has been shown that ROK plays an important role in the regulation of urinary bladder
SM contraction and tone.6,10,11, 12.

In our recent study on the response to short-term partial outlet obstruction in young and mature
rabbits, the old rabbits were more severely affected by partial outlet obstruction than were the
young rabbits 13. Although expression of ROK isoforms after obstruction has been reported
in mature rabbits 10,12 there are no data in young rabbits. In this study, we focused on the
expression of ROK isoforms in response to short term PBOO in young, as compared to old
rabbits.

MATERIAL AND METHODS
Surgery protocol

A total of 20 young (3 moths old) and 20 mature male New Zealand white rabbits were divided
into 4 sub-groups of 5 rabbits each. 4 rabbits in each group underwent partial outlet obstruction.
The other rabbit in each group underwent sham operations. The rabbits in each group were
evaluated after 1, 3, 7, and 14 days of obstruction. At the end of experiment period, bladders
were weighed.

RNA Extraction and RT-PCR
Total RNA was extracted from the frozen bladder body SM tissues (100 mg) ground to a fine
powder in a mortar cooled in liquid nitrogen using TRIzol reagent (Invitrogen, Carlsbad, CA).
Of total RNA, 3.5µg was then amplified as previously described14 using SuperScript III One
Step RT-PCR with Platinum Taq DNA Polymerase (Invitrogen, Carlsbad, CA). Forward and
reverse oligonucleotide primers used, and predicted size of PCR products were as follows:5′-
GTGATGGTTACTATGGGCGAGAAT-3′ (upstream) and 5′-
GTTAAGAAGGCACAGATGAGAT-3′ (downstream) for ROKα (202 bp) and 5′-
AAGTAGTTCTCGCATTGG-3′ (upstream) and 5′-TATCATCAGGGAAAGTAAGTG-3′
(downstream) for ROKβ (366 bp). In all reactions, α-actin was amplified as an internal control,
since α-actin expression is not altered in bladder SM hypertrophy.13 PCR products were

Guven et al. Page 2

Urology. Author manuscript; available in PMC 2009 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



electrophoresed on a 2% agarose gel and visualized after ethidium bromide staining. Band
intensities were quantitated by scanning the gel photographs using a densitometer (KODAK
Image Station 440CF) and subsequent analyses using the KODAK 1D image analysis software
(Scientific Image System, Rochester, NY).

Western blot analysis
Total protein extracts were prepared from the bladder SM tissues and quantified as previously
described. 14 Equal amounts (20 µg) of total protein from control and obstructed rabbit bladders
were loaded on 8% SDS-PAGE gels and transferred to Immobilon-P membranes. Membranes
were incubated with anti-ROKα and anti-ROKβ antibody (Transduction Laboratories,
Lexington, KY). It was then incubated with the secondary antibody anti-mouse IgG at 1:4,000
dilutions (Amersham Biosciences, Piscataway, NJ). Between incubations, membranes were
washed thoroughly with PBS containing 0.05% Tween 20. Antibody reactivity was detected
using an enhanced chemiluminescence kit (Amersham Biosciences Plus, GE Healthcare, UK)
and quantitated by scanning densitometry . Amounts of protein loaded on gels for Western
blotting were adjusted to the linear portion of the concentration vs. absorption curve.

Statistical analysis
All the data are expressed as the mean ± SEM with p< 0.05 considered statistically significant.
Analysis of variance followed by the Bonferonni test for individual differences was used for
comparative purposes.

RESULTS
The ratios of bladder weight to body weight are shown in table 1. The ratio in young rabbits
increased 1 to 7 days obstruction and came back toward control levels at 14 days obstruction.
In mature rabbits the ratio increased after obstruction reaching a maximum at 3 days and
remaining at this level throughout the 14 days.

ROK α and ROK β expression
The expressions of ROKα in the young and old rabbit bladder SM, as determined by RT-PCR
using total RNA and quantitative values of densitometric scanning of ethidium bromide stained
bands are represented in Figure 1. In young rabbits, the expression of ROKα was increased
after obstruction, reaching a maximum level in 7 day obstruction group and decreasing to the
day 1 level in the 14 day obstructed group. In old rabbits, there was a significant increase in
all the obstructed groups. Figure 2 demonstrates the expression of ROKα by Western blotting
and quantitative data obtained from densitometric analysis. The amount of ROKα in young
obstructed groups increased during the first 1 to 7 days after obstruction and by 7 days, the
increase was two fold. After 7 days the level of ROKα decreased to the level of the day 1
obstructed group. In the older group, it increased progressively throughout the course of
obstruction. The amount of ROKα in the 14 day obstructed group was higher in old rabbits
than young groups. These results were consistent with RT-PCR experiments.

Whereas there was an increase for ROKα, there was a significant decrease in the expression
of ROKβ in both young and old obstructed groups. Figure 3 represents the expression of
ROKβ at the mRNA level and quantitative data of densitometric scanning. The level gradually
decreases during the course of the 1–7 day obstruction period in the young groups and then
increases to the day 1 level. However, in old rabbits, there was a significant decrease in all the
post-obstruction groups; the increased expression seen in the 14 day obstructed young group
was not seen in the 14 day old group. These changes in the expression of ROKβ were also seen
at the protein level (Figures 4).
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COMMENTS
In this study, we focused on the relationship between aging and ROK isoforms and compared
changes of ROK expression at short-term PBOO between young and old rabbits. We clearly
show incremental changes in ROKα and ROKβ with a different pattern of change after
obstruction. Further, we show that young animals can recover from changes in ROK better
than older animals. In addition to finding that ROKα was increased and ROKβ was decreased,
we found that there were changes in both ROKα and ROKβ over time after obstruction.
Although the exact differences between ROKα and ROKβ isoforms are not clearly defined, in
our study we have found that they changed in opposite directions with increasing ROKα and
decreasing ROKβ during the course of obstruction. Activation of the RhoA/ROK signaling
cascade results in cytoskeletal reorganization and is dependent on the integration of multiple
downstream signals.15 The activation of ROK inhibits the myosin phosphatase, leading to
phosphorylation of the MLC, contraction happens as a result of MLC dephosphorylation.
Therefore, regulation of ROK activity can be controlled either by altering expression level of
ROK itself or by altering expression levels of RhoA.5 It is assumed that, the ROK mediated
pathway may be partly responsible for the high degree of force maintenance in the obstructed
rabbit bladder to expel urine. Essentially, inducing SM contraction fails due to obstruction; the
bladder becomes Ca2+ sensitive and ROKα increases, presumable as a compensatory
mechanism. In a previous paper on the expression of ROK isoforms in PBOO rabbits, Bing et
al reported that in mature male rabbits, ROKα was not changed and ROKβ was overexpressed
in the SM in response to mild partial bladder outlet obstruction for two weeks.10 Our study is
different in time course of obstruction. In addition, there may be differences in the antibody
used and the degree of obstruction created. The role for ROK in SM contraction was shown in
other organs. Aikawa et al showed that ROK activity plays an important role in stretch induced
activation of extracellular signal regulated protein kinases, expression of α-actin and an
increase in protein synthesis in cardiac myocytes. 16 In endothelium, Y-27632, a specific
inhibitor of ROK, selectively inhibits SM contraction and corrects blood pressure in several
hypertensive rat models. 17 Rajasekaran et al. demonstrated that inhibition of ROK activity
with Y-27632 suppressed the bladder hyperactivity noted in the spontaneously hypertensive
rat. 18 However, the precise role of ROK in the bladder and the specific effect of ROK inhibitor
on the bladder function are still being elucidated.

Our data suggest that an enhanced ROKα and reduced ROKβ mediated signal transduction
pathway has a significant role in the adaptive changes of the young rabbits. There is no data
about aging and ROK expression in the bladder tissue. Observations indicate that the structural
proteins of cytoskeleton and its connection to plasma membrane and extracellular matrix are
dynamically regulated and play essential role in contractile responses. 19 Greenland et al. has
demonstrated that bladder contraction is accompanied by cyclical ischemia/reperfussion (I/R).
20 As the bladder gets thicker the severity of I/R increases. Age-related intolerance to cyclical
I/R may cause changes at ROK signaling. It was shown that Rho-Kinase activation is involved
in the pathogenesis of myocardial I/R injury and pretreatment with ROK inhibitor before
reperfusion suppresses the development of myocardial infarction in dogs in vivo. In another
study, Rikitake et al reported that inhibition of ROK leads to increased cerebral blood flow and
suggests that it can be a therapeutic target for ischemic stroke. 21 Therefore, the upregulation
of ROKα and downregulation of ROKβ contributes to the faster adaptive changes of young
rabbit bladder. In this regard, inhibition of ROKα and activation of ROKβ may be useful for
treatment of bladder dysfunction due to obstruction.
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CONCLUSIONS
The upregulation of ROKα and downregulation of ROKβ may play an important role in the
adaptation of the smooth muscle to outlet obstruction. Further studies on the pharmacological
effects of Rho-kinase may provide novel strategies for the treatment of PBOO.
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Figure 1.
RT-PCR analysis of ROK α. A). ROK α mRNA expression in young and old rabbits’ control
and obstructed bladders. B) Average expression in different samples of young and old rabbits.
Each bar is the mean +/− SEM of 4 obstructed and 4 control rabbits. * = significantly different
from control, ¥ = significantly different from young, p < 0.05.
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Figure 2.
Western blot analyses showing the expression of ROK α at the protein level. A) Protein extracts
from detrusor smooth muscles of young and old rabbit’s control and obstructed rabbit bladders
probed with antibody against ROK α. B) Panel B depicts the relative expression of ROK α as
obtained from scanning the bands. Each bar is the mean +/− SEM of 4 obstructed and 4 control
rabbits. * = significantly different from control, ¥ = significantly different from young, p <
0.05.
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Figure 3.
RT-PCR analysis of ROK β. A) ROK β mRNA expression in young and old rabbits’ control
and obstructed bladders. B) Average expression in different samples of young and old rabbits.
Each bar is the mean +/− SEM of 4 obstructed and 4 control rabbits. * = significantly different
from control, ¥ = significantly different from young, p < 0.05.
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Figure 4.
Western blot analysis showing the expression of ROK β at the protein level. A) Protein extracts
from detrusor smooth muscles of young and old rabbit’s control and obstructed rabbit bladders
probed with antibody against of control and obstructed rabbit bladders probed with antibody
against ROK β. B) Panel B depicts the relative expression of ROK β as obtained from scanning
the bands. Each bar is the mean +/− SEM of 4 obstructed and 4 control rabbits.* = significantly
different from control, ¥ = significantly different from young, p < 0.05.
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