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Partial deletion of the ROCK?2 protein fails to reduce renal fibrosis
in a unilateral ureteral obstruction model in mice
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Abstract. Renal fibrosis is a well-known cause for the
progression of chronic kidney disease. Rho/Rho-associated
coiled-coil kinase (ROCK) signaling is involved in renal
fibrotic processes. Non-selective ROCK1/2 inhibitors have
been reported to reduce renal interstitial fibrosis in a rodent
unilateral ureteral obstruction (UUO) model. To clarify the
role and contribution of ROCK?2 in renal fibrosis, the present
study used ROCK2 heterozygous knockout (HKO) mice to
assess collagen deposition and fibrosis-associated gene expres-
sion in the kidney of the UUO model. In the ROCK2 HKO
mice, the expression level of ROCK?2 in the normal kidney was
half of that in the kidney of wild-type (WT) mice. The expres-
sion levels of ROCK1 in the ROCK?2 HKO mice and WT mice
were equivalent. Furthermore, in the ROCK2 HKO and the
WT mice, the hydroxyproline content and the gene expres-
sion levels of collagen I and transforming growth factor-f31
in the obstructed kidneys were augmented following UUO.
By contrast, the mRNA expression of a-smooth muscle actin
decreased in the ROCK?2 HKO mice, compared with that in
the WT mice. The activity of ROCK in the obstructed kidneys,
indicated by the phosphorylation of myosin phosphatase target
subunit-1, which is a non-selective substrate of ROCK1 and
ROCK?2, was equivalent among the ROCK2 HKO and WT
mice. In conclusion, no differences in renal interstitial fibrosis
or UUO-induced ROCK activity were identified between the
ROCK?2 HKO and WT mice, indicating that the genetic partial
disruption of ROCK?2 is insufficient for protecting against
renal fibrosis.
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Introduction

Rho-associated coiled-coil kinase (ROCK) is a serine/threo-
nine kinase comprising two isoforms, ROCK1 and ROCK2.
The small Rho G-protein activates ROCK, which phos-
phorylates several downstream targets (1,2). The Rho/ROCK
signaling pathway has been shown to contribute to a variety
of cell functions, including smooth muscle contraction, stress
fiber formation, cell proliferation and cell migration (3-5). The
expression of ROCKI1 is distributed in the kidneys, liver, lungs,
spleen and testes, whereas ROCK?2 is particularly expressed
in the heart and brain (1,2,6). The pharmacological inhibition
of ROCK indicates that ROCK is important in cardiovascular
diseases, including hypertension, heart failure and chronic
kidney disease (7-14).

Several reports in the cardiovascular field have focused
on the association between ROCK and tissue fibrosis. In a
rat coronary artery occlusion model, the inhibition of ROCK
by fasudil, a non-selective ROCK1/2 inhibitor, reduced the
expression of inflammatory cytokines, including transforming
growth factor-p1 (TGF-p1) and macrophage migration inhibi-
tory factor, and prevented cardiomyocyte hypertrophy and
interstitial fibrosis (15). Furthermore, fasudil attenuated the
upregulation in the expression of profibrotic genes, including
collagen I and III, in the heart following pressure overload
in transverse aortic constriction (TAC) model mice, and
ameliorated myocardial remodeling and fibrosis (16). In terms
of kidney diseases, fasudil has been observed to inhibit the
activation of ROCK and the TGF-3-small mothers against
decapentaplegic (Smad) pathway, preventing glomeruloscle-
rosis and tubulointerstitial fibrosis in an aldosterone-induced
renal injury model (17). In a unilateral ureteral obstruc-
tion (UUO) model, the inhibition of ROCK by Y-27632 or
fasudil inhibited the activity of ROCK and the expression of
fibrosis-associated genes, including collagen, TGF-f1, and
a-smooth muscle actin (a-SMA), thereby preventing tubuloin-
terstitial fibrosis (18,19). These findings suggest that ROCK is
important in the development of tissue fibrosis.

Further investigations using ROCK1 or ROCK?2 knockout
(KO) mice have been reported. The deletion of ROCK1 has
been demonstrated to suppress cardiac fibrosis and ventricular
remodeling following pressure overload by TAC (20) and
protects the development of albuminuria in a strepto-
zotocin-induced diabetic kidney disease model (21). Following
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cardiac-specific deletion of ROCK2, a previous study reported
that angiotensin II-induced cardiac hypertrophy and fibrosis
were attenuated, compared with those in WT mice (22). These
reports, as well as previous studies involving ROCK inhibi-
tors, suggest that ROCK1 and ROCK2 contribute to cardiac
inflammation and fibrosis in the development of heart failure.
By contrast, the deletion of ROCK1 in a previous study did not
affect the expression levels of a-SMA, or collagen I and III
within the diseased kidney of a UUO model, nor did it prevent
UUO-induced renal fibrosis (23). Thus, the role and contribu-
tion of ROCK2 in renal fibrosis remains to be fully elucidated.
The present study assessed whether ROCK?2 is involved in the
development of renal fibrosis following UUO in ROCK2 HKO
mice.

Materials and methods

Animals. This study was approved by the Experimental
Animal Care and Use Committee of Mitsubishi Tanabe Pharma
Corporation (Saitama, Japan). Male ROCK2 HKO (24) and
WT mice were purchased from Charles River Japan (Charles
River Laboratories International, Kanagawa, Japan) and were
maintained at room temperature on a 12 h light/dark cycle,
and were allowed access to standard laboratory chow (CRF-1;
Oriental Yeast, Tokyo, Japan) and tap water ad libitum. The
animals were housed at the Animal Care Facility of Mitsubishi
Tanabe Pharma Corporation, in accordance with the relevant
protocols.

Unilateral ureteral obstruction model. The mice were anes-
thetized with sevofrane (Maruishi Pharmaceutical Co., Ltd.,
Osaka, Japan) and subjected to a left flank incision. UUO
was performed by complete ligation of the left ureter at the
ureteropelvic junction with a 4-0 silk suture (Niccho Kogyo
Co., Ltd., Tokyo, Japan). Sham-operated mice had their ureter
exposed without ligation. All mice used for experiments were
8-10 weeks of age following a 1 week acclimation period (WT,
n=25; HKO, n=38). The mice were sacrificed under anesthesia
with sevofrane on days 7 and 14 following surgery. For RNA
and hydroxyproline analyses, 42 mice [sham, WT (n=5) and
HKO (n=8); day 7, WT (n=5) and HKO (n=9); day 14, WT
(n=5), HKO (n=10)], and for protein analysis, 21 mice [sham,
WT (n=7) and HKO (n=7); day 7, WT (n=3) and HKO (n=4)]
were sacrificed under anesthesia with sevofrane. The kidneys
were then removed and divided into two sections for the
subsequent analyses of RNA and hydroxyproline. For protein
analysis, the whole kidneys were used.

Determination of kidney hydroxyproline content. The
collagen content in the kidney was determined by hydroxy-
proline using a modified version of a previously described
method (25,26). In brief, the kidneys were homogenized in
phosphate-buffered saline (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), at 700 x1/100 mg kidney weight,
and were completely hydrolyzed in 6 mol/l HCl (Wako Pure
Chemical Industries, Ltd., Osaka, Japan) at 120°C for 6 h, and
filtered through a 0.45-ym Millex-HV filter (Merck Millipore,
Hessen, Germany). The samples were dried by vacuum
centrifugation using an EZ-2 plus (Genevac, Ltd., Suffolk,
UK) for 16 h. The dried samples were solubilized in distilled
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water (2/3 volume of hydrolyzed sample). The samples were
oxidized using chloramine T solution, containing 1.4% sodium
p-toluenesulfonchloramide trihydrate (chloramine T; Wako
Pure Chemical Industries, Ltd.) and 10% n-propanol (Wako
Pure Chemical Industries, Ltd.) in citric acid buffer, which
consisted of 0.26 mol/I citric acid (Sigma-Aldrich, St. Louis,
MO, USA), 0.88 mol/I sodium acetate trihydrate (Wako Pure
Chemical Industries, Ltd.),0.85 mol/l sodium hydroxide (Wako
Pure Chemical Industrie, Ltd.) and 1.2% acetic acid (Kanto
Chemical Co., Inc., Tokyo, Japan). Following incubation at
room temperature for 20 min, Ehrlich's solution comprising
1 mol/l 4-dimethylaminobenzaldehyde (Sigma-Aldrich),
18% perchloric acid (Sigma-Aldrich) and 60% n-propanol,
was added, and the samples were incubated at 65°C for 40 min.
Subsequently, the absorbance was measured at 560 nm using
a SpectraMax M5e microplate reader with SoftMax Pro
ver. 5.4.1 (Molecular Devices; Thermo Fisher Scientific, Inc.).
The concentration of hydroxyproline was estimated using
a standard curve, using a pure solution of /-hydroxyproline
(Wako Pure Chemical Industries, Inc.), with the final results
expressed as hydroxyproline/mg protein. The kidney protein
concentrations were determined using a BCA Protein Assay
(Pierce; Thermo Fisher Scientific, Inc.) with bovine serum
albumin as a standard.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analyses. The kidneys were homogenized and
total RNA was extracted using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) and purified according to the
manufacturer's protocol of an RNeasy Mini Kit (cat. no. 74106;
Qiagen, Venlo, Netherlands). The total RNA concentration
was determined using a NanoDrop 1000 Spectrophotometer
(Thermo Fisher Scientific, Inc.). cDNA was synthesized
from 1 pg of total RNA using SuperScript VILO Master mix
(cat. no. 11755250; Invitrogen; Thermo Fisher Scientific, Inc.)
using an iCycler Thermal Cycler (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) under the following conditions: 25°C
for 10 min, 42°C for 60 min and 85°C for 5 min. qPCR was
performed with 1 yl cDNA in a total reaction volume of 20 ul
using a 7500 Fast Real-Time PCR system (Applied Biosystem:s;
Thermo Fisher Scientific, Inc.) using TagMan technology. The
cycling conditions were as follows: 50°C for 2 min, 95°C for
10 min and 40 cycles of 95°C for 15 sec and 60°C for 1 min.
Data were analyzed using the standard curve method. The
results of each gene were normalized to that of 18SrRNA as
an internal control. The following TagMan Gene Expression
Assay reagents were used: TGF-f1, Mm00441724_m1;
a-SMA, Mm01546133_m1; collagen 1a2, Mm00483888_m1
and 18SrRNA, 4308329 (all from Applied Biosystems; Thermo
Fisher Scientific, Inc.).

Western blot analysis. The kidney tissues were homogenized
in lysis buffer containing 50 mmol/l Tris-HCI (pH 8.0;
Nacalai Tesque, Inc., Kyoto, Japan), 150 mmol/l NaCl (Wako
Pure Chemical Industries, Inc.), 0.5% sodium deoxycho-
late (Wako Pure Chemical Industries, Inc.), 0.1% sodium
dodecyl sulfate (Bio-Rad Laboratories, Inc.), 1% Triton
X-100 (Sigma-Aldrich), 1x protease inhibitors (complete;
cat.no. 11697498001; Roche Diagnostics, Basel, Switzerland),
and 1x phosphatase inhibitors (P2850; Sigma-Aldrich).
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Following centrifugation at 15,000 x g for 20 min at 4°C
(CF-15R; Hitachi, Ltd., Tokyo, Japan), the supernatant was
collected as lysate. The lysates were denatured for 5 min by
boiling. Protein concentration was determined using a BCA
Protein Assay (Pierce; Thermo Fisher Scientific, Inc.) with
bovine serum albumin as a standard. Equal quantities of
lysate were separated on a 4-15% TGX Precast Gel (Bio-Rad
Laboratories, Inc.) and transferred onto a polyvinylidene
difluoride membrane (Bio-Rad Laboratories, Inc.) using the
Trans-Blot Turbo Transfer System (Bio-Rad Laboratories,
Inc.). The blots were blocked in Starting Block T20 (PBS)
blocking buffer (Pierce; Thermo Fisher Scientific, Inc.) at
room temperature for 1 h. They were subsequently incubated
overnight at 4°C with the following primary antibodies:
Anti-human ROCK1 rabbit polyclonal antibody (1:200; H-85;
cat. no. sc-5560, Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA), anti-chicken [-actin mouse monoclonal antibody
(1:1,000; C4; cat. no. sc-47778; Santa Cruz Biotechnology,
Inc.), anti-rat ROCK2 mouse monoclonal antibody (1:5,000;
cat. no. 610624; Transduction Laboratories; BD Biosciences,
Franklin Lakes, NJ, USA), anti-human myosin phospha-
tase target subunit-1 (MYPT-1) rabbit polyclonal antibody
(1:1,000; cat. no. 2634; Cell Signaling Technology Inc.,
Danvers, MA, USA) and anti-human phosphorylated
(p)-MYPT-1 (Thr853) rabbit polyclonal antibody (1:1,000;
cat. no. 4563; Cell Signaling Technology, Inc.) in Can
Get Signal solution (Toyobo Co., Ltd., Osaka, Japan). The
membranes were then incubated with the following secondary
polyclonal antibodies: ECL donkey anti-rabbit IgG horse-
radish peroxidase (HRP)-conjugated species-specific whole
antibody (1:5,000; cat. no. NA934; GE Healthcare Life
Sciences, Buckinghamshire, UK) and ECL sheep anti-mouse
IgG, HRP-conjugated species-specific whole antibody
(1:5,000; cat. no. NA931; GE Healthcare Life Sciences) at
room temperature for 1 h. The membranes were developed
using enhanced chemiluminescence methods (LumiGLO
Reserve Chemiluminescent Substrate kit; cat. no. 54-71-00;
KPL, Gaithersburg, MD, USA). The signal intensities of the
specific bands were detected using an LAS-3000 Luminescent
Image Analyzer (Fujifilm, Tokyo, Japan) and analyzed with
Multi Gauge (ver. 3.0; Fujifilm). For quantification, the signal
intensities were normalized to (3-actin loaded in each well.

Statistical analyses. All data were expressed as the
mean + standard error of the mean. Parameters between the
sham- and UUO-operated mice, or between the WT and
ROCK?2 HKO mice were compared using Student's 7-test.
Statistical analyses were performed using SAS system,
version 8.0.0 (SAS Institute, Cary, NC, USA) in the biomet-
rics section. P<0.05 was considered to indicate a statistically
significant difference.

Results

Hydroxyproline content in UUO kidneys. To assess renal
interstitial fibrosis, the present study evaluated the accumula-
tion of collagen in the UUO kidneys. Total kidney collagen
deposition was determined by measuring the hydroxyproline
content, which significantly increased in the UUO-operated
kidney, compared with that of the sham-operated kidney.
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Figure 1. Hydroxyproline content in the kidney tissues of WT and HKO
mice at days 7 and 14 following UUO. The hydroxyproline contents in the
kidney tissues of the UUO-operated mice were compared with those of the
sham-operated mice 7 and 14 days following UUO. Results are expressed
as mean = standard error of the mean (n=5-10). ““P<0.001, compared
with the sham group. WT, wild-type; HKO, heterozygous knockout of
Rho/Rho-associated coiled-coil kinase 2; UUO, unilateral ureteral obstruc-
tion.

Following 3 days of UUO, the hydroxyproline content
continued to increase (data not shown). On days 7 and 14
post-UUO, the WT and HKO mice were compared. Compared
with the sham-operated group, the hydroxyproline content
increased in the UUO-operated kidney of the WT mice (2.4-
and 4.4-fold on days 7 and 14 post-UUO, respectively) and
HKO mice (2.6- and 4.1-fold at days 7 and 14 post-UUO,
respectively), as shown in Fig. 1. No significant differences
were identified.

mRNA expression levels of collagen I, a-SMA and TGF-f1
in UUO kidneys. The present study measured the expression
levels of fibrosis-associated genes to examine the effect of
partial ROCK2 deletion. As shown in Fig. 2A-C, the mRNA
expression levels of collagen I, a-SMA and TGF-f1 in the
UUO-operated kidneys of the WT mice markedly increased,
compared with those in the sham-operated mice (collagen I,
11.0- and 11.8-fold; a-SMA, 5.1- and 6.9-fold; TGF-p1, 7.9-
and 7.9-fold at days 7 and 14 post-UUO, respectively). By
contrast, the mRNA expression level of a-SMA was markedly
ameliorated in the HKO mice at day 7 post-UUO, and was
78% of the level measured in the WT mice (Fig. 2B). At day 14
post-UUO, no statistically significant difference was observe
in the mRNA expression level of a-SMA in the HKO mice;
however, the level of expression was suppressed to 81% of that
in the WT mice. In addition, the mRNA expression levels of
collagen I and TGF-f1 increased in the UUO-operated kidneys
of the HKO mice (collagen I, 9.9- and 10.8-fold; TGF-f1, 6.9-
and 7.4-fold at days 7 and 14 post-UUO, respectively); and
their expression levels were almost the same as those observed
in the WT mice (Fig. 2A and C).

ROCK activity in UUO kidneys. To confirm the difference in
ROCK activity between the WT and HKO mice, the present
study measured the phosphorylation of MYPT-1,atarget protein
of ROCK in the UUO-operated kidney. The phosphorylation



234

A
< 15 -
5 e - #dk
& e T
o
3 10
5
£
- 5
5
2
E 0' T T T T
o WT HKO WT HKO WT HKO
Sham Day 7 Day 14
B
E 10 9
o EE 2
[ 8' ##
% T EE ]
= 6 EE T
% 41
cg O'D'- T T T T
WT HKO WT HKO WT HKO
Sham Day 7 Day 14
C
<Z: 104 *kk Fkk
% g - . sk
E
2 61
E
g 4
g 24
I
&
= 0- T T T T
WT HKO WT HEKO WT HKO
Sham Day 7 Day 14

Figure 2. mRNA expression levels of collagen I, 0-SMA and TGF-f31 in the
kidney tissues of WT and HKO mice on days 7 and 14 following UUO. The
mRNA expression levels of (A) collagen I, (B) a-SMA and (C) TGF-f1 in the
UUO-operated mice were compared with those in the sham-operated mice
on days 7 and 14 following UUO. The results are expressed as mean =+ stan-
dard error of the mean (n=5-10). ““P<0.001, compared with the sham group;
"P<0.01, compared with the WT mice at the same time point. WT, wild-type;
HKO, heterozygous knockout of Rho/Rho-associated coiled-coil kinase 2
a-SMA, a-smooth muscle actin; TGF-f1, transforming growth factor-f31;
UUO, unilateral ureteral obstruction.

of MYPT-1 was detected in the UUO-operated kidney of
the WT and HKO mice in a similar manner (Fig. 3A and B),
indicating that the activity of ROCK was not altered following
the partial deletion of ROCK?2. In the normal kidneys, the
protein expression level of ROCK?2 in the HKO mice was 50%
of that observed in the WT mice, however, no differences were
observed in the protein expression level of ROCKI1 between
the WT and HKO mice kidneys (Fig. 4A and B). The expres-
sion ratio of ROCK1 and ROCK?2 was also unchanged in the
UUO-operated kidney (data not shown).
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Figure 3. Activity of Rho/Rho-associated coiled-coil kinase in the kidney
tissues of WT and HKO mice (A) Representative western blot indicate the
protein levels of MYPT-1 (upper panel) and p-MYPT-1 (middle panel)
proteins in the kidney tissues of the WT and HKO mice 7 days following
UUO. The same blot was detected with [3-actin (lower panel) to confirm
equal loading. (B) Quantitative analysis shows the relative abundance
of p-MYPT-1 and MYPT-1, as the p-MYPT-1/MYPT-1 ratio, following
normalization with f-actin. Results are expressed as the mean + standard
error of the mean (n=3-4). WT, wild-type; HKO, heterozygous knockout of
Rho/Rho-associated coiled-coil kinase 2; UUO, unilateral ureteral obstruc-
tion; MYPT-1, myosin phosphatase target subunit-1; p-, phosphorylated.
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Figure 4. Protein expression levels of ROCK1 and ROCK?2 in normal kidneys
of WT and HKO mice. (A) Representative western blots show the protein
levels of ROCKI1 (upper panel) and ROCK?2 (middle panel) in the normal
kidneys of WT and HKO mice. $-actin (lower panel) was used to confirm
equal loading. (B) Quantitative analysis of the relative abundance of the
ROCKI1 and ROCK2 protein following normalization with f3-actin. Results
are expressed as the mean + standard error of the mean (n=7). #*P<0.001,
compared with the WT mice. ROCK, Rho/Rho-associated coiled-coil
kinase; WT, wild-type; HKO, heterozygous knockout of ROCK2; UUO,
unilateral ureteral obstruction.
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Discussion

In the present study, the effects of the partial deletion of ROCK?2
protein on the expression of fibrosis-associated genes and
renal interstitial fibrosis were investigated in a UUO model in
mice. In the WT mice, the hydroxyproline content and mRNA
expression of collagen I in the UUO-operated kidneys were
significantly increased at days 7 and 14 following UUO. The
fibrotic parameters in the UUO kidneys of the ROCK2 HKO
mice also increased. However, no statistical differences were
identified between the WT and ROCK?2 HKO mice on the
increment of these fibrotic parameters in the UUO-operated
kidneys, suggesting that the partial deletion of the ROCK?2
protein does not affect the level of renal interstitial fibrosis
induced by UUO. It has been reported in normal mice that
Y27632, a non-selective ROCK1/2 inhibitor, suppresses the
mRNA expression of collagen I and the deposition of collagen
in damaged kidneys 4 and 10 days following UUO (18). In addi-
tion, in rat UUO model, fasudil was found to ameliorate collagen
deposition in the damaged kidney 16 days following UUO (19).
These results suggest that the pharmacological inhibition of
ROCK can prevent the development of UUO-induced renal
interstitial fibrosis. By contrast, other studies have demonstrated
that, in ROCK1 KO mice, complete ROCK1 deletion did not
affect collagen accumulation or the mRNA expression levels of
collagen I in the UUO kidney 5 and 10 days following UUO.
This suggests that ROCK?2, but not ROCK1, is involved in renal
interstitial fibrosis in UUO (23). However, in the present study,
partial ROCK?2 deletion indicated a non-significant reduction in
renal interstitial fibrosis. Thus, it is likely that the effect of the
pharmacological inhibition of ROCK is inconsistent with that
of the deletion of ROCK protein on the development of renal
interstitial fibrosis following UUO.

It is evident that TGF-f1 signals and the Rho/ROCK
pathway are closely associated with renal interstitial fibrosis by
UUO (27). Y27632 is reported to suppress the augmentation of
the mRNA expression of TGF-f1 in UUO mice (18). However,
in ROCK1 KO mice, the expression of TGF-f31 was found to
be significantly enhanced in the damaged kidney following
UUO, compared with WT mice, indicating that the absence of
ROCKI1 may not be able to suppress the expression of TGF-f1
to protect against renal fibrosis (23). Therefore, ROCK2 was
considered to be important in TGF-p1 signaling in renal inter-
stitial fibrosis following UUO. In the present study, partial
ROCK?2 deletion did not suppress the mRNA expression of
TGF-p1 or ROCK1, and ROCK activity remained unaffected
in the UUO-operated kidney. These results suggested that the
response to partial ROCK?2 deletion was distinct from that to
pharmacological ROCK inhibition.

In renal interstitial fibrosis, the transformation to myofi-
broblasts, which are considered to be the dominant collagen
producing cells, is a crucial step toward collagen synthesis and
deposition. In kidney fibrosis, the resident fibroblast, epithe-
lial, endothelial and bone marrow-derived cells can acquire
the phenotype of myofibroblasts and express the characteristic
proteins, including a-SMA (27-29). Furthermore, the ROCK
signaling pathway is reported to be important in the transfor-
mation of cells into activated myofibroblasts (30,31). In the
present study, the expression level of a-SMA was markedly
decreased in the UUO kidney tissues of the ROCK2 HKO
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mice, compared with that of the WT mice. In the ROCK1 KO
mice, the augmentation of mRNA and protein expression levels
of a-SMA caused by UUO were not decreased (23). Thus, it
is likely that ROCK?2 may be implicated in UUO-induced
transformation via a signal cascade independent of TGF-p1.
In addition, the present study found in the mice UUO model,
that the effect of ROCK2 HKO was inconsistent with the
effect of the pharmacological inhibition of ROCK. With
respect to this inconsistency, ROCK inhibitors are considered
to be poor in isoform selectivity and other target specificity.
Y-27632 and fasudil equivalently inhibit ROCK1 and ROCK2
activity; and fasudil also inhibits protein kinase (PK)N, PKC,
myosin light chain kinase and mitogen-activated protein
kinase kinase 1 (32). Therefore, it can was suggested that the
partial deletion of ROCK?2 may be insufficient in suppressing
UUO-induced fibrotic responses. In addition, it is possible
that the results depend on the experimental procedures and
pathophysiological conditions in the UUO model. In order to
address these problems, further investigations are required
using kidney-specific ROCK1 or ROCK2 deletion, and using
more specific inhibitors for ROCK1 or ROCK?2. In conclusion,
using ROCK2 HKO mice, the present study demonstrated that
the partial deletion of ROCK?2, as with ROCKI1 inhibition, is
insufficient for effectively preventing renal interstitial fibrosis.
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