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by activating the Nrf2 antioxidant pathway
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Abstract: Besides its effect on high blood pressure, T-type calcium channel blocker is renoprotective in experimen-
tal models of renal fibrosis. However, the exact mechanism of T-type calcium channel blocker on tubulointerstitial
fibrosis is unclear. We investigated whether the renoprotective effect of T-type calcium channel blocker is associated
with modulation of the signaling of oxidative stress-induced renal fibrosis. Treatment with a non-hypotensive dose of
efonidipine, a T-type calcium channel blocker, or nifedipine, an L-type channel blocker, was initiated one day before
unilateral ureteral obstruction (UUO) in C57BL6/J mice, and was continued until 3 and 7 days after UUO. In the
obstructed kidneys, treatment with efonidipine significantly attenuated interstitial fibrosis, collagen deposition and
inflammation increased by UUO creation compared with treatment with nifedipine. Additionally, efonidipine signifi-
cantly increased the expression of the antioxidant enzymes heme oxygenase-1, NAD(P)H: quinone oxidoreductase
1, catalase and superoxide dismutase 1. Increased apoptotic cell death and decreased B-cell ymphoma 2 expres-
sion were also significantly ameliorated by efonidipine. The expression of the histone acetyltransferase p300/CBP-
associated factor, a regulator of inflammatory molecules, was significantly inhibited by efonidipine. These beneficial
effects of efonipidine were attributed to the increased nuclear expression of nuclear factor-erythroid-2-related factor
2 (Nrf2) on UUO day 3 and the increased expressions of both total and nuclear Nrf2 with elevated Kelch-like ECH-
associated protein 1 on UUO day 7. The data indicate that T-type calcium channel blocker exerts beneficial effects
in renal interstitial fibrosis by activating Nrf2 and subsequent antioxidant enzymes.
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Introduction

Voltage-dependent calcium (Ca) channels are
widely distributed throughout the body and
play roles in the maintenance of vascular tone
[1]. Ca channels are typically classified into sev-
eral subtypes thatinclude L-type, T-type, N-type,
P/Q-type and R-type Ca based on their electro-
physiological properties. These Ca channels
subtypes are present in the kidney [2]. L-type
Ca channels are predominantly distributed in
the afferent arterioles of vessels but are
sparsely expressed in the efferent arteriole [3].
For several decades, calcium channel blockers
(CCBs) targeting L-type Ca channels, such as
nifedipine (NFP) and amlodipine, have been

widely used for cardiovascular disorders [1, 2].
However, the main disadvantage of the L-type
CCBs is that it might accelerate glomerular
hypertension by preferentially dilating the affer-
ent arteriole [1, 3-5].

In contrast, T-type Ca channels are expressed
in both afferent and efferent arterioles [3]. This
unique distribution may allow T-type CCBs to
exert a beneficial action on kidney function by
protecting glomeruli from systemic hyperten-
sion [1, 3]. Efonidipine (EFP), a CCB that acts
on both L-type and T-type Ca channels, decre-
ases proteinuria in spontaneously hypertensive
rats [1, 6]. This renoprotection is almost unaf-
fected by the hypotensive effect, suggesting
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that non-hemodynamic factors may contribute
to the renoprotective mechanisms of T-type
CCBs [3].

In the early days of their use, it was reported
that a low concentration of EFP, but not NFP or
verapamil, showed a significant inhibitory effect
on nuclear factor kappa B (NF-kB) in human
mesangial cells [7]. Given that Rho kinase acti-
vation participates in renal injury, the inhibition
of Rho kinase activity by EFP would be another
explanation of renoprotective effects of EFP [1,
3]. More recently, EFP was reported to attenu-
ate tubulointerstitial damage more favorably
than NFP, an L-type CCB, suppressed trans-
forming growth factor (TGF)-B1 and connective
tissue growth factor (CTGF) and decreased
NADPH oxidase (Nox) subunits in a study using
a rat model of unilateral ureteral obstruction
(UUO) [8].

Tubulointerstitial fibrosis is the final common
pathological feature that eventually progresses
to end-stage renal disease [9, 10], whose inci-
dence and prevalence have not decreased and
have even increased in numerous countries
over the last two decades [11, 12]. To circum-
vent this problem, several strategies have been
being developed to halt renal fibrosis. However,
clinical trials of new drugs that were expected
to be effective yielded unsatisfactory results
[13, 14].

The exact mechanism by which EFP inhibits
oxidative stress irrespective of a hypotensive
effect would be useful to know. In this study
of UUO-induced renal damage, the intracellular
pathways of EFP modulation of oxidative stress
and subsequent attenuation of renal fibrosis
were investigated.

Materials and methods
Animals

Male C57BL/6 mice weighing 20-25 g (Orient-
Bio, Inc., Seoul, Republic of Korea) received
UUO or sham surgery as described previously
[9, 15]. Briefly, the left ureter in the UUO group
was ligated using 4-0 silk under general anes-
thesia and the sham operation was performed
in a similar manner except for the absence
of ureteral ligation. To assess the effect of
T-type Ca channel blocking on the inhibition of
renal interstitial fibrosis associated with oxida-
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tive stress, we compared the renoprotective
effects of EFP, a dual T/L-type CCB, with NFP,
a more L-type-selective CCB, in the obstructed
kidneys. EFP (50 mg/kg; Sigma-Aldrich Co., St.
Louis, MO, USA) or NFP (20 mg/kg; Sigma-
Aldrich) was used. The doses chosen have
been demonstrated to be non-hypotensive
[8]. EFP and NFP were administered by oral
gavage one day before UUO and the use of
each was continued for 3 or 7 days after sur-
gery. Mice were divided into nine groups (n=8
per group): sham control (sham Cont; sham-
operated mice), sham NFP (NFP-treated sham),
sham EFP (EFP-treated sham), UUO D3 Cont
(mice sacrificed on day 3 after UUO surgery),
UUO D3 NFP (NFP-treated UUO D3), UUO D3
EFP (EFP-treated UUO D3), UUO D7 Cont (mice
sacrificed on day 7 after UUO surgery), UUO D7
NFP (NFP-treated UUO D7) and UUO D7 EFP
(EFP-treated UUO D7). Blood pressure was
assessed after UUO surgery using the tail-cuff
method with an electrosphygnomanometer
(ITC Life Science, Woodland Hills, CA, USA) as
described previously [16], confirming that sys-
tolic blood pressure was similar among gro-
ups on day 6 after UUO (data not shown). All
experiments were conducted with the approval
of The Institutional Animal Care and Use
Committee (IACUC) of The Catholic University of
Korea Incheon St. Mary’s Hospital.

Quantitative assessment of kidney collagen
content

Total collagen in the obstructed or control kid-
neys was measured by hydroxyproline assay
as described previously [9, 17]. Briefly, each
accurately weighed sample of the kidney was
hydrolyzed in 6 N HCL for 18 hours at 110°C
and dried thoroughly at 73°C. After neutraliza-
tion, the released hydroxyproline was oxidized
with chloramine-T solution (1.4% chloramine-T
and 10% n-propanol in citric acid buffer). To
start the color reaction, 100 uyL of Ehrlich’s
reagent (15% 4-dimethylamino-benzaldehyde,
62% n-propanol and 18% perchloric acid) was
added. Sample absorbance was measured at
550 nm. Total collagen in the kidney tissue
was calculated on the assumption that colla-
gen contains 12.7% hydroxyproline by weight.

Histology and immunohistochemistry

Kidney tissues embedded in paraffin wax were
used for histologic analyses as previously de-
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Figure 1. Effect of EFP or NFP on tubulointerstitial fibrosis in UUO kidney. A.
Representative images of trichrome staining kidney sections (x200 magnifi-
cation). B. Histopathologic scores of fibrosis. *P=0.040 vs. UUO D3 NFP and
**P=0.029 vs. UUO D7 NFP. EFP, efonidipine; NFP, nifedipine; UUO, unilat-

eral ureteral obstruction.
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Figure 2. Change in total collagen content with EFP
or NFP in the obstructed kidney after UUO. *P<0.05
vs. UUO D7 NFP. EFP, efonidipine; NFP, nifedipine;
UUO, unilateral ureteral obstruction.
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scribed [9, 15]. Tubulointer-
stitial fibrosis was assessed
semiquantitatively on Masson
trichrome-stained paraffin se-
ctions. The fibrotic area was
quantified using MetaMorph
imaging software (Molecular
Devices, Sunnyvale, CA, USA)
in more than 10 randomly
selected fields of each kidney;
calculation of the ratio of the
fibrotic area to the total sele-
cted field indicated the se-
verity of tubulointerstitial fib-
rosis. The prevalence of inter-
stitial myofibroblasts and de-
gree of apoptosis were deter-
mined by immunohistochem-
istry for o-smooth muscle
actin (SMA; Abcam, Cambri-
dge, MA, USA) and TdT-me-
diated dUTP nick end labelling
(TUNEL) assay. The Kkidney
sections were incubated with
3% bovine serum albumin for
30 min at room temperature
and incubated with a-SMA at
4°C overnight, followed by
peroxidase-conjugated anti-
mouse IgG (Jackson Immuno-
Research Laboratories, West
Grove, PA, USA) as secondary
antibody. The proportional
areas of a-SMA staining were
quantified using MetaMorph
software. The TUNEL assay
was performed on paraffin
sections with 4% paraformal-
dehyde according to the man-
ufacturer’s protocol (Millipore, Billerica, MA,
USA). TUNEL-positive cells were evaluated in
20 randomly selected tubulointerstitial fields
per each kidney sample. Another slides were
reacted with anti-p300/CBP-associated factor
(PCAF) antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), which was followed by
incubation with a biotinylated anti-rabbit anti-
body (Vector Laboratories, Burlingame, CA,
USA). Quantification of PCAF-positive stained
areas was performed using Imagel) 1.49 soft-
ware (National Institutes of Health, Bethesda,
MD, USA) across 10 randomly selected fields
per specimen. All slides were analyzed in a
blinded manner.
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Figure 3. Effect of EFP or NFP on myofibroblast expression in UUO kidney. A.
Representative images of a-SMA staining kidney sections (x200 magnifica-
tion). B. Histopathologic scores of a-SMA. *P<0.001 vs. UUO D7 Cont and
P=0.039 vs. UUO D7 NFP. EFP, efonidipine; NFP, nifedipine; UUO, unilateral

ureteral obstruction; Cont, control.

Western blot analysis

The total cellular protein content of the renal
tissues was extracted as previously described
[9, 15]. Equal amounts of proteins were sepa-
rated by 15% SDS-PAGE and transferred to
nitrocellulose membranes (Bio-Rad, Hercules,
CA, USA). Nuclear extracts for nuclear factor-
erythroid-2-related factor 2 (Nrf2) immunoblot-
ting were prepared with the NE-PER nuclear
kit (Pierce Biotechnology, Rockford, IL, USA).
After electroblotting, nonspecific binding was
blocked with 5% skim milk. Primary antibodies
against the following proteins were used: Nox1
and Nox4 (Santa Cruz Biotechnology), superox-
ide dismutase (SOD) 1 and 2 (Abcam), heme
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oxygenase (HO)-1 (BD Bios-
ciences, San Jose, CA, USA),
NAD(P)H: quinone oxidoredu-
ctase-1 (NQO-1; Santa Cruz
Biotechnology), catalase (Ab-
cam), B-cell lymphoma 2 (Bcl-
2; Santa Cruz Biotechnology),
Kelch-like ECH-associated pr-
otein 1 (Keapl; Abcam), Nrf2
(Abcam), and p300/CBP-ass-
ociated factor (PCAF; Santa
Cruz Biotechnology). The blots
were washed and incubated
with a secondary antibody
conjugated with horseradish
peroxidase (Jackson Immuno-
Research Laboratories, West
Grove, PA, USA). The protein
detection was performed by
the Image-Quant LAS 4000
mini chemiluminescence de-
tection system (GE Health-
care, Piscataway, NJ, USA).
The density of the bands was
analyzed using ImageJ soft-
ware.

Statistics

Data depicted in graphs are
expressed as mean = SE.
Statistical differences among
groups were calculated using
one-way analysis of variance
(ANOVA) with Bonferroni cor-
rection. In all analyses, P<
0.05 was considered statisti-
cally significant.

Results

Renal morphology and collagen content

When the kidneys were harvested after the end
of study, the kidneys subjected to obstruction
developed a conspicuous tubulointerstitial
fibrosis, tubular dilatation and atrophy (Figure
1A). Analysis of interstitium by the Masson tri-
chrome staining showed that EFP attenuated
interstitial fibrosis more significantly than NFP
(Figure 1B). Total collagen content in kidneys
was increased after UUO (Figure 2). In contrast,
EFP significantly decreased the amount of total
collagen in the obstructed kidneys on day 7. In
the obstructed kidneys, there was a substantial
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pared with in NFP-treated
mice on day 3 after UUO, and
was similarly decreased in
EFP- or NFP-treated mice on
day 7 after UUO (Figure 4B).
By analyzing the expression
of the antioxidants SOD1 and
SOD2, we also examined the
development of oxidative str-
ess. SOD1 expression was
decreased in the obstructed
kidneys of UUO mice. There
was a significant elevation in
renal SOD1 expression with
the administration of EFP
(Figure 5A). NFP treatment
also increased SOD1 expres-
sion in UUO kidneys, but not
as much as EFP treatment
did. In contrast, SOD2 expr-
ession was not changed
among groups (Figure 5B).
Next, renal levels of HO-1,

NOX4/B-actin (folds)

o

Figure 4. Change in expression of oxidative stress with EFP or NFP in UUO
kidney. A. Expression of Nox1. B. Expression of Nox4. *P=0.017 vs. UUO D3
NFP and **P=0.002 vs. UUO D7 Cont. EFP, efonidipine; NFP, nifedipine;
UUO, unilateral ureteral obstruction; Nox1, NADPH oxidase 1; Nox2, NADPH

oxidase 2; Cont, control.

amount of a-SMA staining within the renal
interstitium (Figure 3A). However, UUO D7 EFP
exhibited less interstitial a-SMA, with a signifi-
cant reduction compared to UUO D7 Cont and
UUO D7 NFP (Figure 3B). These data showed
that although both EFP and NFP treatment
could affect renal morphology the administra-
tion of EFP resulted in more significant impro-
vement of renal tubulointerstitial injury. Acc-
ording to these morphological results, sham
NFP and EFP groups were omitted from further
analysis.

Renal oxidative stress and antioxidant en-
zZymes

The expression of Nox1 in the obstructed kid-
neys was similar among groups (Figure 4A).
Renal Nox4 expression, which was elevated in
the kidneys of UUO controls, was more signifi-
cantly decreased in EFP-treated mice com-
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NQO-1 and catalase were
determined. EFP significantly
enhanced HO-1 at both days
3 and 7 after UUO compared
with NFP (Figure 5C). NFP also
increased the expression of
HO-1 at UUO day 3, but did not
affect HO-1 at UUO day 7. EFP
also increased NQO-1 protein
at UUO day 3 when compared
with NFP (Figure 5D). At day 7 after UUO, both
EFP and NFP enhanced NQO-1 in the obstruct-
ed kidneys. Kidney tissue catalase was incre-
ased in UUO D3 EFP compared with UUO D3
Cont and UUO D3 NFP (Figure 5E), but was not
changed among groups at day 7 after obstruc-
tion. Taken together, antioxidant enzymes in
the obstructed kidneys were clearly increased
with EFP treatment more than NFP treatment.
Furthermore, it is suggested that a major
change of cytosolic antioxidant enzymes would
be controlled by the center of the cell.

Nrf2 signaling pathway

Given that HO-1, NQO-1, catalase and SOD1
are major target genes of Nrf2, we hypothe-
sized that EFP influences the Nrf2 signaling
pathway. Renal expressions of total Nrf2 and
Keapl were similar among the UUO groups at
day 3, but were significantly increased with EFP

Am J Transl Res 2016;8(11):4574-4585
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Sham

treatment at UUO day 7 (Fig-
ure 6A and 6B). In addition,
nuclear Nrf2 in the kidneys of
EFP-treated UUO mice was
enhanced at both days 3 and
7 after UUO (Figure 6C). EFP
contributed to the increased
nuclear expression of Nrf2 at
UUO day 3 and the increased
expressions of both total and
nuclear Nrf2 at UUO day 7.
These results indicate that
EFP promotes activation of
Nrf2 differently depending
time course after UUO.

Renal apoptosis

To evaluate whether NFP or
EFP treatment affected the
intrarenal apoptotic networks,
TUNEL assay and Western
blot of anti-apoptotic Bcl-2
were performed. When TUNEL
staining in the obstructed
kidney tissue from each treat-
ment group was compared
with the UUO controls, EFP
treatment groups significantly
reduced TUNEL-positive cells
(Figure 7A and 7B). The renal
expression of Bcl-2 was de-
creased at 3 or 7 day after
obstruction (Figure 7C). How-
ever, NFP or EFP treatment
had a tendency to increase
the level of Bcl-2 in the
obstructed kidneys at day 3
after UUO, whereas EFP treat-
ment significantly increased
the renal level of Bcl-2 more
than NFP treatment did at day
7 after UUO. This result con-
firmed the previous finding
that increased Bcl-2 levels
as a result of HO-1 induction
protected from renal damage
by UUO [18].

PCAF expression
The expression of a histone

acetyltransferase PCAF, which
is an inflammatory regulator

Am J Transl Res 2016;8(11):4574-4585
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age by lipid peroxidation, ele-
vated level of hydrogen perox-
ide, DNA breakdown and pro-
tein modification [9], and also
stimulates interstitial fibro-
blast proliferation, myofibro-
blast activation and extracel-
lular matrix accumulation [22,
23]. Considering that incre-
ased concentrations of reac-
tive oxygen species (ROS) are
observed in fibrotic kidneys
as well as decreased activi-

UuUO D7 EFP

kidney. A. Expression of SOD1. *P=0.017 vs. UUO D3 NFP and **P=0.043

vs. UUO D7 NFP. B. Expression of SOD2. C. Expression of HO-1. *P=0.011
vs. UUO D3 Cont and P=0.028 vs. UUO D3 NFP, and **P<0.001 vs. UUO D7
NFP. D. Expression of NQO-1. *P=0.048 vs. UUO D3 NFP and **P=0.015
vs. UUO D7 Cont. E. Expression of catalase. *P=0.013 vs. UUO D3 Cont and
P=0.006 vs. UUO D3 NFP. EFP, efonidipine; NFP, nifedipine; UUO, unilateral
ureteral obstruction; SOD1, superoxide dismutase 1; SOD2, superoxide dis-
mutase 2; HO-1, heme oxygenase-1; Cont, control; NQO-1, NAD(P)H: quinone

oxidoreductase-1.

[19], was examined. Interestingly, immunos-
taining with PCAF was reduced by administra-
tion of EFP in UUO mice (Figure 8A and 8B).
Similarly, there was a significantly increase in
protein level of PCAF in the obstructed kidneys
of UUO controls but treatment with either EFP
or NFP resulted in reduction of its level (Figure
8C). Especially, EFP administration showed the
marked reduction in PCAF expression at UUO
day 7 when compared with NFP.

Discussion

In this study, treatment with a non-hypotensive
dose of EFP significantly inhibited renal tubu-
lointerstitial fibrosis induced by UUO. Concomi-
tantly, decreased levels of antioxidant enzymes
induced by UUO were significantly restored by
EFP. EFP attenuated renal fibrosis by activating
the Nrf2 signaling pathway, which lead to the
elevation of antioxidant enzymes. In addition,
EFP modulated apoptotic and inflammatory
responses in UUO-induced renal injury. In con-
trast, NFP had weak and inconsistent effects
on renal fibrotic change, antioxidant enzymes,
anti-apoptotic index, inflammatory molecule
regulator and Nrf2 signaling.

Among the insults involved in the kidney fibro-
sis, oxidative stress has been implicated in the
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ties of antioxidant enzymes
[24, 25], a novel therapeutic
strategy would be to correct
the imbalance and simultane-
ously increasing the levels
of antioxidant enzymes. The
best approach could involve
Nrf2.

Nrf2 is one of several transcription factors that
helps boost cell defenses. It is a master regula-
tor of the antioxidant response element (ARE)
that modulates expression of several genes
including phase 2 and antioxidant enzymes
that participate in detoxification of ROS and
electrophilic species, such as HO-1, NQO-1,
glutathione-S-transferase, glutamate cysteine
ligase catalytic subunit, thioredoxin reduc-
tase-1 and SOD [26-28]. Under normal condi-
tions, Nrf2 binds Keapl and is constitutively
degraded through proteasomes located in the
cytoplasm [27, 28]. When ROS is detected by
Keapl, Nrf2 dissociates from Keapl and trans-
locates from the cytoplasm to the nucleus [9,
27, 28]. Within the nucleus, Nrf2 binds ARE in
the promoter regions of a set of genes encod-
ing several phase 2 detoxifying and antioxidant
enzymes, resulting in decreasing oxidative
stress and its related injury [27, 28]. Presently,
treatment with EFP effectively suppressed oxi-
dative stress and increased levels of antioxi-
dants enzymes regardless of its original effect
of lowering blood pressure. Given that antioxi-
dant enzymes such as HO-1, NQO-1, SOD1 and
catalase were increased with EFP, it is conceiv-
able that EFP could influence a common factor
involved in antioxidant regulation. We hypothe-
sized, investigated and proved that the tran-

Am J Transl Res 2016;8(11):4574-4585
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Figure 6. Nrf2 expression in total amount and nuclear fraction and Keapl
expression of renal tissue with EFP or NFP after UUO. A. Expression of total
Nrf2. *P=0.006 vs. UUO D7 Cont and P=0.047 vs. UUO D7 NFP. B. Expres-
sion of Keapl. *P=0.006 vs. UUO D7 Cont and UUO D7 NFP. C. Expression of
nuclear Nrf2. *P<0.001 vs. UUO D3 Cont and P=0.018 vs. UUO D3 NFP and
**P=0.034 vs. UUO D7 Cont and UUO D7 NFP. Nrf2, nuclear factor-erythroid-
2-related factor 2; Keapl, Kelch-like ECH-associated protein 1; EFP, efonidip-
ine; NFP, nifedipine; UUO, unilateral ureteral obstruction; Cont, control.

scription factor Nrf2 has a central role in shap-
ing the antioxidant activities of EFP. This is a
novel protective mechanism for EFP in renal
fibrosis.

Among antioxidant enzymes upregulated by
Nrf2, HO-1 in particular seems to play a major
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role in maintaining antioxi-
dant homeostasis during oxi-
dative stress [20]. In the cur-
rent study, HO-1 showed a
more significant difference
than other Nrf2 downstream
gene products. This finding
was similar to observations
from previous studies of the
marked difference in expres-
sion of HO-1 after pharmaco-
logical intervention compared
with other Nrf2 downstream
effectors [9, 27, 29, 30]. In a
recent study, sustained over-
expression of HO-1 protected
tubular epithelial cells and
peritubular capillaries and su-
ppressed renal inflammation
and fibrosis induced by UUO
[31]. The mechanism by which
HO-1 protects against UUO-
induced renal injury appears
attributable, in part, to reduc-
ing macrophage infiltration
and preventing the activation
of Wnt/B-catenin signaling
[31].

Another unique result in this
study is that PCAF was
increased in kidneys of UUO
mice and EFP and NFP de-
creased PCAF. This suggests
that PCAF would promote
signaling molecule associat-
ed with regulators of inflam-
mation or oxidative stress,
bringing them to the target
gene promoter and subse-
quently affecting target gene
transcription. PCAF has been
shown to acetylase p53 in
response to DNA damage,
resulting in the increased
transcription of p53-regulated
genes [32]. Nrf2 can enhance
its transcription capacity and

downstream target expression through its acet-
ylation [33]. In addition, Nrf2 may have a role in
recruiting the basic transcriptional control
machinery to efficiently transcribe the target
genes including the various co-activators such
as PCAF [34]. Taken together, it is suggested
that increased level of PCAF in the obstructed
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Figure 7. Effect of EFP or NFP on apoptosis in UUO kidney. A. Representa-
tive images of TUNEL assay (x200 magnification). B. Quantification of
TUNEL-positive cells. *P<0.001 vs. UUO D3 Cont and P=0.032 vs. UUO
D3 NFP, and **P<0.001 vs. UUO D7 Cont and P=0.041 vs. UUO D7 NFP.
C. Western blot for Bcl-2. *P=0.046 vs. UUO D7 NFP. EFP, efonidipine;
NFP, nifedipine; UUO, unilateral ureteral obstruction; TUNEL, TdT-mediated
dUTP nick end labelling; Cont, control; Bcl-2, B-cell ymphoma 2.

kidneys would lead to an alt-
eration of gene expression
involved in cell survival and
protection. The current study
showed that T-type CCB could
discourage possible inflam-
matory process associated
with PCAF and might allow
injured cells to survive from
their predators. The associa-
tion between histone acetyl-
transferase or histone dea-
cetylase and the signaling
pathway, such as Nrf2, are
largely unknown. More stud-
ies are needed to determine
themolecularmechanismsun-
derlying the action of PCAF in
relation with Nrf2.

There are some points relat-
ed to current results that we
have to address. First, it is
necessary to look at both the
total and nuclear levels of
Nrf2 in the obstructed kid-
neys without treatment. In
response to oxidative stress
or inflammation induced by
UUO, Nrf2 in UUO kidneys
should have been dissociat-
ed with its cytosolic inhibitor
Keapl and translocated to
the nucleus. However, Nrf2
expression in UUO kidneys
decreased rather than incre-
ased. Indeed, a higher burden
of oxidative stress and a lower
level of expression of Nrf2
and its target genes were
observed in CKD models [9,
27, 35]. Second, although
NFP showed somewhat weak-
er renoprotective effect com-
pared with EFP, NFP may have
antioxidant activity in renal
fibrosis. However, the effect
L-type CCB on renal fibrosis
remains controversial: one
study showed that NFP can
suppress perivascular fibro-
sis, but not interstitial fibrosis
in the kidney of renin trans-
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Figure 8. PCAF expression of renal tissue with EFP or NFP after UUO. A. Rep-
resentative images of PCAF x200 magnification). B. Quantification of PCAF-
positive area. *P=0.002 vs. UUO D3 Cont and P=0.045 vs. UUO D3 NFP, and
**P=0.004 vs. UUO D7 Cont and P=0.047 vs. UUO D7 NFP. C. Western blot
for PCAF. *P<0.001 vs. UUO D3 Cont and **P<0.001 vs. UUO D7 Cont and
P=0.016 vs. UUO D7 NFP. PCAF, p300/CBP-associated factor; EFP, efonidip-
ine; NFP, nifedipine; UUO, unilateral ureteral obstruction; Cont, control.

renal interstitial fibrosis in a
high-salt diet-fed Dahl sati-
sensitive rats [8]. Further re-
search is needed to find an-
swers to these unanswered
questions. Finally, besides
Nrf2, other possible transcrip-
tional factors or signaling
pathways that might affect
UUO kidneys by EFP treat-
ment. Nrf2 activation would
be just one of numerous path-
ways that are responsible for
the cytoprotective activities
of EFP. A previous study dem-
onstrated that T-type CCB
affects Rho-kinase activity
and participates in epithelial-
mesenchymal transition [3].
In the present study, to find
out the renoprotective mech-
anism of T-type CCB, its influ-
ence on antioxidant pathway
was examined though immu-
noblotting and immunohisto-
chemical studies of antioxi-
dant enzymes and their regu-
lator Nrf2. The results indi-
cate another positive attri-
bute of T-type CCB in provid-
ing the protective efficacy
towards renal tubulointersti-
tial fibrosis.

In conclusion, this study is the
first to show that T-type CCB
attenuates UUO-induced re-
nal tubulointerstitial fibrosis
by activating Nrf2 and upre-
gulating its subsequent anti-
oxidants. T-type CCB may be
the basis of a novel and effec-
tive therapeutic approach.
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