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Abstract: Aim: This study aims to investigate the localization and expression of protein kinase C-beta | and beta
II'in kidney cortex of diabetic nephropathy mice and their roles in telmisartan treatment. Methods: 18 mice were
randomly divided into three groups: normal group, diabetic nephropathy group and telmisartan -treated group. The
localization and expression of protein kinase C-beta | and beta Il were measured with confocal immunofluorescence
laser scanning microscopy, immunohistochemistry and western blotting. The expression of transforming growth
factor- beta 1 and vascular endothelial growth factor in glomeruli was detected by immunohistochemistry. Results:
Compared to the normal mice, the expression and localization of protein kinase C-beta | and beta Il are differed in
diabetic nephropathy mice, with increased expression of protein kinase C-beta | but decreased level of protein ki-
nase C-beta Il. Meanwhile, the expression of transforming growth factor- beta 1 and vascular endothelial growth fac-
tor showed increase in the glomeruli of diabetic nephropathy, compared to the controls. Also, protein kinase C-beta
| exhibited a positive correlation to transforming growth factor- beta 1 (r = 0.649, P = 0.030), but no correlation to
vascular endothelial growth factor (r = 0.387, P = 0.079). Telmisartan treatment exercised significant beneficial role
in diabetic nephropathy, which is associated with protein kinase C-beta I, but not beta Il. Conclusions: The expres-
sion and localization of protein kinase C-beta | and beta Il differ in the diabetic nephropathy, and such difference is
associated with the pathogeneses of diabetic nephropathy.

Keywords: Diabetic nephropathy, protein kinase C, telmisartan, transforming growth factor-betal, vascular endo-
thelial growth factor

Introduction

Diabetic nephropathy (DN), characterized by
the accumulation of extracellular matrix protein
in the mesangial space with mesangial expan-
sion, thickening of the glomerular and tubular
basement membranes, and tubulointerstitial
fibrosis [1, 2], is the leading cause of end-stage
kidney failure in many countries, like United
States [3]. The exact pathogenesis of diabetic
nephropathy is unknown; however, hyperglyce-
mia has been regarded as a promoter to accel-
erate the development of clinical nephropathy
[3, 4]. Hyperglycemia drives the production or
expression of many factors associated with the
development of DN, including angiotensin |l
(Ang 1), TGF-B, connective tissue growth factor
(CTGF) and vascular endothelial growth factor

(VEGF) [B]. Hyperglycemia alone, or with others
like Angll [6], promotes the activation of protein
kinase C (PKC), which phosphorylates serine or
threonine residues of various intracellular pro-
teins and thus is involved in a wide range of cel-
lular functions that may be relevant to the
pathophysiology of diabetic nephropathy [7, 8].
PKCs have been classified into three groups:
group 1 (the conventional PKCs), including «, Bl,
Bll, as well as y; group 2 (novel PKCs), contain-
ing 9, €, n, 6, and y; group 3 (atypical PKCs) com-
posing ¢, 1, and A [8-10]. Using single isoform-
specific knockout mice, the functional role of
distinct PKC isoforms in the development of
diabetic nephropathy has been uncovered [7,
11-14]. Itis well regarded that PKC-a-dependent
signaling pathway regulates perlecan and VEGF
as well as nephrin expression, leading to dia-
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Table 1. Blood glucose, 24 hour urine protein and glomerular

cells number

Huazhong University of Science and
Technology.

Blood glucose 24 hour urine  glomerular cells number

Group (mmol/L) protein (mg) (n/glomeruli) Experimental design

NG 7.10+0.68 0.32+0.03 32.11+3.11 . . . . .

DN 33.3310%* 5.5240.49% 544544 16%* The diabetic mice received telmisar-
tan (9 mgkgld?, Boehringer Ingel-

T 31.97+3.44** 4.98+0.28** A4 44.97+4.02** AA

Values are Means+SEM, n = 6. **Different from NG, P < 0.01; 4 4Different

from DN P < 0.01.

betic albuminuria [7, 11]. The activation of the
PKC-B isoforms contributes to high-glucose-
induced, TGF-B-mediated renal hypertrophy
and extracellular matrix expansion [7, 15]. The
inhibition of PKC-B signaling protects against
diabetic nephropathy [7, 16, 17]. Although
PKC-B isoforms, including PKC-B1 and PKC-B2,
plays critical role in the pathogenesis of diabet-
ic nephropathy [17-19], we are missing the com-
prehensive knowledge about the localization
and expression of PKC-f isoforms in the kidney
of diabetic nephropathy.

Thus, this study aims to investigate the expres-
sion and localization of PKC-B isoforms in dia-
betic nephropathy mouse. This study also
explores the relation between PKC-B isoforms
and TGF-B1, VEGF, as well as renin-angiotensin
system.

Materials and methods
Animals

8-week-old male C57BL/6 mice were obtained
from Huazhong University of Science and
Technology (Wuhan, China). Mice were individu-
ally housed in cages and acclimated for two
weeks in animal facility conditions (22+1°C and
50+1% humidity with a 12 h in the light/dark).
Diabetes was induced with intraperitoneal (i.p.)
injection of 100 mg/kg streptozotocin (STZ,
Sigma-Aldrich Co., St Louis, MO, USA) in saline.
As nondiabetic control, mice were injected with
same dosages of saline in the same manner as
the diabetic mice (group N, n = 6). One week
later, the induction of diabetes was confirmed
by measuring fasting blood glucose levels.
Fasting blood glucose levels from the mouse
tail vein were measured by using a one-touch
blood glucose meter (LifeScan Inc., Milpitas,
USA). Only those mice with fasting blood glu-
cose above 16.7 mmol/L were considered as
diabetic mice. Mice care and experiments were
conducted in accordance with the guidelines of
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heim, group T, n = 6) or vehicle
(group DN, n = 6) by gastric tube.
During the experiment, the mice
had free access to standard mouse
chow and tap water and received no insulin and
other treatments. One mouse from DN group
died on day 21, while one from T group died on
day 25 after the last administration of STZ. 24
h urine samples were collected from the mouse
on day 41 in metabolic cages. Forty-two days
after the application of STZ or vehicle, mice
were sacrificed to collect clinical data with the
following experiments were performed, such as
blood glucose levels, body weight and the
weight of right kidney. Meanwhile, the left kid-
neys were collected for further analysis.

Urine albumin analysis

Before sacrifice, each mouse was housed in
individual metabolic cages (KAT-DXL-S; Shang-
haiTongYu Educational Instrument Manufacture
CO., Ltd., China) with free access to water and
rodent mash. The 24-h urine was collected,
centrifuged at 8,000 g for 5 min (to remove
debris), and flash-frozen for further analysis. An
indirect competitive ELISA kit (Shanghai
Shanghai YuBo Biotech Co., Ltd., China) was
used according to the manufacturer’s instruc-
tion to measure urinary albumin concen-
tration.

Histological studies

Kidneys from the normal and experimental ani-
mals were fixed in 10% buffered formalin and
were processed for paraffin  sectioning.
Sections of about 5 um thickness were stained
with hematoxylin and eosin to evaluate the
pathophysiological changes under light micro-
scope. The image analysis software (Image-pro
plus, Version 5.1.0.20, Media Cybernetics, Inc)
was used to analyze the clinical data, like aver-
age diameter of glomeruli, in ten different visu-
al fields. The double-blind experiment was car-
ried out in the histological examination, and the
person who evaluated the morphologic chang-
es was blinded to the researcher who per-
formed the treatment.

Am J Transl Res 2015;7(6):1116-1125
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Table 2. Clinical parameters in different groups

G A (x 10?) (mg) B (x 10Y) (g) C(x10?) D (x 10?) (Um?) E (x 107) (Hm)
NG 1.23+0.11 2.46+0.28 0.51+0.057 96.05+5.34 34.70+0.97
DN 1.55+0.14** 1.76+0.26** 0.90+0.112%** 158.35+12.91** 44.57+1.81**
T 1.37+0.03*4 2.11+0.21*4 0.65+0.057+*44 125.60+8.75*%* 44 39.7041.38*+44

A: the weight of right kidney; B: the body weight; C: the right kidney index (A/B); D: glomerular area; E: glomerular perimeter.
Values are Means+SEM, n = 6. **Different from NG, P < 0.01; *Different from NG, P < 0.05; 4 ADifferent from DN P < 0.01;

ADifferent from DN P < 0.05.

Figure 1. Microscopic observation (*400).

Immunofluorescent staining

To fix the kidney for immunofluorescent stain-
ing, the kidneys were first perfused with the
PBS to flush out the blood and then freshly pre-
pared 4% paraformaldyhide in PBS for 10 min.
The kidneys were excised and immersed in the
same fixative for 2 h at 4°C. The kidneys were
then rinsed with PBS and cryoprotected in 30%
sucrose in PBS at 4°C for 24 h. Sections of
8-um thick were cut with a cryostat at -25°C,
mounted on glass slides, and immediately pro-
cessed for immunofluorescent localization of
PKC-Bl and PKC-BII expression. Briefly, sections
were rinsed 5 min with PBS, incubated in wash-
ing buffer (PBS containing 50 mM NH,ClI) for 10
min, and in blocking buffer (washing buffer with
2% BSA and 0.05% Saponin) for 20 min.
Sections were incubated with polyclonal anti-
bodies developed in rabbits against PKC-BI (3
pug/ml, Santa Cruz Biotechnology, Dallas, Texas,
U.S.A,; cat. no. sc-209), and PKC-BII (3 ug/ml,
Santa Cruz Biotechnology, Dallas, Texas, U.S.A.;
cat. no. sc-210), goats against Tamm-Horafall
(2 pg/ml, Santa Cruz Biotechnology, Dallas,
Texas, U.S.A.; cat. no. sc-19554), and goats
against aquaporin-2 (2 pg/ml, Santa Cruz
Biotechnology, Dallas, Texas, U.S.A.; cat. no.
sc-28629), respectively. After 4 x 5 min wash-
ing, sections were incubated in Cy3 labeled
goat anti-rabbit 1gG (1:50; EarthOxLLC., U.S.A.;
cat. no. E031610) and FITC-conjugated phalloi-
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din (0.5 ug/ml, Alexis, Switzerland; cat. no. ALX-
350-265), or FITC labeled donkey anti-rabbit
IgG (1:50; EarthOxLLC., U.S.A.; cat. no.
E031220) and Texas Red labeled donkey anti-
goat IgG (1:50; EarthOxLLC., U.S.A.; cat. no.
E031330) for 2 h at room temperature.
Phalloidin is the maker of Glomerular podo-
cytes and epithelial cells in the proximal tubule,
while Tamm-Horsfall is the maker of the ascend-
ing thick limb of Henle’s loop, and aquaporin-2
is the maker of the collecting duct. Sections
were imaged with confocal laser-scanning
microscopy (Olympus FV500, Tokyo, Japan).

For expression of PKC-BI, PKC-BIl, TGF-B1 and
VEGF, sections were incubated with respective
primary antibody or preimmune rabbit serum in
the blocking buffer overnight at 4°C. Primary
antibodies used in these experiments are poly-
clonal antibodies developed in rabbits against
PKC-BI, PKC-BII, TGF-B1 (1:100, Boster, Wuhan,
China; cat. no. BA0O294), and VEGF (1:100,
Peprotech, England ; cat. no. PeproTech 450-
32), respectively. After 4 x 5 min washing, sec-
tions were incubated in Cy3 labeled goat anti-
rabbit IgG for 2 h at room temperature. Sections
were mounted with ProLong antifade medium
and imaged with Olympus FV500 confocal
microscope. Images were analyzed with the
Image-Pro Plus version 5.0 System (Media
Cybernetics Inc, Georgia, USA).

Am J Transl Res 2015;7(6):1116-1125
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Figure 2. A. Localization of PKC-BI in glomerulus and proximal tubule. a shows the overlay of Phalloidin staining
(green) and PKC-BI antibody staining (red). Kidneys were immunostained with PKC-BI antibody (red) in panel b
showing the localization of PKC-BI. In panel c, kidneys were stained with the Phalloidin (green). Left column: PKC-BI
was detected in podocytes (arrow) and suspicious expression in proximal tubule (Triangle ) in NG. Middle column:
6 weeks after STZ induction, enhanced accumulation of PKC-BI in podocytes (arrow)and proximal tubule brush
border (Triangle) were observed. Right column: Telmisartan treatment attenuated enhanced accumulation of DN
mice. B. Localization of PKC-BI in cortical thick ascending limbs of Henle’s loopon three groups (arrow). a shows the
overlay of Tamm-Horsfall antibody staining (red) and PKC-BI antibody staining (green). Kidneys were immunostained
with PKC-BI antibody (green) in panel b showing the localization of PKC-BI. In panel ¢, kidneys were stained with the
Tamm-Horsfall antibody staining (red). C. Localization of PKC-BI in cortical collecting duct on three groups (Triangle).
a shows the overlay of AQP2 antibody staining (red) and PKC-Bi antibody staining (green). Kidneys were immunos-
tained with PKC-BI antibody (green) in panel b showing the localization of PKC-BI. In panel c, kidneys were stained
with the aquaporin-2 antibody staining (red).

T

SDS-PAGE electrophoresis. The membrane pro-
teins were transferred onto polyvinyli-dene

Immunoblotting

Western blot analysis was conducted according
to a standard protocol [20]. Briefly, equal
amounts of membrane proteins obtained from
kidney cortex were separated by a reducing
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difluoride membranes (Millipore) and blocked
with 5% nonfat milk in Tris-Tween-buffered
saline buffer (20 mM Tris, pH 7.5, 150 mM
NaCl, and 0.1% Tween 20) for 3 h. The primary

Am J Transl Res 2015;7(6):1116-1125
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Figure 3. A. Localization of PKC-BII in glomerulus and proximal tubule. a shows the overlay of Phalloidin staining
(green) and PKC-BII antibody staining (red). Kidneys were immunostained with PKC-BII antibody (red) in panel b
showing the localization of PKC-BII. In panel c, kidneys were stained with the phalloidin (green). Left column: PKC-
BIl was detected in podocytes (arrow) and no expression in proximal tubule (Triangle ) in NG. Middle column: 6
weeks after STZ induction, enhanced accumulation of PKC-BIl in podocytes (arrow) and expression on proximal
tubule were observed (Triangle). Right column: Telmisartan treatment attenuated enhanced accumulation of DN
mice. B. Localization of PKC-BII in cortical thick ascending limbs of Henle’s loop on three groups (arrow). a shows
the overlay of Tamm-Horsfall antibody staining (red) and PKC-BIl antibody staining (green). Kidneys were immunos-
tained with PKC-BII antibody (green) in panel b showing the localization of PKC-BII. In panel c, kidneys were stained
with the Tamm-Horsfall antibody staining (red). C. Localization of PKC-BII in cortical collecting duct (Triangle) and
interstitial cells (arrow). a shows the overlay of AQP2 antibody staining (red) and PKC-BIl antibody staining (green).
Kidneys were immunostained with PKC-BII antibody (green) in panel b showing the localization of PKC-BII. In panel
¢, kidneys were stained with the aquaporin-2 antibody staining (red). Left column: PKC-BII was detected in cortical
collecting duct (Triangle). Middle column: 6 weeks after STZ induction, the expression of PKC-BII disappear in DN.
Right column: Telmisartan treatment can not restore the PKC-BII expression in cortical collecting duct of DN mice.
PKC-Bllwas detected in interstitial cells of all three groups (arrow).

antibodies were incubated overnight at 4°C; blots using the Alpha Imager 2200 software
the horseradish peroxidase-conjugated sec- (Alpha Innotech). We quantified the resultant
ondary antibodies were subsequently incubat- signals and normalized the data to the abun-
ed for 1 h at 25°C before development of the dance of actin.

1120 Am J Transl Res 2015;7(6):1116-1125
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PKCBII

TGF-B1

VEGF

NG

DN T

Figure 4. Expression of PKC-BI, PKC-BIl, TGF-B1 and VEGF. Mice in DN group treated with STZ, while mice in T group
treated with STZ and telmisartan, and mice in NG group didn’t receive any treatment.

Table 3. Expression of PKC-BI, PKCBII, TGF-B1 and VEGF

Probability values < 0.05 were

G PKC-BI PKCBII TGF-B1

VEGF taken to indicate statistical

NG 52.50+4.51 43.50+3.70  45.28+3.24
DN 72.67+4.73" 31.68+1.58" 54.27+5.79™

56.31+4.51
69.94+6.48"

significance.

Results

T 66.15+3.87""44 33.67+3.01"" 49.38+5.48"* 63.58+5.14"4

Values are Means+SEM, n = 6. The data calculated from Figure 4. **Different

Diabetic renal injury

from NG, P < 0.01; *Different from NG, P < 0.05; A4Different from DN P < 0.01;

ADifferent from DN P < 0.05.

Statistical methods

Data, expressed as means+SEMs, were ana-
lyzed statistically using SPSS 11.0 software
(SPSS Inc Chicago, USA). Data were analyzed
by One-Way ANOVA method. Correlation analy-
sis was conducted using Pearson method.

1121

Compared to the NG group, 24-

hour urinary protein and blood

glucose levels were significant (P
< 0.05) higherin DN group (Table 1). Meanwhile,
gross morphological assessment of the kid-
neys revealed the increased glomerular cell
number, the renal weight as well as the glomer-
ular size in DN group, compared those in NG
group (P < 0.05) (Tables 1 and 2). However,
telmisartan treatment significantly (P < 0.05)

Am J Transl Res 2015;7(6):1116-1125
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Figure 5. Protein of PKC-BI and PKC-BIl on contex.

Table 4. Expression of PKC-BI and PKCBII
G PKC-BI PKC-BII

NG 100.09+2.28 102.52+2.50
DN 121.82+1.06™ 84.15+2.48"™
T 118.24+2.43"" A4 91.37+£1.93""44

Values are Means+SEM, n = 6. The data calculated from
Figure 5. **Different from NG, P < 0.01; 4 4Different
from DN P < 0.01.

alleviated these clinical parameters, except the
blood glucose levels (Tables 1 and 2).

Microscopic analysis also shown higher (P <
0.05) glomerular size, glomerular mesangial
region and glomerular cell number in DN group
than those in the NG group, while mice in T
group had lower (P < 0.05) microscopic lesion
in the kidneys, compared to the DN group
(Figure 1). Summarily, mice in DN group show
significant diabetic renal injury, while telmisar-
tan treatment alleviates the diabetic renal
injury.

Localization of PKC-S/

PKC-BI in NG group expressed in podocytes,
cortical thick ascending limbs of Henle’s loop,
as well as in cortical collecting duct and inter-
stitial cells. It also had a weaker expression in
epithelial cells in the proximal tubule in NG
group (Figure 2A). Like the NG group, PKC-BI
also expressed in podocytes, cortical thick
ascending limbs of Henle’s loop, as well as cor-
tical collecting duct in DN and T group (Figure
2B). However, a mark expression of PKC-BI was
found in epithelial cells in the proximal tubule in
DN and T group (Figure 2C).
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Localization of PKC-BII

In NG group, PKC-BII expressed in podocytes,
thick ascending limbs, and principal cells in
cortical collecting duct. No expression was
found in epithelial cells in the proximal tubule in
NG group (Figure 3A). In DN group, PKC-BII
expressed in podocytes, thick ascending limbs,
and epithelial cells in the proximal tubule, but
not in the principal cells in cortical collecting
duct (Figure 3B). In T group, PKC-BII expressed
in podocytes, as well as thick ascending limbs,
but not in the epithelial cells in the proximal
tubule and the principal cells in cortical collect-
ing (Figure 3C).

Expression of PKC-BI, PKC-BII, TGF-81 and
VEGF

Compared to the NG group, the expression of
PKC-BI, TGF-B1 and VEGF significantly (P <
0.01) increased in DN group (Figure 4; Table 3),
while the expression of PKC-BII significantly (P
< 0.01) lowered in DN group (Figure 4; Table 3).
Telmisartan treatment significantly decreased
the expression of PKC-BI (P < 0.01), TGF-B1 (P <
0.05) and VEGF (P < 0.05), but had little effect
the expression of PKC-BII, compared to the DN
group (Figure 4; Table 3). Further analysis with
the Pearson’s Correlation shown that PKC-BI
exhibited a positive correlation to TGF-B1 (r =
0.649, P =0.030), but no correlation to VEGF (r
= 0.387, P = 0.079). No correlation was found
between the expression of PKC-BIl to TGF-B1 (r
= 0.287, P = 0.085) and VEGF (r = 0.341, P =
0.082). Further evidence from Western blotting
also showed that mice in DN groups had great-
er (P < 0.01) protein abundance of PKC-BI but
lower (P < 0.01) protein abundance of PKC-BlII
in the cortex than those in the NG group (Figure
5; Table 4). Telmisartan treatment significantly
(P < 0.01) decreased the expression of PKC-fI
in the cortex, but increased the expression of
PKC-BIl in the cortex, compared to the DN group
(Figure 5; Table 4).

Discussion

The PKC family comprises more than ten iso-
forms categorized into three classes (classical,
novel, and typical) based on their structure and
cofactor regulation. PKC B-Il is an essential iso-
zyme among the PKC isoforms, which is acti-
vated in vascular tissues during hyperglycemia-
induced situation, leading to the pathogenesis

Am J Transl Res 2015;7(6):1116-1125
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of diabetic complications, like nephropathy [18,
21]. PKCB1 also has an important role in the
pathogenesis of diabetic nephropathy. For
example, the activation of PKCB1 and its down-
stream effects, including upregulation of TGF-
1, is necessary for RhoA activation induced by
high glucose in mesangial cells, resulting in
matrix up-regulation [19, 22]. These compelling
studies suggest that both PKC -1 and PKC -l
pays critical roles in the pathogenesis of dia-
betic nephropathy, but there are different in
their functions in diabetic nephropathy. Indeed,
our discovery of different expression and distri-
bution of PKC B-I and PKC B-ll in the diabetic
nephropathy also supports this conclusion.
Similarly, the expression and localization of
PKC B-1 and PKC B-1l is also differently affected
by telmisartan in the treatment of diabetic
nephropathy. However, their exact function in
pathogenesis of diabetic nephropathy needs
further investigation. Selective inhibition of
PKC B-I or PKC B-Il will be one of the favorable
approaches to uncover their different roles in
diabetic nephropathy, however, selective inhibi-
tors of these enzymes are under clinical trials
but to date, success has not been achieved
because of the high sequence similarities
among PKC isoforms [18].

The expression of PKC B-l increases in diabetic
nephropathy, while the expression of PKC B-II
decreases in diabetic nephropathy. Not just
PKC B-I, the expression of TGF-f1 and VEGF
also increases in diabetic nephropathy. It is well
known that diabetes mellitus leads to sus-
tained hyperglycemia, which in turn results in
over-expression of PKC, TGF-B and VEGF in the
kidney, increasing synthesis and accumulation
of extracellular matrix components to lead to
diabetic nephropathy [3, 8, 23]. Different from
our observation, some previous studies have
indicated that production of PKC-BI increases
in diabetic kidneys, and it may induce produc-
tion of growth factors, such as TGF-B3, CTGF,
and VEGF [15, 24, 25]. However, similar to our
reports, Yao also found that the expression of
PKC-a VEGF and TGF-B1 increases significantly,
but the expression of PKC-SIl decreases mark-
edly in glomeruli of kidney tissues from patients
with diabetic nephropathy [26]. Such difference
may relate to the discrepancy of samples and
analysis methods. Telmisartan treatment excis-
es significant beneficial role in diabetic
nephropathy, associating with the regulation of
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PKC B. Indeed, numerous well-designed works
have shown that we can manipulate the patho-
geneses of diabetic nephropathy through regu-
lation of PKC B [7, 23, 27]. For example, genis-
tein might be a good protective substance for
diabetic nephropathy, in particular, for diabetes
patients with medium-high blood glucose levels
with reducing the activation of PKC 3 [8].

Intriguingly, PKC-BI expresses in podocytes,
cortical thick ascending limbs of Henle’s loop,
principal cells in cortical collecting duct as well
asepithelial cells in the proximal tubule. PKC-
Bl expresses in podocytes, thick ascending
limbs of Henle’s loop, and principal cells in cor-
tical collecting duct and interstitial cells, but
not in proximal tubule. These compelling find-
ings indicate the different functions of PKC-I
and PKC-BII in the pathogeneses of diabetic
nephropathy. As few reports on the localization
of PKC-BI and PKC-BII in diabetic nephropathy,
thus it is difficult to state the underlying reason
for this distribution, but it may associate with
their normal function in kidney.

In conclusion, the expression and localization
of PKC-BI and PKC-BIl differ in the diabetic
nephropathy, and such difference is associated
with the pathogeneses of diabetic nephropa-
thy. Telmisartan treatment excises significant
beneficial role in diabetic nephropathy associ-
ating with the regulation of PKC 3.
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