





Chemerin association with diabetic nephropathy

Figure 1. The baseline and morphological characteristics of the STZ-induced diabetic rats. A. Blood glucose; B. Urine
albumin-to-creatinine ratio; C. Kidney-to-body weight ratio; D. Serum creatinine; E. PAS staining of kidney sections at

different time-points. *P < 0.05; **P < 0.01.

used according to the manufacturer’s proto-
cols. Subsequently, the sections were stained
with diaminobenzidine and counterstained with
hematoxylin. Semi-quantitative immunohisto-
chemical analysis of 10 randomly selected
glomeruli (40x magnification) was scored as
follows: no staining (-), weak staining (+), moder-
ate staining (++), and strong staining (+++) [2].
The score for each rat was expressed as the
mean value of all the scores obtained.

Immunofluorescence

Frozen tissue sections (thickness, 10 um) were
incubated with primary antibodies [goat anti-
CD31 (Santa Cruz Biotechnology) and rabbit
anti-a-SMA (Biotechnology)] at 4°C overnight.
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Donkey anti-rabbit IgG (H+L)-Dylight 488 and
mouse anti-goat IgG (H+L)-TRITC secondary
antibodies (Biotechnology). The nuclei were
counterstained with DAPI (Biotechnology). Sta-
ining was analyzed by two investigators inde-
pendently using a Zeiss LSM 510 Meta scan-
ning confocal microscope. Ten visual fields per
kidney were analyzed for co-localization of
endothelial and fibroblast markers. For the
evaluation of a-SMA-positive fibroblasts, only
single cells that were not associated with larger
vessels were considered.

Quantitative real-time PCR

Total RNA was isolated from renal tissue using
the Trizol reagent (Sangon Biotech, Beijing,
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China). Complementary DNA was synthesized
using the PrimeScript RT Reagent Kit (Gene-
Copoeia, Rockville, MD, USA). Relative levels of
chemerin, chemR23 and TGF-1 mRNAs were
determined by real-time PCR with specific prim-
ers purchased from GeneCopoeia using the ABI
Prism 7500 sequence detection system (App-
lied Biosystems, USA). To control for variations
in the amount of DNA available for PCR in the
different samples, the expression levels of tar-
get genes were normalized to that of GAPDH.
Relative expression of mMRNA was evaluated
using the 2-22€T method. All reactions were car-
ried out in triplicate.

Western blot analysis

Tissue proteins were obtained from each group
using RIPA lysis buffer (Dingguo Changsheng
Biotech). Proteins (15-40 ug) were separated
by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) using 10% or 12%
gels and were transferred onto polyvinylidene
fluoride (PVDF) membranes (Roche, Mannheim,
Germany). Non-specific binding was blocked
using 5% non-fat milk diluted in TBS (13.7 mM
NaCl, 0.27 mM KCI, 2.5 mM Tris) containing
0.05% Tween 20 (TBST) for 1 h. Membranes
were incubated with primary antibodies (goat
anti-CD31 (Santa Cruz Biotechnology) and rab-
bit anti-a-SMA (Biotechnology), B-actin (Shang-
hai Kang Cheng Biological Engineering, China)
overnight at 4°C. After washing with TBST three
times, the membranes were incubated with
horseradish peroxidase-labeled mouse anti-
rabbit and donkey anti-goat secondary antibod-
ies (Dingguo Changsheng Biotech) at 37°C for
2 h. Images were captured on X-ray film. Immu-
noreactive bands were quantified by densitom-
etry using Image J software (National Institutes
of Health, USA).

Statistical analysis

All statistical analyses were performed using
SPSS version 19.0 software. Results are ex-
pressed as means + SD. Differences among
the groups were analyzed by one-way ANOVA
to compare the difference among the groups.
The differences in expression of chemerin,
chemR23, CD31, a-SMA, and TGF-B1 and the
number of CD31 and a-SMA double-positive
cells between the four groups were compared
using one-way ANOVA or Wilcoxon rank-sum
tests. The Spearman coefficient was calculated
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to assess the correlations between chemerin
expression levels and ChemR23, CD31, a-SMA,
and TGF-B1 expression, and the number of
CD31 and a-SMA double-positive cells. P val-
ues less than 0.05 were considered to indicate
statistical significance.

Results

Baseline and morphological characteristics of
the STZ-induced diabetic rats

After STZ injection, there were significant differ-
ences in the baseline characteristics between
the investigated groups (Figure 1). Compared
with the age-matched control groups, the blood
glucose level was markedly elevated in the STZ-
induced diabetic group at each time-point
throughout the study (Figure 1A). The UACRs at
4 and 12 weeks post-injection were also signifi-
cantly increased (Figure 1B). In accordance
with the changes in this ratio, the kidney-to-
body weight ratios at 4 and 12 weeks post-
injection were significantly higher than those of
the age-matched control rats (Figure 1C).
These changes are consistent with the early
stages of DN. In addition, the serum creatinine
levels were significantly increased at 12 weeks
post-injection (Figure 1D). Significant enlarge-
ment of the mesangial matrix and thickening of
the glomerular basement membrane were
observed at 12 weeks after STZ injection
(Figure 1E).

Detection of chemerin and chemR23 expres-
sion in kidney tissue detection by immunohis-
tochemistry

No expression of chemerin or chemR23 was
detected in normal kidney tissue, whereas the
expression of both proteins was detected in DN
model rat kidneys at both 4 and 12 weeks after
STZ injection. Chemerin was mainly expressed
in the glomerulus, tubular epithelial cells and
interstitium, while chemR23 was mainly ex-
pressed in tubular epithelial cells and intersti-
tium (Figure 2A and 2B).

Western blot analysis of chemerin and
chemR23 protein expression

Expression of chemerin and chemR23 proteins
was gradually upregulated with time after the
induction of diabetes in model rats, whereas
there was no significant difference in the levels
detected at each time-point in the control rats.
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Figure 2. Upregulated renal chemerin and chemR23 expression in the STZ-induced diabetic rats. A. Inmunohis-
tochemical staining of chemerin in the rats at 4 and 12 weeks (magnification, x400); B. Immunohistochemical
staining of chemR23 in the rats at 4 and 12 weeks (magnification, x400); C, D. Western blot analysis of chemerin
and chemR23 protein levels in renal tissue of age-matched control rats and diabetic rats at 1, 4 and 12 weeks post-
STZ injection. E. qRT-PCR analysis of chemerin and ChemR23 mRNA expression in the renal tissue of age-matched
control rats and diabetic rats at 1, 4 and 12 weeks post-STZ injection. **P < 0.001 versus 4 weeks control; ##P <

0.001 versus 12 weeks control.

Chemerin and chemR23 protein expression
was significantly elevated in the model rats
compared with that in the age-matched control
rats at 4 and 12 weeks (P < 0.01), with signifi-
cantly higher expression in model rats at 12
weeks compared with that at 4 weeks (P<0.01)
(Figure 2C and 2D).

gRT-PCR analysis of chemerin and chemR23
mMRNA expression

The levels of chemerin and chemR23 mRNA
were consistent with the levels of the corre-
sponding proteins. Chemerin and chemR23
MRNA levels were significantly elevated in the
model rats compared with those in the age-
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matched control rats at 4 and 12 weeks (P <
0.01), with significantly higher expression in
model rats at 12 weeks compared with that at
4 weeks (P < 0.01) (Figure 2E).

Double-labeled immunofluorescence detection
of the expression and localization of CD31 and
a-SMA in kidney

Expression of CD31 in the glomerular and inter-
stitial blood vessels and a-SMA in the intersti-
tial blood vessels was detected in the control
rats, although co-expression was not detected.
However, in the model rats, CD31 and a-SMA
co-expression was detected in the interstitial
blood vessels at 4 and 12 weeks, with greater
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Figure 3. Endothelial-mesenchymal transition in the STZ-induced mouse model of diabetic nephropathy. A. a-SMA
and CD31 double-labeling. Frozen kidney sections were double-stained with antibodies to a-SMA (green) and CD31
(red); nuclei were stained with DAPI (blue). Yellow color in the merged panel indicates a-SMA and CD31 co-expres-
sion. The arrows in the merged panel indicate CD31* and a-SMA* cells. B. Quantification of fibroblasts. The bar
graphs summarize average numbers of CD31" and a-SMA" cells per visual field in both control and diabetic kidneys
(magnification, x200). C, D. Western blot analysis of CD31 and a-SMA protein levels in the renal tissue of age-

matched control rats and diabetic rats at 1, 4 and 12 weeks post-STZ injection.

co-expression detected at week 12 than at
week 4. The co-expression of CD31 and a-SMA
indicated the transformation of interstitial
microvascular endothelial cells (Figure 3A).

Confocal microscopic enumeration of CD31
and a-SMA double-positive cells

The number of CD31 and a-SMA co-expressing
cells was significantly increased in model rats
at 4 and 12 weeks compared with the numbers
detected in age-matched control rats (P < 0.01);
moreover the number of double-positive cells
was significantly increased in model rats at 12
weeks compared with the numbers detected at
4 weeks (P < 0.01) (Figure 3B).

Western blot analysis of CD31 and a-SMA
protein expression in kidney tissue

The expression of CD31 protein decreased
gradually with time after diabetes-induction in
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model rats, whereas, a-SMA protein expression
increased gradually; there were significant dif-
ferences between model rats and age-matched
control rats at 4 and 12 weeks (P < 0.05).
Furthermore, there were significant differences
between the levels detected in model rats at 4
weeks after diabetes-induction compared with
those detected at 1 week, as well as the levels
detected in model rats at 12 weeks compared
with those detected at 4 weeks (P < 0.05)
(Figure 3C and 3D).

Association analysis

Spearman correlation analysis revealed that
the chemerin mRNA expression correlated pos-
itively with a-SMA protein expression and the
number of CD31 and o-SMA co-expressing
cells (P < 0.05), while a negatively association
with CD31 protein expression was identified
(Table 1).
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Table 1. Spearman correlation analysis of the
association of chemerin mRNA with theother
variables

R-value P-value
ChemR23 0.766 0.012
TGF-B1 0.837 0.003
CD31 -0.358 0.023
a-SMA 0.793 0.027
EndMT cell number 0.773 0.039

Discussion

Chemerin, which is also known as retinoic acid
receptor responder 2 (RARRES2) and tazaro-
tene-induced gene 2 (TIG2), was first discov-
ered in 1997 by Napal et al. in psoriasis skin
lesion using a differential display method [15]
CCN2. Recently, it was considered as a regula-
tor of adipocyte differentiation, and could mod-
ulate the expression of adipocyte genes associ-
ated with glucose and lipid homeostasis, such
as glucose transporter-4, adiponectin, and
leptin [16]. The highest expression of chemerin
was detected in liver and white adipose tissue,
with moderate expression in lung and brown
adipose tissue, and relatively low expression in
heart, kidney, and ovary [17]. Chemerin levels
were related to components of the metabolic
syndrome, such as elevated levels of body
mass index and plasma triglycerides [16, 18].
Also, Bozaoglu et al. (2007) reported that com-
pared to lean and normoglycemic Psammomys
obesus, the chemerin expression experienced
a marked increase in adipose tissue of obese
and type 2 diabetic Psammomys obesus [19].
Meanwhile, in our previous studies, it was sug-
gested that chemerin expression was associ-
ated with multiple kinds disorders of kidney
with detection in the renal tubular cells and
lymphatic endothelial cells of patients with
severe lupus nephritis [19]. Serum levels of
chemerin in patients undergoing hemodialysis
were two-fold higher than those in control
patients with glomerular filtration rates (GFR) >
50 ml/min. In addition, serum levels of chemer-
in in hemodialysis patients and control cohorts
were negatively associated with GFR, glucose-
and lipid metabolism-related parameters and
inflammatory parameters, indicating an asso-
ciation between circulating chemerin levels
and renal function [20].

This association has also been reported in the
other studies in relation to diabetic nephropa-
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thy. In the current study, the expression of
chemerin and chemR23 was significantly
increased in the kidney of DN rats. Furthermore,
chemerin is a chemo-attractant protein which
is able to attract immune cells to the site of
inflammation, intendifying their adhesion [9].
Chemerin mRNA levels were positively associ-
ated with inflammatory and fibrosis factors,
such as TGF-B1, TNF-a, CTGF and ICAM-1, indi-
cating that chemerin is closely associated with
renal inflammation and fibrosis. Significantly
elevated chemerin expression has also been
reported in type 2 diabetes compared with the
levels in diabetic patients with slight protein-
uria or without proteinuria [12]. In the current
study, chemerin and chemR23 expression in
the kidney of model rats was gradually upregu-
lated with the progression of DN and was main-
ly detected in the glomerulus, tubular epithelial
cells, and stromal vascular endothelial cells
(Figure 2A and 2B). This pattern of chemerin
and chemR23 expression was also observed in
gRT-PCR and Western blot analyses, indicating
that the expression of chemerin and chemR23
is closely associated with the pathogenesis
and progression of DN (Figure 2C-E). These
findings are consistent with those of previous
studies [12].

Accumulating evidence indicates that EndMT in
the early stages of DN facilitates kidney fibro-
sis. During EndMT, endothelial cells lose their
adhesion, and apical-basal polarity to form
highly invasive, migratory, spingdle-shaped,
elongated mesenchymal cells [14]. The most
important biochemical alterations associated
with EndMT are the decreased expression of
endothelial cell surface makers, such as vascu-
lar endothelial adhesion molecule-1 and CD31,
and the increased expression of interstitial cell
surface markers, such as FSP-1 and a-SMA [6].
These were consistent with our results that in
the kidney of model rats CD31 protein expres-
sion was gradually down-regulated with the pro-
gression of DN and a-SMA protein expression
experienced a upward trend (Figure 3C and
3D). This indicated that the expression of CD31
and a-SMA is closely associated with the patho-
genesis and progression of DN which is consis-
tent with previous study [6]. These findings are
indicating that EndMT in the diabetic kidney
occurs in the phase of microalbuminuria, and is
mainly found in the renal interstitium further
analysis indicated that the number of CD31*
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and o-SMA* cells increases with the progres-
sion of DN in the model rats.

Several factors and pathways are known to reg-
ulate EndMT, but TGF-$ is considered as the
most potent inducer capable of initiating and
completing the entire process [21]. TGF-B pro-
moted EndMT both in vivo an in vitro, thereby
facilitating the fibrosis of organs. TGF-B was
reported to induce EndMT in lung, heart, and
kidney tissues [22]. Moreover, TGF-B induces
a-SMA and type | collagen expression in glo-
merular mesangial mast cells, and aggravates
kidney fibrosis by inducing transformation of
renal tubular epithelial cells and by increasing
fibroblast EndMT [7]. Other studies had shown
that serum chemerin level was also significant-
ly increased in patients with chronic pancreati-
tis, and positively associated with TGF-31.
These observations indicate that pancreatic
fibrosis is induced by increased chemerin lev-
els, which in turn facilitate macrophage infiltra-
tion and TGF-3 production [23].

In the current study, chemerin levels were
shown to be positively associated with the
number of CD31 and a-SMA double-positive
cells, while a negative association with CD31
protein expression was identified (Table 1),
indicating that chemerin levels had a relation-
ship with EndMT in DN. TGF-B1 expression was
also found to be increased with the progression
of DN and positively associated with chemerin
levels. Therefore, it can be speculated that
chemerin induces chemR23-expressing inflam-
matory cells to produce TGF-B1, subsequently
facilitating EndMT and kidney fibrosis.

In summary, according to the current study of
the STZ-induced diabetic rat model of DN, the
expression of chemerin and chemR23 in kidney
tissue gradually increased with the progression
of DN and was accompanied by an increased
number of endothelial-transformed fibroblasts.
Thus, the results of this study indicated that
chemerin/chemR23 expression was associat-
ed with EndMT in diabetic nephropathy.
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