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Abstract: Objective: To explore the protective effects of calcitriol on diabetic nephropathy by modulating the expres-
sions of transforming growth factor-beta 1 (TGF-β1) and Cdc42 interacting protein-4 (CIP4). Methods: Streptozotocin-
induced diabetic nephropathy rats (n=36) were randomly divided into control group (control-H, control-M, control-L) 
and calcitriol group (calcitriol-H, calcitriol-M, calcitriol-L). The expression of TGF-β1 gradually decreased in control-H, 
control-M and control-L subgroups by injection of different virus vectors. Peanut oil and calcitriol were given to con-
trol and calcitriol group, respectively. The expressions of TGF-β1 and CIP4 in kidney, the pathology, and the renal 
function and lipid profiles were compared between control and calcitriol treatment groups. Results: In the control 
group, the higher level of TGF-β1 was associated with more severe glomerular pathology (P<0.05). There is a posi-
tive correlation between the expression of CIP4 and TGF-β1. Control-H subgroup had significant more severe kidney 
disease, higher levels of cholesterol, triglyceride, blood glucose, blood urea nitrogen (BUN) and creatinine (Cr) than 
control-M and control-L subgroups. After calcitriol treatment, the expression of TGF-β1 and CIP4 were significantly 
decreased compared to the corresponding control subgroups (all P<0.05). Renal fibrosis and pathological changes 
were markedly improved. The levels of cholesterol, triglyceride, blood glucose, BUN and Cr were significantly reduced 
(P<0.05). Conclusion: Calcitriol may protect diabetic nephropathy from fibrosis via inhibition of TGF-β1 and CIP4.
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Introduction

Diabetic nephropathy (DN), as a severe micro-
vascular complication of diabetes mellitus, is 
the first cause for end-stage renal failure [1-4]. 
DN is characterized by excessive deposition of 
extracellular matrix (ECM), thickening of glo-
merular and tubular basement membranes, 
and increased amount of mesangial matrix. 
The above pathologies ultimately lead to glo-
merular sclerosis and tubulointerstitial fibrosis 
[5]. Although a comprehensive control on 
hyperglycemia, hypertension and dyslipidemia 
can significantly delay the progression of dia-
betic nephropathy, a large proportion of 
patients may eventually develop into chronic 
renal failure.

Transforming growth factor-β1 (TGF-β1) is 
proved to be a potential fibrogenic factor, which 

can induce tubular epithelial-mesenchymal 
transition (EMT) and then participate in the pro-
cess of renal interstitial fibrosis [6-9]. The 
expression of Cdc42 interacting protein-4 
(CIP4) were also increased in renal interstitial 
fibrosis [10], suggesting that CIP4 may be 
involved in the development of diabetic 
nephropathy.

Recent research found that, in addition to regu-
lating calcium-phosphorus metabolism, calcitri-
ol is wildly involved in the immune system and 
kidney disease by modulating various cell dif-
ferentiation and proliferation [11]. A previous 
study in nephrectomized rats showed that vita-
min D analog and ACEI therapy resulted in an 
additional reno-protective effect presumably by 
regulating the RAAS system [12]. Recent data 
showed that vitamin D is involved in the modu-
lation of renin-angiotensin system [13, 14]. 
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Also, active vitamin D3 could effectively reduce 
the renal fibrosis and protect the renal function 
in diabetic nephropathy rat models [15]. 
Therefore, it seems that the kidney function 
possibly improved by calcitriol supplementa-
tion. Therefore, the aim of the present study 
was to explore the protective effects of calcitri-
ol on diabetic kidney. The underlying mecha-
nisms may be involved with the anti-fibrosis 
effects and decreased expressions of TGF-β1 
and CIP4 after calcitriol treatment.

Materials and methods

Animals

Male Sprague-Dawley (SD) rats (weighing 80 g) 
were obtained from the Xinjiang Uygur 
Autonomous Region Center. All experiments 
were conducted in accordance with the US 
National Institutes of Health Guide for the Care 
and Use of Laboratory Animals, and the experi-
mental protocol was approved by the Ethics 
Committee of Xinjiang Medical University.

Reagents and materials

Calcitriol (Roche, China), TGF-β1 Lentiviral vec-
tors were purchased from Biowit Technologies 
Company (Shenzhen, China). The primers were 
purchased from the Taihe Gene Biotechnology 
Company (Beijing, China). Masson’s trichrome 
stain kit was purchased from Fuzhou Maixin 
Biotech (Fuzhou, China). TGF-β1 and CIP4 anti-
bodies were obtained from Abcam (American). 
β-actin antibody was purchased from Cell-
signaling. Two-step immunohistochemical de- 
tection reagents and PBS were purchased from 
Zhongshan Biotechnology Company (Beijing, 
China). 

Experimental animals, grouping, and treat-
ments

Male Sprague-Dawley (SD) rats were fed with 
normal diet. All animals were housed at a tem-
perature of 20-25°C, a humidity of 65-69%, 
and were subjected to a 12 h light/dark cycle 
with free access to food and tap water. When 
they grow up to about 300 g, a high-fat diet was 
given. After 8-week of high-fat diet, diabetes 
was induced by a single intraperitoneal injec-
tion of streptozotocin (Sigma, USA) at a dose of 
30 mg/kg diluted in the citrate buffer (0.1 
mol/L, pH 4.0) [16]. Seventy-two hours after 

streptozotocin injection, diabetes was diag-
nosed when their random blood glucose levels 
over 16.7 mmol/L for 3 days [17]. Another 
8-week of high-fat diet was continued, main-
taining blood glucose >16.7 mmol/L. At this 
time, 24 h urine output is above 150% of the 
original amount of urine and urinary protein 
excretion is above 30 mg/24 h, indicating the 
model of DN. The DN rats (n=36) were random-
ly assigned to two groups: the control group 
(treated with peanut oil by gavage, n=18) and 
calcitriol group (treated with calcitriol by 
gavage, n=18). Calcitriol was dissolved in the 
0.05ml peanut oil and was given to the rat with 
a dose of 0.03 μg/(kg.d). 

In the control group, rats with over-express of 
TGF-β1 (injected Lentiviral vector with increas-
ing the expression of TGF-β1) were set as 
Control-H (n=6); Rats with normal expression of 
TGF-β1 (injected Lentiviral vector without any 
active gene segments) were set as Control-M 
(n=6); Rats with low-express of TGF-β1 (inject-
ed Lentiviral vector with a segment of siRNA, 
which will disturb the expression of TGF-β1) 
were set as Control-L (n=6). Similarly, in the cal-
citriol group, the subgroups were set as calcitri-
ol-H (n=6), calcitriol-M (n=6) and calcitriol-L 
(n=6) according to the different levels of TGF-β1 
expressed in kidney. After calcitriol treatment 
for 37 days, the animals were euthanized and 
the blood samples were collected by cardiac 
puncture. Renal tissue was immediately frozen 
for Western blot and RT-PCR. 

Real-time PCR analysis

Total RNA was isolated and purified from the 
kidney cortex and the concentrations were 
determined by using a microspectrophotome-
ter. The cDNA was prepared by using these 
samples, according to the protocols provided 
by a commercially available QuantiTect Reverse 
Transcription kit (Qiagen, Germany). Quantita- 
tive real-time PCR was conducted by the follow-
ing procedures: denatured for 10 minutes at 
95°C; annealing of primers at 95°C for 10 sec-
onds; extension at 60°C for 30 seconds; the 
template was amplified for 40 cycles. Gene 
expression was quantified by means of the 
comparative Ct method (ΔΔCt) and the relative 
quantification (RQ) was calculated as 2-ΔΔCt [17]. 
All RT-PCRs were performed in triplicate, and 
the data was presented as mean ± SD. The 
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primers of TGF-β1 were as follows: forward 
5’-AGAAGTCACCCGCGTGCTAAT-3’ and reverse 
5’-CACTGCTTCCCGAATGTCTGA-3’; CIP4: for-
ward 5’-CACAGGGGACCTTTG CACT-3’ and 
reverse 5’-CTATGTACAGCCACACGGGA-3’; β- 
actin: forward 5’-AGTACCCCATTGAACACGGC-3’ 
and reverse 5’-TTTTCACGGTTGGCCTTA GG -3’.

Western blot analysis

Proteins were extracted from the kidney by 
using RIPA buffer (containing 0.1% PMSF). 
Equal amounts of protein from each sample 
(50 µg) were electrophoresed on 10% SDS-
PAGE gels and transferred to polyvinylidene 
fluoride (PVDF) membranes. The membranes 
were blocked by blocking solutions for 30 min-
utes and then incubated with the following anti-
bodies: TGF-β1 (1:100), CIP4 (1:1000), β-actin 
(1:1000) at 4°C overnight, and horseradish per-
oxidase (HRP) rabbit anti-mouse secondary 

antibody (1:10000) for 2 h. 
The blots were detected by 
chemiluminescent substr- 
ate. The densitometric 
analysis was conducted 
with ChemiDoc MP Imag- 
ing System (BIO-RAD). Each 
band normalized to β-actin 
presented the relative den-
sity values.

Immunohistochemical 
Staining

Serial sections of formalin-
fixed paraffin-embedded 
nephridial tissues were pre-
pared into 3μm sections 
and placed on a micro-
scope slide. The sections 
were digested with 3% H2O2 
for 10 minutes at room 
temperature to remove per-
oxidase, and then incubat-
ed with citrate for 10 min-
utes. Subsequently, sec-
tions were incubated in pri-
mary antibodies TGF-β1 
(1:50) and CIP4 (1:100) 
overnight at 4°C. There- 
after, the slices were incu-
bated with secondary anti-
body for 25 minutes. The 

Figure 1. The expression of TGF-β1 after injection with TGF-β1 lentivirus. A. 
Representative RT-PCR analysis for TGF-β1mRNA expression in the control and 
calcitriol group. B. Representative Western blot analysis for TGF-β1 in the con-
trol and calcitriol group. *P<0.05 compared with control group. H: control-H and 
calcitriol-H; M: control-M and calcitriol-M; L: control-L and calcitriol-L. 

diaminobenzidine was used to visualize in a 
color reaction. Brown and yellow colors indicate 
positive results. The diagnostic criteria of 
immunohistochemical results included the fol-
lowing conditions: Nucleus, cytoplasm or cell 
membrane stained with brown, tan and yellow 
colors were considered positive. Staining levels 
were classified as follows: Unstained on back-
ground = zero points; light staining = one point; 
moderate staining = two points; deep staining 
= three points. The percentage of stained cells 
was classified as follows: Negative = zero 
points; staining range ≤25% = one point; 
26-50% = two points; 51-75% = three points; 
>75% = four points. The final points were calcu-
lated by multiplying the staining level score of 
each section by the range score, and were as 
followings: ≤1 were negative (-); >1 but ≤3 were 
weakly positive (1+); >3 but ≤5 were mode- 
rately positive (2+) and >5 was strongly positive 
(3+) [18].
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Histopathological examina-
tion of renal tissue

Paraffin-embedded kidney 
tissue was processed into 
sections with 3μm thick 
and stained. Hematoxylin-
eosin (HE) and Masson’s 
trichrome staining were 
used for light microscopy. 
The tissue was fixed by glu-
taraldehyde for electronic 
microscopy.

Biochemical assays

Blood glucose values were 
determined by blood glu-
cose monitor (Roche, Ch- 
ina) on fasted tail blood. 
The levels of 24 h urinary 
albumin, serum cholester-
ol, triglycerides, Cr and 
BUN were measured by the 
automatic biochemical 
analyzer (HITACHI, Japan).

Statistical analysis

The results are expressed 
as means ± SD. Statistical 

Figure 2. The expression of TGF-β1 after injection with TGF-β1 lentivirus. The expression of TGF-β1 protein was 
determined with immunohistochemical staining (brown colors indicate TGF-β1 positive staining). TGF-β1 immunos-
taining is strong in the control subgroups and weaker in the calcitriol group (Magnification ×400). A. Control-H; B. 
Control-M; C. Control-L; D. Calcitriol-H; E. Calcitriol-M; F. Calcitriol-L.

Figure 3. The expression of CIP4 in the kidney tissue. A. Representative RT-PCR 
analysis for CIP4mRNA expression in the control and calcitriol group. B. Rep-
resentative Western blot analysis for CIP4 in the control and calcitriol group. 
*P<0.05 compared with control group. H: control-H and calcitriol-H; M: control-M 
and calcitriol-M; L: control-L and calcitriol-L.
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analyses were conducted with SPSS version 
17.0 and performed by one-way ANOVA for mul-
tiple comparisons. t-tests or nonparametric 

test was used for the comparisons of two 
groups. Differences were considered signifi-
cant at P<0.05.

Figure 4. The expression of CIP4 in the kidney tissue. The expression of CIP4 protein was determined with im-
munohistochemical staining (brown colors indicate CIP4 positive staining). CIP4 immunostaining is strong in the 
control subgroups and weaker in the calcitriol group (Magnification ×400). A. Control-H; B. Control-M; C. Control-L; 
D. Calcitriol-H; E. Calcitriol-M; F. Calcitriol-L.

Figure 5. The ultra-structure improved after calcitriol treatment. In control-H subgroup, the glomerular basement 
membrane was widened; fine granules were deposited in mesangial; foot projections from podocytes were partially 
fussed; mesangial cells proliferated. In control-M subgroup, the mesangial matrix increased; swelling, degeneration 
and necrosis could be seen in mesangial cells; capillary lumens were well opened. After treatment with calcitriol, 
the shape of foot projections in podocytes was improved, the capillary lumens were reopened and the granules de-
position in mesangial areas were decreased. A. Control-H; B. Control-M; C. Control-L; D. Calcitriol-H; E. Calcitriol-M; 
F. Calcitriol-L. 
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Results

In the control group, the higher expression of 
TGF-β1 and CIP4 was associated with more 
severe kidney disease, increased fibrosis, and 
elevated levels of cholesterol, triglycerides, 
BUN and Cr

The levels of mRNA and protein of TGF-β1 grad-
ually decreased in control-H, control-M and 
control-L subgroups. mRNA of TGF-β1 was dif-
ferent in three subgroups (P<0.05; Figure 1A). 
The protein levels of TGF-β1 (by western blot) in 
control-H, control-M and control-L were 3.4 ± 
0.9, 2.4 ± 1.0 and 0.8 ± 0.3, respectively, 
(P<0.05) (Figure 1B). Immunohistochemical 
staining showed the similar results: the expres-
sion of TGF-β1 gradually decreased in control-
H, control-M and control-L (Figure 2); TGF-β1 
primarily expressed in the renal tubules. These 
results suggest that the DN models with differ-
ent levels of TGF-β1 were successfully 
established.

The levels of mRNA and protein of CIP4 gradu-
ally decreased in control-H, control-M and con-
trol-L subgroups (P<0.05; Figure 3A).CIP4 pro-
tein levels were 4.2 ± 1.5, 1.6 ± 0.8 and 0.4 ± 
1.1, respectively in control-H, control-M and 
control-L subgroup (P<0.05) (Figure 3B). 
Immunohistochemical staining showed that 
CIP4 also primarily expressed in the renal 

tubules. The expression of CIP4 gradually 
decreased correlated with the reduction of 
TGF-β1 (Figure 4). 

The ultra-structure changes in the control 
group: in control-H subgroup, the glomerular 
basement membrane was widened; fine gran-
ules were deposited in mesangial; foot projec-
tions from podocytes were partially fussed; 
mesangial cells proliferated. In control-M sub-
group, the mesangial matrix increased; swell-
ing, degeneration and necrosis could be seen 
in mesangial cells; capillary lumens were well 
opened (Figure 5).

H.E. staining: control-H subgroup showed tubu-
lar necrosis, ECM accumulation and vascular 
basement membrane thickening. Control-M 
subgroup showed portion of glomerular hyper-
trophy, mesangial cell proliferation and ECM 
accumulation. In control-L subgroup, the 
mesangial matrix is increased slightly (Figure 
6). In a whole, more severe pathological chang-
es are associated with higher expression of 
TGF-β1.

Masson’s trichrome staining: the control sub-
groups showed a large number of spotty distrib-
uted renal interstitial fibrosis. Focal segmental 
glomerular sclerosis was observed. The 
increased renal fibrosis is correlated with the 
up-regulation of TGF-β1 (Figure 7). 

Figure 6. Effects of calcitriol on renal pathology structure. More severe pathological changes are associated with 
higher expression of TGF-β1.Pathological abnormalities significantly improved after calcitriol treatment (Magnifica-
tion ×400). A. Control-H; B. Control-M; C. Control-L; D. Calcitriol-H; E. Calcitriol-M; F. Calcitriol-L. 
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Biochemical parameters: increased cholesterol 
and triglyceride was associated with higher 
expression of TGF-β1. Serum Cr in control-H, 
control-M and control-L subgroup were 40.8 ± 
4.8, 29.5 ± 8.1 and 19.5 ± 2.9 µmol/L, respec-
tively (P<0.05). BUN in the control-H, control-M 
and control-L subgroup were 9.7 ± 2.1, 7.2 ± 
1.6 and 4.3 ± 2.6 mmol/L, respectively (Table 
1).

Calcitriol treatment decreased the expressions 
of TGF-β1 and CIP4mRNA, improved pathologi-
cal changes and renal function

TGF-β1: the mRNA and protein levels of TGF-β1 
were significantly reduced compared to the cor-
responding control subgroups (Figure 1). 
Similarly, immunohistochemical staining con-
firmed that TGF-β1 was significantly decreased 

compared to the corresponding control sub-
groups (Figure 2).

CIP4: the expression mRNA and protein of CIP4 
was significantly decreased compared to corre-
sponding control subgroups (Figure 3). 
Immunohistochemical staining showed the 
similar results (Figure 4).

Ultra-structure changes: after treatment with 
calcitriol, the shape of foot projections in podo-
cytes was improved, the capillary lumens were 
reopened and the granules deposition in 
mesangial areas were decreased (Figure 5).

Pathological structure changes in HE: the glo-
merular hypertrophy is decreased after calcitri-
ol treatment, compared to the control sub-
groups (Figure 6). 

Figure 7. Effects of calcitriol on renal fibrosis. Masson’s trichrome staining of renal tissue. Interstitial fibrosis and 
glomerular sclerosis (blue area) are extensively observed in the control subgroups. Less interstitial fibrosis was seen 
after calcitriol treatment. A. Control-H; B. Control-M; C. Control-L; D. Calcitriol-H; E. Calcitriol-M; F. Calcitriol-L.

Table 1. Renal function in the control and calcitriol subgroups
Groups n Bun (mmol/L) Scr (μmol/L) Glucose (mmol/L) Cholesterol (mmol/L) Triglyceride (mmol/L)
Control-H 6 9.7 ± 2.1 40.8 ± 4.8 31.6 ± 1.5 17.5 ± 0.8 10.6 ± 3.0
Calcitriol-H 6 7.3 ± 1.1★ 20.1 ± 3.1★★ 24.6 ± 2.1★★ 6.3 ± 2.3★★ 3.3 ± 2.8★★

Control-M 6 7.2 ± 1.6 29.5 ± 8.1 20.6 ± 1.7 7.8 ± 1.4 5.1 ± 1.7
Calcitriol-M 6 4.8 ± 1.1★ 17.9 ± 1.2★★ 17.8 ± 0.9★★ 4.1 ± 0.7★★ 2.4 ± 0.7★★

Control-L 6 4.3 ± 2.6 19.5 ± 2.9 16.6 ± 0.7 4.0 ± 1.2 1.6 ± 0.7
Calcitriol-L 6 0.8 ± 0.6★★ 9.8 ± 4.5★★ 15.0 ± 0.8★★ 1.5 ± 0.3★★ 0.4 ± 0.1★★

★indicates P<0.05, compared to the corresponding control subgroups. ★★Indicates P<0.01, compared to the corresponding 
control subgroups.
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Masson’s trichrome staining: less interstitial 
fibrosis was observed in calcitriol treatment 
subgroups than the control subgroups (Figure 
7).

Biochemical parameters: in calcitriol subgroup, 
the blood glucose, cholesterol, and triglycer-
ides were significantly decreased compared to 
corresponding control subgroups. Cr in control-
H and calcitriol-H was 40.8 ± 4.8 vs. 20.1 ± 3.1 
mmol/L, P<0.05. Cr in control-M and calcitriol-
M was 29.5 ± 8.1 vs. 17.9 ± 1.2 mmol/L, 
P<0.05. Cr in control-L and calcitriol-L was 19.5 
± 2.9 vs. 9.8 ± 4.5 mmol/L, P<0.05. Similar 
results were found in BUN (Table 1).

Discussion

Our study showed that the higher expression of 
TGF-β1 and CIP4 is associated with more 
severe diabetic nephropathy. The expression of 
TGF-β1 and CIP4, the degree of fibrosis and the 
levels of cholesterol, triglycerides and creati-
nine were significantly reduced by calcitriol 
intervention.

It has been showed that the higher TGF-β1 
expression is coupled with aggravated renal 
pathology and increased renal interstitial fibro-
sis [17]. Interstitial fibrosis is a known patho-
logical feature of end stage renal disease [19]. 
Microenvironment changes, mediated by sig-
naling molecule TGF-β1, may result in renal 
tubular epithelial-mesenchymal transition 
(EMT) and tubular interstitial fibrosis [20-22]. It 
has been proved that TGF-β1 is a major media-
tor in EMT via multiple signaling pathways, such 
as Smad pathway, mitogen activated protein 
kinase (MAPK), phosphatidylinositol 3-kinase/
AKT (PI3K/AKT) and so on [9, 23-25]. After 
binding to its receptor, TGF-β1 can transmit sig-
nals into cells by Smads proteins, induce glo-
merular and tubular cells hypertrophy, promote 
ECM accumulation [5], lead to EMT formation 
and interstitial fibrosis. At the same time, TGF-
β1 induced tubular epithelium autophagy and 
apoptosis can lead to tubular injuries [22]. 
Another study has shown that TGF-β1 contrib-
utes to proteinuria and glomerular sclerosis 
[26].

Our study showed that the expression of CIP4 
was consistent with the expression of TGF-β1. 
Cdc42 interacting protein-4 (CIP4) belongs to a 
member of Rho GTPase family and is a down-

stream signal after Cdc42 in Rho family. CIP4 
can directly promote the phosphorylation of 
multiple signaling molecules, owing to its tyro-
sine protein kinase activity [27]. Meanwhile, 
when C-terminal SH3 domain of CIP4 is com-
bined to SH2 domain of phosphatidylinositol 
3-kinase (PI3K), the PI3K/AKT pathway could 
be activated [28]. By this way, EMT occurs [29].

Increasing evidence shows that TGF-β1 pro-
motes the production of CIP4 via PI3K/AKT 
pathway in renal tubular EMT. In return, CIP4 
may further participate in TGF-β1 induced EMT 
[30]. In this study, the expressions of TGF-β1 
and CIP4 are synchronously increased. The 
higher expressions of two genes were correlat-
ed with more severe kidney disease. Therefore, 
it is speculated that the occurrence and pro-
gression of EMT may be regulated by TGF-β1 
and CIP4. 

Masson’s trichrome staining showed that a 
large number of collagen fibers were deposited 
in kidney in the control subgroups. The fibrosis 
was reduced after intervention of calcitriol. 
Simultaneously, the expression of TGF-β1 and 
CIP4 decreased after treatment. Therefore, it is 
speculated that the improved pathological 
changes were due to the suppression of TGF-β1 
signaling pathway and its downstream media-
tor CIP4. Enhanced TGF-β1 signaling pathway 
could result in ECM accumulation, EMT, glomer-
ular hypertrophy and renal interstitial fibrosis.

Another interesting finding is that blood glu-
cose, cholesterol and triglycerides significantly 
decreased after treatment of calcitriol, sug-
gesting that calcitriol may promote insulin 
secretion or improve insulin sensitivity, enhance 
the storage of free fat acid in adipocytes. A 
study from Asia has shown that low level of 
Vitamin D is coupled with higher incidence of 
diabetes mellitus. Supplementary Vitamin D 
can reduce blood glucose, increase insulin 
secretion and improve insulin sensitivity [31]. 
John et al. reported that vitamin D may promote 
the fatty acid synthesis and lipid storage, and 
inhibit lipolysis by increasing the calcium level 
in adipocytes [11, 32].

In summary, calcitriol plays a protective role in 
DN rats via actions against fibrosis and sup-
pression of TGF-β1 and CIP4. Furthermore, cal-
citriol intervention can decrease serum blood 
glucose, cholesterol and triglyceride. The pos-
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sible protective effects in human DN deserve 
further investigation.
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