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Abstract. – OBJECTIVE: The aim of this study 
was to research the potential mechanism of IN-
HBC and CSF1R in diabetic nephropathy. 

MATERIALS AND METHODS: 30 SD rats were 
selected and randomly divided into Con group, 
Sham group, and DN group. In the DN group, 
intraperitoneal injection of the streptozotocin-ci-
trate solution was conducted to construct the DN 
model. In the Sham group, intraperitoneal injec-
tion of equal citrate solution was conducted. The 
Con group did not do anything. After successful 
modeling, blood glucose, insulin, biochemical in-
dexes, and levels of inflammatory cytokines in 
blood samples were detected. The expression lev-
els of INHBC, CSF1R, apoptosis-related proteins 
and IGF-1 were detected by Western blot. MRNA 
expression levels of INHBC, CSF1R, IGF-1 and 
inflammatory cytokines were detected by qPCR.

RESULTS: Compared with the Con group, the ex-
pression levels of blood glucose, insulin, biochem-
ical indexes, INHBC, CSF1R, IGF-1, IL-6, TNF-α and 
Bcl2 increased in the DN group, while the expres-
sion levels of IL-10, Caspase 3, Caspase 9, and Bax 
decreased. INHBC mRNA was positively correlated 
with IGF-1 mRNA. CSF1R was negatively correlated 
with Caspase 3, Caspase 9, Bax, and IL-10, and pos-
itively correlated with IL-6, TNF-α, and Bcl2.

CONCLUSIONS: NHBC and CSF1R induced the 
secretion of IL-6 and TNF-α, inhibited the produc-
tion of IL-10, inhibited apoptosis of cells, and pro-
moted the proliferation of renal cells during DN 
disease. Therefore, INHBC and CSF1R can be 
used as target objects of DN treatment strategies.
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Introduction 

Diabetic nephropathy (DN) is a diabetic mi-
crovessel complication and manifests as chronic 
disease of renal1. DN is defined as the glomerular 
filtration rate greater than 0.5 g within 24 h2. DN 
is the first cause of end-stage renal disease3. There 

are many causes for DN. The main reason of DN 
induced by oxidative stress4. Hyperglycemia can 
lead to oxidative damage of biomacromolecule, 
which induces the increase of oxidative stress 
to affect the occurrence of DN5. Mesangial cell 
(MC) is closely related to DN. MC determines the 
overall structure and integrity of the glomerular 
capillary cluster. Deletion of MC in DN patients 
will lead to dilatation of glomerular capillary and 
the formation of microaneurysm6.

The Inhibin Subunit Beta C (INHBC) protein 
belongs to the transforming growth factor (TG-
F)-b superfamily7. Although studies8,9 have dis-
cussed the role of INHBC in human endometrium 
and placenta, the relevant molecular mechanism 
of INHBC in DN is still unclear. TGF-b family 
is a major factor in DN pathology. The inhibi-
tion of TGF-b pathway can induce apoptosis of 
DN cells10. The increase of TGF-b in DN patients 
will induce accumulation of extracellular matrix, 
leading to DN11. INHBC is homologous to TGF-b. 
Its related mechanism in DN may also be related 
to apoptosis of cells or accumulation of matrix.

Colony stimulating factor 1 receptor (CSF1R) 
regulates survival, proliferation, differentiation of 
cells, and topotaxis and plays an important role 
in innate immune responses12. CSFIR/CSF1 con-
tributes to the metastasis of most cancer tumors13. 
Alikhan et al14 considered that CSF1/CSFIR plays 
an important nutritional role in the process of 
kidney growth and repair when studying the rela-
tionship between CSF1 and mammalian growth. 
Therefore, there may be certain relation between 
CSF1R and DN.

In this paper, a diabetic mouse model was con-
structed by streptozotocin induction to explore the 
role of INHBC and CSF1R in the pathogenesis of 
diabetic nephropathy and what molecular mecha-
nisms are involved to provide a reliable scientific 
basis for the treatment of diabetic nephropathy.
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Materials and Methods

Materials
30 male SD adult healthy rats, 2 to 3 months old 

and 305-325 g of weighing were purchased from 
Hunan SJA Laboratory Animal Co., Ltd (Chang-
sha, Hunan province, China). This study was ap-
proved by our Hospital Ethics Committee. The 
procedure was carried out in strict accordance with 
the guidelines for the care and use of laboratory 
animals (NIH Publishing, 1996 revision, No. 85-
23). After screening, the rats were determined to 
have no evident abnormal behavior. According to 
the randomized principle, it was divided into three 
groups: control group (Con group), sham group 
(Sham group), and model group (DN group).

The protein extract of rat tissue was purchased 
from Shanghai Beibo Biological Company (Shang-
hai, China) and the batch number was BB18011. 
BCA protein concentration determination kit was 
purchased from Beyotime Institute of Biotechnology 
(Shanghai, China) and the batch number was P0012. 
INHBC, CSF1R, insulin-like growth factor 1(IGF-
1), Caspase 3, Caspase 9, Bax, Bcl2, b-actin first 
antibody (item number: ab73904, ab183316, ab9572, 
ab197202, ab219590, ab32503, ab32124, ab115777), 
goat anti rabbit of second antibody (HRP crosslink-
ing, ab205718 of item number) were purchased from 
Shanghai Abcam Company (Shanghai, China). The 
tumor necrosis factor (TNF-a), interleukin 6 (IL-6), 
interleukin 10 (IL-10) enzyme linked immunosor-
bent assay (ELISA) kit (item number: ab208348, 
ab100713, ab108870) were purchased from Shang-
hai Abcam (Shanghai, China). FastKing one-step 
reverse transcription - fluorescence quantitative kit 
was purchased by Tiangen Company (Beijing, Chi-
na; Catalog No. FP314).

Streptozotocin Induced Diabetic 
Nephropathy Model

All the rats were fed in a constant temperature 
and humidity animal room, were alternately illu-

minated with diurnal for 12 hours, were fasted for 
one night and drank water freely before surgery. In 
the DN group, streptozotocin was injected into the 
abdominal cavity (dissolved in 0.1 mmol /L citrate 
buffer, 180 mg/kg). In the sham group, an equal 
amount of 0.1 mmol/L citrate buffer was injected 
into the abdominal cavity. The Con group did not do 
anything. The rats were fed normally after induc-
tion of streptozotocin. After 1 week of modeling, 
blood samples were collected from the tail vein to 
detect the blood glucose value. The blood glucose 
value was higher than 16.7 mmol/L, indicating that 
the DN model was successfully constructed. Af-
ter successful modeling, urine was collected for 24 
h after 2 weeks of continuous culture. The urine 
protein content was detected. The blood samples 
were collected. Blood glucose, insulin, blood urea 
nitrogen, creatinine, TNF-a, IL-6, and IL-10 were 
detected. The kidneys were collected and stored in 
liquid nitrogen at -80°C for subsequent testing.

Detection of INHBC, CSF1R, IGF-1, 
TNF-a, IL-6, IL-10 mRNA by qPCR

Part of the kidney tissue was ground in TRIzol 
solution to extract the total RNA. Total RNA con-
centration and purity were detected by UV-Spec-
trophotometer at 260-280 nm. OD260/OD280>1.8 
were used for next detection. INHBC, CSF1R, 
IGF-1, TNF-a, IL-6, and IL-10 mRNA were re-
versed transcribed and PCR was amplified and 
quantitated by using FastKing one-step reverse 
transcription – fluorescence quantitative kit 
(Tiangen Company, Beijing, China, Catalog No. 
FP314) and ABI PRISM 7000. The primers were 
designed and synthesized by Sangon Biotech 
(Shanghai, China) Co., Ltd. Primers sequence ta-
ble are shown in Table I. 

Reaction system (50 mL): 1.25 mL of upstream 
primers, 1.25 mL of downstream primers, 1.0 uL 
of probe, 10 pg/mg of RNA template, 50×ROX 
Reference Dye 5 μl ROX, RNase-Free ddH2O 
water supplement to 50 μL. 

Table I. Primers sequence table. 

Upstream primers Downstream primers

INHBC 5'-GCAGCCCGGGTGAGAGTTGG-3' 5'-ACTGCACCCACAGGCCTC-3'
CSF1R 5'-ACAAAGCAGGGACCTCTTGA-3' 5'-ATGGTGTTAAGGTCTTGGGC-3'
IGF-1 5'-TCGCATCTCTTCTATCTGGCCCTGT-3' 5'-GCAGTACATCTCCAGCCTCCTCAGA-3'
TNF-a 5'-GCCACCACGCTCTTCTG-3' 5'-GCAGCCTTGTCCCTTGA-3'
IL-6 5'-TAGTCCTTCCTACCCCAACTTCC-3' 5'-TTGGTCCTTAGCCACTCCTTC-3'
IL-10 5'-AGTGGAGCAGGTGAAGAATG-3' 5'-CCAGCCTTAGGATCGAAGTT-3'
GAPDH 5'-CCCACTAACATCAAATGGGG-3' 5'-ATCCACAGTCTTCTGGGTGG-3'
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Reaction program: reverse transcription for 30 
min at 50°C, 1 of cycle number, initial denatur-
ation for 3 min at 95°C, 1 of cycle number, PRC 
cycle, denaturation for 15 s at 95°C, annealing for 
30 s at 60°C, 40 of cycle number. The results were 
analyzed by the ABI PRISM 7000. The internal 
reference gene was GAPDH. 2–DDCt method was 
used for calculation.

Detection of INHBC, CSF1R 
and Apoptotic Protein-Related 
Protein by Western Blot

Part of the kidney tissue was cut. Then, the 
pre-cooled cell protein extract was added, (Cell 
lysate: proteinase inhibitor: phosphatase inhibitor 
= 98: 1:1) and centrifuged for 15 min at 1.2×104 r/
min, and the supernatant was taken. Sodium do-
decyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) electrophoresis was used to distin-
guish proteins. Then, the protein was transferred 
to the nitrocellulose (NC) membrane and allowed 
to stand at room temperature for 1 h (blocking 
solution was 5% skim milk-PBS solution). Sub-
sequently, INHBC, CSF1R, and apoptotic pro-
tein-related protein first antibody were added and 
allowed to stand overnight at 4°C. They were then 
washed with phosphate-buffered saline (PBS) 
solution and this operation was repeated three 
times. Goat anti rabbit of second antibody (HRP 
crosslinking) was added and allowed to stand at 
room temperature for 1 h. Finally, the membrane 
was washed with PBS solution and visualized by 
enhanced chemiluminescence (ECL) method. 
The internal reference protein was β-actin. The 
relative expression level of the protein to be tested 
= the gray value of the band to be measured / the 
gray value of the β-actin band.

Detection of TNF-a, IL-6, IL-10 by ELISA
Blood samples were taken and centrifuged at 

3×103 × g for 20 min at 4°C. The supernatant was 
taken and the expression levels of TNF-a, IL-6, 
and IL-10 were detected by ELISA kit. The op-
eration strictly adheres to the requirements of the 
kit instructions.

Detection of Biochemical Indexes
The experimental rats were placed in a clean 

metabolic cage. Urine samples were collected 
for 24 h. Urine protein was quantitatively detect-
ed by Broadford (Isle of Skye, Scotland, UK). 
Blood samples were taken from the abdominal 
aorta. Blood urea nitrogen was detected by dia-
cetyl-oxime colorimetry. Creatinine was detected 

by picric acid method. All steps were conducted 
in strict accordance with the instructions. Blood 
glucose level was detected by Advantage elec-
tronic sensor blood glucose meter and relevant 
test paper, and insulin was detected by radioim-
munoassay competitive method.

Statistical Analysis
The above index data was input into the SPSS 

20.0 software package (IBM Corp., Armonk, NY, 
USA) for statistical analysis. The measuring data 
were expressed as Mean±SD. The data compari-
son method was One-way analysis of variance in 
groups. Pearson analysis was used for correlation 
analysis. All the data were tested by two-tailed 
tests. 95% was taken as the confidence interval 
and the difference was statistically significant 
with all p<0.05.

Results

DN was Associated with Hyperglycemia
and High Insulin

As shown in Figure 1, there were no statis-
tically significant differences in blood glucose 
and insulin between Con group and Sham group 
(all p>0.05), while blood glucose and insulin in 
DN group were statistically increased compared 
with Con group (all p<0.05). The blood glucose 
value of DN group was 22.25±1.26 mmol/L>16.7 
mmol/L, indicating successful modeling. These 
results indicated that DN was associated with hy-
perglycemia and high insulin.

DN was Associated with Upregulation 
of INHBC and CSF1R Expression Levels

Western blot and qPCR results showed that 
there was no difference in INHBC, CSF1R, and 
mRNA between the Con group and the Sham 
group (all p>0.05). Compared with Con group, the 
expression of INHBC, CSF1R, and mRNA of kid-
ney cells in DN group was upregulated. The dif-
ference was statistically significant (all p<0.05). 
These results indicated that DN was associated 
with up-regulation of INHBC and CSF1R expres-
sion levels. More details are shown in Figure 2.

DN was Associated with the Increase 
of Urinary Protein, Blood Urea Nitrogen 
and Creatinine

As shown in Figure 3, compared with the Con 
group, there was no statistical change in urine 
protein, blood urea nitrogen, and creatinine in 
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the Sham group (all p>0.05). Compared with the 
Con group, urine protein, blood urea nitrogen, 
and creatinine in DN group were statistically 
increased (all p<0.05). These results indicated 
that DN destroys renal function and causes the 
increase of urinary protein, blood urea nitrogen, 
and creatinine.

DN was Associated with Inflammation
As shown in Figure 4, compared with Con 

group, there was no significant change in TNF-a, 
IL-10, IL-6 protein and mRNA in Sham group (all 
p>0.05). Compared with Con group, contents of 
TNF-a and IL-6 in DN group increased and ex-
pression level of mRNA was upregulated, while 
IL-10 protein content decreased, and expression 

of mRNA was downregulated. The difference 
was statistically significant (all p<0.05). These 
results indicated that DN causes inflammatory re-
sponse in rats in vivo.

The Occurrence of DN was 
Associated with the Inhibition 
of Apoptosis of Cells by CSF1R

Compared with Con group, there were no sta-
tistically significant changes in the proteins of 
Caspase 3, Caspase 9, Bax, and Bcl2 in Sham 
group (all p>0.05). Compared with the Con group, 
the expression levels of Caspase 3, Caspase 9, and 
Bax proteins in the DN group were decreased 
and the expression level of Bcl2 was increased. 
The difference was statistically significant (all 

Figure 1. Blood glucose, insulin and insulin resistance index of each group. A, Blood glucose content of each group, mmol/L. 
B, Insulin content of each group, mU/ml. Blood glucose and insulin contents were collected from blood samples of rats in each 
group after modeling for 3 weeks. Compared with Con group, ***p<0.001).

Figure 2. Expression of INHBC, CSF1R and their mRNA in each group. A, Expression of INHBC and CSF1R proteins in 
each group. B, Expression of INHBC and CSF1R mRNA in each group. The above data were collected from the kidney tissues 
of rats in each group after modeling for 3 weeks. Compared with Con group, ***p<0.001).

A

A

B

B
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p<0.05). These results indicated that apopto-
sis of cells was inhibited during the occurrence 
of DN. Pearson correlation analysis showed that 
CSF1R was negatively correlated with Caspase 3, 
Caspase 9, and Bax (r<0, p<0.05), but positively 
correlated with Bcl2 (r>0, p<0.05). These results 
indicated that apoptosis of cells might be inhibit-

ed by CSF1R during the occurrence of DN. More 
details are shown in Figure 5 and Table II.

INHBC Promoted the Expression of IGF-1
Compared with the Con group, there was no 

statistical change in IGF-1 and its mRNA in the 
Sham group (all p>0.05). Compared with the Con 

Figure 3. Biochemical indexes of each group. A, Creatinine Scr content in each group. B, Blood urea nitrogen BUN content 
in each group. C, Upro content of urine protein in each group. The above data were collected from blood samples and urine 
samples of rats in each group after modeling for 3 weeks. Compared with Con group, ***p<0.001).

Figure 4. Expression 
of TNF-a, IL-10, IL-6 
and their mRNA in each 
group. A, Serum TNF-a 
content in each group. B, 
Serum IL-10 content in 
each group. C, Serum IL-
6 content in each group. 
D, TNF-a mRNA, IL-10 
mRNA and IL-6 mRNA 
expression in each group. 
The above data were col-
lected from kidney tissue 
and blood samples of rats 
in each group after mod-
eling for 3 weeks. Com-
pared with Con group, 
*p<0.05, ***p<0.001)

A B C

A

C

B

D
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group, the expression of IGF-1 and IGF-1 mRNA 
was upregulated in the DN group. The difference 
was statistically significant (all p<0.05). This in-
dicated the increase of IGF-1 expression during 
the occurrence of DN. The correlation between 
INHBC and IGF-1 showed that INHBC was posi-
tively correlated with IGF-1 (r=0.6868, p=0.0282). 
This indicated that IGF-1 was upregulated with 
upregulation of INHBC expression. More details 
are shown in Figure 6.

CSF1R Promoted the Expression of TNF-a
and IL-6, while Inhibited the Expression 
of IL-10

As shown in Figure 7, CSF1R mRNA was pos-
itively correlated with mRNA of TNF-a and IL-
6, but negatively correlated with IL-10 mRNA. 
These results indicated that the expression of 
TNF-a and IL-6 mRNA was upregulated with 
the upregulation of CSF1R mRNA expression, 
and the expression of IL-10 mRNA was downreg-
ulated with the upregulation of CSF1R mRNA ex-
pression. Therefore, CSF1R can be considered to 
promote cellular inflammation in the occurrence 
of DN.

Discussion

DN is an inflammatory disease caused by met-
abolic disorders15. Renal inflammation is a key 
factor in the deterioration of DN16. The pathogene-
sis of DN involves many inflammatory cytokines. 
TNF-a activates NADPH oxidase through PKC 
and MAPK pathways, thereby promoting the pro-
duction of reactive oxygen species (ROS)17. Then, 
the enrichment of reactive oxygen species can in-

Figure 5. Apoptosis-related proteins in each group. (Com-
pared with the Con group, **p<0.05, ***p<0.001).

Table II. Pearson analysis of CSF1R and apoptosis-related 
proteins.

 Ur p

CSF1R-Caspase 3 -0.5971 0.0254
CSF1R-Caspase 9 -0.6347 0.0314
CSF1R-Bax -0.6164 0.0273
CSF1R-Bcl-2 0.5869 0.0419

Figure 6. Expression of IGF-1 and IGF-1 mRNA in each group and its correlation with INHBC. A, expression of IGF-1 pro-
tein in each group. B, Expression of IGF-1 mRNA in each group. C, correlation analysis of IGF-1 mRNA-INHBC mRNA. The 
above data were collected from the kidney tissues of rats in each group after modeling for 3 weeks. Compared with Con group, 
***p<0.001. Pearson correlation analysis was used.

A B C
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duce the occurrence of DN. TNF-a can induce 
the thickening of F-actin protein bundles and the 
formation of stress fibers, thereby stimulating the 
appearance of intercellular space and damaging 
the permeability of renal endothelial cells18, and 
finally causing DN. IL-6 acts on MC and tubular 
cells and induces MC proliferation and prolifer-
ation of tubular cells. In addition, IL-6 may be 
related to hypertrophy of podocyte19. IL-10 can 
downregulate the production of the pro-inflam-
matory factors, such as MCP-1 to achieve its an-
ti-inflammatory properties. So, the decrease of 
IL-10 expression may directly lead to the deterio-
ration of DN20. The increased INHBC and CSF1R 
in DN rats were found in this study, which was 
similar to the results of Yang et al21. Therefore, we 
suggested the hypothesis that the increased IN-
HBC and CSF1R could promote the occurrence 
and development of DN.

The potential mechanism of CSF1R in DN may 
be related to the regulation of the expression of 
the above inflammatory factors. In this study, we 
found that, in the DN group, the expression levels 
of CSF1R, pro-inflammatory factors TNF-a, and 
IL-6 were increased, while the expression levels 
of anti-inflammatory factor IL-10 were decreased. 
The correlation analysis of Pearson showed that 
CSF1R was positively correlated with TNF-a and 
IL-6, but negatively correlated with IL-10. The 
above results implied that CSF1R may promote 
the expression of TNF-a and IL-6 and inhibit the 
expression of IL-10, eventually causing the dam-
age of renal cell and the onset of DN. The action 
pathway of CSF1R and inflammatory factors may 
involve macrophages. The hyperglycemic envi-
ronment of diabetes activates the renal p38/JNK 
pathway, stimulates the increase of downstream 
CSF1/CSF1R expression, thereby inducing pro-

liferation of macrophages and secretion of IL-6 
and TNF-a, eventually causing damage of renal 
cell16. Secretion of IL-6 activates the JAK path-
way22, while the JAK pathway acts on IL-10 with 
negative feedback. In this study, we also found 
a positive correlation between INHBC and IGF-
1, while IGF-1 induced proliferation, migration, 
and matrix accumulation of MC23,24. Therefore, 
the underlying mechanism of INHBC in DN may 
be that INHBC promotes IGF-1 expression, while 
IGF-1 acts on MC and induces biological changes 
in MC, and ultimately leading to DN.

In addition, this paper discusses the relation-
ship between CSF1R and apoptosis of cells. The 
results showed that CSF1R was negatively cor-
related with Caspase 3, Caspase 9, and Bax pro-
tein, and positively correlated with Bcl2. Some 
scholars25,26 found that the inhibition of CSF1R 
can induce apoptosis of cells. Park et al27 found 
that the downregulation of inhibin mRNA ex-
pression could inhibit proliferation of cells when 
studying the mechanism of a-solanine action. 
Combined with previous studies, CSF1R may in-
hibit apoptosis of renal cells, while INHBC pro-
motes proliferation of renal cells. Therefore, their 
synergy induce renal hypertrophy and eventually 
cause DN.

This article focuses on the potential mech-
anisms of INHBC and CSF1R in the DN model 
during deterioration of DN. Pearson analysis in-
dicates that INHBC and CSF1R can induce in-
flammation and apoptosis of cells. In the future 
experimental design, relevant gene knockout or 
addition of inhibitors can be further used to pro-
vide data support. The direct-action sites of IN-
HBC and CSF1R can be searched to understand 
its molecular mechanism in the deterioration of 
DN more, systematically.

Figure 7. Pearson correlation analysis of the relationship between CSF1R and inflammation. A, correlation analysis of CS-
F1R-TNF-a. B, Correlation analysis of CSF1R-IL 10. C, Correlation analysis of CSF1R-IL 6. Pearson correlation analysis was 
used.

CBA
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Conclusions

This study compared the expression levels of 
INHBC and CSF1R in Con group, Sham group, 
and DN group, and found that both of them were 
highly expressed in the DN group. It was consid-
ered that CSF1R induced secretion of IL-6 and 
TNF-a, inhibited production of IL-10, and in-
hibited cell apoptosis in the deterioration of DN, 
while INHBC promoted proliferation of renal 
cells and IGF-1 expression. Therefore, INHBC 
and CSF1R can be used as targets object of DN 
treatment strategies to achieve the purpose of 
treating DN by inhibiting their expression.
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