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protein samples were transferred onto a polyvinylidene 
fluoride membrane by wet transfer method. Then, the 
membrane was blocked with 10% skimmed milk for 3 h 
and incubated with primary antibodies (1:500 diluted) at 
4 °C overnight. After being washed, the membrane was 
incubated with HRP-labeled secondary antibodies (1:5000 
diluted) for 3 h, followed by 30 min of color development 
by using enhanced chemiluminescence reagent. After 
image exposure, development and fixation, the protein 
expression level was represented by using GAPDH as the 
internal reference.
2.8. Statistical analysis
SPSS 16.0 software was employed for data analysis, and 
GraphPad Prism 5.01 software was used for plotting. 
Comparisons among multiple groups were conducted by 
univariate analysis, and the t-test was applied for pairwise 
comparisons. P < 0.05 indicated a statistically significant 
difference.

3. Results
3.1. Cell proliferation capacities
The EdU labeling assay showed that compared with the 
normal group, the proportion of EdU-positive HBZY-
1 cells and cell proliferation rate in the model group 
increased significantly after TGF-β1 stimulation (P = 
0.02). Compared with the model group, the proportion of 
EdU-positive cells and cell proliferation rate in BK group 
and inhibitor group decreased significantly (P = 0.01), but 
the latter two groups had similar results (P = 0.09) (Figure 
1).

3.2. Cell cycle distribution
Flow cytometry revealed that the cell cycle of the normal 
group hardly changed. Compared to the normal group, 
the percentage of cells in G1 phase decreased and that in 
G2/S phase increased significantly in the model group (P 
= 0.01), indicating increased protein synthesis and raised 
proportion of cells in the division stage. Compared with 
the model group, BK and inhibitor groups had significantly 
elevated the percentage of cells in G1 phase and reduced 
percentage in G2/S phase (P = 0.01), suggesting cell cycle 
arrest in G1 phase (Table and Figure 2).
3.3. Cell apoptosis
AO can penetrate cells with intact cell membranes, enter 
the nucleus, and bind DNAs on chromosomes to emit 
bright green fluorescence. In contrast, EB can only pass 
through cells with damaged cell membranes, enter the 
nucleus, and bind DNAs on chromosomes to emit orange 
fluorescence (Metz et al., 2019). AO/EB dual staining 
(Figure 3) exhibited that a small number of cells in the 
normal group showed orange fluorescence, while the 
model group exhibited green fluorescence in the nucleus 
without apoptosis. In addition, BK and inhibitor groups 
displayed obvious lumpy orange fluorescence, indicating 
that there was a large number of apoptotic cells.
3.4. Col-1 expressions in cells
Col-1 is the marker protein of renal cell fibrosis. In this 
study, the changes in Col-1 expression were detected by 
immunofluorescence assay. Compared with the normal 
group, the expression of Col-1 in the model group 
significantly increased after stimulation by TGF-β1 (P = 

Figure 1. Cell proliferation capacities detected by EdU labeling ( sx ± , n = 5). Compared with normal group, *P < 0.05; compared 
with model group, #P < 0.05.
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0.02). Compared with the model group, the expressions in 
BK and inhibitor groups declined significantly (P = 0.01), 
but the latter two groups had similar expressions (P = 0.09) 
(Figures 4 and 5).
3.5. TGF-β1, p-Smad2, and p-Smad7 protein expressions 
in cells
The protein expressions of TGF-β1, p-Smad2, and 
p-Smad7 in each group were detected by Western blotting. 
Compared with the normal group, the protein expressions 

of TGF-β1, p-Smad2, and p-Smad7 were significantly 
elevated in the model group (P = 0.01, P = 0.02, P = 0.00). 
The protein expressions of TGF-β1 and p-Smad2 in BK and 
inhibitor groups dropped significantly (P = 0.01, P = 0.00), 
while the protein expression of p-Smad7 rose significantly 
(P = 0.02). There were no significant differences between 
BK group and inhibitor group (P = 0.07) (Figure 6).

4. Discussion
Diabetic nephropathy (DN) is one of the common chronic 
complications of diabetes mellitus, the main cause of end-
stage renal failure, and one of the main causes of death and 
disability. Thus, it has seriously threatened the physical and 
mental health and quality of life of diabetic patients (Zhu et 
al., 2018). DN is typified by the thickening of the glomerular 
basement membrane, the proliferation of mesangial cells, 
the accumulation of extracellular matrix to block the 
glomerular capillary lumen, and the loss of glomerular 
filtration function (Wu et al., 2018). Hyperglycemia plays 
a fundamental role in the onset and progression of DN, 
so good controlling of blood glucose level can reverse 
or relieve early diabetic kidney diseases. Additionally, 

Figure 2. Cell cycle distribution detected by flow cytometry ( sx ± , n = 5).

Table. Apoptotic rate and cell cycle 
distribution ( sx ± , n = 5).

Group G1 phase G2/S phase
Normal 78.31 ± 0.22 17.48 ± 0.92
Model 55.08 ± 3.21* 42.61 ± 3.51*
BK 68.46 ± 1.02# 30.11 ± 2.82#
Inhibitor 66.95 ± 1.81# 31.05 ± 3.84#

Compared with normal group, *P < 0.05; 
compared with model group, #P < 0.05.


