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Abstract. Diabetic nephropathy (DN) is one of the most 
serious microvascular complications of late‑stage diabetes. 
Glomerular mesangial cell (GMC) proliferation and exces‑
sive extracellular matrix (ECM) deposition are the main 
pathological characteristics associated with the occurrence 
and development of DN. Yes‑associated protein 1 (YAP1) 
can bind to several transcription factors and is associated 
with the development of various diseases. However, the 
effects of YAP1 on DN remain unclear. The aim of the 
present study was to explore the regulatory effect and 
potential mechanism of YAP1 in glucose‑induced inflam‑
mation and ECM deposition in high‑glucose‑treated GMCs. 
In the present study, HBZY‑1 cell models treated with high 
glucose were constructed, and the effects of YAP1 on the 
proliferation, inflammation, ECM deposition and fibrosis of 
HBZY‑1 cells were detected. The results showed that YAP1 
was highly expressed in HBZY‑1 cells treated with high 
glucose and that YAP1 silencing decreased cell viability, 
the levels of inflammatory cytokines, ECM deposition 
and the degree of fibrosis in cells. Further experiments 
revea led that  N F‑κB/Jumonji  domain‑conta in ing 
protein D3 (JMJD3) signaling pathway inhibitors alleviated 
the promoting effect of YAP1 overexpression on inflamma‑
tory response and ECM deposition in HBZY‑1 cells treated 
with high glucose. In conclusion, it was demonstrated that 
YAP1 can promote high glucose‑induced inflammation and 
ECM deposition by activating the NF‑κB/JMJD3 signaling 
pathway in GMCs.

Introduction

Diabetic nephropathy (DN) is a microvascular complication 
of diabetes that represents the leading cause of mortality 
among patients with type 1 diabetes mellitus (DM) and the 
second leading cause of mortality among those with type 2 
DM. DN is also the primary cause of end‑stage renal disease 
(ESRD)  (1,2). Therefore, studying the mechanism of DN 
pathogenesis and controlling its progression is urgently 
required.

The pathogenesis of DN is complex and includes hemo‑
dynamic changes, glucose and lipid metabolism disorders, 
autophagy, inflammation and growth factor disorders (3‑5). 
Mesangial cells are important inherent cells in the glom‑
erulus which, together with the extracellular matrix (ECM) 
they secrete, constitute the glomerular mesangial region and 
play an important role in supporting the capillary loop (6,7). 
In glomerular diseases, mesangial cells are one of the most 
important effector cells involved in the disease process. 
Mesangial cells can promote cell proliferation and ECM 
deposition by auto‑activation and secretion of several bioactive 
molecules to affect the function of other inherent cells in the 
glomeruli through paracrine mechanisms, in turn participating 
in the process of glomerular injury or repair and ultimately 
promoting the occurrence and development of glomeruloscle‑
rosis (8,9). Therefore, exploring the mechanism of abnormal 
mesangial cell function in diabetes will provide a reliable 
theoretical basis for developing a more effective therapeutic 
approach.

Yes‑associated protein 1 (YAP1) is an oncogenic tran‑
scriptional co‑regulator and the effector molecule of a variety 
of signaling pathways. The expression level of YAP1 was 
found to be higher in activated fibroblasts. Moreover, YAP1 
may promote the activation of fibroblasts and participate 
in the secretion of ECM by regulating the expression of 
activation‑associated genes, including growth factors (10,11). 
Podocyte injury has been reported to stimulate the activity 
of transcriptional coactivator YAP and the expression of 
the YAP target gene in a rat glomerular disease model; 
in addition, YAP overexpression increased the levels of 
ECM‑associated proteins, which may lead to fibrosis (12). In 
a different study, Chen et al (13) found that YAP1 knockdown 
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inhibited the deposition of ECM and ultimately improved 
pulmonary fibrosis in vitro and in vivo. In addition, YAP1 has 
been proven to promote tumorigenesis in vivo, in vitro and in 
human specimens. YAP1 may activate the transcription of 
the inflammatory cytokine IL‑1β and induce the development 
of inflammation‑associated gastric cancer; therefore, YAP1 
may activate inflammatory cytokines to further aggravate the 
inflammatory response (14). However, the effect of YAP1 on 
a glomerular mesangial cell (GMC) model of DN treated with 
high glucose has not yet been studied in detail.

In the present study, the regulatory effect of YAP1 on 
mesangial cells treated with high glucose and the potential 
underlying mechanism were explored. The results revealed 
that YAP1 promoted inflammation and ECM deposition 
by activating the NF‑κB/JMJD3 signaling pathway in high 
glucose‑induced GMCs. The findings of the present study may 
provide a new research direction for the diagnosis and treat‑
ment of DN.

Materials and methods

Cell culture and treatment. The HBZY‑1 renal mesangial 
cell line was purchased from the American Type Culture 
Collection. HBZY‑1 cells were cultured in 5.5 mmol/l DMEM 
(Cytiva) containing 10% fetal bovine serum (Cytiva) in a 
humidified atmosphere of 95% O2 and 5% CO2 at 37˚C. Cells 
were not used beyond passage 3. HBZY‑1 cells cultured in 
5.5 mmol/l serum‑free DMEM normal‑glucose media were 
used as the normal control group (NG) and cells cultured 
in 30 mmol/l serum‑free DMEM high‑glucose media were 
used as the high‑glucose group (HG). Mannitol was used as a 
control to eliminate the effect of osmotic pressure. The model 
cells were treated with 30 mmol/l serum‑free DMEM for 0, 6, 
12, 24 and 48 h.

Cell transfection. The YAP1 overexpression vector 
pcDNA‑TRIM31 (Oe‑YAP1) and empty control vector 
pcDNA (Oe‑NC) were constructed by Shanghai GenePharma 
Co., Ltd. Small interfering RNA (siRNA) against YAP1 
(si‑YAP1) and siRNA negative control (si‑NC) were 
synthesized by Shanghai GenePharma Co., Ltd. A final 
concentration of 100 nM plasmids were transfected into cells 
using Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) 
transfection reagent. After 48 h transfection, the transfection 
efficiency was detected and cells were collected for subse‑
quent experiments.

Cell counting kit‑8 (CCK‑8) assay. Cells were inoculated into 
96‑well plates (5x103 cells/well) during the logarithmic growth 
phase and 3 repeated wells were set. CCK‑8 solution (10 µl) 
was added to each well, and cells were incubated at 37˚C. The 
absorbance value in each well was detected at 450 nm at 72 h 
using a microplate reader (BioTek Instruments, Inc.).

Enzyme‑linked immunosorbent assay (ELISA). The levels of 
tumor necrosis factor (TNF)‑α, interleukin (IL)‑1β and IL‑6 
in each group were determined by ELISA performed using 
respective ELISA detection kits (cat. no. EK0526, EK0393 
and EK0412; Wuhan Boster Biological Technology, Ltd.), 
according to the manufacturer's instructions.

Immunofluorescence. Immunofluorescence was used to detect 
the expression level of collagen IV in HBZY‑1 cells. The glass 
slides containing HBZY‑1 cells were washed by PBS twice, 
and then fixed with 4% paraformaldehyde for 10 min at room 
temperature. Next, cells were permeabilized with 0.5% Triton 
X‑100 for 10 min at room temperature and sealed with 5% BSA 
for 30 min at room temperature. Primary antibody against 
collagen IV (cat. no. Ab6586; dilution, 1:1,000; Abcam) was 
added to the slide and incubated overnight at 4˚C. Finally, the 
nucleus was stained with DAPI solution at room temperature 
for 10 min, and the stained sections were examined. Images 
were captured at x200 magnification under a light microscope 
(Olympus Corporation).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cells using TRIzol® reagent (Thermo 
Fisher Scientific, Inc.). RNA was then reverse‑transcribed into 
cDNA using the QuantiTect Reverse Transcription kit (Qiagen 
AB) and the reaction was incubated at 25˚C for 5 min, 42˚C 
for 30 min, 85˚C for 5 min and then kept at 4˚C for 5 min. 
The PCR reaction was performed using the ABI 7500 Real 
Time PCR Detection System (ABI) following the Quantitect 
SYBR Green PCR kit protocols (Qiagen AB). The relative 
expression of target genes was calculated using the 2‑ΔΔCq 
method (15). GAPDH was used as the internal control. The 
primer sequences were as follows: Yap1 forward, 5'‑GCA​ACT​
CCA​ACC​AGC​AGC​AAC​A‑3'; Yap1 reverse, 5'‑CGC​AGC​
CTC​TCC​TTC​TCC​ATC​TG‑3'; monocyte chemoattractant 
protein‑1 (MCP‑1) forward, 5'‑ATA​GCA​GCC​ACC​TTC​ATT​
CG‑3'; MCP‑1 reverse, 5'‑TTC​CCC​AAG​TCT​CTG​TAT​CT‑3'; 
β‑actin forward, 5'‑TAC​ATG​GCT​GGG​GTG​TTG​AA‑3'; and 
β‑actin reverse 5'‑AAG​AGA​GGC​ATC​CTC​ACC​CT‑3'.

Western blot analysis. Total protein from the cells was extracted 
using RIPA lysis buffer (Thermo Fisher Scientific, Inc.). The 
protein concentration was determined using BCA protein 
quantitative kit (Haimen Biyuntian Biological Technology Co., 
Ltd.). Next, protein (30 µg per lane) was separated using 12% 
SDS‑PAGE and then transferred to a PVDF membrane. These 
membranes were blocked with 5% skimmed milk for 1 h at 
room temperature and incubated with primary antibodies 
against YAP1 (cat. no. ab52771; dilution, 1:1,000), proliferating 
cell nuclear antigen (PCNA; cat. no. ab29; dilution, 1:1,000), 
MCP‑1 (cat. no. ab214819; dilution, 1:1,000), collagen IV (cat. 
no. ab6586; dilution, 1:1,000), α‑smooth muscle actin (α‑SMA; 
cat. no. ab240678; dilution, 1:1,000), fibronectin (FN; cat. 
no. ab6328; dilution, 1:1,000), connective tissue growth factor 
(CTGF; cat. no. ab209780; dilution, 1:1,000), TGF‑β1 (cat. 
no. ab215715; dilution, 1:1,000), phosphorylated inhibitor of 
NF‑κB (p‑IκBα; cat. no. ab225650; dilution, 1:1,000), p‑p65 
(cat. no. ab31624; dilution, 1:1,000), p‑65 (cat. no. ab32536; 
dilution, 1:1,000), Jumonji domain‑containing protein D3 
(JMJD3; cat. no.  ab38113; dilution, 1:1,000) and GAPDH 
(cat. no. ab9485; dilution, 1:1,000) overnight at 4˚C (all from 
Abcam). Subsequently, these membranes were incubated with 
the corresponding mouse anti‑rabbit and goat anti‑mouse 
IgG secondary antibodies conjugated to horseradish peroxi‑
dase (sc‑2357 and sc‑2005, respectively; dilution, 1:5,000; 
Santa Cruz Biotechnology, Inc.) for 2 h at room temperature. 
Immunoreactive protein bands were visualized using an 
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ECL kit (EMD Millipore) and quantified using densitometry 
(QuantityOne 4.5.0 software; Bio‑Rad Laboratories, Inc.). 
GAPDH was used as an internal control.

Statistical analysis. Experimental data were analyzed using 
the SPSS 20.0 software (IBM Corp.), and the results are 
expressed as the mean ± SEM. Unpaired, two‑tailed Student's 
t‑test was performed for comparisons between two groups. 
One‑way analysis of variance test followed by Dunnett's post 
hoc test was performed for comparisons among multiple 
groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

YAP1 is upregulated in HBZY‑1 cells treated with high glucose. 
In order to study the role and mechanism of action of YAP1 in 
a cell model of DN treated with high glucose, cells were treated 
with 30  mmol/l serum‑free DMEM high‑glucose media. 
As shown in Fig. 1A and B, the RT‑qPCR and western blot 
analysis results showed that YAP1 expression was increased 
in a time‑dependent manner. YAP1 expression peaked at 48 h. 
Therefore, the cell treatment time was set as 48 h. In addition, 

YAP1 expression in cells was decreased following transfec‑
tion with YAP1 siRNA. As shown in Fig. 1C, compared with 
the HG + si‑NC group, YAP1 expression was the lowest in 
the HG + si‑YAP1‑1 group. Thus, si‑YAP1‑1 was used for the 
subsequent experiments.

YAP1 knockdown inhibits the proliferation of HBZY‑1 cells 
treated with high glucose. CCK‑8 assay and western blot 
analysis were used to determine the effect of YAP1 on cell 
proliferation. The CCK‑8 results showed that the cell viability 
in the HG + si‑YAP1‑1 group was significantly lower compared 
with that in the HG + si‑NC group, indicating that YAP1 knock‑
down significantly decreased the proliferation of HBZY‑1 cells 
treated with high glucose (Fig. 2A). In addition, western blot 
analysis results showed that YAP1 knockdown significantly 
decreased the expression of proliferation‑associated protein 
PCNA (Fig. 2B).

YAP1 knockdown suppresses the inflammation of HBZY‑1 
cells treated with high glucose. Next, the expression level of 
inflammatory cytokines was detected by ELISA. As shown 
in Fig. 3A, the ELISA results showed that YAP1 knockdown 
significantly decreased the expression of the pro‑inflammatory 

Figure 1. YAP1 is upregulated in HBZY‑1 cells treated with high glucose. (A) RT‑qPCR was used to measure the expression of YAP1 in HBZY‑1 cells treated 
with 30 mmol/l serum‑free DMEM medium for 0, 6, 12, 24 and 48 h, respectively. (B) Western blotting was used to measure the expression of YAP1 in HBZY‑1 
cells treated with 30 mmol/l serum‑free DMEM medium for 0, 6, 12, 24 and 48 h, respectively. (C) Transfection efficiency of YAP1 small interfering RNA was 
detected by RT‑qPCR. ***P<0.001 vs. HG 0 h; ###P<0.001 vs. HG + si‑NC. YAP1, Yes‑associated protein 1; RT‑qPCR, reverse transcription‑quantitative PCR; 
si‑, small interfering RNA; NC, negative control; HG, high‑glucose group; NG, normal control group; MA, mannitol. 
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factors TNF‑α, IL‑1β and IL‑6. In addition, MCP‑1, as an 
important inflammatory mediator, was detected by RT‑qPCR 
and western blot analyses. As shown in Fig. 3B and C, YAP1 
knockdown significantly decreased MCP‑1 expression and 
then enhanced the inflammation of HBZY‑1 cells treated with 
high glucose compared with the control group.

YAP1 knockdown inhibits ECM deposition and fibrosis in 
HBZY‑1 cells treated with high glucose. Since the YAP1 
inhibitor could significantly inhibit the deposition of ECM and 
pulmonary fibrosis (11), the effect of YAP1 on ECM deposition 
and fibrosis in HBZY‑1 cells treated with high glucose was 
analyzed by western blot analysis and immunofluorescence. 
As shown in Fig.  4A, compared with the control group, 
YAP1 knockdown significantly decreased the expression 
of Leydig cell markers, including collagen  IV, α‑SMA 
and FN. The expression of collagen IV was determined by 

immunofluorescence, and the results showed that YAP1 
knockdown significantly decreased the fluorescence intensity 
of collagen IV (Fig. 4B and C). In addition, compared with 
the control group, YAP1 knockdown significantly decreased 
the expression of the fibrogenic factors CTGF and TGF‑β1 
(Fig. 4D). In general, YAP1 knockdown could significantly 
enhance ECM deposition and fibrosis in HBZY‑1 cells treated 
with high glucose.

YAP1 knockdown inhibits the NF‑κB/JMJD3 signaling 
pathway in HBZY‑1 cells treated with high glucose. To further 
study the mechanism of YAP1 on the HBZY‑1 cell injury 
induced by high glucose, the effect of YAP1 on the activation of 
the NF‑κB/JMJD3 signaling pathway was detected by western 
blot analysis. As shown in Fig. 5A and B, YAP1 knockdown 
significantly inhibited the phosphorylation levels of IκBα and 
p65, and decreased JMJD3 expression. These results suggested 

Figure 2. Knockdown of YAP1 inhibited the proliferation of HBZY‑1 cells induced by high glucose. (A) Effect of YAP1 knockdown on the viability of 
HBZY‑1 cells treated with high glucose was detected by Cell Counting Kit‑8 assay. (B) Effect of YAP1 knockdown on the expression of PCNA in the HBZY‑1 
cells treated with high glucose was measured by western blotting. *P<0.05 vs. HG + si‑NC. YAP1, Yes‑associated protein 1; PCNA, proliferating cell nuclear 
antigen; si‑, small interfering RNA; NC, negative control; HG, high‑glucose group; NG, normal control group; MA, mannitol. 

Figure 3. Knockdown of YAP1 suppresses the inflammation of HBZY‑1 cells induced by high glucose. (A) Effect of YAP1 knockdown on the expressions of 
pro‑inflammatory factors (TNF‑α, IL‑1β and IL‑6) was detected by enzyme‑linked immunosorbent assay. (B) Effect of YAP1 knockdown on the expression of 
MCP‑1 was detected by reverse transcription‑quantitative PCR. (C) Effect of YAP1 knockdown on the expression of MCP‑1 was detected by western blotting. 
**P<0.01 and ***P<0.001 vs. HG + si‑NC. YAP1, Yes‑associated protein 1; si‑, small interfering RNA; NC, negative control; HG, high‑glucose group; NG, 
normal control group; MA, mannitol; TNF, tumor necrosis factor; IL, interleukin; MCP‑1, monocyte chemoattractant protein‑1. 
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that YAP1 knockdown significantly suppressed the activation 
of the NF‑κB/JMJD3 signaling pathway.

Inhibitors of the NF‑κB/JMJD3 signaling pathway attenuate 
the promoting effects of YAP1 on the proliferation and 
inflammation of HBZY‑1 cells treated with high glucose. Next, 
YAP1 overexpression plasmid was constructed to increase 
YAP1 expression in HBZY‑1 cells (Fig. 6A). NF‑κB inhibitor 
JSH23 and JMJD3 inhibitor GSK‑J4 were added to the cells 
to inhibit the NF‑κB/JMJD3 signaling pathway. As shown 
in Fig. 6B, JSH23 and GSK‑J4 significantly decreased the 
phosphorylation levels of IκBα and p65, as well as JMJD3 
expression. In addition, the cell proliferation results showed 
that JSH23 and GSK‑J4 could partially reverse the promoting 
effect of YAP1 overexpression on cell viability and MCP‑1 
expression (Fig. 6C and D). ELISA and western blot analysis 
results showed that JSH23 and GSK‑J4 decreased the expres‑
sion of TNF‑α, IL‑1β, IL‑6 and MCP‑1.

Inhibitors of the NF‑κB/JMJD3 signaling pathway attenuate 
the promoting effects of YAP1 on ECM deposition and fibrosis 
of high‑glucose‑treated HBZY‑1 cells. Finally, western blot 
analysis and immunofluorescence assays were performed 
to determine the effect of YAP1 on ECM deposition and 
fibrosis of HBZY‑1 cells treated with high glucose. As shown 
in Fig. 7A‑C, YAP1 knockdown significantly promoted the 
expression of collagen  IV, α‑SMA and FN. Similarly, as 
shown in Fig. 7D, YAP1 knockdown significantly promoted 
the expression of CTGF and TGF‑β1. These changes could 
be partially reversed by the NF‑κB/JMJD3 signaling pathway 
inhibitors JSH23 and GSK‑J4.

Discussion

DN is a microvascular complication of late‑stage diabetes 
and the main cause of ESRD (16). There is currently a lack of 
sensitive indicators for the early diagnosis of DN; therefore, 

Figure 4. Knockdown of YAP1 inhibits the deposition of extracellular matrix and fibrosis in HBZY‑1 cells induced by high glucose. (A) Effect of YAP1 
knockdown on the expressions of collagen IV, α‑SMA and FN was detected by western blotting. (B and C) Effect of YAP1 knockdown on the expressions 
of collagen IV was detected by immunofluorescence. Scale bars, 50 µm. (D) Effect of YAP1 knockdown on the expressions of fibrogenic factors CTGF and 
TGF‑β1 was detected by western blotting. *P<0.05, **P<0.01 and ***P<0.001 vs. HG + si‑NC. YAP1, Yes‑associated protein 1; si‑, small interfering RNA; NC, 
negative control; HG, high‑glucose group; NG, normal control group; MA, mannitol; SMA, smooth muscle actin; FN, fibronectin; CTGF, connective tissue 
growth factor; TGF, transforming growth factor. 
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identifying new diagnostic markers for DN is crucial. The 
results of the present study revealed that YAP1 was upregu‑
lated in HBZY‑1 cells treated with high glucose. YAP1 could 
promote the proliferation, inflammation, ECM deposition 
and fibrosis of HBZY‑1 cells by activating the NF‑κB/JMJD3 
pathway.

YAP transcriptional coactivator is a key effector of the 
Hippo signaling pathway and plays an important role in 
regulating cell proliferation, differentiation and tissue homeo‑
stasis (17). YAP has been shown to play an important role in 
DN. It is highly expressed in renal tissue and associated with 
the levels of creatinine and blood urea nitrogen, DN stage and 
pathological grade, which suggests that it plays an important 
role in renal injury in type 2 DM  (18). In addition, YAP 
overexpression has been found to be closely associated with 
ECM and fibrosis (10). YAP1 knockdown could significantly 
decrease the deposition of ECM and improve pulmonary 
fibrosis (13). YAP1 has been shown to promote tumor growth 
in both in vivo and in vitro experiments. In combination with 
TEAD, YAP1 could activate the transcription of IL‑1β, a key 
inflammatory cytokine in gastric cells, eventually leading to 
gastric cancer, since IL‑1β can induce inflammation‑associated 
tumorigenesis. Therefore, YAP1 can play a key role in 
increasing inflammation by activating inflammatory cyto‑
kines (14). It was recently demonstrated that YAP1 silencing 
may have a therapeutic effect on diabetic retinopathy (19). 
Since excessive proliferation of GMCs and ECM deposition 
are the main pathological characteristics associated with the 
occurrence and development of DN (20,21), it was hypoth‑
esized that YAP1 may promote the inflammation and ECM 
deposition of GMCs induced by high glucose. In the present 

study, YAP1 was upregulated in HBZY‑1 cells treated with 
high glucose. YAP1 knockdown significantly suppressed the 
proliferation, inflammation, ECM deposition and fibrosis of 
HBZY‑1 cells treated with high glucose. These results high‑
lighted the importance of YAP1 in the process of DN.

To further investigate the specific regulatory mechanism 
of YAP1 in DN, a large body of studies was used to screen 
the signaling pathways that may interact with YAP1. JMJD3, 
also known as lysine demethylase 6B, is located on human 
chromosome 17. Its abnormal expression is closely associ‑
ated with the occurrence and development of various types 
of cancer, and it is considered to be a tumor evaluation index 
with a potentially great application value (22,23). A previous 
study showed that JMJD3 significantly promoted IL‑1β 
expression in the early stage of sepsis (24). In addition, JMJD3 
may regulate neointimal proliferation following vascular 
injury and promote joint destruction in rheumatoid arthritis 
by promoting the proliferation and migration of fibroblast‑like 
synoviocytes (25). As the upstream target of JMJD3, NF‑κB 
regulates inflammatory gene expression in vascular endothelial 
cells (26). In addition, cystitis promotes NF‑κB pathway acti‑
vation and JMJD3 expression, thereby inducing proliferation 
of human bladder smooth muscle cells and ECM deposi‑
tion (27). It is worth noting that YAP1 was shown to inhibit 
the negative regulatory factor of NF‑κB USP31 and induce 
excessive tumor cell proliferation. The aberrant stabilization 
of YAP1 has been shown to significantly enhance the activity 
of the NF‑κB pathway (28). Therefore, it was hypothesized that 
YAP1 may activate the NF‑κB/JMJD3 signaling pathway and 
promote inflammation and ECM deposition in HBZY‑1 cells 
treated with high glucose. In the present study, the expression 

Figure 5. Knockdown of YAP1 inhibited NF‑κB/JMJD3 signal pathway in HBZY‑1 cells induced by high glucose. (A) Effect of YAP1 knockdown on the 
phosphorylation levels of IκBα and p65 were detected by western blotting. (B) Effect of YAP1 knockdown on the expression of JMJD3 was detected by 
western blotting. *P<0.05, **P<0.01 and ***P<0.001 vs. HG + si‑NC. YAP1, Yes‑associated protein 1; si‑, small interfering RNA; NC, negative control; HG, 
high‑glucose group; NG, normal control group; MA, mannitol; NF‑κB, nuclear factor‑κB; JMJD3, Jumonji domain‑containing protein D3; p‑, phosphorylated‑; 
IκBα, inhibitor of NF‑κB. 
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Figure 6. Inhibitors of NF‑κB/JMJD3 signal pathway attenuates the facilitatory effects of YAP1 on the proliferation and inflammation of HBZY‑1 cells induced 
by high glucose. (A) The efficiency of YAP1 overexpression was determined by RT‑qPCR. (B) Effect of the inhibitors of NF‑κB/JMJD3 signal pathway on the 
expression levels of IκBα and p65 were detected by western blotting. (C) Effect of the inhibitors of NF‑κB/JMJD3 signal pathway on the viability of HBZY‑1 
cells treated with high glucose was detected by Cell Counting Kit‑8 assay. (D) Effect of the inhibitors of NF‑κB/JMJD3 signal pathway on the expression 
of PCNA in the HBZY‑1 cells treated with high glucose was measured by western blotting. (E) Effect of the inhibitors of NF‑κB/JMJD3 signal pathway on 
the expressions of pro‑inflammatory factors (TNF‑α, IL‑1β and IL‑6) was detected by enzyme‑linked immunosorbent assay. (F) Effect of the inhibitors of 
NF‑κB/JMJD3 signal pathway on the expression of MCP‑1 was detected by RT‑qPCR. (G) Effect of the inhibitors of NF‑κB/JMJD3 signal pathway on the 
expression of MCP‑1 was detected by western blotting. **P<0.01 vs. HG + Oe‑NC. #P<0.05, ##P<0.01 and ###P<0.001 vs. HG + Oe‑YAP1. YAP1, Yes‑associated 
protein 1; RT‑qPCR, reverse transcription‑quantitative PCR; Oe, overexpression vector; NC, negative control; HG, high‑glucose group; NG, normal control 
group; MA, mannitol; NF‑κB, nuclear factor‑κB; JMJD3, Jumonji domain‑containing protein D3; p‑, phosphorylated‑; IκBα, inhibitor of NF‑κB; TNF, tumor 
necrosis factor; IL, interleukin; MCP‑1, monocyte chemoattractant protein‑1. 
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of NF‑κB/JMJD3 signaling pathway‑associated proteins was 
upregulated in HBZY‑1 cells treated with high glucose, and 
inhibitors of NF‑κB/JMJD3 signaling could significantly 
enhance the promoting effect of YAP1 on inflammation and 
ECM deposition of HBZY‑1 cells treated with high glucose.

YAP‑1 is a well‑characterized downstream transcriptional 
co‑activator of Hippo pathway that interacts with various 
transcription factors and modulates their transcriptional 
activities. However, the association between Hippo pathway and 
YAP‑1‑induced inflammation and deposition of extracellular 
matrix in diabetic nephropathy was not study. In addition, it was 
further explored how YAP‑1 could potentially activate NF‑κB. 
The aforementioned issues will be studied in further research.

In conclusion, YAP1 may aggravate high glucose‑induced 
GMC inflammation and ECM deposition by activating the 
NF‑κB/JMJD3 signaling pathway. The results of the present 

study may indicate a new direction for the identification of 
therapeutic targets for DN. 
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protein D3; SMA, smooth muscle actin; FN, fibronectin; CTGF, connective tissue growth factor; TGF, transforming growth factor. 
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