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ABSTRACT ARTICLE HISTORY

To observe the role of transforming growth factor beta-activated kinase 1 (TAK1)/p38 MAPK/TGF- Received 18 November 2021
1 signal pathway plays in oxidative stress and apoptosis in human renal tubular epithelial cells Revised 7 February 2022
(HK-2) under high glucose induction. HK-2 cells were cultured in high glucose medium with and ~ Accepted 7 February 2022
without TAK1 inhibitor 5Z-7-oxozeaenol. TUNEL and flow cytometry were used to detect cell KEYWORDS

apoptosis. The protein expression of TAK1, TGF-f1, Bax and Bcl-2 was detected by immunofluor- Diabetic nephropathy; TAK1/
escence. Meanwhile, flow cytometry was used to detect the production of reactive oxygen species p38 MAPK/TGF-B1 signaling
(ROS), and MitoSOX staining was performed to detect the production of mitochondrial ROS. pathway; reactive oxygen
Moreover, real-time quantitative PCR and Western blotting was used to measure the expression species; apoptosis

of TAK1, TGF-B1, NOX1, NOX4 and HO-1, Bax, Bcl-2, p38MAPK, p-p38MAPK and TGF-31. Results

showed that high glucose up-regulated the protein expression of p-TAK1, p-p38 MAPK and TGF-

1, which induced the aggravation of oxidative stress by promoting the production of ROS, thus

promote the apoptosis in HK-2 cells. However, addition of 5z —7-oxozeaenol in HK-2 cells reversed

all the above functions induced by high glucose. Another experimental result also showed that

SB203580, a p38MAPK inhibitor can down-regulated TGF-31 expression and reduce ROS produc-

tion, thus alleviate cell apoptosis in TAK1 overexpression group. In summary, high glucose

intervention could activate TAK1 and promote apoptosis in HK-2 cells. Inhibition of TAK1 expres-

sion could block p38 MAPK/TGF-31 signaling pathway and reduce ROS production and oxidative

stress, which may be one of the signal pathways of TAK1 to reduce apoptosis of HK-2 cells

induced by high glucose.

Abbreviations: DN, Diabetic nephropathy; TAK1, transforming growth factor B-activated kinase-1;
TGF-B, transforming growth factor-B; NG, normal glucose; HG, high glucose; p38 MAPK, p38
mitogen-activated protein kinase; ROS, reactive oxygen species.
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Introduction

Diabetic nephropathy (DN), as a common diabetic
microvascular complication, has gradually become
the main cause of end-stage renal disease (ESRD). In
the past two decades, the morbidity and mortality of
DN in the global population have increased rapidly
[1]. The pathogenesis of DN involves multifactorial
interactions of metabolic and hemodynamic factors,
such as hyperglycemia and advanced glycation end
products and the renin-angiotensin system [2].
Hyperglycemia is considered to be a key initiating
factor for patients with diabetes to progress to end-
stage renal disease, which can activate protein kinase
C and induce the production of reactive oxygen
species (ROS) [3]. At present, our understanding of
the cellular and molecular mechanisms of DN has
been significantly improved. However, promising
preclinical compounds have failed to show efficacy
in humans. Therefore, we need to find a new mole-
cular target for effective treatment of DN.
Apoptosis which functioned as a special way of
cell death for further removing the cells not required
by the body and keeping the stability of cell number
was beneficial to eliminate the cells that were
damaged and nonfunctional in the early stage of
DN. But, excessive apoptosis of renal cells would
happen with the continuous metabolic abnormalities
led by diabetes; consequently, it further accelerated
the development of diabetic nephropathy by making
cell signal transduction level imbalanced and disor-
dering the cell cycle [4]. In terms of the pathogenesis
of DN, oxidative stress was also one part in the
process except for apoptosis. The damage caused
by oxidative stress was also the crucial mechanism
causing apoptosis accordingly. In the early stage, the
transformation of DN was based on renal tubular
lesions; moreover, the damage of renal tubular
epithelial cells was the significant factor for DN [5].
So, it was of great significance for the prevention and
treatment of DN to carry out research on the oxida-
tive stress and apoptosis in renal tubular cells under
the environment with high glucose.
TGF-B-activated kinase 1 (TAK1), which was
also called MAP3K?7, was actually the member of
MAPKKK family engaged in Transforming growth
factor-B1 (TGF-P1) signal transduction after being
rapidly activated by TGF-P1 and participate in
pro-inflammatory signaling pathways [6]. It
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indicated that TAKI might be the crucial upstream
linkage in the TGF-B1/p38 MAPK (mitogen-
activated protein kinase) signal transduction path-
way. A large amount of study support the role of
TAKI in inducing cell damage in various stimu-
lant [7]. Another study found that TAKI may
promote the occurrence of diabetic nephropathy
by reducing the stability of SnoN protein [8].
TGF-p was categorized as the multiple-
functional cell factor that was widely expressed to
regulate cell growth, differentiation, apoptosis,
repairing of damage in various human tissues.
TGF-B1, which functioned as the crucial member
in TGF-p super family, was always regarded as one
of the strongest fibrogenic factor. Meanwhile, it
was also considered as the key cell factor mediat-
ing relevant apoptosis accordingly [9,10]. Except
for the well-known TGF-B1/Smad signal transduc-
tion pathway, MAPK cascade with the mediation
of TGF-f1 was also one of the important signal
transduction systems. MAPK was divided into
three types which were, respectively, ERK, JNK
and p38 MAPK. It was verified by various
researches that apoptosis of renal tubular epithelial
cells and podocyte apoptosis in glomeruli
mediated by TGF-p1 were all realized by p38
MAPK pathway. The high expression of TGF-B1
and p38MAPK induced by ROS, which was gen-
erated by oxidative stress in diabetic nephropathy
would cause apoptosis [11]. Even though
a number of researches confirmed that TGF-$1/
p38 MAPK had been engaged in renal cell apop-
tosis and oxidative stress reaction, leading to the
relevant renal injury. However, there are no more
reports about whether TAK1 affects renal tubular
cell apoptosis via TGF-B1/p38 MAPK pathway,
which in turn affects the occurrence of DN. 5Z-
7-oxozeaenol, a powerful and irreversible inhibitor
of TAK1, effectively inhibits TAK1-driven phos-
phorylation of P38 [12]. SB203580 is a selective
inhibitor of p38MAPK, but it does not inhibit the
phosphorylation of p38 MAPK by upstream
kinase, by inhibiting the «catalytic activity of
p38MAPK. Instead, p38MAPK plays a role in the
activation of MAPKAPK-2 and subsequent phos-
phorylation of HSP272 [13]. In this study, the
above-mentioned two drugs were applied, and
the in vitro high-glucose model was established
to evaluate the effect of TAK1 on renal tubular
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cell apoptosis in a high-glucose environment, to
provide an effective target for the treatment of DN.

Material and methods
Apparatus and reagents

CO, incubator (SANYO, Osaka, Japanese), transfer
electrophoresis  instrument (Liuyi Instrument
Factory, Beijing, China); Odyssey FC imager (Li-
COR Biosciences, Lincoln City, USA), cyclic variable
temperature and heating PCR instrument (Bio-Rad
company, Hercules, USA); confocal microscope
(LEICA company, Wetzlar, Germany). HK-2 cells
(American Type Culture Collection, Rockefeller,
USA), 5Z-7-oxozeaenol (Millipore, Massachusetts,
USA), SB203580 (APExBIO corporation, Houston,
USA), FuGENES6 transfection reagent and TUNEL
kit (Promega, Madison, USA), Annexin v-PE/
7-AAD Apoptosis kit (BD corporation, New York,
USA), ROS kit (Biyuntian Biotechnology, Shanghai,
China), Rabbit anti p-TAK1 and t-TAK1 (Abcam,
Cambridge, UK), Rabbit anti p38 MAPK and p-p38
MAPK (Cell Signaling, Boston, USA), Rabbit anti
Bax, Bcl2 and TGF-B1 (proteintech, Chicago,
USA), Horseradish Enzyme Labeled Goat Anti-
Rabbit IgG and FITC-Goat Anti-Rabbit IgG
(Zhongshan Jingiao Company, Beijing, China),
Trizol (Invitrogen, Carlsbad, USA), Reverse
Transcription SysteM and deoxyribonucleoside tri-
phosphate (dANTP) (Promega, Madison, USA),
MitoSOX reagent (Sigma, Silicon valley, USA).

Cell culture and drug stimulation

HK-2 cells were digested and cultured in the
DMEM-F12 medium supplemented with 10% fetal
bovine serum (FBS) and 1% Penicillin/Streptomycin,
and then they were transferred to plates with six
holes in accordance with 1 x 10°/mL as the concen-
tration. Finally, they were put into incubator with 5%
CO, and 37°C for conventional cell cultivation.
Synchronization for 24 h was carried out in serum-
free medium after HK-2 cells realizes 70% fusion.
The cells were divided into four groups respectively:
normal glucose group (NG; 5.5 mmol/L glucose),
normal glucose + mannitol group (M; 5.5 mmol/L
glucose + 24.5 mmol/L mannitol), high glucose
group (HG; 30 mmol/L glucose) and high glucose

+ 5Z-7-oxozeaenol group (HG+5Z; 30 mmol/L glu-
cose+600 nmol/L 5Z-7- oxozeaenol). The cells were
collected after being stimulated for 48 h in groups.

Cell transfection

The cells were divided into five groups, respectively:
normal glucose group (NG; 5.5 mmol/l glucose),
normal glucose+ mock transfection group (NG+C;
5.5 mmol/L glucose+ 0.5 mg/L pEX-1 empty plas-
mid), normal glucose+TAKI1 overexpression plas-
mid transfection group (NG+ pEX-3-TAKI;
5.5 mmol/L glucose+0.5 mg/L pEX-3-TAK1), nor-
mal glucose + TAKI overexpression + SB203580
group (NG+ pEX-3-TAK1+ SB203580; 5.5 mmol/L
glucose+0.5 mg/L pEX-3-TAK1l + 15 umol/L
SB203580), normal glucose + SB203580 group (NG
+ SB203580; 5.5 mmol/L glucose+15 pmol/L
SB203580). FuGENES6 transfection reagent method
was adopted for TAK1 over-expression plasmid (in
accordance with the steps in FuGENES6 transfection
reagent instructions). For the normal HK-2 cells,
they were cultivated in 6-well plate in accordance
with the concentration of 1 x 10°/mL. Transfection
was carried out for cells after undergoing 24 h syn-
chronization in serum-free medium when the cells
were fused to 70%. First, 3 uL FuGENES6 transfec-
tion reagent was incubated for 5 min in room tem-
perature after being diluted by 97 uL triple-free
medium. Then, 1 pg plasmid was added into the
mixed liquid of the above-mentioned FuGENE6 and
triple-free medium for 15 min of incubation.
Afterward, the mixed liquid of the above-
mentioned FuGENE6 and plasmid was added into
the 6-well plate and cultivated for 6-8 h in 5% CO,
incubator with 37°C after being fully mixed. The
medium was changed in accordance with different
groups and then, the cells were collected after con-
tinuous cultivation for 48 h. The following test was
carried out.

Cell apoptosis

The attached cells were digested into cell suspen-
sion and then added into EP tube. After it was
washed by PBS centrifugation twice, the superna-
tant fluid was taken out, then each tube was added
with 200 pL of 1x binding buffer which was
further blown into cell suspension. The mixture



of 5 uL Annexin V-PE and 5 uL 7-AAD was added
in each tube, then it was incubated at room tem-
perature and far away from sunlight for 15 min
after being mixed evenly. Added 300 pL of 1
x binding buffer into each tube, blew and mixed
well, then 300 pL of 1x binding buffer was added
in each tube after being blown and mixed evenly.
Finally, they were further added into flow tube and
flow cytometry for observation. The excitation
wavelength was 488 mm and the emission wave-
length was 530 mm.

dUTP notch labeling method mediated by
terminal deoxynucleotidyl transferase (TUNEL)

Digest HK-2 cells into cell suspension, then inocu-
late on 8-hole Lab-Tek chamber slide (Nalge Nunc
USA), stimulate in groups for 48 h. DeadEndTM
fluorescent TUNEL system was used to detect
apoptosis according to TUNEL kit instructions.
The number of positive stained cells and the total
number of cells in each high magnification field
were counted under fluorescence microscope.

Western blotting

Total proteins were extracted from cells. Protein
concentration of cells was determined by BCA
method. Then, 30 pg proteins were separated by
10% SDS polyacrylamide gel. By means of constant
voltage, the voltage in the concentrated glue
reached 90 V, after 1 h, the relevant protein sam-
ple entered the separation gel with the voltage
raised to 120 V. The electric transfer box, which
was inside the ice trough, was used to transfer the
gel protein and marker to PVDF membrane by
electric transferring means. After blocked with
5% skim milk at 37°C for 2 h, the membranes
were incubated with antibodies overnight at 4°C.
The HRP-IgG II labeled by horseradish peroxidase
was added and incubated for 2 h at 37°C in the
next day after membrane was washed by the pre-
pared TBST (it was diluted in TBST buffer at the
ratio of 1:5000). ECL reagent was added inside
after washing membrane and placed in Odyssey
FC imaging system for development in this regard.
Semi-quantitative analysis was carried out for wes-
tern bands by adopting Image]1.48 software, and
the relevant statistical analysis was carried out for
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average optical density ratio between the target
band and f-actin band.

Immunofluorescence

HK-2 cells were digested by 6-well plates and
stimulated for 48 h in groups. Cells were fixed in
4% paraformaldehyde fixed for 30-40 min after
washing with precooled PBS for 3 times. Cells
were incubated with 0.3% Triton 100 for 10 min
at room temperature. Shake PBS 5 min for 3 times,
0.3% Triton 100 incubation for 10 min at room
temperature. The cells were then blocked with goat
serum at 37°C for 30-40 min and incubated with
primary antibody at 4°C overnight. The next day,
the cells were rewarmed for 15 min, washed 3
times with PBS and incubated with Fluorescent II
antibody without light 37°C for 2 h. The slides
were then sealed with DAPI anti-quenching sea-
lant. Photographs were taken with the inverted
fluorescence microscope. Quantitative analysis
using Image]1.48 image processing software, sta-
tistical result expressed as average optical den-
sity (AOD).

gRT-PCR

Trizol method was adopted to abstract the total
RNA in HK-2 cells, and reverse transcriptase was
used to transcribe RNA into cDNA. All the rele-
vant primers were synthesized by Shanghai
Shenggong Biotechnology Company (China). The
amplification conditions were: pre-denaturation
was carried out at 95°C for 10 min and 40 cycles
were enlarged within 30s. 18s was regarded as the
internal reference correction and method 2744
was adopted to analyze the relative expression of
genes. Table 1 presents the primer sequences.

Detection of intracellular ROS

The fluorescent probe DCHF-DA was used to
detect and measure the intracellular ROS. After
being digested and subcultured, HK-2 cells were
evenly inoculated into 6-well plates, and the med-
ium was discarded after HK-2 cells was stimulated
for 48 h in groups. Then, the DCHF-DA staining
liquid with final concentration of 10 pmol/L and
being diluted with serum-free medium was added.
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Table 1. Primer sequences.
RNA Sequences (5 ‘to 3')

185 F: 5'- ACACGGAC- AGGATTACAGA -3’

R: 5'- GGACATCTAAGGGCATCA CAG -3’
TAK1 F: 5- ACCGACTCTGCTGTAGCCTCAC-3'

R: 5'- TCTGTCCTGTCTG- CTGGTCTGTG-3'
TGF-B1 F: 5'-TTGTATGCAGGCCCAGAGGT-3’

R: 5- TGGGATCCACCTGCAGCATA -3’
NOX1 F: 5'-ATAGCAGAAGCCGA- CAGG -3’

R: 5'- CCAGTGAGACCAGCAATG -3’
NOX4 F: 5- CTCAGCGGAATCAATCAGCTGTG -3’

R: 5'- AGAGGAACACGACAATCAGCC-TTA -3’
HO-1 F: 5'- CGGGCCAGCAACAAAGTG -3’

R: 5- AGTGTAAGGACCCATCGGAGAA -3’

The incubation solution was discarded after it was
incubated at 37°C for 30 min in darkness, and then
the cells were digested into cell suspension. The
cells were centrifuged and washed twice by PBS,
and the suspension cells were added into flow tube
and detected by flow cytometry. The extent of
right deviation of the peak values was assessed by
mode value and the latter indicated the fluores-
cence intensity.

MitoSOX staining

HK-2 cells were evenly inoculated into 6-well
plates after being digested, and the medium was
discarded after HK-2 cells were stimulated for 48 h
in groups for carrying out MitoSOX staining of
living cells. 0.01 mmol/L HBSS was used to wash
cells for 3 times, and then the MitoSOX dyestuff
with the final concentration of 5 pmol/L was
added for further incubation at 37°C for
30 min in darkness. 0.01 mmol/L HBSS was used
to wash for 3 times, and the cells were immediately
observed and photographed in confocal micro-
scope. Image | software was used to calculate the
optical density to quantify staining and to measure
the intracellular ROS.

Statistical analysis

SPSS21.0 statistical software was used for statistics.
Experimental data were expressed as mean + stan-
dard deviation (SD). One-way analysis of variance
(ANOVA) was applied to comparison among
groups. All experiments were repeated three
times. P < 0.05 indicated that the difference was
statistically significant.

Results

Inhibition of TAK1 reduces HK-2 cell apoptosis
caused by high glucose

First, we studied the effect of TAK1 on the apoptosis
of renal tubular cells in DN. The results of flow
cytometry and TUNEL showed that high glucose
significantly promoted the apoptosis of HK-2 cells
compared with NG group (P < 0.01). But TAKI
inhibitor 5Z-7-oxozeaenol inhibited high glucose-
induced apoptosis of HK-2 cells (P < 0.05; Figure 1
(a,b)). The results of immunofluorescence showed
that compared with NG group, protein expression of
p-TAK1 and Bax increased, while the protein expres-
sion of Bcl-2 decreased significantly in HG group
(P < 0.01, Figure 1(c)). The results of Western blot
showed that compared with NG group, protein
expression ratio of p-TAK1/t-TAK1 and Bax/Bcl-2
increased significantly in HG group (P < 0.01,
Figure 1(d)). However, 5Z-7-oxozeaenol reversed
the expression of the above proteins. Moreover,
there was no obvious influence of mannitol on cell
apoptosis. It is suggested that TAK1 activation is
related to renal tubular cell apoptosis induced by
high glucose.

Inhibition of TAK1 inhibits the activation of TGF-
B1/p38MAPK pathway

Furthermore, we studied the mechanism of TAK1-
induced apoptosis in HK-2 cells. The results
showed that compared with NG group, the protein
expression of TGF-B1 and ratio of p-p38MAPK/
p38MAPK increased significantly in HG group
(P < 0.01). Compared with HG group, the protein
expression of TGF-B1 and ratio of p-p38MAPK/
p38MAPK decreased significantly in HG+5Z
group (P < 0.01, Figure 2). Mannitol had no sig-
nificant effect on the expression of the above pro-
tein. This result indicates that the TGF-p1/
p38MAPK signaling pathway is involved in apop-
tosis mechanism of TAKI affecting HK-2 cells in
high glucose environment.

Inhibition of TAK1 can inhibit oxidative stress in
HK-2 cell

The results of flow cytometry showed that compared
with NG group, ROS generation of HK-2 cells
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Figure 1. Effect of TAK1 activation on HK-2 cell apoptosis induced by high glucose (a) Apoptosis in different group of HK-2 cells was
detected by flow cytometry; (b) Apoptosis in different group of HK-2 cells was detected by TUNEL; (c) The protein expression of
p-TAK1, Bax and Bcl-2 was detected by immunofluorescence staining in HK-2 cell; (d) The protein expression of p-TAK1, t-TAK1, Bax,
and Bcl-2 was detected by Western blot. All experiments were repeated 3 times. **P < 0.01 vs. NG group, *P < 0.05 and **P < 0.01 vs.
HG group. NG, 5.5 mmol/l glucose; M, 5.5 mmol/L glucose+24.5 mmol/L mannitol; HG, 30 mmol/L glucose; HG+5Z; 30 mmol/L

glucose+600 nmol/L TAK1 inhibitor 5Z-7- oxozeaenol.

increased significantly in HG group (P < 0.01). And
compared with HG group, ROS generation of HK-2
cells decreased significantly in HG+5Z group
(P < 0.05, Figure 3(a)). And, the results of
MitoSOX are consistent with the result of flow cyto-
metry showed that compared with HG group, mito-
chondrion ROS of HK-2 cells decreased significantly
in HG+5Z group (P < 0.05, Figure 3(b)).
Furthermore, we tested the expression of gene
related to oxidative stress, the results showed that
compared with NG group, mRNA expression of
TGF-B1, NOX1 and NOX4 increased, while HO-1
mRNA expression decreased significantly in HG
group (P < 0.01; Figure 3(c-f)). However, the expres-
sion of the above proteins was reversed in the HG
+5Z group. The above results indicated TAKI is
involved in oxidative stress induced by high glucose
in HK-2 cells.

P38MAPK inhibitor SB203580 inhibits the
apoptosis induced by TAK1 overexpression in
HK-2 cells

Furthermore, we tested the effect of p38MAPK
inhibitor SB203580 on apoptosis induced by
TAK]1 overexpression. The results of flow cytome-
try and TUNEL showed that after overexpression
of TAKI, cell apoptosis increased. However, inhi-
biting the activation of the p38MAPK pathway on
this basis will reverse the effect of TAKI over-
expression (P < 0.05, Figure 4(a,b)). The results
of immunofluorescence showed that TGF-f1, Bax
and Bcl-2 were mainly expressed in cytoplasm of
HK-2 cells. Compared with NG+pEX-3-TAKI1
group, the protein expression of TGF-pf1 and Bax
decreased significantly, while the protein expres-
sion of Bcl-2 increased significantly in NG+pEX-
3-TAK1+ SB203580 group (P < 0.05, Figure 4(c)).
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Figure 2. Effects of 5Z-7-oxozeaenol on HG-induced activation of related protein of TGF-B1/p38 MAPK pathway. All experiments

were repeated 3 times. **P < 0.01 vs. NG group, "P < 0.01 vs. HG

Western blot showed that the protein expression
of TGF-p1 and Bax/Bcl-2 ratio in NG+pEX-
3-TAK1+ SB203580 group decreased significantly
compared with NG+pEX-3-TAKI1 group (P < 0.05,
Figure 4(d,e)). Furthermore, the results explain
the role of p38MAPK pathway in the influence
of TAKl1 on apoptosis in high glucose
environment.

p38MAPK inhibitor SB203580 inhibits the ROS
production induced by TAK1 overexpression in
HK-2 cells

The results of flow cytometry showed that com-
pared with NG group, ROS generation of HK-2
cells increased significantly in NG+pEX-3-TAKI1
group (P < 0.05). But compared with NG+pEX-
3-TAK1 group, ROS generation of HK-2 cells
decreased significantly in NG+pEX-3-TAKI
+ SB203580 group (P < 0.05, Figure 5(a)). The
results of MitoSOX staining are consistent with

group.

the result of flow cytometry (P < 0.05,
Figure 5(b)). The results of qRT-PCR showed
that compared with NG group, mRNA expres-
sion of TGF-f1, NOX1 and NOX4 increased,
while HO-1 mRNA expression decreased signifi-
cantly in NG+pEX-3-TAK1 group (P < 0.05).
However, SB203580 reverses the expression of
genes above the NG+pEX-3-TAK1 group
(P < 0.05, Figure 5(c-f)).

Discussion

It is verified by various studies that the renal
tubular atrophy led by apoptosis and shedding of
renal tubular cells will directly cause the declining
of renal functions, which can lead to DN. If the
disease cannot be controlled in time, the latter will
eventually turn deterioration into ESRD.
Moreover, the deposition of extracellular matrix
and renal fibrosis will also be promoted accord-
ingly, which further intensifies the damage of renal
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Figure 3. Effects of 5Z-7-oxozeaenol on HG induced oxidative stress in HK-2 cells. (a) Intracellular ROS of HK-2 cells was detected by
flow cytometry; (b) Mitochondrial ROS of HK-2 cells was detected by MitoSOX staining; (C, D, E, F) The mRNA expression of TGF-B1,
HO-1, NOX4 and NOX1 in HK-2 cells was detected by real-time quantitative PCR. All experiments were repeated three times.

**P < 0,01 vs. NG group, *P < 0.05 and **P < 0.01 vs. HG group.

structure and functions. Under the condition of
high glucose in vitro, the apoptosis of renal tubular
epithelial cells in DN patients increased [14]. In
this regard, the extent of apoptosis in renal tubular
epithelial cells is closely relevant to DN develop-
ment and prognosis [15]. Oxidative stress refers to
the imbalance between the generation of ROS and
antioxidant substance, which will lead to tissue
damage. The excessive ROS may be generated in
the high glucose state. Then, apoptosis will be
triggered by a series of stress sensitive signaling
pathways, which leads to cell damage, abnormality
of renal function and histological changes [16,17].
So, when it comes to the excessive generation of
ROS, it is considered as one of the significant
factors for cell damage and the starting of diabetic
nephropathy. In this study, we found the high
glucose significantly induced oxidative stress in
HK-2 cells and promoted apoptosis.

In addition, the results of this study confirmed
that high glucose is able to raise the protein
expression of p-p38MAPK and TGF-fB1 in HK-2
cells. It has already been proved by the previous

researches that TGF-P1 plays a crucial part in the
apoptosis process of renal tubular epithelial cells,
and there are two ways for downstream signal
transduction of TGF-f1: Smads signal transduc-
tion pathway and MAPK signal transduction path-
way [10]. Dai et al. [10] believed that TGF-p1 leads
to the apoptosis of renal tubular epithelial cells by
MAPK pathway while not by Smads pathway. And
Wu et al. [18] revealed that the apoptosis of glo-
merular podocytes in mouse mediated by TGF-f1
is realized by p38MAPK pathway. p38MAPK sig-
naling pathway is considered as a crucial branch
for MAPK signaling pathway, as well as the inter-
section point for cell signal transduction. In one
aspect, TGF-f1 is able to play its role by activating
p38 MAPK in the upstream of the signaling path-
way. In another aspect, the expression of TGF-p1
can be decreased by inhibiting p38 in multiple
nephrotic models [19,20]. On such basis, it is
proved that TGF-B1 can be the downstream pro-
duct of p38MAPK signaling pathway, and there is
obvious mutual interaction between TGF-p1 and
p38MAPK. Jung et al. [21] proved that inhibiting
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overexpression induced apoptosis in HK-2 cells. (a) Apoptosis was detected by flow

cytometry; (b) Apoptosis was detected by TUNEL; (c) The protein expression of TGF-f1, Bax and Bcl-2 in HK-2 cells was detected
by immunofluorescence staining. (d) The protein expression of TGF-B1 was detected by Western blot; (e) The protein expression of
Bax and Bcl-2 was detected by Western blot; All experiments were repeated 3 times. *P < 0.05 vs. NG group, *P < 0.05 and **P < 0.01
vs. NG+ pEX-3-TAK1 group. NG, 5.5 mmol/l glucose; NG+ pEX-3-TAK1, 5.5 mmol/L glucose+0.5 mg/L pEX-3-TAK1; NG+ pEX-3-TAK1
+ SB203580; 5.5 mmol/L glucose+0.5 mg/L pEX-3-TAK1 + 15 pmol/L p38MAPK inhibitor SB203580.

p38MAPK pathway by FR167653 can improve
apoptosis of mesangial cells induced by high glu-
cose, which indicates that p38MAPK signaling
pathway is closely relevant to apoptosis of renal
cells.

MAPK cascade is a continuous protein kinase
chain, as well as the activation process of
MAPKKK-MAPKK-MAPK cascade by cascade,
so only after MAPK is activated can it cause
various biological effects accordingly. TAK1 is
also called MAP3K7, which is regarded as the
only member of MAPKKK protein family
engaged in TGF-P1 signal transduction. TAK1 is
able to phosphorylate MAPK, kinases MKK4 and
MKK3/6, then these kinases will activate JNK and
p38 MAPK, respectively, so their function as the
important regulation factors in upstream MAPK
pathway. However, there is still considerable con-
troversy for its effect on apoptosis. TAK1 can
only be activated after being bound with the

specific TAK1 binding protein (TAB1.2.3).
Moreover, TAK1-Table 1 complex is indispensa-
ble for normal embryonic development and mor-
phological ~ development. = Therefore, the
inactivation of Table 1 gene may possibly lead to
developmental defects of major organs and
embryo death [22]. It is revealed by relevant
research that knocking down the expression of
TAK1 can promote apoptosis in various cell
types in vivo or in vitro [23,24]. The absence of
TAKI gene also leads to apoptosis twice than that
of obstructive kidney model of unilateral ureteral
obstruction [25], which indicates that TAK1 is an
essential factor to prevent apoptosis and keep
cells survive. But, the pathological state will be
caused by the continuous and excessive activation
of TAKI. It is of great importance to lower the
TAK1 activity for the prevention of excessive
TGF-B1 reaction and reduction of cell damage.
Wu et al. [26] revealed that the improvement of
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Figure 5. Effects of p38 MAPK inhibitor SB203580 on TAK1 overexpression induced oxidative stress in HK-2 cells. (a) Intracellular ROS
was detected by flow cytometry; (b) Mitochondrial ROS was detected by MitoSOX staining. (C, D, E, F) The mRNA expression of TGF-
B1, NOX1, NOX4 and HO-1 in HK-2 cells was detected by real time quantitative PCR. All experiments were repeated three times.
*P < 0.05 and ** P < 0.01 vs. NG group, *P < 0.05 and #P < 0.01 vs. NG+pEX-3-TAK1 group. NG+C, 5.5 mmol/L glucose+ 0.5 mg/L

pEX-1 empty plasmid.

renal interstitial fibrosis in mice of ischemia-
reperfusion with propofol is actually realized by
lowering the expression of TAKI1 and inhibiting
apoptosis in the early stage. This has similarity
with the results of the present study. We then
found that high glucose induced the expression
of TAK1 in HK-2 cells. And, TAK1 Inhibitor 5Z-
7-oxozeaenol is able to obviously decrease the
oxidative stress and apoptosis of HK-2 cells
induced by high glucose. At the same time, it
can also inhibit activation of p38MAPK and the
expression of TGF-Pp1 induced by high glucose.
Furthermore, p38MAPK inhibitor SB203580
could decrease the expression of TGF-f1, block
oxidative stress and apoptosis induced by TAKI
overexpression in HK-2 cells. As hinted, the pro-
tection of 5Z-7-oxozeaenol for HK-2 cells with

the stimulation of high glucose may partly inhibit
TAK1/ p38MAPK/ TGF-B1 pathway and reduce
oxidative stress and apoptosis of cells.

It is showed by the above-mentioned different
results that TAK1 possibly plays dual roles in
promoting apoptosis and anti-apoptosis in accor-
dance with different environmental backgrounds,
tissue and cell types.

Conclusion

Our research suggests that TAK1 can maintain low
phosphorylation level in normal renal tubular
epithelial cells. High glucose will promote the phos-
phorylation of TAKI, which thereby activate
p38MAPK/TGF-B1 pathway, induce oxidative stress,
generate excessive ROS and induce apoptosis. In this
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regard, TAK1 will help to reduce the apoptosis of
renal tubular epithelial cells induced by high glucose.

Highlights

e High glucose the
expressions.

e TAK1 inhibitor 5Z-7-oxozeaenol 5Z-7-oxo-
zeaenol inhibits high glucose-induced oxida-
tive stress in HK2 cells.

® 57-7-oxozeaenol inhibits high glucose-
induced apoptosis in HK2 cells.

® Inhibition of TAK1 expression blocks the p38

MAPK/TGEF-f1 signaling pathway.

up-regulates p-TAK1
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