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Objective: Diabetic kidney disease (DKD) is a microvascular complication in diabetes
mellitus, while tubuloepithelial to mesenchymal transition (EMT) of mature tubular epithe-
lial cells is a key point in the early development and progression of renal interstitial fibrosis.
The present study aimed to investigate the protective effects of Curcumin on EMT and
fibrosis in cultured normal rat kidney tubular epithelial cell line (NRK-52E).

Methods: By using immunofluorescence staining and Western blot protocols, in vitro
experiments were designed to analyze EMT markers, including collagen I and E-cadherin
in high glucose (HG) exposed NRK-52E cells and to detect the expression levels of
phosphorylated-NF-kB, TLR4 and reactive oxygen species (ROS) after Curcumin pre-
treatment. With co-treatment with TAK242, these molecules in the TLR4-NF-kB signaling
pathway were further evaluated.

Results: Curcumin decreased the HG-induced EMT levels and ROS production in NRK-
52E cells. Furthermore, Curcumin was found to inhibit the TLR4-NF-kB signaling activation
in HG-induced EMT of NRK-52E cells.

Conclusion: The present study provides evidence suggesting a novel mechanism that
Curcumin exerts the anti-fibrosis effects via inhibiting activation of the TLR4-NF-kB signal
pathway and consequently protecting the HG-induced EMT in renal tubular epithelial cells.
Thereby, TLR4-NF-kB may be a useful target for therapeutic intervention in DKD.
Keywords: diabetic kidney disease, tubuloepithelial to mesenchymal transition, toll-like
receptor 4, curcumin, inflammation

Introduction

Chronic kidney disease (CKD) is a health crisis worldwide, while diabetic kidney
disease (DKD, previously termed as diabetic nephropathy) has become a growing
cause of end-stage kidney disease (ESKD). DKD is a major microvascular compli-
cation associated with diabetes mellitus and occurs in 30-40% of diabetes patients.'
DKD is characterized by a distinct histopathological pattern of glomerular base-
ment membrane thickening, nodular glomerulosclerosis, mesangial matrix expan-
sion, and arteriolar hyalinosis. Tubulointerstitial fibrosis is widely suggested to be
the final common pathway for loss of renal function in DKD. Long-term exposure
to hyperglycaemia and other metabolic disturbances associated with diabetes lead to
progressive and cumulative atrophy of tubular epithelial cells.” In DKD, up to 50%
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of the glomeruli are associated with dilated and atrophic
tubules, and about 17% of glomeruli may be a tubular that
also contributes to albuminuria.> In DKD, renal function
and prognosis may correlate better with tubulointerstitial
fibrosis than with classic and early glomerular changes.*
Increasing evidence suggested that the accumulation of
activated myofibroblasts, in terms of tubuloepithelial to
mesenchymal trans-differentiation (EMT), is the major
contributor to progressive renal scarring in diabetes.’
Importantly, evidence from the studies with preclinical
models has demonstrated that fibrosis in the tubulointer-
stitium is the most important predictor of progression to
ESKD in DKD.*’

There is now clear evidence to suggest that the primary
disorder is inflammation leading to irreversible fibrosis and
organ failure. The innate immune system is also involved in
the inflammatory process of diabetic complications, includ-
ing DKD.*? Toll-like receptor (TLRs) is a group of recep-
tors of the innate immune system and plays a vital role to
protect the host to sense danger and detect the presence of
invading pathogens in the host immune system.'® The gen-
ome encodes 10 TLRs (TLR1-10) in human. TLRs are type
1 transmembrane receptors and all belong to the interleukin-
1 receptor (IL-1R) superfamily, which share significant
homology in their cytoplasmic regions, eg, the Toll/IL-1R
(TIR) domain.'"'* Although TLR 1, 2, 3, 4 and 6 are found
in the kidney proximal tubule cells, TLR2 and TLR4 are the
most expressed and extensively studied.'”*> TLR2 and TLR4
are involved in the development of DKD under a sterile
environment.'* Recent studies in vitro and in vivo have
demonstrated that the innate immune system-driven inflam-
matory processes result in cell apoptosis, tissue fibrosis and
renal failure.”'>'> TLRs and their associated cytokine
responses may be indicated in the kidneys of the patients
with DKD.'* Furthermore, TLR4 mRNA and protein were
overexpressed in glomeruli and tubules, which were asso-
ciated with microalbuminuria and overt DKD.'® In addition,
TLR4 signal is obviously expressed throughout the brush
border of proximal tubule cells in patients with overt DKD,
which suggests the increased accessibility of renal TLRs to
systemically generated molecules.'® Our previous studies
have reported a strong association between TLRs (TLR2
and TLR6) and pro-inflammatory factors (TNF-a and IL-
L6) in the injury of rat peritoneum in peritoneal dialysis
associated peritonitis.'”'® Based upon these studies, TLRs
may play a vital role in the pathogenesis of DKD.

Curcumin, a polyphenol extracted from curcuma longa
L. commonly used as a spice and a natural food pigment as

well as a component of many herbal medicines has been
reported to possess extensive pharmacological activities,
such as anti-inflammation, anti-oxidation, anti-fibrosis,
anti-cancer, and anti-atherosclerosis.'®?! Evidence has
demonstrated that mechanisms such as mitochondrial
overproduction of reactive oxygen species (ROS), oxida-
tive stress, generation of pro-fibrotic and fibrotic cytokine,
lipid disorders, glomerular hemodynamic and structural
alterations have been proved to be involved in the devel-
opment and progression of DKD.** Curcumin plays bene-
ficial effects on renal fibrosis, the crucial process
underlying the progression of DKD to ESRD.***
A previous study has indicated that Curcumin exhibits
protective effects in DKD by regulating inflammatory
cytokines, ameliorating oxidative stress and podocyte
apoptosis through related pathways or molecules mediated
by specific molecular targets.”> In DKD, Curcumin also
increases insulin sensitivity and decreases blood sugar and
cholesterol in diabetes. With the researches of Curcumin
nanoformulations may address the limitation of low bioa-
vailability and provides a promising therapeutic strategy,
there is the potential of Curcumin being a therapeutic
agent to suppress renal fibrosis and delay the development
of DN.%° Previously, we have reported that Curcumin
plays an important role in cellular antioxidant defense
via the activation of Nrf2 and HO-1, thereby protecting
HG-induced EMT in the NRK-52E cells.”” However,
whether Curcumin has anti-fibrosis effects in DKD, espe-
cially in TLR4-NF-«xB during EMT of kidney tubular
epithelial cell is still unknown.

In the present study, we have designed the experiments to
investigate whether Curcumin plays a protective role against
DKD by restraining HG-induced EMT in renal tubular cells
via the inhibition of TLR4-NF-kB signaling activation
because better understanding the role of Curcumin in EMT
may provide a potential novel strategy for the prevention and
treatment of EMT-tubulointerstitial fibrosis in DKD.

Materials and Methods

Cell Culture

Normal rat kidney tubular epithelial cell line (NRK-52E)
was purchased from the American Type Culture Collection
(Rockville, MD, USA). The cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with10% fetal calf serum (FCS, Sigma) as
described previously.”” In the control group, the cells
were treated with serum free DMEM medium only. In
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HG group, the cells were treated with 30 mM HG for 48
h with 0, 5, 10, or 20 uM Curcumin for 24 h, respectively.

Assessment of Cell Viability

Cell viability was texted by quantitative colorimetric assay
with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) in 96-well plates. The cells were added
10 uL MTT (final concentration, 500 pg/mL) to the med-
ium and incubated at 37°C for 3 h at the indicated time
after treatment. Next, the MTT solution was removed, then
100 pL dimethyl sulfoxide (DMSO) was added to dissolve
the colored formazan crystals for 15 min. The absorbance
at 490 nm of each aliquot was measured using a Sunrise
RC microplate reader (TECAN, Ménnedorf, Switzerland).

Immunofluorescence Staining

NRK-52E cells that had undergone various treatments were
fixed in 4% paraformaldehyde and per-mobilized in 0.1%
Triton X-100, before they were, respectively, treated with
primary mouse monoclonal anti-E-cadherin (E-ca) antibody
(Abcam abl416, 1:100), mouse monoclonal collagen
I antibody (Abcam ab260043, 1:100), TLR4 (Abcam
ab22048, 1:200), NF-kB (Abcam ab194726, 1:200). After
three washes with PBS, the sections were incubated for 2
h with DAR-FITC (1:50) and Texas Red-DAM (1:50) at RT.
The fluorescent images were visualized with a Fluoview 300
fluorescence microscope (Olympus, Tokyo, Japan).

Western Blot Analysis
Western  blot published
previously."®*” All the cells were washed twice with cold

analysis was conducted as
PBS and resuspended in five volumes of ice-cold extract buffer
(20 mM Western blotting analysis Hepes-KOH, 1.5 mM
MgCl,, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, and 0.1
mM phenylmethanesulfonyl fluoride, pH 7.5 for 15 min at 4°
C). Lysates were centrifuged at 25,000 xg for 15 min. Protein
concentrations were quantified using a Bio-Rad protein assay
kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Equal
amounts of protein samples (10 pg proteins) from NRK-52E
cells were subjected to SDS-PAGE using 10% gradient Tris/
glycine gels. Then, the proteins were transferred to polyviny-
lidene difluoride (PVDF) membranes (Millipore, Temecula,
CA, USA). After blocking with 5% fat-free milk for 1 h, the
blots were incubated with the following primary antibodies.
The primary antibodies used in the present study were as
follows: collagen I antibody (Abcam ab270993, 1:400), anti-
E-ca antibody (1:400, Abcam abl416), TLR4 (Abcam
ab13867, 1:400), NF-xB (Abcam ab239882, 1:400), and

mouse monoclonal anti-GAPDH (Abcam ab8245, 1:400).
Following extensive washing in TBS-0.1% Tween 20, the
membranes were then incubated with horseradish peroxidase-
conjugated secondary antibodies, including rabbit anti-goat
IgG (1:400) and rabbit anti-mouse IgG (1:400) overnight at
4°C. Then, the membranes were incubated with secondary
antibody in TBST solution at 37°C for 30 min after four washes
with TBST. Finally, the membranes were incubated in ECL
(Pierce, Thermo Co. Ltd, Waltham, MA, USA) reagent for
HRP (30 s) and exposed to autoradiography film for visualiza-
tion of the bands. Following the development, the band inten-
sities were quantified using Image-Pro plus 6.0 analysis
software (Media Cybernetics, Inc., Rockville, MD, USA).
The blots were repeated at least three times for each condition.

Measurements of Superoxide Generation
ROS production in chondrocytes was measured by 2',7'-
DCF diacetate (DCFH-DA; Sigma-Aldrich, EMD
Millipore) as previously described.”® After exposure to the
various treatments, the cells in the six-well plate were
stained with 20 uM DCFH for 30 min at 37°C and washed
with PBS 3 times in order to remove residual probes. The
mean fluorescence intensity was calculated by NIH ImagelJ
software and was expressed relative to the control.

Statistical Analysis

Data are presented as mean + SEM. Statistical analysis
was performed using SPSS (Version 18, IBM Corporation,
Armonk, NY, USA). Variance was homogenous for use of
standard ANOVA methodology. Individual comparisons
were made using Tukey’s multiple comparison tests after
statistical significance was established by ANOVA. All
P values were two-sided, and statistical significance was
set at P<0.05.

Results
Effects of Curcumin on Cell Viability of
NRK-52E Cells

The cell viability of NRK-52E cells was assessed under HG
(30 mM) and Curcumin (5 pM, 10 pM, 20 uM) conditions.
NRK-52E cell viability was significantly inhibited in HG
conditions compared to the control group (5 mM glucose
and 0 pM Curcumin-treated cells) (Figure 1). However,
when the cells were co-treated with HG and 10 or 20 uM
Curcumin, respectively, the viability of the cells was ele-
vated. Therefore, these results suggest that Curcumin has
a protective role in NRK-52E cells under HG conditions.
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Figure | Effects of Curcumin on cell viability of NRK-52E cells. Cells were pre-
treated with Curcumin (5 pM, 10 uM, 20 uM) for 24 h. Following Curcumin
treatment, the medium was changed and cells were treated with 30 mM HG for
48 h. Data are presented as the mean +SEM (n=6); (**P < 0.001 vs Control group,
##P < 0.001 vs HG).

Abbreviation: HG, high glucose.

Effects of Curcumin on EMT Markers
Collagen | and E-Ca in NRK-52E Cells

First, normally, the tubular epithelial cell exhibited typical
cobblestone morphology under magnification. As shown in
Figure 2A al and a2 above, a typical epithelial cuboidal
shape was observed in the control and Curcumin group,
with the characteristic cobblestone morphology. The cells
morphological change to a fibroblast-like shape after HG
treatment for 48 h (Figure 2A, a3 above) and Curcumin
treatment reduced the morphological change (Figure 2A, a4
above). Meanwhile, expression of E-ca was down-regulated
(Figure 2A, b3, b4 above), while collagen I was up-regulated
(Figure 2A, ¢3, c4 above), whereas this HG-induced EMT
can be attenuated by Curcumin in NRK-52E cells. Next, the
EMT markers protein expression of collagen I and E-ca
analysis by Western blot represented under the conditions
of control, Curcumin, HG and HG plus Curcumin, respec-
tively. The results suggested that Curcumin significantly
decreased HG-induced EMT in NRK-52E cells, as evidenced
by the decreased up-regulation of collagen I and ameliorated
expression of E-ca (Figure 2B—D below).

Influence of Curcumin on HG-Induced
TLR4 in NRK-52E Cells

We initially performed immunofluorescence staining for
text the expression of TLR4 in NRK-52E cells. Under the
controlled conditions, Curcumin did not enhance the

expression of TLR4 (Figure 3A). The expression of TLR4
was significantly increased in HG group compared with the
control group (Figure 3A). Conversely, Curcumin signifi-
cantly inhibited HG-induced levels of TLR4 (Figure 3A).
The protein expression of TLR4 was also analyzed by
Western blot represented under the same conditions. The
results suggested that Curcumin decreased HG-induced up-
regulation TLR4 significantly (Figure 3B).

Influence of Curcumin on HG-Induced
NF-kB in NRK-52E Cells

Previous studies demonstrated that NF-kB, as a downstream
nuclear transcription factor of TLR4 signaling pathway activ-
ity, plays an important role in EMT of the various kinds of
epithelial cells.” In the present study, the activation of NF-xB
by immunofluorescence staining analysis was significantly
increased in HG-treated group compared with the control
group (Figure 4A). Conversely, Curcumin significantly inhib-
ited HG-induced phosphorylation of NF-kB p65. Moreover,
we also tested phospho-NF-kB p65 level by Western blot.
Like immunofluorescence staining, Curcumin treatment
decreased the NF-xB p65 phosphorylation (Figure 4B).

Effect of Curcumin on the ROS
Production in the HG-Treated NRK-52E

Cells

As ROS plays important role in the HG-induced EMT of
the NRK-52E cells, we, therefore, examine the effect of
Curcumin on the HG-induced ROS induction in the cells
by measuring the intracellular ROS with DCF-DA stain-
ing. The result showed that HG-treatment resulted in
a substantial increase in ROS production in the
NRK-52E cells (Figure 5A and B). In contrast, Curcumin
pretreatment significantly attenuated HG-induced ROS
production in the NRK-52E cells (Figure 5A and B).

TLR4-NF-kB Signaling Pathway Involves in
Protective Effect of Curcumin on EMT in

HG-Treated Cells

To confirm the involvement of TLR4-NF-kB signaling path-
way in the protective effect of Curcumin on HG-induced
EMT in NRK-52E cells, 5 pM TAK242 (a molecularly
targeted clinical TLR4 antagonist) was added to the medium
of NRK-52E cells for 2 h.*® Subsequently, the cells were
exposed to HG for 48 h after the treatment with Curcumin
20 uM for 24 h. The results showed that the HG group
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Figure 2 Effects of Curcumin on EMT markers collagen | and E-ca in NRK-52E cells. (A) Effects of Curcumin on morphological changes in NRK-52E cells (al-a4) and HG
treatment in the cells for 48 h led to cell morphological change to a fibroblast-like shape (a3). Protein expression EMT markers, including E-cadherin (red, bl-b4) and
collagen | (green, cl—c4), in NRK-52E cells were detected with immunofluorescence chemistry (above, al-cl. Control group; a2-c2. Curcumin group; a3-c3. HG group; a4-
c4.HG plus Curcumin group. Magnification was %400, Scale bars=30 um) and Western blot ((B-D), below), and represented in control group; curcumin group; HG group
and HG plus Curcumin group, respectively (**P < 0.001 vs Control group, ##P < 0.001 vs HG).

Abbreviations: HG, high glucose; EMT, tubuloepithelial to mesenchymal trans-differentiation.

increased the expression of TLR4, activated NF-kB p65
phosphorylation and HG-induced EMT in the NRK-52E
cells, namely the up-regulation of collagen I was reduced,
while the ameliorated expression of epithelial protein E-ca
increased (Figure 6A—E). In addition, the co-treatment with
TAK?242 also effectively inhibited expression of TLR4, acti-
vated NF-kB p65 phosphorylation and HG-induced EMT
(Figure 6A-E), and there are no significant differences
between HG/Curcumin and HG/TAK242 group.

Curcumin via Inhibition of TLR4/NF-xB
Signaling Reversed the HG-Induced ROS
Production in NRK-52E Cells

Previous studies provided evidence to support a novel role
for oxidative stress in the pathogenesis of DKD and in
other diabetic complications.”* To further understand the

mechanism of TLR4-NF-kB signaling involvement in the
protective effects of Curcumin via anti-oxidant stress
effects on HG-induced EMT in NRK-52E cells. Thus, we
measured the HG-induced intracellular ROS levels in
NRK-52E cells with DCF-DA staining. HG increased the

ROS levels, while pre-treatment with
intracellular ROS levels decreased.
Moreover, the co-treatment with TAK242 inhibited intra-
cellular ROS levels effectively (Figure 7A and B). The
results suggest that the anti-fibrosis role of Curcumin may

intracellular

Curcumin was

be related to inhibition of TLR4-NF-kB signaling reversed
the HG-induced ROS production in NRK-52E Cells.

Discussion
We have investigated the protective effects of Curcumin on
EMT and fibrosis in the cultured NRK-52E cell line. Our
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Figure 3 Influence of Curcumin on expression of TLR4 in NRK-52E cells. (A) The NRK-52E cells were pre-treated with Curcumin (20 uM) for 24 h. Following Curcumin
treatment, the medium was changed and cells were treated with 30 mM HG for 48 h. The TLR4 protein was stained and observed under a fluorescence microscope as
described in Materials and Methods. (A) a. control group; b. Curcumin group; c. HG group; d. HG/Curcumin group (magnification was x400, Scale bars=30 pm). (B) The
protein expression was detected by Western blotting, relative expression levels of TLR4 was, respectively, determined by densitometry and normalized by GAPDH, and data
are represented as percentages of the control group. (**P < 0.001 vs Control group, ##P < 0.001 vs HG).

Abbreviations: HG, high glucose; TLR4, toll-like receptor 4.

A B
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Figure 4 Influence of Curcumin on expression of NF-kB in NRK-52E cells. (A) The NRK-52E cells were pre-treated with Curcumin (20 pM) for 24 h. Following Curcumin
treatment, the medium was changed and cells were treated with 30 mM HG for 48 h. The NF-«B protein was stained and observed under a fluorescence microscope as
described in Materials and Methods. a. control group; b. Curcumin group; c. HG group; d. HG/Curcumin group (magnification was %400, Scale bars=30 pm). (B) The protein
expression of phospho-NF-kB p65 was detected by Western blotting, relative expression levels of phospho-NF-kB p65 was determined by densitometry and normalized by
GAPDH, and data are represented as percentages of the control group. (**P < 0.001 vs Control group, ##P < 0.001 vs HG).

Abbreviation: HG, high glucose.
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findings mainly include: first, the expression level of EMT  reduced the HG-induced EMT. Second, expressions of
markers, including collagen I was increased, and E-cadherin ~ phosphorylated-NF-kB, TLR4, as well as ROS, were up-
decreased in HG exposed NRK-52E cells, while Curcumin  regulated after HG stimulation but down-regulated after

934 submit your manuseript Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Liu et al

A

500

450 **

400
350

ki

300

250
200
150

100
50
0

Con

Level of ROS (% of control)

Curcumin HG HG/Curcumin

Figure 5 Effect of Curcumin on the ROS production in the HG-treated NRK-52E cells. (A) The HG-induced intracellular ROS levels in NRK-52E cells were measured with
DCEF-DA staining. a. control group; b. Curcumin group; c. HG group; d. HG/Curcumin group (magnification was %400, Scale bars=30 um). (B) Data were expressed as means

+ SEM (**P < 0.001 vs Control group, ##P < 0.001 vs HG).
Abbreviations: HG, high glucose; ROS, reactive oxygen species.

Curcumin pre-treatment. Third, the co-treatment with
TAK242 also effectively inhibited the inactivation of the
TLR4-NF-«xB signaling pathway led to the reduction of
EMT in HG-treated NRK-52E cells, which effect similar
to the Curcumin group.

Evidence has demonstrated that EMT plays an impor-
tant role in the genesis of fibroblasts during organ
fibrosis.*! Further study of renal fibrosis has demonstrated
that myofibroblasts are derived from tubular epithelial
cells through the process of EMT, which is closely related
to a decline in renal function in progressive renal
disease.’” Loss of epithelial cell characteristics and gain
of ECM-producing myofibroblast characteristics is an
important mechanism involved in tubulointerstitial
fibrosis.*® In DKD, EMT of mature tubular epithelial
cells of the kidney has been considered closely associated
with the progression of tubulointerstitial fibrosis.*
Indeed, high levels of glucose in diabetes-induced EMT
of tubular cells can lead to matrix accumulation and
deposition, which was usually regarded as the initial factor
and a key mechanism of renal tubulointerstitial fibrosis in
DKD.** Thus, targeting EMT has been as a potential ther-
apeutic method to attenuate the progression of renal fibro-
the diabetic kidney. A
demonstrated that Curcumin significantly inhibits hyper-

genesis in recent study
glycemia-induced fibrosis in rat renal epithelial cells and

cardiomyoblast-like cells in vitro, and in the heart and

kidneys of Streptozotocin (STZ)-induced diabetic mice
in vivo.>> A clinical study has shown that Curcumin, as
an active turmeric metabolite, has an effective adjuvant
therapy for reducing macroscopic proteinuria in type 2
diabetic patients. This effect may appear after 2 months
of therapy and even in patients with a mild decrease in
eGFR. Further studies with a larger sample size and longer
duration are recommended.?® In the present study, we have
confirmed that HG can induce the changes of EMT mar-
kers, namely decreasing the epithelial marker E-ca and
increasing collagen I, and BBR pretreatment exerts the
potential protective effect against HG-induced EMT in
NRK-52E cells.

Inflammation converge on key transcription factors,
such as NF-kB, to induce expression of inflammatory cyto-
kines, adhesion molecules, or cause changes to cell growth
and differentiation.’”® Previous studies have described that
TLR4 is involved in hyperglycemia-induced inflammatory
state of renal tubules in vitro and in vivo.>*** TLR4 signal-
ing pathway to be critical for the activation of NF-xB and
subsequent production of proinflammatory cytokines induce
inflammation, which contributes to the pathogenesis of
inflammation-associated renal injury and tubulointerstitial
inflammation in DKD.?>*' The previous study has showed
that HG-stimulated activation of TLR4 signaling leads to
the activation of NF-kB signaling and upregulation of
inflammatory and fibro-genic factors in both podocytes
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Figure 6 TLR4-NF-«B signaling pathway involves in protective effect of Curcumin on

EMT in HG-treated cells. Five pM TAK242 (the inhibitor of TLR4) was added to the

medium of NRK-52E cells for 2 h. The cells were subsequently exposed to HG for 48 h after the treatment with Curcumin 20 pM for 24 h. (A). Protein levels of TLR4,
expression of phospho-NF-«kB p65, and EMT makers were determined by Western blot analysis. (B—E). Each assay was representative of three independent experiments.
Data were expressed as means * SEM (*P < 0.05 and **P < 0.001 vs Control group, ##P < 0.001 vs HG).

Abbreviations: HG, high glucose; TLR4, toll-like receptor 4; EMT, tubuloepithelial to mesenchymal trans-differentiation.

and tubular epithelial cells. Importantly, depletion of TLR4
lessened renal hypertrophy, alleviated renal injury, and
inhibited inflammatory and fibrosis.** A recent study has
demonstrated that Curcumin effectively prevented EMT and
renal interstitial fibrosis via inhibiting the activation of
TLR4/NF-kB and PI3K/AKT signaling pathways using uni-
lateral ureteral obstruction mice and TGF-B1-induced HK-2
cell models.* In addition, Curcumin treatment significantly
reduced the proliferation and migration of non-small cell
lung cancer cell lines, possibly via TLR4/MyD88-EGFR-

mediated of decrease in AP-1 protein expression and inhibi-
tion of the EMT process.** Meanwhile, Sun et al have
reported that Curcumin treatment ameliorates DKD via
inhibition of inflammatory gene expression by reversing
caveolin-1 Tyr(14) phosphorylation that influenced TLR4
activation in STZ-induced diabetic rats.*> But little is
known regarding the role of Curcumin in the TLR4-NF
-kB pathways in the pathogenesis of early tubulointerstitial
fibrosis during DKD. In this study, we have demonstrated
that Curcumin inhibited the activation of the TLR4-NF-kB
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Figure 7 Curcumin via Inhibition of TLR4/NF-«B Signaling reversed the HG-induced ROS Production in NRK-52E Cells. TAK242 5 pM (the inhibitor of TLR4) was added to
the medium of NRK-52E cells for 2 h. The cells were subsequently exposed to HG for 48 h after the treatment with Curcumin 20 uM for 24 h. (A) The HG-induced
intracellular ROS levels in NRK-52E cells were measured with DCF-DA staining. (a. control group; b. TAK242 5 pM group; c¢. HG 30 mM group; d. HG/Curcumin group;
e. HG/TAK242 group. Magnification was x400, Scale bars=30 um). (B) Data were expressed as means + SEM (**P < 0.001 vs Control group, ##P < 0.001 vs HG).
Abbreviations: HG, high glucose; TLR4, toll-like receptor 4; ROS, reactive oxygen species.

signal pathway in HG-treated NRK-52E cells. In addition,
the inactivation of the TLR4 signaling pathway by its
inhibitor TAK242 led to the reduction of EMT in HG-
treated NRK-52E cells, as similar to the Curcumin group.
Accumulating evidence in both experimental and clin-
ical studies has suggested that there is a close link among
hyperglycemia, oxidative stress, and inflammation in
DKD. DKD patients are mainly caused by EMT in the
tubular epithelial cells, which are usually regarded to be
the result of hyperglycemia-induced oxidative stress, while
the symptom of EMT events can be reversed by anti-
oxidants effect in tubular epithelial cells.*® Normally,
ROS was produced in minute amounts that are necessary
to maintain cellular homeostasis, but their levels increase
dramatically in states of hyperglycemia leading to damage

to various target organs.*”*® Previous studies demon-
strated that the activities of ROS are interrelated and that
the latter may view as reciprocal inducers and amplifiers
of the signaling cellular events that occur under HG
conditions.'*?*?” In addition, in vitro and in vivo studies
suggesting that overproduction of ROS by HG concentra-
tions lowers the antioxidant defense mechanisms in DKD,
such as reduced levels of mitochondrial-specific manga-
nese superoxide dismutase that further aggravates oxida-
tive stress.”’*” TLR4, as a vital regulator of the NF-xB
signaling pathway, has been shown to regulate cell apop-
tosis, inflammatory response and oxidative damage to
renal tubular epithelial cell under high glucose
conditions.>*>® Previous studies indicated that Curcumin

has a protective role to prevent HG-induced functional and
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structural changes at both the organ and cellular
levels.>'+32 Specifically, the application of Curcumin is in
reducing the degree of HG-induced oxidative stress effec-
tively in the heart of diabetic animals and endothelial
cells.”'>* Moreover, a recent study has supported the
potential therapy of Curcumin in diabetes, which con-
trolled oxidative stress and regulated inflammatory
cytokines.'”?? The protective role of Curcumin against
renal damage, mediating free radicals, was also demon-
strated by STZ-induced diabetic models.””> These data
demonstrated that Curcumin is a promising therapeutic
target by mitigating oxidative stress-induced tissue injury
associated wit diabetes. Data from the present study have
indicated that Curcumin can effectively attenuate cellular
oxidative stress under HG conditions. Notably, Curcumin
inhibits EMT and protects against oxidative damage might
via a TLR4-NF-«B signaling pathway-dependent mechan-
ism in NRK-52E cells.

Taking together, the present study provides evidence
that Curcumin inhibits activation of the TLR4-NF-kB sig-
nal pathway and subsequently plays the protective effects
on HG-induced EMT of NRK-52E cells and suggests that

Curcumin may be an agent useful for therapy in DKD.
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