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Abstract

Introduction: This study aimed to explore the effect of curcumin on the
activity of lipopolysaccharide (LPS)-induced proximal renal tubular epithelial
cells (PRTECs) and to analyze the molecular mechanism by which curcumin
regulates their occurrence.

Material and methods: LPS-induced PRTECs were used to construct an in-
flammatory cell model. RT-gPCR and western blot (WB) were used to de-
tect ADAMTS18 expression. Methylation-specific PCR was used to detect
ADAMTS18 methylation levels. After curcumin treatment, MTT assay was
used to analyze cell viability, flow cytometry was used to analyze apop-
tosis, and ADAMTS18 expression and methylation levels were detected
again. After transfection with siADAMTS18, cell viability and apoptosis
were analyzed again. The levels of inflammatory factors were measured
by enzyme-linked immunosorbent assay, and the expression levels of AKT,
Notch-1 and Notch-2 were analyzed by WB.

Results: Curcumin strongly inhibited LPS-induced PRTEC inflammatory le-
sions, restored normal cell proliferation, and reduced the apoptosis rate by
downregulating ADAMTS18 methylation and restoring ADAMTS18 expres-
sion. After sSiADAMTS18, the ability of curcumin to improve cell viability was
reduced, and the ability of curcumin to downregulate inflammatory factors
was significantly reduced. Curcumin could also inhibit the expression of AKT,
Notch-1 and Notch-2 simultaneously. sIADAMTS18 attenuated the above-
mentioned effects of curcumin.

Conclusions: Curcumin inhibits LPS-induced PRTEC death by regulating
ADAMTS18 methylation and AKT/Notch pathways.

Key words: curcumin, proximal renal tubular, ADAMTS18, methylation,
AKT/Notch pathways.

Introdution

In various acute and chronic renal inflammatory conditions, proximal
renal tubular epithelial cells (PRTECs), as intrinsic renal cells, are not only
the victim of but also actively participate in the development of glomer-
ulosclerosis and fibrosis by secreting various inflammatory chemokines
and extracellular matrix [1]. Studies in the past three years have found
that the renal inflammatory microenvironment and fibrosis are closely
related to the occurrence of renal cancer. Renal cancer is a malignant tu-
mor originating from the renal parenchyma urotubular epithelial system.
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Inflammatory changes in PRTECs and the release
of inflammatory factors may play a role in promot-
ing tumors [2-6].

Curcumin is a class of plant polyphenols ex-
tracted from ginger plants, such as turmeric and
Curcuma zedoaria rhizomes, with various pharma-
cological activities, such as anti-inflammatory, an-
tioxidant, hypolipidemic, antitumor, and immuno-
modulatory [7]. Curcumin plays a role in multiple
cancers [8]. Curcumin can affect cellular redox bal-
ance, resulting in increased production of reactive
oxygen species (ROS), and excess ROS can affect
cell death patterns [9].

The ADAMTS family consists of 19 secreted
multidomain zinc finger metalloproteinases. Dys-
regulated ADAMTS18 expression is associated
with many diseases, such as inflammation, can-
cer, arthritis, and atherosclerosis [10]. Our re-
search group has studied ADAMTS18 in depth in
the past 10 years, especially in the field of renal
cancer. We found that ADAMTS18 can affect renal
cells through abnormal DNA methylation [11, 12],
and curcumin can affect this process through the
regulation of ADAMTS18 [13-15].

This study investigated the effect of curcumin
on cell viability after LPS-induced PRTEC inflam-
matory lesions. We explored whether curcumin
affects LPS-induced PRTEC activity by regulating
ADAMTS18 methylation and AKT/Notch path-
ways.

Material and methods
Experimental materials

The human renal proximal tubular epithelial
cell line (HK-2) was purchased from the cell bank
of Peking Union Medical College Hospital. LPS
and curcumin were purchased from Sigma Cor-
poration. The cells were cultured in RPMI 1640
supplemented with 20% bovine fetal serum,
5 pg/ml transferrin, 5 ng/ml sodium selenite,
5 pg/ml insulin, streptomycin (0.1 mg/ml), and
penicillin (100 U/ml). Cells were cultured and pas-
saged ina37°C, 5% CO, incubator. HK-2 cells were
cultured in serum-free medium containing 0.1%
bovine serum albumin for 24 h and then treated
with LPS (Sigma, USA) [16]. The protein detection
kits used in this experiment were from Beijing
Sangon Biotech Co., Ltd.

RT-gPCR

RNA was extracted from the target tissues
and cells, and cDNA was synthesized by reverse
transcription. After PCR, the amplicons were sep-
arated by agarose gel electrophoresis, and the
Image) gel image system was used. The expres-
sion level of ADAMTS18 mRNA was analyzed
using 3-phosphoglyceraldehyde dehydrogenase

and AKT/Notch pathways

(GAPDH) as the reference gene. The qPCR primers
were ADAMTS18 (F 5'-3' GACACAGACAGACGCA-
CAGA, R 5’-3' TCCTGCCGTTGTGCAAAATG), GAPDH
(F 5’-3' GGAGCGAGATCCCTCCAAAAT, R 5’-3" GGCT-
GTTGTCATACTTCTCATGG).

Western blotting

Cell lysate proteins were separated by 12%
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis, transferred to nitrocellulose mem-
branes, and treated with antibodies, then incubat-
ed at 4°C for 12 h. The membrane was washed
five times with TBST buffer solution and incubat-
ed with goat anti-rabbit or anti-mouse I1gG for
2 h at room temperature. Excess antibody was re-
moved by washing with TBST, after which specific
binding was detected with a chemiluminescence
detection system.

Methylation-specific PCR (MSP)

Sulfite-modified DNA was used as a template
to design methylation- and nonmethylation-spe-
cific primers with the help of Primer 5.0 software.
Hot-start PCR amplification was performed in cell
lines with deionized water as a blank control. After
amplification, 10 pl of MSP amplification products
were separated by 2% agarose gel electrophore-
sis and stained in ethidium bromide solution. The
results were observed and the images were cap-
tured under ultraviolet light.

MTT method

HK-2 cells were seeded in 96-well plates
(1 x 10* cells/well) and treated with curcumin for
12 h. Then, 10 ul (0.5 mg/ml) of MTT was added to
each well, followed by incubation at 37°C and 5%
CO, for 2 h. The supernatant was removed, 100 pl
of dimethyl sulfoxide was added, and the absor-
bance was measured at 490 nm using a UV MAX
dynamic microplate reader.

Flow cytometry

HK-2 cells were inoculated in a six-well plate
(2 x 10° cells/well) and treated with curcumin.
Then the cells were processed with the Annexin V
FITC Apoptosis Detection Kit according to the kit
instructions and analyzed using fluorescence mi-
croscopy and flow cytometry.

Transfection of siADAMTS18

HK-2 cells were transfected with ADAMTS18
siRNA or siNC as a negative control (Santa Cruz,
CA, USA) at a final concentration of 40 nM using
Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s instructions. The transfection effi-
ciency was verified by real-time RT-PCR.
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Enzyme-linked immunosorbent assay (ELISA)

A one-step ELISA kit (Thermo Fisher Scientific)
was used according to the manual. It included sev-
en steps: activation of sample plate, adding sam-
ples, incubation, washing, adding TMB substrate,
adding stop solution, and calculating the results.

Statistical analysis

Experiments were done in at least three inde-
pendent replicates, and the data are presented as
the mean + standard error of the mean (SEM). All
of the tested variables were normally distributed.
Two-way analysis of variance was run to analyze
the differences between the groups in the exper-
iments, after which Tukey’s test was used to de-
termine the statistical significance between two
groups (o = 0.05). Statistical analysis was per-
formed with SPSS software. P < 0.05 was consid-
ered statistically significant.

Results
Effect of curcumin on cell viability

MTT assay showed that LPS stimulation of
HK-2 cells significantly reduced cell viability (p <

0.05). After curcumin incubation, the activity was
significantly increased (p < 0.05) (Figure 1 A). Flow
cytometry showed that the apoptosis rate was sig-
nificantly increased with LPS induction (p < 0.05).
The apoptosis rate was significantly decreased
after the addition of curcumin (p < 0.01) (Fig-
ures 1 B-E). These results suggested that cur-
cumin had a certain protective effect against the
LPS-induced apoptosis of HK-2 cells (Figure 1 F).

Effect of curcumin on ADAMTS18

The expression of ADAMTS18 was detected
by RT-qPCR (Figure 2 A) and WB (Figure 2 B). In
the MSP assay of the level of ADAMTS18 meth-
ylation, curcumin had a demethylation effect on
ADAMTS18 (Figure 2 C).

Effect of ADAMTS18 on cell viability

HK-2 cells were transfected with siADAMTS18
or the blank control siNC. RT-gPCR showed that
the transfection was successful, and the expres-
sion of ADAMTS18 was significantly downregu-
lated by SIADAMTS18 (p < 0.01) (Figure 3 A). The
cells were divided into siNC, siNC + curcumin, si-
ADAMTS18, and siADAMTS18 + curcumin groups,
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Figure 1. The effect of curcumin on cell viability. A— MTT assay was used to determine the effects of LPS and cur-
cumin on HK-2 cells; B — Flow cytometry analysis of cell apoptosis in curcumin + DMSO group
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Figure 1. Cont. C — Flow cytometry analysis of cell
apoptosis in curcumin + LPS group; D — Flow cy-
tometry analysis of cell apoptosis in DMSO group;
E — Flow cytometry analysis of cell apoptosis in LPS
group; F — Comparison of apoptosis rates using bar
charts
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and each group was treated with LPS. Curcumin
significantly increased the ADAMTS18 activity.
Compared with the siNC group, the ability of cur-
cumin to improve the activity decreased in the
SIADAMTS18 group (p < 0.05) (Figure 3 B). Flow
cytometry showed that LPS promoted apopto-
sis, while curcumin reduced the apoptosis rate
(p < 0.01). There was no difference in the percent-
age of apoptosis induced by LPS between siRNA
groups (p > 0.05), but the protective effect of
curcumin was reduced in the siADAMTS18 group
(p < 0.05) (Figures 3 C—F). These findings suggest-
ed that curcumin increased the activity of HK-2
cells and reduced LPS-induced apoptosis, which
may be related to the increase in ADAMTS18 ex-
pression allowed by demethylation of ADAMTS18
(Figure 3 G).

Curcumin inhibits the expression
of inflammatory factors

ELISA was used to analyze the levels of IL-18,
IL-6, IL-8, and TNF-a. in the cell culture medium
of each group. The results are shown in Figures
4 A-D. The changes in IL-1B, IL-6, IL-8, and TNF-a.
were consistent with each other, curcumin sig-
nificantly reducing the expression of inflamma-
tory factors. With siADAMTS18, the expression
of inflammatory factors was still low after cur-
cumin treatment, but the reduction was smaller
than that in the siNC group (p < 0.05), indicating
that the ability of curcumin to reduce cellular in-

flammatory factors was inhibited by ADAMTS18
knockdown, which again suggests that curcumin
may protect cells through ADAMTS18.

Effect of curcumin and ADAMTS18 on
AKT/Notch pathways

To find out how curcumin inhibits the death
of HK-2 cells, the expression of AKT, Notch-1 and
Notch-2 was analyzed (Figure 5 A). The results in-
dicated that curcumin treatment of HK-2 cells re-
duced the levels of AKT, Notch-1 and Notch-2. With
SiIADAMTS18, the inhibitory effect of curcumin on
AKT, Notch-1 and Notch-2 was reduced (p < 0.01)
(Figures 5 B-D). In conclusion, siADAMTS18 atten-
uated the effect of curcumin interference.

Discussion

When inflammation occurs in PRTECs, they
promote the occurrence and progression of var-
ious kidney diseases by secreting inflammatory
factors and extracellular matrix, which are closely
related to fibrosis. The occurrence and progres-
sion of renal cancer are also closely related to
the inflammatory microenvironment and fibrosis.
Our previous studies in renal cancer found that
ADAMTS18 expression is closely related to the
occurrence, development, invasion, and metasta-
sis of renal cancer [11, 12], and it is hypothesized
that ADAMTS18 is also related to the expression
of inflammatory factors in renal cells, thereby
regulating the death of normal renal cells. The
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Figure 2. Effect of curcumin on ADAMTS18. A —RT-PCR of ADAMTS18 expression; B—WB of ADAMTS18 expression;

C — ADAMTS18 gene methylation level using MSP method
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In the treatment of renal inflammatory diseas-
es, traditional herbal medicines have been studied
in depth due to their large quantity, good safety,
and low price. Curcumin, a class of polyphenols
extracted from the rhizomes of turmeric plants,
has been identified to exert anticancer effects
on liver carcinoma and inhibit inflammatory dis-
eases in liver diseases [20, 21]. Mollazadeh et al.
proposed that in vitro and in a pre-clinical model
curcumin is able to modulate the disease patho-
physiology of conditions such as pain and neuro-
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degenerative diseases, bowel inflammation, and
allergy, but also of infections and cancer through
its effect on IL-10 secretion [22]. Shakeri et al. also
reported that curcumin as a hydrophobic polyphe-
nol compound extracted from the known spice
turmeric has different pharmacological effects in
both in vitro and in vivo models, which is capa-
ble of triggering autophagy in several cancer cells
[23]. Ahmadabady et al. found that curcumin can
improve LPS-induced oxidative stress and inflam-
mation in rats and protect cardiovascular function
[24]. Li et al. proposed that curcumin can reduce
LPS-induced accumulation of ROS in bovine mam-
mary epithelial cells, reduce the expression of in-
flammatory factors such as TNF-a, and reduce the
apoptosis rate [25].

Our research group has been working on the
inhibitory effect of curcumin on renal cancer for
the past 2 years and found that curcumin can in-
hibit the occurrence and progression of renal can-
cer by regulating ADAMTS18 and can inhibit the
release of inflammatory factors in the process. We
hypothesize that curcumin protects normal renal
cell activity by regulating ADAMTS18 to suppress
the inflammatory response.

Working from the above hypothesis, this study
demonstrated that curcumin can inhibit LPS-in-
duced inflammatory lesions in HK-2 cells, promote
cell proliferation, and reduce their apoptosis rate.
Curcumin exerted a protective effect on HK-2 cells
by down-regulating ADAMTS18 methylation. Up-
regulation of ADAMTS18 restored normal renal cell
activity. This study found that the ability of cur-
cumin to improve cell activity was reduced after
ADAMTS18 knockdown, indicating that curcum-
in-mediated reduction of LPS-induced death may
require its regulation of ADAMTS18 expression.
ELISA showed that IL-1B, IL-6, IL-8, and TNF-a were
significantly reduced after curcumin treatment,
while the ability of curcumin to downregulate in-
flammatory factors was significantly reduced af-
ter ADAMTS18 knockdown, which confirms that
curcumin reduces inflammatory lesions through
ADAMTS18. Additionally, WB showed that cur-
cumin induced down-regulation of AKT, Notch-1
and Notch-2 levels, which suggests that curcumin
might inhibit LPS-induced PRTECs death by regu-
lating AKT/Notch pathways. This is consistent with
previous research results: Ying et al. discovered
that the AKT signal pathway is directly related to
cell apoptosis [26]. Hao et al. proposed that the
phosphoinositide 3-kinase (PI3K)/AKT signaling
pathway is implicated in multiple cellular process-
es, such as survival, proliferation, differentiation,
and apoptosis, and the PI3K/Akt signaling path-
way is linked to major degenerative diseases [27].

In conclusion, curcumin inhibits LPS-induced
PRTEC death by regulating ADAMTS18 methyla-
tion and AKT/Notch pathways.

Acknowledgments

This study was supported by grants from Na-
tional Natural Science Foundation of China (No.
82200740) and Beijing Traditional Chinese Med-
icine Development Foundation (No. QN-2020-03).

Conflict of interest

The authors declare no conflict of interest.

References

1. Luo CW, Zhou S, Zhou ZM, et al. Wnt9a promotes renal
fibrosis by accelerating cellular senescence in tubular
epithelial cells. )] Am Soc Nephrol 2018; 29: 1238-56.

2. Hu C, Zhao YF, Wang XC, et al. Intratumoral fibrosis in fa-
cilitating renal cancer aggressiveness: underlying mech-
anisms and promising targets. Front Cell Dev Biol 2021;
9: 651620.

3. Qin CR Yin HQ, Liu HX, et al. The significance of fibrosis
quantification as a marker in assessing pseudo-capsule
status and clear cell renal cell carcinoma prognosis.
Diagnostics 2020; 10: 895.

4. Joung JW, Oh HK, Lee S), et al. Significance of intratu-
moral fibrosis in clear cell renal cell carcinoma. J Pathol
Trans| Med 2018; 52: 323-30.

5. Landolt L, Eikrem O, Strauss P et al. Clear cell renal cell
carcinoma is linked to epithelial-to-mesenchymal tran-
sition and to fibrosis. Physiol Rep 2017; 5: e13305.

6. Yang WB, Qin CPR Han JL, et al. What mediates fibrosis in
the tumor microenvironment of clear renal cell carcino-
ma. Front Genet 2021; 12: 725252.

7. Nelson KM, Dahlin JL, Bisson J, et al. The essential me-
dicinal chemistry of curcumin. J Med Chem 2017; 60:
1620-37.

8. Giordano A, Tommonaro G. Curcumin and cancer. Nutri-
ents 2019; 11: 2376.

9. Larasati YA, Kato NY, Nakamae |, et al. Curcumin targets
multiple enzymes involved in the ROS metabolic path-
way to suppress tumor cell growth. Sci Rep 2018; 8:
2039.

10. Wei JL, Liu CJ, Li ZD. ADAMTS-18: a metalloproteinase
with multiple functions. Front Biosci 2014; 19: 1456-67.

11. Xu B, Zhang L, Luo C, et al. Hypermethylation of the
16g23.1 tumor suppressor gene ADAMTS18 in clear cell
renal cell carcinoma. Int J Mol Sci 2015; 16: 1051-65.

12. Xu B, Peng YJ, Ma BL, et al. Aberrant methylation of the
16g23.1 tumor suppressor gene ADAMTS18 promotes
tumorigenesis and progression of clear cell renal cell
carcinoma. Genes Genomics 2021; 43: 123-31.

13. Xu B, Zhu WJ, Peng YJ, et al. Curcumin reverses the suni-
tinib resistance in clear cell renal cell carcinoma (ccRCC)
through the induction of ferroptosis via the ADAMTS18
gene. Transl Cancer Res 2021; 10: 3158-67.

14. Xu B, Peng YJ, Zhu WJ. Curcumin inhibits the viability
of clear cell renal cell carcinoma by down-regulating
ADAMTS18 gene methylation though NF-kB and AKT
signaling pathway. Chin J Integr Med 2022; 28: 419-24.

15. Xu B, Yuan CW, Zhang JE. Curcumin inhibits proliferation
of renal cell carcinoma in vitro and in vivo by regulating
miR-148/ADAMTS18 through suppressing autophagy.
Chin J Integr Med 2022; 29: 699-706.

16. He Y, Ou ZY, Chen X, et al. LPS/TLR4 signaling enhances
TGF-f response through downregulating BAMBI during
prostatic hyperplasia. Sci Rep 2016; 6: 27051.

1830

Arch Med Sci 6, November / 2023


https://www.editorialsystem.com/editor/ams/article/344447/view/

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Curcumin inhibits lipopolysaccharide-induced proximal renal tubular epithelial cell death by regulating ADAMTS18 methylation

Du KT, He XG, Deng JQ. MicroRNA-16 inhibits the lipo-
polysaccharide-induced inflammatory response in nu-
cleus pulposus cells of the intervertebral disc by target-
ing TAB3. Arch Med Sci 2018; 17: 500-13.

Kuo FY, Lee SB Cheng JT, et al. The direct effect of Lipo-
polysaccharide on an isolated heart is different from the
effect on cardiac myocytes in vitro. Arch Med Sci 2019;
19: 216-28.

Giuseppe C, Alessandra S, Rossana F et al. LPS-binding
protein modulates acute renal fibrosis by inducing peri-
cyte-to-myofibroblast trans-differentiation through TLR-
4 signaling. Int J Mol Sci 2019; 20: 3682.

Mohammed ES, EI-Beih NM, El-Hussieny EA, et al. Ef-
fects of free and nanoparticulate curcumin on chemi-
cally induced liver carcinoma in an animal model. Arch
Med Sci 2021; 17: 218-27.

Buonomo AR, Scotto R, Nappa S, et al. The role of cur-
cumin in liver diseases. Arch Med Sci 2019; 15: 1608-
20.

Mollazadeh H, Cicero AF, Blesso CN, et al. Immune Mod-
ulation by curcumin: the role of interleukin-10. Crit Rev
Food Sci Nutr 2019; 59: 89-101.

Shakeri A, Cicero AF, Panahi Y, et al. Curcumin: a natural-
ly occurring autophagy modulator. J Cell Physiol 2019;
234: 5643-54.

Ahmadabady S, Beheshti £, Shahidpour F et al. A pro-
tective effect of curcumin on cardiovascular oxidative
stress indicators in systemic inflammation induced by
lipopolysaccharide in rats. Biochem Biophys Rep 2021;
25:100908.

Li RH, Fang HT, Shen JL, et al. Curcumin alleviates LPS-in-
duced oxidative stress, inflammation and apoptosis in
bovine mammary epithelial cells via the NFE2L2 signal-
ing pathway. Toxins 2021; 13: 208.

Ying CJ, Wang SS, Lu Y, et al. Glucose fluctuation in-
creased mesangial cell apoptosis related to AKT signal
pathway. Arch Med Sci 2019; 15: 730-7.

Hao LL, Alkry LT, Alattar A, et al. Ibrutinib attenuated
DSS-induced ulcerative colitis, oxidative stress, and the
inflammatory cascade by modulating the PI3K/Akt and
JNK/NF-kB pathways. Arch Med Sci 2022; 18: 805-15.

and AKT/Notch pathways

Arch Med Sci 6, November / 2023

1831



	_Hlk132442278
	_Hlk132442291
	_Hlk132442301
	_Hlk129691481
	_Hlk129693958

