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Kaempferol inhibited high glucose-induced oxidative stress and
extracellular matrix accumulation in glomerular mesangial
cells through regulating AMPK/NOX4 pathway
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Abstract : The purpose of the present research was to discover the function of kaempferol (KAE) in high glucose (HG)-in-
duced glomerular mesangial cells (GMCs) and the underlying mechanism. The HG model of GMCs was established in vitro.
Cell proliferation, reactive oxygen species (ROS) generation, NADPH oxidase (NOX) ,superoxide dismutase (SOD) ,malon-
dialdehyde (MDA) were studied using commercial kits. The expression of related factors in GMCs were detected by qRT-PCR
and Western blot. siNOX4, sip22phox and compound C were detected the effects of KAE on GMCs intracellular signaling
pathway induced by HG with Western blot. The interaction of KAE with Sestrin2 and AMPK wered studied by molecular doc-
king method. Results demonstrated that KAE significantly alleviated cell proliferation,reduced ROS,NOX,and MDA levels,
meanwhile enhance SOD activity in HG-induced GMCs. Besides, the production of TGF-81, Collagen IV ( Col IV) ,NOX4,
and p22phox were also inhibited by KAE. In addition, KAE elevated the expression levels of Sestrin2 and AMPK in HG-in-
duced GMCs. siNOX4 and sip22phox suppressed HG-induced ROS, TGF-81,and Col IV production, indicating that it might
be mediated by NOX4/p22phox signaling. Compound C reversed the protective effects of KAE towards HG-induced cell prolif-
eration ,ROS,NOX4,TGF-81 ,and Col IV in GMCs. These findings revealed that KAE inhibited HG-induced OS and ECM ac-
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cumulation in GMCs, which is partially mediated via AMPK/NOX4 pathway.

Key words : kaempferol ; glomerular mesangial cells ; oxidative stress ; extracellular matrix accumulation; AMPK/NOX4 pathway
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WE DRI TS T AAE | S 2R 30 W ) 1 s o 1) o 2
N LB N Bk Z A ( glomerular mesangial
cells, GMCs) Th e B % 7T LI AR 3 DN Jpg B AR ¥ & 4
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99.90% , HY-100965, | MCE A &) ) ; & R i E
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SO E YW BAR A R A W) 3 Compound C (4 Ji7
99.65% , HY-13418A, I i MCE /5 ) ; Anti-Ses-
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ACAGCAGTAAG ; TGF-B1, iF [i] GCAACAATTCCTG-
GCGTTACCTTG #1 /% [7] TGTATTCCGTCTCCTTGGT-
TCAGC; Col 1V, IF [i] GATTGTGGTGGCT CTGGCT-
GTG F1)Z [7] TCGTTCCAGGAAGTCCAGGTTCTC ; Ses-
trin2, 1F [i] GACAACCTGGCGGTGGTGATG #i J% [f]
CGTGTGCAGCAGCAGGTAGTG; AMPK, IF [a] GA-
CAACCTGGCGGTGGTGATG 1 JZ [i] CGTGTGCAG-
CAG CAGGTAGTG,
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JIr A £ dE UL Mean + SEM %7 SR H B R 7 22
53T (ANOVA) Zr By Z 41 [B) i) o ¢ 22 5= B4
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2 KEHER
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SE IG5, Qi 1a Bz, s A 6] 50 4 0
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T 1A I AR Ak, RZGR i KAE 34 40 i 8¢
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W EE (KAE) M S48 (HC) #5589 CMCs a8
Kaempferol (KAE) attenuated high glucose ( HG)-stimulated cell proliferation in GMCs

TE: (a) MTT 008 L A5 B3 GMCs i MEREPERY 20 ; (b) MTT 30058 (4% B3 %3 s S 1 GMCs AT . 5 NG H#,"P < 0.05; 5

HG 4, * P < 0.05, *

“P < 0.01, Note;(a) The effects of KAE on the cytotoxicity of GMCs were assessed by MTT assay; (b) The effects of

KAE on HG-induced GMCs proliferation were assessed by MTT assay. *P < 0.05 vs NG; * P < 0.05,** P < 0.01 »s HG.
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KAE attenuated high glucose ( HG)-stimulated ROS generation in GMCs

TE: (a) DCFH-DA ZEGHREE AL , (8 52 W MBS0 sk L 2% B X 4B P ROS 7= A 526 5 (b) FUEAR1SE i ROS /K. 5 NG He#k, ™

P < 0.01;5 HG %, ** P < 0.01, Note:(a) GMCs were treated with DCFH-DA fluorescent probe , and the effects of KAE on intracellular ROS
production were recorded by inverted fluorescence microscopy; (b) The ROS level was quantified by microplate reader. #*P < 0.01 vs NG;* * P <

0.01 »s HG.
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1004
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MDA (% of NG)

MDA & i B 1 3% /& s 280 KAE 435, & 35 10 )
NOX F1 MDA {& 4, @& 3c AI%0, 76 HG JlFET , 4
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49 SOD 1Pk, 26 B KAE i ok 22 (& [ e 25 1 47 4
20 it B 52 AR A A T

(¢
150

1004

50

SOD (% of NG)

51020 HGDPI NG  HG
HG+KAE (ug/mL)

5 1020

HG+KAE (pg/mL)

10 20 HG'DPI NG HG 5 10 20 HG*DPI
HG+KAE (pug/mL)

B3 LZEf(KAE) XS54 (HG) ES A/ GMCs 48R NOX MDA ,SOD H2Hm
Fig. 3 Effects of kaempferol (KAE) on NOX,MDA and SOD in high glucose (HG) -stimulated GMCs

TE - LR X = 5 19 GMCs 4iiE N NOX (a) \MDA(b) \SOD(c)

G5, 5 NG R, ™P < 0.01; 5 HG [#,**P < 0.01,

Note ; Effects of KAE on NOX (a) ,MDA (b),SOD (¢) in HG-induced GMCs. #P < 0.01 vs NG; ** P < 0.01 »s HG.
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B4 LEE(KAE) X & 48 (HG) RIS GMCs 9 ECM BIR400
Fig. 4 Effect of kaempferol (KAE) on ECM accumulation in high glucose ( HG)-induced GMCs
T () 4L R 1 5 40 AR 1 L 36 R R A pe/10° A4 5 (b e ) qRT-PCR 435K KAE 4 3%F TGF-B1 1 Col IV mRNA ik I 540 5 (d
~f) Western blot 43 5 #5:1l] KAE &b B X} TGF-81 F1 Col 1V & I # KM M, 5 NG HE,*P < 0.05,%P < 0.01; 5 HG [L#g,* P <

0.05,"*P < 0.01,

Note: (a) The ratio of total protein to cell number is expressed as p,g/lO5 cells; (b,c) The mRNA effects of KAE treatment on

TGF-B1,Col IV expression in HG-treated GMCs using qRT-PCR , respectively; (d-f) The protein effects of KAE treatment on TGF-81, Col IV

expression in HG-treated GMCs using Western blot, respectively. *P < 0.05,"P < 0.01 vs NG; * P < 0.05

, P < 0.01 vs HG.
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p22phox/GAPDH % [ HIx 2k fit

Il KAE X} NOX4 FI p22phox £k, 45 RFKW]
HG #l|# GMCs # NOX4 Fl1 p22phox A mRNA 14
FIKF-3R35 T KAE G241 NOX4 Fi p22phox
K(El 5a~d), T, KAE 0] LG 0§ NOX %
R DAY, R T A AR

b noxs S - —
GAPDH ----—-
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p22phox e '* - . -
GAPDH = cmme il S S s ss—
4.0
g
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N
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S
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Fig. 5 Effects of kaempferol (KAE) on NOX4 and p22phox expression in high glucose (HG)-induced GMCs

7 : (a.b) qRT-PCR Fl Western blot 43 5| £ l] KAE X} NOX4 mRNA F12& 5 ik i1

p22phox mRNA Fl2E £ B M5

L, 5 NG i, ™P < 0.01;5 HG [h#, P < 0.05,*P < 0.01,

505 (c.d) qRT-PCR FI Western blot 43 51 45 il KAE X}
Note: (a,b) The mRNA and protein

effects of KAE on NOX4 expression in HG-induced GMCs using qRT-PCR and Western blot, respectively; (¢,d) The mRNA and protein effects of

KAE on p22phox expression in HG-induced GMCs using qRT-PCR and Western blot , respectively. #P < 0.01 »s NG; * P < 0.05, *

2.6 ILIZEEI HG S A GMCs i Sestrin2/AMPK
A
T KAE ERIR 43 F-HLE], 3RAT48
A qRT-PCR FlI Western blot J7 % #ff 1A Sestrin2/
AMPK HESIEES 5. I 6a ~d AT, 5 NG 414
L, HG HlJE A i) Sestrin2 A1 P-AMPK 3K ; A KAE
J& ,Sestrin2 1 P-AMPK 753k i 27} 25, %0 KAE 1] L)
T Sestrin2/ AMPK 38 [ &3 EHTSAAAER]
2.7 siNOX4 F sip22phox #1#] HG % 5:H GMCs
ROS #1 ECM #RE
N T R FE NOX4/p22phox 1E 53 T HLii HHAEHT,
FATFI A siNOX4 Fil sip22phox /N T3 RNA ¥ HG
BEH GMCs th NOX4 H1 p22phox JLER, 4%, )

“P < 0.01 vs HG.

JH Western blot A6 il 35 K T BRA5CR: , 5 NC ONT A 1,
siRNA [&{[k NOX4 F1 p22phox ik (WK 7a ~¢),
HYKAMTE HG F77E T, siNOX4 FlI sip22phox X 2
JfL P ROS JK-F-52mi, 4 7d e fiz, 5 HG ZHAHLL,
siNOX4 F sip22phox HH  #14H ROS y=4:, H A 7f
~1i AJ 1, siNOX4 Fl1 sip22phox F&fE T TGF-B1 F1 Col
IV R AKF, UGS HG 75549 ROS F1 ECM
FAZ, AT e T NOX4/p22phox (55435 i,
2.8 Compound C FHEH ILEEXT HG FH S GMCs
RIFER

% £ 5| AMPK 25 KAE X HG 5519 GMCs
YER, AT 14 ] Compound C 1] AMPK 3K, %%
HFEH] . Compound C %% KAE X HG 5549 GMCs
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Fig. 6 Effects of kaempferol (KAE) on Sestrin2 and AMPK expression in high glucose (HG)-induced GMCs
7 :(a.b)qRT-PCR 1 Western blot 43 5|5l KAE X} Sestrin2 mRNA Fl#E H £ kA5 ; (¢.d) qRT-PCR F1 Western blot 43 5| %5il] KAE X
AMPK mRNA I RE WM, 5 NG H#,*P < 0.05,%P < 0.01; 5 HG H#," P < 0.05,"* P < 0.01, Note:(a,b) The mRNA and
protein effects of KAE on Sestrin2 expression in HG-induced GMCs using qRT-PCR and Western blot, respectively; (¢,d) The mRNA and protein

effects of KAE on AMPK expression in HG-induced GMCs using qRT-PCR and Western blot, respectively. P < 0.01 vs NG; *P < 0.05,**P <
0.01 vs HG.
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Fig. 7 Effects of siNOX4 and sip22phox on intracellular ROS and ECM accumulation in high glucose (HG) -induced GMCs
T (a~c) HIAEME SiRNA(NT) siNOX4 F1 sip22phox 553 GMCs, Western blot il NOX4 1 p22phox (178 [1 32347k 7 5 (d) DCFH-DA %5
PREHE R AN , 1808 O B BT sk LU AR B X AL P ROS P2 A RS2 5 (o) FIBERRCE Bt ROS 7KF5 (£ ~ i) Western blot #6:l] TGF-B1 (f,h)
1 Col IV (g.1) AR EFRILKTE, NG P < 0.05,%P < 0.01; 5HG H#,*P < 0.05,*"P < 0.01, Note:(a-c) GMCs were trans-

fected with nontargeting siRNA (NT) ,siNOX4 ,sip22phox, and then the protein expression levels of NOX4 and p22phox were determined by Western
blot; (d) GMCs were treated with DCFH-DA fluorescent probe,and the effects of KAE on intracellular ROS production were recorded by inverted fluo-
rescence microscopy; (e) The ROS level was quantified by microplate reader; (f-i) The factors of TGF-81 (f,h) and Col IV (g,i) were examined by

Western blot. *P < 0.05,%P < 0.01 s NG;*P < 0.05,**P < 0.01 vs HG.
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Fig. 8 Compound C reversed the protective effects of KAE against high glucose
(HG) -induced cell proliferation,OS and ECM accumulation in GMCs
T« (b) MTT IEAG I AR HE5E ; (o) FREFRAINE ROS 7KF-; (a.d ~ g) Ji] Western blot #6:l] AMPK(d) \NOX4 (e) \TGF-B1(f) Col IV(g)

K5 (i) RS FRHE LR T KAE 5 Sestrin2/AMPK AR EfE . 5 NG 4, P < 0.01;5 HG H#,

P <0.05,""P <

0.01, Note:(b) The cell proliferation was assessed by MTT assay; (¢) The ROS level was quantified by microplate reader; (a,d-g) The protein lev-
els of AMPK (d),NOX4 (e),TGF-81 (f),and Col IV (g) were determined by Western blot; (h,1) Molecular docking methods were used to

study the interaction between KAE and Sestrin2/AMPK. P < 0.01 s NG; *P < 0.05,** P < 0.01 vs HG.
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