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[{BZ] B - FE %5 5 N T-1a (hypoxia inducible factor-1o,, HIF-1a) 1] 5] YC-1 % /N BURE IR % 15 (diabetic
nephropathy, DN) iFREAIFZI SIEENL . F7iE - 8 10 R A HEYE db/db /R, (DNARED) FifR)s LT (WT) /M3
T YC-14r a4, BIWT4 . WT+YC-141. DB, DB+YC-141, £#6 2. YC-1 FHidlFLLYC-1 (20 mgkg, 1
w/d) MRS 8 JE, AE T WdLmInt 7 DL AF A L R i e . TR JEJE , AN /NBRmAs . IR BT AV e &, JF
AR IS . PRI . B ALSARAS . Kl /N BURLULEF . PR 12 (1/WLEFEE (urinary albumin-to-creatinine ratio, UACR) . BRHHHL
2 i B i B AH S I 32 3 25 I (neutropil gelatinase-associated lipocalin, NGAL) 7K. 'BHEAT 73 AKG-H4L (H-E) #efa |
TILR-F5 R (PAS) YLt AU P07, S8 (Masson) L@ knM2f A bihil, feiEd b (Gapedifb) s 1

B JF 4B 11, Western blotting 46 I a-F- ¥ ILILEI 2 11 (a-smooth muscle actin, o-SMA) 7K % 21 1k 1% Fil Western
blotting £l HIF-1a %A ; TUNEL 44 (51 Western blotting 6 I 20 M 8 77K~ 5 3700 S0kl ' J0E e Ak P 5 AL i (superoxide
dismutase, SOD) {&PEMIN % (malondialdehyde, MDA) % 4t; Western blotting #6304 5 [ N/ #{ (endoplasmic reticulum
stress, ERS) Prii¥y oy ekiE A HEEE45 A5 E N (immunoglobulin heavy chain binding protein, BiP; XK GRP78). WEliafbE
P14 B P9 )5 5 - (phospho-protein kinase R-like endoplasmic reticulum kinase, p-PERK). & PERK. #§fRfk AL IA
F 20 (phospho-eukaryotic initiation factor 2a, p-elF2a) . Ji&lelF2o., #6555 KT 4 (activating transcription factor 4, ATF4)
FIC/EBP [ & (C/EBP homologous protein, CHOP) [Y3Rik., 4R - 5 WTAI/NEAML, DBA/NR A=, HIhhe
TR, N AR AL AN, VR HIF-10 3205 . SUEROOM ERS S AR EE g . 15 DBAL/NEAH L, DB+YC-141/)h
RUMBE I BAS ML, (/AR & . MWLEF . UACR. JRNGAL K- 3 T B, B AR BRB 45 Fn 41 4 {0 R B 38 2 i %,
I BV SRR A o-SMA 3Rk B REAR, W AE HIF-103R3K B FREAL, B AE TUNEL PHPEANA SR>, AR T2 BAX FlE fk
MIMERE T (cleaved caspase-3) ik TN, MEIMTHEE BCL-2 KB WETHE, Bk SOD & W T, MDA
I E MG, B E ERS AR GRP78, p-PERK. p-elF2a, ATF4FI CHOP £ik i % T (¥ P<0.05). 45if - HIF-1a i
FYC-1 565 B DN /N BUE I A0 A0 0 ORI ERS 1Y 578 80T 400 T 4 6 00 0 B AR Ak, R I B 4, ORI
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Renal protective effect and mechanism research of hypoxia inducible factor-1a inhibitor
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[Abstract] Objective-To investigate the effect of hypoxia inducible factor-la (HIF-la) inhibitor YC-1 on the progression of
diabetic nephropathy (DN) in mice and the potential mechanism. Methods- Ten-week-old male db/db mice (DN model) and their
nondiabetic wild-type (WT) littermates were divided into 4 groups (n=6) according to whether treated with YC-1 or not: WT group,
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WT+YC-1 group, DB group, and DB+YC-1 group. The treatment groups were intraperitoneally injected with YC-1 (20 mg-kg™)
once a day, while the non-treatment groups received the same volumes of DMSO injection. After a total of 8 weeks of intervention,
blood glucose, body weight, and kidney weight of all mice were measured. Serum, urine and kidney tissue samples were harvested.
Serum creatinine, urinary albumin-to-creatinine ratio (UACR), and urine neutropil gelatinase-associated lipocalin (NGAL) levels
were detected. The kidneys were stained with hematoxylin-eosin (H-E) and periodic acid-Schiff (PAS) to observe the pathological
changes. Masson staining was used to detect fibrosis, collagen- 1 was detected by immunohistochemistry, and o-smooth muscle
actin (o.-SMA) was detected by Western blotting. The expression of HIF-la was detected by both Western blotting and
immunohistochemistry. TUNEL staining and Western blotting for apoptosis-related proteins were used to observe the cell apoptosis
level. Superoxide dismutase (SOD) activity and malondialdehyde (MDA) level were detected by the kits. Endoplasmic reticulum
stress (ERS) markers, including immunoglobulin heavy chain binding protein (BiP, also known as GRP78), phospho-protein kinase
R-like endoplasmic reticulum kinase (p-PERK), total PERK, phospho-eukaryotic initiation factor 2a (p-elF2a), total elF2a,
activating transcription factor 4 (ATF4), and C/EBP homologous protein (CHOP), were determined by Western blotting. Results*
Compared with the WT group, the DB group showed significant rise of blood glucose, loss of renal function, severe kidney
histopathology injuries and kidney fibrosis, increase of renal HIF-1a expression, and aggravated oxidative stress and ERS. Whilst
there were no significant changes in blood glucose, YC-1 treatment notably reduced kidney weight/body weight ratio, serum
creatinine, UACR, and urine NGAL levels in db/db mice. YC-1 treatment ameliorated kidney histopathology injuries and kidney
fibrosis, and decreased the expressions of collagen- I and a-SMA. YC-1 treatment also reduced the number of TUNEL positive
cells, the expression of HIF-1o and pro-apoptotic proteins including BAX and cleaved caspase-3, and MDA level in the kidneys of
db/db mice, while promoting anti-apoptotic protein BCL-2 expression and SOD activity. The expressions of ERS markers GRP78, p-
PERK, p-elF20, ATF4, and CHOP were likewise significantly decreased in DB+YC-1 group. Conclusion*HIF-1o inhibitor YC-1
inhibits oxidative stress and abnormal activation of ERS, improving cell apoptosis and fibrosis in the kidneys of DN mice, which
would attenuate the aggravation of pathological damage and loss of kidney function.

[Key words] diabetic nephropathy (DN); hypoxia inducible factor-la (HIF-1a); oxidative stress; endoplasmic reticulum stress
(ERS)
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. DN ERHLEIE 4, HE= A8miETF
Bro TEm I . SAE . AN AT 2 R BRI R 194
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Lepr®™®) J )55 B A= B/ (CSTBLKS/J-Lepr™™")
W AT AR AE R A BRA F] (L8 3h%)
AP VFRNIEYS S SCXK (F57) 2019-0009], 1R T L
VG K R A B MR SR S AR E B sh P s [58
B3 di HF ATIES o SYXK (1) 2011-0128]; 4
FR IR h 22~26 °C, AHXIRIE 40%~70%, 12 h/BK
TR, HHEEETOK.

1.2 LA S LAY

YC-1 (S7958, & Selleck), DMSO (A610163,
AT, /NEUF S (1 ELISA U7 & (E99-134,
% [ Bethyl) , JJL AF il % & (DICT-500, £ [
BioAssay Systems) , /I H H4RL 20 i B i 7 AH G R
iz 34 [ (neutropil gelatinase-associated lipocalin,
NGAL) ELISA & (JL11556, L3 Y),
FOLR A I oA IR & (87110, SE[E Sigma),
g 5k AL P YN — %  (malondialdehyde, MDA)
iR & (S0131, RlEHE R K), S A YE
AL (superoxide dismutase, SOD) Vi P4 46 M3 57 £
(so101, Ebi#EEZ=K), B-LZhEH (B-actin) Hi
sLREPLIR (#8457, 2L [E Cell Signaling Technology) ,
[ AU 5 (collagen-1 ) L ralEdiik (A1352,
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R EMHEE), a-FHNIZIENA (a-smooth
muscle actin, a-SMA) HIETEESIA (A17910, =
WEMHAE), HIF-la 2 SR (20960-1-AP,
I =), SR R E A (cleaved caspase-3)
R % 55 BE BL K (#9661, 3 [ Cell Signaling
Technology) , fi& ¥4 T= #& 1 BAX % . v f& it 1k
(A19684, B ZMAE50), Ml JH - % H BCL-2 4
HOTE OBE BT MR (#3498, 3 [H Cell Signaling
K EDEHELSEGEHEA
(immunoglobulin heavy chain binding protein, BiP;
Sk GRP78) #y s BE UK (#3177, 2 [H Cell
Signaling Technology ), R fk &% 171 J3 Bl A P J5 0 93
fi#  (phospho-protein R-like
reticulum kinase, p-PERK) i £ 7 [ BU /& (PAS-
37773, 3% [® Invitrogen) , PERK R B 5% [ 4 K
(#3192, F2[H Cell Signaling Technology) , iz fk B
¥ k2 4R IH F 2o (phospho-eukaryotic initiation factor
2a, p-elF2a) H B 50 BE PR (#3597, & [ Cell
Signaling Technology) , elF2a it £ 7 [ $i 1K
(A0764, mt DL % M % 50 ), BIE ok N 1 4
(activating transcription factor 4, ATF4) 45 v Pt
& (#11815, 3% [& Cell Signaling Technology) ,
C/EBP [f] ¥ &
CHOP) RZviEDIA (15204-1-AP, RIL =),

MAFAL S B R4E (Performa, Jii+: Roche), H
FRF (Quintix224-1CN, f&[% Sartorius), 1EE %6
B (BX43, H K Olympus), fEFR{L (Synergy
H1, SE[E BioTek), WHMTEE(L (JXFSTPRP-CL, L
S ), &AM OB RS (4600, I
HRAE)

Technology) ,

kinase endoplasmic

(C/EBP homologous protein,

1.3 985 ik

1.31 i esnsy KB AR/NR (WT) #
db/db/NEL (DB) Ff#LA M 44, BPWT4L, WT+YC-1
4. DB4L. DB+YC-141, fdle X, @M HMRFESE
10 i #& )5, YC-1 b R4 /NELT LA YC-1 (20 mg/kg,
LR/d) MRS, WT41R1 DB 41/ 7 DLAF R L
LA (DMSO) WM TESS . A ARG /N B4 o
PIAs 2y, B s A,

1.3.2  IibE, RFEGIAPRACRSE BT s
Ji, /B I8 S B R A S i L b, B S RO
JUE VI A BB /N B, 0T B O WS R AR A, B
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T —80 CCURAE o 15 5 ) 8 o A P s PR e, Bl
Je B 2 B s B R O BT IARAE, TR
4% Z B R E

1.3.3 JREM . JRNGAL FUMLULEF A 85 i 3 A
PRI bW W RS, SR ) ELISA A6 bR e 1 28 (A
FINGAL % i, NGAL Z—FRI &, 121 B E s
B /N T ST 05 B PR A 2 bR i, DRI NGAL
(1475 B BB f1% S Bt DN B /INE I S0 405 7. SRR £
R ML WLEF (serum creatinine, Scr) . JRALEFZKF-.
PRAE 7R R PR 1A R H/WLEF G (urinary albumin-to-
creatinine ratio, UACR) . i R Il 25 5 7™ 4% $ic I 3
&l BT

1.3.4 B HLURIARARIERI 22D 2R
FH S [T 2 1) B L UK A TR BB K | e B
VIR, B 5 2R AR [ G B B E ) R 43 A T 2R A
-4 (H-E) Yo | o ilfiR-35 Kk (PAS) Hefa A
Fy (Masson) Befr, A HU/NREAEEE (x400) T
Bifi AL 3 B 10 AN [A] 9L F E 4740 4% o >R HH Image-Pro
Plus 6.0 2 {F 0N & B /NER TET BRI PAS FHPE X B, I3
B /NER R IR PESY  (PAS BHA: DX Js/ 5 /N ER 1 FH <
100%) o B /NEBIE S B Y, 24
WL 53 LS B /INAE [ Joit XSO R A7 2 2 i P45
04y, B/NERFRIER ; 14, B /NG F 45 X 3
o L L <10%; 2 43, 45 5 DX R B 10%~
<25%; 343, WA XA AL 25%~<50%; 443, i
3 DX T 50%~<75%; 543, 5405 X3 R >
75%.

1.3.5 AU A A W R ST AR
U5 )5 R H EDTA $T )7 g Z ik rhi g =2, IR A
3% it AL EE A T A AL . ] 10% LU =F 1 7 PBS
WW AT E MG, 4°CF—MWEFER. BEiRE
PBST ¥&¥, M8E —Hi)5 HIK PBST#¥%. i1 DAB
BRI BLZRRTASNEDIVN B/ -E I =P 2 B L3
K, IR E R B WSO

1.3.6 B E TUNEL 4Lt £ 05 U] Fr 28 5k 6 52 JId
Jei AR B K EAT AL BE, PBS 135k Ji i n - 45
W ORI FE RS BEREE 1 hJE AR B A 1
SN . PBSTEUESG LAl & iR ME E , 55 DAPI Y
BatE . SRAZOE BB WS I . ek
LA, A% PN 0 ' SURE 14 48 R 9 T B P
Y, RRA/NREARSE (x400) T BEALEER 20 A
() W0 P AR AT, R0 B PN O T P 4 B AT
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1.3.7 'B4HZISODENE . MDA KA B e i 2H

SUFBE SIS, SR WST-8 (—FlK M umeEh ) 3
Kl SOD & 1, RGARE FLZ i (TBA) A
B ZHZUMDA &, ST R A T P A i B B i
BT

1.3.8  Western blotting K | £ [ £ ik i FRIGE &
R R SBE S AT, kPR (BCA) ¥
FE S T o 30 pug AT AR A 10% 2N 9 T
e RS LUk o B8, 2 Tk 5 I % PVDF . SR
5% 2RI HEH (BSA) /) TBST K £ )5 4 °C
— P E SR, %, W ERERER. R
FH ECL &6 B AL 3% 9048 . 1 FH Image] #X 14
XiF K Ak E AT K BEAE E i, DA SR 1 Bactin
o HoAth & 38 R (AT R AL, S5 SRR R b Ak M
XF IR

1.4 Hil“Fnbr

fii il GraphPad Prism 9.0 %X {4 F11 SPSS 22.0 %k {4
XTECHE HEAT Bt o B A4 1. i R OR O Xt
s-, Ff >k H Shapiro-Wilk i % Fll Levene i % i 17 1F

F1 YC-13f WT F db/db /N — AR 15 R A0 B ThBEFEFRAI RSN (n=6)

2023, 43(9)

YR ZF R, IEA M B A 25T
BOE SR FHAUH £ 7 225081 (Two-way ANOVA) Al
Tukey 2 & AL HEAT 41 0] 22 S M0 A, Rl 2 IE
53 A1 87 22 55 VE 1 B 2R ] Kruskal-Wallis £k FAS
55 F1 Dunn £ T BG4 Wk F 47 4L ) IE S 8BSt .
P<0.05 %m 255 BA G EE L.

2 R

2.1 YC-1%F db/db /I ELFF D fié 15 b5 03 5%

W s R Bon, 7E/N L 18 JH I, DB 41/ il
F14) A% J5 0 I B S T WT /N R ARBE /N RROE
BEAT ARSI IS, FeAi] %P1 DB 4 /)N BB /A B L
Scr. UACR Fl1BR NGAL /K- 3 Tt o 76 % 2L f 1]
8 JE YC-1 M8 a5 T 95, DB+YC-141/ B4R B
. Ser. UACRFIJR NGAL K-35 R, R},
YC-1 B 1 AR XT db/db /Iy B A A 5 £ 1 il B 7 A= 5
M, XFF WT/NEL, YC-1 %A 1 R/ B KR
AT DI REFE AR I AL . LA AR,
YC-1 fiE 9% & ¥ ok % db/db /N B ) RE B9 %
b (F1),

Tab 1 Effect of YC-1 on general physical signs and kidney function indexes in the WT and db/db mice (n=6)

Index WT group WT+YC-1 group DB group DB+YC-1 group
RBG/(mmol-L™) 8.10+£0.39 8.25+0.43 28.57+1.18% 29.15+1.29%
BW/g 27.47+0.58 25.98+0.65 56.72+1.05" 54.53+1.027
KW/BW/(mg-g™) 9.97+0.23 10.19+0.23 12.25+0.22% 11.31+0.147%
Scr/(mg-dL™) 0.239+0.010 0.263+0.012 0.473+0.017% 0.414+0.0162%
UACR/(png-mg™) 61.68+12.18 67.46+10.71 1445.61+63.10" 663.94+60.1972
uNGAL/(ug-mL™) 23.70+1.09 23.04+0.95 118.66+2.98% 86.02+3.441%

Note: RBG—random blood glucose; BW—body weight; KW/BW—kidney weight-to-body weight ratio; uNGAL—urine NGAL. ©P=0.000, compared with

the WT group; 2P=0.023, ®P=0.039, compared with the DB group.

2.2 YC-1Xf db/db /5 Wi B 3 1 5% il

HLVE AT, H-E Fl PAS 4% {3, 5 7% db/db /) i,
BT BH 0 /N BR R R TR R IR I g A
AN = AN EE L DD iR i) R i = (S &Y 88
JT VP 43 R /N 405 T A AR WT /N BT B 0
YC-1 f4F Fi i 52 1 db/db /N SR B0 B3
FEAR T B /N BR &R RS 0T 0F 43 A1 N A4S R OF
g (E1).
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2.3 YC-1%} db/db /Iy BUFF ELT 4 AL 1R 53 Wi

'Bf 2T 4 Ak DN 822 ()5 BRARAE , 12 DN 1]
ESRD i J (1) S 4, UL FRATTRI 1T YC-1 %) db/
db /NEUE IR defb i 52 ) (&12) . Masson 4 (1 1
7, db/db /N /NVE R B IR AR e i £, YC-1
(T ek 3 1 RS IR T AETORL . T U AR (2
JE S LT 2 1 Ty, e AUk (e dlib)
S5 9% R db/db /N BB IE T 700 fi J5 2K P BE P T R
B, WM YC-1 s> T T AR R A Rk
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1 []

WT  WT+YC-1 DB  DB+YC-1
group group group group

A ST T 1o R Y C-1 B B TR B M BB BERR G5 pL kB3 | 1093

DB+YC-1 group

Tubular injury score/point

N
WT  WT+YC-1 DB DB+YC-1
group group group group

Note: A. Renal histology evaluations of different groups were performed with H-E staining and PAS staining (%200, scale bar=50 wm). B. Mesangial matrix
index expressed as the ratio of mesangial matrix area to glomerular tuft area. C. Analysis of tubular injury score. “P=0.000, compared with WT group; ?P=

0.000, compared with DB group.
E1 YC-13fdb/db /MR B REE R RRIRIR T IT

Fig1 Effect of YC-1 on kidney histopathology injuries in the db/db mice

a-SMA J2 [B] B Re s PR AR 1, 2 IR 2F 2 1k ) o 22
Fri&i® . Western blotting 25 538 B, db/db /N )L JIE
a-SMA FHAMEWT/NRBEW L, 1 YC-1 588 T
i a-SMA [ I RiE . P45 RHR, YC-1 g4
2% db/db /IR IELT Ak

2.4 YC-1Xf db/db /s il ¥ Ui HIF-10 4 35 [ 5% Wi

YC-1 J& HIF-1o £ SN I . 4 7 I8 YC-1
A T E HIF-1oc A RIVE AT, FRATT 38 0 S e 4
A& 1 Western blotting £l 1~ HIF-1a 1 35 o 45 R E
52, YC-1 11 WT /N BRI db/db /I BRUE B HIF-1a
MFIR R E TR (K3),

2.5 YC-1 %} db/db 7] BB Dk AIHL 8 12 1 5 i

AL JE T2 DN ZH 2L 05 AV D RE S A i dE 225k
AR . TUNEL 4 5 75, db/db /) B JIE
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TUNEL 4% (4 FIPEA A Eci W R 2, 1l YC-1 19 T
W T T AR (K14A) . Western blotting
7~ db/db /) B 4 T 8 F cleaved caspase-3 I
BAX Rk % THiE . HUIH T8 1 BCL-2 &3k i % %
I8, YC-1 BT Hldi 5% 7 8 - M 5C3E H i 57 W 3Rk
(K 4B) ., X5 RN, YC-1 REMZFFAR db/db /N R
5 e A L T K

2.6 YC-1%f db/db /] B BF WS Tk 17 355 1 5% iy
MDA J& U A0 I 8075 5 B o ik Ak ™ AF 1 e ™
Yy, i SOD &N EZ A A HEETE T, MDA A
SOD [1] {1 2% fi BE A% 2 1t 240 it 42 A P ARk, Fk
fIIRB, HETWT/NR, db/db/NREIE MDA & &=
WE LT, SODWEM:WE T YC-1 /T gk
5 MDA I 55 4 1 SOD YBE M (322), kiR
YC-1 % i 2435 db/db /)N BUEF ISR AR IO 38

A R AR (2R ) |, 2023, 43(9) (Gl
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Masson

£ 151 o) ?
s T
<
< @
WT WT+YC-1 DB DB+YC-1 E —
group group group group L10F T I
G
=]
X 42000 >
aSMA| — — — —
£ 05
Zo.
B-actin| eee-—— . GE———  G——— W— /2 000 E
o
e
=
2 0

WT  WT+YC-1 DB DB+YC-1
group group group group

Note: A. Extracellular matrix accumulation and collagen fiber deposition were determined with Masson trichrome staining and immunohistochemical staining of
collagen- I (x200, scale bar=50 pm). B. Western blotting analysis and quantification of the expression of the profibrotic molecule a-SMA. “P=0.000, compared
with the WT group; 2p=0.009, compared with the DB group.

2 YC-134 db/db /]y iR 15 R £F 44K B9 220

Fig 2 Effect of YC-1 on kidney fibrosis in the db/db mice

-
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WT  WT+YC-1 DB DB+YC-1
group group  group group

Note: A. Immunohistochemical staining of HIF-la in kidney tissues (x200, scale bar=50 wm). B. Western blotting analysis and quantification of HIF-la
expression. "P=0.000, compared with the WT group; ?P=0.000, compared with the DB group.

3 YC-13f db/db /)R 15 BE HIF-10 3R 3% 89 5400

Fig3 Effect of YC-1 on HIF-1a expression in the kidneys of db/db mice
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WT group WT+YC-1 group DB group DB+YC-1 group

TUNEL---- 1
DAPI

0 WT WT+YC-1 DB DB+YC-1
Merge group  group group  group

1©

Number of TUNEL positive cells

B
WT WT+YC-1 DB  DB+YC-1 25 O
: WT group
rou| rou rou| Tou|
group group group group N B WT+YC-1 group
i B DB group
Bax| W s A @ |21 000 20t O DB+YC-1 group
‘? @
g
i ERE
BCL-2 ———— ‘ 25000 3 .
=}
£ 107 5
cleaved m . a 19 000 § ®
caspase-3 . . 17 000 05k
B-actin - - - - 42000
[ BAX/BCL-2  cleaved caspase-3/B-actin

Note: A. Representative TUNEL staining photographs (x200, scale bar=50 wm) and quantification analysis of TUNEL positive cells under each high power
field. The data are presented as boxplot. B. Western blotting analysis and quantification of the expression of BAX, BCL-2, and cleaved caspase-3. UP=0.000,
©P=0.004, compared with the WT group; 2P=0.011, “P=0.000, ®P=0.021, compared with the DB group.

4 YC-1% db/db /MR 15 AEZH REE T- B 20

Fig4 Effect of YC-1 on cell apoptosis in the kidneys of the db/db mice

R2 YC-13t db/db /N B B S AL B2 B R0 (n=6)
Tab 2 Effect of YC-1 on oxidative stress in the kidneys of db/db mice (n=6)

Index WT group WT+YC-1 group DB group DB+YC-1 group
MDA level/(nmol-mg™) 6.69+0.53 5.78+0.82 14.05+1.56" 9.65+0.71%
SOD activity/(U-mg™) 117.28+11.90 115.29+6.72 41.7143.19% 79.40+2.52%

Note: :"‘P=0.000, compared with the WT group; ‘2P=0.024, ¥p=0.007, compared with the DB group.

2.7 YC-1%F db/db /I BUFF JUE P 5T 19 15 388 1 535 Wi (520 . Western blotting 455 {227, db/db /)y il ERS

5T R ) % (endoplasmic reticulum stress, ERS) ¥ & ¥ GRP78. p-PERK. p-elF2a. ATF4 fl CHOP
JEAMMUET R EEAN, 5 DN RS TIAIE FKikBES R, YC-1WTEZE T T /NS IE4
PG, FATTE— LA T YC-1XF db/db /NRUEIEERS  ERSHRAEHIARH RIL (E5).
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B-actin
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[~
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A
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140 000
140 000
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B
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|

GRP78/B-actin  p-PERK/t-PERK

p-eIF2a/t-elF2a

ATF4/B-actin CHOP/B-actin

Note: A. Representative Western blotting bands. t-PERK—total-PERK; t-eIF2a —total-elF2a. B. Quantification of Western blotting bands. “P=0.000,
®P=0.035, compared with the WT group; 2P=0.011, ®P=0.000, “P=0.002, “P=0.048, compared with the DB group.

5 YC-13fdb/db /N EAE ERS B9 00
Fig5 Effect of YC-1 on ERS in the kidneys of db/db mice

3 idie

DN (W AR AL A2 2%, 5 B el . R DA LA ¢
A=) (advanced glycation end products, AGE) 2
. RIS KKK RS (renin-angiotensin system,
RAS) #f, DLRARAE . AN IS 2 R 2L [E] 1R
FH P s N 2 /N ER B AT A2 B, T
50 i RO B, AR BUB IR I RIS
SR RN 3 o I 2054 52 450 R T RE A 1) S B A
2, WRIMESN ST s, & ESRD [

AR M DR, B A0 O S — £ )3
F N LA o7 o) 55 AR o AR 2D

HIF 2 2 it 5 17 (e 420 DA A 3 1 480 R 2 1) T B e it
Bl ', & HIF-o fIHIF-B 2 354 %, Hirp
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HIF-o 2 HAG PR . ECRAE T, HIF-a 52 2l
Wt fkmE (prolyl hydroxylase, PHD) HIVZ - [ g
SRR BLECIRE T, HIF-o i M it 72 2
BH, F2E M HIF-o BES AKX 5 HIF-B3ERE, B EA
BE TS PERY HIF ', HIF-o 45 3 Fh A [ 9 31 770
HIF-la, HIF-2a, HIF-3a, H:, HIF-la J2 40 i Hit
SR0E I SO A BIR B P, A Bl SR B S O T
N lE— RS0 R AR R 4 B R HIF-1o 5
EAEMMSE, EE/NENEREILHTZ ", HIF-1a
e T RE R WM . — i, HIF-1a BB
0 B AR, 5 20 D R 1 3 N ) A A g
Hs H—J7 i, HIF-la A48 . SR LT 4E1LHLkm
# CKD ik =17,

BEFERFSE 5% FW], HIF-1a 5 DN # 3 J& 25 4]
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1. DN 3 A DN S5 28 ¥ JIEH HIF-1a 23k 5
B Thm O SR O B HIF- 100K 5 S L 40 % 2E
| Jz -8 75 i %% 4k (epithelial-mesenchymal transition,
EMT) . ZHJE-E AR 3E00 . 2 21 2 R4 e 1 ) i e
i, RO AT REZ AR 1 A/ NV B, HIF-
Lo BESE IO RAE T A A AL N 3, (2B /NVE EMT
FRIBT 2 £F 44k, T34 i DN /) BP0 bR 64 B
(unilateral ureteral obstruction, UUO) #& % 5 B
i 1T A, HIF- Lo A 85 0 E W 200 B 1 it
HE— 20 DN B S RE AZF 4k L AL A 3
Ik 454381 (weighted correlation network analysis,
WGCNA) 7R, DN B/ ) B HIF-1a £k 5
FHAR B /NER JE 39 2R (estimated glomerular filtration
rate, eGFR) RHAMIE, HLF4LE 5 RIEME Y,
A 52K F HIF-1oc 1 55 YC-1 % db/db /N FR2EAT T+
Wi, WLEEPHIT HIF-1o % DN RE K RAGFEM . TRk
W, £ YC-1 T db/db /N L 2 BE Al B 45 B
est, [RIEE IR LF AE AL FR R RS, AR T KR
M, X#ERHIF-la 25 T DN#FRSRE, RS
NGBS AN ) R Ak . YC-1 RERS 12 FHL BT HIF-1ac
AR B IR ENT, ES: DN #ERE, X 5REFEMT
AR M —, SEBR L, HIF-1aff 4 DN (¥ TE
HITHLS BB Z BN T . W iarse ' &
L, BT R ME 2 B - AR PR Rl % 2 8 2 (sodium-
dependent glucose transporters 2, SGLT2) #Il5IAEW
il 1 15 5% DN % S A9 HIF-1o fl HIF-20 5147, 2215
JUE St S RIS, A A AN EF ZE A

HIF-1o (9 38035 5 48040 B 8088 DD AR OG0 1% 1 4
(reactive oxygen species, ROS) J& % F RE T 4k 5
HIF-1o F20E A EE 225 A, BRGS0 i PHD 35 1 I 00G
% B Wk LT 3- 3% 8 (phosphatidylinositide 3-kinase,
PI3K) /8 1B (3UFK AKT) FI40HAMIH 35 & 1
W (extracellular regulated protein kinase, ERK) i
SH BELIT HIF-1oc f A 215 HIF-Tor () SABLKE I HE 00
Jiie g B 0 % H IR W R %A b i 4 (nicotinamide
adenine dinucleotide phosphate oxidase 4, NOX4) HY
Besk, UE—#IREHROS BLERL 2. FRATHIBFSE i —
RS, YC-1 A1 db/db /)N BUE IE MDA 1 SOD
By S, AE AL, AT IER R R .

ERS /& G5 DN % A: Ft Ji i) F 2 Hom ALs 1.
e I . AGE. RAS G G4 M FL R RZAEHTT,

http://xuebao.shsmu.edu.cn

SRR IR - Lo R Y C-1 B IR P/ N BB BESR G o pL R | 1097

PRBE I A AT 8 B R AT 8 2 1 B HE RO ik & R4 & R
F i (unfolded protein response, UPR), SE(N i
W5 FFEAR GRP78 5 F U5 A% 43 B, MITTE T
73 2 ERS {553 % : PERK/elF2c/ATF4 38 % . JILEE
72K -1 (inositol requiring enzyme-1 o, IRE-la) /
X-A45EHE M1 (X-box binding protein 1, XBP1) i
HE A ATF6m 6 02 3 9 ERS 47 B T &2 40
A, {H ERS 93 B #0052 400 T Y e B IR
PERK il & UPR 2 (e A Tl %, REAS LS T il
AL T T CHOP, JH 3h IR A T 4 12,
WEFEMFSE & B, HIF-1a 5 ERS W] g B BLIEHC R .
HIF-1o BEA% TG ERS fie 3 ] 6 Bl 4075 = 10 L 4
By T 24, Ah, HIF-1a i 5049 ERS B & 92 S5
= Bl bk A T AR A M il £ A AL A B T ML
il 2 AR B S LA 5 P i G A D6 HIF-1a
5 ERS HAE I HIE . A5 #7/~ T DN 1 HIF-1a
XFERS W EEAEH], FATA B YC-1 /9T Hin] i 24
il PERK/elF2a/ATF4/CHOP i % A 3 1% , 3% db/db
JNEUE E ERS )W . HIF-1ai75 5 ERS FOAL ] 7] fiE 2
I R ARG ST, AR IR T A DG IE P 1 ek T
i ERS 77 A gy P KW HIF- 1 BB 25
PERK il #% , 5 ATF4 kA& B FMEM . Hit,
HIF-1a A fE /& DN P58 T 55 ERS 1G85, BB
B 5 DN TS R .

Zi b, HIF-1a A5 YC-1 BE 5 M db/db /) B
AT S AL O RN ERS A S 8 S80S L 0 o 200 e 3 A
B MELT AL, AEZE B R ARG A0 S S B R . AHF
AR 7R T HIF-1oc VR Ay B v ey i 3 3k ) i ik 1
4yF, XF DNiEJ AT REF= AL AN B2, 0Kk J5 &2
RIS DA R 24 B4 o S AL B 22 1 g R R R
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