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(HZE] BHH FITIRIRRE A EH 4 (FABP4) XHLE/EE (H/R) AFLA B /NE Rz 4 (HK-2)
BRICT R AR AL . ik RSMNEESR HK-2 4, Z8abl 24 h 5 BEAARIEE (1. 3. 6h) , 3£
A 28 5% 7 ek R A i S I AN B B S 3k G I 4% B TR] S HK-2 40 B b IR I RR 45 & R 1 4 ( FABP4) {5 fiff
RNA (mRNA) FIEEHKF. RA/NTHE RNA BT HK-2 40 FABP4 JE[H3RiA, P T H/R (B4 24 h
A 6h) AHE, SRECA Nrf2 M5 ML385 AbFE, SRAIANMEHE0AM £-8 (CCK-8 ) Aili4s 4l AN gyt , Mk
o e FHA B ARSI FLRR MY U (LDH ) /KF, ALk —/ (MDA ) . &BeH K (GSH) ANFAKEF (Fe')
K-, 2,7-ZE AR N R L BRERVOCIRE R TR AR (ROS) /K, B [ BRENBAAI FABP4 . A%
T E2HIEHF 2 (Nrf2) | ML RINARE-1 (HO-1) . AWt H MK S/l 4 (GPX4) R FREIAZ R 7 bt
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11 (SLC7A1l) EHAXRKAKTF. &R BEHEERBREIMER, HK-2 41+ FABP4 mRNA M& [ K F-¥7H5
(#9°8 P<0.05) . H/R KhEH W] (RN MIETE TG, THE 4 L Wb LDH /K, [lAS TR HK-2 40 h MDA |
Fe** 2 ROS 7K, K&A% GSH K, % Nrf2. HO-1. GPX4. SLC7ALl & FKFE (# K P<0.05) . Ttk
FABP4 A J} = H/R Zb3RY HK-2 40 M55 1 ( P<0.05) , FER4HMIrh MDA, Fe* & ROS /K, JHiE GSH /K
F, [ Nef2, HO-1. GPX4. SLC7ALL & FHI/KF- (¥2h P<0.05) . MMilkA ML385 4b ¥ 5 7] i 4% FABP4
FEEVTERNT H/R Ab3E HK-2 R T B E R . 4618 UUER FABP4 W] iak4% H/R 175 519 HK-2 41 2k 5t
1=, HHLH TS EE Nef2/GPX4 filrf 6.
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Silencing FABP4 alleviated ferroptosis of renal tubular epithelial cells induced by hypoxia/reoxygenation through regulating
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[ Abstract] Objective To investigate the effects and mechanisms of fatty acid binding protein 4 (FABP4) on
ferroptosis in human renal tubular epithelial cells (HK-2) treated with hypoxia/reoxygenation (H/R). Methods HK-2 cells
were cultured in vitro and subjected to hypoxia for 24 hours followed by reoxygenation for different durations (1, 3, 6 h).
The messenger RNA (mRNA) and protein levels of FABP4 in HK-2 cells were detected at each time point using real-time
fluorescent quantitative polymerase chain reaction and Western blotting. Small interfering RNA (siRNA) technology was
used to silence the expression of FABP4 gene in HK-2 cells, which were then treated with H/R (24 h of hypoxia and 6 h
of reoxygenation) or treated with the Nrf2 inhibitor ML385. Cell proliferation activity was assessed using cell counting
kit-8 (CCK-8). Lactate dehydrogenase (LDH) levels were measured by enzyme-linked immune absorbent assay.
Malondialdehyde (MDA), glutathione (GSH) and ferrous ion (Fe") levels were determined by biochemical technology.
Reactive oxygen species (ROS) levels were detected using the 2',7'-dichlorodihydrofluorescein diacetate fluorescence
probe. Protein expression levels of FABP4, nuclear factor E2-related factor 2 (Nrf2), heme oxygenase-1 (HO-1),
glutathione peroxidase 4 (GPX4) and solute carrier family 7 member 11 (SLC7A11) were measured by Western blotting.
Results The mRNA and protein levels of FABP4 in HK-2 cells increased with prolonged reoxygenation time (all
P<0.05). H/R treatment reduced cell proliferation activity, increased LDH levels in the cell supernatant, and elevated
MDA, Fe** and ROS levels in HK-2 cells while decreasing GSH levels and the protein levels of Nrf2, HO-1, GPX4 and
SLC7AL11 (all P<0.05). Silencing FABP4 enhanced the proliferation activity of H/R-treated HK-2 cells (P<0.05), reduced
MDA, Fe** and ROS levels, increased GSH levels, and elevated the protein levels of Nrf2, HO-1, GPX4 and SLC7A11 (all
P<0.05). However, these beneficial effects of FABP4 silencing on H/R-induced ferroptosis in HK-2 cells were reversed by
co-treatment with ML385. Conclusions Silencing FABP4 alleviated H/R-induced ferroptosis in HK-2 cells, possibly by
activating the Nrf2/GPX4 axis.

[ Key words] Fatty acid binding protein 4; Nuclear factor E2-related factor 2/glutathione peroxidase 4 axis;
Hypoxia/reoxygenation; Renal tubular epithelial cell; Ferroptosis; Cell proliferation activity; Reactive oxygen species;

Acute kidney injury

W B 1 - PR 2475 ( renal ischemia-reperfusion U405 2GE B T RE . RIRT A B 28 FRARAE R 0k
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1%L 4 ( glutathione peroxidase 4, GPX4 ) f{JFik
K, BB R /)N BB 20 20 BRI 0 L2 B D RE B
o, PRk, 0 ) PR R SR T BB TR YT RIRL A A
Bugtt. NRNRAS A8 4 (fatty acid binding protein 4,
FABP4) J&—Fpfi K BL AN IR IR G2 A, S
SRR FIHEHL . A AE AR, 5 e 20 B e T A
FABP4 B DA Ay J& 22 Fiop g T R 8 T2 9 DG SR 59 5]
Fan %7V F5¢ & 9L, $0) FABP4 334 A] LLiE it 9415
i AL B RS B TS A2 AR y A R T R
W PR s A0 0 JE 3 72w 1) g JB 4 Ak A AR I
Chen S5 ARG H LUK & 25 3 0B i1, FABP4 7£
BEPRIS B £ B/ INVE RN Nk 258 B, B
iR S NNE/NE 40 ( HK-2) BEALR H
FABP4 I il 5] BMS309403 + )5 , HK-2 4L 4 %
P48 7% ( reactive oxygen species, ROS) FI&kE F /K
SRR, BRIE TR AME . I HED , FABP4 7]
fie il i A AR AL T2 5 RIRI A9 B 72
I, ARWFFEILE . RIRD RS RTARY, SR A/NTHR
RNA ( small interfering RNA, siRNA) 4% A 3t 2%
FABP4 2[R 13k, 81T FABP4 JER TR /&
& ( hypoxia/reoxygenation, H/R ) Z& &% I HK-2 41 fifi
BRAET (5200 B AT REVE FHAILE o
1 #M#E7*
1.1 B SiER
HK-2 4 J W [ v i A0 8% 55 ) Ok e v 0 248
JE . FABP4 siRNA 4t it ki ( si-FABP4) J B 1
XFREETARL (si-NC) ¥y HUEAEY R ( 1) A
FRZ> W] 5 Opti-MEM K5 7 & Fll Lipofectamine™ 3 000
YL ) Y B 25 [E Thermo Scientific 22 ) ; 41
BORFI £ -8 (cell counting kit-8, CCK-8) My [ [-ifF
BaREWEARARAA; FLIR A (lactate
dehydrogenase, LDH ) MHK 5055 W B30 ( enzyme-
linked immune absorbent assay, ELISA ) i3 &l H
RINAR B AEYHARGIRA A Wi rialnamn i
BRAEMFH R ABRAF; 2,7- TR AR
— MR E (2',7-dichlorodihydrofluorescein diacetate,
DCFH-DA ) 1 H 3€ [E MedChemExpress A R A 7 ;
W . ( malondialdehyde, MDA ) . % Bt H Ak
( glutathione, GSH) . WAKE ¥ (Fe*) il 7]
XA REERHARA s FABP4, K
T E2 #H % K F 2 ( nuclear factor E2-related factor 2,

Nrf2 ) | M£EEN%AR-1 (heme oxygenase-1, HO-1) |
GPX4 ., AR Z G 7 )bt 11 (solute carrier family
7 member 11, SLCTA1L) FlH I B -3-8 iR M &
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH )
LRI A 92 E abcam A H] . AWFR L LR
[y P T (e L A e N i ) | (g L LG T30
1.2 KHE
12,1 HR#BAZES  FRAMERS L] 80% oA
PARON T TE B FR 3, BT EE AT (94% N,
5% CO, Fll 1% O, ) 5577 24 WO, SRJ5 B ef 5 4285
FREIFE TR SRR TP AR 6 he
122 %%am (1) $ExHEA K HK-2 40§ 55
A Control 41 ( IEH 4541555 ) . H/R-1 hdl (R
24h%E% 1h) . HR3h4 (240 EHE 3h) |
HR-6h# (B4 24h B 6h) 5 (2) BXEUEK
1] HK-2 41 2 4> & Control 40 ( 1F % b5 3% ) .
HR 4 (B4 24 h Z% 6h) . H/R+si-NC 41 (#4 si-
NC % Y« 2 HK-2 4 Jfl j5 #6417 H/R 26 B ) | H/R+si-
FABP4 41 (¥ si-FABP4 %% 4t % HK-2 41 g J5 1k 47
H/R L3R ) 5 (3) FExP8AE HK-2 40508 H/R
H (B 24hE% 6h) . HR+si-FABP4 4 (f si-
FABP4 54t % HK-2 40l J5 17 H/R 463 ) . H/R+
Nrf2 #i il 7) (ML385) 41 ( H/R Zb3, JFin % Ak
FEEF AN 5 umol/L ML385 HEAT LR ) . H/R+si-
FABP4+ML385 4 (¥ si-FABP4 4t % HK-2 4iiffl)5
HEAT H/R A03R, JFIR S SA ST IILA 5 pmol/L ML385
AR ) 1O
123 mppsibsE HK2 M HFTEAH 10%
B6 24 1175 B9 Dulbecco X K 1Y Eagle 1% F# 3L /F12 15 ##
e, BEIRAMEN 5% CO,. 37 C. ARG ik
2y 80% IF, F% 12 2 HEATHEAR, HOS R A=+ 0 4 i 1
FIRELIE . FEYLHT, K HK-2 i fL 5x10° 4>
O ff Y R R &R 6L AR, R R UL B A5 si-
FABP4 . si-NC 5 Lipofectamine™ 3000 43 5] fill A %]
250 pL Opti-MEM ¥ 525, SRR FUR G )5 %
B 15min, MAZEH 1.5 mL JCIME R FR I L,
Fi% 8 h G R R SR, AREE SR 48 h, G ST
f 2% O % i 3 A W 8 2 W ( real-time fluorescent
quantitative polymerase chain reaction, RT-qPCR ) 1{
=) TUEIBISR AT &
1.2.4 CCK-8 4 am 3 78 %1% WUAE AN I FP 52
96 fLtk T, A 3IANEA, WESHANEA, HE
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I 5 e BRI 5 SR A A A 3, A A oA AL N
A 10 uL CCK-8 ik F], W F 1 h Ji5 76 B AL 45 I
450 nm AL HIROGEE (A) B, THE4 4 40 M 59 1%
Mo MMM M= (Agpn— Aspn) / (Agmn—
Aﬁfl'[?t) *100%.

1.2.5 ELISA # il 2m fe %% LDH Y 4E 4% 20 40 ity
BEFR, B RIS . BE s O REL, e )
GBI TERAE, R4 SR LDH /K-,
1.2.6 A4 48 i MDA GSH. Fe** I8 4H 41
e, AR, BCETERCE TR L, R
UL TR T AR, K45 4 4 e b MDA, GSH.
Fe*' /K.

1.2.7 DCFH-DA 3 E4R4H & #m 40 it ROS A4
ModEfh 2 12 fLbh, AbBRZS SR B O E A,
PBS V% 2 K. fiNA DCFH-DA Jub} TR ( &k
27 10 pmol/L) , IGFFEAGROEIFE 20 min, 205 L
B, FH PBS VBV 2 Wa E AN, 5 H =4 Y
K4 e ROS 7K

1.2.8 RT-qPCR #: ) %8 i, FABP4 13 4 RNA K -F
WS4 L0 M, N A Trizol 37 32 BUZH M &8 RNA,
K FH 36 5% 5% ) & B RNA 30 5% 5% 5 i cDNA.
L GAPDH A W &, RH 27°%“%it B & 4
fit 1 FABP4 {5 {#f RNA ( messenger RNA, mRNA )
FKikKF . 519 ¥ 5 . FABP4 L iif 51 4 5°-
CGCAGACGACAGGAAGGTGA -3°, T i34 5-
TCCACCACCAGCTTGTCACC -3°; GAPDH I ii%5]
¥ 5°- TGTGTCCGTCGTGGATCTGA -3, FiE5|4¥
5°- TTGCTGTTGAAGTCGCAGGAG -3’

1.2.9 % & P id kA4 2m fe F FABP4 Nrf2 . HO-1.

GPX4.SLC7AI1 & A K-F  WEEA AU, 24
BUSEN, WEEARERITHRIK. Bk RE®
B, EREM 2h, Z/FE T~ (FABP4, Nrf2,
HO-1. GPX4. SLC7A11. GAPDH #if&¥ 1 : 1000)
4 CWHERIR. VIS HERME 1 h, PR
Il & SR WY g, SR Image J 3R F50 BT 2R
4 KA, L GAPDH AN S, iHEEMAERL
K-
13 FitEHE

S J SPSS 26.0 } GraphPad Prism 8 # {44745
TR, AR IEAS A3 T PERER FH 2 b e
2R, ZHBEEECECRHRN R T 2200k, M
2 A B F AR A LSD-1 35, P<0.05 M ZESAH ST

2 % X

2.1 FABP4 7£ H/R £ HK-2 A RiE EFH

Bt 2 SAHAIAYEE R, 55 Control 41 Ft4%, H/R-1h
ZH . H/R-3 h ZH Fil H/R-6 h ZH 40 Jiftd 54 8 3% 1 249 4 A%
(%} P<0.05) ; 5 H/R-1 h 4%, H/R-3 h 440
MLIETE TG PEREAR, H2E R RG22 & L (P>0.05) ,
H/R-6 h 20 4 Jfd 3 58 3% P BE IR ( P<0.05) 5 5 H/R-
3hZH I, H/R-6 h HARMIIGFHTEERENL, (H2ERT0
St L (P>0.05, K 1A) . 5 Control 4H 3%,
H/R-1 h 21 . H/R-3 h 21 fil H/R-6 h ZH 41l g I 3% ¥
LDH /K F3# 78 (#°4 P<0.05) ; 5 H/R-1 h 411
A5, H/R-3 h 41H1 H/R-6 h ZH 40 3%+ LDH /K-
gt (328 P<0.05) 5 5 H/R-3h 41 L#, H/R-6h
4N 3E W LDH KT (P<0.05, K 1B) .
5 Control 41 I #, H/R-1h#H . H/R-3 h 4 FI H/R-
6 h 41 40 i FABP4 mRNA /K3 T8 (¥ 2k P<
0.05) ; 5 H/R-1 h4l He#, H/R-3 h 4141/ FABP4
mRNA /KT, HERELEITFE X (P>0.05) ,
H/R-6 h ZH 4 i FABP4 mRNA 7K FF+i ( P<0.05) ;
5 H/R-3 h 4 %, H/R-6 h ZH40fi FABP4 mRNA 7K
TR (P<0.05, K 1C) . 5 Control 41 H#%, H/R-
1h 26 . H/R-3 h 111 H/R-6 h ZH41ljil FABP4 % 47K F
¥iFhE (3898 P<0.05) ;5 5 H/R-1 h 4l H %, H/R-
3 h 411 H/R-6 h 21411 Jifd FABP4 & /KT ()
4 P<0.05) ; 5 H/R-3 h 4l L%, H/R-6 h 440 i
FABP4 # H/KFF#E (P<0.05, Bl 1D) .
22 HRU4EFTIFES HK2 AKX T H M H
Nrf2/GPX4 5 S8 8%

& &2 ARl EE K, 5 Control 4H L%, H/R-
1 h#d . H/R-3 h 41 fl H/R-6 h 40 40 ffi v MDA, Fe*'
F1ROS ACE¥ITHE, GSH ACEIIFEAL (3578 P<0.05,
K 2A. B) ; 5 H/R-1 h 4%, H/R-3 h 411 H/R-
6 h 2041 i s MDA . Fe*' il ROS /K271, GSH
HKFMREG (128 P<0.05) 5 5 H/R-3h 41148, H/R-
6 h ZH 41 i th MDA . Fe*' il ROS /K F-¥ 7+, GSH
7K N REAR ( P<0.05) . 45 Control 41 %, H/R-
1 h#H . H/R-3 h 01 H/R-6 h ZH 41 g 7 Nrf2, HO-1.,
GPX4. SLC7A11 E HI/KEH AL (¥R P<0.05,
Kl 2C) ; 5 H/R-1 h4lb#, H/R-3 h 41 F1 H/R-6 h
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Figure 1 The effect of H/R treatment on HK-2 cell and the expression of FABP4
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H: A BHS4 400 MDA . GSH Al Fe? /K35 B B4 A0 ROS /K5 C B 8 A 5 B 58 A 0 45 2H 41 S Nrf2/
GPX4 i AR Rk K R LS5 . 5 Control 4 b4, *P<0.05; 5 H/R-1h 40 H#, °P<0.05; 5 H/R-3h 4t

B, °P<0.05.

2 H/R Sb3EH) HK-2 ZHRETRSE THEXH6HR K Nrf2/GPX4 {5 S 18 BRI
Figure 2 Detection of ferroptosis related indicators and the Nrf2/GPX4 signaling pathway in HK-2 cell treated with H/R

ZH 240 Mo b Nrf2, HO-1, GPX4, SLC7A11 1 /KF
PIREAR (¥ P<0.05) ; 5 H/R-3 h4dl i, HR-
6 h ZH4Nfig Nrf2, HO-1, GPX4, SLC7A11 /K
SEBIREAL (#2 P<0.05) .
2.3 2k FABP4 mJ3#| H/R AMEH HK-2 HREEATET
L Control 4 [t % , si-FABP4 4] HK-2 40 Jig
FABP4 mRNA il & [ 7K F- ¥ AR (25 P<0.05,
K13) , 1M si-NC 254G = L (P>0.05) ,
PR TR L )

5j Control 41 L%, H/R 2 HK-2 40 i 38 5 15 P
B (P<0.05, E14A) , #iig ROS., MDA fil Fe**
KEEIF . GSH ZKSFREAR (3124 P<0.05, & 4B,
C) , TiNrf2, HO-1, GPX4, SLC7A11 & [k ¥
FE(%, FABP4 EFI/KFFHE (928 P<0.05, Kl 4D) ;
5 H/R 4 L%, H/R+si-FABP4 41 HK-2 4 itg 1 5 1
PETHE (P<0.05) , 4iffirh ROS. MDA #il Fe*'/K-F-
YIREAR, GSH K F-JhiE (¥ P<0.05) , i Nrf2,
HO-1. GPX4. SLC7Al1l & /K F¥ T, FABP4
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Figure 3 Validation of the transfection efficiency of FABP4 interference plasmid

KRR (X928 P<0.05) , T H/R+si-NC 2H 2%
ST EE X ($2h P>0.05) .
2.4 PH BT Nrf2/GPX4 3 7 i ¥ FABP4 T Bk Xt
H/R %S HK-2 BSIET- MK EEH

5 H/R 1%, H/R+si-FABP4 41 HK-2 41l Jifl
MDA, Fe'fil ROS /K F-H &AL (¥4 P<0.05) , 4
LIS FE G A GSH K-k (92 P<0.05) , 40
JfiHh Nrf2 . HO-1. GPX4. SLC7A11 & /K471
( #5°k P<0.05) , i H/R+ML385 £H HK-2 4H Jitl rf
MDA, Fe*'fil ROS /K F-¥ 7w, A FA ISP GSH
KRR, 4BMir Nef2, HO-1., GPX4. SLC7ALl
T HKFEEIFEAE (¥4 P<0.05) ; 5 H/R+si-FABP4
ZHIV#E, H/R+si-FABP4+ML385 2 HK-2 Ziffirf MDA .
Fe’ Fl ROS 7K-F-34Fh 1, 4 M3 58 35 P F GSH 7K
WIREAL, Z0Mrh Nef2, HO-1. GPX4. SLC7All %
FIZKFHIRAR (34928 P<0.05, B SA~D) .

3 #

7E RIRIT & A Ao BT AR v, 3 1) B O 9%l 9
IR LR AT, MIMEIKE S, R
— I, JF R RE KR FE AKLAE N 1Y E
WU, RIRLZE & AKT s WA IR R, 7RO &
Bk s B S5 KA F ARG AKI 5 % A SR A 0 R4
i, RIRT BB K A LI G R e e W, BLA BF
FERM, GIRFET . AR . P R 2ok i
TIRe AT J2 RIRT JCHEM) 7 T BEMLE . FABP4 J&
— e I 40 N B U A0 B e v Ak 1 g B 4 A
B, S5 HEEMRRRAS . RIER N K&
ROS ;=AM Hu %1 2 1 FABP4 & —Fh B84 S
FEH, RNBTSE & B8 FABP4 31300 7 LA S0 4% AT
JIE IRT, $2/R FABP4 1] fgfF iRy A OB i v 7E 4

Mo TESEURE R 25/ FRE 5 2 1 R RV o g 5
T o AL AL PC-12 A AL v [ A AN 1] FABP4 /554
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