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FE B WSATEE A A 4K B 1 21 (FGF21) i RIEX CClL %5 A AT
(ALD FIR RN Je e 5T S BRI 7 UM H kS A4kl 4 (SIRT1/GPX4) Fik
I LA CHRFRIN Gk . J5¥ dRHL 8 JH S EPE ICR /NERUBEML 3 Control ZH. CCly 4.
RIS T (AAV) -FGF21 41 % AAV-FGF21+CCls 41, @i B # kit it B r e e &
(GFP) FRici¥) AAV8-FGF21 Ji it @ HIEE I FGF21 WL RTARAY, TS CClL (0.3
mL/kg) %5 ALL f£ 12h JE#HAT B o 10/ ARSI, T 5/ RAR R AT
JRE A OHAARLED « 383 A=A SCRTI/IN BRI 5 G 2 (ALT) 145 B8 (AST)
KV SRR FGF21 AEPIEHZA T (3R HE Zeta g2/ WU R A1 s RT-
qPCR A kST RIRAC A S [K] (4CSL4. PTGS2+ HJV. FPN GPX4) . FGF21 f SIRT1
321k ; Western blot £l FGF21. SIRT1 1 GPX4 HI FRIAAK T R G AT 2138 41
ZUpE R, THE (MDA « &It H K (GSH) /K LA AELES (SOD) &1k,
&3 5 Control AL, CCli4H FGF21 B mRNA FIE ARG R (P<0.01) , /NI
ALT. AST ¥j7hE (P<0.01) , /NEHALLTIE (P<0.01) : HE Beti gl B /s 40 i i
%¢: ACSL4. PTGS2 (] mRNA 7KV 5 &1 MDA 7K-F-¥34 1 (P<0.01) , SIRTI. GPX4.
HJV. FPNmRNA /K- GSH 7K~F-#1 SOD &% N % (P<0.05) , SIRT1 Al GPX4 [ H
ACFHIFRAE (P<0.05) o 5 CCly AL, AAV-FGF21+CCly 4LifiE+ ALT. AST &1
(P<0.01) , /MRFRLL R EE (P<0.01) ; HE et g R RSB RS . ACSL4. PTGS2
mRNA /KF-. Z& 8 A MDA K T B (P<0.01) , SIRTI. GPX4. HJV. FPNmRNA 7K
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FGF21 overexpression upregulates SIRT1/GPX4 to inhibit ferroptosis and
relieve CCls mouse acute liver injury
Ling Xutao"?, Huang Qiangian®*, Zhang Lun**, Xie Fang'-?, Bai Nan'?, Wang Yingxia'?, Hua
Haoran', Wang Haoze!?, Dai Wenjing?’, Li Kexin'?, Wang Jianqing'°
(!School of Pharmaceutical Sciences, Anhui Medical University, Hefei 230032; >Anhui No.2
Provincial People's Hospital, Hefei 230041; *The First Affiliated Hospital of Anhui Medical
University, Hefei 230022; *Anhui Public Health Clinical Center, Hefei 230012; *School of

Pharmacy, Anhui University of Chinese Medicine, Hefei 230013)

Abstract Objective To investigate the protective effect of liver-targeted fibroblast growth factor 21
(FGF21) overexpression against CCls-induced acute liver injury (ALI) and its association with silent
information regulator 1/glutathione peroxidase 4 (SIRT1/GPX4) expression and ferroptosis-related
markers. Methods Female ICR mice (8 weeks old) were randomly divided into Control, CCla, adeno-
associated virus (AAV)-FGF21, and AAV-FGF21 + CCls groups. Liver-targeted FGF21
overexpression was achieved via tail vein injection of AAV8-FGF21 virus with green fluorescent
protein (GFP) labeling. ALI was induced by intraperitoneal injection of CCls (0.3 mL/kg), with
sample collection at 12 hours. Body weight and liver weight were recorded to calculate the liver
weight/body weight. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels
were measured using a biochemical analyzer. FGF21 expression in liver tissues was detected by
immunofluorescence. Hepatic histopathology was evaluated by HE staining. RT-gPCR was
performed to assess MRNA expression of ferroptosis and iron metabolism-related genes (ACSL4,
PTGS2, HJV, FPN, GPX4), FGF21, and SIRTL1. Protein expression of FGF21, SIRT1, and GPX4
were determined by Western blot. Iron content, malondialdehyde (MDA), glutathione (GSH), and
superoxide dismutase (SOD) activity in liver homogenate were quantified using assay kits. Results

Compared with the Control group, the FGF21 mRNA and protein expression elevated in CCls group;



serum ALT/AST levels and liver weight/body weigh increased. The HE staining results showed that
the liver cell membranes were ruptured. The mRNA levels of ACSL4 and PTGS2, the iron content
and MDA levels all increased (P<0.01). The mRNA levels of SIRT1, GPX4, HJV, and FPN, the
GSH level and SOD activity all decreased (P<0.05), and the protein levels of SIRT1 and GPX4 both
decreased (P<0.05). Compared with the CCl4 group, the serum levels of ALT and AST in the AAV-
FGF21 + CCl4 group were decreased (P<0.01), and the liver/body ratio of mice decreased (P<0.01).
The results of HE staining showed that the degree of liver injury was alleviated. The mRNA levels
of ACSL4 and PTGS2, iron content and MDA level all decreased (P<0.01), while the mRNA levels
of SIRT1, GPX4, HJV, FPN, GSH level and SOD activity all increased (P<0.05). The protein levels
of SIRT1 and GPX4 both increased (P<0.05). Conclusion FGF21 overexpression is associated
with enhanced SIRT1/GPX4 expression and suppression of ferroptosis features, thereby

contributing to the alleviation of CCls-induced acute liver injury.

Key words acute liver injury; carbon tetrachloride; ferroptosis; fibroblast growth factor21;

oxidative stress; SIRT1/GPX4 pathway
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SR Cacute liver injury, AL s Fi AL RN 5] A X 22 b SR ke A A 25
HRAEH, SBUFM) 20850, HIRE SUREEBAL MR SRS E, JUHORAL AR 2491,
WikE A RN, PUSALER (carbon tetrachloride, CCly) & —F St BRI A=Y, |2 AT
T ALI a5,

HCAT 440 i A K Rl F 21 (fibroblast growth factor 21, FGF21) J& —Ff AT ik 25 1315,
FESVERA BN ORI T, TR EIRM. FEXT SRS 5 S /N R AR R AN
I35 ) FGF21 /K1 SURHE DT, 5B A RN A EE, FGF21 Rt /I B L F5  iK T
ETrE, HRFERE NS, BRAE T — Rk MO . DUIR B S8 40 SR AP R ALE A 8 5 1 4
JEFETIE A, IEERE RR P2 CCly 5 3R #E AR « YIRS BT T Csirtuin 1,
SIRT1) AI G bt H ki AL 4 (glutathione peroxidase 4, GPX4) [, il i &
e, ATTBEWTERSE TPl AT I S AEMEE IR ) FGF21 W 3RIK%T CCLif S G i Y
TRIFRON, FRTT IS SIRT1/GPX4 B A SAKFE T A X ARFR I K R
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1.1 Bkt
1.1.1 LR Y

M 24 HAFEOIMEIEICR/NER, 8 JHWS, MR 28~32 ¢, W b at4EiE | et
FKANMBARGRAR, L=V S [SCXK (32) 2019-00101 , S46sh#ff FH vF
AES S [SYXK (#) 2020-0011 o /NERIAFRIEE B S S, EEIRFFE
(25+1) °C, BEELRFFIE (55+£5) %, EMVEMETR 7 dfGidATSLI0 8 lE. AT RET M
HEE 2 R SRR S e R R W A (k7S : 20260429010
1.1.2 FEHH

FGF21 M 3EHTW E L R AR R A7 CCly (15 C10629429) JH K
HERREYUL THBR AR Tkl (525 8001-30-7) W EH _EHERH TG RAF; RER
PR & JL i F4 I (aspartate aminotransferase, AST) P & IR & 3L % #4 i (alanine aminotransferase,
ALT) ($25: L5008-1. L20110-1) A7 &0 | LR B AE B G IR AR T
(malondialdehyde, MDA) iifll&, @EAEALE (superoxide dismutase, SOD) , #Hfif
H K (glutathione, GSH) FIZHZEk ($8'5: AKFAO0I3M. AKAO00IM-50S. AKPROOSM.
AKENO046M) Il 5& 371 & B b 5t & 7248 TRHEABR AR el g EPCRII I B AL st F
YRR AT SR EBEPCRY IKME (185 Q711-02) 1 H F m vEMERE = RH
HIRAF; FGF21 $ifk. SIRTI Hifk (#t5: ab171941. ab189494) HIGPX4 Hifk (T
ab1250661) 4T J[EF abcam 2 7] ; GAPDHPL A FIB-TUBULIN# A ( 585 : M20006S . M20005)
e B SRR R 2R (i) AR A F] s ZPHIZEE 1L SE T SR IgGRH I3 ARG -7 41 Gl (3%
5: BLOS5A. BL700A) 4 H&HEF & VR HRA S,
1.1.3 EELE

AR (EEBURAT, BS: Cascada 1IL120) ; D3024 &k B AL (EH 3
W AR, 5. 5810R) ; ZIREKRGEME (HARKEH AR, T,
IX73+DP80+Cellsens) ; #GEEPCRIX (EFEFEE K AA, 5. ABI7500) ; EWREA
B CHUM B 28 A BR AR, %15 Bioprep-24R) ; OGIL IR A B (i [H R /R 5]
Bt~ a], BT LSM900) 5 43 H B AEA A (KBRS TR A IR AR, 35
CS-T300) ; EFAL (L REERHCAMRAR, 5. 5200-multi) ; BEPROC (& EFABAX

#RonE], M5 Synergy 2) .



1.2 ik
1.2.1 SYWIE R H RS

24 HICR/MEL (8 JEWe, MM #EBENL A ControlZl. CClaZH. AAV-FGF21 Z41. AAV-
FGF21+CCls 4, 4l 6 Ao M R IkIEH 1% GFPARIC I AAVS-FGF21 JlAH 59 B SE 1L
JHHERE M FGF21 1 3k, xof HEZH VSR R (P o0f RO 2, TS 7RI 5 R 3 X 10" VG ESR B4
21dJ5, CClaZHMAAV-FGF21+CCly AMEJETES 0.3 mL/kgCCly 75 FALIFE AL, ControlZH
FAAV-FGF21 20 I8 fia i 56 [R) 26 750 B oK, 12 W AT UMY o sy B R e A o e, I
THRHAREL, AR ECIZ DU A5 AR =BT &/ 5T & X 100%.
1.2.2 55

TESFFATRT MR LB O D) Rt AT B 5 . D) FIBERR £622 M (phosphate
buffered saline, PBS) ¥t¥%, A5 52 FHAL G 11l FEHiflgGrE 37 °C R E 50 min. HPBS
Vel ), WG EDAPIAW T =R E 10 min. YJ A FIPBSHEEIF APLFOGEKFNE Fr, &
JE A3 POE AU W SRR, i8I Image #X(A4S BH LS S HEAT &AL .
1.2.3 A

5 P AR AL 2 TR I3 HALT . AST & &
1.2.4 HA%E. GSH. MDAS ERISODIE H:HIk I

FREL 100 mgFIEHZUMAN 1 mLiRFIKIR 515, WO S0 00™ A 4 ) 6 10 A 3 2 3R
B, XHAFIER L. MDARIGSHS &, SODIFMEREAT R .
1.2.5 ALRE Fh Ul

/N BB B H ORI BT 4% 2 IR, SR T3CE 28 R B 5E 24 ho JEAT K B3
YIRS B R AKE - (HE) Heth 5 S T gt e,
1.2.6 Western blotZ A& iEH M

FEHRFREL 30 mgHFAEAZY, A | mLEMRR I, 4 °CFAF R 12 000 t/minL> 10 min
PRBURE A, RAROT & K Z 2 . FISDS-PAGES BRI ER, FFRHHA
GPX4. SIRT1. GAPDH. B-TUBULIN (1 : 1000) 4 °CHE —#& & #1T Western blot73 41, 5
T E HE AR, 8 Image 81047 1 EK BEE RS -
1.2.7 RT-QPCREYMIAE R Z A

K HITRIZoWESR HUHERNA, A FH B AR SCR T 52 BCETRNARE i 52 B 51 1000
ng/pL, WS ACDNAJG T BE35E . JEHC 18SEXHE/ARNA (18S ribosomal RNA, 18S)

NN SR TS R R AR B AR SIE B LR 1.
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Tab.1 The primer sequences of the genes

Gene Primer sequence (5°-3”)

18S F:GTAACCCGTTGAACCCCATT

FGF21 F: TTCAAATCCTGGGTGTCAAA

R: CAGCAGCAGTTCTCTGAAGC

ACSL4 F:CTTCCTCTTAAGGCCGGGAC

R:TGCCATAGCGTTTTTCTTAGATTT

PTGS2 F: GGGCTCAGCCAGGCAGCAAAT

R: GCACTGTGTTTGGGGTGGGCT

GPX4 F: GCAACCAGTTTGGGAGGCAGGA

R: CCTCCATGGGACCATAGCGCTTC

FPN F: ATGGCTACCGCTGGTGTGGC

R: CACCTTGCCATCGTTGCGGC

HIV F: ATGGGCCAGTCCCCTAGTC

R: GACGAGACATACTCGGCATTG

SIRT1 F: GCAACAGCATCTTGCCTGAT

R: GTGCTACTGGTCTCACTT

1.3 it %408

Kl GraphPad Prism 8.0 JHTHl /- M1 AL K, B HdR 8 X £ s FoR: AL
KFAMSIREAR AT, SR FH R R 7 22 0 W AT 2 LI B B e, B S 1B 4T Tukey S5 2
AT, P<0.05 NZERA G E L.
24R
2.1 FGF21 fE CCl, 31 ALI i RIEH in

76 ALL B R, S HRAHAREL, AP FGF2ImRNA FEE (3R ik K PAEA B 20 i 2 7
B (1=8.286. 6.216, ¥ P<0.01) (B 1A, 1B) . HEFOLNE SR, HETXHRA, #

RIH LT 0B (.=14.60, P<0.01) (B 1C) . VEBFNET FGF21 R iA 8T 5.



& 1 FGF21 7E ALI HHIRIZKF (n=6)
Fig.1 Expression level of FGF21 in Acute Liver Injury (n=06)

A, B: mRNA and protein expression of FGF21 in liver tissues were detected by RT-qPCR and
Western blot; C: FGF21 expression in liver tissues were detected by Immunofluorescence; a:
Control group; b: CCly group; **P<0.01 vs Control group.
2.2 FGF21 1Rk /N R BT HY

N 2 BT O 5 O BT B SRS DL, W VKR UL R R PO RIE, 85 R BoRi
BRVEST Y, EAMA SRR E £ (B 2A) . Western blot F1 RT-qPCR £l 45 5 &5t
7N, AAV-FGF21 #HH§ FGF21 HEAH mRNA FIAEBEALIEIN (=4.284, 6.604, ¥
P<0.01) (K 2B. 2C) . GEFCKIMEE R LR, AAV-FGF21 455 AL FGF21 & H
FIEAKFH TR (22536, P<0.01) (E2D) o PARZEREK FGF21 1E/NRAFIE - LT

& 2 i3&RE FGF21 MBRMOREBRLERE (n=0)
Fig.2 Validation of AAV-mediated FGF21 overexpression (n=6)

A: The expression of GFP in liver tissues was detected; B, C: Protein and mRNA expression of



FGF21 in liver tissues were detected by Western blot and RT-qPCR; D: FGF21 expression in liver
tissues was detected by immunofluorescence; a: Control group; b: AAV-FGF21 group; **P<0.01 vs

Control group.

2.3 FGF21 J8% CCl, 51 ALI

AT aE R o, SXTRRAMLEL, CClL AIiE AST, ALT /KF (£=11.05, P<0.01,
=26.05, P<0.01) Ft& (B 3B, 3C) . 5 CCL A AL, CCl+AAV-FGF21 41/ IfLiE AST,
ALT ¥ FF# (=9.256. 23.580, ¥ P<0.01) (& 3B-C) . CCls 21 H)/N AT L T Control
4 (¢=8.182, P<0.01) , TWiil#ik FGF21 B EEAL CCly /NRAFAEL (¢=5.719, P<0.01)
(F3A) . BAh, IFIEHSEE SRR HE Yt RE R (B 3D, 3E) SxfiRAMtL,
CClLy BB R AR IR M ARV . AP0, KEREGMIRIE, MidRiE FGF21 Jaik
7 CCL Bl R AR .

B3 FREFEFRIAFGF21 SFALIAE ST bR IR

Fig.3 The effects of hepatic FGF21 overexpression on ALI associated parameters



A: Liver weight/body weight across experimental groups; B, C: Serum ALT and AST levels in each
group; D: Histopathological changes in liver tissues of each group were observed by H&E staining;
E: Photographs of livers from mice in each group; a: Control group; b: CCls group; c¢: AAV-FGF21
group; d: AAV-FGF21+CCly group; **P<0.01 vs Control group; **P<0.01 vs CCls group.

2.4 FGF21 W55 T CCl 3 HI/NRERFET:

55 Control AL, CCly RIBE, /N EHIEH L h BIET-MERA A KRB K 4CSL4 A
PTGS2 mRNA /KF-FHiE, FPN Al HJV [f) mRNA 7K FRE% (¢=5.640. 8.864, ¥J P<0.01;
g=6.676. 16.95, 1] P<0.05) (E4A-4D) . 5 CClLaZHMLL, CCL+AAV-FGF21 40T H1
BRACUAH IS K] ACSL4. PTGS2. FPN F1 HJV 1] mRNA 7K-F- (g=6.893. 6.576. 9.949. 6.594,
¥ P<0.05) HEIER (K 4A-4D) o BE—DIGMERIE T T 2R br ek & &, WK E P,
5 Control ML, CClL SR (¢=16.46, P<0.01) BIETIE, M FGF21 it %ik Gk
B CClL &8 THE (¢=12.75, P<0.01) (H4E) . GSH. MDA Al SOD 224k 3ET:
R RRRAE, RESS REIR, FGF21 [ 3E3GIN T CCly %53/ B GSH /K-F-H1 SOD i
P (g=5.328, P<0.01; ¢=17.32, P<0.01) , [AIf &K T MDA /K¥ (g=6.123, P<0.01) ([

4F-4H) . F£W CCLES T FIFEIET:, i FGF21 it Fik e iHix —id 2.

B 4 FGF21 EREX N FARK T S/ RATAESRSE TR (n=6)
Fig.4 The effects of FGF21 overexpression on carbon tetrachloride induced hepatic
ferroptosis in mice (n=6)
A-D: ACSL4. PTGS2. HJV and FPN mRNA expression in liver tissues were detected by
RT-gPCR; E-H: Iron content, MDA, GSH levels, and SOD activity in mouse liver tissues;
a: Control group; b: CCls group; c: AAV-FGF21 group; d: AAV-FGF21+CCls group; *P<0.

05, **P<0.01 vs Control group; “P<0.05, **P<0.01 vs CCls group.



2.5 FGF21 i¥Ri& B SIRT1 1 GPX4 ik
LA AH L, CCls 417 SIRT1 1 GPX4 ) mRNA 14 H 7K (¢=8.504.9.202.6.175
7.313, ¥ P<0.05) WML (K 5A-5C) ; 5 CCl A4, AAV-FGF21+CCls 221 SIRT1 F1

GPX4 & H 1 mRNA /K°F (g=4.503. 5.178. 6.578. 7.089, ¥J P<0.05) ¥JFtm& (& 5A-5C) .

&l 5 3%k FGF21 X} SIRT1/GPX4 [IE4M (n=6)
Fig.5 The effects of overexpression of FGF21 on SIRT1/GPX4 (n=0)

A, B: SIRTI and GPX4 mRNA expression in liver tissues were detected by RT-qPCR; C: Western
blot was used to detect the protein expression of SIRT1 and GPX4 in liver tissues; a: Control group;
b: CCly group; c: AAV-FGF21 group; d: AAV-FGF21 CCl4 group; *P<0.05, **P<0.01 vs Control
group; *P<0.05, #P<0.01 vs CCly group.
3 Wig

AT II L R TR, 16 CCL K FII/NR ALL BRI h, FFATHE [ I RIE FGF21 3% 1
RIS ALT A1 AST 7KV, I et Ao B0 o i ORI RN AE B BRAE T-AH AR SR80 e
B3 ACSL4 F1 PTGS2 ) mRNA & R, HHHHABE B MDA /K-Fsd> . GSH & &AM
SOD iE T+ . [, SIRT1 F1 GPX4 ] mRNA K& [A#REKF I . i, IXeeAh R
W], FGF21id3ikY SIRT1/GPX4 ik b DL R BE TR EA ) 2 [A) 4772 SR B



BEA B AT EHIESE FGF21 TEX Mg B My« PRE M AT 0 56 2 Pl A vh B O 1
o ABEFEAE CCly B AR 17 5256 h W S BSRAUCRI OB . AR, BRAE TR SR
PEFFAR A IR A O BR T 2 — 120, TR R AL LT Ry /N UK ALIN, ARHE AU 23] CCly
S MR BIET R IE, IR R FGF21 b 33K ) 3 i ik 2745 4k . SCRRRIE o
SIRT1/GPX4 JHEELE B HEIA, O MUV 38 By (K121 4k A B Sl i P R 45095 P S5 B0 T4l 4 O
KRR TR, FGF21 IT3FRIEERE SIRTI/GPX4 Fik L KA T ] XL R IR
FGF21 R4 E AT e 5 SIRT1/GPX4 Fik 42 S AU T- I AR O, Jyik— 2 i W B FE AL
i FR AL TSI ARk AE .

KRR FEAFAE—E JRBRYE . B 5%, T ENURIRRAIHE RIS R 5 8, U T e
B BRI, PRSI SR A . LR 25 S B ) S i R 2 AR B UOL, R, ook
BT 5 D6 Z5UAE R 14 /N B PP B6AIE. FGF21-SIRT1/GPX4 Al A4 1 Fi 2 75 3 i A7 4E, X SHAT:
T FEVR YT ROIM IR (2 OGS . JLR, RS AR LB SIRT1/GPX4 ik B il g
25 FGF21 IRIEFE, (EH VI BIROC R K PRAnpLE] v 5 — A . 58 7L 7 2d
RS LB SRR — ML 5, FGF21 /BN LS540, Hod i ) Fhis 552 14 2 i
Fo e gk B SIRTI WRE, HAETUIAE RN, RN B — B AL, K2
A FGF21 5T Y i ) B

gr LR, AWFFENEER| FGF21 43R5 SIRT1/GPX4 ik b il KRB TR AH
Kk, MIMEE CCL 7SR S YERF R . ZKEKSE7R SIRT1/GPX4 #£ FGF21 X ALIL ffR 4"

VR R R AE H AR R, BHAD) R 5 R L B AL it — 2 i
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