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Abstract

¢ AIM:To investigate the effect of fibroblast growth factor
21 (FGF21) on high glucose-induced oxidative stress in
retinal pigment epithelial (RPE) cells and to clarify the
underlying molecular mechanisms.

* METHODS:: Single - cell sequencing data from the GEO
database were analyzed to determine the expression
profile of the FGF21 receptor FGFR1 in RPE cells. Human
ARPE- 19 cells were cultured and randomly assigned to
control, high glucose (30 mmol/L), and high glucose +
FGF21 analog treatment groups, with additional siFGFR1
and PI3K inhibitor groups. Cell viability in different
treatment groups was assessed using CCK - 8 assay,
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intracellular reactive oxygen species (ROS) levels were
quantified using DCFH-DA fluorescent probing combined
with immunofluorescence staining and flow cytometry.
Transcriptome sequencing was performed on cells from
the high glucose group and high glucose+FGF21 group to
analyze the enrichment level of the PI3K/Akt signaling
pathway. Western blotting was performed to detect
phosphorylation levels of PI3K/Akt pathway components.
e RESULTS: Single - cell sequencing revealed specific
expression of FGFR1 in RPE cells of retinal tissues from
diabetic model mice. Under In vitro experiments, high
glucose (30 mmol/L) exposure reduced ARPE - 19 cell
viability by 49. 7% and increased ROS levels by
approximately 2-fold. Whereas treatment with the FGF21
analog (60 ng/mL) restored cell viability and attenuated
high glucose - induced ROS accumulation. Mechanistic
studies demonstrated that FGFR1 knockdown inhibited the
antioxidative stress of FGF21. Further validation of the
molecular mechanism revealed that high glucose
significantly suppressed the PI3K/Akt pathway activation
(the levels of p-Akt and p-PI3K were decreased by 33.9%
and 36.6%, respectively), while FGF21 effectively reversed
this inhibitory effect and restored the expression of p-Akt
and p - PI3K. Treatment with the PI3K inhibitor LY294002
inhibited the cytoprotective effect of FGF21 and
significantly increased the ROS - positive cells, these
findings confirm that PI3K/Akt signaling is indispensable
downstream mechanism for FGF21 to exert its effects.

e CONCLUSION: FGF21 alleviates high glucose - induced
oxidative stress and cellular injury in RPE cells by
activating the PI3K/Akt signaling pathway through its
receptor FGFR1.
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IR Bl 2 A8 P R e 30 2 45 T8 18, A AL 5 3
e AR 5 RS 1 A IO 38 L 2 R B W B 400 M O 1 %% DD AR
X2 PR RE (A 2 |- J (retinal pigment epithelium, RPE)
20 B AR Sy it AR 0 JE S o B ) Ao L0 TE R IR T 2 R
A TRESH AL A J& DR 31 72 ) S it
R HFT R b 0 NADPH KR
JG A S A A B A L AR AL A 5 R BT AR
1% & 15 PESR (reactive oxygen species, ROS) i BE AL 2 | i ii
N2 O T JEE 45 ) 2 i A 46 0T 4RT, DRt RPE 4l
i A S I K B I P EL A R 4 I 4% K 43 F- BRI, E R4S

384

AR Z R ZAL  RIFRAIF R,

JICETYE 4 B A 4 P F- 21 (fibroblast growth factor 21,
FGF21) J& FGF F5 1 — Fh AR5 0 15 P77 %o bt s 1k
1785 5 2 i 7 T PR S S 7, FGF21 A 22 A PR s ' s /N
U B /INERSEAR 3™ 47 HEmT RE X B PRI 5| & () 240 41
W EA PR, I RS R DR B B KBRS
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25200072) -5 E (T IHAE, CSP006) ; CCKS A5 £
(HIFE3E, ¢6500) 5 1 P A 3 77 &0 (28 = K, S0033S) 5
BCA 1 & Bk H & (2 = K, P0010) ; FGF21 25 ¥
PF-05231023 ( Abmole, M10048 ) ; si—FGFR1 ( 35 B3 X ) ;
PI3K 1 # 51 LY294002 ( InCellGene, IC — 0227268 ) ; Trizol
I ( Takara,9109) ; 52 % 571857 &7 ( Takara, RRO36A) ; ¢
s it ) & (5 B2, DY20303) ; p - PI3K #i 14 ( CST,
17366 ) . PI3K #i 1A ( Proteintech, 82796 ); Akt ¥t &
( Proteintech,80816) ; p— Akt HL{A& (CST, 130038) ; B —actin
Bk ( Proteintech, 20536 ) ; HRP #5 ic L 2 3T i IgG
( Proteintech , SA00001-2)
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S R D) 5 2 2 B 200 it 0 P 54 5 GSE178121, DL AR
M AT B & 09 A5 5 00 R AR ( oxygen —induced
retinopathy,OIR)*ﬁﬂ/J\ﬁﬂ‘]*ﬂwﬁgﬁé/'%%éﬂmﬁﬁﬁim ,
ISR FGF21 32 PR T J5 B HL I J5E F14) 4% 240 o STV 7 v £
FREFE,

122 HAEFSSE ARPE-19 4L R E T& 10% G
A & 1% -85 % R B9 DMEM/F12 B R v F
37 C % 5% CO, ARG FRAR h 3G 95 . WA o s
X HRZH A ZH (20 .30 .40 .50 mmol/L D5 31 ) |
E AR A7 200 M A BT 7 A R vk B TE B4 L 50,
60.80.,100 ng/mL FGF21 25{L14) PF-05231023 4 FEAM i,
e FGF21 Ab 3 ARk B . AR 4l = B Je FGF21 vk
BE L BEENT IR B S B FGEF21 41 B +siFGFR1+
FGF21 41 S i+FGF21 41 +PI3K ikl 4H ., i b ab 3Ry
7 48 h,

1.2.3 CCK8 ;&M ZBRaE M PO HUE K ARPE-19
Y, ABREFL 1x10° 4> 1 % B ¥ 51 8 Fp 1 96 LA, & T
37 C 5% CO,BEFEAA TR I%, TR 40 MG BE J5 | #4¢ LA b 5
TR T A AL B 4% 2H 40 M 4k 52 85 5% 48 h i, [l B
LA 10 pl. CCK8 X F, I T 15 7= 44 h B L 5 &
1.5 h, BfJ5 , 8 FEEARAUAE 450 nm P K R K I 4% L B W%
JeEE(OD H) , AL, A B S E 6 NE AL, I
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BELAL S R 2 3L A CCK-8 I s I FLLIRIE TS 5, 52
WS E A 3 W, ARSI A AR T (%) =
[ (FZE4H OD 5, =% FHHFL OD 45, )/ (XS BRZH OD g, —=5 H
L. OD 5, ) 1x100%

1.2.4 DCFH-DA W} $tiE# T ROS Kk F B H 4
K ARPE-19 48, LLAFFL 1x10* B % & 2 51 B2 Fb T
24 FLAZ Y TR AN Bl B 15 80% A, BE ML 2 A X HR4H , &5
WAL FZH EBE+FGEF21 AL HAH il +si—-FGFR1+FGF21 4b
FRZH BB+ FGF21+PI3K M7 AL BRAH | I 4k 2215 5748 h,
FHEE ARG, F TR IR AL &2 AT JC ML 3 8% 37 L7 B¢
% 10 wmol/L ) DCFH-DA TAE# (£EfL 500 pL) ,37 °C i
JEWFE 20 min, WFHE LS, H PBS #2320k 3 K, 6k
Kb ARLIREr, BSOS AR 4L
18, R Tmage J 1.54g B4 28 5250 #7745 41 19 7 35 52 S ok
B oA I BT T B AR 1) DCFH-DA H |, 41 g vk
BER 1x10° % 2% 107 cells/mL,37 C MG FH4NIEE
20 min, FEBE 3-5 min EEE 2, 6 BR A 40 M 7T 4 5
fi, eV 3 U I X 40 AR, £ FH FlowJo v10.8.1
RS BT BRI 0 %

1.2.5 si-FGFR1 ZHRE%5 ¢ #m FGFRI /M T4k RNA
(siFGFR1) M BHMEXT B (NC) W T35 35 3 X (siFGFR1-1;
1F X 4% .5 - GUAGCAACGUGGAGUUCAUTT - 3°, JZ X 4% .
5~ AUGAACUCCACGUUGCUACTT - 3°) . HUXF % 2 K
ARPE-19 401, LA&fL 1x 10* > 25 B ¥ &) 3 8h T 24 1L
M, 13 20 B il A B 5K 60% B, 2 JE 136 B 5 T 5 91 4 )
siRNA B Y], 43 514 siFGFR1 2 %f BB siRNA 5 44 A 4
i, ¥4k 6 hJ5 Ak 58 b IR AL IR AR SRR 5 48 h, Bl
Jril it qRT-PCR %4 FGFR1 1Y @i R 50K (51 9 )7 %1 .
FGFR1 - Hum - F. 5" = AAACCAAACCGTATGCCCGT - 3,
FGFR1-Hum-R:5-AACTCCACGTTGCTACCCAG-3’) ,
1.2.6 qPCR #&ll FGFR1 mRNA 13X i%x &2 ARPE-19
Y125 siFGFR1 M0 HR siRNA % Y 4b 31 | i ] Trizol i
T A A 38 2k ST AR | B DO TE s 44k RNA, JF
# 1 RNase—free K i, RIAMCR 4366 THRE I RNA
W B S 4l B 5 R FH R s il & B 8 cDNA, DL ¢DNA h
M, 18 SYBR Green qPCR iR 7 78 S i 2% 6 € & PCR
AL EFEATY 4 . LA B-actin fE NS IER R A 274 gt
# FGFR1 mRNA RYAHXS 55,

1.2.7 RNA-seq #& il ZAPE PISK/Akt {5 S8 oW B4
K ARPE-19 40M1, I%FFL 3% 10° /N 5130 T 6
UM T 0 P il 25 132 5 809 1], B ML A3y ve WAL FRAH 5
WE+FGF21 AbBRAH , 7 48 h J5 , FF L K597 5 i I Trizol
R B AN, FEARS T -80 CARTER T . SR Ze R AR TR 4E
UM BN A AR A BR 2 w47 37 S, X 3R
WP E 81T KEGG 38 [ & 4007 , Hok HSE N 4 & 445
BT (GSEA ) BaiiF PI3K/ Akt {553 B 1 254k,

1.2.8 EARGEEITERMNELORIEKTE BOFHUEK
H#] ARPE-19 40, AFFL 5x10° PR B B 5 R T 6
UM 75 40 M 5 B 3k 80% I, BEAIL A3 %o BR 4. | T Ak
PRE K i+ FGF21 AbBREH . T 48 h Jm, FE ARG R 3,
i RIPA Z4ff i 7e vk L4 IR B B . R
BCA BEillE 8 VR T &, & 4117 SDS-PAGE #E i
FLUK A3 B, Bl S W % ol R A % 8 2 PVDF B, H 5%
feA- = B 2 h 5 KR 5 AH N — Pt (PI3K , p—-PI3K
Akt .p—Akt 2N % B-actin, 1:1000)4 CiF % BEEF ., K H

TBST ¥R 3 WK, 5 - H=REE 2 h, HRFTHVERG,
i ECL b2 # & MR AT B3 . R Image J 1.54¢ 4K
oAt BAR Sty IKEEAR, AR ER (15 B—actin B K JE(H HE
(B s HAR R 2R K

G208 AfF GraphPad Prism 9 48 T4k 4 364743
BT, T BAE SE YE AR 22 (o 2s) Fom, =4 DL E
Y EL 35 R FH B IR 3R 5 2% 43 BT (one —way ANOVA ), 4§
ANOVA IR AR 22 53 BA Gi it 24 8 L (P<0.05) i, it —
AT Tukey S5 2 8 LKL 55 ( Tukey’s post hoc test) LA
A4 Z M PP 22 5%, P<0.05 25 A G112
2HR
2.1 RPE #ifa2 DR = E MM AR g 2 FGF21 M EE N
MR FGF21 32 %85 i H 3k 27 1k B —Klotho (KLB) &
FGFR1 &AFAE . X GEO ¥ i rf (%) 220 A il e 45 40
(GSE178121) Fy4 B4 e 7R 18 STZ 755 M R /1 B
MRS  KLB 522 {2 AR K3k, M FGFR1 WI7E RPE 4 g
RS R, LR 1A, X —F AR OIR AR
B — B, W 1B, UESETE A PR /D B L R 4R
5 00 ) IS o A5 4 760 ef  RPE 20 2 1 13 FGF21 5519
BN A
2.2 FGF21 M ZE S F SH RPE AREiEH T Ndsr
febE 00 40 MRS A R AT A AN [R) Mk BE (20,30, 40,
50 mmol/L) Y AL H ARPE—19 4iifif] 48 h, CCKS8 &
EIR N E 24 K 3% 1 iR, 5 IEH X IR (CTL) 4048 He, 20 -
50 mmol/ L) 78 b Ak B 347 R I 25 B IR Al AR ) (38 P<
0.01) , H B AR ek i . Herb, 30 mmol/ 1L 7 45 4
ARG AR LT 71 R B 49.7% (P<0.01) , 8% 16 5 FH T 857
T2 I S BE P S . 50 mmol/L H 5% i /&5 95 % R 40 114
YRG5 IEH G2 5, UE B 40 M 40005 V8 T e B AR B i
BB Rk,

TER AL LRl I, W IRSE FGF21 BE 75 2% i & i 4
O, AT TAE S HEASS R E Rl B AT R R BE A FGF21 26
I PF05231023, & 2B K 3 2 Fias, il A 60,80,
100 ng/mL FGF21 28R 5 , 4 M3 ) 48 e i 415 30 i 2%
g, 2R HAS¥E L () P<0.01), 5 & pERIR
(HG) ZHAH I, HG+50 ng/mL FGF21 259 iy Ak B 4H 5
HCH R L&t % E X (P>0.05), HG+60, 80,
100 ng/mL FGF21 J$ 814 41 40 il 1% 1 43 K 2 15.6% |
16.3%F1 17.6% , H.tt =[] (R P 8ORG24 2 5
(#1P>0.05) ., LA EZERFEH],60 ng/mL & FGF21 254
RAELRIE I ) S AR A RIOHR B, PRI S5 462 5 56 1 HH e vk
BE . DL ESSEAIEI FGR21 WA 34 ek 3% = M5 519 RPE 4
J g PR A

x®1 BAMREHNERIER xEs
20 5 Aib PR A 6L 76 9 A XHE
i B H CTL 1.000+0.054
50 mmol/L H #&EE 0.948+0.123
HG 4 20 mmol/L 0.691+0.033
30 mmol/L 0.503+0.032
40 mmol/L 0.461+0.045
50 mmol/L 0.4360.014
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E 2 CCK8 #illEHER FGF21 X RPE 4HBEiE RIRINE A AS[RIMR 09 15 25 08 T+ U5 40 B35 775 B FGF21 224014 PF05231023 +
T VR B T 40 MEYE 773 P<0.01 vs CTL 41 ;9P<0.01 vs HG 41,

R2 HRAMMBEHNERILEE x+s

205 HG ¥ B (mmol/L) FGF21 W B (ng/mL) YA LTS I AR
CTL H 0 0 1.000+0.015
HG 4 30 0 0.578+0.038
HG+FGF21 544 30 50 0.558+0.013

30 60 0.734+0.018

30 80 0.7410.014

30 100 0.754+0.018

2.3 FGF21 #5455 S8 RPE @SR AiEf
FGF21 X s 3 0 S A 1 33 A 52 ), B AT TAS: I 1™ 240 L Py
ROS 7K°F-, DCFH-DA %44 8 57K, 5 1E 5 X B (CTL)
ZH(1.000 £0.047) #H It , & B (HG ) 20 ROS ¢ i JiE
(3.373+0.047) B FHNN(P<0.01) . TMifE =S/ FImA
FGF21 UL HL 5 , ROS 7K i R IK E 1.884+0.047 ,
I EBE(HG) ZHIBAR T 44.1% (P<0.01) , {BATS & T 1E 3 % 1
(CTL)4H(P<0.01) , WLIK 3, iXLbZE R F I FGF21 REMWS i)
FRMEURRESE 2 i EiRA 00 RPE 4 S fb I3

2.4 5K FGFR1 Al % FGF21 %t RPE 40 A6 & 4L M i Y
MEIER SR 4 4 siFGFR1 ¥ 4% ARPE-19 4 ftgh
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B FGFR1,qPCR Kal 25 5 7, BHH: XS HE(NC) 41 (1.084+
0.024) 5 1FEH XTI (CTL) 4 (1.090+0.024) FGFR1 ik 22
SREGI2EE L (P>0.05) , 5 FIPEXT R 2 FIE 5 % 4]
AHEG, DU 4% siRNA I RBI 2 25 Hu R AIX FGFR1 /9 mRNA %
KK () P<0.01) , WLIE 4, Hid siRNA-1 A RER R
B E K FGFR1 AY 35 FF 2 0.068 £0. 024 , i Ik 5% K ik
93.8% ,siRNA-2 siRNA-3 Fl siRNA—4 1230 H w2 250 0 i
TRBCR: 23 s ik B 2 0.153£0.024,0.179+0.024 F
0.146+0.024, siRNA—1 Ji&2 8t H} ft e A9 R A 3850 %, i &t
SCHVEFH siRNA-1 #E4T FGFR1 LI RGBS
JEAIE FGF21 & 753 3 HoZ 4K FGFR1 KA A AL
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PR, FATTAE = 5 2R 55T (A B4 F FGF21 25 L4 i
siFGFR1 4L ARPE-19 4, 4nl&l 5 Frow, 55614
— 3, RBEALEE A ROS AH X 28 b5 B i 3 T iR & 301.4+
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MM FGF21 Ab 38 35 22 fif 1 LN, F ROS *ﬁﬂ%ﬁ‘ﬁé‘%ﬁ“
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- -
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R EACR A E T 75 1 324, i AIK FGFR1 ] 5
B FGF21 X Efligs 09 ROS T I EH

HG+FGF21

b,d

AR X 9l TR JE
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=
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z
v
€
x
[T
(O]
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400
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L 300
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Sample Name Subset Name | Count
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