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i E: BE WA ZEdE e VAR 5-NEE A8 (arachidonate 5-lipoxygenase, ALOXS) FKIASFEIET:, Mifi
ZEFRNIBPEILTT 4 (rtheumatoid arthritis, RA) #ERIVERNIGI. % i GeneCards ##i 3K RA ¥isi, CTD Al
SwissTargetPrediction 44/ 2 S5 AT 2 H ¥ AL, Wik GEO #i¥i FE GSE77298 ¥l & b3k EiR R 2 R aRiB 3 A, X RA $E 55,
Fik BN E R FRIAFEE SAT IS US4, RIS HENE AT . 3T String M35 Cytoscape #1555 1 5 -3 A M L1
A (protein-protein interaction, PP1) %%, L5 (H HIETH LIRS EE] ALOXS . SR 70 FXHEH R IBIEAT 25 H 5 ALOXS
A REST . % ALOXS T3 RNA (siRNA). ALOXS iRIAAL (0eALOXS) FPIMSTHRAL (siNC/oeNC) F£4+% RA
FAT HERETE YT (RA-fibroblast like synovial cells, RA-FLS) Y, #H siNC. siALOXS5 4. SHHB4L. ATZ5FF (50 pg/mL)
. AT +0eNC 4. Aj25TF +0eALOXS 4. KA CCK-8. Mz 4IMIARAT Transwell SZIGHMIANALE f1. W2, TR KRIR
5 K ELISA K JREK F A4/ -6 (interleukin-6, I1L-6). IL-1p AWJRIRFER F-0 (tumor necrosis factor-a.,
TNF-0) /KF; RHRF RN Fe? ik 48, %H Western blotting il ALOXS5 FIZRFET-AH B A& M H kit AL s 4
(glutathione peroxidase 4, GPX4) Fik, £58R ALOXS £ RA-FLS 40fl A (03 IA B2 5 T AR 4ERE I 4T M (P<<0.001).
TF-Ht ALOXS ] RA-FLS 4B AE2E (P<0.001), FHE#HAMIET (P<0.001). MZE 2532534 K ALOXS =Z&A)
TR 5XTRRA R, ATZ4H RE T ALOXS IIERIE (P<0.001), #IHI4IME 1. TR RBMRERN (P<
0.001), RBFHMIIET: (P<<0.001), B&EMK FeX FE&E (P<0.001), i GPX4 £ik (P<0.001); iTHIiL ALOXS5 &3EiH
BT AN RA-FLS 0 HI1EA (P<<0.05. 0.01. 0.001). £5it  AJZHE AT ALOXS RIEN ST, IWHZEMHE RA
B, 9 RAVRITHRAL T E BRI RE
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Paeoniflorin alleviates rheumatoid arthritis by regulating ALOXS expression to
modulate ferroptosis
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Abstract: Objective To explore the mechanism by which paeoniflorin alleviates the progression of rheumatoid arthritis (RA) by
regulating the expression of arachidonate 5-lipoxygenase (ALOXS5) and mediating ferroptosis. Methods RA targets were obtained
from GeneCards database, paeoniflorin targets were obtained from CTD and SwissTargetPrediction databases, and up-regulated
differentially expressed genes were collected from the GSE77298 dataset in GEO database. The intersection of RA targets, up-regulated
differentially expressed genes and paeoniflorin targets was obtained. A protein-protein interaction (PPI) network was obtained through
String website and Cytoscape software, and the target gene ALOXS was screened based on the degree algorithm. Molecular docking
technology was used to verify the binding ability of paeoniflorin with ALOXS5. ALOXS interfering RNA (siRNA), ALOX5
overexpression plasmid (0eALOXS) and negative control group (siNC/0eNC) were transfected into RA-fibroblast like synovial cells

(RA-FLS), siNC, siALOXS5 group, control group, paconiflorin (50 pg/mL) group, paeoniflorin + 0eNC group, and paeoniflorin +
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0eALOXS group were set up. Cell viability, apoptosis, migration and invasion were detected using CCK-8, flow cytometry and
Transwell assays; ELISA was used to detect the levels of inflammatory factors interleukin-6 (IL-6), IL-1 and tumor necrosis factor-a
(TNF-0); Kit was used to detect Fe?* and iron contents; Western blotting was used to detect the expressions of ALOXS5 and ferroptosis
associated protein glutathione peroxidase 4 (GPX4). Results The expression of ALOXS in RA-FLS cells was significantly higher
than that in human fibroblast like synovial cells (P < 0.001). Interference with ALOXS5 inhibited migration and invasion of RA-FLS
cells (P < 0.001), and promoted cell apoptosis (P < 0.001). Network pharmacology analysis revealed that ALOXS was the target gene
of paeoniflorin. Compared with control group, paeoniflorin significantly down-regulated the expression of ALOX5 (P < 0.001),
inhibited cell viability, migration, invasion and inflammatory response (P < 0.001), promoted cell apoptosis (P < 0.001), reduced Fe?*
and iron contents (P < 0.001), and up-regulated GPX4 expression (P < 0.001); Overexpression of ALOXS significantly reversed the
effect of paeoniflorin on RA-FLS cells (P < 0.05, 0.01, 0.001). Conclusion Paeoniflorin mediates ferroptosis by regulating ALOXS

expression, thereby alleviating the progression of RA and providing important theoretical basis and new methods for RA treatment.

Key words: paconiflorin; arachidonate 5-lipoxygenase; ferroptosis; rheumatoid arthritis; inflammation

BB LT % (theumatoid arthritis, RA) &
— PRSI LA HEAT PR ST R G 4
NRHIER B B e e, Bk m HARG FBA
B HRTIERIGTT FEZMOM AR SRS 245, Sy
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PR 241021, R, 38 V) 75 B SR E ST I i
AU & AL Ge bt R 2445 245 T g I B
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lipoxygenase, ALOXS5) s& A0 A4 DU AR R AU A= B
F =M (A =4 Bas A= Co) WMKERE, 25
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ALOXS5/m HEELVLEE 3-8 (phosphatidylinositol 3-
kinase, PI3K) /% %M B (protein kinase B, Akt)
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HI6IT RA FIVE/E/E IR &, BATAH R 5@ A
5 ALOXS /- FEIC T HE T 22/ RA 33 J v AN B
RFIRANIRR . B, AR 2
W ALOXS5 RN FHIET- A RA #EREI5EN
NATEEIRIT RA $RALHT 1D
1 R
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1.2 ZR5EF

A Z5AF (LS P0038, Jii & 4> =98%) .
Transwell /N% (#t'5 CLS3422). Matrigel F& /5 /i
({it5 CLS354234) g H K EE e~ 7]; DMEM 55
FEEE (b5 12491015). fiZFMLiE (fetal bovine
serum, FBS, #it'5 10099141C). TRIzol 7] ({it
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3 [ Thermo Fisher Scientific A F]; JEE AN (5
T1300). CCK-8 & (#t'5 CA1210). Fe*" faill
WAl (S CA1530). BE 2/ NAFIE Gits
BC5310) W HIL R Z K ERHE AR AR, B4/
% -6 (interleukin-6, IL-6) ELISA &X7l& (fit5
CB10373-Hu). IL-1B ELISA {5 & (#t'5 CB10347-
Huw). MYBRFER T--a (tumor necrosis factor-a, TNF-
o) ELISA id#& (b5 CB11762-Hu) W H _EifFRl
VHEAEMHEARAR AR EERIE (itS
R0O018S). AnnexinV-FITC 4l 7 T k77 & (it
5 C1062M) W H i3 = RAEVISEAR B A R A
Al HRER-EEHER ('S 60162ES76) W H FigE
XAEMBEAER AT ALOXS Jifk (Pt 1 :
600, fit5 FNab00007) 4 H X FE B A RHE A IR
oy B H R ALY 4 (glutathione peroxidase
4, GPXD PR FHRELLBI 1 1000, #E5 ab125066)
B-actin HIAA (FAFELLE] 1 11000, b5 ab8226) I H
JE[E Abcam A F]; ABFFTA T sIRNA AL FRIE R
KT HANREAE IR ARG IR A R B IEE 1, sIALOXS
35514 5°-CAAUUCAAUUACUAUUGAAUG-3’,
T4 5°-UUCAAUAGUAAUUGAAUUGGG-3’ .
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A28137 ISR E & PCR {X. B1A-BP A!Hijk
. A51119500C ZUBEHRAL . A44115 BUEER G 7t
X (& [ Thermo Fisher Scientific A7) ); CytoFLEX
Ry A (GEE N 2 PE/RFFA IRA D BZ-
X1000 U B 2t GEREAAIRAFD.
2 FE
2.1 MEAEF S

LA “paeoniflorin” A8 17 /£ PubChem (4 2
Chttps://pubchem.ncbi.nlm.nih.gov/) 3K 75 F 45 # 1)
SMILES #% 30, fE SwissTargetPrediction %4 J&
Chttp://www.swisstargetprediction.ch/ ) U £ #H 5 #
M; fE CTD #i#& FF (https:/ctdbase.org/ ) LA
“paconiflorin” ARG A, GIFEHE, 3K
BG5S . DL “rheumatoid arthritis” A& 2 A,
1E GeneCards (¥ /% (https://GeneCardorg/) HIi4E
RA Y55 AH R HE 1o

fE GEO ¥t GSE77298 4% (REAH 16
A RA MR LA ZR S 7 AN Ry R ZH g i 4H.
2 1, DL P<<0.05. |log: 2 R A5%4 (fold change,
FC) [>0 Jyiifiisk 55 A 3R 05 R i) 22 S e ik BE A
(up-regulated differentially expressed, Up-DEGs). i#
iF Venn #(# % (https:/jvenn.toulouse.inra.fr/app/
example.html) K INEEIATZ5F . RA #E &S AT Up-
DEGs B %, RIGATZHIRIT RA EE .
22 SFXHEERE

iHiL PubChem Z%i#fi ) (https:/pubchem.ncbi.
nlm.nih.gov) ZR1FATZH L5, @ik RCSB Mk
(https://www1.resb.org/ VIR1S 52 /85 I ALOXS 4514
(7TTK) . FIF PYMOL2.0.7 #6452 A4 B (A F /N oy
FREAREAT K02, {8 AutoDockTools 1.5.7 #X
X B2 AR B NG T AT 0 B (W& Grid Box £
BUN size x=123.2, size y=123.2, size z=121.2),
i F PYMOL B A%F50¢ 731 R 45 Rt AT T dAk .
23 YHREEFS AR

AP 10% FBS Al 1%H H&R-BiH R 1
DMEM #3733, EHT 37 C. 5% CO, M FRF+
Bigt. Redfull 2X 104 AN/ALEM 3] 6 fLikh, £y
N N 70%~80%M, f#H Lipofectamine™
2000 VENEE G, FZIRB 5K sINC. 0eNC.
SIALOXS5 Al ALOXS i 3Ri& kL 0eALOXS Feje s
RA-FLS 4fiffi .

B SO K RA-FLS 41, LA 1X10*4N/4L

HERT 96 LM, BiFRid . B EXTIRA . ATA T
ZH. AjZ5H +0eNC 4. AjZ51 +oeoeALOXS 4H,
TR IO B 253G 35 5 AT E A 50
ug/mL AJZGFUOLNEE 24 hy AJZ5H +o0eNC G
ZEAK, FEIMN 50 pg/mL AJ AL FE 24 by AjE
H +o0e0eALOXS H¥% Geid FKik ALOXS, FEIIA 50
ng/mL ~j 25 AR BE 24 he
2.4 Western blotting 11| ALOX5 1 GPX4 EH
FRi&

F €237 WURAbEL S, B OWCERNBRYTEE, N
A RIPA ZLRA0IEAT 2400, $EHUSE A FE & H
WRBE . B R 2 T e R R A 5 DA I IO et Fe
MYk, ¥ % PVDF B, HHfE, WE P,
I ECL A2 R GARFE 5 , I8 B I A% 7 A X
KAERIL .
2.5 CCK-8 MEZmAE;EH

F 4237 BUNARFE S, B0 10 pL CCK-8 71,
37 CH¥E 1.5h, RABARCRI 450 nm AL W
(4 1H.
2.6 {RBEVATSNE

% “237 WU E, SZHE 1 mL 40020
(2X10°AN/mL), BOUWERAHBITEE, I 400 uL
EARMMEE, M S uL Annexin V-FITC F1 10
uLPI (20 pg/mL), EEGHFE 1 he KA
o U 24 R T
2.7 Transwell SEIG SN AT FE AR ZE

T s 94 R B M B EL B Matrigel 22 5 R 1Y)
Transwell /N E PEAE AT AR ZBRE . 1% “2.37
TR AL, W, MILiEHREES, &
M 25 2R 12X 105N/ mL. Transwell />3 N $2
Fhaf B, =N S 10%FBS k7%, K%
24h, F45EEEH Ty e, T BB S EIHmE,
THET R AR 22 A R .
2.8 ELISA & MZSREREF IL-6+ IL-1B+ TNF-0. 7K

% “237 BUNALHE, BERSHANL, 1000Xg
20 20 min, B EIF, %8 ELISA a5 &t Bk
M IL-6 IL-1B+ TNF-o 7KF-.
2.9 FeFISk 2 =N

F “2.37 WURALEL S, WCSEAIM HIEW, 1%
AN G VLTI E Fe> /K UNSEANM R, 1%
R & T B Bl e 2k o
2.10 BEitZESHh

i LA X £ RoR, (FH SPSS21.0 B AFit T4t
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11d GeneCards %4 FE 3R 14 RA #E5H 6704 1>,
CTD #u¥sEE3R18 37 DNATZT LT, Swisstarget
prediction ¥ 3RS 106 MGG S, SIFEE
JE AT 142 DATEGFEHE S X RA S5 AJZ5HEE
& Up-DEGs BUAZSE, 3RS 19 MR A (K
1), 256 A R i SR HEHL ] ALOXS.
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1755
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Bl 1 AZ5HEIAT RA $E5A Venn &
Fig. 1 Venn diagram of targets of paeoniflorin in
treatment of RA
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Fig. 2 ALOXS protein expression in H-FLS and RA-FLS

cells (X ts,n=3)

& 2

7
104 ==
kkok
05 '~
siNC  siALOXS5
siNC sIALOXS5
107}: Q1-UL(0.02%) Q1-UR(1.76%) }: Q1-UL(0.00%) Q1-UR(4.22%)
1009 E
105% 1
104 1
100 o |
10%Y. 1
10'3
1Q1-LL@325%) | QI-LR(4.97%) 1o Q1-LR(15.42%)
) =T T T Ty
0 10% 10* 105 10° 107 0 103 10* 105 10° 107

Annexin V FITC-A Annexin V FITC-A

"'P<<0.001, & 4. 51d,

P <0.001 vs siNC group, same as Figs. 4, 5.

3 F#t ALOX5 Xf RA-FLS 4Hffl ALOX5 ZEFRIL (A HEETES (B) FUAT (C) IS (X+s,n=3)
Fig. 3 Effect of interference with ALOXS (siALOXS) on ALOXS protein expression (A), cell viability (B) and apoptosis (C)
of RA-FLS cells (X £ s,n=3)
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3.3 Tt ALOXS #if| RA-FLS RpEEHIRE
Wk 4 s, T3 ALOXS J&, AR &40
M35 B3> (P<0.001).
3.4 Tt ALOXS ##H| RA-FLS 4RABASRER R F0
53 A
9t ALOXS J&, 4iferh IL-6. IL-1p A1 TNF-
o KFRFBEK (P<<0.001, B 5-A), Fe* Fiks
R ERIL (P<0.01. 0.001, K 5-B. C), GPX4

HEARBKFEEHE (P<0.001, K 5-D).
3.5 IRk ALOXS A AHEXT RA-FLS 4HA@
SENAUE TSN

BT PubChem 315425 3D 454411 PDB %
3, Uniport 383 ALOXS 185 14544, it PYMOL
BAEHET KB, 8L Atuodock AT Z T
5 ALOX5 #4745 rxi4 (K 6), ZGHEN-T7.6
kcal/mol (1 kcal/mol=—4.182 kJ/mol).
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Fig. 4 Effect of siALOXS on migration (A) and invasion (B) of RA-FLS cells (x 200; X+ s,n=3)
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Fig. 5 Effect of siALOXS on inflammatory response and ferroptosis of RA-FLS cells (X +s,n=3)
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Green part represents ALOXS protein, cyan part represents

paeoniflorin, blue bonds are hydrogen bonds, and red dashed lines

denote hydrophobic interactions.
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Fig. 6 Molecular docking diagram of paeoniflorin and

4 0eNC. 0eALOXS Q2 40M, F45 T7~i2h
HabH, SRR, SXRAi, Aj4Ea)E
4R ALOXS & HRIA/K T B E K (P<0.001,
Bl 7-A), AHfE )R K (P<0.001), 40T
RRETE (P<0.001); H5AZHFALE, dRIE
ALOX5 J& ALOX5 HHAFRKKTFEEHS (P<
0.01), A /158 ZEF+E (P<0.001), 4HAEIHT: X
BE R (P<<0.001).

3.6 T3FiE ALOXS #HHAHEXT RA-FLS 4HA0
TRFRERN

WK 8 Az, SxPIRdLtbis, A2 AR R T
B F1Z 2B A0 A B0 35 BRI (P<<0.001); 552514
bhis, RIE ALOXS J5iER8FIR 2840 M i i 5 4

ALOX5 hn (P<<0.05. 0.01).
1.5
A
g
g 10 o
ALOXS "l S S s oo =
é 0.5 i
:C] .
Bactin M. S R w— 2 10° .
A A A AT S A2 A2 A2+
0eNC 0eALOXS 0eNC  0eALOXS
XfHE AJUGTF
B C 107 eruioois) | at-urizosn)| YoruLpoony | er-Ur@Esex)
10°% 1 -
150+ 25+ <100 g |1 4
HitH o 1041 i | ¥
O & 10°Y ’ 1 o i
= 204 <~ | = 1071 1
- 100+ Kok X 101 3 1
Q . @_ 15 Gi-LLgadm) | Q1-LR{450%) QI-LL{7EES%) | Q1-LR(ST4%)
- N - () F— Ty T T YTy ¥ Ty
E é PETY e "
2 it = 104 A% +0eNC A% +0eALOXS
= 504 2 107 Yzrucmoow Q1-URI4 B5%; QI-ULDOI%) | QI-UR(187%)
= = 106¥ 1
54 1051 -l 1 ey
< — e
& 108 ’4% 7 . o
0 0 & 10°Y SRR L
T - T N T ,AI — Y 1
e Rl At At s o 104 {
0eNC  0eALOXS 0eNC  0eALOX5 }VL|??43%) o LRH 9"% :m LL[BQTO!M ommev%
0
0 I(P 104 105 106 107 0 103 104 105106 107
Annexin V FITC-A Annexin V FITC-A
XA #P<0.001; HATZH +0eNC ALLE: "P<0.05 “P<0.01 "P<0.001, THEH.

##p < 0.001 vs control group; “P<0.05 “P<0.01

& 7

TRk ALOXS #4755 % RA-FLS 408l ALOX5 EARIE
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Fig. 7 Overexpression of ALOXS reverses effects of paeoniflorin on ALOXS protein expression (A), cell viability (B) and
apoptosis (C) in RA-FLS cells (X +s,n=3)
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KRR FRL (P<0.01).
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