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Abstract

Osteoarthritis (OA) is a chronic inflammatory disease that afflicts a large population of middle-aged
people, manifesting as cartilage degeneration, joint inflammation, and functional impairment. Cur-
rently, effective therapeutic interventions are lacking, which calls for more comprehensive theo-
retical guidance. Disulfidptosis, a newly discovered form of cell death implicated in various dis-
eases, may be related to OA, but this has not been explored before. Based on previously reported
disulfidptosis-related genes, this study used three datasets from the GEO database (GSE55235,
GSE55457, GSE82107) and applied various machine learning methods to classify OA into two sub-
types. Nine potential disulfidptosis-related hub of Differentially Expressed Genes (hubDEGs) were
identified, among which APOD, EDNRB, FOXC2, JUN, LRCH1, and MAFF were down-regulated, and
NUDT1, PNMAL1, and ZNF668 were up-regulated. Further exploration revealed that hubDEGs were
associated with altered immune cell infiltration in OA, marked by decreased infiltration of eosi-
nophils and Th2 cells, and increased infiltration of iDC, macrophages, NK cells, Treg cells, Tfh cells,
and Th1 cells. GSE89408, as an independent dataset, and qRT-PCR confirmed the critical role of
these nine genes in the association between disulfidptosis and OA. Moreover, a TF-mRNA-miRNA
network was constructed, identifying potential intervention targets, such as CTCF, SP1, hsa-miR-29,
and hsa-miR-424. This study is the first to reveal a possible link between OA and disulfidptosis,
and to uncover key genes and targets involved in disulfidptosis in OA, providing novel insights for
the clinical diagnosis and treatment of OA.
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B R 4 (Osteoarthritis, OA)Z& — M LAFCEBIL . BHEIE . T IE RRE S i AL I S BT 451
FINRERIFE, SRR, B, G2 RAEE R . K2 2R EREm, WEs.
Wl BifE. fRE. B85, AI05%%[1] [2]. 2019 4, &ERA 5.28 0B kT K #E, Hrh 73%i##id 55 £[3].
B N 0k, B T R0 B 2 2 4E NI AR 35 B A A 2 R 7 IR S5 38 i BE R A AH . SR IA YR I7
i FBERGEIR . R RAE . RIS FICE D) 6E, ARedE s BT IR [4]. B R RIIK
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TR i 420 SR 488 s JE TR AR o A AP e — A% EF R R R (NADPH) /KT, I ELAE NS S5 54 Tt N BCE 40
H 32k HCARI UG PIBK/AKE 15 545 3855k L1 NADPH 4 ALHEF 4 (NOXA) AT {2 32E 5B 4 A 1 K
B BB AAR[10] . R E IR KT 58 00T 2 1™ AR 2 A O [11], Fodid & IR/IGSH/GPX 4
(W i AL A e B AL Vo ) #1375 S BB 3473 [8] . S. Lambrecht, M. Pharm &5 N\ B 7EH I35 4 B
{140 25 2 4 R R R 8 28 T 9T B 1 4 P S M SR [12] o IR SRR SRR T T RS — o i
JZET:J5 e ERAE T B 2R

KU AT — T 260 B B Z RS T IR RE s, 3 BURVEMOE 7 1 I 2R 1 e 2 R 55 — A 5+
WRLR[13], AR B N T S i AE Tt % 7 20, HALHI S s & T gni & 28 Aty 255
FEAHK[14]. SR, SRTFE AT R P IXBRAET B Mo, HEHE— B IIRE

FEARBEFLA, FRATE ORI FILAS 27 21 1 7V H B 9057 48 b 5 U A8 T AR O 1 G B A= Wb 5 9
SEA SRRV T HEWE S RV RIS, WYDPIRR T XEAYbr S R Szl R . [
IR FHESHIEER & qRT-PCR WP ERA T &5 A nl 5, il i TF-mRNA-mIiRNA P25 Tl 1 78 75 11
VAPEHE . X LELEE IR AT eI R T T R SRURAET. Z AR, IR Nl T R IR R 297 SRt —Fh
BT AR A o

2. M5 A%
2.1, HxERBEKRIE

M Gene Expression Omnibus (GEO)##i& =+~ 4 i 4 #i#s GSES5235 [15] GSES5457 [15]. GSE82107
[16]. GSE89408 [17]. H:H1, GSE55235 % v H#a & 10 AN K0T RFEAA 10 X REREA, GSE55457
R B E 10 N RAEAR 10 NFHEFEA, GSE82107 &5 H AU & 10 /M K RAEEAF 7 4
XTI REAS . GSES5235 Al GSE55457 H#a4E7E GPL96 “F & il , GSE82107 JII#E GPL570 “F- & bl fF (#
1o A EREAEIREMH R 4L “sva” [18]H1 “limma” [19]3E47 & I IE LBk, B3 78 30
AN T REEARA 27 ANGHIEREA (8845 K035 #5(NewGSE) . GSE89408 i #r 22 AN =17 REEAF 28
ANSHHRREAS, OB AE 50 UESE LAIS IR 2 A 5 SR 1) ol S 4k

Table 1. Original data sets
=1 RiasEE

Bkl S FEER BRIV RA of 2 Vb
GSES55235 GPL96 10 10 £

GSE55457 GPL96 10 10 A
GSE82107 GPL570 10 7 [N
GSE89408 GPL11154 22 28 A

XU AE T A 5 %: K] (Disulfidptosis-Related Genes, DSRG)H Liu %5 A [14]7E 1T #A$ Y, ZE AR 72
ZINT 12 1 DSRG, f#5 SLC7A11. SLC3A2. RPN1. NCKAP1. WASF2. RAC1. NUBPL. NDUFA11,
LRPPRC. OXSM. NDUFS1. GYS1,

2.2. ER SR (Principal Components Analysis, PCA) [20]

TR TR —Fh 2 A B B A T AL T i, T TR R B TP R SC R AT RIE T
& 1 JE AR SR A FE ] T #4047 PCA. PCA /2illid R A “FactoMineR” [21]R#EAT Y, %0 #rit 5 T4
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3Ry A2l PCA IR T R 4L “factoextra” frIRREL, 5 BhEA TR ARFE A Z A1 AR ALV RO 22 57
.

2.3. HF DSRGs B X R TREE

T B R R — A T R I s N B M S5 1 1) 0 A 7. AR R Wi “ConsensusClusterPlus”
AL[22] R AAT T M B BRI, XA 22 O 0 HEAT BN R AN R SR e AR SRR H , &
Bk B N maxK=9, reps=50, pltem=0.8, pFeature=1, clusterAlg="pam", distance="euclidean", seed=123456.
RAERBERIET DSRG, XL 7RIt b F TR FE A 2 18] AR A AU AT 22 722 1% . DSRGs 13+
Je N T R R O RAEA (B B 7 BUARFAE , AT R 73 5515 RAEAY

2.4. Wit B E Y ZEFRIEEE (SUbDEGs) ¥ E

RS HAR SR P I R R PDE R REA, 83 limma BLEEAT 22 3 K i, DARGIANRDE A 2
AR 22 e RIEEE N o AR Mt R, JATTRE T AN BIME: [logFC| > 0.5, FRoREEAIFEA R 26 2 18] 13K
R RE A LR EE . WS p <0.05, T2 2 BRI IRE, #R4%EE H 1 SUbDEGS
HAGHREE . KB E R IR BTk s A A A B =R RIS . R “ggplot2” £
[23]%: K 1L A “pheatmap” A1 H A RI F T- S8 72 e R R 3R 1 45

2.5. Wi X ERRIAEE (DSR-DEGS)EE

EARS RIS S50 “SubDEG” o AT “limma” ALHEAT, DU & 20 A B 4 o 65 e B AR b
FERE A 2 1] (1122 57 2 A 3 DR (DEG) » LABF 9¢ DSRGs (1) 32325 7K S 56715 ¢ (1950 . 4% DEGs 5 SubDEGs
I A2 42 BT 58] DSR-DEGs.

2.6. EEET R 547 (Gene Set Variation Analysis, GSVA) [24]

i/ R AL “GSVA” $4T GSVA 7341, T VPAGZE AR AEAN R AR B KA 2 IR (A8 e 5%, BA
R SR BB REAR OGN ZE o BUALRE SRS W R B E KR, 454 KEGG K&
Reactome %4 £ [25]3 4743 #7 .« |logFC| > 0.1 H. p < 0.05 [ 2= Fal Bl & B & 1, R “ pheatmap”
AR A

2.7. GO (Gene Ontology) [26]ThEEE & 547

i R & “clusterProfiler” [27]5R$WT GO Dfg & S tlr, & TR ERgE A b B2 H M A
Y2t FE(BP) . AR5 (CCYRI A FIhRE(MF) R 7 i o A FLHHE J2 Bl SOk Hh SR B R B i, T
W FE R 5 6 R GO ARAEAHCEL. p <0.05 #IA AR B2 B 4.
2.8. KEGG (Kyoto Encyclopedia of Genes and Genomes) [28]i8 & = &£ 74T

i R £ “clusterProfiler” SR 4T KEGG B & &M X /MEIRME T MBCRIfE R ES 2T
BT 5 KEGG @I AH I AEYEE . p<0.05 #il i RE L.
2.9. XEBERE (hubDEGs)R ik

AR SR R 11 7 1 A2 AR F 90 R R SR D B, TR0 S B bR AR A O H AR . (T = FioAS
[ FRIATL 35 27 > S92:(LASSO [E1A . BEALARAR . SVM SCRE A L) KA TRAE B R (197 ik - 72 LASSO [=]14
W [ T “kernlab 5 [29], 3@ i L1 Y5 Z0E WAL R gk /NS R i AS B 2 KR 1) R 28 48 FH“ randomForest”
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E[3013AT BELARAR VT B, 303 DAL ARFAE (14 B LA 43 SR o W L ARp A1 X 00U A 5% B3 DK < ) FH kernlab”
EL AT SVM IRFAIE HE B BV S 3 ) B SR S IR LSRR AR 0T 43 AT 55 d DB o B 5 T =38 (10 25 SR ik PR AR B
L4, 155) hubDEGs. i 52k #& TA/EHRHIE th £k (ROC) A ih & N THI L (AUC)fti i hubDEGs 2 Wi % /1,
H p<0.05 #\ A2 B ER .

2.10. ‘AP

¥ THP-1 40 % FH 8% 77 3£ (Procell, CM-0233)7E T25 £ 37 5% 3% THP-1 41l ffu(Procell, CL-0233)%&
PN 200 TANAR/mI AR S mi, KGAiRREER T 12 FLER . 50 JT4RAE/AL, St 6 FLOR IR R oy
KHAK 3FL). 12 h JFMIA 150 nM (] PMA (Solarbio, P6741)i% 5 24 h, fdi THP-1 4l 234¥, g ELW 2,
WS, R RA TN 1 pg/ml LPS (Sigma, L2880) i 24 h.  USCHL 4R MIAE 5 o

2.11. SERTREEEER A g R B (QRT-PCR)

M THP-1 4 b #EECE RNA, 18/ RNAeasy™ Plus Z0% RNA 4 B &7 e 43 (Beyotime,
R0032), ™ #&4% M8 AL r= i iUl B H4e4F . B 0.5 =3¢ RNA, FIA] PrimeScript RT Master Mix (TAKARA,
RRO36)MEAT IR 5%, [FIFEIEA =R 19T S . KM TB Green Premix Ex Taq Il (TAKARA, RR820L)#E4T
gRT-PCR, LM mRNA FEik.

2.12. Gt

WA A Gt o BT A R AR (CA 4.3.0)8E47 0 T I A 1B *3&7R p < 0.05, **3& 7R p < 0.01,
***R N p <0.001,

3. R
3.1. FJFH DSRGs HBXBESH A, B EHITR

X 4 B B IR JS IOFE A EAT PCA F 1045y 43 (] 1A-B).

FIFH DSRG, Xf 30 ANE K1 RAEEAMAT I B R, SR ERSE RAT RYP N 2 FOE AL A
A MR (16 1C-D), Bttt DSRG FATTEH AT R P12 T 5XEIET-AH K] AL B i Ff
NIZIEE

XA B ARSI %, BRIMER T AL B PR DSRG (IFRIEZ R AT, &S F ]
DA% 2 SLC3A2. RPN1 F1 NCKAPL 7£ B WA rh )R IA B2 T A LAY 1 WASF2 F1 GYS1 I Z7E A
WAL R IA B3 = T B A 1E).

f#fl KEGG & Reactome $# /%, % A, B PIEEL T JE R #EAT GSVA, iXfE—RhdES 4. Ll
ML, RO AL B LAY [A]RE Rl R A i B A AN ], DS BOFRAT TUCTR 9 2R 2 ) i A2
VI IhRe E R . 1 KEGG @ EHEY, A WA FEER T TR, ek MEERRE, M5 5m%, T e
Iy WA R R R R TR R (GnRH) (5 Sl K 2%, B AL - B5 BICEIRER . M e LA K 40 i 20 24 e o
ReSF B S E S ER(A 1F). A KEGG MHMUEM S, 7F Reactome 1, FATRIL T RIS, BIFE B I
Rk, HRRR R e S AR GG 3 LA S AN 7y S A OGS B W 3G  T7E A A, B TEiE vk
THER, HZAHKERH IL-2. TNF 255G 505 AR T E%E(E 16).

32. BERRIKEHSH

N T 5H R RRREBOVEVIN, HS5XEBE AR I . B AL B PR A &%
TP xR ) 22 R AR IR R K A
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Figure 1. Using DSRGs to divide OA into two subtypes A and B, moreover analyzing the differences in DSRGs and GSVA

between the two
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Figure 2. The analysis of differentially expressed genes between cluster A and B and between OA and Control
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Figure 3. Enrichment analysis of SUbDEGs
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Figure 4. Screening and validation of hubDEGs from SubDEGs using machine learning
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