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Abstract

Objective: To investigate the proteomic characteristics of synovial tissues from patients with hemo-
philic arthropathy (HA) and compare them with those from patients with osteoarthritis (0OA) and
rheumatoid arthritis (RA), aiming to identify HA-related differentially expressed proteins and poten-
tial molecular pathways. Methods: Synovial tissue samples were collected from patients with end-
stage HA, OA and RA who underwent total knee arthroplasty, with seven samples included in each
group. Data-independent acquisition (DIA)-based quantitative proteomics was performed to char-
acterize protein expression profiles. Protein identification, quantification and differential expres-
sion analysis were conducted using MaxQuant, the Andromeda search engine and MSstats. Gene On-
tology (GO) annotation, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analysis and protein-protein interaction (PPI) network analysis were further performed to explore
the biological functions of differentially expressed proteins. Results: A total of 80,931 peptides and
6151 proteins were quantitatively identified. Venn analysis identified 415 common differentially
expressed proteins in HA compared with both OA and RA. OTUD6B showed marked differential ex-
pression, while MMP3 displayed a relatively low expression trend in HA synovial tissues. GO analysis
indicated that the differentially expressed proteins were mainly associated with protein transport,
mRNA processing, RNA splicing, signal transduction, metal ion binding and mitochondrial components.
KEGG and PPI analyses revealed significant enrichment of the PI3K-Akt signaling pathway, oxidative
phosphorylation and metabolic pathways, with oxidative phosphorylation showing extensive inter-
actions in the PPI network. Conclusion: HA synovial tissues exhibit distinct proteomic features com-
pared with OA and RA tissues. The pathogenesis of HA may be associated with iron deposition, oxi-
dative stress, mitochondrial energy metabolism dysfunction, impaired protein homeostasis and al-
tered cellular signaling.
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1. 5|8

LA 95 2 — T A P XTI B T 2R, T P R X SR R LR IR R, R
TR, 25FTE HIURGII =4y 2 =, BRASEOC ThAEMRS, B I ACR M 5545 (HA) [1]-[5]- HA
MELATRBS , B R T B A7 (L R0 4 TR e P Hh L, FB o B T B2 v AR (1) 5 B e TR [6]-[8 ]
SRTIT, HA FEAR R HLA 24 1 R W1

HA 1 53 05 43T WL T B2 46 R LA S B BT AR [9]-[13 ] B AR BR AL R0 5 30,
AL HARLE AT T LI 7RIS 1 BB [14] [15]0 1 & Z-H4ER), BFFA RITF4RIZ & 5
AR TR 1T 4 (0A) . RIS 96 (RA) K HoMt 56 155 2B 25 (0 v B AL [ 16)-[ 18] —dEFik &4
MALDI Jii if#(2-DE + MALDI-MS) 8 F -T- RA 18 JE4H i 1) 85 R 2 o0 M, 2 B 0% T A (1 s 4 22
SRR, %I H A 254 AR AR [19]-[22]. BB FIRALEHARHT T HE3 K (SpA). FMIEHE
FATH(RAVHT OA 5 1IN LI 22 T3k B AU, R IUBE R4 bR 59 MRPS 76 RA B itk /K
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TR T OA B, RIERE B RV IT & RIEIRIE bR EM[23]. Xiaotian FIFH OA A58 B4 H A
R (AS)EH HIE I SREARIAT LT, RIL RA BH AL g« B4 C [X. PRDX4. SOD2.
TPI 1 TXNDCS & 1R L, XEEH S0 CFERE. S ius & IR TR RAE G
[24] [25]0 X %85 0T 48 7 T8 HRAE 5150 A L (R P B B S

MR SE BT AL, TR R (HA) M RIF ML 5 55T 2 (0A) B K KIRIETT 2 (RA) B A F e L [F] 4
fE . FATRFHEHE M7 R A (DIA) E & 8 F R AL HARIREL T HA WAL b B A R Rk, I ss
5 OA K RA MBI LT [ X EHERIE R | — S Ub AR R I 22 R IR I, X 282K i
AIREE BT S5 HA RWHLHI MR

2. 5 H*E
2.1. JBIRBLHER

AW TSN AL SUREAS , FEACRIET 2020 4F 12 F & 2022 4F 6 A A2 2R B R 1
SR AN A (HA) B KT R(OA) KRBT R (RA)ETS « FTA B P2 T SR AR AR 52
BERIGR RS2, HFERBHE IR B HA BE R EAEARRE AR A 835 K
i B & FVIL $UiEBHPEM AN A BEIIEHBRERDI T2 M. OA HEERME OARSI brk: R
ACR/EULAR ] 2010 “FAR#ETfE RA FEA . TERTAIE A, 4 &EH 7 (2T DIA EH A%
Mo PEARFEZRTURLILE 1.

Table 1. Baseline characteristics of the study cohort

=1 FARLHN

febr HA Hn="7) OA #H(n=7) RA #H(n="7) P4

GRED) 41.6+8.7 66.3+7.9 58.4+92 <0.001

PRI/ %) 7/0 2/5 1/6 0.003

BMI (kg/m?) 23.8+29 25.7+3.1 246+2.7 0.418

JRFR(AE) 184+63 9.7+4.5 11.8+5.2 0.012

CRP (mg/L) 126+58 43+2.1 28.7+10.5 <0.001

ESR (mm/h) 245+82 16.4+6.7 512+ 14.6 <0.001

VAS PEHavE4oy 6.8+1.1 7.1+09 69+1.0 0.842

WOMAC 15> 583+94 61.5+8.7 63.2+10.1 0.634

HSS 453 51.7+7.8 49.8+8.5 479+9.1 0.721

B R BB A L [n (%)) 0 (0%) 1 (14.3%) 6(85.7%) <0.001

DMARDs 1# F 52[n (%)] 0 (0%) 0 (0%) 7 (100%) <0.001

NSAIDs f#i [ 5 [n (%)] 5 (71.4%) 6 (85.7%) 6 (85.7%) 0.732
BRI IR ¥ VI B AR T 0 (%)] 7 (100%) — — —
IR Y MATZR (IR/AF) 152+4.6 — — —

2.2. Nano-LC-MS/MS #3072

AL TSGR HA. OA J RA W AL ARSAT & A A AAGI . 5 o0 S BT
AR, JERREAWRENE .. AR = M EHELHE . FEE, SERIEIRBOIT & pH A (o3
I, IEETHAR AR EA A2 DDA V% B E . A b, S B SRR R 2 4% 20 4T Nano-LC-
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MS/MS E BRI, DLSRASAN R AR A (8 A R IA R
23. BEEREESEERSH

JRTERETFISH) DDA FEAEHEE ) MaxQuant HA4-3E47 403, FH@EEH N A Andromeda 1% 5]
BERKB R A E . S ds Rt — P H T @555 DIA AT T S5 1E . DIA s irid 2
H, BRI ART ARAEION R B I T AT RS IR, B R FHAERR - IS THSR S h S i, R R
BIEHILE 1% LN, DMRIESE A€ B85 R SNSRI 2052 .

24. EYEEEST

Nk — B AT 2 R R AR TE A R S, AR TN O % B A M ik tH i 2 Rk R B TR ThRE
R E ST FET MaxQuant %5 45 A DIA &5, FIFH RIESWESVTRAE, WEREAE
17 GO Uifeii ke KEGG 1% & £ /0 S i BAE M EE 73 i . GO ‘& R4 RN AWM AE . Al M 2H e
FHRE=A B TRER, URIESEASSMEZERIN . KEGG /8 A TR 5 2 FE A 5eid
R es . H— P8 E % WRAMEREAMIESER, NEZEEENINREFH . MHGER L E
F AR R R AT LA 00T PPL MM 78 HA 3 IEAL U T OA AT RA W B2 23 1) 8 1 R e iR SRR AIE B
TEALE ST T HLE o

3. 58
3.1. EERAFEMBIE: BEELSAH HA. OA 1 RA FNEEHIE

TEARTTH HF, Jidk AR E R RIB M E A . £ HA 5 OA Wi+, HA HILH 126 M Ak
FikTtE, 815 PR (I RIAEK; /£ HA 5 RA thiid, HA 4 LR A 196 Fh, FHREE AN 997 F;
£ RA 5 OA tbAh, RA 4 EWEE 350 M, TiH&EH 328 Fi(El 1(A)). 4R E K, HA A
[FIIfAE S OA ZHA1 RA HIAFEI 415 FhzE Rl A B(E] 1(B)). JETHEAIEE w58, #ie 7 =4
JE AL SRR A o 22 57 325 2 A B (DEPs) I8 . MMP3 NII7E 2 RR AR A PRI BRI R LB e, 8
BEENE, MMP3 7E HA 2 PR R IR 5 REA S0 0 AN A 54— 8, $RILAE HA 7R
TR A A AT B TR D TR

1200+ W up
I DOWN Loy
1000+ o RA/OA
= )
£ 815 83 2 513 HA/RA
9 800+ £,
ne_ »‘T :;.’"l
®
2 400 359 358 247
=
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HAIOA HARA  RA/OA
(A) BEHARAERREEATH (B) £RH

Figure 1. Basic identification information
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3.2. EYIERESTER

Nk B HA TR R R IR IE, ARBFFHILL OA Fl RA fEAS AL, X HA
KREFSFRINEA LN EERIBIAT T R0 H—BiEmA P LRH R EE EREO L EE
MR, B LS BL(HA vs OA) N (HA vs RA)KIZEME B2 48 B0 24,
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Figure 2. GO analysis of differentially expressed proteins shared in (HA vs OA) N (HA vs RA)
[E] 2. (HA vs OA ) N (HA vs RAFERRIAEFEHR GO THFER

3.2.1. GO R

WIS FEE R GO i BHa/R T 2 7 RIS i (DEPs) BTl & ) 2 BRI F2(BP) A4
I3 (CO)RIZ>FIHAEE(MF) (8] 2). fE(HA vs OA N HA vs RA)ILLEE T, Hoor 7 IhRE B3GR M 45 /) 47
TR M R R (] 2 TR MF). BVATH F , GO 4 #T4E R T DEPs fTi K [ 32 % BP. CC Al MF,
SEAT IR AP O BRI, I S 7 S R0 1R [ AT R BOAATE TN IR OGS 98 AR WL (008 7E B A

3.2.2. KEGG @54

FE =4 KEGG 701, HE4 T =152 KEGG #8754 PI3K-Akt {5 58 . FALBERRILE K &
RUHEE (A 3). X EFEER KEGG BHFEE W & mRNA K. ECM-Z/MHE/ER . SALBimib.
FAPIILRG. B AR MR SO R . (/3 2, PI3K-Akt {5 SR =4I i h I B 5 w4, 12
AR FCTT BE AR 15 5 O T A% RE 5 4T A QI R R R FE AL O RS AR s TR AL R K S TCA FE IR 1)
S U3k — 25 e UE ZR AR ) fi IR A2 T LT e i R B L SR B B

3.2.3. PPI 4B 534

Nt — SR E R EAZRIRAHEAEH R, A E 725 REEAYS KEGG B AHK K PPI
M2 (] 4). FALBERR BRI BV BEM TER R, HEZFMCERIE R E R . %8 &
FAHCAH BLAE R E B4R PPI M4 S HR R LU, $erndihifh e AR 7 T fe 2 HA T EZHZR X T
OA 1 RA WHE - FHEZ —.
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Figure 3. KEGG pathway analysis of differentially expressed proteins shared in (HA vs OA)

N (HA vs RA)
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Figure 4. PPI network analysis of differentially expressed proteins shared in
(HA vs OA) N (HA vs RA)
4. (HA vs OA) N (HA vs RA)FEFFIEERBM PPI SHTER

4. Wig
AR P ST (HA) R LA B3 % WS R E, ERASKRERTIEHM. BRI
PP R 28 N R BN BB A SR [25]-[29]. ACEEFLFEA: 415 FhERE A, WHEACE HA 15 IEH SR 7
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15T e, $27 HA FHAER Al iR AT VR AR B FE PR O 98, 1T HAA AL s B 43 7 kAl

EEFEAY, OTUD6B RILH B ERIAZER, R HiES5 HA W R ILFE[30]-[32]. MMP3
1E HA YR RARRIEE S, HREA 00T H AR 550 PR AR AR A e 4 —2, Ui HA i)
RATREIR AT BEFEAS K MMP3 A, AT RE S 3. AR LR The 58 S O R
BeSLRE A 5R[33]-[36]. 3 — 77T, MMP3 {RRIAH AT EHE7R HA B AR BARTE BSR4k o TEB
SRR B B, MMP3 IR T = LS 5 E S, M KIS EmfEt, & A 4E1L.
YHANGE IR e AN Th R 308, HLRIA T REIZHT T . Uhah, ARIBHFZ BAEASRIR . B o 1 Al
T REFRITE RN ER, WATEE T MMP3 KA G RA—8. Fik, ARIITLSEEHEREAELE
B[] S BASHE AT, JE—25 B8 MMP3 78 HA RAE R & 0 B ARVE S IL S8R T8 2 B R R

GO 7r#TirR, HA MXEREAFEW LEAFIZH . mRNA I, RNA BJE:, Ho b4 i st
K. B5HFEERE, HEEEM T, UM . GRARIET . SoRifh i I R BTk 5 A5 451
S TIhRET T, AR E. RNASGMERE e REEE. 46 HA RE ML RTTR AR A
SRETEGMICEAN R SHAAW R, A PIHOYR J O A i = S 1A . KEGG # PPI 4047
e EoR, PIBK-Akt {5 Sl AR WERACSIER A HA MR EREATEREEE. K,
SAERRACTE & LU AH PPT WIS R B AL HAE R R, PORERRLARE AW 7 AT Re & HA Xl T
OA I RA M HEE T BUE . G H LS ESE 3015 FIG AR, Bigebitksee, Hik— Bt
TR R 8 AN B IR o

A FEA —ERRE. AFAEREMENER, ZRT IR AREELE T SRR LERY, H
FEIE TG BN, RSN RFEA SRR B, JFiEid %41t Western blot. qPCR &
IhegsLe it — P I8E OTUD6B. MMP3 K AL BRI AH < B (1 7E HA FFHITEH .

5. &t

LR EPTR, AT DIA EEEARAFHOR, REHE T HA. OA K& RA BRI EHRIL
W25, KL HA FEERDS AR I 7> 7 RIS RHIE . WEFESE RILER, HA IR R RAML S & 58 JOE R N A
K, HATRERS MERTTAR S IR 2R R Re ARG . AR KM LR H (5 5 52 MR
BHPERZS . ERABIADUINER 73 HA 227 HLEIIIAR, 09 HA AL bs S0 L S AL A
IRTI Wik W N A R T W [

= A

AT A5 2 R R R S 5 W RS 5 R 2 LR 2R B e, BT SR A B TP T 19
BT AR
S5 3wk
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