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Gene marker score predicts the risk of osteoarthritis after arthroscopic partial meniscectomy

YU Bobo,ZHUANG Chuanji,ZHANG Weixiang, XU Yayun, WU Yongzhong
(Orthopedics Department, Jingdezhen Second People’s Hospital , Jingdezhen 333000, China)

Abstract Objective To explore the expression of plasma mRNA in patients with osteoarthritis (OA) after arthroscopic partial menis-
cectomy (APM), and construct a gene marker scoring model to assess OA risk. Methods A total of 268 patients who underwent APM at
our hospital between January 2019 and December 2021 were included in this study. Using 1 : 1 propensity score matching,78 patients
were allocated to the OA group and 78 to the control group. Plasma samples from six participants in each group were subjected to mRNA
microarray analysis. The hub genes were identified using KEGG pathway and protein-protein interaction (PPI) network analyses,and their
expression was validated using real-time PCR , Western blotting (WB), and ELISA. Multivariate logistic regression was used to analyze the
OA risk and the predictive performance of the variables was evaluated using receiver operating characteristic (ROC) curves. Results  The
incidence of OA was 29.1% (78/268). mRNA analysis identified 171 differentially expressed genes that were functionally enriched
in pathways,such as extracellular matrix organization and FoxO signaling. PPl network analysis identified seven hub genes including
COLIA1,COL3A1,HLA-DRA ;and PXDN. Multi-technique validation confirmed that these four genes were significantly upregulated in
the OA group (P < 0.05). A gene marker score constructed based on these genes independently predicted OA risk in the multivariate ana-
lysis (P < 0.05),with an area under the curve of 0.931 (0.879-0.965). Conclusion COLIA1,COL3A1,HLA-DRA ,and PXDN have
been implicated in OA pathogenesis. A gene signature score constructed based on these genes effectively predicted the OA risk and aided
in the identification of high-risk patients.
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F«B (nuclear factor-«B, NF-kB) M %4k 4= K [ 7B
(transforming growth factor-B, TGF-8) FIH A K& 1R
I (bone morphogenetic protein, BMP) HERE T
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P s o HEBRARE - 5 I 2 P 0 IR 2L T R
R RIS 5 PR B A5 4% B IRg 551 5 BR AT
T IEAT TR B A ARG A\ 268151 A5 345 T B
P52 8 J 2 5t 2x it (2020-LLLW-05) . i i &
aCH A m A A
1.2 Ik
1.2.1  FEY; LOATVHAN Sl (5 AL ih T Tie KA 55
J5 X APMA J5 58 38 Bl 5345 o FR 3 R AF I A R ¢
WIEMIAIXZR i, Ik B Kellgren-Lawrence P-4 22 4t
WEAGXZ R R, 18, T BB B35 24, B i
BRI BEAT OC1Y [R] BB A 5 35, v B - B FN ] i
O [ B 5 49, R B, ™ i OCYY [] B B A
Hhift. Kellgren-Lawrencelf- T4 =29 52 LR
OALUJ .
122 IR BEORHISCEE AL 45— 50RE, Qn4Eie 1k
B AR 8 EL (body mass index, BMI). /= Ifil. 55 58
W PRI S v A I i S WA S L s BB A O
TA; OAZ G TARRBY JRAEIR B/ K-
WERWRR O | 3 BB e (systolic blood pressure,
SBP). 75K J% (diastolic blood pressure, DBP), DL 1.
R ATFE AR, A0 (white blood cell, WBC). IfiL/)»
2 (platelet, PLT) ., % % ## (glucose, GLU) . 24K 8 H
AVFTLAREECER (creatine kinase, CK) o
1.2.3 M EmRNASE S G5 53 B - W B J 8 R

A1 d2s i 40 5 & Bk 11110 mL,2 000 g# .02 min, 43
I T R R N V8 R 45 T FH TR Lzoli 7 42
B RNA , IF 38 13 SuperSeript I RTi 5 & (3
ThermoFisher Scientific/y ) 1% 5% AFRICHcDNA .
SIS R RS IR AT VR ARG B eDNA il H]
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traction PR AT R e 5 0 B 5 5 R E T b
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Rif 5 limmatil /- rmRNA G4 51 22 5 R 3A KL A, 1
{HBENNogFCI> LRI IEP < 0.05 622 7 F A HE K &
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HEAT 3 RARIRTE (gene ontology , GO) . 5t #RIE K Al
KA EHRE (Kyoto Encyclopedia of Genes and Ge-
nomes , KEGG) 5 WikiPathway {55538 37 , -5 FH
Ri& & dplyrf vl #4k . GO A (0.4 A= )it 72 (bio-
logical process, BP) Zififl 55} (cellular component, CC)
HI5FI15HE (molecular function, MF) .
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teraction, PPL) 244347 - fd FHSTRINGE i % (https : //
string-db.org/cgi/input.pl) ¥4 HE 22 57 R IR FER PPIM 4%
BAE BEAE>0.4 K Fa 80 5 A Cytoscape 3.8.03K
b A “eytoNCA™ S AF EAT A NRFAE 23 A7, OF
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12,6 SEHS5E HPCR : FITRIzobaUAI 42 UM 9K SRNA
i gDNA Eraser PrimeScript RTi{7f) & ( H A TaKa-
RaZ% ) ¥ % 5 7 jlieDNA. FHABI7S00E fPCRIX
(FEE Applied BiosystemsZy 7)) #4730 %€ PCR, [
I 254 :95 CHIAEME30 5,95 CAEME10 5,6°CIR k30
s, 40/MEFR  FHGAPDHAE N 2, JFfd 27 243 B
mRNAMIXF F KK PCREIYFFIUTT : COLIAL,
1E 115 -GCCTCCCAGAACATCACCTA-3", ) [\]5°-T
GGGATGGAGGGAGTTTACA-3’ ;COL3A1,1E[8]5°-T
TCTCGCTCTGCTTCATCCC-3”, JZ []5°-TCCGCATA
GGACTGACCAAG-3’ ;HLA-DRA , IE[W5’ -GGACAA
AGCCAACCTGGAAA-3", JZ 157 -AGGACGTTGGGC
TCTCTCAG-3" ;PXDN, 1E [15°-TATGCGGGACGAG
AACGAGA-3’, ) [1]5°-ACTTAAACAACTCCGTAAC
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AATACGAT-3" ;GAPDH, IE 75’ -GACAGTCAGCCG
CATCTTCT-3", JZ 15’ -GCGCCCAATACGACCAAA
TC-3" .
1.2.7 B REW AL (enzyme-linked immunosorb-
nent assay, ELISA) : 3% FRELISAT 5] & (EK297-01, At
MIRFHE W HARAT PR AR U] A48 E ot E
PRV AB FHREHRALAEAS0 nmill K A0 25
(optical density, OD) {E, il i 2 fil bRt 26+ 8
kK.
1.3 Geitsordr

K HISPSS 22.0 . GraphPad Prism 9.5 ,Medcalc 22.0
FlCytoscape 3.8. 08 1 #4748 1177 73 M. TH B RL
FH2 (%) 227, A1 AR X A58 o T Bk

X #5727, L A] FUBECR P ST R ARG 56 R 523K
FERAVERFE (receiver operating characteristic, ROC)
Mo IR AR G AL 2 T T (area under the
curve, AUC) . P<0.0SHESAG %=X,
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268BIAPMA 5 & T, OA K A #829.19% (78/
268) o fit FMatchitfi , LAF % F: 51 647 40 1) 14 D1
Sy VE L, e 28 DE B OAZH Tt BE 4 5 457801, OA
2H iy iR L A5 WA L 451 BMILSBP \PLT . GLU{E 13
BT R4 (P < 0.05), OAZLCKIE AR T X B 4H (P <
0.05) L3l
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Tab.1 Comparison of clinical data between OA group and control group
Variable OA group (n =78) Control group (n = 78) t/x* P

Age (year) 62.47 +7.69 60.45 + 6.96 1.724 0.087
Sex[n (%) ] 1.658 0.198

Female 31(39.7) 39(50.0)

Male 47(60.3) 39(50.0)
BMI (kg/m®) 23.08 +2.73 20.94 +2.78 4.847 <0.001
Hypertension [n (%) ] 24(30.8) 13(16.7) 4287 0.038
Diabetes mellitus [ n (%) ] 15(19.2) 14(17.9) 0.042 0.837
Hyperlipoidemia [n (%) ] 23(29.5) 19(24.4) 0.521 0.470
Smoking [n (%) ] 29(37.2) 16(20.5) 5.278 0.022
Drinking[n (%) ] 22(28.2) 20(25.6) 0.130 0.718
Previous joint injury [n (%) ] 19(24.4) 14(17.9) 0.961 0.327
Family history of osteoarthritis [n (%) ] 11(14.1) 7(9.0) 1.005 0316
Type of work [n (%) ] 1.355 0.244

Intellectual work 25(32.1) 32(41.0)

Manual work 53(67.9) 46(59.0)
Living condition [n (%) ] 0.262 0.609

Bright and dry 51(65.4) 54(69.2)

Dark and damp 27(34.6) 24(30.8)
Educational level [n (%) ] 0.028 0.868

Junior high school and below 49(62.8) 50 (64.1)

Above junior high school 29(37.2) 28(35.9)
Marital status [n (%) ] 0.702 0.402

Married 53(67.9) 48(61.5)

Unmarried/divorced/widowed 25(32.1) 30(38.5)
Daily exercise [n (%) ] 34(43.6) 37(47.4) 0.233 0.630
SBP (mmHg) 129.54 + 6.73 125.18 +5.79 4.335 <0.001
DBP (mmHg) 77.21 £5.14 76.09 + 4.00 1.511 0.133
WBC ( x 10”/L) 6.08 £2.32 5.82+1.86 0.754 0.452

PLT ( x 10°/L)

25326 +13.08

248.87 +10.98 2.274 0.024
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()
Variable OA group (n =78) Control group (n = 78) iIx’ 14
GLU (mg/dL) 101.67 = 1.97 100.93 + 1.47 2.653 0.009
Carrier protein A1 (g/L) 1.26 £0.10 1.27+0.13 0.917 0.361
CK (U/L) 79.28 £ 12.15 86.83 +17.26 3.159 0.002

BMI, body mass index;SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell ; PLT, platelet; GLU, glucose ; CK,, creatine ki-

nase.
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A, matrix analysis; B, heat map; C, PPI network analysis.
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Fig.1 Microarray data and PPl network analysis
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Fig.2 Real-time quantitative PCR verification of OA-related hub genes
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Fig.3 COL1A1, COL3A1, HLA-DRA and PXDN expression feature box diagram

FRARELISAZE 5, %FCOL1A1,COL3A1 HLA-DRA
FIPXDNZR A #1722 [H Klogistic [l 3 74T, I AR P56
(B M 2 P bR S I . PE43=0.491 x COL1A15E 5
i#+0.011 x COL3A15% ik £§+0.909 x HLA-DRAK ik
#+40.004 x PXDNZRIA i  F B AR AR W) 7T 43 L s i
JE W A . BMI,SBP .PLT .GLU ,CK#E 47 £ [A Flogis-
tic[ 92007, 553 (R2) Wom, IEE AR BT &

ML AR FTBMIUE APMA J5 O A JRUSS: 18 70 57 16 16

% (P<0.05) .

2.6 AHRAZEROCHIL /T
ROCHH £ 43 B 45 5 w5 iLH W AR BMIE

R FR S PE 2> T APMA J5 OA XU B AUCSS 5]

40.572 (0.490~0.650 ).0.585 ( 0.503~0.663 ).0.703

(0.625~0.773) F110.931 (0.879~0.965) . LEl4,
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F2 APMAREOARH % FElogisticE V3 53 #r45 R
Tab.2 Multivariate logistic regression analysis results of OA risk after APM

Variable B SE Wald x° OR (95%CI) p
Genetic marker score 1.313 0.281 21.836 3.719(2.144-6.452) <0.001
Hypertension (yes vs. no) 2.169 0.907 5.717 8.751(1.479-51.795) 0.017
Smoking (yes vs. no) 2.622 0.973 7.257 13.764 (2.043-92.737) 0.007
BMI 0.607 0.178 11.562 1.835(1.293-2.603) 0.001
SBP 0.079 0.066 1.416 1.082(0.950-1.232) 0.234
PLT 0.010 0.029 0.115 1.010(0.953-1.070) 0.734
GLU 0.294 0.191 2.364 1.342(0.922-1.952) 0.124
CK -0.025 0.025 0.987 0.976 (0.930-1.024) 0.321
Hypertension BMI Genetic marker score
1004 1004 100 100
S 804 S 807 8 80 S 80
£ 603 £ 601 £ 60 £ 60
.8 = B B
Z 404 ‘2 407 ‘Z 40 ‘Z 40
(}\LA 7 (% ] P4 ())L Zl‘ct
20 ’a” AUC=0.572 207 ’,/ AUC=0.585 20 L, AUC=0.703 20 AUC=0.931
0 95%C1I:0.490-0.650 0 F 95%CI:0.503-0.663 0 o 95%CI1:0.625-0.773 0 95%CI:0.879-0.965
T T T T
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Fig.4 ROC curve analysis of related variables
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