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[ Abstract] Objective To identify inflamm-aging related biomarkers in osteoarthritis (OA).
Methods Microarray gene profiles of young and aging OA patients were obtained from the Gene Expression Omnibus
(GEO) database and aging-related genes (ARGs) were obtained from the Human Aging Genome Resource (HAGR)
database. The differentially expressed genes of young OA and older OA patients were screened and then intersected with
ARGs to obtain the aging-related genes of OA. Enrichment analysis was performed to reveal the potential mechanisms of
aging-related markers in OA. Three machine learning methods were used to identify core senescence markers of OA and
the receiver operating characteristic (ROC) curve was used to assess their diagnostic performance. Peripheral blood
mononuclear cells were collected from clinical OA patients to verify the expression of senescence-associated secretory
phenotype (SASP) factors and senescence markers. Results A total of 45 senescence-related markers were obtained,

which were mainly involved in the regulation of cellular senescence, the cell cycle, inflammatory response, etc. Through
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the screening with the three machine learning methods, 5 core senescence biomarkers, including FOXO3, MCL1, SIRT3,
STAG1, and S100A13, were obtained. A total of 20 cases of normal controls and 40 cases of OA patients, including 20
cases in the young patient group and 20 in the elderly patient group, were enrolled. Compared with those of the young
patient group, C-reactive protein (CRP), interleukin (IL)-6, and IL-1f levels increased and IL-4 levels decreased in the
elderly OA patient group (P<0.01); FOXO3, MCL1, and SIRT3 mRNA expression decreased and STAG1 and S100A13
mRNA expression increased (P<0.01). Pearson correlation analysis demonstrated that the selected markers were
associated with some indicators, including erythrocyte sedimentation rate (ESR), IL-1p, IL-4, CRP, and IL-6. The area
under the ROC curve of the 5 core aging genes was always greater than 0.8 and the C-index of the calibration curve in the
nomogram prediction model was 0.755, which suggested the good calibration ability of the model. Conclusion FOXO3,
MCL1, SIRT3, STAG]1, and S100A13 may serve as novel diagnostic biomolecular markers and potential therapeutic targets
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for OA inflamm-aging.
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Senescence-associated secretory phenotype Machine
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Table 1 Information on the gene datasets

Number GEO dPlatfn:)rm Young patient Elderly patient
ocuments group group
1 GSE104113 GPL6244 3 2
2 GSE32317 GPL570 10 9
3 GSE191157 GPL26963 4 4
12 SRZBHEXNERREIERNEE
K FIFDRIE X PIE AT GE, BEIE )5 f¥ad).P< 0.05 1

[log,FC(fold change)|= I}y iifi ik SR 15 4F 52 O AR AR
OAZ R FEFH (differential expressed genes, DEGs) 45
. SARGSHECHEM BIOAT LA CHE . Ll REH %
IR L, o 2 S o S 35 T T 20 BE X AT HiAk o
K FHRAIClusterprofilersi 22 F B Rl 4T 5 I A4 (GO ) il
SRR SRR 40 R (KEGG) B 54T, GBS
P< 0.05 A i BEARfE o
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PREFAIE . SR EPE AR | RGEVELLBEIR A 55 Ho At XU
s ZE I LI VR @ BIFATEAR RS . WP
GG, 1 MR G BRI R R B SN AR
PRI IR . RIS IR DAL U Y
W B, 442 R ULT N, 45 ~ 598 4R N,
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sedimentation rate, ESR) .
1.6 ELISAX#iNISASPEF

KA ZAR G 25 WEFR KIS mL, KI5 5 mL#EmR
b2 WA I (PBS) BRI 5], Ficoll% B B B0 08 40 5
ANE ML 1% 41 (peripheral blood mononuclear cells,
PBMC), IS4 A4, 5.0 )5 3 AR TTIE . AFLm
100 uL V5, 37 CAMAFIEE 1.5 h, #IELISALUR &
VLI, K ITL-18., TL-4, IL-6 (EDUHEH SERH AT IR
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AR K-
1.7 EREERSEERNGNZOFEEER R

i FH Trizol(Servicebio ) & B 52 1 2 41N & 1l B~ 4% 40
B B RNA, #R )5 {8 FH Takara Prime Script RTHUR R AL
RNAY# 5 g HANDNA ., ffiJ1]2xSYBR Green gPCR Hub
Mix (A& ROX) #4752 I 7 i 5 & W% /W (qRT-
PCR). JZW2&fF: 95 “CAEMES min, 60 °Cil k1 min, 70 °C
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Table2 Specific gene primer sequences

Gene Forward primer (5'>3") Reverse primer (5'>3')
GAPDH GATGAGATTGGCATGGCTTT GTCACCTTCACCGTTCCAGT
FOXO03 TCAAGGATAAGGGCGACAGC GGACCCGCATGAATCGACTA
MCL1 GGGCAGGATTGTGACTCTCATT GATGCAGCTTTCTTGGTTTATGG
SIRT3 AGGCAGCGGGAGAGCTCA CGTTTGCGACAGAAACTG
S100A13 TCCTAATGGCAGCAGAACCACTGA TTCTTCCTGATTTCCTTGGCCAGC
STAG1 GGAATAACACACCGGAGACT AACCTCAAAGGCAATCCTCA

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; FOXO3: forkhead box O3; MCL1: BCL2 family member; SIRT3: sirtuin 3; S100A13: S100 calcium

binding protein A13; STAG1: STAGI cohesin complex component.
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R(4.2200) #ATHLER =] o TR PERER fx £ s8R, IES
K 56 R Fl Kolmogorov-Smirnov, 222 [A] Hu 48 % A 5 R
F Iy 2208, BIT HLBER FHLSD- ek 5 . A3 I 43 >R
Pearson/T. P<0.05 MR A G E .

2 &R

2.1 GEO¥iBFIHAGREIEELIEETLE

53N GEOR A, HEATAREAL AN —1k, K12 &
534381 (principal component analysis, PCA), [ 1B3H
M TE J AN TRt O ) B it B B R — R, RO K TE
o RIMRALimma i PEAR S E 884> 28 AL A, 1
39N FE R FE A OAREAR L], 4940 FE K 78 2 4
OAREAH NI (E2A) o /R T L8 F T 4 Fi
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Fig 1 Data integration preprocessing for three GEO datasets

A and B are two-dimensional PCA clustering plots for each sample before (A) and after normalization (B) to remove batch effects.
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Fig 2 DEGs identified from the three GEO datasets

A, Volcano map. B, The heat map shows the top 20 DEGs in both up-regulated and down-regulated genes. Each row represents the intersection of genes and each

column represents a different group. Red and blue represent up-regulation and down-regulation, respectively. JUN: Jun proto-oncogene; NFKBIA: NFKB inhibitor alpha;

JUND: JunD proto-oncogene; SOX9: SRY-box transcription factor 9; VEGFA: vascular endothelial growth factor A; MYC: MYC proto-oncogene; SOD1: superoxide
dismutase 1; BCL2: BCL2 apoptosis regulator; ESR1: estrogen receptor 1; COL1A1: collagen type I alpha 1 chain; SIRT®6: sirtuin 6; FOXO4: forkhead box O4; SIN3B: SIN3

transcription regulator family member B; LMNBI: lamin B1; IL-6: interleukin 6; NFKB2: nuclear factor kappa B subunit 2; FOS: Fos proto-oncogene; MAPK3: mitogen-

activated protein kinase 3; TLR3: toll like receptor 3; TNF: tumor necrosis factor; TGFB: transforming growth factor beta 1; GDF15: growth differentiation factor 15;

STAT3: signal transducer and activator of transcription 3; MAPK8: mitogen-activated protein kinase 8; MAPK14: mitogen-activated protein kinase 14; TCF3: transcription

factor 3; IL-1p: interleukin 1 beta; IKBKB: inhibitor of nuclear factor kappa B kinase subunit beta; BAX: BCL2 associated X; AKT1: AKT serine/threonine kinase 1; CCL2:
C-C motif chemokine ligand 2; TP53: tumor protein p53; CDKN2A: cyclin dependent kinase inhibitor 2A; CDKN1A: cyclin dependent kinase inhibitor 1A; GATA4: GATA

binding protein 4.
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SERLFH, 5L BE P T O A 98 1 8 3 FLAT 55 v 18 e
W, FOXO32WiH i (AUC=0.970), HAbRE K (1Y
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Cytokine production involved in immune response - Ras signaling pathway [ ]
Mononuclear cell proliferation = Rapl signaling pathway P
Regulation of oxidative stressinduced cell death
Osteoblast differentiation p53 signaling pathway- [ ]
Regulation of inflammatory response AMPK signaling pathway °
Aging “Ig (P value)
Transcription repressor complex Apoptosis »
Site of DNA damage Longevity regulating pathway- L] N
N — L i sensncs ) X
Nuclear speck & 12 Osteoclast differentiation{ °
Mitochondrial matrix (o) Count
Membrane raft 8 IL-17 signaling pathway{ @ P
Membrane microdomain ! Toll-like receptor signaling pathway @ [ 381
Euchromatin [ RE!
Replication fork TN signaling pathway| @ o
Core promoter sequence-specific DNA binding NE-kappa B signaling pathway{ @ ® v
Nuclear receptor activity o
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o o
Bl 3 OARZIEXITEMHEES T
Fig 3 Enrichment analysis of markers related to OA aging
A, Venn diagram was used to screen for the intersection genes of GEO and HAGR databases; B, GO analysis; C, KEGG pathway analysis.
R3 EFFERREMHET0/IncRNA
Table 3 Top 10 IncRNAs with significant differential expression
Index GEO data set Gene log,FC Pvalue adj.P.Val
1 GSE104113 FOXO03 -2.348 <0.001 <0.001
GSE32317
GSE191157
2 GSE104113 MCL1 -2.178 0.001 0.019
GSE32317
GSE191157
3 GSE32317 NFKBIA -2.132 <0.001 0.003
GSE191157
4 GSE104113 SIRT3 —-2.043 <0.001 <0.001
GSE32317
GSE191157
5 GSE104113 JUND -2.033 <0.001 <0.001
GSE32317
6 GSE104113 STAG1 2.322 <0.001 <0.001
GSE32317
GSE191157
7 GSE104113 S100A13 2.223 <0.001 0.001
GSE32317
GSE191157
8 GSE32317 CDKN1A 2.165 0.001 0.023
GSE191157
9 GSE191157 GATA4 2.099 <0.001 0.001
10 GSE32317 CDKN2A 2.008 <0.001 <0.001
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A, The ordinate represents errors of cross-validation; the upper abscissa represents the number of variables corresponding to different A; the lower abscissa represents

log (1), the logarithm of the lambda penalty coefficient. The parameter corresponding to the dashed line on the left side (lambda.min) with the smallest error indicates

seven variables. B, The upper abscissa represents the number of nonzero coefficients in the model; the ordinate represents the value of coefficient; the lower abscissa

represents normalized coefficient vector. Lines of different colors represent different variables and each curve represents the change trajectory of the coefficient of each

independent variable. 5xCV indicates 5-fold cross validation. C, 14-0.75 indicates an accuracy of 0.75 for the 14 trait genes screened. D, 14-0.25 indicates an error rate of

0.25 for the 14 trait genes screened. E, Dynamic variation of random forest prediction error on the number of random trees, with the vertical coordinate error representing

the error and the horizontal coordinate tree representing the tree number. F, Genes ranked by importance.
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Table4 Expression of ESR, CRP, and SASP factors in the patient groups

Elderly patient group (n=20)

Indicator Normal control group (n=20) Young patient group (n=20)
ESR/(mm/1 h) 5.50+2.24 20.93+8.22°
CRP/(mg/L) 0.56+0.15 9.07+4.39"
IL-4/(ng/L) 32.57+10.83 13.81+2.98
IL-6/(ng/L) 15.09+1.77 25.05+3.69"
IL-1/(ng/L) 17.58+4.56 25.96+4.37"

25.77+12.49"
13.05+3.99" "
11.48+0.98"
342241047

31.38+8.13" 4

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; IL: interleukin. ~ P<0.01, vs. the normal group; 4 P<0.01, vs. the young group.
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S100A13
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a b c

& 6 qRT-PCR#&MZ T ERERMRIE

Fig 6 Expression of core senescence genes by qRT-PCR

a: The normal control group; b: the young patient group; c: the elderly patient group. ~ P<0.01. n=20.
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R5 XU
Table 5 Correlation analysis
FOXO03 MCL1 SIRT3 STAG1 S100A13
Indicator
r P r P r P r P r P

ESR/(mm/1 h) -0.109 0.004 -0.305 0.001 -0.226 <0.001 -0.036 0.342 0.292 <0.001
CRP/(mg/L) -0.144 <0.001 0.010 0.788 -0.109 0.004 -0.018 0.645 0.066 0.084
IL-4/(ng/L) 0.168 <0.001 0.306 <0.001 0.218 <0.001 —-0.181 <0.001 -0.105 0.006
IL-6/(ng/L) -0.103 0.007 0.044 0.251 —-0.381 <0.001 0.084 0.027 0.243 <0.001
IL-1B/(ng/L) 0.072 0.058 -0.077 0.042 -0.120 0.002 0.204 <0.001 0.104 0.006

B4 A R A e R e b, B A P IL- 100K, 15 NF-
kBl [ 3R Gk, A 2R HEAN I R 2 E Y. Sirtuin
3(SIRT3)J&—FINADWKHEME L L B, & e R AR A Y
SHE AT 7. SIRT3 3 238 i e 2 bR R A Fn
FRERIRDNAR) SE 8L T BE, 7EOAR RAEA B R 1E
HIP, STAGUZSCC3Z IR K51 2 —, /- Fep53 it 17
T, FTIWTSE R0, STAGIZEOA B 41 & 1 BAA% 21 it
R RIE, S H5OARPERIE N, L5 L RTIA, X LR
YT LI OARPE R E 1T R, AT B ROAh M2
PR PSHO I

SASPH —ZRIMER K+ b+ ERKEFFE
P AR, 4 A0 T, 3l 1A P A o b 22 DR 1) o
PO o S 5 o AL A A 4 O Y 8 3 il
R B (0 S S B fih % SASPA NN E O A K5 o AHIF

FEMAIEH A MOARE, OARE h RAEFEFRESRFN
CRPF} (P<0.01) . CRPHIESRIE I AR H5 H FH A% I 785 27
HRPEIEAR . CRPHMIESRIEOA B H RN £ ILTHR H S
OAYmIE e . TS 2525 UIAH G, SASPIAFIL-6IIL-
1BEOA R E T, IL-47KF T R AR EAYIL- 1]
DI SENF-xBMICCAAT/ A5 F 4558 1B (C/EBP-B) 5
DNARIZEAREST, PEMTHIEIL-6 FITL-8 A4 % 1, HLRIfY
SASPHHF, WIIL-6FNIL-1pB, 7] LA iE SASPIR T3, JE i
FGR, R, 81 20 M R 7 AN TL-4, 2y 2R g
20 7 A ARG LA 0 B PR, RT LE Aod  o 4
J 5 VA T 2 1 2 A T R A R R T A
KT R, B 3 BRI FOX03 ., MCLL, SIRT35
ESR., CRP. IL-6 2 i #HC, HIL-42 IEAHK; STAGI,
S100A1351L-4 5 FAH ¢, 5ESR, IL-6FITL-1B5 1IEAH .
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Fig 7 Risk prediction model for core senescence genes in OA patients

A, ROC curve. B, Calibration curve. The horizontal coordinate is the predicted event rate (predicted probability). The vertical coordinate is the observed actual event

rate (actual probability). The black line is the Apparent line for internal correction. The dotted line is a bias-corrected line of the external correction curve of the model

(done by bootstrapping with 1000 repetitions of the sample). The diagonal line is the reference line (Ideal), i.e., the case where predicted value=actual value. C, Nomogram

model.
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