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Abstract

BACKGROUND: Exosomes have been confirmed to be closely related to cartilage degeneration in osteoarthritis. However, the role and mechanism of exosome-
derived genes in cartilage degeneration of osteoarthritis have not been fully elucidated.

OBJECTIVE: Bioinformatics analyses were used to screen the genes related to cartilage degeneration in the synovial exosomes of patients with osteoarthritis,
and to determine their biological functions and signaling pathways in order to provide new therapeutic targets for delaying cartilage degeneration in
osteoarthritis.

METHODS: Firstly, osteoarthritis-related exosome dataset GSE185059 and cartilage degeneration dataset GSE114007 were downloaded from Gene Expression
Omnibus (GEO) database to screen exosome-derived cartilage degeneration related genes. GO functional and KEGG pathway enrichment analyses were
performed based on the screened exosome-derived cartilage degeneration related genes. Protein-protein interaction network was drawn and Ingenuity
Pathway Analysis (IPA) was conducted to screen and obtain key exosome-derived cartilage degeneration-related genes. Finally, gqRT-PCR was used to verify the
expression of key genes in osteoarthritis cartilage tissue and interleukin-1f stimulated chondrocyte models.

RESULTS AND CONCLUSION: (1) There were 831 differentially expressed genes in the GSE185059 dataset and 5 323 differentially expressed genes in the
GSE114007 dataset. A total of 94 exosome-derived cartilage degeneration related genes were screened after the intersection of these differentially expressed
genes, of which 51 genes were down-regulated and 43 genes were up-regulated. (2) GO functional enrichment analysis showed that the up-regulated genes
were mainly involved in the positive regulation of cell-cell adhesion, the positive regulation of T cell activation, and chronic inflammatory response, while the
down-regulated genes were mainly involved in biological processes such as cell aggregation, cartilage differentiation and development, and skeletal system
morphogenesis. (3) KEGG pathway enrichment analysis showed that exosome-derived cartilage degeneration-related genes were mainly involved in tryptophan
enrichment metabolism, vitamin B6 metabolism, and leukocyte transendothelial migration. (4) The constructed protein-protein interaction network confirmed
the existence of multiple interaction relationships among exosome-derived cartilage degeneration-related genes. Combined with five algorithms in CytoHubba
software, four key exosome-derived cartilage degeneration-related genes were further screened, namely THY1, CYP1A1, NFKB2, and COL6A3. (5) The results
of gRT-PCR showed that compared with normal cartilage, the expressions of THY1 and COL6A3 in osteoarthritic cartilage were increased, while the expression
of CYP1A1 and NFKB2 was decreased. Similarly, compared with the unstimulated group, the expression of THY1 and COL6A3 in the interleukin-1f induced
chondrocytes was upregulated, while the expression of CYP1A1 and NFKB2 was downregulated. (6) These results indicate that THY1, CYP1A1, NFKB2, and
COL6AS3 are genes related to cartilage degeneration in the exosomes of synovial fluid of patients with osteoarthritis, and may participate in the pathogenesis of
osteoarthritis by regulating biological processes such as protein tyrosine kinase activity and lipid metabolism, as well as nuclear factor-kB signaling pathway and

focal adhesion signaling pathway. However, the specific regulatory roles and molecular mechanisms of these key genes in cartilage degeneration need to be

further verified by experiments.

Key words: osteoarthritis; synovial fluid; exosome; cartilage degeneration; bioinformatics analysis; cytological verification; chondrocyte; gene expression;

engineered exosomes
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RATHCEIBAR . BOH N A T R JRE AR R Dy
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WA ZEE . EMEAR AL T, 5T R R R EER
FAEFRIGIT TR, BFEEREHE . B3R AWIETT %,
T 7073 I ) 2 AR S TR B ™o MUl s P
ARIETT HE ¥ R BE U R A IR, B ST R
WEIRAR WG AR I vk, RIS R B S Wbr 2
ANZGHRE OB O RIGIT AT TN E

AMIAR S —Fh B 4T 4 . B4R 40-150 nm (£
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PG, i, NI UVRE TR B T A% B AN i 4 Tk
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AR 1B AR RS S RAER L. 1 — W LR, E
Y1 i SR A M8 A miR-8485 2 5144 Wnt/B-catenin JE i,
TG 5 5B 1) 76 R T 40 Bk e 00 B R B
1) 6 T YK YR A AR miR-182-5p ik 1] 484 B HL R Y 4y
T TNFAIP8 KiA, M5 T ATG/LC3 (5585 T 1 HCE
YA, AT RELE ST AR IR AR . LAL 25 N E ST
KU AN AR miR-214-3p W] DA U B 20 L 98 RE AT AR IR
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AF o SR, AR SRR S IR FE B 6T RECE B AR R AR
(AR F AL G R At 5 4 B B o VR N BIF 58 S b 4 v B
BB A 5% (1) 5 UK A B T R B OGRS Wi ks &
YA R I LETR T 0 AL

T 9T M FE K 1k 254 (gene expression omnibus, GEO)
B R SR DG 98 SR DRI A MM T B B A £
FIFH A 015 I8 2 BEAT RN 2 I8 A0 43 BT A b A rp 5 R
AR B YR OB FE DR, [ B A0 A SR R R 1 R AR A DG R [
TEB R R A BV TEAE L L], B E N R %
TEIT AL P TR AR

1 &RF0FE Data and methods

1.1 %ot AEYME Bl B UE 5 T

1.2 BfE AL SEIGT 2024 4 1-7 FTE S BT RHER B
FE Ko

1.3 F# M\ GEO Hdfs e i 48 2 i i D% 1 48 581 VUAH
R PP, T BB A A S K4 5 GSE185059.
GSE185059 ¥ #i ££ 5 T GPL29371 *F &, 7 3 N IEH &t
HERI 3 ANB G 1 RORTTIRAE AR . T BCH IR AL AH K 48
£5 GSE114007, A7 18 AN IEW HH AR 20 /M K11 %8
HEFEAR,

1.4 Fik

1.4.1 ZEREERFRE S A8 REAT Limma F 4 (3.42.2
FRAS ) 43 il % GSE185059 A1 GSE114007 i 4 i 1T % 7
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R, ARG ZERRIEEN . 27 RIEFER 5L
A4 P < 0.05, |log,FC| > 0.5, Jfilid R #fF pheatmap
£,(0.7.7 A ) K32 e RIB S R A

1.4.2 MhRe RS &4 R EnrichR 4 (https://
maayanlab.cloud/Enrichr/) 47 GO Ihfit & KEGG ‘= HE/3#T,
i 261 P < 0.05,

1.43 S EAEMZH R ORBEEE N 1% {8 FH STRING %)
P (https://string-db.org/) 14 S A R P 4 B B A8 AH 5%
BN EE BEAEM Y, FF 3 Cytoscape v 3.9.1 FfFid it
AR5y 1A ELAE Y S B EAE M 2% 1] B T A
I HAEM 2% &, 14 CytoHubba ffiff MCC. DMNC,
MNC. Degree. EPC 5 vk Job JL A .

1.4.4 NRTTHCEHLEREL EHE 2023 4 11 F % 2024 4
4 H R e 2670 2 B Bt 2 T St St B R BE AT A T
BRI ERAR, BT BHRARAN TR L&A
e

HRT R RETRERT ST RETRE G
HREHER, AR OfFE (THREZ2SEFRZ S
HRT RILHIREE) (2018 4R/ ) RIS WitsdE s @
A% 5 4y 4% N Kellgren &Lawrence 111 - [V4f; ) 50 % UL
RN, R OCT RAT N LA R B A« HEBR bR
OBAHMAGERTFLMRHAZYE, WA S %k
Bhis @G I HAM SRR B, WE AL S5z KR
TR ST BRI 1 DT 4 %

TE R AR AR IR T 0 4 B E e Sk, A
PrifE: @50 B LA RN DR R S0 B SO B T
ITRTEIRA G QLT 73N Kellgren &Lawrence
[ %o HEBRbRiE: OB HA RS0 = KR 2%,
B G R @& HHARRBICHT BN, W R
St PR IAT RANGI ST R 5.

PRI IR N FNHEBR AR, LR FCR IR R PR A 10
foil, R R T RECE R AR 5 B, i 3R
13 B BT PH R B A 2 23 01 2 ik (HILHES . 202316A). %
AT R ECE AR AR DR R L F R At Rl = . Fiakax
A T RSB HUE RNA,  JF3E— 25 {8 ] qRT-PCR
AT SR I R R0
145 ZHARIGE IR RALER  BRCE 4E R R C28/12 I ST 4 [E
Merk 2 5] ( 1%'5: SCC043). C28/12 & i £ & R F 7
#10% fiG4- 1 (Gibco, &M ). 1% HRE &R 1% iRk
FFR(FBEFEAEY, HE) K DMEM/F12 £ 375 (Gibeo,
FH) R EE, BN 37 C. MRAS % 5% CO, 4if i H
BaEfarh R, MM 2dHR 1R, RS K E
70%-80% I A 4% H55 3-5 fQHCH 4l fl 4% 2x10°/ FL& &
BeRh T 6 LA, W5 EE 24 h 5 AN 10 ng/mL ([ 40 i/ &
1B(Sigma, & [ ) IR 40 24 h,

1.4.6 RNA f2HUJ qRT-PCR A&l TRIzol i #2 HUEK 4 41
AECH 40 &L RNA, ] NanoDrop 730606 B2 T I E B
RNA & . H29E Takara PrimeScript™ RT Master Mix (Perfect
Real Time) (TAKARA, H 7 ) 57 & Ui B 1544 RNA 2 % 5%
N cDNA, %R )5 KA TB Green®Premix Ex Tag™Il (TAKARA,
FIA ) 7 & 3E1T aRT-PCR. LA GAPDH Sy 25, RH 2
TR EE AN RIE R, 5ITHILE 1.

1 | oRT-PCR 3|45

Table 1 | Primer sequences for qRT-PCR

E S

THY1
CYP1A1
NFKB2
COL6A3
GAPDH

Forward(5'=3’) Reverse(5'>3')

ATC GCT CTC CTG CTA ACA GTC
ACA TGC TGA CCC TGG GAA AG
ATG GAG AGT TGC TAC AAC CCA
ATG AGG AAA CAT CGG CACTTG
CAG GAG GCATTG CTG ATG AT

CTC GTA CTG GAT GGG TGA ACT
GGT GTG GAG CCA ATT CGG AT
CTG TTC CAC GAT CAC CAG GTA
GGG CAT GAG TTG TAG GAA AGC
GAA GGCTGG GGCTCATTT

15 ERARIAT OFN AL ECE B A7 7 5 K 7
Brs @I AR IRFCR IR AR B R R i ks D Ah b Aok
VR IR FE R ) GO T BE LA KX KEGG B % & 470 Hr: @
AR A0 i 2 B0 S e R DR 3K

16 “itFoar PrafdlE U xes £ox, f#H] GraphPad
Prism B (A 8.4.0) BEATGE it T, ZHLIA) 22 5 0 M LL AR
KHMOIREA t 5%, P<0.05 NEFARENE L. &
guit e dr ik el SN BERER A G T 2B K A%

2 Z£ER Results

2.1 SR RORIKE R TARA LR FiE B, OHrANG
A HH 5% GSE185059 A 415 £ - I 4 KB A IE 5 32l
ST AN WA A ) B IR 2 S R IA NS L, LI IE SRS T 831
MR RIEIEN, Horp 403 NEREEE I, 428 MR
KBTI (E1A). A5, s iricE B4 GSE114007 Hif
B8 TP IR R BE AR G R R R 2 e R A L,
JRiIRAF T 5323 MEFRIEER, b 3028 MEFFE
ik i, 2295 ANFERIFRIA T (B 1B). 4 GSE185059
I GSE114007 £ S b ) 22 S B DRV IR 46, AR 1R T
94 ML E R RIAFR, HpRIE LFMER 514, &
E TR 43 4. X 94 M LE 2R RIERE RPN
e NIRRT B IR AR AR DG HE A

2.2 GO %A KEGG § &4#7 N T HE—0 T M AM AR IR K
BB A OGBS B K AR W 2 e R DL S S, X
IR BT T GO il KEGG & £E 4 #HT. GO LijRe & & 4
FrRBL, NSNS AR RS E N F E S
MRS B UK E UK RETLEREEED
AR (B 2A), 17 b B AR SR R R 1 1R AR A DG JE
FEZEYM - MR IE AN T 40850 1E
28 DA S ASVE 9RF IR N S5 AR ) 20 72 ([ 2B). KEGG I 43
BRI, F R A WA A SRV R AR AR AH O BE D] R AR
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MREZE

IR 4R 2 Be M LI A RS W TR S
I (& 2C),

23 B G BN SHE R IR R R IR R T AR X
KA Rk T IRE IR RIE 3 1B AR AH I R 2 [
FEMIA EAER G R, A STRING %5 5 2x i & 1 HAF
ML, SR ER, EERIGLSEILRRH 51 A~
RLLK 134 2630 Fir R 2% ( (8] 3). ] CytoHubba #di
PR 5 FpRE AT S BERE A 77 0% ( [B] 4), 5 PRI &
Ja i sRE 4 NEA, 450k THYL, CYP1A1, NFKB2,
COL6A3. Ay T fift RS LR KW AE A 7 D g, o Hob AT
GO HI KEGG &5/ #T. GO Uit E STk, KR
FEFERMMINS T T B R B S T 1 2 0
KA NG TR ALV & ot FR S AR Y 2 id 72 . KEGG i & 4R
SITERI, PRSI £S5 NF-«B (5 5. B4
A T IR DL R R R P (S 5 R A .

24 XEINRRRRIRTREMXAREZLRIE AT H
HT G B R D S i IR AR I A OGP, A8 A oRT-PCR e I 56
B DR N BCE 2023 DL R 4 i ARE B A v 1) R A A
o SIEHEHEHLSH, &R0 R HEHL H THYL,
COL6A3 A F+ i, T CYP1A1, NFKB2 ik [#{% (& 5A).
FFE, SIEWHPREARMLL, AN R 1B 75T AR
B4 A THY1, COL6A3 ik T, 1 CYP1A1l. NFKB2 3
LA ( [E] 5B).

3 1571 Discussion

BB IR AR R KT R BRI —, ISR
AT IR A PN N R T R E IR T B
HNIAA I — T LA 2 R W ) 2 FEAR, B R
UpRasE e R P DL R A HE SR MR SR A R 2 (AT
TR, JMBRTT S5 HCE ML AR B g g
A5 UL R S S B TR, TP SR AR A
HRE N GRARGE, M2 EEGH R IR 4 7 miR-26b-5p
A DL ok $E g 4] TLR3 A COL10AL RIA, §2m E W4 A
RRAL R CE A0 B AE R, AT R4 56 T R e s
RN AT O XU 2 M ESz, Ah AR miR-4738-
3p F LT COL1A2 I NF-kB 3 % I 25 5 M 015 4
MK KIE. QU % " B TR I, AR T i %% miR-
485-3p HL [ HNH] NRPL AR I (1) PI3K/AKt JE#E, AT
A2 1B S I RSN LR B L, TR
PR SR A 5 BE TRH A B T MM A s o4 8 3 AR A
£ AR ST SR B AR T R A

UTAESK, W6 5 5 DR 00 7 R e 3 RNA T 2 R (11 R
&, 4G B E N A SRR ) T A T ot
FeF B ARG BT BT MR R A AL i ik
TR Wi R S ARNG TR P wu 25 PE R A

7786 | DEHERTIEHAR | 5529% | 5365 | 20255F 128

BENTR I, TEH R RIS A AN ] 2H 2 A 52 Fp
mRNAs. 196 it K4 JE 2w i RNAs 1 98 Ff ¥R IR RNAs 77 7E
ZSRIE, FEH IR 1 AT 4 B 24 K 5 G Y JR RNA
PRI Z% . CHEN %5 ™) 75 {g BRI 575 28 H A 1ok
VAN UAMA 58 T 9 /> % 7 4215 miRNAs, gRT-PCR il 5K
miR-130b-3p Fl miR-1271-5p 1 Mk H & 55 28 F & e T K
IR LR, BRIX B R miRNAs I BEAES T RN
[ FF4) 3R VR PP R SRR A o T 9T R 5 TR0 T O 3R
127 94 MM R SRIE B B AT I L HE N, GO Fl KEGG &
M IRIN, IR I AR SRR 1 IR AR A IR R 5 i R
B RN R PR G e B AE ) G R ANE S E A
Ko WbAh, IR NI SRR R IR A A DGR DR (1 B
HAEMZS, FIH CytoHubba 4 4 H f¥) 5 Ff 43 41 7 15 % &
FEAE M 28 34T 0 B, ARAE PP 4 0734 HE THY1, CYP1AL,
NFKB2. COL6A3 Jy &M s A Sk U5t 9% 715 8 1y 1R AR O% Bt Ak
K. qRT-PCR A& Il iF 52, THY1. COL6A3 745 745 & &
YL DL S 9 R B 40 B 3R A i, T CYPIAL, NFKB2
FE B R R L DL I JORE 3 A i rh Rk B . DA
EEERERE, IR 4N R R KR IR AR GRS A,
B TR T 9 R A B BB AR B

HHT, W2 A CEIIE T 4 /5 kA sk I 5% 4
BRI NBBWRRAE. REFE T HEEMA 6,
THYL 76 itk 4n e o R IA B3 L, IFS5 AR UG %
VIA S, AT Re A —Fhis Wi Aa o7 il S0k 40 M e 10 A= YA
W, PAINE & P Esz, HEFARUNRAMEG, Thyl &
B BRTE 4 F R 1 AN RAR R Z D s AR AR SIS TR IE
52, Thyd R 20858 i 4 i ) i 43 AL B 7 . GUO 2%
I, COLGA3 iy [ ] 411 ] B 1) 928 24H kL 184 5 A B V% T 1
[F] B 42 22 AL F% B ) 2 2. A IRE RN, EEZ
BN COL6A3 T i ik 4 4k [ W A 4 4o 2 K A4 1)
T T 486 560 B I 76 R T 4 P 1) e RN IR A fk g 0
CYPIAL /24l 4 5 PASO IR HE BN —, TEFLIREA
Ji Z b Ak BRAR, T CYPLAL gk /b m 2 v b 2 4 i 44
B P WANG 25 PR, AE (41 A & 1B L
BEAZZH M, UER NFKB2 1] 55 1B AT M 5 F 28 hE, i3k
— B W7 R B NFKB2 S5 5 B4 ) NRGL )5 31 [X 35k
Pl Rk, dEim s A A AR AR . ZF A GO &
MR, REERERFEEE THMBINEE. EOEK
SRR AR S M O s K B T T TR A O FE S A
Fid . E/RERRL, EARARMEEE. BUiR
A AR S B SR S R ML 2 DA 9% B, KEGG
gERRW], REENEES S NF-B. 4 DL K&
T PR AS 5 B B S s, 1 IX Bl PR O 7R R R R
TR B Rk, RN AU A R R S B A
WA BT B O R AL
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g b, R H AW AE BT\ GEO Hi i 4
GSE185059 Fll GSE114007 L ik 3515 T 94 /AN sk >k
PEHCE IR <L K. GO ThRE AN KEGG i % & 5 R B,
AN R R R B IR AR A S R 548 1 SE R A AR A
LB RETA KA SRV SR L E S O TR AU
YiE 2 B6 AR DL S 1 40 IS N BT #8 S5 AE 5 I DA
Ko BE—2 qRT-PCR 43 HTiE3E, THY1. CYP1A1l. NFKB2,
COL6A3 s HMIAA SRS <7 4 1B IR AR SC B RE PR . AR T
XL FERAE B G R IR TP I ThRE M F ik — DT R o
RN BIR P RSP SEESIGE

B B FEAK P E RS R K S8 A E VxR e L
BT,

{EBTEk: DI T kit SR sk B ABIE, B R
BRFR AR FiT R, DI Bl R SRR, LEBEH DR,
I FFAA XK.

FEHE: LFAMEL F, ERAARLFLFRE LT R
FAEA B R

FFHOREUERR: X2 — BT AR, ARIE (et ZFT 0
“E 4 - T AHAL A - AR 5 Kk F 407 Fodk, AT AGEAT,
AAFAA T LtE B 69K T RIA SR E. AEFY &, RN AT
FTA P L. THR. #N. ik, 379, k. BABEZIK, 4
2T HRF|, AR ISR R C T AR R IR,

FRAREE L : F AT AR A 5 R A E T AR AE A i,

HARMSE: ZXAFREEFEREZNAAEER L (FRAHFRE
B5REAEF N5 L ENRFNLY ; XFEmaTegidti
BB G Xkt R AT 3 AXF B AS T, LFLPRAFITER
WE T, FATFAAD L FEFSHPRARE .
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Figure 2 | GO functional and KEGG pathway enrichment analysis of exosome-derived cartilage degeneration-related genes
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