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OB ICZFEE — B EERE, 1T R 4B 450000)

HE. (B8] RAEWEBE WA, MBI R (osteoarthritis, OA) HCH ANMTE B AEWAREY), MR OA
14 & A AL IR BT AT iR ek . [3% ] DI FRIALEGHUEE (gene expression omnibus, GEO) FKHX OA HH
HAVEIRAE {81 RStudio FR {6 11 2% S 3855 H (differentially expressed genes, DEGs), JFiE47 & 440471, Tl DEGs 5
SenMayo &% & He A OC 2 4K 4 Hub JEH, JF#EAT300E, 55 FH miRNet 7E28F- 5 K Cytoscape 31444 2 55 4 14 N I RNA
(competing endogenous RNA, ceRNA) W%, [£558R ] $dlifE GSE169077 il GSE114007 4822 543 Hr I BUAS 48 J5 245 5] DEGs 272
A5 X DEGs T2 AAIE (Gene Ontology, GO) 434, AIMH FE W ETEAMMIMERZHL | MEIIEHANFRE P Frat
HRELD S EEFH F R4 F (kyoto encyclopedia of genes and genomes, KEGG) 437, &I T G 4ELE PI3K-Akt {5 5K, B35
BEF S AE s A0HE RIGUE, 7937 2> Hub JEP : IGF1 Al MMP2; H4% ceRNA M4k i 3 41 RNA J#i&4% . KC-
NQ1OT1/XIST-hsa— mir— 16-5p—1GF1, KCNQI1OT1/XIST-hsa—mir-424-5p—MMP2, KCNQ1OT1/XIST- hsa—mir-377-3p-I1GF1/
MMP2. [£5i8] IGF1 #1 MMP2 n] /& OA HRE 40/ 58 % 1Y Hub ££[K, KCNQ1OT1/XIST-hsa—mir—16-5p-IGF1, KCNQ1O0T1/
XIST-hsa-mir-424-5p-MMP2, KCNQI1OT1/XIST- hsa—mir-377-3p~IGF1/MMP2 FI A&/ 45 OA B 40 i 5 2 I TR TE RNA 4%
WA,
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Screening of potential biomarkers of chondrocyte senescence in osteoarthritis / BAI Gui—wen, XU Shi—lin, WANG Sheng,
ZHANG Zhong—ning. Department of Orthopedic Surgery, The Second Affiliated Hospital, Zhengzhou University, Zhengzhou 450000, China

Abstract: [Objective| To screen potential biomarkers associated with chondrocyte senescence in osteoarthritis (OA) by using bioinfor-
matics analytics to provide a theoretical basis for unraveling the mechanisms of OA and exploring new therapeutic approaches. [ Methods]
The OA cartilage tissue datasets were downloaded from the Gene Expression Omnibus (GEO), and we used RStudio software to screen the
deferentially expressed genes (DEGs) and perform enrichment analysis. Then, the DEGs were intersected with the SenMayo senescence
gene set obtained to screen Hub genes, which were validated and identified. Finally, we used the miRNet online platform and Cytoscape
software to construct the competitive endogenous RNA (ceRNA) network. [Results] A total of 272 DEGs were obtained from data sets
GSE169077 and GSE114007 after difference analysis and intersection. The GO analysis showed that DEGs were mainly concentrated in ex-
tracellular matrix organization, extracellular structure organization, etc. The KEGG analysis showed that DEGs were mainly enriched in
the PI3K-Akt signaling pathway, focal adhesion, etc. IGF1 and MMP2 were identified as the Hub genes. We constructed the ceRNA net-
works and screened out 3 groups of RNA regulatory pathways: KCNQ10T1/XIST-hsa—mir—16-5p-IGF1, KCNQ10OT1/XIST-hsa—mir—424~
Sp—MMP2, KCNQ1OT1/XIST- hsa—mir-377-3p-1GF1/MMP2. [Conclusion]| IGF1 and MMP2 can act as the Hub genes of chondrocyte
senescence in OA. KCNQ10T1/XIST-hsa—mir-16-5p-IGF1, KCNQ10T1/XIST-hsa-mir-424-5p—MMP2, KCNQ1OT1/XIST- hsa—mir-
377-3p-1GF1/MMP2 might be potential RNA regulatory pathways to regulate the chondrocyte Senescence of OA.

Key words: osteoarthritis, chondrocyte senescence, SenMayo senescence gene set, biomarker, RNA regulatory pathways, bioinformat-
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OA & HUR—Fh 3 B R (0 o DR, ™
SO AR TR, O AR BUOR Y BT A2 il
A AR B R A B SR R, Y
B AP A

IR OA BYRFRHLE AR WIHE, HEAKZHIE
T, PCB M TE OA YR AR R R i i 1 OCHE
F. 2N TE S A AR 2 R A B 20 S S et i
ROPTIrMAIEIN, IX R BB AH G M Y
(senescence—associated secretory phenotype, SASP) , il
FAFRK, WEAMMPAWRR, B 5
b, HEFAEFIDIREZA . LR At R BT
SASP, B HIRIE K OA YA A JE 2 55 SASP BAT
AHICHE, T H AN A 78 448 OA G 4
5 SASP RURSINOCAR , ALAEAFITAG LA OA SCEE4Nf
LA bR 75 ) o R0 R 25 ) e e v B R 4
JE O AR IERE [, Saul BF M T LATETE R/
SASP JEHZH G R R Z AL, &1 T —Fhog i A 41
&, B SenMayo ¥ Z LKA, IFAEBHE NI H
AP IAE R AR, BB A R BRI
AE, WWTFEERME T SER B S % .

AWFFE 3T GSE169077 Fil GSE114007 K £ o
OA R HPRA M FE R R ILTE , 455 SenMayo & K
4, 135 OA BCH 40 M 2 AH K Hub SR, Jf ik
Fr Ut 3k S Sk, fe ) ARG Hub JE P A E ceRNA 19
g 1o, JRTRE T RERY RNA JR#RIR 12 . TRk S OA
BRI A DGR AR RS, hE7R OA 1Y
AL KT LA 8 0 AN S AR S Y SASP 2hy
TP AE S BT E 25 ) PR (B SR

1 #ARERE

L1 BERHRIR

M GEO %% #5 & (https://www.nchi.nlm.nih.gov/
geo/) HRIRE N OA BEARALARLE, 20 i
44 A GSE169077. GSE114007. GSE215039 3t 3 44k
e, JFK GSE215039 1AMk s b . T #IfF R
FE 3 AR RS S X -6 30, LA
Fr2 Rk 0. Hb, GSE169077 ¥4 46 .45 5
B IE AT AR AT 6 1] OA FAE &1 3 b
A, GSE114007 Brfi et 4 18 Hl1EH AT 4B AR
K20 B OA JBFHRATEEIRA, GSE215039 X
BT 5 BIIEH ASCTTREPRAT 5 6] OA TS
BEPRA . M Nature Communications B [ (https:/
www.nature.com/articles/s41467-022-32552-1#MOESM

4) FRHL SenMayo FZFEHE (KA Supplementary
Data 1),
1.2 DEGs Hyfifiik

T 4 i 5 T RStudio (2023.03.0+386) K ()
limma fU (3.54.2) Hl DESeq2 fu (1.38.3) 43 %I %}
GSE169077. GSE114007 B T4 i v (A4
FEREAR B . R IESE) D B, dkgk
i B3k 2 4 R A4 BIXE 2 U8 1 0A B3
AT B R ASRIIE B A ST B A A T B ik i
W22 58T, iR B RSN abs (log2FC) >1
& P<0.05. %25 RiKrPrak e 2 DRI E R
DEGs, fdi il ggplot2 1 (3.4.1) %4l J il #E47
/No )5 H VennDiagram £ (1.7.3) X} 2 2 DEGs Bt
A, BEERAE MRS ) DEGs, LA R
EIHAT IR
1.3 DEGs WY& 450Hr

4k 2L f F £ T RStudio (2023.03.0+386) F 1Y
clusterProfiler £ (4.7.1.003) f1 rg.Hs.eg.db 41
(3.16.0) X B2 415 2 1Y) DEGs 43 5l i 17 GO &
KEGG &85, XPorMrai Rk Tl AL 3, Hirp
GO M ATEs RV BN, KEGG 43 B4 5 LA M 2%
1.4 Hub FEPH 5% S 5k

¥ DEGs 5 SenMayo 3 &AL, HAE
YER TR BE Y Hub JER . ZEIGIRAFGE Y, 323K T
YEF5AE 1 8 (receiver operating characteristic curve,
ROC) KiiZ FEfH (area under curve, AUC) 7 HE
RBH kA AT “etnifE” MizWiakee, @
AUC>0.5 B}, AUC BT 1, ULBiZ Wi Rt ar .
PR3 % GSE169077 il GSE114007 4 B 4
Hub 3£ R 76 OA B 4 AfIE W N 40 10 3635 B gk 47
ROC Mk st 2 &, THEAHNL A AUC, DAPEAL
Hub £ 7E OA T2 Wi B . 555 76 SR A 4
GSE215039 49 3iE Hub B 7E OA 835 240 JOEH A
Hrp R EIEBAAAEZE S, LLPHAL Hub 2P A A] ¢
P EZ M, FEH geplo2 £ (3.4.1) Ko Hrad i
DA TR
1.5 ceRNA W% HHA ¢

miRNet 2.0 1F £k B 4E )& (https://www.mirnet.ca )
B ANE T 4R 2800 miRNA AH BAE AR,
FEE T LA miRNA Syl () R G0 A1) 2438 B R 3E E
5, P LIGE i A R BB R AR A T
IR, BAREaEE " Az ram
Genes fidh, HERE “HN”, BEILHFIRHL
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“bone”, WE HIR N “miRNA”, i AUUFJS Y Hub
FE, il “miRNAs” #4528 FRER O G, Ak
miRNAs B3, & HARN “IncRNAs” |, #ii A Genes
P “miRNAs” Z520%, Bt “IncRNAs™ 4525R .
A A Cytoscape (3.9.1) X 2 Uk 45 R i
TTHY 3 ceRNA 2%, #R¥E Degree /NG H 7] HEFY
PR
1.6 Gt wirik

K FH SPSS 26.0 # 4 . R4.2.3 K Al GraphPad
Prism version 9 F b AR I AT e it 00 07, if
R, 72208, WRHRIES S, RABEER

log10(pvalue)
>
12
=}
=
=1
log10(pvalue)

ITEEAHT, P AR LSD 1 . %R 3R IE &840 4
B, SRR . LLP<0.05 MESAGH3E X,

2.1 DEGs Hyfiik

Zad 2 % RIK T, T B SR abs
(log2FC) >1 & P<0.05 T, GSE169077 a5 ik
642 > DEGs, GSE114007 % ¥ 4 0 1€ 1 4336 4~
DEGs, —HHUCHEIASE] 272 4~ DEGs, Z5FH kil
EFREER (K1),

U

370

GSE169077

GSE114007

-4 -2 0 2 -5.0 -2.5 0.0
log2FC @ log2FC

25 5.0 @ @

Kl 1. GSE169077 Al GSE114007 Kidfi 422 57 KK /A i) K ILE AIF Ao 1a: GSE169077 HYKILIET; 1b: GSE114007 F K 111 ]
CRINERRLLEAEE B, AR TIREER); 1o 2 MEHERER T RIA.
Figure 1. Volcano maps and Venn diagram of the differential expression between GSE169077 and GSE114007 data sets. la: Volcano

map of GSE169077; 1b: Volcano map of GSE114077 (Red represents up—regulated genes and blue represents down—regulated genes in

the volcano map); le: Venn diagram of two data sets.

2.2 DEGs &7

Xt FIRTEEN 272 4~ DEGs #ETE 5007, Hih
GO 73 Hrdtas i 306 454558, GIGA Wit e (Biologi-
cal Process, BP) 277 %%, #iffiZH 4> (Cellular Compo-
nent, CC) 13 & 14> 7 I i€ (Molecular Function,
MF) 16 7%; BP FEAENTEANEAMERHZ . fLsh
SEMALIE LB CC F LA T TE & B 26 1 A 4
HANEERT . B IESE SR B by MF 28 P e 4 i
SMEFEE T . B RSS2 2 H b . KEGG 73
M3 3) 6 Zkid i, 2R AR PI3K- Akt {5 538
B, BB M. GO F1KEGG 43Hih i 4k
SRR SERT RO ARy 25 R AT R (R 1), Jf
2SI EFI R 2 B 53 B s GO M KEGG 43 Hr iy
araiR (K2).
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2.3 Hub BER 05 K Bk

SenMayo T & L A HAU 55 125 >3 2/SASP
(K, 5 DEGs Husc &5, 53] 3 A~ K. ANG-
PTL4., IGF1 fil MMP2, . ANGPTL4 ik T i,
IGF1 1 MMP2 ik Bl VE## Bk 3 AR
5 OA BB 40 M 5 Z A0 OC I Hub SER, #2385 (1 H
SPSS26.0 & GraphPad Prism 9.0 43 5%} GSE169077 FlI
GSE114007 ##i4Eh 3 4~ Hub E:PH7E IE % AZHF1 OA
B H P bR A B RIR =/ H#E1T ROC 200, £
ROC MiZIfi+5 AUC, 174k 3 4> Hub FE N7 OA &
H UL IS WRLRE . 4B A, 3 Hub 3%
HE A EAEEFB) AUC $9KTF 0.5, UiHA 3 4~ Hub
FEITE OA B¢ gt s 22 i R0 v B B g Wiy
H, BAEgRumFrEpTR (K 3).
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% 1. DEGs B9 GO & KEGC BES ML ER
Table 1. Partial results of GO and KEGG enrichment analysis of DEGs

S Ve aes PR FCEE R LR PAE q i
BP G0:0030198 extracellular matrix organization AP EE T ZH 21 31  9.256E-18  1.218E-14
BP G0:0043062 extracellular structure organization AR ZHLR 31 1.013E-17 1.218E-14
BP G0:0045229 external encapsulating structure organization SN B A5 R ZH 31 1.212E-17 1.218E-14
BP G0:0001503 ossification Hik 29  1476E-12  1.112E-09
cc G0:0062023 collagen—containing extracellular matrix U ) A 48 3.324E-30  1.022E-27
cC G0:0005788 endoplasmic reticulum lumen PN A 23 3.686E-11  5.664E-09
MF G0:0005201 extracellular matrix structural constituent AL S RE BT R 1) 32 1.852E-26  9.142E-24
MF G0:0005539 glycosaminoglycan binding WSS & 18 9.846E-09  1.620E-06
KEGG hsa04151 PI3K-Akt signaling pathway PI3K-Akt {5518 #% 21 5.678E-07  6.365E-05
KEGG hsa04510 Focal adhesion R D5 S g 13 3.692E-05  2.069E-03
KEGG hsa04512 ECM-receptor interaction ~ ECM—Z{RAHH A {5518 % 11 2.597E-07  5.824E-05

GO Enrichment

ARG UESE AT LATEAL Hub 3
%Lé,ﬁ%ﬁewmwwﬁ%ﬁ%ﬁmkﬁﬂOA ik B,

o e
e i . 15G15 ECM-receptor interaction
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2. DEGs ) GO & KEGG /My iu Rl S 45 18l o 2a: GO BT E (BEAkbi s SR+, Rk
%4 H T HY DEGs ST A TERIER B LU, PUEBOR, fUREEREME; AN GO terms ZFK; 3
KB/ MURIZ A A TR S SRR AR, BB IOR, WAERERAEOEZ )5 2b: KEGG 23T 2 [ (AT
AELRERF G SEH:; KERIZIE DEGs; B G RIER/IMUE DEGs TEIZE K T 1 £ 150 .
Figure 2. Bubble and network diagram of GO and KEGG analysis of DEGs. 2a: Bubble diagram of GO analysis (The
horizontal coordinate is the rich factor, which represents the ratio of the DEGs enriched under the term to all the anno-
tated genes, the larger the ratio, the higher the degree of enrichment; the vertical coordinate is the name of the GO
terms; the size of the three graphs represents the number of genes enriched under the term, the larger the graph, the
greater the number of genes enriched.); 2b: Bubble diagram of KEGG analysis (Different color lines represent differ-
ent signaling pathways; grey circles represent DEGs; the size of yellow—brown circles represents the number of DEGs

enriched under this pathway).

HATHEM

PTL4 7ERUESE OA O L HCE b A P88 IR N2l 4%
IGF1 F1 MMP2 /)2 iK15 0 511 T 25 57 K1k

%%ﬁﬁ%ﬁ$$3AHmﬁﬂ%%ii%§ﬁ£

FrE—2P00E . I FREARGERE IR IES R, MR
mWMmmﬁ%ﬁﬁ%ﬁ%,URﬂ%ﬁiﬁﬁﬁ
GiitsE . B LM, IGF1, MMP2 fil ANG-

SIS R —3, T ANGPTLA WIAHSZ . Ak, IGF1
FI MMP2 XJ 5 () P B R IA 8 22 5 A G it 5 &
(P<0.05), H. ANGPTL4 X} i3k g 22 R A HA 5
TS (P>0.05), BARSRILAHAR (K4), -
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WREERUII, IGF1 il MMP2 7E OA H 3 13 tr A
ik B, HEA—ERZ2KmE, i ANGPTL4
BARZCWIMES R, (HRANEAIMEN:, KL, 20T

Roc curve of 3 Hub genes in GSE169077
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g A 2 /) Hub JEH

Roc curve of 3 Hub genes in GSE114007
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¥l 3. GSE169077 #1 GSE114007 ¥t#i 4 3 4> Hub FEA ) ROC £k, 3a: GSE169077 ' 3 > Hub JE[A
1 ROC #liZk; 3b: GSE114007 " 3 /> Hub JER ) ROC ik,

Figure 3. ROC curves of 3 Hub genes in GSE169077 and GSE114007 data sets. 2a: ROC curves of 3 Hub genes
in GSE169077; 2b: ROC curves of 3 Hub genes in GSE114007.

ANGPTL4 IGF1 MMP2
NS. * -
400
% .
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] Group
§ B Normal
20 200 B0A
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5 * i 0 = +
Normal OA e

Normal OA
Il 4. GSE215039 $uHi 4 HhIEH AR OA B A hrAs
H 3 A4~ Hub ZENRIBMFIIE (BRI s YAkt
FERE A FRIR P<0.05, ##KIR P<0.01, NS.FR
P>0.05),
Figure 4. Box plots of the expression of the 3 Hub genes in

Normal OA
Group

cartilage specimens from the normal and OA patient groups of
the GSE215039 dataset (Horizontal coordinates are groups;
vertical coordinates are the level of gene expression; *indi-
cates P<0.05, **indicates P<0.01, and NS. indicates no sta-

tistically significant difference).
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2.4 ceRNA W2 fHy

REAAFFE & B, miRNA @it 454 mRNA 553
RIUUER I MR Rk, R, B8 L5+ In-
c¢RNA 7] LLiE 4545 miRNA W oo (microRNA re-
sponse elements, MREs) SR5Z0H miRNA HYZIEE, MM
VAR RIS, RNA Z[EI X FAH B AE PR ceR-
NA R2% 0 A5 B miRNet 3 2 % 56 UE A5 21 Y
IGF1 A1 MMP2 #47 miRNA Fl IncRNA T, 5 & 3
PRI SR IRHZUR “bone”, FE45H T A Cytoscape 5K
1, IR Degree K/NGIBRIEFEE RN N, #4
 ceRNA W%, 5455 82 411 5 M1 401 ZAHBAE
FXZ ., RIGHIE Degree X/NEL K 5 IGF1 H1 MMP2
HAEXFR, TS IGF1 1 MMP2 565K B 45 w5 110
RNA P54, S5 2] 3 4757 OA BH 40k
EHAE RNA P& 4%, B KCNQ1OT1/XIST-hsa—
mir— 16— 5p— IGF1, KCNQIOTI1/XIST- hsa— mir— 424~
5p— MMP2 FI KCNQ1OT1/XIST- hsa— mir— 377- 3p-
IGF1/MMP2, ceRNA [ 4% F1 RNA W5 @ 42 {
(E'5).

KO i S

OA IR H WIS REI 2 —, FRZ R 2Bk
i 2.4 42N, TRIHZ BAT B i BB LA R R Y
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oA 7 RS, SRR LR
Y77 SO SIAT T . AISCER S, i 4l
HERX OA Mk A BAHEAN, D2k
SASP NHU 25 W01 K B 48 O AR SR BIBIFFE T 1] o

[ L 4535
heacmir2 hsamir223
heami 773
'sa-mir-455-3p ‘hsa-mir-88-5p
243 ‘ ....... a5
LNGDss2
UNGOOBos - CKMTZAST o 3da5p 4 B
ﬂﬂﬂﬂﬂﬂﬂﬂ 2-5p hsa-mir-34c-5p TSPEAR:AS2 OLMALINC.
LINCO0S43
. PAKBAS1 hadet7e-5p
LNCo0265 RPARPIAST
DIXGAS1 X
MEGe
INCO0963
e N TN e s
L SLFNLTAS ‘ mRNA
SMIM25 TY15
VTt Hests MIRET7BHG miRNA
"GDS-AS 1 MALAT
&Y T2 AST 29821 IncRNA
Hoig@s LNEotoor
NRGBGAST THETATAS
1agis1
EATY RQIOT1 T ARHGAR27P1BRTFP1-KPNAS =
LINGO2381 i3 XIST LiNGaz035 He4
TTC28-AS1 LIPEAS’ SLCBAZAS1 HG1
PSAS, ElLPAR
PARDBBIAST Caapadt AR
UNGO%294 -
(CDKN2B:AS1 MCMBAP-AS1
UNEDi47, e
B &
PCBPI-ASARAIC FAM30A

YEZH BB A SenMayo HEFLFAE, HITT OA HCE
S SASP BN CFR, [FIATHEE ceRNA [
2, FHBLERILS T R, D EIAR R A
HVRITT BT TR AL T B ARYE

KCNQ10T1 XIST
N
5
V5 \ T 4 RV
hsa-mir-424-5p hsa-mir-377-3p hsa-mir-16-5p
\‘ /
/ ‘mRNA
\\
\\ / miRNA
IncRNA

& 5. IGF1 1 MMP2 [ ceRNA P1%% K2 RNA 45812 K . 5a: IGF1 1 MMP2 119 ceRNA %5 [&]; 5h: IGF1 Fil MMP2 ) RNA

TR

Figure 5. Maps of the ceRNA network and RNA regulatory pathways of IGF1 and MMP2. 5a: Map of the ceRNA network of IGF1 and

MMP2; 5b: Map of the RNA regulatory pathways of IGF1 and MMP2.

B AR PCR TR —4E M, HoE S 0A
BHIBAR, Ji % LI Sin6 MG S 5% Tk
SACH AN, MR OA M. T Xu % 1 &
B, AN OGS T N S 00 A TS S B
B OA. X UL HCE AN 2 1E OA FEJ P iy H
YEM . A WF 5% 615 5] 272 4 DEGs, GO 4 1 &
KEGG 73 #1427 7 45 (19 DEGs 5 % 4i g 41 i 5t
(Extracellular matrix, ECM) #H¢ ., ZTWF5E E£ W,
ECM 5 %CHE ALY 5 2B UIAHOC, Lotz 48 M 3H] T
ECM - ACHE I2 OA KA KM SCHEN R, bl
HEWWIEK, PRk EmeE, Zwicey b
ECM WY 3h 5P, SERCHSSMBIR . Loeser 55 1
FAR T . EALNIEOR OA BYFRISAAL”, AN
5B AN T B A S R4 (Re-
active oxygen species, ROS) 7KF-TH&E, SEIETA MK
W K OA &t aRFETAE WA, AN S
ROS RGN SASP, fedtdnifie, it %
FIE S BRI OA HYHFRE

ZWHFE RV, IGF1 1 MMP2 2 5 ECM 1
W, SHCE MM A, Jenniskens AF 1 3E I 58
BUER], IGF1 3§ AR st 8 (R 1 SR DOAR, TR

FERBE R ECM S 2L 4 1, #2278 IGF1 A LA
PE7E ECM & . Wen % " 3K, IGF1 7] LIAE g4k
MGG, SRR A, RS E AR T,
M g BE . 1AM, Loeser 45 ' i@ it 595 1F
BN HCE T B A, BRI EREIR TR
B MR IGFT AR i, RO 1 SR S i 2
SN R, MMP2 J& THIHEE, 78 OA il
Wimis. BXECM M A EEER, s
flt Z MR IREH . BERBEZLOEAE "™, Conte
L VLT —Fh siIRNA #2240, IESCm] B2
K MMP-2 360, BT RLB 1k 3% 5 R g O 32 K5 ECM
fad. ARG R .

K& P I T miRNA Sl SHE T H LE OA
PEEMER . 22229 2 5GUE T 1 miR-140 ik nl
ARANHFI OA g w2, Al % 7 i miRNA
F1 IncRNA 7 OA WP A B R /E T . YR BT
OA FHEHY miRNA Hl IncRNA HA B B L. Mk,
YEFAGHE T 3T Hub JEHH ceRNA M2, ik 1 3
20 KCNQ1OT1 #1 XIST AH H.AE HIfY RNA R4 & 12 .
Wang 55 "/ BIE T XIST 78 OA #oegh3&ik i, {2
Yt ECM [%f#% , 18 XIST N XF ECM [ fiff e A5 47 1
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o Liu 25 2 B3E T KCNQI1OT1 7€ OA g £ ik
JeFYE, I KCNQIOT1 BEHE S OA 4CH 20 a3
J1o HILEZIN R, XIST fil KCNQI1OT1 AF7EAH B 5
BUVEH, 3 09 8 &7 i 38 o B¢ 2 miRNA /E T
IGF1 Al MMP2, HEIMTSZ0 OA, BOKEAE 5 Le i Lk
AT — 2L B IE

28 FRTR, IGF1 #1 MMP2 A /E K OA %8 40 it
T Hub 25, 1 KCNQ1OT1 A1 XIST A A 18 1
A8 EAE ) RNA i 42 ok 4% IGF1 F1 MMP2 1% 3=
ik, AEB OA KAHLE KA & DL OA B 4l e
B A bR R ) A S R 2 R L T T
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