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Abstract In order to further screen for the key IncRNAs and mRNAs of bone marrow mesenchymal stem
cells induced differentiation into chondrocytes, equine BMSCs were selected as the research object, and

whole transcriptome sequencing of cells were carried out at three different induced differentiation stages
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into chondrocyte. And then IncRNAs and mRNAs with important functions in the differentiation of BMSCs
into chondrocytes were screened out. At the same time, mRNAs, IncRNAs and their target genes were
verified, and then the regulatory network of INcRNAs in the differentiation of BMSCs into chondrocytes were
constructed. The results showed that: 1) Equine BMSCs line was established in vitro and the cells were
successfully induced and differentiated into chondrocytes. 2) A total of 3 592 IncRNAs were identified by
high-throughput transcriptome sequencing of BMSCs at different differentiation stages, including 250
differentially high expression INcRNAs and 116 differentially low expression IncRNAs, 280 differentially high
expression mRNAs, and 105 differentially low expression mRNAs. 3) Five potential candidate factors
regulating the differentiation of horse BMSCs into chondrocytes were screened and validated, including /nc—
cpom, Inc—traf3, Inc—22173, Inc—acvr2a, Inc—pde4d, as well as nine corresponding target genes MDM2,
TRAF3, USP25, ACVR2A, PDE4D, as well as BCL2, WAF1, SIRT1, NRF2. 4) A differentially expressed
INcRNA-mRNA interaction regulatory network was constructed, which was mainly enriched in following
signaling pathway, including Wnt, p53, MAPK and NF-kb. To sum up, in this study, differential genes were
successfully screened out during the equine BMSCs into chondrocytes through whole transcriptome
sequencing and analysis, which will lay a necessary foundation for further revealing the interaction
mechanism between IncRNAs and mRNAs during chondrocyte differentiation, and provide a scientific basis

for BMSCs been used in cell therapy for cartilage repair.
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Table 1 Primer sequence listing of stem genes and chondrocyte marker genes
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(a) PCR identification of BMSCs marker genes; (b) Cell morphology of BMSCs induced differentiation into chondrocytes; 1:
Control group; 2: Differentiation for 7 d; 3: Differentiation for 12 d; 4: Differentiation for 17 d; (¢) Alcian blue staining of of
chondrocytes; 1: Control group; 2: Differentiation for 7 d; 3: Differentiation for 12 d; 4: Differentiation for 17 d; (d) PCR
identification of chondrocyte marker genes.

1 EBMSCsKkEHEABMISUNEE
Fig. 1 Identification of equine BMSCs and differentiation into chondrocytes



100 L L ES Y N S S 2025 4F 45 30 %
IncRNA VS mRNA(Ig(FPKM)) IncRNA VS mRNA (number)
5 5
@ [ —— S
(=3
o
[
=
11 =
wy
(=3
—g— =1
0 =
— g
(=}
-1 s
Lo §
(=3
(=}
b &
Lo
(=3
(=}
=
_3 b
1 1 =
IncRNA mRNA IncRNA mRNA
() ich21VS ich0 (©) ich21VS ich0
- Up “No - Down -Up “No - Down
30 -
20 - g
20 -
Ay
o0 W
T o
10 :
10 -
0 . ‘ . . o I L T b
-20 -10 0 10 20 -10 0 10 20
log,(Fold change) log,(Fold change)

() J3 A2 5 %0 B 2H IncRNAs Al mRNAs 22 57 3235 5 (b) 73 AL 4 A %) B 2 22 53 32 35 Y IncRNAs 5 () 43 AL 20 F R 26 22 57 38 B9 mRNAs Gl (2
R 22 5 IneRNAs/ mRNAs IR# I 20 ({03 22 5 IneRNAs/ mRNAs @ #£35)
(a) Differential expression of IncRNAs and mRNAs in differentiation group and control group; (b) Differentially expressed IncRNAs in the

differentiation group and control group; (c) Differentially expressed mRNAs in the differentiation group and control group; (Blue represents low

expression of differential IncRNAs/mRNAs; red represents high expression of differential IncRNAs/mRNAs).

E2 I BMSCsHH®SE

FRFS S U P EFRE

IncRNAs #1 mRNAs & 3%

Fig. 2 Screening of differentially expressed IncRNAs and mRNAs during the induction

and differentiation of equine BMSCs into chondrocytes

wARTEREYRE TNF 55 RIG-HZIKE 55 S
J NF -kb {5 53 %55 .

X} 2 5 mRNAs #47 GO Ml KEGG & 4 43 #r
(F 3¢~ (d)), GO 43 #r4h 4 7R (P<<0. 05), 7E 43
TR m, N ERAEARARLYS S REAWE
A&%ﬁ%%‘é*AEPE%%’%O XoF 44 B 1 53 T

5 DR TE 20 B A A R T LR R ARy R

Ti% P25 1T, A0 L PR 3 B A SRR g DNM%
Mr S RNA R4 W TR % sk 8% 0 & 4 . KEGG
5 5l Ay B s (P<<0.005) , 22 5 mRNAs 7£
8 A% 5 b W 3w A, R A A A0 i R L IR AR
W R AT A OGN RNA g QM p53 AR A= W)

& % HIF -1 &% cGMP-PKG {5 % i %45 .
2.4 5354 X HE X IncRNAs #1 mRNAs £
WA EEPCRIEIE

i 2 15 A ) RE R B PCE dl il B i
IncRNAs(nc-acvr2a  Inc-pdedd .Inc-22173 . Inc-cpm
H lnc-traf3) # 47 RT-qPCR & 0FE . 25 R W x ,RT-
qPCR,n%’—ﬁwJT“ m R IR B R W R
PERgERPE, i 4O i o lId X5 IncRNAs #
]/ B Y 5 A4S #8 3% [ (USP25 ., TRAF3 ., PDE4D |
MDM2 M ACVR2A) } % 5 p53 15 % il # . NK-kb
{5 5 i P& A9 4 4> 3 N (BCL2, WAF1, SIRTI1 Fl
NRFE2) #EAT 501, 45 R & 4(b) iR o 4387 p53 15



%2l BF At BMSCs iR 4 755 2 Ak S OC B IncRNAs-mRN As 1 9 326 73 Hr 101

(a) (b)
FERE TR . FIUSRIEDNALL 4 - @ wERS - e
Rho GTP 444 - B - @
BEURE RISk T - o
B -® S35 B - )
RNABR AT TR - o AN - .
MCME &) - s ! JEREP U MicroRNA - @ Piliie
SR - e Belue 2 e L - @ 0.008
fLNRAMABINGUSHeE - . 00006 8 T - ® ! 0.006
® 5 ARSI - R BV - 0004
DNAK il i - . 00002 £ SR - 0.002
23 DNAEYIA LR - : = = hﬁiﬁ@ﬁﬁﬁ 0SS =
Yo7 2 14 B A 1 - . Gene number iﬁ SR H R - N Gezezn(;lmber
A -@ - B HEH @ ® 40
ERARRAKRE - . S0 DNASZ] - . 60
e (44 : CGMP-PKG 55 - ® "o
Yo fhais - WAL B - °
KINEE- o oL - o
ATPLiG -0 T - .
KRG - EAMRA DA - o
LS AL - o R LR - 8
04 06 038 03 0.4 0.5
F 5K Rich factor E®E Rich factor
© )
BRI T, S5 TR - TNF{S Siligh- ®
FlRHELE A @ RIER T - @
SCAREAY - @ WA @
RNAfiHiF - ° RNA#IE @
Rac 25 145 5344 ST - L 2 RIGLHZKESEN - o
LR LG (Y - = Ge.ne2n(l)1mber g FEMW - e Gene number
Rac B[ 555 @ ° 25 g e - . ®25
HEEMNFONNE AT - @ @30 | RSB - ® :50
LR 5 BREAREE - ! o5 & NF-B{ il - @ -
R E BATRS SRR - L 00 & WS -
o PR - Pl & MMEEPIOLHREL . . Palis
RG] %;j] i L 0.020 =) BERIER - ® 0.30
BRI LR - | l‘”’” FHF IeA AR e % - o s
mRNA #E B A1 - @ e nHAREAAR - . Lo
AT - B D D4 R - o
FAE- it AN REIONENITR B 1L - @ SO -
AN R - ° KGRI AR - o
WL RERRED AR - .
JLZETRIS 0 - TR, LM ERE - .

HREK 9
0.3 0.4 05 0.6
‘B J& Rich factor

Rt - © ] i ' ,
0.05 0.10 0.15 0.20 0.25
P& Rich factor

ES
(a) 2 5% £k IncRNAs GO 40255 (b) 22 57 R 3k IncRNAs 19 KEGG 43 8 #4 & ;5 (o) 22 55 R 18 mRNAs GO 40255 (d) 22 7 £ ik mRNAs (1)

KEGG 7240 A

(a) GO classification of differential expression IncRNAs; (b) KEGG classification heat map of IncRNAs with differential expression; (¢) GO

classification of differential expression mRNAs; (DKEGG classification heat map of mRNAs with differential expression.
B3 D BMSCs A EHME S HER IncRNAs T mRNA K] GO #1 KEGG 53 #ff
Fig. 3 GO and KEGG analysis of differential expression IncRNAs and mRNAs during equine BMSCs differentiation into chondrocytes

5 1 % F1NF -b 5 %5 3l % JE R LN GAPDH H N 2,
WAF1.TRAF3.,SIRT1.MDM?2.,NRFZ2,USP25.
ACVR2A BCL2 M PDE4d 78 53 A6 41 Rt FE 41 v i)
FREN . SR BN, 55 A M B PDE4d %3k
A F I R A R SRS, 50 F 2 R BOR
1y P Rk — 3, il GO KEGG 55 %
53 B & 8L, IncRNAs 7] fig 5 85 40 M 43 16 40 ¢ .
lnc-cpm . Inc-traf3 .Inc-22171F Inc-acvr2a W) 3z ik 9

Tt 5 L Inc-pdedd 1) F 35 W W REAS o A APF
TargetScan ¥ 22 5 % ik 1Y IncRNAs #4717 ¥ b5 73
Br, 45 R0, Hoh Z 80 IncRNAs 5 NF-kb 4 % .
Shy B S SR AT 0 50 E 1 3 6 5 SR A (3R 3) o T i
& F) B BMSCs 7306 8 B0 40 M i i vh 22 Rk 1B
F 19 54 IncRNAs 197 mRNAs,
2.5 #RIncRNARHBERFEIEESEE SN
HT GO Ml KEGG {55 38 B sr i 45 L, itF — 20



102

0 LN ES I Y NS S 4

2025 4F 45 30 %

(a)

—_ 393 [S9]
W (=} W
1

%5

—_
(=}

IncRNA A
Relative expression level of IncRNA

W

HEH Gene
B P £ SEM(n=3) 37Kk . *P<C0. 05,**P<C0. 01, ***P<0.000 1.
Data are presented as mean®SEM (n=3). *P<C0. 05, **P<C0. 01, ***P<C0.000 1.
(a) 22 5% IncRNAs %3k 5 (b) 22 57 IncRNAs 845 mRNAs 19Kk
(a)Differential IncRNAs expression; (b)Expression of differential IncRNAs target mRNAs.
4 5B W% IncRNAs F1 mRNAs B PCR I8 iF
Fig. 4 gPCR validation of IncRNAs and mRNAs associated with chondrogenic formation
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Table 3  Significant results of KEGG enrichment analysis of differentially expressed genes during chondrocyte differentiation

W % 2 5 1D i % 1] P1H i % % 1%

Pathway 1D Pathway direction P value Pathway link
Ko00790 Folate biosynthesis 0.06 \\KEGG _Pictures\\bta00790. html
Ko04622 RIG-I-like receptor signaling pathway 0.09 \\KEGG _Pictures\\bta04622. html
Ko04668 TNF signaling pathway 0.13 \\KEGG _Pictures\\bta04668. html
Ko04520 Adherens junction 0.22 \\KEGG _Pictures\\bta04520. html
Ko04064 NF-kappa b signaling pathway 0.34 \\KEGG _Pictures\\bta04064. html
Ko04014 Ras signaling pathway 0.69 \\KEGG _Pictures\\bta04014. html
Ko04215 Apoptosis multiple species 0.71 \\KEGG _Pictures\\bta04215. html
Ko04024 cAMP signaling pathway 0.73 \\KEGG _Pictures\\bta04024. html
Ko04540 Gap junction 0.77 \\KEGG _Pictures\\bta04540. html
Ko04115 p53 signaling pathway 0.82 \\KEGG _Pictures\\bta04115. html
Ko04015 Rap1 signaling pathway 0.86 \\KEGG _Pictures\\bta04015. html
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Table 4 Candidate genes for IncRNA targeting associated with chondrocyte formation

R BEAR 4 5 RNA ik PRI V§ 1E/ B SCBE &1 RNA
IncRNA Expression level Chromosome Positive/Negative Strand mRNA
Inc-cpm Up 6 + MDM2

Inc-acvrZa Up 18 + ACVRZA
Inc-22173 Up 26 — USP25
Inc-traf3 Up 24 + TRAF3
Inc-pdedd Down 21 PDE4d

(a)

(b)

Chondrocyte
differentiation

TR BITE AR L P 5 K T AR IneRNA 2L R R s S @R TR
Ovals represent target genes; rectangles represent IncRNA ; red represents up-regulated expression; green represents down-regulated expression.
() p53 15 5 il % S NF-kb {5 538 5 (b) MAPK {553 5 (¢) Wnt {55 i i .
(a) P53 signaling pathway and NF-kb signaling pathway; (b) MAPK signaling pathway; (¢) Wnt signal pathway.
El5 ZFIncRNAsKRHEEFRESERS N
Fig. 5 Signaling pathway analysis of differential IncRNAs and their target genes
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