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TGF-f2-Induced Senescence of Porcine Bone Marrow Mesenchymal
Stem Cells via Mitochondrial Reactive Oxygen Species Accumulation
and Cell Cycle Arrest

MA Xinmiao, XU Dexu, ZHANG Zhixia, LIU Chen, XU Hui, WANG Nan
(College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: This study aimed to investigate the role and mechanism of transforming growth factor-beta 2 (TGF-42)in the
senescence of porcine bone marrow mesenchymal stem cells (pBMMSCs) . First, changes in TGF-A2 levels during in vitro
replicative senescence of pPBMMSCs were analyzed. Then, the effects of TGF-452 at concentrations of 1 ng/mL, 10 ng/mL,
and 100 ng/mL on cell growth, proliferation, senescence , mitochondrial reactive oxygen species (mtROS) levels, cell cycle,
and related gene expression were also examined. The results showed that pPBMMSCs expressed stem cell markers CD90 and
CD44, and had the potential for adipogenic and osteogenic differentiation. With increasing passage numbers, the mRNA
levels of TGF-B2 significantly increased,and its protein content rose from (41.97 +9.46) pg/mL to(77.04 + 3.44) pg/mL.
After TGF-p2 treatment, cell proliferation ability decreased, the number of senescent cells significantly increased, mtROS
levels were elevated, and the cell cycle was arrested at G1 phase. Moreover, the expression of OCT4,Ki67,PCNA, and
SOD2 was downregulated, while the expression of P53 and P21 was upregulated. These findings indicated that TGF-52 in-
duced the aging of pPBMMSCs by promoting mtROS accumulation and causing G1-phase cell cycle arrest. This study pro-
vides new insights into the role of TGF-52 in the senescence process of mesenchymal stem cells.
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JitL, 4 24 b {8 A A0 RSB, EEEE 6d. LA
KRS (B AR AR A | 20 28 R S AR, 22 At AR
Kk,
1.2.5 EdU % &40 m o 3g 74

EdU Qoo S50 S Ut B BT, 4L 1 x
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10, 100 ng/mL TGF-p2 AP 24 h, it A 2 x EdU TAE

W HE 2h, ZRWP R 15min, 835 KL M
15min, A SN IF & FREIKBOLIER 05h,
Hoechst 33342 Yedi iz, 1E48) B 2¢ 6 B ™ Es
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Fig.1 Cell morphology and differentiation potential of
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Fig. 2 Phenotypic identification of pPBMMSCs at P4
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FFFE P15 AU (77.04 + 3.44) pg/mL, TGF-42 ik
B R K XL UL, pPBMMSCs K532 21
Firh TGF-g2 WyZ g, &MU TGF-p2 Al RETE
pBMMSCs M5 h HATE AR
2.3 TGF-£2%f pBMMSCs 750 4 K B 51
JHHEFE TGF-2 X pBMMSCs Az K520 , 43-5]
FIFH 1,10, 100 ng/mL TGF-A2 4b PR, WMEHIE A
AL IR e A K R 2R, 25 R K 4 Fis . 78 TGF-
B2 ARERT, AEIEAS th KA [n] AN HRUIE PR A A5, 3
Sy ARAS T B, B m R, R 4 i 2 Rl
[ P 3, I AR AR, R R Rl



2026 £ 6 J hFERR, S TGF-B2 i 1 AR AT 1 42U FR SR 70 BEL it 240 i J St 1B 18] S T A 3 3 =31

TGF-42 U B R A4S i 25 . AR K ihek e MRAgEce Rt B E25%, i TGF-42 LIFE
PN, SXTHRAAM L, BrS TGF-g2 ACBRAHZfirE  ARHs Ry Xl pBMMSCs B4 K .
24 h JE R AR KBS IS, R4 3 KITIR S5 X}

(a) P5. P10 #1 P15 A B BEN SR T AR S

P10

(b) P5. P10 F1 P15 A% E ] 50 0 T4 i p-gal Yefh

6 5( 100

= fan} a
3 I ®
5 3 =5
# S o &
= iy e
=] Q
& 2 :

0 P5 P10 P15 0 P5 P10 P15 0 P5 P10 P15

AN EIiIE Mt
() B-gal Y ZE e i (d) TGF-52 mRNA /K- (e) TGF-B2 # MR i

T ARVNG FRERIR R 22 7 .2 (P<<0.05) .

3 P5.P10.P15fX pBMMSCs ZHffi s TGF-2 ) mRNA K EFEARERE
Fig. 3 mRNA level and protein mass concentration of TGF-f#2 in pBMMSCs at P5, P10 and P15
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Fig. 4 Effects of TGF-£2 on the morphology and growth of pBMMSCs
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Fig. 5 Effect of TGF-£2 on the proliferation capability of pBMMSCs
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Fig. 6 Effect of TGF-£2 on the senescence of pBMMSCs
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Fig. 7 Effect of TGF-£2 on mitochondrial reactive oxygen
species in pPBMMSCs
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Fig. 8 Effect of TGF-£2 on the cell cycle of pBMMSCs
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Fig. 9 Effects of TGF-£2 on mitochondrial reactive oxygen species, cell cycle and related gene expression in pBMMSCs
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