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Abstract In order to explore the dynamic changes in energy metabolism during the chondrogenic
differentiation of porcine bone marrow mesenchymal stem cells (PBMSCs) and its relationship with cartilage
formation, PBMSCs were isolated and identified, and porcine chondrocytes were obtained though an
induction differentiation culture system . Analyses of the expression patterns of cartilage marker genes and
energy metabolism-related genes were performed, as well as measurements of energy metabolites content,
12, and 18 days.

analyses between cartilage marker genes and energy metabolism products were conducted. The results

in PBMSCs induced to differentiate into chondrocytes for 1, 6, Pearson correlation
showed that: 1) During the chondrogenic differentiation of PBMSCs, the expression levels of cartilage
marker genes, including COL2A1, SOX9, ACAN, MMP13, and RUNX2, were significantly increased (P<
0.05). The expression levels of the glycolytic rate-limiting enzyme genes HK7, PKLR, and the lactate
transporter key gene SLC16A1 were significantly upregulated (P<0.05), while the expression level of the
glucose transport critical gene, SLC2A4, was significantly reduced (P<0.05). 2) With the increase of
chondrogenic differentiation time, intracellular levels of ATP and glucose were significantly decreased (P<
0.05) , while the intracellular ratio of lactate to glucose was significantly increased (P<0.05). 3) The
correlation analysis of key chondrogenic genes and energy metabolic products suggested a significant
association between the chondrogenesis process of PBMSCs and glycolytic metabolism (P<0.05). In
summary, this study successfully developed a method of inducing PBMSCs into chondrocyte, and revealed
oxidative phosphorylation levels gradually decreased, and glycolytic metabolism gradually increased during

the PBMSC-induced chondrogenic differentiation process. These findings provide a new perspective for

2024 4F 55 29 %

further analysis of pig body length development.
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Wil e (bt R FE R AR D (100 pg/mL 7
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Fir (Sigma-Aldrich 23 &) 0. 05 mmol/L T3 1l fiR K
10 mmol/L B-#% M2 H Wl #4 (Sigma-Aldrich 24 #] ) |
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PCR S 7 9 28 47 Bot B Wl 68 ¢ ri vk R DU, i G
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1.5 BB FLEEFRKPBMSCs

B AR F B A R) 72 0T 40 4 b = 48 AL AR i AT
R R R M A IR R 90 % LA R, 3R R
JA 4 [ 52 e 1 5E 30 min, JH PBS U6 3 ¥k, A
A Y28 YL 8,38 3% i Triton X-100C Fig 2 = K AW H

ARA PR ED AL FRZ L 10 min, I PBS {3k 3%k,
ANGRPER A E W EWER S REYWEARARAD
Al AL P4 1 h, PBS Uk 3 . 4% 1: 200 B
CDI0 —#i (Jb I R AR AW H ARG R A /DWW,
4CHWFE MM, # 1:500 B Alexa Fluor 488

x1 AHRHETAPCRIIY
Table 1  Primers used for PCR in this study

5|94 5149 )7 51 (5'-3" A BE /bp

Primer name Primer sequence (5'-3") Length
CD29-F AGTTCAGTTTGCTATGTGTTTGGC 103
CD29-R ATCCACAATTTGGCCCTGCT
CD90-F GCTCTCTTGCTAACAGTCTTGC 109
CDY0-R TGGTATTCTCATGGCGGCAG
CD34-F TGGCCAACGGAACAGAACTT 241
CD34-R TCTTCGCCCAGCCTTTCTC
CD45-F TCAAGGGAAAAGCAGAGCGT 141
CD45-R CGGTAGGAGGCGTACAAGTC
COL2A1-F GGAATTTGGTGTGGACATAGGG 144
COL2A1-R GGTCAGGTCAGCCATTCAGT
SOX9-F GGAGAAAGTCGGTGAAGAACG 173
SOX9-R TGGTGGACCCTGGGATTGC
ACAN-F CGTGTCAACAGTGCCTACCA 196
ACAN-R TGGCTCTGTAATGGAACACGA
MMP13-F TCCTGAAGAAAACGGCAGCA 290
MMP13-R CAGAGGTGTCACATCAGACCAA
RUNX2-F1 TACTGTCATGGCGGGTAACG 174
RUNX2-R1 GTGGCTACTTGCGGAGGATT
SLC2A4-F GTCGGGCTTCCAACAGATCG 160
SLC2A4-R GCTCTGTTCAATCACCTTCTGG
HKI-F CAGTGGAAGCCAGCTTTTCG 122
HKI-R TGGATTGCCGACAAGGGAAA
PKLR-F CCAGCTTAGCCCAACTGACC 265
PKILR-R GACTCAGCGTGGTACTCGTG
SLCI6AI-F TTGGAGTCATTGGAGGTCTTGG 179
SLCI6A1-R TCTCCAGCCGTAGATACCGA
ATP5AI-F GCAAGGACAGTATGCTCCCA 160
ATP5AI-R TTTTCCCAACAGGGCTTGGT
RNI18S-F GCCCTCGGTCGAGTTGTC 113
RNI18S-R CTTGCAGGGCGGTGACAG
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0.75.0.375F10.187 5 mmol/L 3t 54> ¥ & 19 L 2
B SV, FH T A bR vERR 2R . 76 530 nm I KR
7 9 ) WO B

i FEA A A I 0] B (B 3R = RAE W AR A
BRLZA ) ) 5 BT A5 4 A 40 B A 7 B S i U . T
500.125.62.5.31.25.7. 81 F10 mg/dL 3£ 6 Pk BE 1
AR E S, TR B AR fE T 26 . 7E 630 nm
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Ao RPEDOLEE R R CDIO 78 AR K B B8 8] 78 5
T 20 B R PR 3k CR 1Ch) ) o A B B ) 78 T
MM AT R BB S 1 d)E, A2 KRIE, HE
B O] Sy 3 L 0 e R HE 51 5 375 AR 6 K 4 it 4% AR
KOHEFIARAE R R R 2 A KB FE 12 K4
i 52 2 A DX 5 5 5 18 R AN 2 £ )2 HERR
FEHED , 5 0 0] (IR 1Ce) ) o 3% B B 1) 96 I 1 40 i
HEA S LG, A AR BAE K5 558 6 KT
AL AR T E AN R B SE 12K
A B Z A5 S ISR K= E &,
H AT A HEAL R 1(dD) . 45 R E W, AWF5E 70 3
1) PBMSC 7 5 PE 3k Al 78 o T 40 i prid B2, B
HA B BURCE 2 oA e
2.2 PBMSCsHIERBAUIERBEBRXERER

RKiEEKX 5

b & PBMSCs A 5115 75 S 43 1k B 1] /% 384 T
COL2ZA T X} 238K F-Z i I, COL2A 1 M X} 3=
KRR T 05 1 RS 6 REAL, H B K
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(b) DAPI/CD90

130 um 130 um 130 pm

#56K Day 6 #518K Day 18

A2 §1KDayl 456K Day 6 412K Day 12 4318% Day 18

Ca) By O50 g vl VA ARG W00 21 4 i PCR P24 o kG 1~5 43 3118 36 Marker 2 000,CD29.CD90,CD34 Fl CD45; () 598 5 6 1 %5 52 CDIO 18 J§
AIE B BB FE BT AN i ik o HE IR 130 pms Cod BRI T 22 2 (0 3 5 45 S A0 70 AR50 1.6 12 R 18 KAGANML . 25 —4T 48 — A7 R A Ay LL 4]
R3320 210 1 520 pm s () P63 LY 60 58 15 5 i 40655 1.6 12 M I8 R IVANML . 55— 47 55 AT w9 LU )R435 )y 210 11520 pm

(a) Semi-quantitative PCR product analysis by agarose gel electrophoresis. Lanes 1-5 represent Marker 2 000, CD29, CD90, CD34, CD45,
respectively; (b) Immunofluorescence detection of CD90 expression in primary PBMSCs. Scale bar represents 130 um; (¢) Alcian blue staining for cells
induced for chondrogenic differentiation on day 1, 6, 12 and 18. The scale bars of the images in the first and second rows are 210 pm and 520 pm,

respectively; (d) Alizarin red staining for cells induced for osteogenic differentiation on day 1, 6, 12 and 18. The scale bars of the images in the first

and second rows are 210 and 520 pm, respectively.
EEEEERTHBERE

Fig. 1 Identification of porcine bone marrow mesenchymal stem cells

FE SLC2A4 X KK VB #i bR 7255 1 R iy 34 B I R A7 AE 1 3 25 S (P=>0. 05) (J] 3(a)~
FkgE, B ES T HAL SR E(P<0.05,H (). ATP A MEEMEEKF ATP 41 F1 W3 o
TEH6.12.18 K2ZEZF A E EH(P>0.05 (A 3 (ATP synthase F1 subunit alpha, ATP5A 1) # X} &
(a))o Ml T fiff B3 o il 5L Rl HK 1. PKLR (%) AH X} #35 IKTE 4153 0 AT ) 22 0 1 3 (P=>0. 05) (&1 3
IR FFLIR 5538 B L SLCIGAT M ITES 1 Ceddo 45 ST, 2 4 WA 35 AH 56 35 [ 72 PBMSCs
REAK, BT H AL 3AEHA(P<<0.05), AR SCCE 0 fh o B bk o8 49 VR H 4 46 1 7 52 1 T iZ
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(e) ATP5A 1 in PBMSCs induced for chondrogenic differentiation for 1, 6, 12 and 18 days
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