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WE.: AMABEHELY (Equus caballus) B i 78 57 140 M7 5 7 b o e 4 I A3 40 i
S AR R SRR S B B R SR AR, JENEE 3 AC (P3) Ak 4t AT AR, 2
J& 5 5 I A R A0 534k 550 5 S o A I A AT Qe g R R R R IA I 5 . SRR R EoR, 3R
0B BRI R T A0 MR S R TR R 78 B T A R AR IS, B SRS I 4 D 5 B A 7] 7
T4, P3 RMMAE PR FRE R RN “BET RSN RE MR “aka” BERRE
M. PERIGFHE SRR MR G e, FERAE R R R At “ B 4517 BB K, B/RBE
MK A RS R R 2 B F B E AR oviE 6, I BREE 7S KRB B Ik 4 B (i
HAMIE B2, TR I E MR B B, SR 26 E i PCR AR I, Hud it Col A1 ALPL 2
H R85 S K R A2 B B4Rt 98 PCR 458K, EHESMNREMRT RS T
collagenIl . aggrecan fil Sox9 #E 45 S K, T AR RKIERFFER . 28 LR, ARLIRET T
L i 1) 70 03 T U B 5 e D o 3 o A BB LRI B E R, o R SH B E S RN 4E B YA
JTIRAL T SRG BRA.
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Induction of Horse Bone Marrow Mesenchymal Stem Cells into

Chondrocytes and Osteoblasts
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Abstract: The purpose of the experiment was to induce the differentiation of osteoblasts and chondrocytes
from bone marrow mesenchymal stem cells (BMSCs) in the horse (Equus caballus). BMSCs were obtained by
primary cell culture, and stem cell characteristics of the third generation (P3) of purified cells were identified.

Then, the BMSCs were induced to differentiate in vitro, and the differentiated cells were stained and identified
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for specific gene expression. The results showed that the obtained horse bone marrow cells expressed stem
cell transcription factors and mesenchymal stem cell surface markers. The cells obtained were thought to be
horse BMSCs. After induction culture, P3 generation cells changed in shape from "long spindle" to "bone
nodules" osteoblasts and “paving stones” chondrocytes. Alizarin red staining showed that the induced red
osteoblasts, and the red "bone nodules" gradually increased with time. The number of Alsine blue stained
chondrocytes, which were rich in proteoglycan and hyaluronic, increased with extended induction time, while
no staining was observed in the control group. The expressions of Col and ALPL genes in osteoblasts changed
significantly with the induction time. Common PCR results showed that chondrogenic genes such as collager II,
aggrecan and Sox9 were amplified in the induced chondrocytes, while the control cells did not express these
specific genes. In conclusion, BMSCs were successfully induced to differentiate into osteoblasts and
chondrocytes, providing experimental basis for the repair of bone tissue defects and the treatment of
chondrocytes.

Key words: Horse, Equus caballus, Bone marrow mesenchymal stem cells; Induced differentiation; Osteoblasts;

Chondrocytes

e S PEE LU EIPN: il =
—o FEKIH SRR RUIZT, D (Equus caballus)
G R E BERE A,  anR AR EAL
ARIHESR, e slEEERT R, RT3
K REBMBES, WML LHIRN . ¥
e 7 B o SRR BT, JFiE AL
ML 59 (Cokelaere et al. 2016). HEl,
BIIRRTT EER YRR 5%, DA
BE— BRI . R 75 T4 (bone
marrow mesenchymal stem cells, BMSCs) Hf
NERY. SERFEE. MG HNESE. £
) AT R R S SRR i, AR RN
H LR TR AN AR R 2 (AR R T 40 (Castro-
Manrreza et al. 2014, Baker et al. 2015).

B MO IR T RS, fRAE T
HHE L Z AL D Z A ) — KA, T
R AN iR, O UL, R
TE B2 1 A0 T o7 400 B 45 4 i R AR 5 5 o Ak
(Friedenstein et al. 1966, Kopen et al. 1999,
Meirelles et al. 2009). ‘& ##[H] 78 i T4 R 1A
1, 0 Sox2. Nanog 1 Oct4 (Kashani et
al. 2014), [FIMFREHFETEFR LT, W
CD90 #11 CD105 (Ghaneialvar et al. 2018). 7
A, AR IVECE 41 & R 2 24k JiE (collagen

typen II alphal, COL2A1) 7] LLifs 5 & Hifi[H]
TR AHMIAEAA N AN A R A0, (e BEAR
HEARIE S (Chiu et al. 2014), HA RIFH
I RN AT 5 (Wang et al. 2017).

AHIEFE ) H 2 T — B i) BT AT I S Ry
Hl ] 70 o1 40 oy B R IR Tk, IFE R N
S LR SR AR O B A A% P R
FH B3 5E Bl

1 MRS

1.1 SLXs
4 SHEMRNRES LS, B ANZFE R
REZINDIEEERE. SR8 )F 4 h WS

7, BRI E. REDRTEAEE R
o TOUM S FS R AT B S IR 72 R T A 2 B

9%,
1.2 EEEEAR TR S EERE

RAED B, BURE, 75%P0R T e
W, FEHHT RS EAE . B Wi, H
W R AR A R & 0.1% 1 5 3% M
R MR % M W (phosphate buffer
saline, PBS) LR, IR 15 ml
T B L, 1500 r/min 2540 5 min. # FI,
FH 56 4 55 95 55 (45 DMEM/F-12. 15%JiE 2 L3 «
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0.1%HHE5. 0.1%WMER) EEMBPITIE, L
5 x 10 MR 3 B Al T T25 R0, BT
37 ‘Cv 5% CO,. SEAVRIE IR FEM PR F7
48 h JE BRI, DUJG R A B i A 4 K
2 70% ~ 80%IL &I, FEHEEFR, H 0.25%
JiFEE IR (Trypsin/EDTA Solution-Gibco™) i #il
AL 40 ~ 60 s, 5B 1 0 3 (LB TAE A ISR
1.3 DEHAAR THAREXETFRRER
EWHIEE

B A K R P3 AR4HAE, A Trizol 24
J5i% (TaKaRa) #EHUE RNA, FAR#E TaKaRa
O ) R SN & U B SO S cDNAL AR
NCBI _EA ) SE S mRNA ZEH 751,
F Primer premier 5.0 & it51%, S19F
FIWEE 1. 5100 A TAY TRER AR
AFE . PCRRMAKZRA 20 pl: ¢cDNA 2 pl
(100 mg/L), Ex Taq2 ul, £, F#i51%%& 1 ul
(10 mg/L), ddH,0 #MeE. PCR M2k fF: 94 C
A 5 min; 94 CAEME30s, Bk GRAIR
FEWZE 1D 30s, 72 CHEH 305, 30 MEHF;
72 CJGZEAH 5 min; 4 C{RfF. PCR ¥ 344

FH BN Wt s P R 0 - ) 7 ol 4 L P T
41 % 3% 5 7 Nanog 2[Rl LA J 4y S PR R T AR I
CD44. CD90 1 CD105 flZix, PLEESR
HHR ST H 7S, GHRERER collagen
I, aggrecan 1 Sox9 (AT .
1.4 TE BB A 78 55 T 40 B 1) BB A0 3KCB 4 A
2k

IS BER 70 T4 P3 ARANME, o
XTRRA AN R . 4K & 80%MN, T4
M SR TR, k88597 28 d, #FKR 1 d #e
WK WIREAR ST e g gR gk, JEHHE
MK A 80%MHE N 0 do 2GR, &
RAARRIL A A L. R 15 SR TR
0.1 mmol/L #b ZE K #2 ( Sigma-Aldrich ) .
10 mmol/L B-H B4R —4W#h /K &) (Sigma).
50 mg/L 4E4 2% C (Sigma); H 5 FHFHFR:
EEbE. 0.1% HER. 0.1%BEREREA
fili  C Sigma-Aldrich ) « 100 mg/L BMP-7
(Gibco™ ), 10 mg/L TGF-B3 (Gibco™),
1 wmol/L HbZE K. 50 mg/L HUIF MR
(Gibco™),
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Table 1 Primer sequences

BKIRE (T

Annealing temperature

PR/ (bp)

Product size

GenBank &3t 5
GenBank

B 4 3151 (5'-3)
Gene name Primer sequences
Nanog F: TACCTCAGCCTCCAGCAGATGC
R: CCAGGAATGGTTGCTCCAAGACTG
CD44 F: CCACTAATGCGAGTCACCACA

R: TCATCATCATCAATGCCTGATCCA

CD9%0 F: CCATGAGAATACCACCGCCACAC
R: GGAGCACAGAGACAGTCTTGTTGG
CD105 F: AGTCTGCATTGCACCGTCATGAG

R: AGCGAGAGGCTCTCCGTGTTG
GAPDH F: TTCAACGGCACAGTCAAG
R: TACTCAGCACCAGCATCA
Sox9 F: CACACGCTGACCACGCTGAG

R: GCTGCTGCTGCTCGCTGTAG

aggrecan F: GCTACGACGCCATCTGCTACAC
R: TGATGTCCTCCTCGCCACTCAC
collagen Il F: CAGCAAGAGCAAGGAGAA

R: GGACAGTAGACGGAGGAA

61 2003 XM_023643093.1
57 142 EU366979.1
61 361 EU881920.1
61 301 KF181205.1
57 128 NM_001163856.1
55 135 XM_023652130.1
57 155 XM_023650286.1
56 175 XM_005611082.3




+ 356 =24 Chinese Journal of Zoology 55 %

1.5 Jefh X5 5E pE P 4E i

FEREFRA 7. 14 A1 21 RIsF, 20 5% 5S4
FXTHRAMMPEATIE RO Gt (RHKE
-G8850) A /RHT G Gt (RKFE-G1560), 4
AL 3 O ol AR D e S Y A =N
VE RS %9, F PBS & ¥E 3 7K, &K 2 min;
4%% AL =00 R A 2 30 min; PBS J&¥E 3
W, BFR 2 mins N 1%B0] K 57 85 Y4 €8, S min,
BN JLpE R Yt 30 min; PBS iE¥E 3 Wk, BHK
2 min; {3 & 24 (Olympus-SZX12) T W%,
1.6 EE PCR &

DL B S 3545 (1) cDNA N, & E
GAPDH NN ZF K347 PCR ¥ 1. & & PCR
AR F N 20 pl, 4% SYBR Premix Ex Taqll
(2> 10 pls IERFAIGI) (10 pmol/L) 7% 0.8 pl.
DNA #ib 2 pl, TEHEKAMNE . RN, T
5P 95 °C 30s; 95 C S5s, 58 C 305, 40
MG ISR, WA q-PCR
(4 s th e A m i th 26, I VEbRE 23T 7
Mo gt Wk 2.

2 GRE5aH

2.1 LyEwER 785 T4 R AL

2.1.1  GEHE A 78 R T 40 Al B 4 S R 44k
JRARAH BB 48 h 5 T LRI EE A K HIE &AL
W5 i mT Bk 25 KT 4 ARG BE 2= 2, 3 Bl 4 d
I F 4G 25 KA TE 4 (B 1a, b), SEL6d

I WGEEGH B 2, 2 Ja @il & o AR 2L
VETEFE PR, 7 5 8 d A AT 4 ik 80%IL A,
EWeRIRA K (B e, d). FAHMLE 2 583
DA G AL L, TS —BEKRE.
CRLEAF YL R, 2 ERAER—R 3 84 d
fErIAE] 80%IF o

212 LSEHEAARTHMREREFERMB
B 2 PCR A, 4 B4 ARIL T T4 %%
SKPEF Nanog DA 8] 76 /53 41 ff 3 T Aw &4
CD44. CD90 fil CD105, iX 4 MR H 4K
FE43 5128 2 003 bp. 301 bp. 361 bp Fl 142 bp
B 2> MR ¥ IR A AL B0 1 4y 55 45 31
1) 24 0 g L ey 5 ) 70 5T T A

2.2 LEBEE R R T 40 R A s S
KESE

221 GEHERAFETHMERERTESS
t K HEF O URIAIMESS 2 X (K] 3a, b).
14 K (B 3¢, d 28 K (K 3e, D K
SyoAaie . BEESI RGN, 4 ] e /N
K, HERE, FAER T8 RABEE.
222 GEHEAARTHRESFRERREAE
K5E K iE A R (] B 4 o kAT vt
RO Yt RIUMEE S TR 3N, 2t
Mo “CEEETT BB (E 4, 5. BRETE
Jeth IR, 500 ) 7 i T4 M E B SR AR
i, EAZEMERRRESEEE, #
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Table 2 Primer sequences

e SRS SRS (5737 B (T FERIRAN (bp) GenBank 3% 5

Gene name Primer sequence Annealing temperature Product size GenBank

GAPDH F: TTCAACGGCACAGTCAAG 57 159 XM_014734891.2
R: TACTCAGCACCAGCATCA

ALPL F: CCAGGCACAAGCACTCTCACTAC 56 136 XM_005607380.3
R: TCGGTCACGTTGTTCCTGTTCAG

COL6AL F: GTACAAGGACGGAGCGGTCAATG 56 90 XM_001488351.5
R: AGCGACACATCCAACAGGAACAC

COL1A2 F: CCGTGGAAGCGATGGAAGTGTG 57 349 XM_001492939.4
R: ACCAGGCTCACCAACGAGTCC

COL2Al F: GGAGCAGCAAGAGCAAGGACAAG 56 138 NM_001081764.1

R: TGGACAGCAGACGCAGGAAGG
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1 DEERERT AR RARER

Fig. 1 Primary culture of horse bone marrow mesenchymal stem cells

a. b, ¥FE3 B4 dUFE AL o d KR 7 808 d 4IRS .

a, b. Free cells at 3 to 4 days of culture; c, d. State of cells cultured for 7 to 8 days.

Nanog CD105 CDS0 CD44 DLS5000

i

B2 FEn bR e R Y vk
Fig. 2 Electrophoresis of osteoblast marker genes
Nanog. CD105, CD90 # CD44 [1J2K/N% 514 2 003 bp. 301 bp.
361 bp 1 142 bp; DL5000. DNA 4> T E A5

The sizes of Nanog, CD105, CD90 and CD44 are 2 003 bp, 301 bp,
361 bp and 142 bp, respectively; DL5000. DNA marker.

223 BEFRERRENEE LHRG
JEf& PCR Rl &I 4 Col . ALPL ik
EHEE S A KR BN, EEE IR 14 d
ALPL 1 Col ZE[KFik 2190, ALPL J£FI7E 30 d

I RIL RIS RIR K (B 6),

23 DEBEERRTHBRAKEHRESRS
B % e

2.3.1 LB wEIA) 7R 5 T4 i 1) BKCE 4 B
S &3 A B R 705 40 B A
F 44 35 mm 5 FEL, X6 B 40 J6 135 5% 97 4
FSAMBES, 20iFSFHFF 14d f121 do
For, o) TR ZH 4 M T 25 B A B R R EOR 3 n—
HAZEKKRIE (A 7a), RIS RLF4RR
I B A B 77 KB 3E ngn i 23R ek AE K,
M H 2 IR AL LT B % . 5 S
YU B 5 75 5 B 1D AR 3R I AS T SR B AR AR, 1 2
BB AL, BSHE TR, K
1 A B S R A T R 2 2 RS (] T,
512 RANMLEI “Hirs A7 K, RIVFE A
HORES (B 70); 517 REHEMBRESE
igEmT (B 7d), IWIEA BRI IR & ff A 72
544 53 e R B A
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B3 HRMERREHAR (20 %)
Fig. 3 Differentiated osteoblasts (20 x )
a. b. EHERE ST NS T 2 d BAIMUEAS; oo d. EBER SR T ANIE oL 14 d BPAIIOEAS s el £ BPBEIRI TS T AN IRTE 4
1t 28 d FHAIAIEZS

a, b. Cell morphology at the second day of differentiation inducetion of bone marrow mesenchymal stem cells; ¢, d. Cell morphology at the 14th

day of differentiation; e, f. Cell morphology at the 28th day of differentiation.

B4 DEEATRTHRESSMUKERD afb) MFRFE (cMa) R

Fig. 4 Alizarin red (a and b) and Alsine blue (c and d) staining of cells
differentiated from horse BMSC on the 28" day
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Bs DEMETRTaRESSL
PR LA /KT i et S
Fig.5 Physical map of Alizarin red and

Alsine blue staining

PIA RO 91T 28 d () 1 14d CH) IR,
12 fURARA NS 28 d INBERA (B SRUREE CF) Bt
XFE o

Alizarin red staining was performed on the 28" day (left) and 14" day
(right) of induction; Alizarin red staining was performed on 12 holes

(top) and Alsine blue taining was shown (bottom) after induction for

28 days.

359 .
5 mm0d
==14d
20 _ =m21d
—/30d

—
W
T

F:FFE R Gene expression
«w B
T T

anLuH.JJJl

ALPL  COL142  COL241  COL6A1
Bo6 HIARREREFAERNREE

Fig. 6 Inducing the expression of cartilage-specific

[=)

genes after cultare for different periods

232 LEHEAARTHRRKESE T
I EERE  FRH I G R o FH O

AFE TR EE A collagen Il AR A KN
aggrecan BH1T Yt %58 . X IR A AR5 (B (]
8a). 15 FAHANMIBE L 75 T RER 0, R /R
B G E AUE AREETE 2 (B 8b~d).

100 pm

&7 BEEEERTARRREES (100 )

Fig. 7 Cartilage inducing from bone marrow mesenchymal stem cells (100 x)

a. MMM b, FRREIETd: oo BRI 12d; d BRI 17 de

a. The control cells; b. The induction culture for 7 days; c. The induction culture for 12 days; d. The induction culture for 17 days.
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B8 FI/RFEFELERE (100 )
Fig. 8 Alcian blue staining identification (100 x)

a. X4 b BEEEFKE T o BEEFE12d; d BRI 17d.

a. The control group; b. The induction culture for 7 days; c. The induction culture for 12 days; d. The induction culture for 17 days.

233 O REE 7 T 40 R KR 4R S
SHLIISE Wil PCR ¥ 74NN SRR
GAPDH Fl#-iF 5 5+ 3£ A collagen]l . aggrecan
1 Sox9. PSR GAPDH 78175 S 4L A1x IR 41
i i R #fFe s #IE, 1M collagenl . aggrecan.
Sox9 AW FE I FLH A0 e e ik, 7K EES
SN 135 bp. 155bp Al 175bp (K 9). FHH
B 1] 70 /5 T 240 B 43 A R i A B SR8 T 3
S RS bR T R D
3 Wik

ASHIE SRR Th ST B IR 78 0 T 4
W, NS s A AR A
BRI 4 1 R B 1) 78 T A B AT T A A
IHRETTTH %5, 4y AL e 7 BA Al et
LA MIFETEAS I 20HE, JER A PCR £ XS B
HE 1] 70 00 T4 M . R 0 T i A kAT T

% B# Control 755 3% 5% Induction culture

M500 GAPDH colleganll aggrecan Sox9  GAPDH colleganll aggrecan  Sox9

B9 REHMMFCER
Fig. 9 Chondrocyte marker gene

Ft+H GAPDH. collegan I1 . aggrecan il Sox9 ff K /N3 524 128 bp.
135bp. 155 bp 1175 bp. M500. DNA marker.

The sizes of GAPDH, colleganll, aggrecan and Sox9 are 128 bp,
135 bp. 155 bp and 175 bp, respectively. M500. DNA marker.

£

ARSI W i B ) 72 5 T4 P T LR
BN RCR AR BB A . S50 R
) 70 5 TR AR SRR IR TR IR B IR,
PR IR A S A MIE AR A . B-H IR — AN
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EAKEWMYEE R C FH sy, MKE S SR
BEhEAEE. 5K MRBRESEOM,
BMP-7. TGF-B3. 1 F KA FIHTIR I iR 4 2H 47
HEBR T T2 A% FH 0 S A B R S AN I B 7R A
HR KN AT RN . ERARORYA T E Bl IR 72 o T
1 P B A 3 RS A B 3R B A B
P, B 5 S 85 77 26 A N DL 1 2 A s
IRt 7 —Fh I 2. 1995 4 Lennon 55
HALT MRS R FRR R, FER 60%(IK
B DMEM #1 40% MCDB-201 MEERIE, 70
RS, WlR. 4 iiE &A%, RO
i 1) 78 o~ 400 55 5 9 B AR 4 . 1997
4 Jaiswal S5 R IHIZERFA . L-PUdA mER-2-1
iR £ AR R H i Al 1 4 A B BT s S B
[ 78 7 AR EH - Bl S BT 5B o,
AFEYF AT A — Ak, QKR (Rattus
norvegicus) ‘& i (8] 78 Ji 40 B & 43 AL i s
SR (FRIRELE 2016), 1AL 5 M 5E
() 78 J0 - 40 15 S I ER IR . A B AL AL A
1% &R (FBS-KSR) 414 85 77 3 75 9% 4 (Bos
taurus) ‘BB IE) 7o 5 TAAE, OF H.45 R EoR g
HORS R GRURREE 2018). i il A 45
ISR i 46 PRIV G L/ INBR R AN T LI 85 77
RGN B REF TR T, DA
fa 4 M 3G 7207 RAE AN, RIL=E I Reh
AR L B S RF N B i 18] 70 03 20 i 1 s AR 7
I HAE a0 M s (0 58 0 35 e F IyE 4, o AL
TR A /N SRR R L AE AR 3 L i 40 A 5 T L
HAmMAHE R (R 2019). EREE AT
A4 g B A B A RS A B PRI T s R
YE I REE TR TR, BA RIFHIEIR
M FHEi 5 (Richardson et al. 2010) . BB 7 S35
FRHEE T 1 i (7] 78 53 T 40 I 00 B 40 A 45
th, A MERNGE S UMMM 2 RIFIH
R, AR R R R s, I
PP H R TR, HE W ER,
PR LLRENS K S AL A e 4 5, W
P55 14 K5 120 B 1 A 5 B 2K s Thi B 2K =%
WY RIS A a0 A e i £, RERFE S

S 0200 F A A 38 B ol B R 2 B TR E . B
V) 78 J5 T4 B d ok B 40 P 5 3 s R S B T i
SR E M, TEA RIS 3 POE AR
TEMAKARTE ) b BRI AR . BB 5 5 I (1]
PIIE, “HHEEAT” FERRRABS N . 4
ZUEME R, BRFEERELEFETE 7 R
YHMAZ AL EIRAS, 15 AT 17 RN BE A
B % R Ay AR

S RI R, WERER TR D BELE R
5T T4 B SR ¥ Nanog AR 78 5 120 il 6
[ FRic 4% CD44. CD90 F1 CD105, H HAKHE
R IE W] DAIE S 73 B9 45 21 (1) 40 o J8 T8 Rl S
T-4Hff (Mildmay-White 2017, Gale 2019). &
& PCR 45 4E5L, Col A1 ALPL FERI7E % 5%
HHMhRIE, EEHSEREK, K2
BRI )RR HTE N, M COL1A2 7R3 21 K
ERHKE, X5 Yoo £ (2011) WK Col
FERFRIE—5. ALPL M RIEPON AR
A SR e br 2 — (Jo et al. 2019), 1
AHRFFH, ALPL 2RI BE A 175 50 ] 1) 2 K
T30 & AR T HH 355 S 40 AR TE P4 76 30 d N R %,
ToiF 4k a0 823 R F 0K . 48 PCR E 5K COL2AL .
ACAN H1 Sox9 7£175 5 i 4i e vh i 2RIk, TifE
EFHFMPEHRARE . KR EH SR
2 it F ) v I 5 K TR e o 4 L A R
YU 45 R —F (Read 2008, Gale 2019). A&
SRR, WIS S A e S BERE DR (1) Rk
FAEREZ R i B 1) 78 5T 40 M v] 55 3 Bl
ZIYEMIRAL, BT EE SR, W)
Bed s NS IR B P AR R S R AT A

ZE FATAR, AN A I A A e AR
Ui ) T R 7 ¥R 3R A ) B 1) 7 ol 4 W] AE B
FrAE R E G, I BRI T ) R 7R i T
Y BA A R AR ) B8 7, 8 75 37 AT
DA T2 A R TSR] R B 200 B R S B 4

Z ¥ X W
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