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(HWZE] HmY 50 DB (collagen 1) ZEMRSMIEFE K BLEH (R 78 5T T4 2 (bone mesenchymal
stem cells, BMSCs) [u) #CH A0 LAY E 1) AR T Jitk MRSMEEFR BMSCs, 73 AN collagen II 4570 ik B2
£H(25.50.100.200 pg/mL) F1=s FHXTHRZH, 73 /R FH T BMSCs 7,14 .21 d, 2k 4] CCK-8 A% I & A [ ¥k
JEZH X BMSCs & PERY 520 ; qPCR Yi?ﬂﬁfﬁ%%%?ﬂ ARV B AL B BMSCs J5, £ Wk BE 41 5 25 )
HEZAAH L, collagen 11 \SOX9 ¢ aggrecan mRNA J R FIRBHE M 2ZF. 458  OCCK-8 Fl 25 B n
BWRPELAET 14 21 d D(450) {2 5 G L (P >0.05) ;@qPCR KM L5 R BoR 21 d J5, A [FEuk
f“éﬂ'@/\ EI A BR AL L5, collagen [T \.SOX9 A7 aggrecan mRNA ik & 475 (P <0.05) , Lk 100 peg/mL 4

E(P<0.01);14 d i, &M 2H collagen I .SOX9 A aggrecan mRNA D100 wg/mL 21 I & 5% B i
(P <0.05) ,1M7E 7 d i, & ZH 22 (8] =& mRNA ()R IK2Z R TG IHFE (P >0.05) ;@& UL 21 d
B Gy ¢ ezt B R . 76 100 pg/mL 1T 4H collagen 11 ,.SOX9 ¢ aggrecan mRNA £ [ it % ik 5 45 FoAh 4%
IR FIE(P <0.05), 5%  collagen II AI7E A& ZME #F K B BMSCs ] 1 41 it 431k, Horp A
100 pg/mL e HE/E i A .
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Collagen [[ promotes differentiation of rat bone marrow mesenchymal stem cells

into chondrocytes in vitro
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[ Abstract ]| Objective  To investigate the promotion of type Il collagen ( collagen Il ) on
differentiation of rat bone marrow mesenchymal stem cells (BMSCs) into chondrocytes. Methods  BMSCs,
seeded with different concentrations of type II collagen (25, 50, 100 and 200 wg/mL) and control group,
were assessed by CCK-8 assay on days 7, 14 and 21. qPCR and immunofluorescence assay were used to detect
the mRNA and protein expression of collagen II, SOX9 and aggrecan in different intervention groups.
Results CCK-8 assay showed that the cell viability had no significance on days 7, 14 and 21 in different
intervention groups (P >0.05). The mRNA expression of collagen Il , SOX9 and aggrecan was up-regulated
on day 21 (P <0.05), especially those in the 100 pwg/mL intervention group most significant (P <0.01) ,
while the mRNA expression in group of 100 wg/mL was highly up-regulated on day 14 (P <0.05), but there
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was no significance on day 7, compared with control group (P >0.05). Immunofluorescence assay results

showed that the protein levels of collagen I, SOX9 and aggrecan were obviously enhanced in the 100 wg/mL

intervention group than the other groups (P < 0. 05). Conclusion

Collagen II promotes rat BMSCs

differentiation into chondrocytes in vitro, with the dose of 100 pwg/mL having the best efficiency.
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AA R E R M 2B SR o R A S 3 e R
NN R M LT ARG 1, i TR A R 2 RO AR
SRR T B RE T, I, K LOR , — H AN
EEEHEE PUAZZ . B 19 g BRI LK , B R
B AR BRI & R, R 2 B 5 A0 ] RE AN
S PR UE S, BIFTE 8 A W R 38 4 45 i SR R 18 2 43
PR HR . TEHIRH A TR KR, 25 A1
AT Z AR TR O s R
1T 72 82 ( collagen 11 ) AT py 15 4 M 43 8 45 ), L
A RFIPETR | RE AR A0 L A= K G ek KX ) RE
RN T N L B A B 1) A0 M A5 o AR ) Ry
o TERBEBEE b iR 7 T A0 —— & i
[&] 75 55 T 40 i ( bone mesenchymal stem cells, BMSCs) ,
& HATHR A A LARHOR , SEIEA 78 A FIBIE 5 7E 7]
I3 R B B e 2 0 A 1) 2H 2R B A0 B A 4 el )
AR WEER ] collagen I 7EAA A FIASh ) AT fie
it BMSCs [u) & 40 Jifl 77 0] 534k , I R4 iF B k450 74 i
A T BMSCs 1 8 0 /0 WLARE . A 5256 D
collagen [I A 4HMIAMEET, L BMSCs Jyff 14t , {4
HMIFSE collagen 11 %} BMSCs [i) B 41 i J5 1] 1) 73 AL A
FH, TH# collagen 11 XF BMSCs 734k %1 B 40 L 14 52
Wi, AN collagen 1105 A= 44 4, I T4 43 J5 ¢
e TSI AR I

1 #MREFE

1.1 s£33hih

SPF 2% 4 Jil# SD KB 50 H, fi 55 = 4B K5k
Byt TR AR AL B Ty A G [ B
T FH S5 Sl W FH AR R S =75 R R AR sl M e 4
HFHRLE o
L2 EmaH
1.2.1 24 5l collagen [T $7T {4 ( 1H B 7% , bs-
10589R) ,SOX9 HL & (20095 ) ., aggrecan P {4 (16492,
Santa Cruz) , FITC-11 £ Hi/NR 9T . CY3 IhFEH i —
PLALET P2 EHT)  PUBUR A M3 (FBS) \DMEM/F12

(Thermo scientific) ,CCK-8 ( H 7 DOJINDO) .

1.2.2 &bt R = 0 AL 22 T RE B A AN (35 [
Thermo scientific) , {3] & %< )G i ##%% ( H 4~ Olympus) ,
37 °C 5% CO,%57:%4 (3£ E Thermo Forma 237 ) .

1.3 Fik&

1.3.1 K BMSCs g5 5% 4 JE#Y SD KRR, LK
A G TIE s T SRR, 75 %0 ORI 35 )5 , 7R T TR 25 14
T BRI RSN B 1 R 1, S0 83k EL 3 o UL ) B B 4L
U0 mL FE SRS A 10% B2F 1M13 100 U/mL
HHZE G100 mg/mL 4575 £ () DMEM/F12 1 552 W v
VEBEREIE , H R AR R E o Rk R A0 40 B
% 50 mL B0, B0 1 000 r/min, 5 min, i 5240
HIE, LA 3 x 10°/em® R0 F 25 em® 53R h . 72
37 C 5% COEFRAMNIEATH IR . 24 h J5 2 ik,
PUGHE2 ~3 KRR, Bl FE 2R MG BELN M, 15
TN B 240 M 2 R B ORI J L A T AR AR 5

1.3.2 KREBMSCs iy %2 OReE b : s
553 ~5 AR, H A T IUGIH R 1Y B A B R 6 L
B, TERLE 75 SO S 250 21 RIT IR G R L0545
T G a0 G UL A5 0 REAS FEAT [ | G 0 b T AL
B, WAREE AR A 1 e I O s @ UERCE A Ak R
U7 AL 5 T RT5 T 2250 21 KAl BB /R ik i
et R G UL A REAS JEA T [T e (0, B i i AL B
AT G A AE O @ RUIR L : 7 ik R D), 78 i
JEVE RS2 255 14 KA B4 O Pl & i W]
PRTFEAATIE E e o SIS AL, A T s
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1.3.3  collagen II %] BMSCs i 4 A% 5 il XA
CCK-8 %, BONEUHA: K 19 BMSCs, 0. 25% [k 1K 1k
J&, B S G AT, BL 4 0007100 wL A T 15
FEFAEVR BE collagen 11 A0 11 96 LAk ( NEST) $%
Iro BEEAS XTI & 25.50,100,200 pg/mL 4, #F
HoANEAL, /rnliEd 7.14 .21 d JHUE, BLINA
10 pL CCK-8, 05 2.5 h J5, i 1 Z D RE e AL L
P BUE P 450 nm, 73 10 63 BE(ELL D(450) ]
1.3.4  collagen T % BMSCs [0 %5 20 ML /0 1k 19
mRNA Fr 7 P k5 K I 52 i 2¢Ok %€t PCR
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(qPCR) ¥, B E A= K 19 BMSCs, 0. 25% Ji& i I
fRJG , & W i e A0 314K, L 3 x 10/ em® 527 T 11
SERHATRIMREE collagen I A19% 1 6 FLAR (NEST) 15 5%,
WE 2 R IEZH K 25 .50 ,100,200 we/mL 2H , 43 551 985
B7.14.21 d J5HECH, LI TRIzol 2 HL . RNA, | &
RNA ¥, 55:24H 500 ng RNA #4705 5% K cDNA, §~
WP T 9 BAE 7 ) ERE, AT f PCR R H 1Y
HE mRNA K3k 5 1948 16, I L1 GAPDH 1 N 2,
ST 1,

&1 (PCR3|MFIIRFERKRN

EILZE S ElL/2) Jr BRI (bp)
collagen 1l i 5'-CAGCAAGAGCAAGGAGAA-3' 133
T 5'-GGACAGTAGACGGAGGAA-3'
S0X9 % 5'-ACTCCACCTTCACCTACAT-3’ 323
N 5'-ATCTCAGCAATCGTTACCTT-3’
aggrecan ¢ 5'-TGGATGCCTTGGACACTT-3’ 197
T ii# 5'-GACGATGCTGCTCAGATG-3'
GAPDH |-3i% 5'-TTCAACGGCACAGTCAAG-3’ 116
R 5'-TACTCAGCACCAGCATCA-3’
1.3.5 collagen I X} BMSCs [0 %8 40 M 5tk 09 25

PR RR SRRSO BB IR R
4H 23 (N R ZH & 25,50 ,100,200 wg/mL 2H, T 21 d
XPAS[FIZH 5 20 B DA 4% 22 5 PR [ 72 ,0. 5% Triton i
[BE,3% BSA £ MG, AN —HL 4 CHFE L% (B
PEXTRRAEA I —HT) 5 BEUE T , U 9EO0RIC — i %
TRIFEE 2 hy5PE)E , DL DAPL 8 Y4 A% )5 , A6 28 6 i
e T WSS B IR O o
1.4 %3t oM

i SPSS 17.0 GEit-# 44t Bdis LA x =5 FoR , 24
] LA T B R 0 22907 o

2 HR

2.1 BMSCs #93% fxfmd it

BMSCs JWiBE A 4, LR EF 4E4N i, 4 d 5 22 AH
XF i RS, 22 J5 A0 M S8 A fn 3, HE S AT R A R
(K1), AU AN A, — M 2 ~3 d mf&1 48,
# BMSCs #2257 F 25 .50 100,200 pg/mL ¥ JF collagen
IS SR, 0005 7,14 21 d 7005 E,
AL B 7 S T A L [ 35 R, TR R R ]
DB 1 0 AT R F) T 51 ] R 6 v (BT 2A)
R S BT 7R A e 5] DL i 2 IR G (K1 2B)
PR 55 e 4l BRARRG , T AL O Jefa B 4040 gk
(E2C),

A:BMSCs # 2 4 K, 2 K ;B:BMSCs 2 & BEAF it B
IR S SR S A R HEF)
E1l GEHEERETUEMEENARBEERER

TFHREFE (x100)

y i [ b A A b
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(B E A 2 B8 x200)
2.2 RERAE collagen [l 3+ BMSCs 89 7 1 L%v&

K EOWAE Y BMSCs #1773 240 T, 25 X AR
2} 25 50,100 200 pg/mL 253 HI7ESS 7.14 21 K5,
L2 UIREREA L (35, 78 450 nm L0 6% BE
[D(450) ], & geit# LA, 22 R LG 3 L (P >
0.05,&3) o X7 collagen I 12 5 #H 1) FEK,
43, Hek BMSCs 4t iy Ak K SR AL A SP BB S R 451
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3
2 0.44
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=
jacad
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25

1. G308 20;2.25 pg/mL 21;3:50 pg/mL 4
4:100 we/mL 4155200 pg/mL 21
3 CCK-8 #&ill] 21 d FFA[ER B collagen I X BMSCs
e b ]

2.3  collagen Il =T £ 38 BMSCs &) 3k ‘B 48 it - 4L 69

mRNA 47 &4

N[k BE AL B BMSCs 21 d )5, 525 A% R4 [

B, 45 B collagen 11 ,SOX9 K agegrecan mRNA ik
BT E (P <0.05), L 100 pg/mL 4 & (P <
0.01),7E 14 d m}, £ ¥ B 4 collagen I . SOX9 ¢
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aggrecan mRNA L) 100 pg/mL 4 A &EBH B (P <
0.05),1M7E7 d B}, %2 Z [l =35 mRNA [3RiE LS
TR (P>0.05,44~6),

2.57 25 G R ZH
i B 25 pg/ml 4
j§ 204 E 50 pg/ml 41 2
= I 100 we/ml 20 a a
= s 200 pg/ml 21 o 1
'f‘
Z
£ 1.0
% '.
g B
%051
E =

0 i -

A a] (¢/d)
a:P<0.05,b:P<0.01, 57 gsr@Barbin
4 qPCR #ill 21 d B ARRERE collagen I 4bIE 533
BMSCs HY aggrecan mRNA 3% 35k B 840

259 &m 2R

25 pg/ml 41 T
204 =250 pg/mL 41
D 100 pg/mL 41 2= || §
_ 200 pg/mL 21

collagen Il mRNA FHX 5w
n

1.0 - =
0.5+ =
0‘ = T
7 14 21
A1) (2/d)

a:P<0.05,b:P<0.01, 5% GxrRBubix
5 qPCR #ill 21 d BYR[ERE collagen I 4b 2[5 %3
BMSCs 1 collagen II mRNA F3AZT{L RS20

237 mm 2l

e B2 25 pg/ml 2 b
1 204 E50 pg/mL 41 M
e 0 100 pg/mL 20 a a
= 7 P ,
5;% 1.5 200 pg/mL 4 2
<
z
1.0 ¢ s
> =
= =
% 0.59 E

0= = T

7 14 21
Ff ] (e/d)
a:P<0.05,b:P<0.01, 5% g Babi

B 6 qPCR #il 21 d BfAREKE collagen I 4bIE 53¢
BMSCs iy SOX9 mRNA F{iEZT{L Y2200

2.4 collagen Il =T i BMSCs &) 3k ‘B 48 I 4L 89 &
arrE&
1E mRNA %k & ag5Eat b, AR 4 LI qPCR A5 )

a5 BB B B AL, &S R A K 25.50,100
200 wg/mL ¥ JZ collagen Il ZHALFE BMSCs 21 d J5, %
FEPEEE R R 100 pg/mL 4] collagen II ,SOX9 }%
aggrecan # [ 1Y R IE R HAM A AW R ER (P <
0.05,[7~9),

AR 4B 2 a3 B4;C:25 pg/mL 42;D:50 pg/mL
20;E:100 pg/mL 41;F:200 pg/mL 21
B7 ®RERLEENSEXREEETRTHESR
aggrecan EFMIFRIE  (4FR:20 um)

A FAMEATRE LB, = G 5 B ;C.25 pg/ml 48;D:50 pg/mL
28,100 pg/mL 22;F:200 pg/mL 22
B8 SR tERNSEAXRERETRTHES
collagen I {EHMKFIE (47K :20 um)

AT B: G BA;C:25 ng/mL 48;D:50 pg/mL
20;E.100 pwg/mL 28 ;F:200 wg/mL 48
B9 SERLERNSEAXREEETRTHBES
SOX9 ZEHMFRIE (#7R:20 um)

BMSCs 1 Jy LM T 40 i g — B, 1987 4
Friedenstein 25 % BLLAOK , PHHH A KB 14 1 400 40
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ML RET R , 75 DG 7 0B i i 18 5 o g ) vz
FEOT ARSI 4y B I 5 I BMSCs, I 52 T B R 10
A EBA RAFr G 5E R 1, IF B al Zhig bk o4k
BVBCE MR, R LS R B T R AT 4R Y
et

collagen [T 7€ 44 PN H #1520 i 0 b & A, 24 AR
B LS BN AN 3K 5T, SR R A M T A A AR
T RIFRI D S B 22 WA g 40 o o 2 28
SRR 1 T 20 MR A5 R A T A1 a2 L o) 515 A4t L
L . ARSI DL collagen [T MHFSE X4, R H
CCK-8 Al £ AN [A] R B2 collagen 11 X BMSCs i ¥ 1Y
SO IESE collagen 1T HAG BT A WA A P, 5256 B
B AR R B ALY collagen 11 347] 2y BMSCs #2241t
RAFIAEAF A IR Hr R AT AE KRS .

BEAEAF 5T UE B, collagen 11 ) Jay 350 55 HE A 5 gt
e P22 B A ELAE FH AT oA 28 RGP 56 5 R 1 — 1
PO R R ATTHED collagen T1 4 J 40 B 41 3 IR
TER R E 1) T 5 50 AT BE XS BMSCs 7 A= AN [F]
FIVER o PRI, AR S 06 o I % BMSCs [w) 5 21 g
Jral A AT 5, FF 1 B AN [R) e BE 4L 1Y collagen
M7 50 Mo 45 RUERH . 100 pg/mL 4 3K & bp s
mRNA 7K 3 (SOX9 ,aggrecan J collagen 1) 7E 14 d J5
YL T 8 A KT BRI, s A BRAHABL Y
PO T AL R . PR B A R SON R SR T ST i B
ZHPLHIRALE T R AR EETa

SOX9 7 1 B 4% ¥ i i collagen 1T 1) COL2AL
SEH I SOX9 Kk P i 2 3k AT IE #E 45 aggrecan
FEP IR I LR I A0 16 R 7 160 oAb Y
FH T ARSI i WA R ] S R e
Y collagen T ,3ESE 100 we/ml 2H A g i 5 22 4H
W ZARIE RS T SOX9 M FEk, Mgl
— R FF55 BMSCs [n] 8CH 40 il 3 AL 1045 5 5% AL
I AR EAT B BE 1Y collagen 11 AT BEAS R Bl £ 14 1 17
T SOX9 HEHFR, YEMT 2 T BMSCs [n) 4K & 41 Jid
I3t AHIXSE(5 5 1 Sl B T BB 32 2 B 5 i S i
s, FATTHE T LAJG 9 S8 35 ik 52 AT BB A0 (5 5 38
BRI T

25 B TiR , BMSCs A A 4 Mo A7 32 0 b 20 g
SRR B A AL collagen 11 3L R /R, 42
i T BMSCs [m] 8CH 40 M 19 o AL B . AR it — 20
B T collagen 111755 BMSCs [n] #XB /AL OB Gk
MV EE  H AT RETE LUJS M S5 b v 75 0 Ak . AR S5 ]
BE A A= BB T 3208 T —FR B 18 ] >R A R 2R 40
HAh 38 o, MRS F 45 R ] BE it — 2 H J collagen
11 1 A2 18], A3 60 4 0 A e B A Q7P ik B 1 A
PUEHE SR AL 187 L
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