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Abstract

Objective: To investigate the effects of low intensity pulsed ultrasound (LIPUS) on proliferation and chondrogen-
ic differentiation of human umbilical cord mesenchymal stem cells (WUCMSCs) in vitro.

Method: P4 hUCMSCs were randomly divided into control group (group C, no LIPUS), LIPUS L30 group
(30mW/cm?®), L50 group (50mW/cm’), L80 group (80mW/cm’), Each LIPUS group was divided into 5, 10, 20
min/d subgroups. After 1-5 days continuous  LIPUS stimulation, the cell proliferation activity was detected by
CCK-8 After continuous stimulation and induction of cartilage for 2 weeks, the concentration of cartilage specif-
ic extracellular glycosaminoglycan(GAG) and type II collagen(Col2) were detected by ELISA method, two
kinds of cartilage were observed by cell Alicia blue staining and Col2 and DAPI fluorescence staining to as-

sess the level of the distribution of specific proteins.
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Result: D After 5 min/d stimulation for 5 days, the cell colony of L50 group was more denser and the cell
proliferation activity was more higher than that of L30 group, L80 group (P<0.05) and control group (PP<
0.05), The proliferation rate decreased more as the stimulation intensity or duration increased in 10 min/d and
(P<0.05).®When LIPUS stimulation 5min/d and

chondrogenic differentiation were used together, the cells in group L30 were more flat and larger, and the area

20min/d groups, the L80 and 20min/d group is the most

of alcian blue staining and Col2 fluorescence intensity were greater than those in the L50 group, L80 group
and the control group. The content of the exocrine GAG and Col2 protein in the experimental group was
higher than that in the control group, and the most significant was L30 (P<0.05). There was no significant dif-
ference between the experimental group and the control group at 10min/d and 20min/d.

Conclusion: DThe LIPUS stimulation with appropriate parameters promotes cell proliferation. 50mW/cm’-5min/
d is the most significant, but with the increase of stimulation intensity and stimulation time, the cell prolifer-
ation ability decreases. (2 Under the synergy effect of cell inducible factors, the appropriate parameters

(30mW/cm®, 5min/d) LIPUS stimulation can promote chondrogenesis of human umbilical cord mesenchymal

stem cells.

Author's address Haikou Hospital Affiliated to Xiangya School of Medicine, Central University, Haikou Peo-

ple’s Hospital, Haikou,Hainan,570208

Key word low-intensity pulsed ultrasound; umbilical cord mesenchymal stem cells; tissue engineering;cell pro-

liferation ; chondrogenic differentiation

SRS IR 40U (A S i DR A 9 %) R i o A
RS TREARRR M TR a7 F B, HATHK
B 24 TR TR A 4R RO 85 5000 1 R 20 i
LA R TR A PERERY 0] . Cook SD
SEPITE S ) ST A ST TP IR S T AR 5 BE ok o A
(low intensity pulsed ultrasound, LIPUS) H. 47 {i¢
HEECE T BB S BEAT . Yoon JH &ENHE—20
WF 5 & B LIPUS 38 3k 52 5 1 7 B0 4~ A ey
] 78 5T T 40 g (human umbilical cord mesenchy-
mal stem cells, hUCMSCs) [/ 7= & $2 7 3.3 £i%, Ifi
AN EE M AL R AR S A Xu P AEWY
WFFE 45 BLUESE , LIPUS W] LA S K S0 3 100 T/4H 20
MOA RO T AR VR . DL RS R, AT AT
FIIF LIPUS S 3545 3 22 MSC I B4k i fig 1n)
FILLF I R o H AT LIPUS 1 7 A 38 4 4] 52 ni
hUCMSCs 14 58 SR 734k, 5 38 9 3B B2
AV [R] Ay, i k= B 2p 58— B9 9T . AR 526 F
FEBE A R SR B H TR Y CAE %8 1.5MHz,
Jik w58 B SR 200ps , B 5240 % 1kHz, $L0 1 42 F
hUCMSCs 34 78 Ji 4K 7316 14 fi i ‘LAY LIPUS Al
VIR JBE AN 5] 2 80, DT S 2 — 2 F 5 LIPUS il
W hUCMSCs BU3KCH 434k h (9 01 2715 5 7 0L
il S AR

1 #MRE5AE®
1.1 F2AH SR

J5% A T 240 5 i 5% o S N AR B R
(N R AT FR A A ) 50.25% 9526 1 . GAG il
11 2 J5% Ji ELISA 257 £ (35 [ Gibeo 24 7] ) ; CCk-8
( HAA{)I] ) ; Col2 — #T ab34712 % & — Pt
ab150077 (3 [E] Abcam /A ] ) 3 2¢ A5 & W il ( H
A% Olympus 23 7)) ; Bighn ¥ (35 E BD /A ] ) ; 4 i 1%
FE46 (£ Thermos A ] ) o

SonaCell i1y 34 (L FE I LIPUS Jill3# , SonaCell
AR INE K Intelligent-Nano 23 7)) /&3 T4 4
“E R R 2 () At 1528 1), HAOR e S8 ik
FEAE 1.5MHz, ik #p 85 5 4528 1kHz, Bk i 35k
20%. R 5 T3 B AT R AE 0—100mW/em’,
IR M AR A A BB AR A TR

YRGS BOE A SR K P2 AR A ] 78 ot T4
JfE (hUCMSCs, | MM AE PR e A FR A w D) AEAAR S
PEAT G RE BRSO BT A T 20 A 3 Al 8 R O
(DMEM K5 #2565 10% 4= ML | 1% 4 2 Mt LA Je
50U/ml % 48 &K ), 37°C . 5%CO, & 1F T k47 55
Fto 24h JEH IR T2 AR WG RE 240 i, BB 2—3d He ik
FrAf MR 5 3k 80%HT , IR AL, LA 1:2 By L% AR
Hige. B E B0 T WA B &2 H Image-

www.rehabi.com.cn 509



Chinese Journal of Rehabilitation Medicine, May 2019, Vol. 34, No.5

Pro Plus #{4F4AHR
1.2 SEEsrd

5T LIPUS (3G FE R0 B RS 4 4G 4RI 1.5%
10*/ml (1) % F& 100ul 32 50 22 96 LA, BEHL >y 4
20 X REZ (C 4H) \LIPUS #ill3# L30 41 (30mW/cm®) |
L50 £ (50mW/em?) L8O £ (80mW/em?) , 45 41 i 4
HEE I, ARG % 24h B, K 20 N R AR
TR A i SonaCell 5 A IR Sk Je /Rl B 40
JL % FRA R A, 5 .10 8 20min/d. AF5E LIPUS
AR 3 A RN I BUERS 4 10 40 B 2% 10Y/ml 1Y 95 )i
Iml $2FP 2 124U, 5256 5341 1R] -, {0 LIPUS Hil#
o o L AE B AR P BE R G K 80%0b B 48 At B
75 5 (DMEM % % 3 7% 100nmol/I H1 ZE K4 L 1%
ITS . 10ng/l TGF-B.50mg/ml Fi IR Il B2 . 40mg/ml fif
A2 . 100mg/ml N EHRREN . 10% IR 4 035 ) J5 2647
1.3 LIPUS %} hUCMSCs 4 o 18 58 5 1) 52 i)

CCK-8 5L - 41 i $h 24h 5 47 LIPUS 4341
FB, SR 1 —5 K, I TR U 24h )5 5 1%
FEHE, JI IS AL ARG F2 B R 25 14, A 10pl
CCk-8 I T4 MU 1% F= 46 0% 7 4h J5 I 450nm i <
b ODAH, 43 BT - 4l s 5 R = (5L B 4 OD-25
20 OD)/(Xt HE4H OD-%5 141 OD) x100%.. fif 4 41 &
5SS PR A TSR TR T
1.4 LIPUS %} hUCMSCs 4 it i 4% B Ak B 5

Elisa S5 : ZEARIE T LIPUS 434 RO g
PR T5 2 R G W AR A s IR, B 4N
FEAS e BRI S IRAE 5  FEAH B 5 A5 e He iR e 1 ]
F¥EAT ELISA SZB0 A5 GAG 1 Col2, 2% 11 2 W
15min Pl 450nm &b OD fi, HSAfEbRifE S 193 B2 FI OD
HEZEHIPRERRZE T4 Col2 FI GAG IR

B )7 5 G €6, S 56 < ZE AN IR T LIPUS 4320 )
WO B 5 R 5 2 UG K A AL AN T R e R
2 P (PBS) 2% 3 R (B IK Smin) , 4% 2 5 i %
N[5 30min; PBS 9% 3 K, h 0. IMHCE W =
Y& Smin, pH {H % 2 1.0 1% Bl F1] 35 1% % {2 30min;
PBS 9k 3 Uk, 7481 & B e T %R, i2 H Image-
ProPlus #4418

Col2 4 i f 2 e e 3L 56 - AE 40 B A T LIPUS 43
RO B T 555 4 RS ¥ 25 AL 40 M
PBST 3k 3 Yk (457K Smin) , 4% 22 5 F R 2 3 [

510  www.rehabi.com.cn

& 15min; PBS 9 3 YK, 0.5% Triton x- 100 17 i 4b 3
30min; PBS 3k 3 ¥k, 0.5%4 I 1 26 11 (BSA) E i
T £ A1 30min; A Col2 —3% (1:100)4°Ci 7% ;
PBS 23 3 UK, T I —H1(1:500)37°C = i EIF &
1h; PBS 1% 3 YK, ii% il 1ml DAPI Je {43 37°C i &
30min; PBS ¥EPE 3 UK, 762 1 B AH 22 WA T W
%2 iz FH Image-ProPlus X441 16
1.5 G2t

I3 FH SPSS22.0 4t -2 3 A4 b 512 56 B4 96 4 7 43
BT, LI R A A 22 R0R . 24 HECR
LR R ANOVA K56 73, DIkt B2 Ry 2 BE T 5 LL
8K FH Dunnett 25, 20 [0] P9 FL AR FH LSD 5, P<
0.05F/nEREE,

2 #R
2.1 ISR

P2 f{ hUCMSCs #% 7+ 4h J& I BE 4 Jifd 54 2 B &k
W2 AN BLET AR ARG , R AMRTE 5T A1
B 1A), ARk, 2—3d RV BV, , 328 il 5 i e
PR 5 B % 4—5d B L Ak 80% LA I A& Ak 3%
Ja IS JC ] B e 28 (K 1B) . 7E45 T LPUS i /)
i35 30mW/em? . 5min/d i}, hUCMSCs 15 3% 10 K i}
NI A TC ] Bk s (8 1C) , T LIPUS B4 5
BRSS9 40 MO AR B 3% 7d ISE S B S 5 R B SRR
FELHAE AR (B 1D) .

E1l BHETUWZhUCMSCs @i

.

a 1d,b 3d,c L3044 10d,d L3045 54 7d

(x100)




PHALETEE 20195 5348 55

2.2 LIPUS Bl 6T hUCMSCs 4 i 1452 1 5 0

221 FA AP IS MU B FL L - LIPUS Hl3%0 5
F5 5d I, IS WSS Smin/d 4 52360 2H 20 i A KR A
R AT, L50 ZH 4 it A5 of REZH BT A 15 R, 240 Bf A v B %
£, 10, 20min/d 21 56 5 ok i J32 15 KRl 5 i ] 42
K, A ve i (K12) .

222 S ANMIIGEE R0 F A : LIPUS /E I F hUC-
MSCs 21 Jifi f1% 5 &2 - 55007 BH 26 a1l 3 i o & SRk
Y, LIPUS 3% 25 ] 3 1—5d, 7655 5d 2% $] 384 A5 [a] Sy
Smin/d B LS50 41 4 21 34 58 2% 155 0 B2 FIAR 5256
2H (P<0.05) , 134 10min/d . 20min/d s} 5% 5256 2H 24 i
Wi 2 TR 8 A 48 A T 4 2 ], A L8O £
Tl S BRI R A 22 (P<0.05) .

2.3 LIPUS HI# % hUCMSCs 4 it i 3543k o 5%
|

231 A ARIE A MUE B FL A : LIPUS F3OE
BB iR 2 A, 04 W% Smin/d 45 55 50 20
20 it A KRS R AT, 130 21 20 B 5 %o B 2 B Oy i o
&K, 10 20min/d 241 Bl 5 Jik i J32 348 R A 5 (]
FER A R A AR 22 (E 4)

232 KHBEFRFIEET GAG I Col2 Mish Kk
TRV B : Elisa ko I 45 2003 e Z2 0 1174 g i 3%
K, 50 B LA, A% S 00 A AR L Smin/d B
20 IR T, DL L30 44 B2 (P<0.05) ;
3% 10min/d  20min/d B}, £5 S 56255 X6 BR A1 4 1] TG
WEVEES . ST N HLES, ) Smin/d
Bf 45 10min/d . 20min/d BB e 22 B | T17Y JE Jist 14
i, LAL30 ZH f ok i 3 (P<0.05) , WLIAT 5.

233 HHHFEFESE A GAG K Col2 1 E T4
A S MG : R 75 e 15 5 2 FAL T, 25 2 240 B BT A
WYL BRI AT DL o S e ok, FEA 130
BEHFAEIRBREZ (K 6) ;4 AR Col2 41t
FEDECH AT DAPT Y (0,25 B 7R | 484320 20 M A
FEI RN HfL 2 (B35 ] DLk (S oAt , s - L

L30 ZH 2002 6o B4 150 L8O Flizs S i) REZH T o .
3 iTig

ST 2R R, B A TR DL AR
5] 75 5 1 41 ifd (bone marrow-derived mesenchymal
stem cells, BMSCs) Fl 515 5 i 20 it Ay Fh 40 i 1Y)

B2 {K3BERKHABE (LIPUS) RIS Sd B ERMET
22 5min/d BT DAPI 3 & 20 A (x100)

control L50

Smin/d

B3 ESEERRSE RS (LIPUS)
1 R T 2R REL Y 5 FEE - 300 A B 2%

2.0

 1d
B 2d
B 3d
B 4d
I 5d

—_
wn

—_
=]

Cell viability(%)

I
n

Control L30 L50
Intensity

Bl 1d
B 2d
B 3d
B 4d
W 5d

Control L30 L50 L80
Intensity

B 1d
B 2d
i 3d
B 4d
sd

Cell viability(%)

Control L30 L50 L80
Intensity

(A)5min/d, (B)10min/d, (C)20min/d, LIPUS 1 Ff T4 1—5d )5 ,
CCK-8 I Aar i 2 I 7 4 , * P<0.05

www.rehabi.com.cn 511



Chinese Journal of Rehabilitation Medicine, May 2019, Vol. 34, No.5

4 LIPUS #i# 14d B BHRI5E T RS

30mW/cm’ 50mW/cm’ 80mW/cm’

Smin/d

20min/d

10min/d

hUCMSCs 4357 LIPUS All7058 B f 30mW/em?® . 50mW/cm’® . 80mW/cm?, $J 4t [8] 4 Smin/d . 10min/d . 20min/d /)5 5557 14d B A9 4IIE A

E5 &ARBHEMES GAGH Col2 ihFRiAKTEHLE:

>
S

B @®

| 401 ®L—‘

) @ o

~
=)
1

(98]

(=]
1
(%)
b

—_
(=]
1

GAG conc(pg/L)
5 %

Col2 conc(pg/L)
[\®)
T

0_
Q N N D

NI
P H5H H S5 VO 0D O N QD S NN NN N
S DS Y S NS
SOV TFTFFTFFTS SOVVIFTFTFTITIT S

A B4351I2 hUCMSCs (P4) 45T 7 [R] 5 J22 S 1] £ Jok i 68 75 384 14d 5 GAG il Col2 Elisa #6455, L3050, 80 43 54 LA ] sl ko Jir
30.50.80mW/cm’),5 .10 20 1t F AR 1] 5110 . 20min, DP<0.05

W C R, H AT R AR S8 B e AR A AR 2 TR P 720

H B IR R IE ™, AL P hUCMSCs /1 FUAT, 2 TR 1) TR OB AF ARV 2 A
BRI G, HORUE 2 O 5, B Z i i 2o Ando WA A HURITE BB AR H , AR
Ak, H BMSCs HAT B ASE A RE ™ BARAY HLA-  BHRJE S I R 4R 254, 2 W A OROK BE 14T
ABC I HLA-DR k", A AR B PR R AR iR Z28tse™ R AR RS BT Z2 AL

512 www.rehabi.com.cn



FHAIE T 4L 20194, 55344 555

6 BAHBESMESGAGRECRWEESFHRILE

control L30

Col2

Col2+DAPI

Alcian blue

FErT AP TR .
Cl . FC2 Tt B

L50

BT 7R T e (28 2R (x200) C2 P BB i i e (0 IR AR o A ISR D I e (45 24 (< 100) LIPUS JIRHAZ 5175 2 RIS 20 P AT 2 (0

BEL (MBI A D FIE (9 (AL ) , A2 rhigt (o sR i Hs

A2 A3 A4 FE LIPUS JIlB 52 A1 S 2H 5 5 30mW/em? . 50 mW/em® 1 80mW/em?, A1 hi75 2% BAZH , 76 40 M 3% 7 14d 25T Bl JR 387 v 4 i

ety FEAN LR 5% 28d I 21 M S B A Col2al , DAPT Yt 21 A% .

FIRE AR R PR S R A R T BP0 5K
TR T, R NIRRT L A P A D g e 2 R
BLVE R, 18] 70 5T T A B AE I T S5 M gE K
[ J 2K H AR 53 A, 2B R T P 2 i 2 St
LIPUSYE im0/ N I ik v i e A5 b AU, 7, 3
G T R A ST U 7 [l e HAT 28 A A800; O 4RE A5
BRI AT 132 FH T A S S i 52 A A0
LIPUS 5217 hUCMSCs B H 43 fk 350 % 1 7T fig
PLEIUNR : OB : LIPUS J&— i 1 By AL g
S = A A A DA I MUAR D | 8 e LR AZ 2, T
S T IR 3R 2D O R I Y INK
FERK 55 S0 fi , DT 22 i 118U Jie St g e 22
B FEY, @ISR : LIPUS 7EA& 378 A 14
7 A S AR A AU 40 8, 38 043 -9k sh A AR
T4 AL 2, AT o8 200 A4 A7 P Bl B 1 5 A 3
(<1°C) , A7 L il Je st )Xo ik J32 1 722 A v UK
Hi LIPUS A 38 Ao 344 5 i 1) 355 14 012 F 40 A i,

Tl L T, 3R] e 5 T A P AR A A
(547, @as 43N : LIPUS 1] 7= A fa A5 1y 45k
YER, FLIE B0 23 Ak 388 1o B Ve AR 3511 )
i 240 B AR BT ) AR TE , T e I B e 24 AR
AR BRI OCFE R 0K . Alves S5 8% R HL
T 14 5 OO P YRR 3 A O T 7 A 4 B B0
77, Uk B GRAAR B U0 18 7 A7 R TN ) 78 5 T 40 A 1)
Bt LufeiE— oy & LR A BT U1 7
AT LA [B) 70 0T 240 M 1) ok s B 2 M ) 434

WS, Fefl] & B hUCMSCs 7814 Sh 1 5 fig
i, A B R A BRI B TS . 2P
WF5E LIPUS H3 X5 hUCMSCs 3 58 176 4 B 5 0 B
AR PUIE BS54 LIPUS )8 f 3 4 o 3, LA
(50mW/cm’, Smin/d) fiz {2 3 , {H B 7 ] 350 i 18 R
RIS S B ) ) S, 200 0 ) 334 B RE O B, 37 LI
PUS Hll LA {2 i E F ] 240 B 7 ) ACEAE . A
1, 56T LIPUS HI 2 75 X6 20 i A 18 58 R0 i A7 AE 4

www.rehabi.com.cn 513



Chinese Journal of Rehabilitation Medicine, May 2019, Vol. 34, No.5

Y, Yoon JHEEPHIMFFEIAN LIPUS AT LU i T
20 L 15 B - 4 BT H MSCs 1 77 i, {H R XAt
AN B B ) SRR P S B T LA Y S B O
FHIZ , Tien YC &0 58 WAy LIPUS JoAe 41 & 41
JEIEFERIN o FRATTH RE LR Eh T 10 25 S5 A S g6 R
[RRTR] LIPUS {85 2 50 UL S A0 B Fh 28 2 40 it 1
GIE Ay R Y S

ARSI B v ] ) B G €6 Col2 S e o Y Y £
UESE hUCMSCs TE ARSI AR 175 FVE FH T BB A2 [n] 1
B AT 034k, IF HNE] 1e F1d FoATT & BRER Al Y
TR G AN BEA R 75 T R) 7 5T T A ) B A
Y s> Ab X 5 BRSSPI R A e — B, TR
— B F5E LIPUS Jll 300 hUCMSCs BUECE Ak Y 5
Wi s, FR AT AR T BRI & BRAE SE 50 14 K
S I AE Smin/d B A AR L F 10, 20min/d %
21, L L3020 40 At 55 X6 BEZH By i °F- 5 K, 7E 10
20min/d &SI 6 2 it SRR R R ] B
M BEIR S AR 22 (DL 3) o A7 20 B B 1) s e £
F1 Col2 241 Jfd Fe 22 ¢ S J& B LIPUS Hil 4 Smin/d B
L30 ZH 5% B AL 5 Y B R, Col2 21 ifd e 6 ik i
WK, ik ELISA S25e ik — 2 50, 45 5 4 LI-
PUS #il3# Smin/d B, L30 2 5515 20 it 4 S 40 it 47
T GAG Fil Col2 Mk B 8 s aliifs Sl K HAT I 3
2557, Bt LIPUS Jl 35 B2 R et () 384 o, 9
YIS ) i AR (& da/b) o AR SEEG 45 JEE B LIPUS
I RE I R R R S PR M ANEE TR 1 43, 3X 55 Tien
YC P IS 45— B, AR L5 LIPUS O
1 it 140 8 AR 3 A ) S R TR A ] — 3, (R
AR AN — 25, $ERFRATTAE RS LIPUS JIlF7E
LU AT R TP BN T I 255 7 SRR 1Y) 25 57, X
ST e

AW 5T W A & B, LIPUS #l i Smin/d H}
50mW/cm® £ ] T hUCMSCs 34 58 , Fifi 25 i) 1 5% B
VR R ) s ] 38 0, 40 PR3 B R AR . 2R
I PE R £ fE i LIPUS 7] DL i hUCMSCs % 5k
B oAb, TE A5 Ui 20 3 5 09 FT 4 R Smin/d .
30mW/em® J2&: S AR R AR E . 48R, B TR A
5% 7 1] 78 52 1 4 A BB Ak TR B ) 22 (5 S % R
P75 2 — 2 5%

514  www.rehabi.com.cn

[1] Choi JR, Yong KW, Choi JY. Effects of mechanical loading
on human mesenchymal stem cells for cartilage tissue engi-
neering[J]. J Cell Physiol,2018,233(3):1913—1928 .

[2] Cook SD, Salkeld SL, Popich-Patron LS, et al. Improved
cartilage repair after treatment with low-intensity pulsed ul-
trasound[J].Clin Orthop Relat Res,2001,(391Suppl):S231—243.

[3] Yoon JH,Roh EY,Shin S,et al. Introducing pulsed low-intensi-
ty ultrasound to culturing human umbilical cord-derived mes-
enchymal stem cells[J].Biotechnol Lett,2009,31(3):329—335.

[4] Xu P, Gul-Uludag H, Ang WT, et al. Low-intensity pulsed
ultrasound-mediated stimulation of hematopoietic stem/progen-
itor cell viability, proliferation and differentiation in vitro[J].
Biotechnol Lett, 2012,34(10): 1965—1973.

[5] Aliabouzar M, Zhang LG, Sarkar K. Lipid Coated Microbub-
bles and Low Intensity Pulsed Ultrasound Enhance Chondro-
genesis of Human Mesenchymal Stem Cells in 3D Printed
Scaffolds[J]. Sci Rep, 2016, 6: 37728.

[6] Brittberg M, Lindahl A, Nilsson A, et al. Treatment of deep
cartilage defects in the knee with autologous chondrocyte
transplantation[J]. N Engl J Med,1994,331(14): 889—895.

[7] Wakitani S, Goto T, Pineda SJ, et al. Mesenchymal cell-
based repair of large, full-thickness defects of articular carti-
lage[J]. J Bone Joint Surg Am,1994,76(4): 579—592.

[8] Wakitani S, Imoto K, Yamamoto T, et al. Human autolo-
gous culture expanded bone marrow mesenchymal cell trans-
plantation for repair of cartilage defects in osteoarthritic
knees[J]. Osteoarthritis Cartilage, 2002, 10(3): 199—206.

[91 Zellner J, Pattappa G, Koch M, et al. Autologous mesenchy-
mal stem cells or meniscal cells: what is the best cell
source for regenerative meniscus treatment in an early osteo-
arthritis situation[J]. Stem Cell Res Ther,2017, 8(1): 225.

[10] BB AT BB AR, A5 B R S I ) 78 5T T2 i AR
ZEREE AT FERIFSELT]. F S0 I 27 2% 7,2008,(1): 140—146.

[11] Fong CY, Subramanian A, Gauthaman K, et al. Human um-
bilical cord Wharton's Jelly stem cells undergo enhanced
chondrogenic differentiation when grown on nanofibrous
scaffolds and in a sequential two-stage culture medium en-
vironment[J]. Stem Cell Rev,2012, 8(1): 195—209.

[12] Wang L, Tran I, Seshareddy K, et al. A comparison of hu-
man bone marrow-derived mesenchymal stem cells and hu-
man umbilical cord-derived mesenchymal stromal cells for
cartilage tissue engineering[J]. Tissue Eng Part A, 2009, 15
(8): 2259—2266.

[13] Ando W, Fujie H, Moriguchi Y, et al. Detection of abnor-
malities in the superficial zone of cartilage repaired using
a tissue engineered construct derived from synovial stem
cells[J]. Eur Cell Mater, 2012, 24: 292—307.

[14] 5 W%, B, BT, 55, WAREE T Racl {5518
BEAER B BMSCs I i W A AE D). AR S 2F Tl =7

(F#%520 )





