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B ) 7E AR T LRASATT AT B RIRARROH) S F5

XAKE M ER AR BT Las' thikzw' T OB &EY F-
(BRI ST R IR, T 510632; WA HEN A #H %, 5E 336100)

WE  AIRA0RIEMSDR R, 2 A44, FAI0R ., IRIEFA(AL), A A BLA). Ta@ie
A HLLE(CLE) o BB TR 40(DLR) I B 4 T 5270 me/(kgd), H4 B 14 d, AR ST LB AT .
BAE S A 2 2K, CLLR#BRIZAT2x 1004 18] AR F 4m e, DALAE B 20 mg/kghh XA, 425214
&, MB ALK R 45 B F A A8 69 AL VA B ALPASIrACP/K-F, 3] B X A4 MR 5 5482,
BAEX K E BN ZAEMNRE T EE, EMNER AT ORNREH ., SREY, ETFRFFH
KA F4S B F. B8 AALPE ML EF S EH 5, CLADUE T B IWAEA BLAA T T I4; B
LASrACPEMAXAN %, CZAEAL AR F M £ 7. BAFIRTILEFTALRER Y, CAAADLAF IR
THARRZFU LS ABEBAT ELLF T, 55 ECAPDATELHALLRFL LR,
BLLF IR A HET| 3L, AT 2 420K, CAL 5 BLAARLL, BIRR AT 445 2 R0k, Ad)—
B OHEFIALN . B, AR A FIRRARE T A AT . 4 BRI, SRR A AR T e est
PLELE T BRI 00 K RVF RBRANH — 4976 77 BOR.

KUEIR) TS IR TS T AN BT ARG T R

Effect of Umbilical Cord Mesenchymal Stem Cell Transplanting on

Retinoicacid-induced Osteoporosis in Rats

Liu Qiuying', Li Yicheng', He Shaoging?, Luo Zhenyu', Ma Yanyan', Lin Yongliang', Luo Yong',
Qian Chuiwen', Wang Yifei'*
('Biomedical Research and Development Centre of Jinan University, Guangzhou 510632, China,
*Wanzai Middle School of Yichun in Jiangxi Province, Yichun 336100, China)

Abstract To observe the therapeutic effect of umbilical cord mesenchymal stem cell on retinoicacid in-
duced osteoporosis in female rats by intravenous injection, forty SD female rats were divided randomly into four
groups: control group (Group A), model group (Group B), hUC-MSCs transplantation (Group C), and Xianling
Gubao group (Group D). The rats in Group B, C and D were received retinoic acid at 70 mg/(kg-d) by gastric la-
vage for 14 days to induce osteoporosis instead of sterile water in Group A. At the same time, Group C were adi-
ministrated with 2x10° hUC-MSCs, Group D adiministrated with 20 mg/kg Xianling Gubao, and Group B were
administrated with saline. After 21 days, the serum biochemical indicators, biomechanics characteristics were mea-

sured and microstructure of bone were also observed. The results showed that the concentration of Ca*", Pi and ALP
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was increased appararently after RA induced, and it was recovered in Group B and C. The concentration of StrACP

was increased in Group B and decreased in Group D vs Group A, but there was no difference in Group C. The wet

weight of right femur was extremely decreased in Group B than Group A, and there was no difference statistically

between Group C and D. The BMD was decreased after RA induced in Group B than Group A, and there was no

difference between Group C and D. Examination of the collagenous fibers arrangement showed osseous collagen

were deranged and surface loosening. Meanwhile, there was indication of repair in Group C. Taken together, these

data suggested that RA-induced osteoporosis in rats could be relieved by injecting with umbilical cord mensenchy-

mal stem cells.

Key words

‘B Jii B A JiE (osteoporosis, OP)J& — Ff LUK B &
A G A5 A B 9 R A, 5 B80T 1O G 12 A0 1 3
GRS — MR . BB NSRRI,
B DB RARE B 4T B R R S b T, e
B AR, U BLAA A Rt Lo 3, B ER
DLMEBR KT R B R 4028 5 Lot B ST BAA R AR R
BERRM. YEHERAE IR -G BUE B i M EE A,
WA S BB SR, H TOPIRYT 454
DRI

L5 8 55 LAt 2H 2RV 1) 18] 78 57 21 i (mesen-
chymal stem cells, MSCs)#H bb sz, A v (8] 78 5 T4
/i (human umbilical cord mesenchymal stem cells, hUC-
MSCs)fie F 1k 2 Tk JiG 40 B R A 1 2r 74 &,
OCT-4. SOX-2. Nanog%, RA/MUIFREE K. Hi5H
REJJ S 9. R JEVETEAR. BUOM 7 (8, ol Eie B
e PR 5 T A % SRR, FEATYE T AP
AR G TRERT FE BT Rl B L i

1 MRI5REE

1.1 #R5EH

L1.1 %%zh4h 6 HISSPFMEIESD A, A
JHE(302.8+6.8) g, HH B R K241 S Bt SE A s A s
RALGEY A HEAIE: 2010A003). % 2H K B B b e 9%,
FRUETARL, S5 1% 150.74%, H HUK.

112 @i A B AR E B R R —
JEEERE R H R H e R B LR ey, &8
Tk U B VR RS (] 70 T T 40 B, 4 B 3 3 IACD29,
CD44. CD59FICDI105, 553K1ACD28. CD31. CD34.
CD40FICD86, TEAH ¥ 1755 26141 T Be 7] Jig [ 2 i Al
B AL AT . ASHIE TSR FH A8 34 40 i

1.1.3 XA 4EH R (retinoic acid, RA)(VLFHZ= ik it
SOl A FRA F], 100305), il R B 15 5 B (5 [F] 5

umbilical cord mesenchymal stem cells; osteoporosis; cell therapy; retinoic acid

2 A IR A ], 080622039), Callll & w77 &, Pillll &
A . BE 1 9 2 ¥ (alkaline phosphatase, ALP)i

FIE S Pl A BRER 1 B BRI (StrACP) i 1) & (P 1t i
R TR FLAT, 2010049).
1.2 [k

1.2.1 shpER R L ENHERFEHE, KR
YR ERENL ) AL, AZH: 1E 5 X IR ZH; BAL: B4
CZH: MSCHAHAL; DA: Ml RE . BRAHSN, Hik
FH KR T F79:008 B 4k F 270 mg/kgititi, & H
— IR, ESEB 14 d. EBH &5 1~14 dMRER
T, DA1140.312 5 g/(kg-d)il R EAEREH 4525 . C4
ST dREET dfE AR B LR R Tk S T X
55348 352X 10° I hUC-MSCs, hUC-MSCs 4200 uL
PBSES]. AAFMBH 3 HILEE dFIET dg R K
i 8 B ik 54200 pL PBS.
122 FE¥EsHMmAF 3 BILEBARE B0 S
YU ) 23 070 U0 5 K R AR B I B S 2B ST ) AR AL
I, VE KR B AFA R MG, et R
O AITESE, 7, 14, 21 Al KRR E . 5621 dibst
KR, HHAT 5 B2 Ab B K - T e bRl 52 -
1.2.3 B Rt mE  MiEES s I
PR I3 A B TR IR VR P S I A I 4
&, BRI gAY, @i E S bR T g,
THEAS I . RS U BE610 nmik K~
4 B3 T CE, 45 BB BEAE (D)7 1HR

MR E: R LS B k. F iR
T8 TCALBE I e R0 & 1 B 72640 nmik K T A H
BN 53 TG 8 H 15

1ML 375 A3 14 1 R B (alkaline phosphatase, ALP)J
E: ALP/) R R 40, 7= AR B Ty R IR, W 7
TRl Y R 42 A e B LA 2 Bk A A 48 Ak
AR EBERATAY), R YR L0 R T DUR R S 7



1594

Rl ZHEKRAEEn=6)
Table 1 Body weight (BW) of each group (n=6)

413 e

BW (g)
Group

1d 7d 14d 21d

A 302.56.5 307.546.5 313.8+4.8%° 320.0+4.14%
B 302.5+11.9 298.8+10.3 295.0+10.8" 291.3+11.17"
C 302.5+5.0 300.0+7.1 297.3+7.5" 300.0+4.8™
D 303.8+4.8 301.9+7.3 303.8+9.8 296.3+12.8"

*P<0.05, “"P<0.01, 5AZ HE; 2P<0.05, 24P<0.01, 51 d4H HL#.

*P<0.05, ""P<0.01 vs A group; “P<0.05, “*P<0.01 vs 1 d group.

K. 2 HEALPAS I B3R & i A5 7E520 nmi &
Ak 4 B B A AL 3 A i AR

U A R R 1 1% IR I (serum tartrate-resistant
acid phosphatase, StrACP)Il| 5&: StrACPF P A 4
AR, T A R A Bl IR I 52 21V A R A, ) FH
ZJEH, W LA E (ML StrACPHiE . StrACP{#
AR AR, 7= A Uit B oy, W5 A 30 s B AR A £
WA G, 7£530 nmAb bl e, 8 TH 50 H
7. 4% StrACPI & 1277 & vt B 5 R Aot 7ol
JEEE T E IF T E
124 HMEARZEGNT  FIEKEA WA,
T AR AR IR, AR e B R T AR
K, 20 °CIRAF.
125 AMEEEFBENE  CEA MR E T
REXZR B % LA b, THENUR /NS o i kA, |
857 B B & H % £ (bone mineral density, BMD). 1
I N 10 mm/s, FFH A FE 0.5 mm*0.5 mm.
12,6 REZEG wRE = A0S il
KB i B o B 7325, B & 58 BMD I A O
T2 T ZHE3~4 h, W E {753 50 5 A5 A
AH LT B W) B E, BCFIERCA E AR, AR
=R I R JE B, s BT R T se e L
b, SR FER20 mm, DK SO R ISR S N
2 mm/min, THENLICRE 7 F #1285 i K
far s SRR NIRE S B R S AR 0 5 R R
127 AMARE ARSI K Seie i
B 45 25 S KR S, AR K B A A R I s i TG 22
5, NS FRAR AR T VEAN R, BT DA 1 SRR
FA A OB 52 18, T ARl 5 g O B 2 I o 90 B
FEAM B, P AN B Sk BB~ 3500 = B, U Bz
M 1/330 e IR I A T, B e wE s, AR B ALK
WICIE Ve, &l K. TEAgE A e, 15 5

MR, B WS P, H A mmx1 mmx1 mmbxw
Ao BFHRAEE WL,
1.3 ZiE94H

FIT A B4 R 35 Bebs 1 22 327, K FISPSS
13.048 1 570 #r, AZH 5B 4% 1036 bR = F 4L 18]
MSEREA AT IS, FIWIERE TR, VAT & 4LAR
FH B[R & 7 22 43 B (one-way ANOVA), P<0.051F A
AR EVEZ R IR o

2 H#R
2.1 KEBR—RRSHEEFR

B 14 DGR 25 R R, R B R 2R H AN
FREEDE, BE, SENRERZIER, MK
A HE 2R, I ISR, X W] He 5 4E TR
25 oo, S2I6 45 R, A4 K R Ak B 5 s
U6 1 Eb 3 5 2 1 0, T BCDZH K B 5 52596 1 Eb i %
A 2 e, EOR Rl S A B s . AR S
Y5 HT I BEATL 73 1 B AR E A Z A KIS LR,
SO 45 WP BCDAH K R 4 B 5 AZH Lt B 35 AR
(P<0.01)(ZR1).
22 MBEHEEFBEIENTL

SIS 4 AR, 4E W R E B 5 K R B s A
I W E T m(P<0.05)(3R2). MG =AMLY
B A A5 & 35 M 22 57 (P<0.01)4h, HAJH 5A4 M
b, A BTt s BT B3 M 2 R (3R 2) -
2.3 MMEALPRAIStrACPEE/ZL

5621 dfE, B. C. D4LRRUMIEALP S AL
Eb 2 2 T (P<0.01), {HCZH AIDZH I iEALP/K T 5
B L5 2 2 R 7E (P<0.01)(£3).. HSAZLIE R 41/ L,
BAStrACP & & | 7H(P<0.01), C4H 5 A4 T 8 2 1%
# 5 DA 2 FEAG(P<0.01); CALBLAL MDA Y H
B MEZE R (P<0.05)(%3).
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24 AMREEEMNTKL

555 IR AL AR LU, BRI B A i B Y B R
B AR (P<0.01); CZH FIDZH K B A7 0 15 1 ¥ = e B2
HEEFEINP<0.05), HE5AHT B ENEZE TGRS,
25 FEKRKRAMEEEEET

BZH 1 B %5 5 AZH EE G IR 3 020 (P<0.01),
C4H. DHGAH T W E M Z 7 (KS).
2.6 AMEBEEIHESHLLER

A 0 B = a5 il R, 42H KR TR B K 3R
far s SRR NIFE R R REI A 2. Hh,
BZH R E AT PEVEER AT WA A K e B 3%

=2 FEKRRMBFEFHS En=6)
Table 2 The serum concentration of Ca?* and
Pi of each group (n=6)

o 45 (mmol/L) fif (mmol/L)
Group  Ca®"(mmol/L) Pi (mmol/L)
A 2.364+0.063 1.7990.057
B 2.734£0.067* 1.979+0.025™
C 2.289+0.046™ 1.812+0.049"
D 2.246+0.008* 1.801+0.018"

“P<0.05, "'P<0.01, 5 AL ELEL; #P<0.05, 5BZALLEL, P<0.05, 5D
th#s.
*P<0.05, ""P<0.01 vs group A; “P<0.05 vs group B; *P<0.05 vs group D.

R4 FERRANRKRBITERNEZL(n=06)
Table 4 The wet weight of right femur in each group (7=6)

& T A4L(P<0.058P<0.01); CAHEBYL, L& PIA 1y
BRI B3 THE(P<0.058(P<0.01); C41 5D
FEG, NS HOH 25, HA s RE g ik
HIRI FE #5525 1 T (P<0.05)(36)
2.7 EfMfgEBMERRI MR LR

FE M B4 B A B N M SR, BALE R
JRAF e HE DI A EL T, SSHmMEOE R 2R, cdl
B LL, B B R 47 4EHE 5 2 A0, & W — 3K, HEF
U, B, PR B 5 AL R R AT 1 A M HE
FI(E1).

=3 FEKRRIMBALPFISrACPE £k (n=6)
Table 3 The serum concentration of ALP and StrACP of
each group (n=6)

i RS B TR T PE B IR i (U/L)
'G (42K H47/100 mL) StrACP (U/L)

T

O ALp (U/100 mL)

A 12.229+1.002 20.289+3.805
B 29.287+0.707* 27.180+5.213*
C 27.257+1.364%#14 18.248+3.016™
D 24.743+1.148% 11.71940.742**

*P<0.05, “"P<0.01, 5A4L Lt #; 'P<0.05, "P<0.01, 5B Lt %
AP<0.05,*P<0.01, 5D4LLLEL .

*P<0.05, ""P<0.01 vs group A; *P<0.05, #P<0.01 vs group B; *P<0.05,
24p<(.01 vs group D.

®5 ZHKREBMDIIZ L (1=6)
Table 5 The BMD of each group (n=6)

25 HIRE(g)

Group Wet weight (g)

A 1.205 3+ 0.070 2
B 0.743 0+ 0.005 9™
C 1.271 8+ 0.022 5%
D 1.220 3+ 0.048 8™

15 H#E (g/em?)
Group BMD (g/cm?)

A 0.289 3+ 0.011 4
B 0.172 0+ 0.015 3"
C 0.299 0+ 0.015 6*
D 0.288 5+ 0.010 9*

P<0.01, SAHLEL #P<0.01, SBA HLE
*P<0.01 vs group A; *P<0.01 vs group B.

"P<0.01, S5AALLE; *P<0.01, 5BAILLEL.
**P<0.01 vs group A;**P<0.01 vs group B.

6 FHEARARAME = ST LE R (s, n=6)

Table 6 The results of three-point test of right femur in four groups (x+s, n=6)
=Rl R (N) FEPEH AT (N) NIl (N/mm) KB (N/mm)
Group Maximal load (N) Elastic load (N) Stiffness (N/mm) Maximal deformation (N/mm)
A 143.55+9.11 80.21+1.61 234.58+3.70 0.87+0.07
B 84.22410.37" 65.4241.33" 186.25+4.47" 0.73840.02"
C 117.6146.67°% 71.76+1.717% 210.38+1.33™% 0.838+0.04"
D 101.67+4.53" 67.94£2.03" 206.44+2.14" 0.798+0.07

"P<0.05,""P<0.01, 5AZ1ELE; "P<0.05, #P<0.01, 5B LA *P<0.05, 5DALLLEL.
*P<0.05,"P<0.01 vs group A; "P<0.05, *P<0.01 vs group B;*P<0.05 vs group D.
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RSN 8

Ac IEF XTI Br BRI, C: R ki B2 < LOORFT S 17] 78 5 T 41 e
D: £ 5 20 mg/kgfill R 545 o

A: normal control; B: retinoic acid induced model control; C: 2x10° um-

bilical cord mensenchymal stem cells transplantation group; D: 20 mg/kg
Xianling Gubao group.
Bl BARIRTHERSQ2 000x)
Fig.1 The collagenous fibers arrangement of
four groups (2 000x)

3 itig

24 F iR (retinoic acid, RA)E N H #I i 70 ol #4
PR 24, I R B Eos BB AL 1 BIE L DRk
AT F % 25 5K E ST 0T B A 1 s A T, i AR Y
TERIFREIR S GRS 5 R I SO0 MEWER 1B
R 5 NEA B AL, & KRS oPHA
R AR 7 RN, RATS KOPH ML EE B A AN 58
IFRE, A RSN TR R W, RAF] BRI IE & A B
‘B 2 ffl (osteoblast, OB) 7% 14, FF & 411 il it & 41 g
(osteoclast, OC)HI¥EHH, = EALP. & E5 &M
IL-61", Zh#seat o, RAKTMEM: K R 1S i
M i ISR T T %, B 89 sk 24 e 1 0 2 A
TV, RIS SRR A B 40 B, A5 FL 1 3 5, AT
SRR E m R HORES, R AR P S ) s
IR,

B AR A dr i R AR AT B R AC, BPOB
AW BHT B, OCTIAEAWIIR IS IH &« AR FEfe
BUUE M 2 BROBAOCH I 14, LA K i Jik o A A ot
FAR A, 5 i S S i R o R AR AL,
I PR b 3 i I e i R A B A G i i B
. RS, TNV, BESEN YT IR FE AR T AR A
PR AT IRPIR B o A SIZE6 Al 5 137 25 545 2L oL
7K P i 25 SRR W, B BT A S R BAH IV B 14
K2 T, TR SThUC-MSCs 4L Al R - i 41

(188 T 45 K~ BT BEAK, JE 5 AZLA 8 B 3 2=
o MiEBERR TBAA W E K= P<0.01), %
HAR WA BB, 1XRKP, hUC-MSCsTE £ 2
S I S B R T T — e IR

ALPSE [ S OBYH 1 [ 3 Z 48 br, HHOBA:M A 1)
A i A 1, 0P AN R A A B R SR SR AN T,
REA% I Sl R0 Il 25 0 (485 4k . StrACP=E 2 FHOC
FEIR, OCTE I8 8, G FEZx 5 W StrACPRA 2 39 /i, H
B K] N OCTE 1 S B R ISCIRAS o ARSREG 1)
4E R BOR, BALALP. StrACPYY 35 8 hn, 15 B % 4
T N s e e R OPRE A . C4 K DZLALP/K -
3 T B (P<0.05), iX & BIhUC-MSCsE #ll i OC )
WStrACP A — & AE FH, {5 2[R i ALP7K T .52
B — e FEFEAE]. PRk, a0 fal R FHhUC-MSCs7E #1
1B IR P () B 388 5 OB I B T B 1, X 43 o i
B AIOPE R E I,

‘B % J¥ (bone mineral density, BMD)E[ ‘& &, &
T B W0 5 RN B R S R . BMDAE S N B o B
M E b, —RULET NS 2R G 2T
BMDill 7€ . BMD A5 1) & &K 1 2 i & i i K
PR MR Z —. RREXZE B % £ {U(DEXA)
TREAfR S FLURG A 52 5, SRR A, R T, Tz
T IRK. Aseihd, RAGHOP ARG, CHE
55 P A B T 2 1 N(P<0.05), CAH AL EL 5 T i
#1725 DHRBA A 318 N(P<0.05). LA L
SE LRI, RAIE B 1OPK &R i ik v 5 &% fhuC-
MSCs JIE & FIBMDA B 2 3 m Ak A, IF H Ak &
5 AHA LK, X FHhUC-MSCs/E— & F2fE 1]
ARLIERAFE R EREER.

P20 5 R B, B DR E A2 17 3
B, DU aEe I 52 ) X3 LT3 0 B2 i 45 4,
HPES 28, stk SRR K I S R4 & Bk
R B R A A R B R AT IR AR
R, PRk A =R, R I m6e
JIinE . ARSI AW ) A R ENE T AR 4
R, S EHERAAAI IR . B b ihom g 2
I R FAE 5t B2 SN TR AR R Fi b, AT i 45
T2 W 5 Bk B A2 AR UC-MSCs T 2 iR HE 2k B 8
JRBRAA SR A B R BUR

B R A LT 2 ZE R IR, e SR AR LA
GULRLARGE K, g & PITE . OPIR L U £,
Fi5 J0 RN 5 THI, AR R BRI EBMDE T B, T
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JRAR W R BUE B N ARG BT CRERE . B
JR B HERRTE L O 1 4 XS 2R 38 22 1 U,
Wig /N WG, B RE MR HEF SR
ANGEERRUR B SE . ARG AR S A SR
FIBZH A A ZH 1K bR 2 I 1 B R IR A 4 L &5
FRA BOTE 7, 20 0 % A 2EL C AL 1) K BRI i M DR &
HER B HEH) E B HN, X FRBIhUC-MSCs i — & I
OB O S R T

gx BTk, ASEEn B R ER K 7 A
hUC-MSCs, 3 Ja il 25 5L B, hUC-MSCsHEHS N
OPZIYIBMD, 435 & R4S, A0 78 %
&, A TETEI R B FH S SO0 A 4
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