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Introduction

Ectopic osteogenesis of tissue-engineered bone using allogenic bone marrow
mesenchymal stem cells in beagle dogs

Wu Jing-guo’, Ma Yan?, Cao Fei-fei?, Wang De-feng’, Zang Qing-fu', Zhang Xi-shan’, Li Yong?
("Department of Orthopaedics, Affiliated Hospital of Taishan Medical University, Taian 271000, Shandong
Province, China; 2Branch of Taian City Central Hospital, Taian 271000, Shandong Province, China)

Abstract

BACKGROUND: Allogenic bone marrow mesenchymal stem cells as seed cells for tissue engineering
have become the future trend of development.

OBJECTIVE: To investigate the osteogenic effects of allogenic bone marrow mesenchymal stem cells and
the outcome in vivo.

METHOD: Bone marrow mesenchymal stem cells from beagle dogs were marked with
chloromethylbenzoyl ammonia fluorescent dye (CM-Dil), and the proliferation of labeled cells was
measured using MTT assay in vitro. Autologous or allogenic bone marrow mesenchymal stem cells were
inoculated into coral and B-tricalcium phosphate scaffolds for 7 days osteogenic induction and then
subcutaneously implanted into the back of beagle dogs. Dogs undergoing blank scaffold implantation
served as negative controls. Hematoxylin-eosin staining was used to observe new bone formation at 3
days, 1, 2, 4, 8, 12 weeks after surgery. Bone formation area was statistically analyzed using ipp software.
In the CM-Dil group, frozen sections were made to trace the in vivo outcome of bone marrow
mesenchymal stem cells under a fluorescence microscope.

RESULTS AND CONCLUSION: The osteogenesis speed in the allogenic bone tissue engineering group
was faster than that in the autologous bone tissue engineering group at 4-8 weeks after implantation, but
no significant difference between the two groups was found beginning at the 12" week. At 4 weeks after
implantation, the expression of y-carboxy glutamic acid protein in the autologous bone tissue engineering
group was higher than that in the allogenic bone tissue engineering group, prompting the bone mineralization
appeared earlier in the latter group than the former one. ELISA results showed that the expression of alkaline
phosphatase and osteocalcin in the autologous bone tissue engineering group was higher than that in the
allogenic bone tissue engineering group at 4 weeks after implantation, and then the expression showed no
difference at 12 weeks. CM-Dil labeling results showed that the number of allogenic bone marrow
mesenchymal stem cells was reduced significantly compared with that of autologous bone marrow
mesenchymal stem cells. All these findings indicate that the ectopic osteogenesis of the allogenic
tissue-engineered bone in large animals is found within 12 weeks after implantation, but the osteogenesis
efficiency at early stage (within 8 weeks) is lower compared with the autologous tissue-engineered bone. This
difference may be related to the post-implantation immunoreactions that lead to the reduction in cell number.
Subject headings: Tissue engineering; Mesenchymal Stem cells; Transplantation, Homologous; Stents
Funding: the Natural Science Foundation of Shandong Province, China, No. BS2015SW030; the Medical
Science and Technology Development Plan of Shandong Province, No. 2016WS0614; the Science and
Technology Development Plan of Taian City, China, No. 2015NS1136
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1 ##F075%  Materials and methods
1.1 &t RSN 23 20 OB ¢ S
1.2 B EME SEEKGT20144E10 H 2201641 F7E
Z8 1= 27 B B Jes = ot B R 9T 5
1.3 Mt

LIz LA K181, 12 A%s, )%= 13-15kg,
MEMEANRE, b U A B A PR w341t

AR E: Ficollsy Bi(G&E, %it:);: DMEM.
Hank’'sifi. b 1Mis . 0.25% JEER (1. XPi(GIBCO,
5 [H); M FEKAR L BB IR Ty i, 4EE 2 C MTT(Sigma,
J[#); CM-Dil(Molecular Probes, JE[H); il i i s
ELISA KIT (96t) DRE-9001. ‘4% ZELISA KIT (96t)
DRE-9002(4t 1t B A=y Bl He A1 R 2 w], b xt); Trizol
(Invitrogen, Z£[H); PCR Marker. RNARGHIHI71(MBI).
FEIRIR — ZlE(DEPC). % 5% (M-MLV). PCRJ% W28
Mi(10%). TAE buffer(10x). dNTPs(4x). Oligo dT.
WAL Z5E(EB). ek (Promega, J51H); RARII(/Y
VRER, WEEE); BERR —45(B-TCP) (L i A=Wkt kAT BR
Awl, i) BIEAZE BME(Olympus, HA): Bbx
{%(Thermo Electron Corporation, %5*%); 424151
(GLas-Col Homogenizer, F2[H); #4787 35 40 ok e
HL (KBS-900)( & 1l A A &% ], 1L 78 ); PCRAX
(Bio-Rad, J[H);: 4ttt (Ultrospec 2100)(GE
Healthcare, i ); 4= H A0S A% 9 BT R4 (UVP
BioSpectrum AC, JE[H); i fE R4 7% &0 L(Hitachi,
HA): WOt IR IL IR £ WA B (TCS-SP2)(1k K, 1),
14 ¥k
1.4.1 W SCERRHE & UK B B

RIZ AR A TRV & 77 B R B B
B0 C AR 48 mmx6 mmx3 mmok /. FH 5% I SN
W2, 3 dB 1R, ARG FH =20k, &
10 minx37¢, HATEDE(GK, #:K10 min)/580 CTHET
24 h, Al KR G A

BHEEE = 535 28 #1 & N L AR N8 mmx6 mmx
3 mmk/h, EAEERT, il KR
142 HHEM A TA K2 &R s RE
0.12 mL/kg 7l 5 L SN BRI H ( 42 - 1T 4R
W, CERAE R WHEE BT, B REN TS I EN
BRI, RJEHE1T mLUFZ(50 U/mL)f20 mLiE &

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

FURIHECE 864 mL, A4 mL Hank's¥iis], /My
A4 mL Ficollk EL4H 4 B 115 mLES.LE

2 000 r/minZ.0020 min, W A] G2 Z00R 1 AZ 41
MujZ, DMEMPESR2UK, B0 a4t 5, F 4 sk
15:1.0x10° L0 iu i FE A0 T ELR10 om iR,
37 C. AR $5%CORE 740 N5, 48 hJm ¥,
TR ANGEEANM, 7 o) 40 7 P IR 80 %Rt &, e
k., $5.0%10" LA B4R . B HREE 24040 4 1 o
143 —“FFEFoHEEE OREES: REIHTHE
F25(10°° mol/LH 2 KA. 0.01 mol/L B-RHE H i

0.05 g/L 43 C. IR E10%G 4 G 1%XtT)
B 28 5T 4021 d, 40 g/LEZ STEER . Bl
PEREIR I G (AR B e s AR BN 95% 11 LIz ] 51
1 h, 2% ELAY(0; 40 g/L L BTEEMEE, MAHTE
MrEA—HR P, R e, @ KEFS: W
WEFHFEFRIE(10 ug/LFE AL A K R F-B1 . 40 pg/LihZE
KAR 50 pg/L4E 2 C L BN E10% 2R M3 1% AL
POFETRIFR14d, 40 gL R, ARG, &
ZLOYh; 40 g/l BB S, AP BRIt
ML, BT @RRFES: RIRA S
F73£(0.5 mmol/L IBMX. 10™° mol/LJi % 2. 0.2 mmol/L
WIESE Y. 107 mol/LIBIEANL . AR H10% fif/F- i
1% W) SH:714 d, 40 g/LE 5 HREE 5T, 60%
SN, ST OHM(a .

1.4.4 CM-DilbficE8Em 7 mT4ni  WEEP2/C
1A 76 5 T 40 JH o) 4 JHL 94 3 4 1.0% 1070 L7 41 i A v
(PBS&:¥F), 51 mL4l i B8 i A40 pL CM-Dil(1 g/L),
I HF CM-Dil ) 23 J& 440 umol/L . 40 i =i 137 °C,
3min, SRJ5UKHE15 min, YEIG45.0x107 L 41 ik
FEER BRI . 24 h)g, 9B HEE Wl 5
(4N, MTTYERAS DU 20 A 1 34 58

1.4.5 1R E . BEA IR =5 ST AR AR
CM-Dil 5 ic I B4 17 76 5 T4 g, 43 3l 2A2.0x10™ L
K20 PR JSE B SIERg . BWAFIR =45 SC B, Jeiy I 3 R R
FARINEFES hy 3d. 7 d, 2.5%% e, LW
AT, 1A B SR R ) FL B R Bl i 4l A
BHOBN 0L AW E FRIRT dJE iR T
RN (RN BT 12 hEE T i 2 35 R 975, LR A
PERG A B RN S5 X 52 A R 2 0) o

1.4.6 A~ LHEE WK R TS B HN KA I
LEA RARTT12 At e, I LA 75 35 28 U I e ()
J80x10* U), G IRHT (P LUARLLL2 ¢ 1R E)
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21012 mL/kg ¥ S LA S R4 T 5 5 BRI i, B0
EMBCE IR E B FRG B, WS R B
M, BEEEFARME . et IAE, REHIESD ERSE
SPH T, S P ONERET EROKSE, fEIE g B
W3AN2i4 emPIHPAT DI, HLgE e sy ki, B R Ik
FH R i A7 64 R0 A 2R 5300 1) A0 43 J2 43 B R L IR
JL, 38 B g 197 R 2 MU EHH RS FTE 415 cmx5 cm
(P E2 T IS RO AS) o ARSI T F5 TR IR A S R
YIH0.9 %) #h /K /AN O T RS IR AR PP E T4, N
THRAETE B B 4 rh o PR B 2 RTAE B ER K ph e U 11 %
JAHI B2 TR, BJZRMVIN, bS50 2556
J LA 36 95 85 25 (17K 80%10* U, K21, 3%E4E5 d)
1.4.7 SR WP RAL. SZAREN RS0, 4%
FECEE A BN 1) i 8 18] 78 50T 40 ORI AN R], SE5043 4
34, AR -4 5 54 (autologous BMSCs-
tissue engineering bone, Auto-TEB). F:A4l - 4%
2 &4 (allogeneic BMSCs-tissue engineering bone,
Allo-TEB)FIZS S ZUA RN R4 . R 3L LEAE R, R
RO B4, B RSN 2840 - 42 54
1.4.8 WO KA 73 T ARJE3 dAARA, 2, 4, 8,
12 AR B2 3 RS 8 B2 A I 4L 24T UM (1 T
I S R B e, RS I AT B 28 ), TR
VR b o BEAN IS 1) s R R —AN B A8 Y (1 28 41 -
XHGEY), R ERACK R R A g i, FR
JINCPEIYI A28, Horh— S NARFR 3 204 % 1)
Rl E, oD N AT, RIFHE 2
-80 CAK OKF T AR A
1.5 EEINERIAT
1.5 SAKE PR LL G R ey AR AT s A P i L]
SE AT HMEIELSEY . SRR -l get, (B1E A 22 B
TS T IEE AN e A i 1) 7 5T 1 40 ) 2t ) 4
ZUT R AE LURS R B2 T AL BCE RS 00, DL ARk e
K Py o

B ) 78 AN M- B IR AN e A N2, 4, 8FI12
SRR AR TR, T8 T (200%) % B4 5
ABEALEI 20N LS, N H K {4 Image-Pro Plus 6.0.71
SRR AR IR AR U T G v 2% 0 T o
1.5.2  RT-PCRAZIM 4121 TR F A A4 Py AH I R 11
Kik

LR ERNARTEERR: A MI- I S 28 SN
P4 R, R N P B ZRE T A1 mL
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Trizolffy B, ARSI R ARAAT IR, HESK
W JCRURLZE PR, 4 i 23 B Slleppendorf B
W, FE R EES minjg, 4 °C12 000xg /0210 min, HL
VW, INAN200 uLPUSTRE, RIZUR15 sin =ik N
E10 min, 4 °C 12 000xg {0215 min, I 45y
hBJECLEN B KA iR AR L E T EA L
), NOER EJZKAHE] S —eppendorfE Hh, A
EFRI I, TR )5 Z il A 10 min, 4 °C 12 000xg
B0 mine 3 L, AT mULARI S $75% 1) L1,
BRIRAE4 °C 12 000xg 05 min, EH2K. /M
A B, &l T ERUE, INAddH 0% fiF) T J5-70 C
TRAE

RNA 49/ 35:R(cDNA): BUHEEUHIRNARE S, 1%
ML T R BufferfiBERE i 10045, W5 A Fh 75260 nm
1280 nmIEIEME, LA E BEIXRNAR U, FFiF
FIRNAIWKE, 55 2HRNAWKE 4200 mg/L. %
K NVARZR AN20 plo LS R NFRT H: 65 °C 5 min,
37 C 2min, 37 °C 60 min, 70 ‘C 15 min.

AR (PCR): PCR VL M4 H vk
I R] b, 5 N FH A of H ik 4 s AT K B A R0 2 o
=T
1.5.3  4iM- AT AW R P RN . S
FARN L e AT I S s W B 5 (ELISA) ¥
T3 RAR N ZH ST R B ok P v R Bk i R
5 B FRIEIATAEN o A N-80 CARILUKA P, iR
)5 RS 36 7 P RR i, A bR A5 5225 0.05 g,
O TEPE T, PBSHUE T 5 I A Tris-HCIZZ i
(pH=7.4) 0.5 mL, HFEEbRA, @A EGHEA45 s, (8
b9's, 4 °C), MRIGHURA E D HELISAIR A S AT K
W o B AR (A IR I 4 ). OFREbRUE &
(10, 20, 40, 80, 120 U/L); @mntt: AN
WEFIAL BRIZEIEH: SRl il FLINAARUE 50 pLAIGE R
FORM-HRP 50 pL: FFIURESFLINAKE 40 by Hih
PERFIRRELA10 uLRIBER 2B RI-HRP50 uL (R i
ERWNE L), o BRI G RRIRG S, 37 Cild
460 min; @utk: WIFEMEE, LWL T,
AL Y Il DR R (30X A< 48 Uk I Vi T 25 TR /K M BE 30 1% ) »
E30 sfEgr ks, EHESK, BT @REMLL:
ARV B A 57A 50 uL. BOFIB 50 ub, Hikig s
Ja37 ‘C Y10 min. FFLINAZ IR0 uL& k-
SR W A 5 (), @WIE: N BFRAX
Krdil, 25 9L, 450 nmi &R IS FL IO B
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Figure 1 Identification of bone marrow mesenchymal stem cells after osteogenic, chondrogenic and adipogenic induction (scale bar=100 pm)
Pyt ACHTRPEBERRBEZL (B Wi R4 4, C W7/l O Befh; Dy AU AL UL E MR BE T ALSE: F OWilal O 4.

B

BlR S

e W
|
W)
=
:-;&

$

o

P>0.05

(ATE)o HRHEFRIAE R B RO I (R AR 22 b e i 22
S LA R (N FH #14-CurveExpert 1.3), PR
FFOUARE S AT AE [T FE 5 G N AR RE SR

1.5.4  EUAE R A4 A AN B i 18] 78 5T 141 il (CM-Dil 45

WM REUEE AW DI FRACGEIT, 2, 4F340
) 52), DR BE i (R L4521 4E37 °C) 5 HIDAPI# A%, &
TWOL IR A WA S LU o D) (R B
(i) 70 00T 4l PR A AR 0 ) AT 96 T 25, i 25 FLAh 41 2341
(9¢ 64k, CM-Dilksic (11 8 7] 78 5 T 40 Jia /e i K
488 nmAibBER IRA SOk, ditotEE T IEEFIDAPI
YR 5 I B8 (oAl M A%, N ek BB TG 4K 4 Volocity
Demo5.4 (32bit) HEAT 56T

1.6 %itFo# NAISPSS 16.0%: K i) sei
HARAAT G 22001 . IO Dixes TR, SAEA R
AT IEA PRSI0 R T 22 55 RIS, A B R
PR 07 2250 K, 4L IR P L3R Post Hoc 3 1T (1
LSD. Bonferronifi, DL PHMSIFEAMIHEL, P <
0.05IA by P 20 17) 2 54 b e i 3L

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

g 20 — VTS T4
—=— BRI AW 785 T4 L (CM-DH) _. ) .
15 B2 YHARFRIC RIEFEE
1.0 Figure 2 Cell labeling and proliferation assay
= 05 Pl Ay BB 540 CM-Dil BRI J & H 41 61 98

(bR =100 uym); B gk K ihsk.

B3 R ERE k7R T4 7E
BASZ B E BRI

Figure 3 Adhesion and growth of bone
marrow mesenchymal stem cells on coral
scaffold under scanning electron
microscope

Kld: A, a I EE(*50, #5R=100 pm);
B, b AEFNZIMI 3 h )5 (F5)X=100 pm, 30 um);
C. c i #M4AIM 3d J5(x50); D. d JyEfd
4181 7 d J5(x50).

2 %R Results

21 FRFHMHE AN WREHILRER18H, 7343
4, SLEOIFRTMR, ARt NG R HT.

2.2 FHLE AR T @i % e ok 2 A CM-DiltRid
221 T EER AR EAREEFRT d,
BEAN B A R KARTE, ST AR oK i e b . s
B2 d)E, BVEEREE A I (B1A), R
AL A5 5 TR (BB s 75314 dJi,
LT OGS PE(BC), 1170 g it f 38 41 M A 2 AT D4
J 5y uh 1T AR )5 (BMD): Bia s 14 dJ, 6 N n] W4
5 K g (B E), L 04 (o S P (BMF).
222 bxid CM-Dilbrid i #im 78541 i24 hf, %
Je W AET T U EURIN80% LA (41 ik H 2 (a5 s
2L (E2).

MTT R 25 B s 7 d 4 H B8 5t 30k N & 309,
CM-Dild] 5 A hric 4 1A K i R FE A —3, FANIF[a] p
b =S LB E MR (P > 0.05), FUIARICxT 4N o
VERG e RT3 2 TR
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Figure 4 Histological observation of cell-coral scaffold
complex (hematoxylin-eosin staining, scale bar=100 pym)

ERMM-SORE Y RS S

1.5x10°

1.0x10°

T

5.0x10°

2.0 4.0 8.0 12.0

ISl (J4)
E 6 AR ={SXRE SRS ETIMERE R
TR
Figure 6 Bone formation amount after implantation of
cell-B-tricalcium phosphate scaffold complex

P : 5 2, 4, 8 il BARALSCE AR i TS AR 4 g4l °P < 0.05.

2.3 ARSMIEREMN AR T ie- X R AW R4t
FELER BN -SCRE SR, Hefh3 d
JE AN C WK LT, IRHT RN AL B aiA
SREEFRT dE TIOUHE BB N EREE, BB
S OGN A S R A K (B 3).

24 AREHL ARJE3d, PR ERR EESEE K
AL HE LT A M= SR T B DA e (U 7 1)
SEG IR KA S AL ), 5 R AR P 20 8 B S N [ 5y
1 R W U i e FERARRJE R LA, T
SRR
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SRS AREZ G

Xof 2L

5 HAE-B MEE =SSR E SR TENRMEHRAF
(FFARBE-RLLEE, $RR=100 um)

Figure 5 Histological observation of cell-B-tricalcium phosphate
scaffold complex (hematoxylin-eosin staining, scale bar=100 ym)

BRI R A

BGLAP Coll A1 BMP-2 VCAM-1 ALP

7 RT-PCR & NELATIRB RN ALK B LR PHEXER
FRiE

Figure 7 RT-PCR detection of osteogenesis-related genes
during ectopic bone formation

Pl 1 AL 2 BARAI-SZRE 5 3 AR ikan -
KEGEMH . 4 PR QAR & T RARE, A Es e
AL, T BRIGAE 3 A RIS BGLAP: & v IR HIR
HH; BMP-2: EAKASA 2; VCAM: IS 40 R o1
ALP: Bl BERRES .

25 HAMAPFLEEDRFINRER

- ZHRE S A A3, 7d, K
I AR 4R S R A TE I X, B AR PR
0 Rb B A 4% R AL ZR R 43k At - BB S R 5T S e
RN 5 T B IR R rp 2 W 1 40 B A R 5 ( T 2R fie
BN E): N2, WAL I TFaG I L,
PR A O FE TR A 2y, IS RN PR 1 R 78 o T
AN VT AR R B R, A BB SR
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Figure 8 ELISA detection of alkaline phosphatase and osteocalcin expression during ectopic bone formation
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Figure 9 The number of CM-Dil-labeled bone marrow mesenchymal stem cells during ectopic bone formation under laser scanning

confocal microscope (scale bar=100 pm)
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