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[Abstract] Objectives: To assess the effect of human umbilical cord Wharton's jelly—derived mesenchymal
stem cells(WJMSCs) in a xenograft canine model for intervertebral disc degeneration. Methods: WJMSCs were
isolated from human umbilical cords and labeled with rTAAV2-EGFP. Twenty healthy adult Beagle dogs were
used for animal experiment. Degenerative models were established in 14/5, 1.5/6, L6/7 intervertebral discs by
aspiration of the nucleus pulposus. For each canine, 14/5 was used as degenerative segments(group B), L5/6
was injected with 0.9% saline 4 weeks after first operation (group C), L6/7 was injected with EGFP-labbled
WIMSCs 4 weeks after first operation (group D), and the intact disc L3/4 served as an un—injured control
(group A). The animals were followed up for 24 weeks after the initial operation. Spinal image was evaluated
at 0, 4, 8, 12 and 24 weeks after operation respectively. Histologic analyses were performed at 24 weeks.
Gene expression analysis for aggrecan, type II collagen, SOX-9 and type [ collagen was performed.
Results: The WJMSCs in vitro were adherent growth and exhibited fibroblast-like morphology. GFP expression
was confirmed using fluorescence microscope 3 days after TAAV2-EGFP infection. Disc height and T2 -
weighted signal intensity were higher in group D than group B and C at 8, 12 and 24 weeks(P<0.05), and
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didn’t show significantly changes in all groups at 0 and 4 weeks. GFP—positive WJMSCs were detected in the
nucleus pulposus of the canine in group D 24 weeks after first operation. Histological assay showed better
preserved in group D as compared to the operated degenerated control discs (group B and C). Safranin O
staining showed higher aggrecan content in group D. Disc regeneration was also confirmed at the gene
expression level by using real-time polymerase chain reaction. The relative gene expressions of matrix-related
genes (aggrecan and type II collagens) were significantly increased in group D when compared to those of
group B and group C(P<0.05). Conclusions: The transplanted WJMSCs can survive in the disc of canine. The

increased amount of aggrecan and type I collagen in the nucleus pulposus suggests that WJMSCs may serve

as a new valuable resource in cell transplantation therapy for degenerative disc disease.
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Figure 1 The morphology of WJSMCs and fluorescent imaging of WJMSCs infected rAAV2-EGFP a WJMSCs appeared
to be mostly spindle-shaped and adhered to the culture dish b GFP expression was confirmed using fluorescence micro-
scope 3 days after rAAV2-EGFP infection(Bar=100pwm) Figure 2 Radiographic and magnetic resonance imaging (MRI) a
the representative radiographic images. The disc height in group A didn’t decrease during the entire experimental period.
The disc height in group B, C and D decreased as time went on. The disc height in group D was higher than those of
the discs in groups B and C at 8, 12, and 24 weeks b The representative MRI of the discs. The disc grey in group A
didn’t decrease during the entire experimental period. The disc grey in group B, C and D decreased as time went on.

Disc grey in the group D was higher than those of the discs in the group B and C at 8, 12, and 24 weeks



754 ot [E R 2L R 2015 4E5S 25 455 8 1)

Chinese Journal of Spine and Spinal Cord,2015,Vo0l.25,No.8

NB.C.DAHY R AAE, HDARGCKBA
CAHEE ),
24 SLHFBLE R

RN A K D 2 HE ]SSR A% 48U R
28 TR AT SOX-9 A X HE R # ikt B 41
AC A, 17 I A A G B R R Gk i 3 R
I, B G it 245 X (P<0.05) ;D 20 HE 7] 45 56 4% £ 41
(5 (22 h | T2 B A SOX =9 AR L K R ik L
A HFEAR A GEiH 2 8 L (P<0.05) (% 3), D 44K
b, IR R SOX-9 A9 mRNA FE K % ik
v R R R R A 20 B 9.58 i, I AU R R 1
¥4 11.85 £i5,SOX-9 1M 15.23 £%;B 46 4141
Er e I AR R T B JE AT SOX-9 A X %
RS CAML TR EA, Bait¥E L
(P>0.05) (% 3).

3 itig
3.1 N WIMSCs #2483 Y7 HE ] 118 228 B9 L
®1 SAREBANSEEY

Table 1 Radiographic assessment in all groups

(n=20,x+s)

RIG I ()

introdutin of ASL o BAL o caL D
degencration. Croup A Group B Group € Group D
98.7+4.1  993:30  98.0:49 98354
99.3+55 96.1:69  952:58  96.4+4.8
8 982439 912477V 9074617 96.6:8.0"
12 99.0+42  88.0£647 87.8+5.50 94.7+5.202
24 98.5:48 825:¢8.17 8124617 93.9+7.612

D4 A 5, P<0.05:2 B 4iHI C 4 L4, P<0.05
Note: (DCompared with group A, P<0.05; @ Compared with
group B and C, P<0.05

®2 HAHBREMKREEH  (n=20,x%)
Table 2 MIR assessment in all groups

A5 I ) (J4)

BV C T R S

degeneration group B group € group D group
(W)
0 0.69+0.07 0.67+0.06  0.68+0.05  0.69+0.04
4 0.68+0.05 0.57+0.03  0.54£0.06  0.57+0.06
8 0.65£0.06  0.49+0.06" 0.47+0.04% 0.53+0.02%2
12 0.66£0.04  0.36x0.02" 0.32+0.05" 0.48+0.05"2
24 0.63£0.05  0.20£0.017 0.24+0.03% 0.43+0.03"2

(DY A 5, P<0.05: B 4iH C 4 L4, P<0.05
Note: (DCompared with group A, P<0.05; @ Compared with
group B and C, P<0.05

2004 4, Wang %5 5 678 A 2 2 43
th WIMSCs, Jf HAE L H B A = R L i aes, 4
F 53 38 33 3h 4 52 56 96 F T WIMSCs 4E 2% #E 7] 4%
IRAR PR, R PR A MRS A VA 7 M ) 8 1 AR 42
b7 0 b A0 ke U5 AR BE RN [B] 3 BT A0
FENG IR L0 WIMSCs BA LU R (1) B
S e L3 W 5 W 05 3, AR BOE A 03 1 |, R 5 3=
B WO 5 N AN AE A A0 B T P R) 8 3
PSSR IR i T N Va0
IRAE FH 7 A ARAE 5 (2) |1 T HOR IR T8 2R LI
AEXT 2L, 9 B B B i A B AR T B B RS
F 5 (3)WIMSCs AHXT LA 5 G, 858 43 Ak e 1 v
FHRAG T4 M AR T an i =z 8], BeAR A Ta) 78
T4 B 5 o AL RE S AR Pl (4)WIMSCs AR ik
MHC - IT , Ik 3% 3k & A7 A0 5 /9 4i i 2% 1 45 i
CD80.CD86 }2 HLA-ABC, H. A & %% U5 1k 1%
SRPETIT Z W RE ST, e VR L ) 7 5T T A
FRLATRUO AT 447 () Aol S AR B P RS AR, AN 23 R A
REHER BRI R 7 AR B Al P A et R
AHEBRMARI TR T, SR AR
P TR AR AT U B AR R T AN
3.2 WIMSCs & Ha X 15 25k [a] 45 A 52 1

BEAZ R JC MG 128 T e i e dn B0, 3
Yy S 50 BF 5 TSI M (1) 5% BB TS 37 () o S 8 5 e ok
VA B 20 1S RS A % A0 TR P 20 B BE 0 K 00 A TR
I EAEYF T hE ve-®, AT FH rAAV2-
EGFP #5ic WIMSCs, B AE A J5 20 J& |, 40 fl #4741
HE [ 35 B A% ZH Sk VR U 90 b B e L ¢
B G0 SO FR IS IR ALK WIMSCs RE18 76 K
HETE] B I AETE 20 J8 . DRk, 2 202 K A Lg% 2]
WEAZ N A Ak | RE 4 MR T G A R RE S
N BRI, R IR AE 19 55 Fl WIMSCs &% A 32 2116
FRERGNHET, #E— 2D RS T HE N S RE R
TC I8 H L EA e i e e P

FEWG PR L, U 0 R A ] 281 AR 2 B4
AR A, R4 FE RIS MR A T2
AHREAZ AL 2O AR A, AR AR AR Sy < ]
£ E X GOT BUME ) £ = B R AR
1, WIMSCs #% 8 A J5 B X088 21 % 4 4 Ak (8] 45 /=
JEFIIR FE 945 B R, RUIBERZ & K =15 2
AR ERE , HEDE T MEIF] 4518 AR HE R 2 212 Kl )
LA DA SOUR TR VP i [ 25 19 200 i R 240 ik &7 66 I 1)
Ak, BERALI A HE Y@ML O Yo 25 31



RS R B 2R & 2015 4E

25 B 8

Chinese Journal of Spine and Spinal Cord,2015,Vo0l.25,No.8 755

and control discs at 24 weeks.

the D group disc.

The fluorescence microscopy didn’t detect the fluorescence in the A/B/C group

e
r

N A L :':P'
# "}q. L " -
S hiﬁ ":ﬁl-tl' -L.!
o i
‘. :
Fa L
"'J . ..1

o o V¥ =8
B3 AN 24 FUKERYI R 50 WM B WAL R a A B.CAHIEaE
PE A ERIE b D AHKGEY T W/J\ﬁ*%@k?‘ﬁﬁﬁi%L B4 EHARE
24 JA A ZUHE ] SRR 29U HE e R Z0 O Y il a A 41 HE Re(a

RN i @Wﬁu%éfﬂn@ b~d B.C Fl D 41 HE R4 5 A Z1AH b 8% 40 i £t

Wb AR AR MO R D AR X T B ALRT C AL AUES KB S AR S AR X S8 A

lliﬂiﬁ % e~h %QI O BB 25 5L R B(f).C(g) . D(h)ZH 4 (48 A #H(e)¥k ,fH D

D AR BB AL C 4R
" Figure 3 The survival of the EGFP-labeled WJMSCs in the transplanted
The fluorescence microscopy demonstrated the survival of the EGFP-labeled WJMSCs in
Figure 4 Typical

histological images stained by hematoxylin and eosin(HE) and Safranin-O at 24 weeks. The HE staining showed the de-

generative changes of NP in group B, C, and D. And the degenerative changes in group D were less deep than that in

group B and C. The Safranin-O staining was more light in group B, C and D compared with group A. The discs in

group D showed more deep staining than group B and C

®3 EEAE4EARAHBEEZARERBANRETH (n=18,x%s)

Table 3 Relative gene expression in NPs in all groups at 24 weeks

AZ (Group A)

BZ (Group B)

C# (Group C)

DA (Group D)

HH 2 H% (Aggrecan)

I & e )5 (Type 11 collagen)

SOX-9

I #4125 (Type 1 collagen)

67.03+15.87 1.03£0.35% 1.11£0.07" 9.58+2.521%

56.82+12.78 1.01£0.12¢ 0.98+0.08" 11.85+3.67

113.63+24.67 1.04+0.06" 1.05+0.11% 15.23+3.90%2
0.52+0.16 1.00£0.19% 0.99+0.09" 0.62+0.11"

D5 A 4, P<0.05;25 B 41f1 C

UL I #, P<0.05

Note: (DCompared with group A, P<0.05; @ Compared with group B and C, P<0.05
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