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Development of stem cell transplantation therapy
using canine spinal cord injury model
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SUMMARY

Background and Purpose: Previous studies have reported that exogenous neural stem cells may

successfully survive, migrate, promote axonal regeneration, and improve functional recovery
in various rodent models of spinal cord injury. However, because larger animals are more
analogous to humans, the experimental favorable results should be confirmed in these
animals such as dogs or monkeys. Therefore, the present experiment was undertaken to
determine whether human neural stem cells survive and improve functional outcome in a

canine model of hemisection.

Methods: Eight mongrel dogs were studied. Lateral hemisection in the left side was induced
by removal of unilateral block of 5 mm thickness at L2 level. We transplanted either 1)
matrigel (200 microliter) alone as a growth-promoting matrix or 2) matrigel seeded with
human neural stem cells (10’ cells) into the transected cavity. Before transplantation, human
neural stem cells were incubated with superparamagnetic ion-oxide nanoparticles (SPIO),
and were in vivo traced by a spoiled gradient-recalled (SPGR) MR imaging. Using a canine
gait scale, functional outcome was assessed regularly at intervals of one week, and the

animals were sacrificed at 12 weeks.

Results: Transplanted neural stem cells were readily identified as small areas of dark signal
intensity in the SPGR MR imaging at 2, 4, and 12 weeks after surgery. The implanted cells
seemed to migrate slowly from the implanted center to the periphery. Compared to the dogs
treated with matrigel alone (n=4), the dogs that treated with a mixture of matrigel and
human neural stem cells (n=4) showed significantly improved functional recovery in the gait
analysis (11.2 2.1 vs. 154 1.7, respectively at 12 weeks; p < 0.05).

Conclusions: We conclude that human neural stem cells mixed with matrigel can be
visualized in vivo using a MR imaging system, and have beneficial effects in the canine

hemisection model.
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olFZA ¥ ¥yt flth EkA B AFoAE FA o8 5 2E8
HH(Dewey et al,, 2003; Faden et al., 1984)3 2-83}] A} &-F canine locomotor
scale FEST 2@d] AFaAAY, BFA AP T @e) Aol o5 v)
s5gntth A4S Gsia Mmat. A BEHY FoE ok E 2ol YL
o2 st P53t 2 DAS leg movement without weight support, weight
support, plantar stepping (proprioception), stand up himself / leg moving at
standing, walking coordination, walking parallel, toe clearance, normal®] A=
TAAEO U} ol FAo F2 AW dH A< HHQ 6-point modified Tarlov
scale(Faden et al., 1984)°]] |3} &AX -3 @ o g AZtHEHTE 6-point modified
spontaneous movement but
ability to
walk but with marked Spasticity and/or ataxia; 4 = ability to run but with mild
Spasticity and/or ataxia and 5 = normal motor function® & Al o] At} A=

Tarlov scale 0 = absent of voluntary movement; 1 =

inability to support; 2 = ability to support weight but unable to walk; 3 =

23l canine locomotor scale2 o}z o} o).

GRADE INDICATION . | SCORE Locomotor Scale
0' No observable hing fimb (HL) movement or No voluntary movement or HL
Stretch out at sitting position
Leg movement 1 Obslervable voh{mary movemerrt of one or two joints but can not tract
i Without weight against leg tra'chon by‘ examiner . i ,
support Vol_umary traction against leg traction by examiner or HL sweeping but no
2 weight support or
Occasional to frequent HL flexion position at sifting position but no weight
support
Occasional weight supported knuckling but no leg moving 1o other place,
3 ;
but can not stand up himself
. Frequently weight supported knuckiing but no leg moving to other place,
i Weight support 4 but can not stand up himself
5 Consistent weight supported knuckiing but no leg moving to other place,
but can not stand up himself
6 Weight supported occasional paw position but no leg moving to other
place, but not stand up himself
" Plantar stepping 7 Weight supported frequently paw position but no leg moving to other
(Proprioception) place, and occasionally stand up himself
8 Weight supported consistently paw position but no feg moving to other
place, and occasional to frequent stand up himseif
Frequent 1o consistent stand up himself and Weight supported with
] frequent o consistent plantar stepping and occasional moving o leg, but
Stand up not stand next Steg i i ,
himself Frequent to consistent stand up himsef and Weight supporied with
v Leg moving 10 frequent to consistent plantar stepping and frequently moving to teg, and
ot standing occasionally stand next step, but no FL-HL coordination
Frequent to consistent stand up himself and Weight supported with
il frequent fo consistent plantar stepping and frequently moving to leg, and
frequent stand next step, but no FL-HL coordination
12 Frequent 1o consistent moved dorsal or plantar steps and occasional Fi_-
HL coordination, but not parallel
v Walking 13 Frequent to consistent moved dorsal or plantar steps and frequently FL-
Coordination HL coordination, but not parailel
14 Frequent to consistent weight supported plantar steps, consistent FL-HL
coordination, but not paralle!
15 Consistent weight supported plantar steps. frequent FL-HL coordination,
occasional parallel, but no toe clearance
. Consistent weight supported plantar steps. frequent FL-HL coordination,
v Walking parallel 16 frequent parallel, but no toe clearance
17 Consistertt weight supported plantar steps, frequent FL-HL coordination,
frequent to consistent paraflel, but no toe clearance
18 Consistent weight supported plantar steps, frequent FL-HL coordination,
frequent to consistent parallel, and occasional toe clearance
Consistent weight supported plantar steps, frequent FL-HL coordination,
W Toe clearance 19 frequent to consistent parallel, and frequent toe clearance
20 Consistent weight supported plantar steps, frequent FL-HL coordination,
frequent to consistent parallel, and frequent toe clearance
Consistent weight supported plantar steps, frequent FL-HL coordination,
pulll Normal 21 5 .
consistent paraliel, and consistent toe clearance

- 12 -




3A. JADAAPZ7IMEF] Mg 2 AT

B Gprae o] d3E 93 A7 A E7) A EF(human neural stem cell line)E
AREg) o] AEFE EVIAE A7 AAZQ AR o A wFTL
FiUt}e] British Columbia 8t A &3 N EFZ A o] AHAL 3 A&Ho =2
THE Aot o] AEFY £4, o W i Helol #F HE-L& Nature
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Superparamagnetic iron-oxide nanoparticles(SPIO)= YAF& o 2 w9 8823} in vivo
i;ex}o]t}. SPIOZ 4™ AZE MRIE o] &3] A o)A =R 27} 9lo]A]
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Fofl 3D-T2+-weighted gradient-echo (GRE) sequence or spoiled gradient recalled
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