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Establishment of cell transplantation using stem cell and olfactory ensheathing
cell into dog with spinal cord injury
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The purpose of this study is to investigate the possibility of stem cell and
olfactory ensheathing cell transplantation to naturally occurred spinal cord injury in dogs.To establish
the methods, it was analized whether stem cells and olfactory ensheathing could be harvested from canine
nasal mucosa of which were obtained via nasal cavity using endoscopy. Some cells expressed stem cell
markers on nasal mucosa section, and other cells expressed olfactory ensheathing cell marker. In addtion,
those cells could be cultured. However infection were seen in few cases. Therefore further methods would
be needed for this study from safety.

To find altanative cell source, de-defferentiated fat cells (DFAT),which are guaranteed the safety,were
transplanted to spinal cord injury model mice to analyze the efficacy and safety. DFAT transplanted mice
showed significantly better walking steps than control mice.

DFAT



250

Olfactory Ensheathing

Cells: OECs
OECs
OECs
phase 1, phase
Il trial
Prof. Nick D.
Jeffery OECs
OECs
OECs
OECs
OECs

OECs

OECs

10

DMEM

PFA

ocT

S100 GFAP
nestin

48

10

DMEM

24



Green Fluorescent Protein GFP

DFAT DFAT
GFP 1
R TARE RS wheteid
N DFAT-GFP#ifa —
< W > [mte> =
msts  BEAE RAER mﬁ#!
DFAT
GFP
10
0.1 Collagenase Type
Sigma 37 -
135x g 3
10 Moregate
BioTech

Dulbecco®"s modified Eagle®s
DMEM Nissui Pharmaceutical
BD Falcon 3107
Bedford 5

medium

n=22, C57BL/6N, Charles River
Laboratories Japan, 10 10

Infinite Horizon IH
Precision Systems and
Instrumentation 60-kilodyne

10
EPTFE
8 DFAT-GFP 1x 10°
cells/2u 1 10
DFAT DMEM 2u 1

SIGMA

Muromachikikai

0.5pu I/
BMS
8 9 11 14 17 22 29
36 BMS
2 BMS
BMS
36

4%

gom
Luxol fast blue LFB

Hematoxylin Eosin HE

4
> Myelin
Basic Protain; MBP  Covance, 1:500 ,
Glial fibrillary acidic protein; GFAP
DAKO, 1:400 , Chondroitin sulfate
proteoglycans; CSPG SIGMA, 1:200 , CD11b
eBioscience, 1:400
Molecular Probes®,

1:2000 1

Dapi-Fluoromount-G™ Southern
Biotechnology Associates Inc.

BZ-9000 Keyence
LFB MBP
n=11
1.2mm total 2.4mm
2



2
DFAT
500x10°
DFAT
SIGMA
MRI
SSEP
MEP
p75
75%
p75 s100
GFAP
nestin
10

Proportion of OECs and stem cells

Proportion of cells (%)

expresson of antibodies

10

4
Staphylococcus
Escherichia
DFAT
DFAT
BMS
DFAT DFAT
BSM 14
8
BMS 36
4
6
N * ¥
) . * x @ DFAT
X : Bl O Control
0
=z %
I EEEEELEEL
% H 5
4 DFAT BMS
DFAT
5 DFAT
DFAT
LFB
6



Control
A g 60 "
oo ;;EJ 40
DFAT =
- U(‘nnlml DFAT
6 LFB
DFAT
DFAT
DFAT
9
7
MR1

Schwab JM, Brechtel K, Mueller CA,
Failli VvV, Kaps HP, Tuli SK, Schluesener
HJ. Experimental strategies to promote
spinal cord regeneration--an
integrative
Neurobiol. 2006 Feb;78(2):91-116.

Olby N, Levine J, Harris T, Mufiana K,

perspective. Prog

Skeen T, Sharp N. Long-term functional

outcome of dogs with severe injuries of

thoracolumbar spinal cord: 87 cases
(1996-2001). J Am Vet Med Assoc
2003;6:762-769.

Li Y, Decherchi P, Raisman G.
Transplantation of olfactory
ensheathing cells into spinal cord
lesions restores breathing and
climbing. J Neurosci. 2003 Feb
1;23(3):727-31.

Li Y, Field PM, Raisman G. Repair of
adult rat corticospinal tract by
transplants of olfactory ensheathing
cells. Science. 1997 Sep
26;277(5334):2000-2.

Ramer LM, Au E, Richter MW, Liu J,
Tetzlaff W, Roskams AJ. Peripheral
olfactory ensheathing cells reduce
scar and cavity formation and promote
regeneration after spinal cord injury.
J Comp Neurol. 2004 May
17;473(1) :1-15.

Féron F, Perry C, Cochrane J, Licina P,
Nowitzke A, Urqubhart S, Geraghty T,
Mackay-Sim A. Autologous olfactory
ensheathing cell transplantation in
human spinal cord injury. Brain. 2005
Dec;128(Pt 12):2951-60.

Ito D, Matsunaga S, Jeffery ND, Sasaki
N, Nishimura R, Mochizuki M, Kasahara
M, Fujiwara R, Ogawa H. Prognostic
value of magnetic resonance imaging in
dogs with paraplegia caused by
thoracolumbar intervertebral disk
extrusion: 77 cases (2000-2003). J Am
Vet Med Assoc. 2005 Nov
1;227(9):1454-60.

Ito D, lbanez C, Ogawa H, Franklin RJ,
Jeffery ND. Comparison of cell
populations derived from canine

olfactory bulb and olfactory mucosal



cultures. Am J Vet Res. 2006
Jun;67(6):1050-6.

Ito D, Fujita N, Ibanez C, Sasaki N,
Franklin RJ, Jeffery ND. Serum-free
medium provides a clinically relevant
method to increase olfactory
ensheathing cell numbers in olfactory
mucosa cell culture. Cell Transplant.
2008;16(10):1021-7.

Jeffery ND, Smith PM, Lakatos A, Ibanez
C, Ito D, Franklin RJ. Clinical canine
spinal cord injury provides an
opportunity to examine the issues in
translating laboratory techniques
into practical therapy. Spinal Cord.
2006 Oct;44(10):584-93. Epub 2006 Mar
7. Review.

Skinner AP, Pachnicke S, Lakatos A,
Franklin RJ, Jeffery ND. Nasal and
frontal sinus mucosa of the adult dog
contain numerous olfactory sensory
neurons and ensheathing glia. Res Vet
Sci. 2005 Feb;78(1):9-15.

YuF, Zzhao X, Li C, Li Y, YanY, Shi L,
Gordon BR, Wang DY. Airway stem cells:

review of potential impact on

understanding of upper airway diseases.

Laryngoscope. 2012 Jul;122(7):1463-9.

Yamada H, Ito D, Oki Y, Kitagawa M,
Matsumoto T, Watari T, Kano K
Transplantation of mature
adipocyte-derived dedifferentiated fat
cells promotes locomotor functional
recovery by remyelination and glial scar

reduction after spinal cord injury in mice.

Biochem Biophys Res Commun.
2014;454(2):341-346
doi: 10.1016/j.bbrc.

¢y

@

®

ITO, Daisuke



