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Fig. 1. Characteristic feature of human mesenchymal stem cells treated

with basic fibroblast growth factor. The cells were tightly adhered to
plastic dishes (left x100, right x200).
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Fig. 2. Immunocytochemistry for neurofilament(NF).  Cultured human
mesenchymal stem cells stained for expression of NF that exhibits
neuronal phenotype (green color, white arrow).

DAPI=DNA -specific fluorochrome 4'-6-diamidino—2-phenylindole
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2 9= 2] 2] BBB locomotor scoreE 743t tH(Table 1)(Fig. 3).
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Table 1. Means, standard deviations, median, and range of Basso, Beattie

1 .
and Bresnahan locomotor scores for all groups over time

Time (week)

Treatment Injury 1 2 3 4 5 6 7 8 9
Group A

N 10 10 10 10 10 10 7 7 7 6
Mean 0.70 575 810 915 965 10.25 9.86 10.00 9.93 10.00
Standard deviation 0.63 063 057 041 047 098 08 076 113 084
Median 0.75 6.00 800 9.00 10.00 11.00 950 10.00 950 9.75
Range(min-max)  2(0-2) 2(75-9.5) 1(9-10) 2(9-11) 3(9-12)

2(5-7) 1.5(8.5-10) 2(9-11) 2(9-11) 2(9-11)

Group B

N 22 22 22 22 22 22 18 18 18 13
Mean 0.68 5H5 784 895 934 964 10.06 10.69 11.03 11.27
Standard deviation 0.42 051 081 0.55 071 082 092 110 124 149
Median 0.75 550 750 9.00 9.00 950 950 10.25 11.00 11.00
Range(min-max) 1.5(1-1.5) 3(6.5-9.5) 3(8-11) 3(9-12) 3.5(9.5-13)

2(5-7) 2(8-10) 3(9-12) 35(9.5-13) 4.5(9.5-14)

Group C

N 8 8 8 8 8 8 8 8 8 8
Mean 0.63 569 863 919 956 994 1094 1163 11.81 12.69
Standard deviation 0.58 059 116 037 042 056 056 092 1.00 125
Median 0.50 6.00 850 925 950 975 1075 1150 12.00 1275
Range(min-max) 1.5(0-1.5) 3(7-10) 1(9-10) 1.5(105-12)  3(10-13)

1.5(5-6.5) 1(85-9.5) 1.5(95-11)  2.5(10.5-13) 4(10-14)

' Media infusion in Group A(Control), Mesenchymal stem cells transplantation in Group B,
and Mesenchymal stem cells transplantation and basic fibroblast growth factor infusion
into CSF in Group C
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Table 2. Basso, Beattie and Bresnahan locomotor scores' for all groups

at post-injury 1 day

2

Group Case Left Right Difference p-value”
A 10 0.70+0.82 0.70+0.67 0.00£0.82 1.00
B 22 0.64%+0.58 0.73%£0.55 -0.09£0.75 0.58
C 8 0.63+0.52 0.631+0.92 0.00%£0.93 1.00

! mean + SD.

? Media infusion in Group A(Control), Mesenchymal stem cells transplantation in group B,

and Mesenchymal stem cells transplantation and basic fibroblast growth factor infusion

into CSF in Group C
" Paired t-test
13" g
12 ol
E 1 d___a-""n!____.r_*.-'—'_*"*--
" g "
3 -
5 o ¥
74 i
g -
— 54
@
o
3.
o
1 e A ool Ben
o
T T T T T T T T T
] | 2 3 4 5 & 7 8 g
.T Tr;sphrﬂztbn Time (week)
Inpary

Fig. 3. Basso, Beattie and Bresnahan locomotor scores in each group.

A=Media

infusion(control,

black color),

B=Mesenchymal

stem

cells

transplantation(red), C=Mesenchymal stem cells transplantation and basic

fibroblast growth factor infusion into CSF(blue).
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Table 3. ANOVA summary for all groups' by Time

Num Den F value Pr>F Multiple comparison”

Time(week) Source df  df (Ducan’s method)
Injury Group 2 37 0.05 0.95

1 Group 2 37 0.52 0.59

2 Group 2 37 2.58 0.09

3 Group 2 37 0.93 0.40

4 Group 2 37 1.00 0.37

5 Group 2 37 1.98 0.15

6 Group 2 37 394 0.03 A/CY, B/C”
7 Group 2 37 5.06 0.01 A/C”

8 Group 2 37 4.88 0.01 A/C

9 Group 2 37 7.34 0.003 A/C", B/C

! Media infusion in Group A(Control), Mesenchymal stem cells transplantation in group B,

and Mesenchymal stem cells transplantation and basic fibroblast growth factor infusion
into CSF in group C
* p<0.05

3. 247 2%

hoAGEd ¥ 35 27 2 ANAPE

A5 &4 5 owdee dued we g5 A8 &4 F 0%
(14 % el M HAFAE, B £ el Wl A T
G gAZ7] AEE o)A T3} AFRAL JFAAE B Fol o
ol A ol el A FES A/} BB T AL F
g AAZNALE 48 23} BA0l AFEAL FARE F
Fol g i ol ofv] gl Aol wolA: ehrhFig. 4)
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Fig. 4. Cavity sizes in each group in 8 weeks after treatment Upper,
Cavities(star, *) in each group after 8 weeks treatment(Cresyl-Violet
stain, x100, MetaMorph). Lower, Estimated volume of spared spinal
tissue % of uninjured cord in each group after 8 weeks treatment. The
spared volume in control group was significantly smaller than human
mesenchymal stem cells transplantation, and human mesenchymal stem
cells transplantation group with basic fibroblast growth factor infusion
into CSF (p<0.05), but there was no significant difference between human
mesenchymal stem cells transplantation group and human mesenchymal
stem cells transplantation group with basic fibroblast growth factor
infusion into CSF (One-way ANOVA test).

A=Media infusion group(N=4), B=human Mesenchymal stem cells
transplantation ~ group(N=4), = C=human  Mesenchymal stem cells
transplantation group with basic fibroblast growth factor infusion into

CSF(N=4).

SEM=standard error of the mean
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Fig. 5. Luxol fast blue-cresyl violet staining of spinal cord in control and
human mesenchymal stem cells transplantation groups. The spinal cord
of the control group showed extensive necrosis, glial scar formation and
demyelination. However those were attenuated in human mesenchymal stem
cells transplantation group.

MSC=mesenchymal stem cells transplantation group, Scale bars=10um.
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Fig. 6. Immunohistochemical staining for BrdU'. Human mesenchymal
stem cells were labelled in spinal cord injured rat section 8 weeks after
transplantation. Human mesenchymal stem cells transplantation group
with basic fibroblast growth factor infusion into CSF stained for
expression of BrdU(black arrows) around the cavity, that exhibits positive
human mesenchymal stem cell marker and survive in spinal cord injured
rat(Hematoxilin counterstaining, left x100, right x400).

1BrdU=bromodeoxyuridine
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gol AN A (Fig. 7, 8, 9).

Fig. 7. Double-color immunohistochemical staining for human

mitochondrial antibody and GFAP' in human mesenchymal stem cells
transplantation group. The cells can be identified by double color
labelling of red color for GFAP and green for human mitochondrial
antibody, which exhibits transplanted human mesenchymal cells survive
and have potential to neuronal differentiation in spinal cord injured rat
(white arrow).

1GFAP:glial fibrillary acidic protein

Scale bars=10um
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Fig. 8 Confocal image of double—color immunohistochemical staining for

BrdU' and NF” in human mesenchymal stem cells transplantation group
with basic fibroblast growth factor infusion into CSF.  The cells can be
identified by double color labelling of green color for BrdU in their
nucleus and red for NF in their filament that exhibits transplanted human
mesenchymal stem cells survive and have potential to neuronal
differentiation in spinal cord injured rat(white arrow).
'BrdU=bomodeoxyuridine, “NF=neurofilament

Scale bars=10gm
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Fig 9. Two confocal images of double—color immunohistochemical staining

for BrdU' and MAP-2” in human mesenchymal stem cells transplantation
group with basic fibroblast infusion into CSF. Upper, the cells can be
identified by double color labelling of red color for BrdU in their nucleus
and green for MAP-2. Lower, on the contrary, green for BrdU and red
for MAP-2, which exhibit transplanted human mesenchymal stem cells
survive and exhibit neural phenotype in spinal cord injured rat.
1BrdU=bromodeoxyuridine, ? MAP-2=microtubule associated protein—2

Scale bars=10um
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Abstract

Effects of human mesenchymal stem cells
transplantation in repair of spinal cord injured rats

Sung Han Oh

Department of Medicine
The Graduate School Yonser University

(Directed by Professor Do Heum Yoon)

Bone marrow stromal cells normally give rise to bone, cartilage,
and mesenchymal cells. Recently, bone marrow stromal cells have
been shown to have the capacity to differentiate into neural cells
under experimental cell culture conditions. Some investigators
suppose that these cells when placed into an environment of
injury, express factors that promote repair or active compensatory
mechanisms and endogeneous stem cells within the injured tissue,
but there are few preclinical studies on the use of human bone
marrow stromal cells in the spinal cord injury model. Rats were
subjected to a weight driven implant spinal cord injury. After 1
week, the rats were treated with cultured human mesenchymal
stem cells(hMSCs) transplantation and/or basic fibroblast growth
factor(bFGF) infusion into the CSF space. Functional outcome
measurements using the Basso—Beattie-Bresnahan score were
performed weekly to 8 weeks post-injury. Sections of tissue were
analyzed by double-labeled immunohistochemistry for human
mesenchymal stem cells identification and neural differentiation.
These data showed significant functional outcome in the group

treated with MSCs transplantation and bFGF administration
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compared with the group with MSCs transplantation and control,
which means bFGF might take an important role to improve
functional outcome. The MSCs transplantation group had a
tendency to improve compared with control group.
Immunohistostaining for human mitochondrial antibody and
GFAP(glial fibrillary acidic protein), and BrdU(bromodeoxyuridine)
and NF (neurofilament) or MAP-2(microtubule associated protein—2)
were positive in scattered cells derived from MSCs, which
exhibited transplanted hMSCs survived and had potential to
neuronal differentiation in spinal cord injured rat. For clinical
application, it is vital to solve the problems of stem cells survival
and control of its differentiation. In this study, we have not
demonstrated intrinsic mechanism of neurotrophic factor affecting
neural repair. However, our experiment 1is consistent with a
growing literature that MSCs and neurotrophic factor promote
tissue repair and functional recovery after spinal cord injury and
suggest that MSCs transplantation and DbFGF  warrants
investigation as a therapeutic intervention after spinal cord injury.

Key Words : spinal cord injury, rat, human mesenchymal stem

cells, basic fibroblast growth factor, neuronal differentiation
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