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1. 2 3}
LA =5 9 £7] Alxe 54

718 Axe g4y x5 RAt(Fig. 2 A,
FHA 7tS F w7bA 3-457F 28 Hda o] AEE Wb AR
3-4d olAdd. At = Y E7] AEe SET A dA flel 10%
FBS®F # 7t DMEM ®jA| el A 2 Z2 sk dth. Al &4 Al v Abgd
5 g 7] AEE anti-CD 105 A5 A& W ME 313 7 Aol
A 90%7F FANESS BEATH(Fig. 2 C). =3 M 3W FZA Ao g A

A CD13 3 CD1059] = A4 ¥h8-S CD45 ¢ CD34el+= &4 ¥k

oo

o

A tH(Fig. 3).

Fig. 2. Characteristics of third passage BMSC prepared from humam
using a gradient dissociation and flask adherent method. A, B. Phase
contrast micrographs shows the typical polygonal shape of stromal cells.
C. Immunocytochemistry using anti—-CD105 antibody and DAPI nuclear
marking show that primate BMSC are mostly positive (>90%). (Scale
bar 100um)
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Fig. 4. A-C. Merged picture of SMI-33 immunostaining and the nuclear
marker staining of dissociated fetal DRGs cultured in NBL medium with
3 different conditions for 7 days. A. control medium, B. BMSC
conditioned medium, C. coculture with BMSC. (Scale bar 100um).

control :ondition medic BMSC

Fig. 5. Bar graph of mean numbers of neurons with neurites after 7
days dissociated culture under 3 different conditions. There 1is a
significant difference between control medium and BMSC conditioned

medium, coculture with BMSC group (*p<0.05, two way ANOVA-test).

nl x| = o g
o} ¥l vl Al A A explant cultured] Al SMI-33 HA AN & A7 =7

o] ok dolE FAoAtHFig. 6). AA AABE7I F7F vUF ol 1 F
F

g 2457171 #7bs sl 1Ee] AAGE W0 SqRFon A
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S A A tH(Fig. 7 A, B). vk 1444 A7
NA=7] A4/ ARBAE H4)S 74
7k 6.59+1.79 ; i Zx " (n=4), 24.65¢153 ; =5 AlX wiFHd H7FE (n=6)
2692582 ; = AE FA W% (n=6) o] ATH(Fig. 7 A). 7FF 21 4749
NAE7IS A Aol= Zh7y 615.7453.7, 1652.0496.2, 1521.0+104.1um ©] %}
U(Fig. 7 B). &, A4d=719 & 9 Aol= =5 AX g A7y =
T AE EA el txa Buk ou A Bk =5 AE wjek

bk B4 A BA WFT Aol ofn] i Aol sk gloi

@
__>‘4_vl‘
>,

E717b AA S A wE (

Fig. 6. Immunostaining of fetal DRG explants with SMI-33 (A: control
medium, B: BMSC conditioned medium, C: coculture with BMSC)
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control

sondition mediz BMSC
* %k

1000+

500-

control  :ondition medic BMSC

Fig. 7. A. The relative area of neurites. B. The mean length of the 4
longest neurites. There were significant differences between control
medium and BMSC conditioned medium, coculture with BMSC groups in

length and number of neurites (¥p<0.05, twoway ANOVA-test).

4. Ab g =2 A E7] AlEOA BrE s d=de 2443

ol nlal =5 AX wigde A AAFE7S A AFAE
o] 8 Faart. oy A A =5 kg EF7] AEolA &En
W Az A7 9y ZHE JHAL AdLE YA EH. human cytokine
assay kitsE Ab8&38to] zhzbe] wif(Atgt = b S71AIE kel H

: EAA. AHE =
T Y =7 ME wgdelA AE:d S EHS IL-6, IL-8, IGFBP-2,
GM-CSF, RANTES, MCP-1, TIMP-1, TIMP-2, u-PAR, ¢ VEGF% i
WA AAAE AN HER dWEAS FGF-6, b-NGF, IL-2,
IL-3, Leptin, GCSF, MCP-1, TNF, TIMP-2 ©] %l th(Fig. 8). FA] ] oo
AMe fY dad 2e dulsde] HE=HAT oy g diEdF IL-6,

73

VEGF, ¢ GM-CSF+ A A welolA &5 4l

of WA WF A7 A
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2 43H A ot} [abbreviations: IL-interleukin, IGFBP-insulin like growth
factor binding protein, GMCSF-granulocyte macrophage colony
stimulating factor, RANTES-regulated upon activation, normal T cell
expressed and secreted, MCP-monocyte chemoattractant protein,
TIMP-tissue inhibitor of matrix metaloproteinase, uPAR-urokinase
plasminogen activator receptor, VEGF-vascular endothelial growth factor,
FGF-fibroblast growth factor, NGF-nerve growth factor,

GCSF-granulocyte colony stimulating factor, TNF-tumor necrotic factor]
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Fig. 8. Cytokine assays results. A. BMSC conditioned medium. The
positive spots were noted on angiogenin, GM-CSF, IGFBP-2, MCP-1,
MIP-3, RANTES, TNF-, GRO, IL-8, TIMP-1, TIMP-2, uPAR, VEGF,
and IL-6 binding sites. B. DRG conditioned medium. The positive spots
were noted on FGF-6, IL-2, IL-3, Leptin, MCP-1, TNF-83, bFGF, GCSF,
TIMP-2 binding sites. C. RayBio human cytokine antibody array map.
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Fig. 9. Donor dependent variation of cytokines released from human
BMSC A. Donor 1 ; IL-6, VEGF, MCP-1, GM-CSF, TIMP-1. B. Donor
2 ; IL-6, VEGF, IL-8, GM-CSF, NGF, TIMP-1. C. Donor 3 ; IL-6,
VEGF, GM-CSF, TIMP-1, IGFBP-2, RANTES. D. Donor 4 ; IL-6,
VEGF, MCP-1, TIMP-1, u-PAR, TIMP-2.

25 g Z7) AZ Sk eoh WA NBE AFAMERY A AH g
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Fig. 10. The pattern of neurite outgrowth with or without BMSC in A.
control medium, B. BMSC conditioned medium, C-E. Coculture with
BMSC. The patteran of neurite outgrowth in C-E shows derectional

growing associated with BMSC and more fasciculation. Scale bar 100um

- 17 -



o

£

IV

ol 4]

Hj

23]

Jaal

Aol

e
IoR

B
el

B

a2y

o o)

Jaal

R

—_—

Hom Hol FA ufkel

gl

sl

=

P

i

—

XV
oy
v
e
o}

oo
NI
o]
i~

23|

AL
;00

1 blocking antibody

9]

_(')4

= Y7

&

A}

=
=

2 neutralizing antibody

et
1=

)

i
o

i
]

v
o]

I

e
o

&

o ®& sample

A=

9]

= o] <l o

sl

o7} EA

o
o
el
<
i

e
23]

|

i
o

]_

[e)

7)ol Al

Jaal

Bo
)

A
i

il
Jaal

)

o

Jaal

ot
N
ol

o ools Al

o)
2N

]

T
Jo

I

cartilage, fat, tendon, muscle, and marrow stroma)=

IL-6 and 7, leukaemia inhibitory factor,

Ry
T

=5 9 A

o

stem-cell factor, GM-CSF, thrombopoietin, TNF-81,32¢} # <&

A 9]

S
=

H(GM-CSF, stem-cell

o

factor, leukemia inhibitory factor, IL-6)& glycoprotein-1303}

g AA

of F5 gelA FraiE Al

—_
o

=
=

hyA
i

BH

¥y

AL old A

5o

=
[¢)

A %A 9 HaA s} 7}

_18_



AT W o5 FEHoE AFH dWEH=EZA IL-6, GM-CSF, %
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Aol tumor necrosis factor a
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Abstract

Effects of human bone marrow mesenchymal stem
cells for growth and survival of dorsal root ganglion

neurons

Sang Won Lee

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Yong Eun Cho )

Stem cell transplantation suggests a new paradime of treatment for
spinal cord and brain injured patients. Among the various stem cells,
bone marrow mesenchymal stem cell is available to clinical use and
focus of many studies at present. The reasons are followed. First, these
cells are multipotent adult stem cells to differentiate hematopoietic,
neural, epithelial, mesenchymal, embryonic cells. Second, these cells can
be easily isolated and are available to autologous delivery. Third, there
have been wide clinical use to treat non—neurologic diseases. Especially,
in many injured spinal cord animal study, the transplantation of BMSC
improved functional outcome. But, the clear mechanism i1s not unknown.

There are many studies 1in which the survival and neuronal
differentiation of BMSC i1s not feasible. After such a short period, even
differentiated cells are highly unlikely to integrate truly into tissue and
form complex connections, which improve function. Thus tissue
replacement as the mechanism by which BMSC promote their beneficial
effects is very unlikely. BMSC behave as small molecular factories,
producing many different cytokines and trophic factors. these cytokines
included neurotrophic and neuroprotective factors by which endogenous

restorative function is probably activated to improve the neural function.
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But, the studies to prove this mechanism were rare. To confirm this
mechanism we analysed the effect of co-culture of BMSC and DRG
neurons and the effect of cuture of DRG neurons in BMSC conditioned
medium. And we tried to detect the factors secreted from BMSC. 7 day
after culture, we measured nomber and length of neurite and nomber of
surviving neurons. All of these significantly increased in co—culture
group and BMSC conditioned media group compared to control. But
there was no significant difference between co-culture group and BMSC
conditioned media group. The cytokines detected from BMSC conditioned
media was IL-6, IL-8, IGFBP-2, GM-CSF, RANTES, MCP-1, TIMP-1,
TIMP-2, u-PAR, and VEGF. Among them, IL-6, VEGF, and GM-CSF
i1s well known to possess the neurotrophic effect in vivo or vitro. In
conclusions, human BMSC secrete the neurotrophic factors which
promote the growth and survival of neurons. To know the respective
role of detected proteins, it is important to analyze the effect of the
protein for growth and survival of the neuron using blocking or
neutralizing antibody. And further studies should be performed to
examine the in-vivo expression of these cytokines following

transplantation in a spinal cord injury animal model.

Key Words : human BMSC, rat, DRG, neurite out-growth, neuronal

survival, cytokine
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