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Transplantation of Human Umbilical Cord Blood Improves Neurological
Outcomes in the Rats after Traumatic Spinal Cord Injury

Yoon Ha, M.D., Ph.D.,' Seung Hwan Yoon, M.D., Ph.D.,' Hyung Chun Park, M.D., Ph.D.,’
Keung Nyun Kim,M.D., Ph.D.,* Do Heum Yoon, M.D., Ph.D.,” Yong Eun Cho, CA., M.D., Ph.D.?
Department of Neurosurgehynha University College of Medicine, Incheon, korea

Department of Neurosurgefy{onsei University College of Medicine, Seoul, korea

Objective : Recent advances in stem cell biology make it possible to induce the regeneration of injured axons and
to replace lost cells in the injured spinal cord. It has been found that stem cells in human cord blood differentiate
into mature neurons and glial cells both in vitro and in vivo. These findings suggest that human umbilical cord blood
cells(HUCBs) can be used as therapeutic donor cells in cases of spinal cord injury.

Methods : To attempt the repair an injured cord following spinal cord injury(SCI), we transplanted HUCBs into
contused spinal cords. This was found to promote a long-term improvement in neurologic function relative to a
lesion-control group. HUCBs were cultured in vitro for 7 days. Bromodeoxyuridine(BrdU) was added to the media
to allow the BrdU to integrate into dividing cells. Cultured HUCBs(2X106 cells) were then injected into the injury
epicenter 7 days after SCI. The Basso-Beattie-Bresnahan(BBB) locomotor rating system was used to score functional
improvement in HUCBs transplanted rats. Immunohistochemical staining for neurofilament, macrotubule
associated protein 2(MAP-2), glial fibrillary acidic protein(GFAP), and nestin was performed.

Results : Immunohistochemical analysis 5 weeks after SCI showed that gliogenesis of the transplanted donor
HUCBs had occurred within the adult rat spinal cord. These donor-derived astrocyte-like cells extended their
processesinto the host tissues and integrated well. HUCBs derived neurons(neurofilament, MAP-2) and nestin
expressing cells were also detected. Behavior analysis using BBB rating scores showed that functional improvement
was greater in transplanted rats than in non-treated rats.

Conclusion : HUCBs are one of the potential sources for transplantation material for the treatment of SCI.

KEY WORDS : Human umbilical cord blood cel(HUCBSs) - Spinal cord injury - Transplantation - Gliogenesis -
GFAP - Bromodeoxyuridine(BrdU).
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Fig. 1. Immunocytochemical staining of human cord blood
monocytes shows cells which were immunoreactive to nestin (A) and
CD (cluster of differentiation)133 (B). A : Nestin expression is found
exclusively on subpopulations of mononuclear cells. B : Cell mem—
brane protein CD133 expression is detected in mononuclear cell
populations. C,D : Confocal microscopic images of cord blood
monocytes in which double—-labeled immunofluorescent
preparations demonstrate the co—expression of nestin and CD133.
The arrowheads in C and D show the same cells co—express nestin
and CD133. The arrow in D shows CD133 reactive cell which is not
immunoreactive to nestin. Scale Bar =20um

Adult Cord Adult Cord

Adult Cord

231bp

B-actin

Nestin CD133

Fig. 2. Reverse transcriptase—polymerase chain reaction(RT—PCR)
analyses using nestin, CD133 primers. RNA is isolated from fresh adult
and cord blood. f—actin serves as an internal control. In adult and
cord blood cells, no significant intensity differences in—actin bands
are noticed. Nestin and CD133 expression are seen exclusively in
cord blood. Nestin and CD133 expression are not observed in adult
blood. The data presented are representative of three independent
experiments.

HCl buffer&Ho 4 streptavidind} horseradish peroxida—

se(Vector Laboratories, Burlingame, CA) &3-S &3t
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nestin AIE #2gt T FITC-conjugated anti-mouse IgG &
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Kawasaki, Japan)& A4k,

A Al 3 A2 9] nestin, CD133 mRNA
RT-PCR

Trizol-LS (Invitrogen Corp., Carlsbad, CA)E o|-&ato] &
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2 717} (I)nestin, accession no, X65964, the upstream
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3'), the downstream (3 )primer—positions 2040-2021 (5 —
ggagatctcagtggetett—3'), 251 bp amplified product. (2)CD133,
accession no, YO0067, the upstream (5 )primer—positions
1510-1531 (5 —gagcgeaaagactacctgaaga—3), the downstream
(3 )primer—positions 1719-1740 (5'-cgactctagctcgatgetettg—
3), 231 bp amplified product.
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Michele Bassos©] 703t Basso, Bresmahn, and Beattie
(BBB) locomotor rating scale AM8310] BABIGICH (H4=A4)
A, AT 19, 39, 7Y, 149, 219, 28%, 35%). A=
double b-lind techniqueE ol&sto] &AsIl oM AAAT =
7 A W29 Figho R sk 4= unpaired t-
testE Al3YsHat.

T
paraformaldehyde% R )

o 222 10% formahnoﬂ o] 3143t H frozen Qe F &
S vhso] A Aol 24 555 10um?] F7= 4
Hto] 4] Sefo] Lo Bapshgin),

Anti-human nuclear proteins(MAB 1281, 1:50, Chemicon,
Al Alzzof gt EAARR o] &8kl Ukt
A= Aot & SRS ol8ste] 40Co Al 18417t F2F st
9Att. PBS buffer(pH 7.6)% %3] Al2jek 5o WA Z DAB
S AEESIT) EhAEkL o] Evt H elution MO 2 X ATk &4
oo} Agke: Hefgt | 72} nestin, GFAP(glial fibrillary acidic
protein ; mouse monoclonal, 1 :1 00, Sigma, St. Louis, MO)2-
2 o]FHAHAL: AJgYstct BHA|R nickel hydrochlorides ©]
&otoih,

FHHYRRS2 BrdUel tgt al(sheep poly—Ab, 1: 100 ;
Biodesign, Saco, Maine)2} neurofilament(mAb,1 : 100 ; Sigma,
St. Louis, MO), GFAP %+ microtubule associated protein

Temecula, CA) &

16
147 | o fransplantation *
12 Control
10 1
o 8
2 4 /l
21 T \
01 = Transplantation
1 4 7 14 21 28 35
Days after trauma

Fig. 3. Analysis of locomotor recovery as measured by Basso,
Bresmahn, and Beattie locomotor rating scale scores. Animals treated
with cord blood cells 1 weekafter spinal cord injury show significantly
improved locomotor recovery.(x, P< 0.05. Data represent means +/—
S.E)

Y Ha, et al.

2MAP-2, mAb,1: 100 ; Sigma, St. Louis, MO)E ¥+ A7] 3 o]
A& 2 texas red”} AEHE O] 2= anti-sheep antibodies(anti—
sheep poly—Ab,1 : 200 ; Vector Laboratories, Burlingame, CA)
3} fluorescein isothiocyanate(FITC)7} AgtE|o] Q)= anti-mouse
antibodies(1 : 200 ; Vector Laboratories, Burlingame, CA)J&

Hk2-A)7] 2 confocal microscope & 774 3Hict.

Merged

Fig. 4. Expression of anti—human nuclear antibody (MAB1281), nestin,
glial fibrillary acidic protein(GFAP) and microtubule—associated
protein 2(MAP-2) in the injured spinal cord [transplanted with
bromodeoxyuridine(BrdU) incorporated HUCBs]. A : MAB1281 antigens
were found in injured spinal cord tissue, suggesting that fransplanted
HUCBs integrate well in the rat spinal cord(the arrow indicates
MAB1281 immunoreactive cells). B : Double immunohisto—chemical
staining with MAB1281 and anti—nestin antibody showing transplanted
HUCBs form nestin—expressing cell clusters(the arrow indicates a
MAB1281 immunoreactive nestin expressing cell). C : Double
immunohistochemical staining with MAB1281 and anti—GFAP
antibody showing some transplanted HUCBs differentiate astrocytes
(the arrow indicates a MAB1281 immunoreactive GFAP expressing
cell). D—I : Immunofluorescent Rhodamine(red) showed that anti—
BrdU—reactive HUCBs(E,H) express phenotypes of astrocytic marker
GFAP(D) and neuronal marker MAP—2(G) in the recipient rat spinal
cord. Laser confocal image showing colocalization of
immunofluorescent labels GFAP and BrdU(F), MAP—2 and Brdu(l).
Approximately 2% of the BrdU—reactive cells expressed GFAP
(astrocytes) and less than 1% MAP—2 (neurons). Bar=15um.
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Fig. 5. Expression of BrdU and neurofiament in an injured spinal cord
[transplanted with HUCBs incorporating bromodeoxyuridine (BrdU) |.A—
F) Immunofluorescent Rhodamine (red) showed that anti—BrdU—
reactive HUCBs (B,E) express phenotypes of neuronal marker
neurofilament (A,D) in the recipient rat spinal cord. The laser confocal
image shows the colocalization of immunofluorescent labels
neurofiament and BrdU (C,F). Most BrdU immunoreactive cells were
not immunoreactive to neurofilament (C). These BrdU expressing cells
were arranged mainly along the spinal cord in parallelwith
neurofilament expressing cells (C). Less than 1% of the BrdU—reactive
cells expressed neurofiament on their cytoplasm(F). Bar=15¢m
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