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Spinal Cord Regeneration in Rat using Neural Stem Cell
Differentiated from Human Telencephalon

Sang-Rim Kim, M.D., Kwang Hoon Chung, M.D., and Kwang-Bok Lee, M.D.

Department of Orthopedic Surgery, Cheju National University College of Medicine,
Cheju National University Hospital, Jeju, Korea

Purpose: To evaluate the effect of neural stem cells differentiated from a human telencephalon
on the neural regeneration in the severed spinal cord.

Materials and Methods: The 1% surgery involving the insertion of plastic membrane in the
transected cord was performed to prevent spontaneous healing of adult female rats (n=20, 171-237 g)
with a complete spinal cord transection. The media was inserted only after removing the previously
inserted plastic membrane in the control group (n=6). In the experimental group (n=14), media and
neural stem cell (1x) were transplanted after removing the membrane, and immunohistochemical
staining was performed. The experimental group was perfused transcardially 5 weeks after the 2"
surgery, and the level of neural cell regeneration determined by immunohistochemical staining. In
behavioral analysis, the Basso-Beatie-Bresnahan (BBB) scores of the control and experimental
group were compared weekly from immediately after the injury until 5 weeks post-injury after the
2" surgery.

Results: Immunohistochemical stain revealed no neural regeneration in the control group. On the
other hand, the survival of transplanted human neural stem cells and remarkable neural regeneration
(differentiate to neuron and astrocyte) were observed in the experimental group. In the BBB
locomotor scale, the experimental group showed significant recovery in terms of control; and the
score increased from postoperative 2 weeks to 3 weeks, and reached a plateau from 3 weeks to
5 weeks.

Conclusion: The effect of neural stem cells differentiated from human telencephalon on cord
regeneration does not produce functional recovery in the BBB locomotor scale, but there is slight
recovery of the muscle function. The survival of transplanted human neural stem cells and the
possibility of differentiation to neurons or astrocytes were observed.
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g Ju g YolH= Ago] Aastejet AZHct 22wt Adagen, A &4 Bd(FH5 A, - T
AT E7IMEE AH Qb A o]Alste] A7 aI} & o RE A A Ol Ad) F A9H AR EBe &
7|MEE] 7] dotRE o] 7P FAg Agolzle S AR 2 AlF O R Qs A A Aol WA 4
L, E71A29] EAS &3] mhofstA] Fat Abe oA ouR Amo AL o7 f3f A o Ad =
ATNA A AFE Adete A2 w8y ZAE oV g destant?, gaan AgTes FRkgon,
S 4 glom A\ Agstol whet A Az ey A HYgddae Fotol 235 skt

= e ZEket Hol Qlth, aYdE et AR -2 AL 859 A Sprague—DawleyA A (n=20,
uapel S FolA Ak R A s W AY 171-237 g)olAl &5 A¥st7] A, nt3E $la) A
at= 3ol oy, of= wf$- ek Wiatelm AR A & 1l (ketamine) 25 mg/ml2} &F(rompun) 1.3 gm/ml
AE 7|8 4= Q= AP LR o] A Sl 27 ¢ £ 54U FAet AL, uhH Y] AEE elsty] fle) T

A g
ATt AN E Hojof & Zasdo] sltkal Azt & ZA(forcep) &2 TAo]HopAl wh-Go] glow b
IHA AAEL WA 5 utHE Ao st & Ao cefazolin 50

A A E7IMEE A &4 Tl ol4stal, did mg/kegd U FABIAT el WA 9o H)
FRoNA AlAA 2 A o RE Got A}t 5T, S 7%t & T9-T10 & &elstal, $o|A Fa8
= AA &, ASE =37 & 118 279 (scalpel) 2
PSR (knife) S o 45te] T2 A2 Rojol A vhjz 3
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versity of British Columbia) 1 serum—free medisa©| 2b7] 93 5-0 NylonC. 2 E3slglon, mi Ak
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ek, AFE7M 2 FAZCR WA AZ22, 0 & & oeg A0 S FeHA & & o 1A A
AZWoll= Lac Zeh= F3447F WAll(encoding) ot 91 o wpHol A Aojubd, =3 JA& §&5 E¥ &
. (cage)ol oFHE = SQIA st4lth & & A A=
= A YA FAHY SFH = ekt ARkt
23224 & F AR 2 &L 1A e AT T 994 7] S
2 e 2 AAe 159 HEALNIH) Ao Foto] Algstden, 12 & A A SeaY v
1st surgery: spinal cord injury
Post op. 9 days [—
2nd surgery
Control: media only Experiment: media+neural stem cell
I
l | — Fig. 1. Diagram summarizing
Immunohisto- mmunohisto- ;
Weekly BBB score . Weekly BBB score ; the system of all procedures in
chemistry chemistry this experiment,
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AAsEGE o 3 1 g3t AdFm=14)& A3 #& o, LAY 24A3F BASATE. o] & 30% sucrose &
ojuf B8 A7) & Al Xl@é&% el AHgsh= EEH

Aol A (immersing)3t & FAAA T HH(long—
(thrombin), ¥ 2] %=Al(fibrinogen), Z2}l(collagen) itudinal sectioning, 25—um ¢4 H#H)E AQich 1

A 2)g uj7)E(media) 9] €32 (Tachocom™) 0,3%0,2 T g AR AEZE E)lsk7] fal o] Ag AR E
0,3 cm@t AAZ7IAE (1x10°2 o] AstglaL, 7% 7IAIZ(IZE AR E 712, F3 cell)= B—gal, A7 9A]
e WAEH] el BE & 3 W AAA QL HolE E(neuron)2 Neurofilament, AJAA]E(astrocyte)=
EAxY(cyclosporin) 18& He= Bl =, +4Y F GFAPS] £ FAE o83t oF 0\3&1% Al2Yatela
ol & 3Y7F Akt 2T (n=6)2 WAHEELE) o|AH A1 E7IM 27 A Y AU ARAER %5‘5}
ok AFQlsta, HAAA A= AFESEA] EokT(Fig. 1). e A skl

3 S 4.

fredt delde 27 £ F 554 A& F9 WIS AAE DOPRT] H ol at AR wel A
o}
=

phosphate buffered saline (PBS) 9+ 4% 3te} 5| 22} ¢ 3 upH oA Aold A%, & T 1FARH 15
3| = (paraformaldhyde) & #FA|AH "g 143544 VA0 2 5FA7A 2134 WHH 9 open—field Basso—
I, A aakEelo] 2olH Wl JOIH | o ALE o Beattie—Bresnahan (BBB) locomotor rating scale” &

Table 1. BBB (Basso-Beatie-Bresnahan) Locomotor Rating Scale

0 No observable hindlim (HL) movement
1 Slight movement of one or two joints, usually the hip and/or knee
2 Extensive movement of one joint or extensive movement of one joint and slight movement of one other joint
3 Extensive movement of two joints
4 Slight movement of all three joints of the HL
5 Slight movement of two joints and extensive movement of the third
6 Extensive movement of two joints and slight movement of the third
7 Extensive movement of all three joints of the HL
8 Sweeping with no weight support or plantar placement of the paw with no weight support
9 Plantar placement of the paw with weight support in stance only (i.e, when stationary) or occasional, frequent, or consistent
weight-supported dorsal stepping and no plantar stepping
10 Occasional weight-supported plantar steps; no FL-HL coordination
11 Frequent to consistent weight-supported plantar steps and no FL-HL coordination
12 Frequent to consistent weight-supported plantar steps and occasional FL-HL coordination
13 Frequent to consistent weight-supported plantar steps and frequent FL-HL coordination
14 Consistent weight-supported plantar steps, consistent FL-HL coordination, and predorminant paw position during locomotion is
rotated (internally or externally) when it makes initial contact with the surface as well as just before it is lifted off at the end of
stance; or frequent plantar stepping, consistent FL-HL coordination, and occasional dorsal stepping
15 Consistent plantar stepping, consistent FL-HL coordination, and no toe clearance or occasional toe clearance during forward limb
advancement; predorminant paw position is pararelle to the body at initial contact
16 Consistent plantar stepping, consistent FL-HL coordination, and toe clearance occurs frequently during forward limb advancement;
predorminant paw position is pararelle at initial contact and rotated at lift off
17 Consistent plantar stepping, consistent FL-HL coordination, and toe clearance occurs frequently during forward limb advancement;
predorminant paw position is pararelle at initial contact and lift off
18 Consistent plantar stepping, consistent FL-HL coordination, toe clearance occurs consistently during forward limb advancement;
predorminant paw position is pararelle at initial contact and rotated at lift off
19 Consistent plantar stepping, consistent FL-HL coordination, toe clearance occurs frequently during forward limb advancement;
predorminant paw position is pararelle at initial contact and lift off, and tail is down part or all of the time
20 Consistent plantar stepping and consistent coordinated gait, consistent toe clearance, predorminant paw position is pararelle at
initial contact and lift off, and trunk instability; tall consistently up
21 Consistent plantar stepping and consistent coordinated gait, consistent toe clearance, predorminant paw position is pararelle

throughout stance, and consistent trunk staility; tall consistently up
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Fig. 2. Photograph showing
the injured spinal cord (asterix),
and the insertion and removal of
the plastic membrane (curved
arrows) during the 1st surgery
(A) and 2nd surgery (B). Show-
ing the wide defect and sur-
rounding scar tissue of the
spinal cord result from the in-

Fig. 3. Images showing [-gal (+) cell as a red color (B), Neurofilament (+) cell as a green color (A)

two antibodies.

serted plastic membrane,

and double staining (C) with

Fig. 4. Image showing 3-gal (+) cell as a red color (B), GFAP (+) cell as a green color (A) and double staining (C) with two antibodies,
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M(FITC, =4, Fig. 4A)0] H 311l B-galol = X
o|(Fig. 4B),
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Table 2. Summary of the Data for Immunohistochemical Staining and the BBB Locomotor Scores

Number Weight (g)  Operation Bgal GFAP"  Neuro filament BBB (Rt) BBB (Lt)
1 196 Media only — - — 0,0 1,1, 1,1 02 2 2 2 2
2 180 Media only — - — 1,1, 8 3, 3,3 0,111,111
3 211 Media only — - — 01,2 2 2, 2 0,00000
4 218 Media only — - — 46,9 9, 10, 10 57,9 9 10, 10
5 220 Media only — - — 0,000 00 1,2, 2,2, 2, 2
6 197 Media only — - — 2,4,7,8,8 9 0,00000
1 237 Stem cell + + No 0,00 00 2 1,38 9 9 9 10
2 213 Stem cell + + No 0,0 00 0 0 1,2 3,3, 8 3
3 193 Stem cell + + No 1,8 3 3, 3,3 1, 1,9 11, 11, 11
4 171 Stem cell + + No 3,12, 19, 19, 19, 19 0, 0, 11, 14, 14, 15
5 205 Stem cell + + No 0,00, 6, 6,7 7,7, 15, 15, 15, 15
6 216 Stem cell + + No 3,8, 8 13, 13, 14 7, 10, 14, 16, 16, 16
7 233 Stem cell + + No 14,16, 18, 19, 19, 19 3, 3, 9, 9, 10 10
8 213 Stem cell + No + 0,1,1,3 3 4 0,0,00 0 0
9 222 Stem cell + No + 003333 033333
10 204 Stem cell + No + 0,00 1,1, 1 1,3, 6, 6, 6, 6
11 201 Stem cell + No + 0,003 33 2,2, 14,15, 15, 15
12 199 Stem cell + No + 2, 2,210, 13, 14 4,9 9, 16, 18, 19
13 207 Stem cell + No + 0,012 2 2 0,012 2 2
14 237 Stem cell + No - ,0,0,0 1,1 . 1,1, 8 3,3
*B-gal: [B-galactosidase, " GFAP: glial fibilic acidic protein,
A . B .
7 Rt. lower extremity 10 - Lt. lower extremity
—e— Control o4 T Control
6 —=— Experiment —=— Experiment
[%2] » 8_
g 5 o
3 g 7]
5 4- s °
: £
g 7 g 4
@ 27 B 37
B 1 ; 2_ ././.—’/’/‘
1 -
O T O T T T T 1

Weeks

Weeks

Fig. 5. Image showing the behavioral analysis with the BBB locomotor scores of the right (A) and left (B) lower extremities.
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279 ¢= 3129 B BBB A4E & F 1,17,
135 2.00, 254 3.67, 3374 3.83, 454 4.00, 5%
A 4,179, #5 A= & F 1.00, 154 2.00, 2
FA 2.33, 3FA4 2.33, 454 2.50, 5FH] 2.500] T},
Ago] ©= 3HA]9] ¥t BBB H4E & & 1.64, 13
A 3.00, 254 3.93, 3FA 5.86, 4FA 6.14, 534
6.430]01L, F= slA= & & 1,93, 134 3.14, 254
7.43, 374 8.71, 454 8,93, 53FA4 9.0701%t}, =
stA] 9 2= 512 9] BBB H4 = WZ?LOH Hléﬂ i
oA FAHOZ ulE F7HE  Hil(student
t—test, p=0,014, p=0.010), A& ] 1 —7— 1 3FA

of 359 FA4% F7HE Holil, o|F &L & Aol7}
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