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The Effects of Adipose Derived Stem Cells on entiated into supportive cells such as Schwann’s cells
Neurogenic Differentiation and Induction of Nerve and thus contribute to nerve regeneration. Accordingly,
Regeneration the use of adipose tissue obtained easily without the
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Using adipose derived stem cells(ASCs), neurogenic

: AABES 2S 27
differentiation was induced in a mono layered culture e EL_’] Z]EE Ash A7k A%
medium containing neuronal induction agents. Cells Ak, AT £ AT AR dold= xﬂ‘_o] At A7t
differentiated to the neuronal cells were observed with a ANAolA oz g7 ojEE A A F AL BAYET
inverted microscope and immunofluqrecent s?qu. A 229 2z Zu(silicone tube) £L AAKFERS o
We made a 15 mm long defect in the sciatic nerve a3t NARYL AN T HE b RS A T 2
of 14 rats and connected a silicone tube to the defect. oo e = 7 18l 77k A=A _
Then, we mixed neuronal progenitor celis differentiated I BEAER 233, e HAESH 524 &
from ASCs with col!agen gel and grafted them to a 7 AL whl A (neurogenic protein) BEE FHEA A X
grcl)lup of rla.tst(experltr:ental gr(oup)t Tnd gr;.-:ftled4 onlz (Schwann cell)s} 22 7§14 ¥ (combining cell)Z o) &3}
collagen gel into another group(control group). In 4 an i
. ) . Ho aEALA ENCY » mo
8 weeks after the graft, histological observation was ol ABAYHS FYAA )\]7‘:’]@1‘—3 Agstefe w2
made. According to the result, the number and diameter ANE7} theFstA o] FolA 1 gt
of myglinated axons were s.ignificantly increased in 'Fhe 1989139l Ejo} F(fetal rat)e] &5 ANAA A t}F3 2
exper.|menta| .group. In addltlpn, the nerve conduction 8 =2o] Q= ALY 27} 17459l 01 2 1994 d o] =
velocity was improved more in the experimental group B mae 17 o] Z2A]A
and neovascularity also increased. Moreover, reaction A7 BA sFHe 7h 27 Aj] (stem celh) o] 17
with S100 and p75 was observed in regenerated nerves Aol 243tk BRuEHAY” o)ed FUMHEES Y
in the experimental group, suggesting that the grafted 3 AT B 5858 X1 gon, AAALG A
cells wer’e differentiated into supportive cells such as AALE olUe HATAT, HEARAE S AF
Schwann’s cells. e ops W ElE] 2 o]l ago o
In conclusion, this research proved that ASCs can A2 ATEZ kst 318 & de 58 AR A
multiply and differentiate into neuronal cells. If they are o} o] E E7HZEL A HAFY, et 871, H
grafted into nerve defects, the grafted cells are differ- 2= obol] ZAsl Yo, j_}.g]_f_:_/y\]tgl“l 4 5@,5 =
50 g4 Asks §73 2 A9 Az0] 4¥de=
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) 274 E(ASCs)E o] 8-51e] AAAT AL A
T ik oo AAEE 4ge)a G A
e T e AY FEEAAM EVIMNE(ASCs)E
shed AAMNER E3A7) 1, WA FHZ AA 15
TEo] AEwoZ A &, 1 9 13}

¥ 417 7)7+H Z(neuronal progenitor cell)E FYAA
3 A (in vivo)°ﬂ/\i AR QA B X FEFS Aol 7] 9
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1) X|ZE|o| 2
Ao AHEE AW FEEL 42 3 BNZRE A3

]o

§ o 10g9] AF ALZRALE 1% FAT-F7 F ) (anti-
biotic-antimycotic; Gibco BRL, Grand Island, NY)7} %3
% phosphate buffered saline(PBS; Sigma Chemical Co.,
St. Louis, MO) 0.2 33] &35 & TFAeiolA] 273 oF
1mm H=2 A Ao

A 250-270g9] 8% 73" 3 #3F(Sprague-
Dawley rat; Biogm Co., Seoul, Korea) 14v}2]& Alg %
AG o] GRS 1577 ALS3 & Ago) AL

aHit.

L AU

1) X[ *?rEH E7|Mze| 22|t i

AA A FE3 AWz=L PBS(phosphate-buffer sa-
line)2 7)320] Aojo] BaB 3 JPFHEE AAFS
). M3 3+ F+ZE(aspirate)S PBS, 0.075% Z&hA 2 &
Zx(collagenase type I, Sigma Chemical Co. St. Louis,
MO)st & 8Hste} 3087 37°Col A 7hi A ESo] 24tk
@2l DMEM(Dulbecco’s modified Eagle’s medium;
Gibco BRL, Grand Island, NY)3} 10% -<$-el &3 (fetal
bovine serum(FBS);, Gibco BRL, Grand Island, NY)o. 2
o Bl as 8-S AAAI L, 1083 250 goll A ¢
A Eeste 459E AASAS. AA M EF(cellular
pellet)S DMEM/10%FBSell A %-f %, 100 ym mesh fil-
terel] §HAA BEEE AASL 10°-10° AE/cm’e
FE2 WY Sehead) dsdn. Az wode
DMEMe 20%¢} L83 FAA10U/ml HUHA G
2Yed 0ug/ml GEE A B)E AHEsATH 27] 24
AlZE Fol] BReA] ofe AXE AAG F, 390 & ¥
B AEE Fd S mBF] 0w of 80% o)e] A
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2 zaPdel(confluence)o] o]z, 0.25% trypsin-EDTA
(Gibco BRL, Grand Island, NY)2 A|¥Z 223 & A
st AXMA Al Fels FAAE H7FeHA
%2 DMEMe| 20% ¢-ei@7el d7te wjgdg AHe-s
AT

2 AAMERO 23 R

A7 ME2 2] 9% A2 e 20ml
DMEMo] 1mM¢ BME(B-mercapto-ethanol; Sigma
Chemical Co., St. Louis, MO)<} 20% —?—EH%]% L HA7}s
of 2447} Sot wjekstgth AAME =3t7] 8) ot
Al 20ml DMEM¢| $ej8d& zﬂﬂt& 10 mM¢| BME7}
H7hE Wl oz wAGY 247 B AT %, A7
AXe] RHEIS A& 08 FA37] st 2% T g
A F AL =(DMSO; Sigma Chem. Co.)¢F 200 M -5
o|Edlo]l=2 A& (BHA; Sigma Chem. Co.)o] &H%
20 ml DMEM Hj kel o 2 wjdslgon 4Q0] 3hAA A
B¢ wfFd o R wA AT

] U l{ l tﬂrE *ﬂnﬂ K
HE 9 drider #Asa, 23t AERE HEd
S| =8 9% R E A F, xﬂzLHA B EA
YolAl 2 A Ast7] st 3% H0.2 587 Ae)stgrt.

AZAEANA Eoldorg L35l o)A NeuN(neu-
ronal nuclei; Chemicon Int., San Diego, CA)¥} 417 i Al
3o B shE @ A9l S100(Dako, Glostrup, Denmark)
7} p75(Santa Cruz Biotechnology, Santa Cruz, CA)9] 13}
FAE F2olA 247 B AEsA) 23 AU Cys-
antimouse antibody & 20%-3F A 2]3}3 ¥4 2| (Rhodamine
& GFP; Sigma Chemical Co., St. Louis, MO)& o]
% ¥4 dvjFoz ATk

4) 23 LG 7[ZMzEe] WA LY o[

ok & 12452 A7 A IS0 o)A o] &HY
T} o]4] 48A17F Ao 10 uM BrdU(Bromo-deoxyuridine;
Sigma Chemical Co., St. Louis, MO)E 3 7}sle] E X35}
Ao, Wod NEE Zga A ¥x 004mld 4 x 10°
N ME7} EFEHTE gHEH o7 Ao FEIA BH
Al & 08mme] WA Z 17mme] HelE 7px A&
#eto] micropipettes o] &3] =¢34t

el Ketamine 100 mg/kge} Xylazine 10 mg/kg&
Bl FS13ked vhAN7 2, BAE A 2 22
e &, TR QR AEE AlFgsyrt. T59 o
E 5
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with neuronal
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Fig. 1. (Left) 15 mm sciatic nerve defect(white arrows) was bridged with a silicone tube. Both the proximal and distal stump
of the nerve were inserted 1.0 mm into tube. (Right) Schematic diagram of control and experimental group.
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a. )T (control group; without neuronal progenitor
cells): &3 A7ZZE F9& AT 2 & ¢l
0.04mle} Zebdl ATE FAs T

b. A3 (experimental group; with neuronal progeni-
tor cells): B2 AAZAE 2SS AS AE o
Stell 4 x 10749) 417 ZZHAZEE] LFH 0.04ml
o 2o AL B ool FRsHA

5 M| W AlF 7|ZIMZ OfA] T =A| RjMe| HI|

ojal & 4F(4vhE])e} 83107t A& H7F|
Ketamine 100 mg/kge FAIslA vl st &, B9 2 A}
A 2 mEg 2HA 7L ER tﬂﬁhoﬂ AEE AFYs
Ak #HF ARG A2 #E 2A2HA dEstd =%

AT
a. ZZskz oz
X % 470kl 85 (100} 2l)o] A2 o] B4
H _7,:2—]% 25% glutaraldehydedll 117 A1Z] &, Sorenson’s
phosphate buffer(pH 74)Z A ojll ¥ alcohol®] L&
Z7IN 71 2Z& @A ZH Y. Propylene oxideZ 3
P EREEEREERE SR ERES S ERER
23k} AME 279 TN 2mel FAZ 24 L
& %, toluidine blue$} hematoxyline-eosin(H&E) $3 4
S 3o, Z+ 223 F3t dr| P22 400u) o] viEol A 4
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of Aol A A8 229 dFE gl
, WA A (micro-scopic sections)$- 99% ol
N7 %, AEe] HEAAE A
93le] 3% H.0,5 587 223l el BrdU, S100, p75¢]
g 13} FAE A2 M 240 T A 24 @
A2 Cy3-antimouse antibody$} Cy3-antirabbit antibody
2 2087 Aestx A A (Rhodamine & GFP; Sigma
Chemical Co., St. Louis, MO)Z @ojx=d 3 33 duli
o2 FFI

c. A (electromyography) A}

V5H AAE o o4 F 83 A2 479 A5
A A7) Ags 5487 A8 235 AAHMeldec Syn-
ergy, Oxford Ins, UK)E Aj3s}e] »BlE-Z(gastrocne-
mius muscle) 229 A7 Hg £5F vuwsArh 17|
AFe AE #e 2R AR AR EE 3
1, 8% 7]2 @ (active recording electrode)2 Hj &
o, thZHZ(reference electrode)e o}Z @27 (Achilles
tendon)ol], % *]43(ground electrode)-2 o) E £ )&}
o] AY3stach Sweepd 10ms, gaing 200uVZ 3l
=4 vlastArh
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6) SHEH Xz

A7 vt glol, AT biasE Folx & A
Qb Al Ztzbs wlwstr] flE FARHoE SPSS for
windows " (version 10.0 SPSS Inc)Z o] &3} paired t-

test® Al Y3t
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1) Bl 2 AjZtoll w2 MES| HEf s}

A E71AFY Fele FAE Zgol e (Fig

2, Left), BME AH2jgle] AA4HEE] £y} F29 14
b &, 2 moke) AwhE 271429 AELe] ¥ %

2
02 F2YE] 358 54 (multipolar) e} k=4
A7

(bipolar)} AZAE Hel2 Wakssic. 3}e Az
%F 2407 F APAES} ol # 9359} 717} o)
FEHgon E7)E 7} ]% s} 8 7912 2 wﬂoi

#3135} 9 th(Fig. 2, Right).
-P,— Z&t7] 93] DMSO/BHA
ol A WFEHE, BME Al & 59 iz iy
12§ AEA0) 88 B4R SxelEo] molk 3
2 wshso 4449 YUE ol FATHFig 3, Lef)
HH‘>k 2"]7} *ﬂi" =71 A4 P:E:Oiﬁ Aol &

Fig. 2. Inverted microscopic findings of neurogenic differen-
tiation of adipose derived stem cells by BME treatment; Flat
ASCs were shown at first, retraction of cell body and process
eleboration is evident with increasing time. (Above) ASCs,
(Below) After 2 hrs treatment. (X 200 magnification)
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Fig. 3. Inverted microscopic findings of neurogenic differentia-
tion of adipose derived stem cells by DMSO + BHA treatment;
ASCs preserving the shape of neuron proliferate with increasing
time. (Above) after 1 hr, (Belovw) after 24 hrs treatment. (< 100
magnification)
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Fig. 4. Immunofluorescent staining of neurogenic differentiated adipose derived stem cells by DMSO + BHA treatment; (Left)
NeuN, (Center) 5100 (Right) p75 expression. (x 200 magnifications)

Fig. 5. (Left) Regenerated tissue 8 weeks after grafting of collagen gel not containing neuronal progenitor cells. Although
myelinated fibers were noted, they were few and small diameter. (Center & Right) Regenerated nerve 8 weeks after grafting of
neuronal progenitor cells embedded in collagen gel. Myelinated cells with a large diameter were observed in a sufficient number.
Many fibers had a thick myelin sheath. Angiogenesis was remarkable around the nerve fibers. (Left & Center) Toluidine blue
stain, X 1000, (Right) Hematoxylin & eosin stain, x 400.

F 4FNE FEYA SR 0|4 F 87914 107}e)
F vheol e BEESIon, UnlA seheolE A
£ Bk xghe 2AAY AYUL AV 212 ¢
Atk AB7IZFHALEE ol 4 APl e o) F 4%
o) 4vtel 3 detelol ) 7% Ae] Yelwon, o) F

85l 10mte] 2% AA XMO] dojydth. Rl e
WS 23 Qhof] ofzhe
5, Left) 2@ o) A
5, Center), H&E Mol AAH 217 <o 24
(angiogenesis)o] &= ¢ItHFig. 5, Right). o]4 4F &
Aol e 2ol F4e) 7h 4009 9] W&ol N Be
2 ¥ 502 + 144 QR 04 85 Fole e 43
oM zbz 109 + 4270, 776 + 042 AFPFolA e @
13 &4 71 27150 ARD(p<001), o4 4% ¥
Ao A Tol Fake] 2 E-S 1,00001 ] wl&dlAM 3
Tt 295 £ 179 ym 1, 0|4 8% Fol& hETd 437
oA 4zt 144 + 034 ym, 5.25 + 094 ym=Z Aol A
A Eo] ¢ F& RoFUtH(p<0.01)(Table D).
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thymidine2] &4 BrdUZ 3% 7|
H ZA L anti-BrdU antibody2 AHZZ 382 g4
il g An|gstel A AL o, A7
AEZEol WHEstRer ole A7 7IRtAEES Y&
35 sttt HEo] o]g F S100, p75%} BH-&-3t=
HEEo] #EHAOT, o] oj4d A7 7I1NHEEY
57 I A2 2E AANZE Z3EJSE 9
u) 5} 9 th(Fig. 6).
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Fig. 6. Double immunohistochemical staining of regenerated tissue using anti-BrdU antibody and (Left) anti-5100 antibody and (Right)
anti-p75 antibody. Both BrdU-antibody-positive(green) and S100 or p75-antibody-positive(red) cells were noted, and the grafted neuronal
progenitor cells are considered to have differentiated into Schwann cell-like supportive cells.

Sciatic-Gastrocnemius(Control)-7L Sciatic-Gastrocnemius(Experimental)-7R

Fib Hgad 1

Knee 2
20ms 100V

Ankle 1
10ms 200 V|

4

Fig. 7. Electromyography 8 weeks after grafting between without and with neuronal progenitor cells. (Left) In the tube filled with
collagen gel alone, no nerve action potential(NAP) could be recorded on the distal side on electric stimulation of proximal side or
decreased nerve conduction velocity was shown. (Right) In the tube filled with neuronal progenitor, clear nerve action

potentials(NAPs) could be recorded.

Table |. Comparison of Nerve Regeneration

Without NPCs (Control) With NPCs (Experimental)
4 weeks 8 weeks 4 weeks 8 weeks
Regenerated nerve 0/4 2/10 3/4 10/10
No. of myelinated fibers - 109 + 42 502 + 114 776 & 90*
Diameter of myelinated fibers(um) - 1.44 + 034 295 +1.79 525 * 0.94*
Nerve conduction velocity(m/s) - 22450 £ 5.016 - 45.511 + 5.083*

Comparison of regenerated nerve, number of myelinated fibers, diameter of myelinated fibers between with and without neuronal
progenitor cells.

Significant promotion of regeneration of myelinated fibers was observed 8 weeks after neuronal progenitor cell grafting compared
with grafting of collagen gel alone(control).

*p<0.01. NPC means neuronal progenitor cell.
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