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Peripheral nerve regeneration using a three-dimensionally cultured Schwann cell conduit

Soung-Min Kim'~, Jong-Ho Lee'

Department of Oral and Maxillofacial Surgery, College of Dentistry, Seoul National University’
Department of Oral and Maxillofacial Surgery, College of Dentistry, Kangnung National

University’

The use of artificial nerve conduit containing viable Schwann cells is one of the most promising
strategies to repair the peripheral nerve injury. To fabricate an effective nerve conduit whose
microstructure and internal environment are more favorable in the nerve regeneration than
existing ones, a new three-dimensional Schwann cell culture technique using Matrigel® and dorsal
root ganglion (DRG) was developed.

Nerve conduit of three-dimensionally arranged Schwann cells was fabricated using direct
seeding of freshly harvested DRG into a Matrigel® filled silicone tube (I.D. 1.98 mm, 14 mm
length) and in vitro rafting culture for 2 weeks. The nerve regeneration efficacy of
three-dimensionally cultured Schwann cell conduit (3D conduit group, n=6) was assessed using
SD rat sciatic nerve defect of 10 mm, and compared with that of silicone conduit filled with
Matrigel® and Schwann cells prepared from the conventional plain culture method (2D conduit
group, n=6). After 12 weeks, sciatic function was evaluated with sciatic function index (SFI) and
gait analysis, and histomorphology of nerve conduit and the innervated tissues of sciatic nerve
were examined using image analyzer and electromicroscopic methods.

The SFI and ankle stance angle (ASA) in the functional evaluation were -60.11+13.9,
37.9°£5.4° in 3D conduit group (n=5) and -87.0+12.9, 32.2°+4.8° in 2D conduit group (n=4),
respectively. And the myelinated axon was 44.91%=%0.13% in 3D conduit group and
13.05%%1.95% in 2D conduit group to the sham group. In the TEM study, 3D conduit group
showed more abundant myelinated nerve fibers with well organized and thickened extracellular
collagen than 2D conduit group, and gastrocnemius muscle and biceps femoris tendon in 3D

conduit group were less atrophied and showed decreased fibrosis with less fatty infiltration than

2D conduit group.



In conclusion, new three-dimensional Schwann cell culture technique was established, and
nerve conduit fabricated using this technique showed much improved nerve regeneration capacity
than the silicone tube filled with Matrigel® and Schwann cells prepared from the conventional

plain culture method.

Keywords: Three-dimensional culture, Schwann cell, Peripheral nerve regeneration, Dorsal root

ganglion, Nerve conduit

"This study was supported by a grant of the Korea Health 21 R&D Project,
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As 2 Y

1. 39 W gE 7HF AE =72 7| (Development of three-dimensionally cultured

Schwann cell conduit)

1-1L. AR A o] H4S2d 2 HE AA} Al E 8] (Primary cell culture from dorsal root

ganglia [DRG] of new born rat)

3l F-d v 7 (Fig. 1, Olympus SZ-40)S ©]-8-3}4] 414 Sprague Dawley (Sam:TacN [SD]
BR) B A 9] 245 d S A el =, 5 vl Y (main culture medium [M-10])<
MEM (Eagle's Minimum Essential Medium) 93m{, "} & % (horse serum) 5m{, 50% - =133}
2mg/m¢ ZERALOl Al Il 5 o= RFETh W dE HaEFS2Ae S5 dAu A kel 2A
zk2} A phosphate-buffered solution (PBS, pH 7.4, Gibco, USA)o A 0.25% Z2}A|L}o}A]
(Worthington collagenase type I, USA) 1m{ ¢} 0.2% DNase (Gibco, USA) 0.1m{ & ©]-8-3}
a2 A ste] 7083F 37°TAA et 800 rpmell A 5E3F LA E2lF, 0.125%
trypsine-EDTA (Gibco, USA) 2ml & F7}3Fo] 10427 37 Coll A vl gk -, = vl &kl sml &
Abgste] Sl HA"ste] WA HERY @A AZ AlEES tA] 523 1000
rpmol| A A4 Fe] 3 5 Fuj el o & 33] Mol 5, vl 8-7] (polyethylemine coated dish,
Sigma & Corning, USA)oll A Bl A AT ARFEAMEE AASL 573 FHAXES
.o 7] 18] {4 A A (antimitotic agent, Cytosine B-D-Arabino-Furanoside, Sigma, USA)E
ARgsE o, 1 ol ARA g v 7192 o] I E = (Lee's culture technique)S
] R

Hj o 8-7] U o] M3k = 933317 (inverted microscope, Leica Cambridge Ltd., UK)Z}
A4S (hemocytometer) S ©]-83F3 o, AEA e} AEe] HeE 7|55
o] A7N 9] ]l e] Alof (M8 %100, Imm?) W] ] F A A E =oF FFHHAI X =5 AXbelal =),
QAE Fol7] flall = X3 AFY dojglr Ho| v AEs ALz
BAZe AEe AT Aslal dg At 33 A st A E

AP EG o AR Al ES0l 10,0008 S @A 1 ml oFe] Al EFE -3F T



1-2. 3%} 74 Al X v % (Three-dimensional Schwann cell culture)

13 mm 279 A2=d AvZFelxo] 20-30 ule] A EL7]2 A (GFR Matrigel®, BD
Biosciences, USA) & S/ Zol 2, 1] D i& 930 (precooled pipett)= ©]-&3Fo] gF

e GHHES @ 5, A5yodeve AAN 24e wE 2YaYA 0

N

(plated)aF 3 T, Bl &F & 7] W 2] A Z2}2~ (coverslip in 35-mm Petri dishes)S 37°C, 95% air

/ 5% CO, vlg7]el A 1583 Fof nfEZ A ] nAge s & &, Fojgd 2nE

o] &3Fo] H-- vl & (cultured in rafting fashion) 3}aL, ©] - 23+ A7 9] A=} Al 3L vl S}
1—.3_ l:ﬂ—tﬂ oz HH 01:~}Oﬂ1;1r 12-15)

ol o} Zro] 91 9] 1-1 Wi} 2 FH w g 32k WSS vl Xkl

=
3ah41 O whE 2 AR 3m 7] 0] 24 AW WSO A 1,2,3 77 242t HEE 943}

>

S100 A (rabbit, 1:100, Dako, Denmark) 2 GFAP (glial fibril acidic protein) &} (rabbit,
1:100, Pharmingen, USA)E ©]-&3F HAAM xS} AAE Falo] wjF 7|3t &
TR E ot g bkt WA 25kehA A2 PAP W S Al =T,
Zhefs] A i, pH 7.42] PBSO A A =8k AlZ1 F, 30871 0.6% Fak st =l Féto]
WAks s A st AT F, 1:509] 7 HA] @O R v 5o] S Flof

Z}z} 1A1ZF 5 <QF rabbit polyclonal S-100 &) 9} rabbit polyclonal GFAP &9} 2+

HN

Q]
=

‘
-

flo

GAE WESAF L o2} A (horseradish peroxidase-conjugated secondary antibody)E-
A7 For wbe A7 2, vixuto 7 A3l d A3bg4 wAlA] (3,3'-diaminobenzidine
tetrahydrochloride chromogen, DAB, Dako, Denmark)= 103+ HIFA] 7131 100] 314 =
87 A A AT

AIFE B4 FA (ImageTool® computer analysis image system)& ©]-&3f WS
Whgol A FAdS B AEES AR, 24 Aol A H A 33] o] Aloj A it gke
FAsHITh 3ak wiFE AFTelAME w254 S-100 A AETE 72%
(86+£7.9x10°/m)Z 15-2] 13%, 35-9] 70%H.T} Bol 252y} o] mfEAYS A3
R i = o i K ) e o e I | N B =i R e

1-2. 32+ Wl 75k M =72] A& (Fabrication of three-dimensionally cultured



Schwann cell conduit)

i

length, SF Medical, USA)S A1 €15} 9 t}. 10" T (cross-sectional view) &= 1/4 2 5- 5-9]
sRem Ao okl ¥4 7] FES A4S (Fig 2). ol LA AL H2E B
PPEZAYS B3 Ulo] ¥ 4 i T 9ol vE A S2E S v ¢ ]
FAETE A 24 YA dF Tl 7hed 7 AS AoE 5T t}.
ol A Al <FH ZHE 3083F 75% ol §FEol A A% ek 5 pH 7.49] PBSE 33] A A 8l aL
2+3} ol € &l (ethylene oxide) &= 7}~ 4

o
o]

X

32,
o

facs

=
T

30
32

JHT
ol
—_
2

b. I EFA® F A L < T4 w & (Matrigel® loading and DRG plating)

93} 20C Y5 oA =1 ¥ vl E 2 A (laminin [61%], collagen IV [30%], entactin [7%],
EHS mouse tumor, BD Biosciences, USA)S AF-& S} Zofl 4T A &5 ol A Hsr7]
T, PrEZAY 02-03 mE 1] A A 3 F S o] fte] A Al =3 fel
mlg] ze}t F& AR ARE Aoy, 25 55 o] FEA S EHE 9
e ¥ E2mmA 2 FAFIAT tHEF WA S ehfoll A S =l 40 WA 5070 9
TS o S Ulo] nfEAY Qe vl 2 wjgstol=l, v o] E F ukR 37C

H F7]ell 1A]7F & <QF o] A aLA| st =5 ST
c. 2173 =#9] 3219 vl Y (Three-dimensional culture of nerve conduit)

ntE A =gk Yo o HesdS 24 vl 87] W] ta/d Tt (the porous
filter membrane [Nunc 25 mm Tissue culture inserts, 3.0um, Polycarbonate membrane,
USADSIOIA] 5 vl okstgl e, FuioFelel Mo108:9) ImiE W% §7] F41 7o) £
WSl 34 Fiol WA HES do] Flom, W §717h AxAAA FES 1P

F-9oll = o] =1t} (Fig. 3). MY &7]+= o]n] 7]&3k npe} 0] 37T, 95% air / 5% CO,

0{1



wj) k7)ol A 25 7F vl ksh g o) 121

MN
[us)
-

2.4 5E F4

we
27

AE

oy F=

250-300g =2 47 WA (Spraque-Dawley rats)5= A 23 79 AFE 1247

F2 AFEA B3 9 A5S FUA ALUstn A L FEUsue) 55
S

A
=

A9 Trol=elol wek AbS 3 AR S A skl A 1gvteEl o] MM S A
Zejar AHIaT (sham group) ' Z4ZE eviE]¥ uRRlsdl, A 253t
e AN e A Bl 712 HEFade UA A2 o7 wow
3291 o] 4 (3D conduit group) .2 Utk g viE] o] A WMol A& 4 = A
T2 2025 V) AEAM, FowkEel M @& 4 9= 4045 O] A FoAEE
|4 0= shufo] yte] o] A ehs Ao ARk f1elal thEd ol A = 10wk 9
A WA 253 wElA FE F e Rt AIES( 9.66+9.6x10%ml 7] 1Y)
5Eate] shbel wttd 1.93+1.8x10%ml 7He] FrWt AMETF whE AT 4ol w=
2D conduit group) 2.2 3}t Al

= =EA F o'l AR = ohA] @2 FH 2 a2 B e 5 U (Fig. 4).
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32744 B A B v sl

/0 U (Ailee Co., Korea) 2.2 T vt 417 €3] &3} (two epineurial sutures)S & 3l

74 EE oStk AAlE A1 0] AT 2.0 mmFEo] AF A Edtke]

ShER %3 REES sho] Takel W kol A7 REE 5

(fibrin glue, Greenplast, 5% A}, Noksybja PBM Co., Korea)E

TAEEE G 5 2552 5-0 vlo] =18 (Johnson & Johnson Co., USA)S ©]-& 3}
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U2 (Ailee Co., Korea)= &3t &3 ataltt A3 ¥, =52 vhFAdA 35d

Z}zy Aol A Qrell A wEEsk Al FA A o, Aol ol = 3 it
AES TA =% 5% A2 E 98] ElebAl (Tarasyn, 2mg/kg, ketorolac tromethamine,
Yuhan Co., Korea)? 741 A& 93l o] Al 9}4] (Icepacin 1.5mg/kg, icepamicin sulfate,
Yuhan Co., Korea) & 7}7} 3 71+ 3] 8} =4} 811 2.1, Cyclosprin A (CsA, 100mg/ml, Novartis,

7)
USA)E 15FYU3 A7 FoI3Fe] (20mg CsA mixed with oilve oil) ©] 2ol th&h W A K

3. 37} (Assessment)

3-1. FF A7 75 A5 25 F- 1P 7S 0] 83 7] 5 H 7l (Functional assessment

using SFI and angle stance angle [ASA])

FE 12-7‘7%]], EE Y FEAM Y= 4 (walking track analysis) S A] 8 3} =],
A o] 51 S4-(hind feet)oll A5 EX]3L 80 x 10 cm A 0] 9] o]+ FHRE A A
oS3 2ol 471A] Aol E &Ql8}SIth; TS (Toe Spread): the distance between first and fifth
toes, IT (Intermediate Toe spread): the distance between the second and fourth toes, PL (Print

length): the distance between the third toe and the hind pad, TOF, the orthogonal distance from the

third toe of one paw to the hind pad of the contra lateral paw.”*>> ©] 5 TOF &4 & 3-4 %}¢

HHEsto] Hgks Fekglon, BE SAHEUE FEstA g2 8% [NTS, NIT and
NPL))Z} 4% 3+ H- ] 91 912 (operated foot [ETS, EIT and EPL])oll i +3}3 3z, o] 2 A
T SA S F=27 7s AFE st 918 obefjel 2 2ol th g skt

SFI = (-38.3xPLF) + (109.5xTSF) + (13.3xITF) - 8.8
PLF = (EPL-NPL)/NPL, TSF = (ETS-NTS)/NTS, ITF = (EIT-NIT)/NIT

ol Ag/g<l wirol A -3k 7|5 A= (interpolating identical values) #t- 0 ol 7FZ-7

td

A= MY e EA47IE JHIFASFHO dAste] HEAl E R
2R =), HFE ol A% 8] t] 2 o A= Scion Image” (Scion Corp., USA) X 2 131-&
(o) o=

= -

EAon EAse] A oA E AES S3irh e w3 A



Fo A duizEel Addo] 53 HEIE HE7Z; (ankle stance angle [ASA]ALES
A=, P dEdd wazte WaT @7 (mid-stance phase of the step
cycle)oll A1, 31A] A (shank line) X 4 ] <5 = (head of the fourth metatarsal)2} 25 (lateral
malleolus)©] ©]F&= Ao] o] F= e & AT 5 9lom (Fig. 6), vl A A5 97
A 2Fek 1 8 (first began to walk) 2 5 7Foll 3 A (stopped walking) 74 $-= #| 2] 5} A vl
A e Al Mol Sk B AE ekt o)A § B B HAR g2 B33
o] A ZAH3zlo] oAl =7 ;Y (Microsoft(R) Excel 2000, USA)S ©]-&3lo] z}7}o]
gk 2 2FHAF gS Teklth

3-2.°38 5 AR Avl 7 7}

a. WY 22 3}% 44 37} (Immunohistochemical study)

2719 715 A SREY SES S AAI7] AL o] A & A F okl =t dHS 2k
3um A 2] A S whEol A E=3e] 72 d] F-E(mid-portion of conduit)S 7] 1-2 2}

ECESEUEREREEE3

=

o} %2} &=7] (myelinated axons) =5 ¥o}E 7] 913} Luxol Fast
Blue (LFB, Acros Organics, USA) A& Alddity Hf W5 AH7] (Freely floating
cryostat)E ©]83]A 20um AHOZ AEF PBS oA A 70%, 80%, LI 96%
o gh-&oll A 2|t 2 $71 3 0.1% LFB % 0.05% oA 4 2] & 3o} 56 Tl A 31 A4

At & FHT oA PBSE AXl ¥ 0.05% aqueous lithium carbonate (Showa

Chemicals Inc, Japan)#] 2] 2 &}aL 70% o €+-2- 2] 2] 3F 5 A2 Q) npLE&l7] H A dF=

gt lnt g QAS Qs A SRl o Hobdl § oA E o] E ghFol
2] cresyl violet (Acros Organics, USA)-& N A 303t i& F, 9A] F H SFFo

AlFskal olgeeld bz 24 EntllanA & SFGloh* S
sEo R GAHH AR AEEL LFolt e or JAs A drt

TxE F24F 57 & HUHe A =3 225 2.5% glutaraldehyde 8- 9 o] 317 3¢
]

B
ol
rlo

a9

2% osmium tetra-oxide (Polysciences, USA)*] 2] & &}, epon resin & 2 E vjj 510 1ym 77 =



ZulAA#H 7] (ultramicrotome)®= A2 5 toluidine blue FMEFE® g4t
1229 7] (ImageTool®, Version 2.0 Alpha 3 [patch level 1], USA)S F3l 737 (Safer ASUS
L3", ASUS Co., Korea)} ol A Toluidine blue & 2}-& 53 =235 At 4= 315 %] k&

2253k AR A EES A sk,

c. AR P A 37}

Z 1| M| Z2] 4 (ultrathin sections) &< 300-mesh copper/rhodium grids ] ¢l A 5% uranyl
acetate &N 0.2 FAF T 5HZF 70% WEHE 2] F, A2A A, 5E3F lead citrate Z
o] Ak 5 ohA] A=A A A FAPEAFER] A (Zeiss EM 10CR, Germany) 2 = A A %
A7 o] v M F- S Azl )

d. FZ A7 A 2F L g =F e A F 7l (Histomorphologic observation of
sciatic nerve innervation tissue)

W3 AARS v (gastrocnemius muscle) 2 U1 %] ©] 731 (biceps femoris tendon)<
AFste] H&E A4S Sall A2 e 2 AF3F (fibrosis) A%, Adst ©A (fatty
degeneration) A =5 H7}5l o, Ao 3}A] W FH-9] 95 (leg and plantar skins)2}

H] 2 (fibular bone) = %] ZAAL8le] 7F w-7ke] A ¥4 v w S Al Y&}l
4. BA 4
H wid F 3wl A dojxl RE JFAd Ade A4 2213 (SPSS
%

R10.0.7, SPSS Inc.)9] Student's t-testE ©]-83} 24

Hl W 4 2}o] (semiquantitative differences)E W] 1L8}7] 913 Mann-Whitney U-testE

o

| &8t o 2 5%Z  p-values 0.05KHTF 2F2 AWS FoAd e A=

EEE

11



7HA Fe & $EE Q= (Fig
d (long bipolar) == A=A (tripolar)e] =715 AYal
A W53 (spindle-shaped)®] A3E R&FS 75 oM,
B A

h

o

BRI 9] & (oval nucleus)
A

gl o2 AFEAlEE Fal o B A9 Fe A EETE A

“

(flattened polygonal shape)2] =S 717 A 02 |4 02 YRt} o] A5 Al EZ FJej =
TR A kA 0] S Eetm 25 ol 4] 9.66+9.6x10°/ml 7] = AHd E At

A|3EQ] 7] A o A vl @k gk 33k vl Foll A =, et Al 27 FE g 2 3EE Hol Al o
F5oA AFZOR A At T4 RS & F A, 25T A5 A6 s
THEolA 33] o4 Al FE Aleto] Ht gk o= A S A3 40000 ] FHFE] G/l A
H&E Aol A 343.62+12.570, S-100 W] o] A193.2149.47) (A4 AZLZo] o3
56.22%), GFAP W I Mol A 228.4+14.77) (A MESol sl 66.46%)2] AEFE
1 I THFig. 8-abe). WEHA FFHAIES] Ht = 3w ol A 86+7.9x10°mlI7 &=
e em FA wjFol et Zo]l AAAQ FUE (oval shaped)®] AE R gz}
F=4del AEZ =7] (bipolar extensions)E A= EFoltt AyHoR, 3z
v ol A= MEEC] UF (multiplayer) 0.2 X% Q=] S I A3 3o A

]
2HS A AA Fa BAE FH 8w (directly plated DRG)A 71 1

Ea RS Hol| t}&
ArAQl ik M EE m ] FH v s A 3L sIA 7] W B -4 AE 91E
T Ao, weF 7|7k oA Foulekst H9) s-1003 4 A EZSF7F 2%

3 v okE A Egdo| A iRk A E A AA] 25 Holl 10° cells/ml7| & AFA 8} o]

& O
A9e AT 5 Ak

1. 329 wdd 9 MXE =3 H7}l (Evaluation of three-dimensionally cultured

12
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3} A]4* (Myelination index [MI])

O~ =
TR

& AJ T (Fig. 11).
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ZHE A} (Fig. 12-¢).
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1,

o] wyled

A}
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b7k S7hE A A

Al
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FS BT (Fig. 13-14).
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W2 A7 A A2 A7 4 oF 1A} (neurotrophic factors) S X 815 A 2] 7] A ohul A 3}
A7 3= A Y TR L of 2 A2 A7 e] s ZFG-of] &) o] o] A A H Y. o] F
H Ad (permissive climate)= 9|3l

=
QL FYshl, 27 074 AWA AU F44] TR AXEAS

NEREEE
A Bk e 07 £ £ F AL B 719 9452 WA (degencrated) ¥ 7]

X,
L

Al z2belud kAl 2 9F 7149 (basal lamina)S LU E ©] ©| Buengner bandsZ}
S8l Al 2T ek o] A 22 Al ol FARS RHE A H =),

ol A o] 27 AA] A goll vkEA] F Qg 44 whA| 7F f e
A 2 o] A8l dojufar A 2 £315 7] Al AFst A o] Al 252 41744 1A
(nerve growth factor [NGF]), 7|27 414} (brain-derived neurotrophic factor
[BDNF]), X217 %A A} (ciliary neurotrophic factor [CNTF]) 53 2 22 9%
QA& (trophic factors)S = H]SHA B, 43 22170 (type IV collagen)@} 2} 1 (laminin)
22 MEL 714 A5 (ECM molecules)= FA 8ol &5k ==, o] 2] gk Hi-E0]
2173 91747 (neurite outgrowth)S =43t A] 2 & FAstar o] 2 A FAH F

=
N7 AT Ae w2A EAs ge AER
A

by

o
Z+E- 25 (cell adhesion molecules
[CAMs])S WHEA| |t} o] of Zo] ofg] AitE5o] 2o Aj2o] AEstaL F4 &7]7}
A= A FA @i mEbA, 2 A e Az i EE
3 A o= ujgste] A7 HAFE7 5] AAEHHA oA A A AAES EESHE
s fricste 235 S8 AL S5 = ar

TR EES 233 A3 YA Zad oy AxE2 25 SN2 44U =4
(intrinsic genetic programs)Z} A|EZ 9] Ao <oJs) et H=d, oY HNEETH
AL 7] Fol AEL 4] Fa - Aiole & dnk o] Aol = grd
Al mfEAYS Ao 7|42 AHgde o] 7[A o weido|y g 2aE
(protein and proteoglycan macromolecules)> 2178 AL 59| o|Fo} H4F 7|7} g8t
AL FEshe g 2dste 3AdA] 425 AFsA " wEZACe
Engelbreth-Holm-Swarm (EHS) mouse S&olAl AHT = A= &3l 7149 714

(solubilized basement membrane matrix) 2 A] 417 M| 3, 7HAH L& (hepatocytes), Sertoli cells,
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A d A E (mammary epithelial cells), S21F A3 (melanoma cells), &V A
(vascular endothelial cells), 77341 A3 (thyroid cells), Z22] 31 XA A (hair follicle cells)
ol Z A e T BAS AFstE Ao R g A TR0 9 Q1) Aol

H 23} vlEE A (growth factor reduced [GFR] Matrigel®)e] 8 A& o 2= gvujd
(laminin, 61%), 4% =27 (collagen 1V, 30%), NE® (entactin, 7%), 3l ks

=

D>

(heparin sulfate proteoglycan, HSPG) 5-©] ™, B8t TGF-B, FGF (fibroblast growth factor), T
(tissue plasminogen activator) 2 o2 A% JAAEE 2gsta, F2 &g EAS
A ek BD #HE 2] A" (BD Matrigel®)o] 2k &)= thE o] A2 w2 56%,
4% F2H 31%, AR 8% S o= TAJET GFR ntEZ ARG w2 A AAES
AUA Eu, o] i Aol M= Ale] 71 W] oY I A= anE H 43}
913l GFR WFE 2] A%g A &3} gl ),

5o ol 48 Fehal e 217 Al 2] F2F A7 (axonal growth) S F- =31,
HSPG2 4 0 & At 755 Adrha s ik ntE A o] g 77
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A Al 7le] globular domains©.E A E O] A= 148 kDad] ©
Fete] 2ot} HSPGE &4 AotE e AdEd ] 749 345 At &2
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(activity-dependent manner)oﬂ wa} ksl A HE = Y= Ao s
HT 50, o] A B Aol A 33k 71 E W o] AlE 5= A4l
59 'unbiased' ¥ AlAFHol A FHATh E Aol = ALY ImageTool®
HE ARE ST, o] of 22 22k A )1 ALY o]
R3] 'assumption-based' @] Al F-AH I ANE st Bk Jop 2
Aol A% 3 A Q1 A G2 A o] Zhs ekl o, 3um T 22 AW EEfol =&
e o] 3] Zheskalvlel Bk #ekAow Agekel 5= 9ltt (more scientifically
accurate estimates)™= -7/l 38} 22 A A EZS A S A2 257 A9

HjoFeh gt A0 SEE 9.66+9.6x10%ml =] AlFE] RN HIgE Ao g,
_]

Aok g e 3aked A m el A Aozl HA AESE 4000 G AFE A
I 2o A H&E Aol A 343.62+12.570, S-100 S & Aol A 193.2+19.4 (56.22%) 71,
GFAP WA Mol H 228.4+14.7 (66.46%)71S HAE=d (Fig. 8), 53|, GFAP %A
HES-S Bl M 327} 66.46%7HA] 5 7He A2 A3/ al - M| 3 (astroglial precursor cells) 7}
Z7] 257 Ulol w2 A E3tsh= S AWE ook 5, 271 A1 A17] (initial neuronal
stage) ol W2 A wEslE WML (undifferentiated glial cells)©] &3

A B3lE HAAIA Hed A g3 AR (adult oligodendrocyte

E7]50] Fulo] = Ranvier nodes)?t HIWA W AWAE o)A WL X2
TN BT A LGS T A, WAL R Y TP FYAE G o] g
U BE AE SoE Eieted vd), aAEES BRE b AEznt 23)a)
s)of b2 Felo AZ2E A 2akahl bk

3277 (CNS)ol A = th A $=4F 4 3 (oligodendrocytes)ol] ©]3l, &%217 7] (PNS)
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Fig. 1091419} o] LFB f4& §sf &ld 4 Aot Sdl= A4 vadrv=
Ayl By 9438 Aas W=, o2 3 A=
AL 3k v F FA A oy AEL VA s E Aol kA EEe
Gk ZH|7L o] Fol Al aS S F ST
213 dRES Tt AAA T2 E FEet] g Be A o] ol
T$-9 S 9184 &= Olszewski's cresyl echt violet, Einarson's gallocyanine ¥} 752 Nissl
body A o] 83t} 2174 =72k A 7441 (neurofibril) 442 913l A4 = Bielshwski's
silver impregnation, Bodian's silver proteinate, Holmes' silver impregnation "H ‘5-¢| -f-8-3} 1,
217 1L A 3 (neuroglial cells) 215 913141 Weil's cresyl echt violet 441%, modified
phosphotungstic acid-hematoxylin glial fiber staining, Cajar's gold sublimate &3 2 2 Holzer's

crystal violet-potassium bromide MHeo] F&3ttt. FRE TS A=
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AA 71 S5 el A 91 2
oFzhe] 355 7o) Wk %%H?E%%

o Skt

H 5o AH =3z EHAE A7 F% AE (nerve guidance channels)
AEZTA ] ARE RbEol A B2AAA D T304 e ABE w4 ==, 7159
ed] mk S sigkd A Gl A 2 5778 Aehual whE 24 o] HojA|
A N4 Q4 E (humoral factors)©] ZolA|= A A AW SHS 243 A=
Al |k A AdoA e el AFRo s opAHo|E dE =3t

(Millipore®, pore size 0.45 m, 2.0 mm LD. Millipore Co, USA)S ©]&3|A =3
Q) A EE FF FFo] HYFER ta A 2 So] AESE AL WA EE
A=, Aot st gte] B A7 BA o= F-§ekA] eF kvt Hadlock & ©] PLLA
polylactic-co-glycolic acid copolymer 725 AH-83FA U Th2 of 2] Aol Al =3 ol 71t
AEZE o] sA A ZE #Esa A= 2 A9 27 wirhaAd]l
Z}A] A =FsE PAN/PVC %= (Polyacrylonitrile/Polyvinyl chloride copolymer conduit)<
o] & 7] ot Y HarsA o)A A7l Al BFshes vl o ol Bkeh. whebA,
E A= WA 1.98 mm 22|+ =3 (Silicon elastomers [SE] conduit)2 A3l A
nfEAYS A 9-a1 71 Qhol] 3akdH o2 7k Al

| 2 SIF-Eow 5wkl D-10 vl g o]

g 4 FAY HES QL REg deh
E

=
Ao F8AS Hausta =, 7 mm

25 oje] Bl A FeE A7
HAS 7 AXE Y A 8 =3 (polymer foam conduits) &2 T A7
WAL FAAZ Badel FubAE e} FAlo] WA EA QAR (glial growth factor)S
Heomx A Brp u2 @ A4 A g3E ThgThE Bak Qe oY
Aol Fate] & Aol A= wtE AT FFHA XS A5 Wl g e 14mm Hol o] A
A7 s auckstk Al H vk

N7 RS o4 F owwe] $% 22 9nd AA (ibrn guoS o &3]
et ed, Hed J2FAE vBe|=7 (fibrinogen)d EFHI (thrombm)O e
Ao T gRe dol g ok a A% 3ol BpHoleh el gl o m el o)
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B Ao s KA 18 Z 2~ E® (Greenplast, NoksybjaPBM Co., Korea) Al 4| &
Abg& =, B H2A= AMAE o] 4 (cell transplantation)A] 5= Q.8 A &=3H4 wl] 7)) A
(biological vehicle) & &t sh=tl] 53] A7 MEE Egslo] o 2] theFsh M aE e} 22 9]
A3} 59 (binding capacity)?} A | X134 (biocompatibility) 5 A Y= A2 LA
ATt 53] A 5 syl 9B --9HA 8 A (fibrin-stabilizing factor) XIII+= o} w| &3}
= 7] M (undifferentiated mesenchymal stem cells)& 3L%=2] 1L} 52 (highly cross-linked
structure)?] I H A H2A| 2 2] o]& (migration)S THAAA FrRE A¥ELY T2 217
AEZ E3tE FHeh= Aoz gl vk wpeba], ol Fuy HAbA 9

=
g o] 83 44 217 =3 (absorbable nerve conduit)S A7l Ax Wx A

MY FRAAEY Y 13 11 (major histocompatibility complex class I, 11
antigens)& AU WIS 7FAA A7 24 oAl LA F M3 (antigen-presenting
cells) 24 7] 58HA D} OA o] ZF 2 AEH A (CsA)E Al o]F o] 2] AH ¥H-E (nerve
allograft rejection) & &"al7] &l A=Y=t o]F A7 oA A4 A &=
F21317] 918 ARSI TR 12 Aol A= o] 2] AR whg-9] of i) B4 0 & Cyclosprin A
(CsA, 100mg/ml, Novartis, USA)E HAgHe] &FSmgkg o= F=F 157Uz

J

—

AL&-gl =, 2174 &9 (neural antigens)©ll ¥17}3} (sensitized) T Al X (T cells) 2] 244

Aoz 217 AR 713 E < A L] A 28-S 2 54 (morbidity) §1°] &

o
o ) o

AATE HESE CsAE PAIZE S

2AFoRA A7 ANS oA 5 UL Ao AR AT

oz B Qg ow A ax A4 ALy 42 44 75 Bt
A3l Al o] gk} & A1 (footprint analysis) B 3F A Af ¥l A 2l A5 wlxj o] A o
RAEES ADD 5 QoA Bol AHgHo] S, B AToIA 127 9 S4 S HF A7
7% A= A ol A -60.1£13.9 (n=5), T ol A] -87.0+12.9 (n=4)2 2 & o] A] B}
S48 A7 S uold, 0] A%aA e HEL A7 A E A2 SEA A
ZolA] EAH o fol e BT 4 g

3 417 7% AFE De Medinaceli 200 93} A8 2593, o Fol % 2
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15 Bk 15 A g o ol AbgE|o] Srh2 S o]

7
WA o E |k ol Y HEL A o] A A @A o] $H 5]

Fz A
A8 07 715 A Aol 47 @ AFE Bol Al Hrvh, FORTE of g

FHEZE B AAHQ] T8 Gelol i 24 ofHA vk weEbA, Holl= B
7

Aol AAA UL 1 F7PF oz vY @ Bl A5 24 ZRIOE 0] 85 B
FAHo| FHE A =, B AFNME 9522 58 & E (kinematic gait pattern)S
H7 stz 98l 954l B3 #A7] (dynamic gait analysis tester)E LS| WAt}
Ak o = A5 4 % (walking speed), 1.3 2 U] wj©] Z (stance and swing phases), 2 &

Z) o] (step length), &3 ¥4 9] K 37} (angle of the ankle joint), Z & K3 A] 712] 2] o]
(tail height at terminal stance), # & R3] A] Z12] 2] ¥ 9] (tail deviation at terminal stance), U] &
=2 % WM $] (midline deviation at midswing) 57 £ KA dojF = Q= HpEe
s A FEPO R Al A= o] Foll A 7 e A1 &gl dl gk 3 7ol A]
7P AR den AR ¢ e SAReR duA e 2E BE dx g
TR, ol EF ol A Bare ghs Frarshd A WA o] gh2 50°+6°0] AL, Ak 417
o] A& Al A el A= 47l E F 36°46°, 217 o] A& A B ol A= 47 E H 22047°
RATES BE A 1 g 7= 1857 WA (mid-stance phase of the gait cycle)ol| A, 314
A (shank line) & 4H A <4 = (head of the fourth metatarsal)®} =5 (lateral malleolus)®]
o5z Alo] ol Fi ZHERA], 2 ghe WE I wujekel 7 A3e] o] Wk 2 AL
ojujgith. w3 A F upetl A Ag #7] A2k Wal (first began to walk) ¥ 7
W3 (stopped Walkmg) A9 ALt om, v RARtTE Al Mol S gkl Ha A=
A

T3tk Bain 52 2 & 217 A A (complete sciatic), H] =417 (peroneal nerve) L]
A

=41
S I A7 (posterior tibial nerve) =4 & 7217} e] Ve A5 FH3A = v F A
& A FAEE 21, o] = Lin 50 o1
%

Aol Al W sglE MBAA E4A R B 2hE (ASA) Fhol @A) HEA
Eat

A gk feAkard e,

AT A ol AT A AA £

w

H ool ol A 7ML ASA e FAE ol A 32.2044.8°, Aol A 37.9°45.4° 2 A
A=k A7 7 o] 21 & gh ) vlast o 37 o] B AY Aot uo 58-S o4 5
[e)

™, 3, B[EA dEol AdE ARv WlzAldol AdE &t

o,
of
e
>,
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Legends

Fig

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

. 1. Dissected spine for dorsal root ganglia harvesting

2. Modification of a silicon tube and dimensions (Internal Diameter 1.98 mm, length 14 mm)

3. Schematic drawing of three-dimensional rafting culture method of DRG plated Matrigel”
loaded silicon conduit

4. Experimental design of 3D cultured and 2D cultured nerve conduit

5. Detail of entubulization between the proximal and distal nerve end

6. Photograph showing steal image of the mid-stance phase of a step cycle ASA : the ankle
joint angle measured at the mid-stance phase of the step cycle, formed by two lines, to the
shank and another connecting the lateral malleolus and the head of the fourth metatarsal

7. Photomicrographs of primary cell culture in plain dish, after 2 weeks

a. Photomicrograph of primary cell culture (phase contrast, x100)

b. Photomicrograph showing parallel orientation of Schwann cell process (S-100

immunostain, x400)

8. Photomicrographs of three dimensional culture, after 2 weeks (x200)

a. Photomicrograph of H&E stained total cells

b. Photomicrograph showing S-100 positively stained cells

c. Photomicrograph showing GFAP positively stained cells

9. Photomicrographs of cross section in the mid-portion of nerve conduit (x400)

a. Photomicrograph showing S-100 positively stained cells in sham group

b. Photomicrograph showing S-100 positively stained cells in experimental group

c. Photomicrograph showing GFAP positively stained cells in sham group

d. Photomicrograph of showing GFAP positively stained cells in experimental group

10. Photomicrographs of axon and myelin LFB staining in the mid-portion of nerve conduit
(x400)

a. Photomicrograph in sham group

b. Photomicrograph in control group

c. Photomicrograph of experimental group

11. Photomicrogaphs of cross-sectional view of axon and myelin in the mid-portion of nerve
conduit (toluidine blue stained, X200)

a. Photomicrograph in sham group
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b. Photomicrograph in control group
c. Photomicrograph in experimental group
Fig. 12. Transmission electron photomicrographs of cross section in the nerve conduit

a. Photomicrograph showing well myelinated fibers aligned with Schwann cells and
extracellular collagen matrix in sham group (%3,000)

b. Photomicrograph showing thin myelinated fibers with disorganized and thickened
extracellular collagen, and small Schwann cells in the mid-portion of experimental
nerve conduit (x5,000)

c. Photomicrograph showing small myelinated fibers with Wallerian degeneration, and
lymphocyte infiltration in the distal-portion of experimental nerve conduit (x5,000)

Fig. 13. Photomicrographs of cross section in the gastrocnemius muscle (H&E, x200)

a. Photomicrograph showing well alligned muscle bundles with closely packed fibers and
the nuclei at the cell periphery in the sham group

b. Photomicrograph showing severe muscle atrophy with increased fibrosis and fatty
infiltration in the control group

c. Photomicrograph showing generalized muscle atrophy with mild fibrosis in the
experimental group

Fig. 14. Photomicrographs of cross section in the biceps femoris tendon (H&E,
x100)
a. Photomicrograph showing well alligned muscle bundles in the sham group
b. Photomicrograph showing increased fibrosis with fatty infiltration in the control group
c. Photomicrograph showing mild fibrosis in the experimental group
Fig. 15. Anatomic dissection showing the lateral view of the left hindlimb of the rat

bf: rostral insertion of the femoral biceps muscle

gm : gluteus maximus muscle

vlq : lateral vastus of the quadriceps muscle

pc : posterior cutaneous nerve, origin of the thigh

mc : musculocutaneous branch of the sciatic nerve

sc : sciatic nerve, and its main branches; tibial(t), peroneal(p), and sural(s) nerves
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Table

Table 1. Comparison of Sciatic Function Index (SFI) and
Ankle Stance Angle (ASA), after 12 weeks

SFI ASA (degrees[°])*
Sham 17.4+12.6 45.4+8.8
Control - 87.0+12.9 32.2+4.8
Experimental - 60.1+13.9 37.9+5.4
*p<0.05

SFI : (-38.3%PLF) + (109.5xTSF) + (13.3xITF) - 8.8
PLF = (EPL-NPL)/NPL, TSF = (ETS-NTS)/NTS,
ITF = (EIT-NIT)/NIT
TS : Toe Spread, IT : Intermediate Toe spread,
PL : Print length, the operated foot : ETS, EIT and EPL,
non-operated foot : NTS, NIT and NPL
ASA : At the mid-stance phase of the step cycle, formed by two lines, one
referring to the shank and another connecting the lateral malleolus and the

head of the fourth metatarsal bone.
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Table 2. Comparisons of Axon counts

Total Axons Myelinated axons  Unmyelinated
axons
Sham 850+47.2 452+38.4 332+35.9
Control 358+29.0 59+19.0 274+24.3
(42.1£1.84%) (13.05+1.95%)
Experimental 675+49.5 203+17.4 489+42.8

(79.4+1.35%) (44.9120.13%)

All data were counted using an image analyzer (ImageTool®) and significant (p<0.05).

The % calculation was the ratio to sham group count.
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