CHT2| x| 2004;30:1-16

AR HFE frEEME =S 0|8et Ex UE Al

A&t A Fof 8

FryerrRASI LAY, AF UL A i)

Abstract (J. Kor. Oral Maxillofac. Surg. 2004;30:1-16)

PERIPHERAL NERVE REGENERATION USING A THREE-DIMENSIONALLY
CULTURED SCHWANN CELL CONDUIT

Soung-Min Kim*2, 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 (1.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 electromicro-
scopic methods.

The SFI and ankle stance angle (ASA) in the functional evaluation were -60.1+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 tech-
nique showed much improved nerve regeneration capacity than the silicone tube filled with Matrigel® and Schwann cells prepared
from the conventional plain culture method.

Key words : Three-dimensional culture, Schwann cell, Peripheral nerve regeneration, Dorsal root ganglion, Nerve conduit
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1 «411 1 OW EHT’E‘ s
”U 7hetl v R el i } A7 W o] YT,
wpeha] Bhek nhE 2 A® (Matrigel®) 7} 722 A 2] 712 (extracel-
lular matrix)el] AR5k 22 2FA A FAF AAE
217 tha} vl 5=k @ et vhs 4 Qo A
< 98l TP AR 7T F US Aol B
A 329 ’“X} H° We Foted 217 Al e T

1. 3XH L=l rEE M T2bo| Jiek (Development
of three-dimensionally cultured Schwann cell
conduit)

1L A Ao eI AR e A3 Al W (Primary
cell culture from dorsal root ganglia [DRG] of new born rat)

s %87 (Fig. 1, Olympus SZ-40)& o] £31¢ A4} Sprague
Dawley (Sam:TacN [SD] BR) W} A o] 243248 o zpa) o315
=, F w2k (main culture medium [M-10])2 MEM (Eagle’ s
Minimum Essential Medium) 93ml, »}&d (horse serum) 5ml, 50%
E593 2ng/nl AEFLolA 1l TO2 SETE vgE 5
S22 g7 §n 7 sfol] 2 =} phosphate-buffered solu-
tion (PBS, pH 7.4, Gibco, USA)oll A 0.25% = &}A) L}o}A]
(Worthington collagenase type I, USA) 1ml 2} 0.2% DNase (Gibco,
USA) 0.1ml & o] &3te] &4 g ste] 70827} 37°Coll A vl oFs}
4t} 800 rpmoll A 587 A4 E2] %, 0.125% trypsine-EDTA
(Gibco, USA) 2nl & Z7}3ke] 1057+ 37°Coll A ) k3t &, 2= uj
o) 5l S AE3te] REHA A ste] WA WA
HA N ZEL thA] 557F 1000 rpmoll A DA 2] 8 5 Fou) ok
Ao g 33 Mol &, vjek £7] (polyethylemine coated dish,
Sigma & Corning, USA)o| A v kA AT A G- EAM X5 A At
FFE A ZES 2o7) g8 EE A4 (antimitotic agent,
Cytosine B-D-Arabino-Furanoside, Sigma, USA)E A}&-31510.H, 1

Hroll ZhA| 3 v F 71 o|m] W 3 (Lee's culture tech-

nique)S %3819 ohe,
g &7 Wel X = 93487 (inverted microscope,
Leica Cambridge Ltd., UK)3} & -7 4+ (hemocytometer)< ©]-&
stom, Al A ok A2 e JeE 7]FEst] AT o9
Aok (W& x 100, Imnv) W 8] A Al E 9 FHAE FE A
Aetied, JJ}% Zo]7] Sl A EA X3 A EU Yol
wol e AEe AJAHAT AN AEE f&ﬁﬂﬂﬂ& A
Ak Al %O‘d AFA7} 33] 4Hd 8t ﬁi‘ﬂ
, AlARE A E 4700 10,0008] 5 3 A 1 ml gt A

;ﬂ

1-2. 3214
ture)

g7k A 3 8 & (Three-dimensional Schwann cell cul-

13mm 7] ¢] &59 Avgetied 2030 uld] A xe714d 2
(GFR Matrigel®, BD Biosciences, USA)S §FA ZolE &, vl &
# & 931 (precooled pipett)S o] &-3ted ke wHE FAHES

FE A4S 2ERRE AAE 29 e 2428w
(plated) s} Ao} wi ok £-71 9] AwF22 (coverslip in 35-mm
Petri dishes)E- 37°C, 95% air / 5% COz Hfj Sk 7] 0| A 1557k Fof n}
EgA®] YASEEE g &, Fujg 2n & o] &3] Tt
ulj & (cultured in rafting fashion) 3} 37, o] & 237+ A7) o] A A} A
o Ft 22 W 0 7wl sk glThen.

oj9} 7Fo] 919 1-1 Wizt 7> W vk} 3ake Wik &
wro] Jestgied], 539 3akd w4t wiEACE 3m A7)
o] A A& hsolA 1,2, 3 F7F ZH7F HEE {4 7} S100 &)
Al (rabbit, 1:100, Dako, Denmark) 2 GFAP (glial fibril acidic pro-
tein) 14 (rabbit, 1:100, Pharmingen, USA)E o] &8+ T & A ¥ 5} 3}
4 Q8L E3he] w7170 E A E SRS UES 3
STk WA £aH GAle PAP 2 S A g, 7
3] AEE, pH 7.49] PBSAA A3} A17] 3, 3087F 0.6%
Fatshr iR v kst Watkst RS WA S A1 F, 1509
A% A GH R v Eo] S S Qo the 22 LA Fet
rabbit polyclonal S-100 &} <} rabbit polyclonal GFAP &} 9} 7+
A=} A4 S 9FEA|Zi T o]} 844 (horseradish peroxidase-conju-
gated secondary antibody)E 1A 7+ E9F WA 7] 3, mpA| 2O 2
Al A d3t4A LA (3,3 -diaminobenzidine tetrahydrochlo-
ride chromogen, DAB, Dako, Denmark) 2 1047} ujj 0k A] 7] 22 10)
3| E FulEA R O 7 8 7F G A5 TS,

AFH £4 94 2] (ImageTool® computer analysis image sys-
emE o183 U L5 FUE B AZEE A,
EDEEN 3435 o Ao HEGE AR 34
9 aﬁoou ARZOIAE W% 27 S100 YA A E S 7%
(86+79><105/ml)i 15-2] 13%, 32| 70%X .t} Hol 24524
3} o] PhEACS A & AP SRS k2 A9 g F 2
AT 712 Wk 717 27 E A8k

o

N



1-3.32F¢) Mokl ruk Al =319 A2 (Fabrication of three-
dimensionally cultured Schwann cell conduit)

a AP ERe Wy A%
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N7 A8 RO o= AR FA% HES AW AT £
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fs

(1.D. 1.98 mm, 14 mm length, SF Medical, USA)S 1] 3} 31 tHem,
o (cross-sectional view) 0.2 1/4 245 F9 & 3O
ofe) ¥4 27|17 i Z A2t (Fig. 2). o3 A
FAA EGACE B o] ¥e F AL T Hol uiE A5
SAS M ET F ANeH, FARTGE A 24 WA G
70l 7He T 7 AL ALR o] 5T F Ak o] ZA A
& 308 7F 75% of eh-&-ofl A 4253 5 pH 7.42] PBSZ 33
A2 3}31 3 2+s} o & @l (ethylene oxide) 0.2 712 A= 319]t.

b. rlEZA® = A 2 A4 T2 v & (Matrigel® loading and
DRG plating)

93l 20C YEolA FHE ufEZA® (laminin [61%), colla-
gen IV [30%], entactin [7%], EHS mouse tumor, BD Biosciences, USA)
< A BFF Aol 4ColA L el M A F, mEA®
02-03 n = 72 A4A & 93 ol ate] LA el
# Slol vg] Ze g2 AR s Ao, F5 F
14 FEA] B3E = F99 B3 & 2 2mm¥ & EA
CHEF A el A S = 40 WA 5071 ¢ A
g = o] tEA® 9o vtz wl el gl i
T HEZ 37C Wi F71ol A7 Fok Fol A A S =
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c. A7 =39 3x+4 vk (Three-dimensional culture of nerve

conduit)

PtEA B3 el g7 Hee2ds 24wk &7 W
th3+A] | (the porous filter membrane [Nunc 25 mm Tissue culture
inserts, 3.0;m, Polycarbonate membrane, USA])$]oll A 36wl o3}
e, Fu o) ol M-1089) Il v of §7] FA ol w2t o
O] 3/4 o] WA BEF ol Fom, ek &717t Az
AR FEg vpgE F9o & golF3itt (Fig. 3). Wi &71&
olu] 7148+ up9} 7+0) 37°C, 95% air / 5% COz Hl 7)ol A 257+
RS

2.4

]

S2 Zu| U Al T2 0l4 22

MHA

=]
=

250-300g =2 7 WA (Spraque-Dawley rats)E5<S 4 4
Y79 AVE 2N 7712 AFEA B HE AEL F
MEU e st B AUt $& A3 7t el
e} Abg 3 A4S AP A 180kl o) WA E 27,
AR 223 AR (sham group) &2 ZHz}F 6uke] 4 U
Ao, AP 277 nfEYACS A AT T 7]
v HFTIAE WA FZAA o] A5 O 7 33 0] F

(3D conduit group) 2.2 Stk & vlele] A4 WA A 5

7
I RO 10mke] o] AAY Ao
A 277 el As F AE T A2 E(9.66+9.6 X 10/ml
72wy 55Rete] shite] T 1.93+1.8x10/ml 7] &) 770k A
E7} ok A0 ol £ 5 Edelo] A mae ol4ste 2
A+ =2 (2D conduit group) & & SF AT Al @A FF 2
S 3N F ol AAE A & FHE IR 5 3E
Atk (Fig. 4).

Aelq (60mg/kg, ketamine hydrochloride, Yuhan Co., Korea) 3}
HE (3mg/kg, xylazine hydrochloride, Bayer Korea Ltd., Korea)<-
419 M EE o] Bl FAEle RS ol d 0 23 5

N

=N oxt

g3 FE ARG HEHOR A% & F5 5 H)
(gluteal muscle splitting incision) & E3] 22 A7 9] Ex2E
ZA171325, 5 mme] F& A& AA stk olwf 28 F
o]2] A7 Lo AATUOT FHO|LE T ANA9 4]
g FF 25 50 YA ES o] &alA 2R =417

_"?_
5 +
2 n A En 7 sl A FF AE (sciatic notch) > Z & 5 mm ¢
A7 w A &A v ske] 9/0 YL E (Ailee Co., Korea) o 2
T 2d) 2179l B3} (two epineurial sutures) S £3 A7 T3
= oAtk "AE 2= A7 9] FAAF 20 mmitEo] A
H A =i mEAH HIHEE ste] F7he] Wl F7ho] A
UEE 3190, gBe H&A (fibrin glue, Greenplast, =
N2}, Noksybja PBM Co., Korea)5- o] &34 =& FHE7} 74
HEE 3T B3 2852 50 vte] 32 (Johnson & Johnson
Co., USA)S o] &-ated B-9at4l oL oldf o] 2 gk A7 Tto] 24
ojA] ¥E Ag Felstion, WA 9 R 40 LU E (Ailee Co,
Korea)S o] &3te] Fqatsich 48 &, TESS A A
2b7F Al o] A] Qe A mEestA FAAFHLH, 7
ot Tt FR SR UL ASS FAL £F 5F 24
£ 98 elghAl (Tarasyn, 2mg/kg, ketorolac tromethamine, Yuhan
Co., Korea)Z} 7+ WAE sl o)A 5}l (Icepacin 1.5mg/kg,
icepamicin sulfate, Yuhan Co., Korea) & z}7} 347} 1] &} FA}s}
Ao, Cyclosprin A (CsA, 100mg/ml, Novartis, USA)S 13U 7+
73T Folshe] (20mg CsA mixed with oilve oil) o] 2] ¢]] tf 3+ H &
A% 2-S oAl sk

w

. 57} (Assessment)

3L &A= AR 75 AFsh 3 s #d By zs o] 83 75 H
7} (Functional assessment using SFI and angle stance angle
[ASA))

Fe RFA, L Ad F24A4 FP2 4 (walking track
analysis) 2 A3 skl =, WA 2] 5 S (hind feet)d] YA E &
AL 80 x 10 cm Aole] ofF¢ FYZZS AA A thwf 2
o] 47}x] Aol & &relst it} TS (Toe Spread): the distance
between first and fifth toes, IT (Intermediate Toe spread): the dis-
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tance between the second and fourth toes, PL (Print length): the dis-
tance 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?®, o] = TOF 24 & 34 g ut&alo] JFS +
sgon, RE ZAHPL Foaix &L 922 NTS, NIT and
NPL) 2} &t K919 Y% (operated foot [ETS, EIT and EPL])ol
WalA Fekg, oAl T 2A%E HINA A5 A5E
T817] 918l ofef oF 2 Aol Y sksiTh:

SFI = (-38.3 X PLF) + (1095 x TSF) + (13.3x ITF) - 88

PLF = (EPL-NPL)/NPL, TSF = (ETS-NTS)/NTS, ITF = (EIT-NIT)/NIT

ol AArel WA 3 715 A4 (interpolating identical
values) 7H& 0 of 7}HAl W 2A it

FedEe HiH L £A4718 HAAFE A2t o5H
ol B3 B&S AAser, AFE dA" vt A=
Scion Image® (Scion Corp., USA) Z2 73S o] &34 shH S &
Ao 256 UAE olnA 2 AL 3tk o7 13
A% FolA gzt Q@A o] $5e WEHA Bal 7} (ankle
stance angle [ASA)ZS S A A LHm, BE A W 7he
31 =7+ &4 (mid-stance phase of the step cycle)ol| A, 3}A] A
(shank line) 2 41| =5 Z (head of the fourth metatarsal)>}
& (lateral malleolus)e] o] F& Aol o] 7= g A d 4= 9
ou (Fig. 6), ekl A 7‘4% 7] A1#3 23 (first began to
walk) 2 Z7bol] HZ A (stopped walking) 73-$-+= | 2|53 H)
A ek Al Mo Sk FAE P o)A Y B g
F8 AAF e BT 33 o)A Al A =g e
(Microsoft(R) Excel 2000, USA)&- o] &3] Z}zte] B3t 2 55
A% %S FA

(=2 A

4

32 33 A A 7t

a Mz 318t 44 37} (Immunohistochemical study)

3719 715 A EEHY TES I o4 FE A
ot T @S A2} 3m TS AU S HEoIA =3 7}
1] 55 (mid-portion of conduit)& 4}7] 1-2 ¥FH 3} 7ho] W%
A shet JA S Alg) et

b. 23t AL B H24 57] = 37t

52388 A4 459 4 E7] (myelinated axons) =& &
o}R 7] 9 oH Luxol Fast Blue (LFB, Acros Organics, USA) 415 A]

Ak 24 W5 A7) (Freely floating cryostat) S ] &3] A] 0
um><4ﬁ1°ix} % PBS o A A 3L 70%, 80%, ZL2] 1 96% of g
oA A E 7] & 01% LFB & 0.05% ofA| & A& & st 56
CollA atF A9 A &, SFl AojA PBSE AZ %
0.05% aqueous lithium carbonate (Showa Chemicals Inc, Japan)=] 2]
ST S AR F AR Y3 A A
3 2SR i GAE A FREAA o gobd
5 = 1] 9] cresyl violet (Acros Organics, USA)-& <!

F ohlEl o) E Szl
14 3087 F 5, A % ¥l SH50] A =5 o gl A 2

2, >z rul

I

A2 g5e F Enelland 2 SR, $22E o
E A AR NEES %%OM Hep o2 A HA Hoh
AR =3 235 25% glu-
taraldehyde &< of] 177 3}¢d 2% osmium tetra-oxide (Polysciences,
USA)x 2] £ &}, epon resin® 2 Eujjate] Iym FA 2 Z A&
H 7] (ultramicrotome) 2 A& % toluidine blue &4 &} A TH. 94
29 7](ImageTool®, Version 2.0 Alpha 3 [patch level 1], USA)E =
| 7€ (Safer ASUS L3®, ASUS Co., Korea)’dol A Toluidine blue
5 Bl TR EAY 2R B> 2HEH A et
A8

C. FARAAA R A %7t

Zu A Z4 AH (ultrathin sections)E-g 300-mesh copper/rhodi-
um grids 9] ol A 5% uranyl acetate €2} © & G238l & 557} 70%
e Ag] T AZAAA, 5587} lead citrate® wh) G E T
ThA] AZAIAA FAAFE R 7 (Zeiss EM 10CR, Germany) S =
A E A A F2E AFE AT

d 2= A7 A 245l tiek 22 et H7t (Histom-
orphologic observation of sciatic nerve innervation tissue)

B3] ZAALS, v]E2 (gastrocnemius muscle) 2 ) ¥ o] &4
(biceps femoris tendon)2- ) 5}o] H&E AM S E3 A E 3
2 A3} (fibrosis) A =, A W3t M Al (fatty degeneration) A =&
Hrbstgdom, E A0 8k @ =] 3% (leg and plantar skins)
9} W& (fibular bone) = =% ZAFste] ZF #7ke] 24 g g4
Hl w5 Alg a3l

4. EH BA

B Wk % 3AY Wl A o RE AR AT §
A Z2 23 (SPSS R10.0.7, SPSS Inc.) 2] Student s t-testS o] &5}
TS Aot on, 7 7+ vl g 4 Abo] (semiquanti-
tative differences)S ¥ .3}7] $Jal Mann-Whitney U-testS ]ﬁﬁu
th f9 52 5%= pvalues 005K T 2 A THS 94 9

= )\E-i 9—14 0}'/\}\

N
N
=
ot
rE

Hl ko A x5S B3l 9 4] A2 F 71 P
g (Fig. 7-a, b), kAl 2= 71 &

2 32H0E= =4 (long bipolar)
T AFA (ipolan)e) 5712 AV 2 13 ¢ & (oval nucleus)
S A W33 (spindle-shaped)e] A E 24 7HH o, Ath A
SEAFENEE AN 52 LG I3 g5 ANEEVE A
YU #1938 98 (flattened polygonal shape)e] F.okS 712 Ao
Z PN HO R ALk olHE AE FEE LS A}
AL 42 27w 9Fol 4 966206 X 109ml 7} 2 A4 ¥ 9h e,
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Aol A H&E A ol A 343.62+1257), S-100 H & ?3*-‘101] H 193.21
1947 (AR M E4ol thal] 56.22%), GFAP ™ o A o] A] 2284
+14.77) (AR A EZol U3 66.46%)2] A E42 B THFig. 8-
a, b, c). webA FrubAl o] b = ARl ol A 86+£7.9x
10/mi )= A= Ao m s wfFell 4 e 2ol A A3l el
& (oval shaped)] Al Hoks} F=A4< M E7] (bipolar
extensions)S 7} &= Fokol it A3A 0 2, 33 wj el A=
A EEo] = (multiplayer) 0.2 B2 H=d, g2 JdHe) A9
FH A eSS A AR G FAE A3 v (direct
ly plated DRG)A1 7] ¥ o] T2 UubA o] Jpk N 2. ] g 3
wj e A 3x Al W E T S AAE A F U
o, wj g 717kl Qloj A& 257k wl kgt F €] S1004 A Al =
F7F 72% (86 £7.9 X 10°/mI) =, 1555 2]13%, 355 ] 70%X.c} 7}
A BeE g1 F AU old AHE iR A oA 2

F7F 32He vl e Tyt H]JE 2 AN AR on, 33k
HHOW A7 ERAA Y Rk AE PR JA] 25 FH o 10°
cells/mi7f 2 g st S 18 4 3l

r@

1. 3% v ke 70k Al £ =2 ¥ 7} (Evaluation of three-dimen-
sionally cultured Schwann cell conduit)

H X
RUS|

D

tlo

21792 4 9 1 53 7]

“

olf
o

7t

o2

ol 125 A SAT HAZARZA T AATA 601139
(n=5), 2ol A -87.0+£129 (=4)Z APTAM 715 3] 8o]
Fogt AAY Blou FAH R F2142 §131tt (Table 1).

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

SFI ASA (degrees[°])*
Sham 174+126 454488
Control -87.0+129 322+48
Experimental -60.1+139 37.9+54
*p<0.05

SFI : (-38.3 X PLF) + (109.5 X TSF) + (13.3 X ITF) - 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.

AR HftE THME S22 0j8et 2E A A

BERE WYL 2 TN 322° £48° (n=4), AP 7oA
3719°+£54° (=H)Z F 7kl foe 2ol & o=, 5437
S Fig. 637} Table 1614 A 2] 34t

2-2. 02 =3 g A ge A £4 (Histomorphologic
analysis of cross-sectional nerve conduit)

o] g A7 Lo 9w $100% GFAPS 53 W x4 3t
Aol M Ao A 2l vls) Bk g2 Al Eet
7143 P S ol A XS0 HAHAT (Fig. 9). F2
st S2HE7] AR EE LFBAA A 2d 4 BeS il
Hl(Fig. 10), 217 AFES A tiiE 5ol Hepog
cresyl violet 44 Whg-& Holth Adrell A 3 FE He ¢

A e Bled,

b 414 42348 JE9) AUR 34 §7)9] 42 4

o~
T
AREH (Fig. 11), A Z2F £7] ol A EAH Fodo] &2
F 1o v(Table 2), A3 toll A 4491%+0.13%2] %3518 =4t
E717F A= QAT A/FH 2 (Sham group)e] T A= v
T 24 glo] AAA <l 21799 (perineurium) 7t 2= =],
Ao R Ao A s o MY H BES BT &
%319 24279 A4 FAEL AN Ao HEME F
< FE EYo, Ve s AFAE R 24 E
of Hxot & FxsE AFEY ol A Al &
Hok PSS AAE 4 ol W, R Fol M= AL ERE
I HAH AR S Fx3HE 22 E7E% A7)7F A
ST A2 S B S Y (Fig. 11).

Fx3} A (Myelmanon index MI)) = Fx3td A=E AA
=2+ £7]9] 49 o)k H] & (ratio of myelin to axon surface area)
2 49 4 oled, hzed AgedA ) £25 A%E 2
7} 0.1648, 03007, AAA F vl 7h7te] & 23} A= E
Hof F3ioh

AARY 7 220N E ZAviare) 32 A7 BRES
WA 29} A Q)71 Eo] st WEE & FxstE A4
T2 AYA AN (Fig. 12-a), A= Ein
3} (disorganized) = 2 FE YA A £ 9 F2}HA (thickened extra-
cellular collagen) =} 242 Frub| £ E0) W1, 9 =239 A7
Aol Bol HRRE (Fig. 12b), 53] Pzl A4¥
oA s g8 HOR Hoxs gxt AEH e 53
5ol gol B Ak (Fig. 12:).

3
L
(v

=

BN

2459 27 oot vl

ol
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Table 2. Comparisons of Axon counts

Total Myelinated Unmyelinated
Axons axons axons
Sham 850+47.2 452+384 332+35.9
Control 358+29.0 59+19.0 274+243
(421+£184%)  (13.05+1.95%)
Experimental 675+495 203+174 489+428
(794+135%)  (44.91+0.13%)

All data were counted using an image analyzer (ImageTool®) and signifi-
cant (p<0.05).
The % calculation was the ratio to sham group count.
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Legends

Fig. 1. Dissected spine for dorsal root ganglia harvesting
Fig. 2. Modification of a silicon tube and dimensions (Internal Diameter 1.98 mm, length 14 mm)
Fig. 3. Schematic drawing of three-dimensional rafting culture method of DRG plated Matrigel? loaded silicon conduit
Fig. 4. Experimental design of 3D cultured and 2D cultured nerve conduit
Fig. 5. Detail of entubulization between the proximal and distal nerve end
Fig. 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
Fig. 7. Photomicrographs of primary cell culture in plain dish, after 2 weeks
a. Photomicrograph of primary cell culture (phase contrast, x 100)
b. Photomicrograph showing parallel orientation of Schwann cell process (S-100 immunostain, x 400)
Fig. 8. Photomicrographs of three dimensional culture, after 2 weeks (x 200)
a. Photomicrograph of H&E stained total cells
b. Photomicrograph showing S-100 positively stained cells
c. Photomicrograph showing GFAP positively stained cells
Fig. 9. Photomicrographs of cross section in the mid-portion of nerve conduit (x 400)
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
Fig. 10. Photomicrographs of axon and myelin LFB staining in the mid-portion of nerve conduit (x 400)
a. Photomicrograph in sham group
b. Photomicrograph in control group
c. Photomicrograph of experimental group
Fig. 11. Photomicrogaphs of cross-sectional view of axon and myelin in the mid-portion of nerve conduit (toluidine blue stained, x 200)
a. Photomicrograph in sham group
b. Photomicrograph in control group
¢. 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 (x 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 ( x 5,000)
¢. Photomicrograph showing small myelinated fibers with Wallerian degeneration, and lymphocyte infiltration in the distal-portion of
experimental nerve conduit (x 5,000)
Fig. 13. Photomicrographs of cross section in the gastrocnemius muscle (H&E, x 200)
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
¢. 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, x 100)
a. Photomicrograph showing well alligned muscle bundles in the sham group
b. Photomicrograph showing increased fibrosis with fatty infiltration in the control group
¢. Photomicrograph showing mild fibrasis 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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