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Abstract

Sciatic nerve regeneration using calcium phosphate coated conduit and Brain—derived

neurotrophic factor gene—transfected Schwann cell in rat

Won-Jae Choi', Kang-Min Ahn', Soon-Jeong Hwang', Pill-Hoon Choung', Myung-Jin Kim', Nam-Yeol
Kimz, Jeong Won Jahngz, Hyun-Man Kims, Joong-Soo Kim4, Yun-Hee Kim5, Soung-Min KimB, Seung-Jae
Oh’, Sung-Jun Kim’, Jong-Ho Lee’

'Department of Oral &Maxillofacial Surgery, College of Dentistry, Seoul National University
?Department of Pharmacology, Yonsei Medical School

*Department of Oral anatomy, College of Dentistry, Seoul National University

*Department of Oral Physiology, College of Dentistry, Seoul National University

’Department of Biology, Kyung-Hee University

®Department of Oral & Maxillofacial Surgery, College of Dentistry, Kangnung National University
"School of Electrical Engineering and Computer Science, Seoul National University

Purpose of Study: Peripheral nerve damage due to cancer surgery or surgical trauma results in
detrimental effects. Peripheral nerve regeneration depends on neurotrophism of distal nerve
stump, recovery potential of neuron, supporting cell like Schwann cell and neurotrophic factors
such as BDNEF. Peripheral nerve regeneration can be enhanced by the conduit which connects
the both sides of transected nerve. The conduit maintains the effects of neurotrophism and
BDNF produced by Schwann cells which can be made by gene therapy. In this study, we tried
to enhance the peripheral nerve regeneration by using calcium phosphate coated Millipore conduit

and BDNF-Ad infected Schwann cells in sciatic nerve of rats.

Materials and Methods: Microporous filter which permits the tissue fluid essential for nerve
regeneration and does not permit infiltration of fibroblasts, was made in 2mm diameter and
17mm length. To improve the Schwann cell adhesion and survival, the Millipore filter was
coated with calcium phosphate. The coated filter was evaluated by SEM examination and MTT
assay.

For effective allogenic Schwann cell culture, dorsal root ganglia of 1-day old rat were extracted
and treated with enzyme and antimitotic Ara—C.

Human BDNF c¢DNA was obtained from c¢DNA library and amplified using PCR. BDNF gene
was inserted into adenovirus shuttle vector pAACCMVpARS in which E1 was deleted. We
infected the BDNF-Ad into 293 human mammary kidney cell-line and obtained the virus plaque
2 days later. RT-PCR was performed to evaluate the secretion of BDNF in infected Schwann
cells. To determine the most optimal m.oi of BDNF-Ad, we infected the Schwann cells with
LacZ adenovirus in 1, 20, 50, 75, 100, 250 m.o.1 for 2 hours and stained with B-galactosidase.
Rats(n=24) weighing 300g were used for peripheral nerve regeneration experiment. Total 14mm
nerve defect was made and connected with calcium phosphate coated conduits. Schwann
cells(1x10%) and BDNF-Ad infected Schwann cells(1x10%) were inserted in conduit and

media(MEM) was injected in control group. 12 weeks after surgery, we evaluated the state of



nerve regeneration by gait analysis, electrophysiologic measurements and histomorphometric

analysis.

Results:

1. Microporous Millipore filter was effective conduit which permitted the adhesion of Schwann
cells and inhibited the adhesion of fibroblast. We could enhance the Schwann cell adhesion and
survival by coating Millipore filter with calcium phosphate.

2. Schwann cell culture technigue using repeated treatment of Ara-C and GDNF was established.
The mean number of Schwann cells obtained 1 and 2 weeks after the culture were
1.54+40x10° and 9.6629.6x10°,

3. The mRNA of BDNF in BDNF-Ad infected Schwann cells was detected using RT-PCR. In
Schwann cell 0.69 pg/ul of DNA was detected and in BDNF-Adenovirus transfected
Schwann cell 0.795 ug/ul of DNA was detected. The most effective infection concentration

was determined by LacZ Adenovirus and 75 m.o.l was found the most optimal.

Conclusion: BDNF-Ad transfected Schwann cells successfully regenerated the 14mm nerve gap
which was connected with calcium phosphate coated Millipore filter. The BDNF-Ad group
showed better results compared with Schwann cells only group and control group in aspect to

sciatic function index, electrophysiologic measurements and histomorphometric analysis.

Key words: Peripheral nerve regeneration, Calcium phosphate coating, Nerve conduit, Schwann

cell, BDNF(Brain—derived Neurotrophic factor), Adenovirus
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213kl 31 4 (low-crystalline  calcium
22 O0CTHA S F7HAIA HEAEE

Zow ogRai UAs & A ¥
= =

phosphate apatites; LCAs)¢] ®Ha} u] &S
3t wa B Ans 3olstr] s yE
1soamvl acetate o] Fztti7t oA FHAE AR
AR H 7 (JSM-6000 series, WDS/ EDS system, Japan) 0.2 #2319

MEEAE 2D BAT AAE Ydte] 96-well plate(Falcon, USA)S] Z+ Welloﬂ s =

ft

Aol HE S 23] " J]%“E delzol dHE A% A7l vb5 NIH 3T3 Al =59 A<
SR A B wdst Ukl EE 2 welld 1.0x10 VIR BFEe & 48A17F Hob wjkEla AlE
=S Y8 MTT assay &, 18]l AlZE F3EE dofstr] 98 FAAAA Ao w #EE3A
o dlFZFo 2 oltEl AHYE A &2 96-well plate® FAFA Y. MTT assays Y3l Hj <k

©
W e =
e

“e

M 500l & 20ue] MTT reagent (ATCC catalog # 30-1010k, USA)E w3 Hea A
kAl 4A 7 ot diFstA Tk, 2elar v g weldiar 200 g isopropanols €l H-
orbital shakerell %31 ThA] ¢F 2A17F FoF A9 ¢tid FATG/E 570nm o= FFE
ot FAAAER A #ZS 98 half Karnovsky solutiono] 24]17F EoF A Asta, o3 2%
osmic acidd] 1A17F TR S dege vEE ASAAZNH E@FAHY o] F isoamyl
acetate®l] ©ztthrl oAt R AE ARESE A ARTVIE AXAI|L wE SEAE FARAAE
17 (JSM-6000 series, WDS/ EDS system, Japan)©o.& 20001 &= F292 3F9E5 #&
ske] 600x500um F9oll FAEH A= AEFE AEEAH
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3. wetAlEe] Fe 2 WY

D AF$24d A3

19= 9 MA(Sprague Dawley, AEIZ)E A3 EAA vHAIZ %=, 70% Wz AL
CMF-HBSS(Gibco, USA) &9l Ztzt @7l &A5eqitt. 59 9§35 TN JF5 =52
)31, ;iq]%a oA Z2ANE S Ao AxHe AASE TaAL 7

A = 2L w2 27 CMF-HBSS & 9oy PBS(Gibco, USA) & <o
tHFig. 2. 28 AAE WA84 2 0 Agstgon #1¥@Am (Olympus SZ-40,
Japan) sNA Ak AA AH AR A SRR AR ZF A7 ool A3
e, g 0 4552 AA7 B 2o g olgsta AR £4e AA @
siet,

2) BaAe et dAMNY

A 22 =24 1oml Aol 2 dAEeEste] CMF-HBSS &8 3] Al A%,
0.25% collagenase(collagenase type I, Worthington, USA) 1Iml 9} H714 22 0.2% DNase(Gibco,

USA) 0.lmlE %2 5, 37CeA 7027 et i 5 800rpmell A 5 7F A4l &Ee2lsted 4
288 AAST 0.125% trypsin-EDTA(Gibco, USA) €4 2miE 1%42 = oAl b ‘ﬂ;{] 107+ 3
7ColM Atk A2 F dAE Fe M omls FUbete] TR AH"W e ¥ 800rpm
5E-7F AR AN FERS AAsI thA 10ml AE wjFRe Hrlsle] NEZES FHA7 AL
cell strainer(Falcon, USA)E ©]&35te] o|&AS A AG MEe ajtds Aok oJud Fis
1,000rpm, 4T oA 5&7t A& =d, AEjd wel FrrE oz 1200mpmollA 28AE 94
wEstATh AEdES 2AAHA AAG H wEd 6mlE Hobsto] wik&rldl 75, o8 W

gow E5o] AFEE YA FHrgEo,
3) HEAAA D FAAFAA A=

gapujoF 208 7to] AW & cytosine arabinoside(Cytosine-D-Arabino-Furanoside, Ara-C,
Sigma, USA)7l 5uMe T2z A7ty djddor w3stir, 482 3F Fo] glial cell line-derived
neurotrophic factor(GDNF, Sigma, USA) 02ug/mle} Ara-C7l 71 sjdd o= wasggc). o
Al QFoll A kA 32 9 Hﬂo] Fetom gold A A AAsts 45os GDNF A s A
gttt ol % WY Foll AFEAEL HEo] EobA Ag Ara-Ct HbE wigder ] A

= ags FAn.

=

4) WA

ht

A% 2 A

bl

5

BE At on AbdamAR wAEAH o2 A7 el
(neuroectoderm)ell A =8k Z3 %Eé}t -100 =¥l digk aA(polyclonal, rabbit,
1:100;Dako, Denmark)E AF&3te] W e ATt 2t AuEYE YA EE
A EEH oA 2447 =<t ek & pH 749 PBSE 33 A% ¥, 4% paraformaldehyde 2
07 LAY A PBSE A H 02% Triton-X100(in PBS) &9 o= 3087k A2 s
, A% AR @3 (normal goat serum) @2 H| 504 SA S flof o, 1A A= 458 A

o2

o



24 rabbit polyclonal S-100 &3¢} WA, npxo g PRBSE Al & 23 34 (Goat
anti rabbit Ig-G-Cy3, Jackson Immunoresearch, USA)E 3087+ 24 sl 22 A whg-A Z o},
Hjgko]l vk F w2 wikE 7] WelA vtz JRFAnF om dFsto AEFE ANSA
HANEZAAE Algst Tz Fash 49 22 A8 wE5oA At A4 o
st Fdeh AFAE HA 53] o] Ajbsle]l HtAE AT, AARSE AlZEFel 10,0006
A 1 ml ore] MEFE AsEtH(Student’s —test, Mann-Whitney U-test, p-value< 0.05).
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4. Adenoviral vectorZ ©]-&3 BDNF cDNA 9] vt Z= 9] o]¢g]”
1) A %3 BDNF-Adenovirus(BDNF-Ad) ¢ A4k

BDNF-Ad shuttle vector®} Z A adenovirus 59 genomes 7ML A= pJM17 plasmids 293
cell®ll co-transfectiondt¢] adenovirus genome sequence?t®]| homologous recombination®] o]t
replication—incompetent BDNF-AdZ single plaque® # &3} wild-type adenovirusZ |78}
o HE Bys AZE virusE UHY 293 packaging cell-linedl] G A 7]aL, o] & B AXEd =
e vepd W AEE AFHSE -80 °CAllA WEd sisS 53] whEetal, 7 @ART vortex®
#2738 E50]Fo] virus EF NS I}, o] A doJA recombinant adenovirus(Fig. 37} EL]
AAE $9A9] BDNF 325 sHf8tar, 25 F9AAH BDNFe 238 F7HA7] =4 #2138t
7] &l 12k wiekd kAl A7 RT-PCRE AT
WA BDNF fAx9] 23 3908 $s RT-PCR ®WW3 Itt3s] 7]€std, TRISOL LS
Reagent(Invitrogen, USA)E o]-&3te wldd rukAlZe BDNF-Adenovirusel 50 m.oiz® 7¢
H FHbA E A RNAS F=3 18, UV/Visible spectrophotometer(UltroSpec 3000, Pharmacia
Biotech, USA)E AF&3lo] RNA¥EE 27439 th RQ1 RNase-Free DNase kit(Promega, USA)
o] &3l RNAMEZHE DNAZE AAT & AAAE A (SuperScriptll RT, Invitrogen, USA)
o]-&3le] ¢cDNAE FAstATE o]F BDNF cDNAES EAS] 98] A2 PrimerForward :
5'-AGCCTCCTCTACTCTTTCTG-3', Reverse : 5 -TCCACTATCTTCCCCTTTTA-3") & 1 4t 9 Airst-strand
cDNAWES-M(0.25pug)2 AHE3l PCRS <T33l9 vk Tag DNA polymerase(Labopass, Korea), Zt
primer lpmole, 2.6mM dNTP 3uf cDNA 1gi, ¥t-5 bufferE F7l&l] SR 30p7t HEE
39t PCR”]7|(Techgene, Techne, England)E AH&3l denaturations $ste] 94 CAlA 283
AN}, denaturation, annealing, extension® FZA ¢ g ZHzF 94 T/14, 56 T/30%, 72 T/1E30
29 cycles 323 AAEAT 72Co A 5E3ZF 3 ¥ O extensionstAth 1.2% agarose gelol A
A7) 4&3e PCR bands #2314

=
=
=
=

2) LacZ Adenovirus ¢ A4 @ qubA ¥ =9 o]¢d

BDNF-Ade] 7HbAIE o)) Ao 713 2349l multiplicity of infection(m.o.i.)s ZA7AsH7] $1&
LacZ adenovirusE °©]d3tgitl Elo] 443 shuttle vector pACCMV.pLpA(8.8 kb) ol LacZ gene
S BAstz pJM17(40.3kb) adenoviral plasmid®} A Z3Fste] 92 replication-incompetent A &3¢
LacZ adenovirusE 293 packaging cell-lined HE&A FZ& ] virus—media T8 NS Ao
ket kA £ 2 24-well plate o 5x10 ‘el & 53t 5 397 w3t ), oF 80%9] confluence
of tulzA vk, 5x10° pfu/mle) virus stocks serum free media®l 34 F o] Zhzhe] welloll
1, 10, 30, 75, 100, 250, m.oi 7} A 2A17F &9 LacZ adenovirusE FHIAZAE 74 39 & 7
zbol Az A Lacze] HdAE B S5 €7 98] B-gal 948 Aldstadct.



o8]

3 BDNF-Adenovirus®t LacZ-Adenoviruss= 7 & thenl o] ths A & sl
T AEE)ANA A=

=
D3N uid v @3 BDNF #3844 ol9) ¢RtAlEE o] 83 2473 A4

FAA 22 gt E el Q3] whel uE T3S o] &8 TR AdER AP A AAANE
7 sebg gk B Ao HE AFERE Y& 9A ALS o AL BDNF-AE o9
3 GFHHAIEE AIS 8FH 300g el M A (Sprague Dawley, MEFE; A& 29 79 AHE 12
AZE FIIR AFEA B WS AES THA AESdEw ARdste] sEAE AR wet A
3 A¥e 2gsP S )0 ol de Ay, (B8 K, n=8, BDNF-Sche*) 18]35 BDNF-AE °|)

o
AMFNA L Al s 913 B v =@ o] &t (n=8, Schit J& A¥ IRz, 34 =
v E e @A media®t ¥ A(MEM w)e txaro® At 257 S4A1Z qRbAlEd] 75
moi® BDNF-AdE ¥& F 247te] A 5 AE57E 1x10°70/40pi7F S A w58k 3eh @Ak
7}

E9l (Ketara®, 50mg/ml, -akeke), o)z} %%(Rompun 5mg/ml, 3h= ulo]g k=) ZHe| A (311
)R vk F F 4 em Zole FH=: AAE =EAZ thE 10mm 9 FHE A dEE P
3 17mm Zole] Q134 ¥k wu b /ﬂ7§7ﬂ‘§?ﬂr% 27 Ayl o 274 A& kAo ldmmrt
HA 4% A de] TR 1.5 mm¥ Eo7FA 10-0 Y4 E (Ethicon, GB)S.2 HA & F-& A 3]
9om  fibrin sealant(Greenplast®, lr—/\‘x})g AN QT NARAFRL] 9] AdF A dEsla

Hamilton syringeE ©]&3te] 21744483 W BDNF-Ad o Z9% FebAl2 7+
b2 2 MEM wHe 242 40 F989 o & & AddAE 98] cyclosporine A(Sandoz,
Swiss)E g2 fo 4] 20mg/kg/day® 9743 Fo]stA v (Table 1).

Table 1. Animal grouping for rat sciatic nerve regeneration

Experimental Group Nerve repair Modality
I(n=8) BDNF-Sch
I(n=8) Sch

Control(n=8) MEM

BDNF-Sch: The groups grafted with Ca-P coated Millipore conduit that filled with BDNF-Schwann cells.
Sch: The groups grafted with Ca-P coated Millipore conduit that filled with Schwann cells.

MEM: The groups grafted with Ca-P coated Millipore conduit that filled with media(MEM) only.
1) #FF2A74 715 A4 (Sciatic Function Index ; SFI)

& T 12FA A & J AEE yokdlry] $3te] Bain-Mackinnon-Hunter(BMH) sciatic
function index6DE ZAeFA T -4 WMo StiE] A0 JAE w2 F GH = o]Fojn A
o] FYPR(B50cmE o] ﬂ@ﬂ AY7HA st £4& AAe AT, HAFE 2 PL(print length),
TS(toe spread), IT(intermediary toe spread)©]™ Z+7F PLF(PL Factor), TSF(TS Factor), ITF
(IT Factor)E w9 2ol tidste] FAE S8Rt AL 001w -1009] FA= =417
A Ad | A2 B (Fig 4).



SFI=-38.3(EPL-NPL/NPL)+109.5(ETS-NTS/NTS)+13.3(EIT-NIT/NIT)-8.8
EPL; experimental paw length

NPL; unoperated normal paw length

ETS; distance between the first and fifth toes of operated experimental foot
NTS; distance between the first and fifth toes of unoperated experimental foot
EIT; distance between the second and forth toes of operated experimental foot

NIT; distance between the second and forth toes of unoperated experimental foot

2) A7 A A A4

% 3 125 A A (Ketara®, 50mg/ml, $3+ka), @) 37 & FE(Rompun®, Smg/ml, o=
uholdl | gt=y) ZE D (31 EFY)S HAW FAFSE] (0.15ml/100g AF) vk A7 a0 #He=47d AA
BE 3 A7 & A7 AFE F7] Yok 2] 2E A5 W AT (bipolar electrode)s F&
A7 Y ZA e ARz Aa oF 25-30 mm Ax "ol AR HIANA 72 AF

(recording electrode)& 18131 ground plate & A& 3gr ol A AHTL A7 A5 7AWPL model
1835-A, World Precision Instruments, USA)E o]-&35lo] A77|7F Ims, A543 E 100l A 7]
A& A A whgo]l s wWi7bAl FF ARl o] A 7]4A)E (signaDE  amplfier(DAM-80
World Precision Instruments, USA)Z 73 oscilloscope(TDS 2014, Tektronix, USA) ¢} audio
monitor(GRASS AM 8 audiomonitor, Grass Medical Instruments, USA) & FF3-7|(latent period)
s =A% 72 AEd 2 e, 28 v S AN 99 A A EEE(nerve

conduction velocity) & Tetien, 2 o+ 7te] 9dXx 2 MNAAEZEEE Kruskal-Wallis Test

)

SIES I I LR

AR

22
o

zZh At 2 gEas 9 AR AARE Alde & 1Tmme] oA AE EEe =
S v st AFHE T 2.9% glutaraldehyded] 324 SEaL, 2% osmium tetroxided] 3135 A3
Atk ZF 2175 100% Epondll EwjAZ]l vhE A AR ol A A Ee] FdF-AA 1 m F
Ao dHE wE % toluidine blued] @A¢t = {5 ZAFH 3 AScion Image beta 4.02,
NIH, USA)S Algste] AA 2742 (fascicle)?] 94 (mm?), $4F 2% (axon/mm?) 2 245 x9]
FAE 54 vustdnh. Egh, dR9 AL FukAlZE FAARE G S-100 @AY EX)
E 3heldlr] 95t 12 FA R S-100(polyclonal rabbit anti—cow, N 1573, Dako, Denmark) &)
¢} Avidin-Biotin enzyme complex& o]-&3%F WAz A AAS Aty =28 AFs H
10% Z=Zdol| 24717 3819 draigds Al F A 55 A stdo 4dme] F
AR AAE AAe 3 Zgelo] 2l (poly-D-lysine, Sigma, USA) M & £#lol=o] AT 249HE
g ggAsta kst 3 0.0IN it 2 04% WS olgste] AFsav. WA
peroxidase= WEEo| ¥ 03% AMsrir Aeste] FrEHQ A& FASATH AR
E7] dAE o] &ate] 11,0002 AR 1A A} 4CoAlA 18A7F ¢ w22k &4
2 hiotinylated affinity—purified Swine anti-rabbit IgS ©]-&3 3, WAIAMoZ Mayer's
hematoxyline s A48t X5 FAL Large volume DAKO LSAB® Kit, peroxidase A3 Al

whe A5

[e=2}
ol
-



< TFig. 5ol b 3ol Alztetlon FAAAER A 4 2elxol B AAl= v 9
AR e, 15N Hiubg v hske] = 2 wA A Fig. 6).
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AFEAEES oG8 AZFPRrcAM Q34w di5ate] F35% @Y 570nmy= 0.85+0.055,
59£0.085% 13 it wE e T o] 789%, HlA YT T 548%9 ¥
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Table 2. Viability of fibroblast and Schwann cell on the calcium phosphate(Ca-P) coated
Millipore membrane assessed with MTT Assay

Control Uncoated Coated
Fibroblast . -
. 1.07+0.053 0.59+0.085 0.85£0.055
(3T3 cell line)
Schwann cell 0.27£0.025 0.36£0.046 0.45+0.042™

(values represent optical density at 570nm, meantSD)
Control: Non-treated 96-well culture plate
Uncoated: Millipore membrane that fitted at 96-well culture plate
Coated: Ca-P coated Millipore membrane that fitted at 96-well culture plate
*. statistically significant relative to coated and uncoated group(Mann-Whitney U-test, p<0.0001)
*%! statistically significant relative to uncoated group(Mann-Whitney U-test, p<0.0001)
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o] B3 5(0.36+0.046) Hl&ll BE=7F ¥ = dvH(p<0.0001).
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2) AREAE L A AETIE

el Alash vpep 3ol zZh ME-E 25% glutaraldehyde® 10&7F 31784171 & FALA AL A
don AT Ay gubAxs d8Y " dEddAM = 382121005, ZEar W EatE
2436255570 2 vt o v M EFEE Bt (Table 3). A#FRAEE gz Bus 25
sl o, vEgo] HyErEy F5d duE vy (Fig 7).
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Table 3. Cellular adhesion fibroblast and Schwann cell on the calcium phosphate(Ca-P) coated

Millipore membrane assessed with SEM

Control Uncoated Coated
Fibroblast
. 80.38+23.53 23.29+7.24 52.54+14.35
(3T3 cell line)
Schwann cell 22.38+14.24 24.365.55 38.21£7.05

(values represent cell number/600 x 500 im, mean*SD)
Control: Non-treated 96-well culture plate
Uncoated: Millipore membrane that fitted at 96-well culture plate
Coated: Ca-P coated Millipore membrane that fitted at 96-well culture plate

3. UMz ¥ 2 MY

AE 19% A9 H5524E g4 AHYste FHAZE s o3 DNA #4 dAAE o
&oteo] AfolMEE AAS S FRHAE S SAAZA A Ee] S48 st B3-S A
gate] Be o] HUAEES WU F AT (Fig. 8). i 225 Fo 95B5x10° A AEFE
2Row AfRAZet= dy W3 e &= (bipolar) AZ7F #AZE AT, 99 MEE H
okt S-100 I -9 A& w38 (spindle-shape) ¢ & Bol i Al E A (soma)9t X8 of g
EVlE0 #EHeH, AxEyIEe] vds MEHE 5A A EF(parallel orientation)s =
4 JAtHFig. 9. AZFE AHEw, Wik 1Y Ads AFRZATI 428£6.7<10°7, FukAlZ 7}
0.0440.02x10°71 oW, 1FA = AHRAEIL 12:27x10°7, 8k E7}F 15.224x10 °7, 2F 5o

o s
AR AE7 55:1.8<10°7], rutAlE7 966+9.6x10°72 H3: A= MHmAE}
2.75+1.8x10 %70, sr9t A 27} 82+9.2x10°71 At} (Fig. 10).

s

4. BDNF §#Ax2te] @& 9 LacZ Adenovirus 9 4F9HAE U= o] <]

1) RT-PCR& %3 BDNF #Ax 23 39l
ot FpukA #9 BDNF-Adenovirusl 50 moi® Z49E ubAlZe A RNAZ F&3 v}he,
PCRE F8e A3} 423bpe A4 PCR band’t #Z=HYh(Fig. 11). PCR band® ¥7|&=

LA gj\
BDNF-Adenovirus®l #E % WA 2 A XAsdv}t. =5 PCR banddlA HE=% DNAY]
FTEE kA ZEANA 069 pe pf, BDNF-Adenovirusd]l 28 ssHbAl ZA A 0795 pg/ub 03It

2) LacZ Adenovirus 9 s79HAEZ U2 o] ¢

el

2N A moirt ShEFE AR AEsE Fowe™, 50 moi FE A EE A2}
Aoz BEH7] AlAste]l 75 moidAM 7HE AlEFAo] §lo]l LacZ frdAE 2HEEAY. olE
THAZEE e A" 28=cle] FFem widEe] o, FARD kA et JES
A Z e

Aoz zkol7 A, 2y 100 molF-EHE AlE &) dojuhr] AFSEE o™ 250 mod.
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5. 13 Ay} v =33} BDNF 84 ol wWHAIEE o] &3 NG AR

oft

w39 2 97}

% % 12549 walking tractE 014‘15}04 Bals 7 ¥ 54 % vg o8 wger ZF Hddd
Za

4 oz A F2AA 7s AT Wo}%i—z 1, BDNF-Sch 7ol -66.26 + 29,63, = t}-&9]

chx ol A 7502 + 19.43, :LF/]IL Mol A& -81.76 + 33659 =22 BDNF-Sch A 7}
XJ T J)es Bol Fon %J 2 % HdA FYARFE olg fFAbstA . 2Ev A 3
BFE AAAR] 0ddls 2A 3 A d3dE B9 (Table 4).

Table 4. Sciatic function index of each group at post-operative 12 weeks

SFI MEM Sch BDNF-Sch
(n=8) (n=8) (n=8)
MeantS.D. -81.76 + 33.65 =75.02 £ 1943 -65.26 = 29.63
Range -62.39 ~-128.10 -70.62~ -89.22 -44 54~ -90.21

BDNF-Sch: The groups grafted with Ca—P coated Millipore conduit that filled with BDNF-Schwann cells.
Sch: The groups grafted with Ca-P coated Millipore conduit that filled with Schwann cells.
MEM: The groups grafted with Ca-P coated Millipore conduit that filled with media(MEM) only.

2 A7) AsA A4

BDNF-Sch oA A7 9x7F 1960 + 2833 wh= 7F4 ¥okow t©h2o] Schit, &L t39]
MEM ot} AlAAE &£XE% BDNF-Sch ¥°] 2998 + 771 m/sec, Sch¥°o] 2091 + 6.03
m/sec, MEM-¢] 1722 + 692 m/sec®Z BDNF-Sch we|lA 7}3 £ A4E noh. ey
ABGA e} A L5 JdLATdes & Aols Bo s or Al e nAA a8
A H2A7 AT dRE A ¢ H FAF ¢ ATk, Kruskal-Wallis Test (p<0.05)& A
g 8 & Duncan’s Multiple Comparison®. & A& AAS 43 Ax<E£xd A BDNF-Schat#
MEM<= 7+l p-value= 0.0018= ¢u] Q& #fo]& H P o1 Scha#= #kol7t gle Ao=
ERtth (Table 5).

e



Table 5. Threshold and conduction velocity(CV) of each group at post-operative 12 weeks

Normal MEM Sch BDNF-Sch
(n=46) (n=8) (n=8) (n=8)
Threshold( z4)

84.09 + 48.11 3,312 + 2,905 2,950 + 3,681 1,960 + 2,833

(mean)
CV(y/sec) .
4529 + 20.81 1722 + 6.92 2091 + 6.03 2098 + 771

(mean)

(values represent mean=SD)
BDNF-Sch: The groups grafted with Ca-P coated Millipore conduit that filled with BDNF-Schwann cells.
Sch: The groups grafted with Ca-P coated Millipore conduit that filled with Schwann cells.
MEM: The groups grafted with Ca-P coated Millipore conduit that filled with media(MEM) only.
*! statistically significant relative to MEM group (p=0.0018, Kruskal-Wallis Test)

zb At E o dlEatEs 919 AAARYEA HAE Aldg & A dER] olAd EdE A
sto] T#E AAS S AAE 2AS FZSA-ES o, BDNF-Sch T4 AAAE 2174 7 &3
w, th&o] Sch +, 2 thEeo] MEM el vk (Fig. 13). 2+ 41744 100% Eporell EwjAIZl vh&
7 H ﬁl ol A AAARYEY FEFAA Im FAS AHE wHES toluidine blued &g
S A5 IFEHE Al gste] AA L]

217 2 (fascicle) 94 (mm?), =4 A% (axon/mm’) 2
LA AE e guA e AAT o] 0470092 mm iR 7 H
T m’, MEM i*¢] 0.15+0.111 mm*
ARTE Aetns 2+ T 7H 598 w3 xo]E HolA sggm (Fig. 14). 219 A 5=
BDNF-Sch ] 2951645827 axon/mm°Z AYd % ¢th. Sch o] 21,009+2,971 axon/mm”, A4
7012028942486 axon/mm?* MEM & 19482:5805 axon/mm’®  AlY Wmrl skgkr)
Kruskal-Wallis Test 23 BDNF-Sch &3 A4+ MEM <+ Sch + ZHl+= w$ 9 A= A
o] (p<0.0001) 7} YR o} WA o+ ko= Zolrt AT (Fig. 15). A AFZ2 FA A AN
o] 1.73£0.117 m = 7FF 79 Kruskal-Wallis Test (Nonparametric ANOVA) Z3 MEM i+
2 Sch #3o] Blao A WS- on] 9= o] (p<0.0001)7F 1., BDNF-Sch < 1.2040.262
m Sch w#o] HlaLo| A w9~ o m] 1= x}o] (p<0.0001) & E A HFig. 16, 17).
a3 AR For agm oA FURA wuom Ael S-10008 WdEsts dAe 3§
& wWol % BDNF-Sch #olld 27 Aol A @o] F2AH oW (Fig. 18), L th&o°] Sch o
oA TH(Fig. 19). MEM w-oll A= 417 dA&Ado] o] Fo A A eF A-5-% Badrh(Fig. 20).

or‘rr



Table 6. Fascicle area, axon density and myelin thickness of each group at post-operative 12 weeks

Normal MEM Sch BDNF-5ch
(n=25) (n=8) (n=8) (n=8)
Fascicle
5 0.47£0.092 0.15£0.111 0.18£0.074 0.22+0.057
area(mm )
Axon Density X
) 20,289+2,486 19,482+5,805 21,009+2,971 29,516+5,827
(axon/mm°)
Myelin
Thickness 1.73+0.117" 1.16+0.184 1.13+£0.225 1.20+0.262™

(gm)

(values represent meantSD)

BDNF-Sch: The groups grafted with Ca—P coated Millipore conduit that filled with BDNF-Schwann cells.
Sch: The groups grafted with Ca-P coated Millipore conduit that filled with Schwann cells.

MEM: The groups grafted with Ca-P coated Millipore conduit that filled with media(MEM) only.

*. statistically extremely significant relative to Normal, Sch and MEM group (p<0.0001, Kruskal-Wallis Test)
*%! statistically extremely significant relative to Sch and MEM group (p<0.0001, Kruskal-Wallis Test)

w#%] statistically extremely significant relative to Sch group (p<0.0001, Kruskal-Wallis Test)
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b I 54 al
43 HAAREE 2862 Ha o 63, A7) epineural sheath) ¥ A 2Zfat sheath) 5 o]
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[¢) )
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AARE FAE Ag= A e e Fefet FrtME 5 AAAESY] 73 448
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B AT A BTl AHE WATH NN FHxAoRRE JFTF ek, v



13]57;

o
=

B3te]

[e]

1o AAAEES o]

o X

Lo

70)

=

©

2%}, Salonen

o~
T

S

H7E A=

-

k)
il

shu, thep

3]

=
=]

A

[e]

T

Rwe T PP ohddRTHEwTTIRRRS Mz ramusnwy Boiddxow
weTH SR WTRERERE B KT MB T oonod HpHe  w e
ERETT omw g wt g TR Per FrIsdw ik B PR iy
,Z\‘Dﬂia Z‘.#OtLaLpX,LLI‘;lo %,Mu_IJAII = — iO;dﬂzTﬂnﬁ;mﬂ7,ﬂlO = EIEOE,MVIOE
W N v i BT S G N A R S REgxm FTEERmRAT
OEDE :i @ﬂﬂ?iﬁoLiﬁLtler_lXoLtﬂTﬂﬂ_OImMOZI# ;oO]r ;ﬂuwrﬂaﬂ,ﬂ:im‘.rr ,L”lﬂult;ﬂﬂﬂoﬂaL7E
ooy B R o Py W W MR R R TEREUEEM, 2L hme ¥ oo
o of ™0 e g T T s Yer et AT ouels D o iw b
o o dp T x%myﬂ%@r%wiﬁgﬂ %ﬁx WE g o X TFTT g . F H#%%g%ﬂg
sk o OB ﬂd%ﬂ%@ﬂ]ovﬁr NEET%,@. ]ﬂeﬂ_.ﬂoanJ%nnVVE _x%WAo_uwa]rﬂ
TR b F TS oM E R g TReEY TSR w T Z g
70 I =3 = X = :
PEep T g olimow _MauwnTTosm_ T Zxufeded ]z THE cwm
NS e A T a T B TGN R o S i o R Gy "L = ooy
i e = o A NCONC T - R oo oL ® W o W g gy
ziﬁ%% hﬁﬁ%wl%ﬂ%%ggéovﬁﬂ% 27 R TET L o ®REE D g O
ders FTEEREEROLET ST 6T Ee,Tatdkazli Thoapdids
N I R N - < o — NP XM o5 Ne cy — o = T —
~ N o o ' S X ol oF BE o] - X T o R oo ' T o = X 3
R T ﬂiMW%%M%Mﬂﬂ@&g%%ﬂﬂ@%#ﬁﬂﬂ%%w% Gl T
o oy = ol { W oo E o} o - R F LS e A oW ow T D - Sl wp < e B
yodo = S S O S O oo W oo, TR Wy 0 B W e
Ry oz M T T T R moaee T o B oo W TR R T AN E
o Yo m 2 MTmeoﬂaﬂﬂwm?;.wmoﬂmﬂ@g%mozf%& iﬁﬁ@mxﬁ ﬂni%d&ﬂ@r@
mp & ]M} =] To ' g —_ - 0 e O] — W < 3
s L ®_mBC TS ¥ERTLEN LRy D poxiTRES ST mRML
Mo o o o) Mo b3 o)) =y ol m 1) % o el B ool — 0| =] e o 2w iy T ® o i R = R
I B o R S g - T I Pl S SR C I o SR
—_— iy o N 5 5 ) 2 S —_ }_ﬂu_ | ~y =
ﬂo%m @ﬁ%Bﬂﬂ%ﬂ@ﬂ%ﬂ%&M&é%wﬂﬁwﬂw@o%zﬁﬂﬂ %ﬁzﬁr%%ﬂw
ﬂﬁlmmé o oMEWV%, %Mwﬂztowmmiﬂmww&%ﬂmﬂ%%ﬁ?ﬁﬂ%@ ﬂ%%%ﬂ%%?at?
Al B < o S = o KX -y SIICI ; o o B K o=
dln_Aldl‘mnm %olledﬂﬁEOﬂrLEoﬂr.dlL,dll%_llx__/l ﬂl]ﬁo?%o m:i,@a‘olﬂwioﬂ MJAMO# H‘_ﬂEHTLt
JIERE S - s T B wETOW 2T ZE o Ay R WA T oa = o
ﬂ;lﬂrommﬁ X e H,ELCHEm_x‘mﬁvﬁWmmooiﬂﬁmMMﬂOtJIMJlMu Eﬁﬂem,ﬁﬂr.wurﬁ HOUNAW_EAWO E3
Q ) T o ' s B8 L — —_ R o ! =
T B M N B .Uxar%m;ow1ﬁogfﬂﬁ%%%mﬁaﬁ@%@E%%% H@%%l%wﬁwﬂ
Aﬂm1mmmﬁﬂmova”f%%ié&ﬂ%%%%g iutﬂﬁgﬂhm#%% HOON®WE g
Tl _ = —~ _ - - ~
e o B2 SR ®RO oy Ly BXAT e EE ool ww e LTaPTodmn
X s NP YAl L x iy WM ELFE TR RS s T Mo o B e
Ecal B a%wfmw#w”mﬂm% ER g TE LY iﬁf%awm R R
—_ b = L.ﬂ.ILﬁLS,O oln 2 0 H1A1E.| _— ok 3 HOLEEoAlﬁ ~n " L‘%O,Jl
B ooy S ® B > Q o o} SotzuamﬂJ E e e g X _ "N B oW
7 P T B z%cﬁiarwmﬂwﬁfﬂ%il.,%Mu.ﬁéwrmy w8y T T T
I e S o T - R S S R N mﬂwﬂ@ Moo X TP
He T2 Ags g Rmo BRETR . begarg Tl yesg T T M o B
TE Mo N T M war Aoy BE U PR esl e EEY 2 wm
T S I I ST ST T I B IR R
R TR S G i . - N S NG S PO b ﬂﬂga%gﬁ%mﬂﬂﬂﬂ
ST W T AT N FRTEREI LT N ITRTATERPETRNRT T ESTRG DGR



A7 #A- NE FoR FItE e, oAy 27 E3EHo] Hold T2 AEZES 27 15Ul
oW A g shvkol whel F2 Exshe AEFe dA8 AolE HolA vt 53], 4G AA
of Ayl Wy 2 £A a3 S weEt o & ZIE HolA Ho FF AESHHA A4t 2
a9 Bor AR 5-FUS o] AAAAAR <814 de Ara-Ce A fFEA xS} o]
weA FAste AEE TAHoR AAsIReH, 258 Ao ME A A 70% HRe]d
FE0o] Ara-C A# T B%7HA F7HE k. 22y s A JFE A7|H 0w Ara-CE AHESHA
HA AR 5A4ES dElE FA8o] s F donE Ara-Ceo A& 3d dig 7]Fo
AFAeteh g ¢ Jrtka AZAHAT. AT E AFERAEY &S A& b v 22w}
o Ao, AuiEs 187HA Hrbe] FAT. fEle eAEd ok AE G FAR

(neurotrophic factors)® GDNF 4 & #7159 =d, GDNF= =37 487](dopaminergic
receptor) ol 23St TGF-superfamily ¢ Aot HA71A 832 GDNF family & 25 47}
Aeoldl GDNF, neurturin(NTN), persephin(PSP) ® artemin (ART)]™ ™ X% Ret tyrosine
kinase receptor®t GFRa®} Eolx o= d3tsitl, GDNF= E535] 41734 % (glial cells)e] < =}4j
o} WA ZF(glial cell line)g whe W =dRsiyd AlZE9 44S =954 H=d, A4
=719 s FXAAT)5L A EA (soma) 27| % AAA doh 247 o B A Al #estal
&7 targeting® branching®] 254 AAE AAEE  newromuscular junction®]

synapse IS FHAAF| D), F2A 5@ AF] AR =24 &40 oHE 5479

#o F2ILS SN Eastdt. GDNFe &

H FAAZF] il old AAEL

diLEoltt. I FlAME GDNFE Hj ol
X5 AFAMA vz wjEATIE HRel7] o

A2E nHEPgom, AARZ o] GDNFE F7bshA] o8 wige] n]s)

A kAl e wikel] ek Aot FA pukA e S FostE oe oFAl 2 Azt

gk A7k FdetA A gH AT, Brockes3H 5 49 ¥z Hsi¢A A glial growth

factor(GGF)E &8 AA st WxsH =, FuhA 29 A3A ¥ (astrocyte) = ©] QAo & 74
SHAl WEgSte] AME F2o] FHXH A RE thE A3 A E (oligodendrocyte) = ETHE HEE-S HolA
e Ao R HaE gt o]Fe BE AFE F59 GGFE neuregulin family?] d-¥olw, t}

E 3FFHY @A, Acetylcholine-receptor-inducing  activity(ARIA), neu differentiation
factor(NDE/NRG- B 533 3} &7 22 f§3x7 A& g2 dse ddHE oz 48
. %9k GGFE epidermal growth factor(EGF) 8] A% 9|& H 93 A5dAQ Aoz A

om, ErbB #47] 058 T A s IS vAE Aom BuHdnt. oj2ld

58 T 9o 2AE BEUR 9 A Z AFH dFIAE Hubgk FEA ufx] 030
5 o] &% HAFRAE F49 A L FHAE wgs AR g2 AFdiEe] Huya 9o
w, Chen & 773 Mohanna &7 rhGGF2 & Z}7 247 pdbsidi el d&Fo F9lsk 43
FHAE FAE Fo AASAY] QAL AFSATT Buskdrt. 1 ¥l forskolin, cholera
toxin S3Do] FpulAE o) Tdle] ZA AR A&3tta BaE v 9o Verdu 543 Keilhoff

SOE FUA T ALY A 2 FAES FUSE] el Adld BRAPA M £
Fol WAAIE PHE BIFE B9
A

TRbAI e} A Ao doatged B9 A JdE 4ds] HEAAE Fdoy ubAE



= AASsAY] A Al 7AS ATeta oe] TR AES AAE st A=
Eag= PR kA ZE grd, S, 2e AxEe] 7|de AAketal, L1, N-catherin, ¥
integrin 2 N-CAM(cell adhesion molecule) 3 Z2 A

BDNF, ciliary neurotrophic factor(CNTF) &} 22 217 . x
(neural crest)AZol|A 7] hste] FH <o A% A 15 179 Atold 2 AFAELZHEH +3}5
T o wegon 020 o] Ayl AFAEe FEEHE %

Fo Fad gkelrs 227 Eu)SE W2 (autocrine survival loop) 2202 F213F S HE o] A
8 ¢ A} o= AAH &4 A pRkAlEe] AE 2 FAE Fote] 21 AAMo] fFEHTE
HelA g Fod ouEs ztev, Eo A wigd 49 i Es ASd 283 o8 2rt
H] JLRIAE FES 2 S F e 2ER FAE ¢ 3

3]

3 215 .
oA Apge 244402 BDNFE= NGF9F Fx4oa fAkst, 53] 5
amino acid sequence homologyE Zte ©WMAZ AAA U9 o8 FFHY 44
medium-fiber sensory neuron, motorneuron B ¢ AE3H} E3lo #o] 3™, BDNF= NT-4/5
2} &7 TrkB receptord] Eo]& o & A5t p75 low affinity neurotrophin receptordll = 283k
v}, 2= BDNF+ TrkB receptor/l #3235 A4 22 288 34, TrkB receptors 9tHA
A E FFAAANE Fo] LxstE AoR HIiHA Tk A RE TR A A4 BDNF
Agtel] fiste M= sk CAQlel wheka thde AR o2 =] ofX 7t Bttt Utley 5 82
WS o] &g BRAAAL dPAA AAY Ts dFo] S @At 55

=
£7ol5 9AH9 BDNFO Felt Wz 4446 9ae 4 v
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NFEE FYE oo AN FFE Frha BaE v Yok, dhol2 Boyd T2 w4l
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AR A ole A G % AERR BARe] AR 4% Et ASAEL H FE, 9

= 4
A, A= A7 e} vgstRE o 7hA] AxE Y A, A A& #gk Ae o
Y T/ FAAE AT ¢ U= WY sige] 283 AR AZHAT
FAAAZA ol AF7A AEHL J= BESHA fd4 A9 de 2A HH AL AA
llex vivo)d 3 A A0 AA dn vivoHe® vs ¢ Advk. 74 Wi e ddste = #4
A2 AL ¢ e AEE dets -9 o)A st= wHolar AA L DNAS A3 Folst
A oW 249EA] (vector)dl A@3ste] ot Fflo ddste wwld], o W REAIR virusE
irusE o|-&3% #4443

o g3t FHAAE virusEW A oA 2 ot ¥o] A & 4 vk Vi
Agd F2 AMEHA ) E retroviruse ZFEE F viral DNAZF & ]
ox 7o) 5ot v SEFste AAFIE tent. odd 54 retroviruse FYE FAAE
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d S92 M FE(dividing celD)E 71 FF oz 3A 4
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o o3t FAA AL LW NEEGo] E 417 M E (post—mitotic neuron)dll = A &sEA] 2
ol¥ retrovirus vector® AE ZFESI7] 3k tjeto® adenovirusy: o] &% FAA AY W

AbREHA H QAT 545D 7| =AY A E(airway  epithelium)E AA % <32 = adenoviruss
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Appendix: Legends and Figures
Legends

Fig. 1. Schematic drawing of the experiment.
Fig. 2. Dissected spine for DRG harvesting from 1-day old rat.
(Black arrowheads: dorsal root ganglia)
Fig. 3. BDNF-Adenovirus that we constructed.
BDNF gene was inserted at E1 deleted region.
Fig. 4. Normal rat foot print and Sciatic Function Index.
Fig. 5. Nerve Conduit made of Millipore ® membrane.
(internal diameter 2mm and length 20mm)
Fig. 6. Scanning electron photomicrograph of Millipore® membrane(A) and Ca-P coated
Millipore ® membrane( B). Arrows indicate 0.45um sized pore and there was no change in pore
size after Ca-P coating.(SEM, x5000)
Fig. 7. Scanning electron photomicrograph of NIH 3T3 cells(A) and Schwann cells(B) on
coated Millipore® membrane. Schwann cells show long cellular processes(arrows) hbut NIH
3T3 cells do not. (SEM, x1000)
TFig. 8. Photomicrograph of cultured Schwann cells, after 2 weeks.(phase—contrast, x100)
Fig. 9. Photomicrograph of S-100 immunoflorescent staining of cultured Schwann cells. The cells
show parallel oriented cellular processes and positively stained cytoplasm.(x200)
Fig. 10. Change of cell number of Schwann cell & fibroblast population through the time course
after primary culture.
Fig. 11. In vitro characterization of insfected Schwann cells with RT-PCR. Prominent PCR band
at 423bp level was detected in BDNF-Ad infected Schwann cells compared with
non-infected Schwann cells.
Fig. 12. Cultured Schwann cells were transfected with LacZ adenovirus to determine transfection
efficiency and B-gal stained. B-gal expression was minimal with 10 m.oi. of infection(A),
B-gal was expressed in most of cells with 50 m.0.i.(B), and cells-toxicity was shown at 100
m.o.1.(C). There were no viable cells with 250 m.o.i.(D).(photomicrographs, x100)
Fig. 13. Regenerated sciatic nerves 12 weeks after surgery
(Lt BDNF-Sch, Center; Sch,, Rt.; MEM)
Fig. 14. Fascicle area of regenerated sciatic nerves 12weeks after surgery
Fig. 15. Axon density of regenerated sciatic nerves 12weeks after surgery
Fig. 16. Myelin thickness of regenerated sciatic nerves 12weeks after surgery
Fig. 17. Cross sectional photomicrograph of regenerated nerve in groups grafted with Ca-P
coated Millipore conduit that filled with BDNF-Ad infected Schwann cells. Arrowheads
indicate Millipore conduit that swrounds regenerated axons( A, Toluidine blue, x40), and
arrows indicate myelinated axons(B, Toluidine blue, x100).
Fig. 18. Cross sectional(A) and longitudinal(B) photomicrographs of regenerated nerve in groups
grafted with Ca-P coated Millipore conduit that filled with BDNF-Schwann cells. (S-100

immunohistochemical stain, x40)



Fig. 19. Cross sectional(A) and longitudinal(B) photomicrographs of regenerated nerve in groups
grafted with Ca-P coated Millipore conduit that filled with Schwann cells. (S-100

immunohistochemical stain, x40)

Fig. 20. Cross sectional(A) and longitudinal(B) photomicrographs of regenerated nerve in groups
grafted with Ca-P coated Millipore conduit that filled with mediaMEM) only. In

longitudinal section, discontinuity of nerve fiber can be seen between the two segments.
(5-100 immunohistochemical stain, x40)
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