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Abstract

Peripheral nerve regeneration using polyglycolic acid conduit and brain-derived neurotrophic
factor gene transfected Schwann cells in rat sciatic nerve

Won-Jae Choi', Kang-Min Ahn', Gao En Feng', Young-Min Shin', Yoon-Tae Kim', Soon-Jeong Hwang',
Nam-Yeol Kim?, Jeong Won Jahngz, Seung-Woo Jo?, Byung-Soo Kim®, Yun-Hee Kim*, Soung-Min Kim®,
Myung-Jin Kim', Jong-Ho Lee'

'Department of Oral & Maxillofacial Surgery, College of Dentistry, Seoul National University

*Department of Pharmacology, Yonsei Medical School

*Department of Chemical Engineering, Hanyang University
*Department of Biology, Kyung-Hee University

Purpose : The essential triad for nerve regeneration is nerve conduit, supporting cell and neurotrophic
factor. In order to improve the peripheral nerve regeneration, we used polyglycolic acid(PGA) tube and
brain-derived neurotrophic factor(BDNF) gene transfected Schwann cells in sciatic nerve defects of SD

rat.

Materials and methods : Nerve conduits were made with PGA sheet and outer surface was coated with
poly(lactic-co-glycolic acid) for mechanical strength and control the resorption rate. The diameter of
conduit was 1.8mm and the length was 14mm. Schwann cells were harvested from dorsal root
ganglion(DRG) of SD rat aged 1 day. Schwann cells were cultured on the PGA sheet to test the
biocompatibility adhesion of Schwann cell. Human BDNF gene was obtained from cDNA library and
amplified using PCR. BDNF gene was inserted into E1 deleted region of adenovirus shuttle vector,
pAACCMVpARS. BDNF-adenovirus was multiplied in 293 cells and purified. The BDNF-Adenovirus was
then infected to the cultured Schwann cells. Left sciatic nerve of SD rat (250g weighing) was exposed
and 14mm defects were made. After bridging the defect with PGA conduit, culture medium(MEM),
Schwann cells or BDNF-Adenovirus infected Schwann cells were injected into the lumen of conduit,
respectively. 12 weeks after operation, gait analysis for sciatic function index, electrophysiology and

histomorphometry was performed.

Results : Cultured Schwann cells were well adhered to PGA sheet. Sciatic index of BDNF transfected



group was -53.661+13.43 which was the best among three groups. The threshold of compound action

potential was between 800 to 1000uA in experimental groups which is about 10 times higher than normal
sciatic nerve. Conduction velocity and peak voltage of action potential of BDNF group was highest in
experimental group. The myelin thickness and axonal density of BDNF group was greater than the other

group significantly. (p<0.05)

Conclusion: BDNF gene transfected Schwann cells could regenerate the sciatic nerve gap(14mm) of rat
successfully.

Key words : peripheral nerve regeneration, PGA tube, BDNF, Schwann cell, gene transfection

DAXKE 0|55

Jong-Ho Lee

Department of Oral & Maxillofacial Surgery,

College of Dentistry, Seoul National University

28 Yeongun-dong, Jongno-gu, Seoul, #110-768, South Korea
E-mail: leejongh@plaza.snu.ac.kr
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2. X =gt BDNF-Adenovirus A= 2 SAX} 0|Q

BDNF-adenovirus= 43| d==t1 dEslu0iAM HA=0, 2 ME dH2 =2 22U

BDNF-adenovirusE X =517 ?sif 217 BDNF cDNAFZX XtE cDNA library0f i PCRE O|Saff &2

CtE adenovirus shuttle vector?! pAACCMVpARSS| E1 regionO| X AHEZE X0 cloningat%iCt.



BDNF-adenovirus shuttle vector?t T & adenovirus 5 genome& 7|11

U= pdM17 plasmidE 293

cellof| co-transfectionstC] adenovirus genome sequenceZt0 homologous recombinationO| &0 LIA|

=

510 replication-incompetent BDNF-adenovirus=

BDNF sequence?t S U=X] PCRE O| &3l
=25t wild-type adenovirusE |75+ CH

celloff Z&EA[Z|2

g =4S 52 gtE5tl 2
LACH vzl RN Z 0| BDNFA{ X8

3. PGA Tt 2

Y =5-40| 2 non-woven meshes?! 100% PGA (Albani International Inc. USA)E

T EE A& st
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2 0|85t PGA mesh?Q| ©t% ™

Teflon cylinder®ll polymer films2 MA YZ0| SHE

8510 &St
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FAEXHEDE AHE(SEM study)
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(50 m.o.i) O] ¥ 293 cellO| cytotoxicityS LtEIH M cellg A{F 5t
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differential scanning calorimetry=
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T T2A 7 H{YSIUT. PGA sheetE ZAAEA HHA F FARDE AMNHBES ASIH 2.5%
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(Rompun®, Bayer Korea Ltd., 10mg/Kg) 4:12 =&t & 22 FUsH0] OHF5I¥ oM, 1 EHof
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Table 1. Experimental groups for rat sciatic nerve regeneration

Experimental Group Nerve repair Modality
I (n=4) PGA only (P)
Il (n=4) PGA — Sch (Sch)
Il (n=4) PGA-BDNF-Sch (BDNF)

P : PGA conduit filled with MEM only
Sch: : PGA conduit filled with Schwann cells
BDNF: PGA conduit filled with BDNF-adenovirus infected Schwann cells

6. 2= (HH=ME 7ISXl+ 1 SFI)

=7 12380 zEMFe &4 FEE Westr| ?sted Bain-Mackinnon-Hunter(BMH) sciatic

ZABICE M w9 Sicle| wHiHe| YIS HIE | YME 0[R0fZ

_.,
C
=
e}
=
o
5
=5
a
@
X
o)
i

Aol SZ(8cm x 45cm)E 4y B X[LITEA St HHIS Xt=m= AALSIQICH HALE =2 PL(print
length), TS(toe spread), IT(intermediary toe spread)0|%{ 204, ZtZt PLF(PL Factor), TSF(TS Factor),
ITF (IT Factor)& OF2fel ®H2F &0| 5t £X& FStRCh &2 00/H -1009 <X|=

HBAF0| BF HOE NEE Bl

Normal

Fig. 2. SD rat footprint of normal side

Table 2. Sciatic function index (SFI)

| SFI =-38.3(EPL-NPL/NPL) + 109.5(ETS-NTS/NTS) + 13.3(EIT-NIT/NIT) — 8.8 |
(EPL : Experimental print length, NPL: Normal print length, ETS: Experimental toe spread, NTS: Normal
toe spread, EIT: Experimental intermediary toe spread, NIT: Normal intermediary toe spread)

7. "ol el st HA



HMMELE X2ES 204AFE ARSI HH20| LIEF Y mi7tx| ZE2 28 AFI=2 1=
100.A FH AIZSHH gHS0[ AS W7HR| SIHAIZILE |LF2 250 SX0/HM HIEs 35 Y

O 8FE HAZ2 YoM ol X= M £E5 SYoIULE A= 2 WPI stimulus isolator

L

OI

A365° (WPI Instrument®, USA)S 0|235t% M amplifier(Plexon, Dallas, USA)S 0|23504 1000HH
SEold MFE ZFoIRCE Oscilloscope2 LeCroy 9304AM QUAD 200MHz OscilloscopeS

O| 8o, 230 e Iff MU= FT5I0 peak voltageE 7| F ot L.

7t NEE Y DETO NZMRITE HAE ANBE £ 17mm ONFME EEE

|
[~

gte|sto] A F SHFCE XF0| AFE2E 10-0 Nylon2 & @ 0|H(Zeiss, Germany) 50| %2

Jt=2d #2E HOtM E=ZS ML Jt2H7F B & ZA2 2% glutaraldehyde0f 1&35t4,

=

2% osmium tetroxide®| & T™HS AHSIAUCE 100% epondll ZEOHAIZI CHS 1 pm FH S semi-thin

rr

Zt ZXHE toluidine blued| ZFMSIACt HstdHn|E sto =4 (axon)0| E L]

HEF S S0 4008101 2+ 3ZO0A &St CXAE o= EA2M(n=12), Optima 6.1

2?5t Kruskal-Wallis testE A|2 5t Duncan’s multiple comparison2 2 AtE A



1. &2t

A Y FAE0E pE

1. PGA T2t

UARNCH, FH = 25um LA =] MU HEsd S

T2 PGA fiber 2 74 T
UULCE o A2

=5 =4 =1

YD JAAHAM FLOA FUYE0| =
1.5~1.8mm ¥ 20 LEO| PGA fiber = SE2QM MO FHIZAMAHEZA 1.0-1.5mm)S M2
0] LHEo ¥= o+ UYL ot PGA =22 H-™e ZEE JHX D U0 O|MSHALE 0| E 50
MEY AZ A FE| 0| +==0| 7Is5t%CH(Fig 3-a, b)
2. #EHME 9 PGA sheet Hi
220l & EUCeH =8

A0 M ZEZE PGA fiber0f 52

=

02
ro

T

H

PGA sheetO| H“UHMEZE
Aot QUIAPCE SEM ZU FEIMEIF PGA T2t LHO|A Xt2t=0l EEste WAy Aesictn
EHEHE| QA CH(Fig 4-a,b)

3. &= ME 7| 5K +(Table3)

Table 3. Sciatic function index (SFI)
SFI P (n=4) Sch (n=4) BDNF(n=4)
Mean -77.76 £10.65 -65.02 +12.44 -53.66+13.43
Range -62.00 ~-82.10 -51.28 ~-77.22 -44.34~ -70.22

P : PGA conduit filled with MEM only

Sch : PGA conduit filled with Schwann cells
BDNF: PGA conduit filled with BDNF-adenovirus infected Schwann cells
Al SF

Ol4 125 &0 = HEX = Table 32t ZUCHL PGA T2 0|4 ¢
X[t 0|0 H|5t0{ BDNFz0f| A2l

P2 B¢t -77.76 +10.65ZA T X[0f H[5I 30% =2

10
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20l Sch =20 o =2 #X=Z 0

rr

SFl= -53.66+13.432 A -65.02 +12.44°] EHA =Xl

=S =2

i)

TR SAAME Z2rp Zb TZH9| H[ WO M

tol

BDNFZt O|Ql=l oM 7tE =2 M4

P=it BDNFZ=2 2|0 = XI0[& EA2MH (p=0.0002), LI X| =ZHP vs Sch, Sch vs BDNF)0=

il A= AOIE =2O|X|= BUTH(p>0.005).

4. "dI)de|=td HAKTable 4)

Table 4. Conduction velocity (C.V)and peak voltage of Experimental Group (x1000 amplification)

Control(n=12) P (n=4) Sch (n=4) BDNF (n=4)
Threshold(xA) 80 1000 800 800
C. V(m/sec) 10.29+1.07 1.44+1.00 5.1£1.07 6.16+0.58
Peak Voltage 0.46+0.07 0.22+0.21 0.47+0.07 0.40+0.10

P : PGA conduit filled with MEM only
Sch : PGA conduit filled with Schwann cells
BDNF: PGA conduit filled with BDNF-adenovirus infected Schwann cells

ositsE g@dsts A= HIIANSE 206A00M ARSI HA 2R2H HIX=2=
HelFe 259 YL LIS FRHES JIE2E ot ddFoM= 80ush ASOIM
o SHYO0l LHEtL 22 HXE ERCH H™HT0M= Sch@idt BDNFZOAM = 800xA Off A
Me gtss 220 UHAl PZOM= 10i2[= OFF3 BHSO[ LIEHLEX] BIORM AMFO[ A-HO|
LO{LIX| §h= AS=E HESIR M, LIHA 3020 M= 1000LA0 A EHSO| LIEHGEE AT ollA

MESEet 2sdee S8 i A=2 370 25 1000AS AMSSIALE B Sk
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U= AO|E ER 20 (P<0.0001), BDNF-adenovirusE ZEA|Z!

M ESE E2 oM Y =

ro
+

X E HEU2LE6.16+£0.58m/sec), EIMEDI 2

18
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o
B
X
w
(@]

>0

T(5.121.07m/sce)2t= 2IA] A= XO|E =ZO[X[ YUCH(p>0.05). 1 T

BDNF==2 20| U= A0[& EA2LK(p<0.0001), Schwit BDNFT ARO[O|= XI0|& HO[X]

OF9CH(p.0.05)
5. ZXHENSHA A AH(Table 5)
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MEBH AEO POwg M Jl20 9IS DESIQC DHEES uS HAZ0| I
LT, 1 Ch22 BDNFZ, Sch, P & #0/QiCh SAlo] Wg s A0l MY YoM, 1 T30l

BDNF, CHZ0| Sch0|2 1, PGA onlyOl M 2 =7F MY HUMH(Fig.5,a, Fig.6), =2t A&+
HFOIM FOlgH XHO|E EACHp<0.0001). OHO|AE FH= &z 2= A= Afojof /ol
AXO|E 20f FYAFT= X0|7 BRUCHP<0.0001). AE T ZHol= PF 2t BDNF AtO[of {ofst

OIS 2R 2LHp=0.003) LtHA| 7t2 SASH2Z o/n A= X0l S 20X BFUACHP<0.05)

Table 5. Axon density and Myelin thickness of normal and experimental groups

Normal(n=12) P (n=4) Sch (n=4) BDNF(n=4)
Axon Density (each/mm?®) 19,950+1,595 1,780+£1,319 9,550+2,350 16,440+£3,250
Myelin Thickness(um) 1.6615£0.534  0.3807+0.1251 0.3884+0.086 0.5884+0.1356
P : PGA conduit filled with MEM only
Sch : PGA conduit filled with Schwann cells
BDNF: PGA conduit filled with BDNF-adenovirus infected Schwann cells
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Fig. 1. (a) Fabricated PGA conduit (length 17mm, diameter 1.8mm)
(b) Injection of Schwanns using Hamilton syringe

SEM SEI 1 %35 18@um WD13mm

Fig.3. SEM photograph of PGA tube. Woven 12um fiber is visible.
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(a) (b)

Fig. 4. Cultured Schwann cell on PGA sheet. (a) x300 magnification. (b) x500 magnification
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(b) Myelin thickness

Fig. 5. Axonal Density(a) and Myelin thickness(b) of each group

Fig 6. Cross-section of regenerated nerves (center, toluidine blue)

b) PGA conduit only group
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c) PGA + Schwann cell group

d) PGA + BDNF-adenovirus Schwann cell group
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Fig 7. TEM view of regenerated nerve (central portion) x 5000

DENTISTRY 25.0kV 12.6mm x5.00k TE
(a) Normal sciatic nerve

(b) PGA only group
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(d) PGA-BDNF-Adenovirus transfected Schwann cell group
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