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PERIPHERAL NERVE REGENERATION USING POLYGLYCOLIC ACID CONDUIT AND
BRAIN-DERIVED NEUROTROPHIC FACTOR GENE TRANSFECTED
SCHWANN CELLS IN RAT SCIATIC NERVE
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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 17mm. 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 bio-
compatibility 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 14mn 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 sci-
atic function index, electrophysiology and histomorphometry was performed.

Results : Cultured Schwann cells were well adhered to PGA sheet. Sciatic index of BDNF transfected group was -53.66+ 13.43 which was the
best among three groups. The threshold of compound action potential was between 800 to 1000#A 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 the highest among experi-
mental groups. The myelin thickness and axonal density of BDNF group was significantly greater than the other groups.

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

oJF=

110-768, A1 &5 A FZ 7 A 71528

Al&- ol 8lar 2] Al 8 7ot oh o) et A

Jong-Ho Lee

Department of OMFS, College of Dentistry, Seoul National University
28 Yeongun-dong, Jongno-gu, Seoul, # 110-768, South Korea

Tel: 82-2-2072-2631  Fax : 82-2-766-4948

E-mail : legjongh@plaza.snu.ac.kr

¥ BATE NARAR WAYEIE

SENEEREEEEE

I.M

rHu

ARAAS 918 DA g TS Y-S A7k A7l 4]
o]%:9] gztolgolut Al 98 A4 TeI Dol Lol FFol
A4 mewoma)e) 4 52 o) WA Ak o

Sshel oy =

[¢]
1A
(<)

Aol o] S&H o g2

o] 20171 2 ¢)(FA] L5 E 1 02-PI1-PG1-CHO7-0001)

465



LHT-2IX| 2004;30:465-473

o W7 £ 439 A 2L V1 A $ g
s S

o A4l ol BrAo
QA RN g AEEA WA FHol sirh A7} A7 AT
B A7E 4o, 24, endom, §3 217 B 0|57 5 44
A F28 AEEZFH F AEF v < silicone”, Gore-
Tex? 53} &4 o1 PLA, PLGA, PGA, biodegradable glass, PPE> 5
o] /o] 3

AZE o2 4AAE ekl 21739 A4 < §7 5
JFE A EE A EZEE kA 2, astrocytes, oligodendrocyte
1} bone marrow stem cell o] i T},

s o R ARA Yl EEE Fi 474 %R (neu-
rotrophic factor)= o &]714] £5&7}1 9121, o] neurotrophin<
nerve growth factor(NGF), brain-derived neurotrophic factor(BDNF)

-

neurotrophin-3(NT-3), neurotrophin -4/5(NT-4/5)& X &&}3 72t
¥ eEA7e BEd AE T8lT A B Oﬂz‘z}% FEA
S dFHo] 3tk o] & BDNFE s A9 Mol M 28 4%

1R Z A Abghe] A A 11p13 locusel] ) 51 NGF<} 51
N F LT ool i ArS 1A 3 Yk 53] BDNFE= £54179] 4
&3 Botel] F FEFS vAH FF AN EFA 73«1 A4y
of Trof ATkl LA Arhen. BDNF A4S ol 43 7 il+
E o4 3 A AR A3 Aol M= dete Fgo
ARG BA}E A02 HRHAYT AT AFE
B2 FRUAAN Q77 sol grov) Bz A4l 9l
BDNFS] o 3ol o) ¢ 7= =39) o] 7k Btk 49 1)
o we} chpat A7k BaEof 90, BDNFY] 2417
B A2 WA UA Wk Uley 59 & gete
AA Aol BDNF7} 71549 388 ZAA007 890
Shirley 59& 3 3}7} 9tk 31 th Jones 59 #4=9] ) *§01

BDNFE 283t Ay} F4202 Y2 FUs19S wut &

7} kT el
e i Ez 17 Aol D279 AAEH, AR

Aolzte] AH S 01%6}14 BDNF-f-21 217}
TE PGAR WHE T MY B AANYS

P

]_

o,
g;rz&&&

Lok
Eye

ﬁ—.ﬁ

= o
o
_E,
& x
%

Y
L
ol

e

noside(Ara-C)E v 4 1 /mlE H 718 w0 2 walal,
48117} %ol GDNF 0.2pg/mi$} cytosine arabinoside(Ara-C)o] 3 7}
v ool 02 WA apul ol A Tl 2] o] &
oz sol B AER 2 JYHAL Aol GDNF Al g
ATt ol F W Fol AFEAIEY HEo] Fobd A
Ara-C7} 74 v el O 2 wpiro] A 23] A e vl Fol & uhto]
‘I‘Mr/}'

2. =&t BDNF-Adenovirus M|Z&= 2 SX X} 0[¢

BDNF-adenovirust 73 3]t A &3ty ZAF- 3ol AlA A
=, 1 Az e o232 224t BDNF-adenovirusE | 238}
7] & 17+ BDNF cDNA+-A A+E cDNA libraryel] A} PCRS o] &
3] 92 t} adenovirus shuttle vectorel pAACCMVpARSS] E1
regiono] A AE ¢ x4 cloninga} < th. BDNF-adenovirus shuttle
vectorg} A adenovirus 5 genomeS 714 2§+ pIML7 plasmid
- 293 cello] co-transfections}o adenovirus genome sequence?tol|
homologous recombinatione] & ojuA ke replication-incompe-
tent BDNF-adenovirusS A 2+t $3th. Al Z st adenovirus: viral
genome U ol BDNF sequence’} E90]J+=4] PCRE o] &3 &<l
3}93 27, BDNF-AdenovirusZ single plaque . = ¥ 2] 5} wild-type
adenovirusE A Astdth = E2)3F BDNF x}] Z3t virus vector
= thgkel 293 cello] 72921712 (50 mo.) o] & T 293 cello]
cytotoxicityS Feb wf cellS j st -80 CollA 43 5
S 53] WhE-&} 7 7} @A ult} vortexE 114 5] 5] Fo] BDNF-
adenovirus =g AT} wjE FrubA| Eo] BDNFA| =3
adenovirusE 3 31 WA wl oFste] A7k o] Y= kT

3. PGA E2HH| &t

Ay B3] A o] 7 non-woven meshes?l 100% PGA (Albani
International Inc. USA)E FA 82 &t T3-S A 2619t} PGA
sheet fibers= #|5¢] 12 sm o] ™ PGAS] inherent viscosity = 1.23
dl g*o] itk 1] 2 differential scanning calorimetry = =7 &+ PGA
9] crystallinity—‘: 57%0] 3l t}. PGA meshess 7}3}sl7] 9t &
HE FEZEXE LA =] 75:25 poly(lactic-co-glycolic acid) £
a5 7S o]&3te] PGA mesho] ¢+ W& Z3F I a3ith
CHAYHE 5] Yt X2 1.8me Teflon cylinderel] poly-
mer filmse #A kS0 FHEA Ao THENE 222
TE SIS o gt} AU AR ERL AT
307 BRelo) 2o) Sul7h whA YO EZ sglon,
EO gasE o] &-3}e] 25319tk Al e Eake) n)a] 7
Sl3ke] FARATI A B3

l_
o)

e
7°C
i

ruio_>.:_>.:

o
of
Z

l‘N‘*’

4. FAEAFEADIE AHEI(SEM study)

PGA Tgholl #7ubA 9] 32+ o] 3.9} PGAS] A £ 54 < shot
3}7] 9)3ked 1x1lem PGA sheetZ 12-well plateo] 42 3 Hlj %kl



o2 A71A st th PGA sheet 9o 1x 10709 FHHAIEZE
seeding & 72A) 7} v o3} 9l Tk PGA sheetE ZA2~HA AW 5
FAEn 7 AR BES 9 5te] 25% glutaraldehydeg& o] A 12
A3+ 3 phosphate buffer2 =4 &} 2™ 1% osmium tetroxide =
% 74 3}9 o} Graded ethanolZ &% 3} ion-sputtering
coater(E5400%, BIO-RAD)Z gold-palladiume 5 3t & FA}& v
73 (JEOL 840A%, Japan) ©. & 300uj £} 500w of] A #+2+a}%] o

5. PGA Z2e| 0[4]

A% 835 300gul ¢ WA (n=12)E # €} (Ketara®, Yuhan
Corp., 40mg/Kg) 3} xylazineS (Rompun®, Bayer Korea Ltd., 10mg
/Kg) 412 £t & BRI FYste] npFstdon, 143
of AR & 1A & 5 e F-E Asteh oldf 258 o
AA A 2AES vt d & A5 JFFNAE S 2EAA
Peroneal nerve 2} tibial nerve X Aol A 24 HH O 2 10mm F-¢
AN ANAE A 3 H 17me T3S YJAAH T ZAFE A
7do] Lom=E QFC 2 So7H dto] HF A7 AEY ol
14m7} 5 =% 8tk 10-0 Nylons: o] §-5to] 4955 WA &
oot . =Y o] e Al Sdo] P40 AfA]
fibrin sealant(Greenplast®, =4 21 & o] &3] YA HE =
ol t}. Hamilton syringeE o] &35} MEMH)A], 774HA]
BDNF-Adenovirus 779 F+HtA| 25 Zhz 431 & 24
10-0 Nylong- o]&-ate] Fatsict ofw =] 4%
E5 A ¢ FEE 240 daE A S =3 Y
o 7HA| Bke] ol o] 2]k A o} w7} A A] T
AR 217 Fwe] v et 4E glo] B
o B3 = o] o] A7t E8 WEA dEs A
AR oA fibrin glueS A1-&-5o] 235191 th(Fig. 1-4

AFFE 3702 YF o PGA T#Z(P, n=4)S =S
14)8 % 404 <] MEM w2 ¥ 19 9).© 1, PGASch(Sch, n=4)z-

o
—

bl
Lt o H1

e &
do > rlr ok

£

Hzr Ho dlo
fu S

r
QL
2

X,
2 o 32
23R

14
=
NS>

o

BONF 27} 0/ FEHIES} PoA EHS /S8 HA SBNZ WMol B 7

PGA%E ol v k5 77HHA 22 1X 1078/404 7} H =2 8le] o]
2] 89 th. PGA-BDNF-Sch(BDNF, n=4)7+& PGAL 7o BDNF-
adenoviruss 7+ A7) frHHAl £ 5 AREBFA O H, Tkl 2 o] 5
© Schit 3t ZFo] a3t 5% TR E o4 & IAE F 9l
W ARNS-S Z£o]7] $18+4 cyclosporine AS &2 E.f-of 4]
o] 20mg/kg/dayE 974 TStk 2t -5 H2A7
< =S A S &S shamst 2 2 (n=12) 33Tt

o
i
02

=4 (Z=2UE 7ISAlF ¢ SFD)

¥ LFAC HBA7) £4 42 Teks) 9aed Bain
Mackinnon-Hunter(BMH) sciatic function index’S ZA}st$ith -
A w9 itk whibet] JAE whE § GAZ olFojzl 4
o) B 2(@omx45em)E ofel ¥l AUb shef whibet AL
ZHAAbskoh AR PL(print length), TS(toe spread), IT(inter-
mediary toe spread)e] 1 2.1, z}-z} PLF(PL Factor), TSF(TS Factor),
ITF (IT Factor) S o}l o] 9} 7Fo] st} =25 Faloith B4
£ 00]7] -1009] A= HFA70] 9 Be A2 Ak
Atk

ST LFA | 4F AT NAIE =EA F 459 4
7ol #9974 YEF Fesho] v gk 299 A9
9 WAL = AN F AT AT 2Ag AAHL 5§ 4
So] A9 AAHES gtk F919] ol 2F F2A7)]
Astel sz ARG O PPTAE A3 0
2E) Al Wl e g A JEE 23t 4925
& AT 100 B A Fs] WSl 9S WA A7
L9139 Do) S WA WAL $HY W) AFE A2
Ao olu 43 AE SEE SHaATh AL WPl

Fig. 1. (a) Fabricated PGA conduit (length 17mm, diameter 1.8mm)
(b) Injection of Schwann cells using Hamilton syringe
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Table 1. Experimental groups for rat sciatic nerve regen-
eration

Experimental Group Nerve repair Modality
I (n=4) PGA only (P)
Il (n=4) PGA - Sch (Sch)
1l (n=4) PGA-BDNF-Sch (BDNF)

P : PGA conduit filled with MEM

Sch : PGA conduit filled with Schwann cells

BDNF : PGA conduit filled with BDNF-adenovirus
infected Schwann cells

Table 2. Sciatic function index (SFI)

Normal

Fig. 2. SD rat footprint of normal side

[ SFI = -38.3(EPL-NPL/NPL) + 109.5(ETS-NTS/NTS) + 133(EIT-NIT/NIT) -88 |

(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)
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2. #HIM|ZZO| PGA sheet HHQE

PGA sheetol] 77RtA| 2 E wlj ek 2 2} 79HAl| 27} PGA fiberel]
Hzlo) 2 Folon 7|8 aé/\gg}j_ glath SEM A3}k rukA)
E7} PGA &3 Yo A Agted AAsy A Adsioty o
¢h=) A chFig. 4-a, b).

3. ZZAAT|SK| $(Table 3)

I AA 4= Table 3
-77.76 +£1065= A4 4
3710l Hlske] 30% =] A Aek. ool ] she] BDNFizo] 4
9] SFls= -53.66+1343Z 4 6502 +12449] WA E Ho|=
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(a) (b)

Fig.3. (a) SEM photograph of PGA tube. Woven 12un fiber is visible. Internal diameter was 1.5 to
1.8 mn (Internal Diameter : «<). Inner fiber was soft enough to hold rat sciatic nerve end
which diamter was between 1.0 and 1.5 mm.

(b) 75:25 poly(lactic-do-glycolic acid) solution coated PGA mesh

(a) X300 magnification. (b) x500 magnification

Fig. 4. Schwann cells cultured on PGA sheet

7P vs Sch, Sch vs BDNF)ol| &= ]1] gl 2jo] & Holx&= ¢ th A% &5 = P} Sch, BDONF 7o & 9Ju] 9l }o]S |
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4. [7|42[stx HAKTable 4) Y #G.1+107Tm/sce) = ofn] e AfolE BolA] &skth
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Table 3. Sciatic functional index (SFI)

SFI P (n=4) Sch (n=4) BDNF (n=4)
Mean -77.76 +£10.65 -65.02+12.44 -53.66+1343
Range -62.00~-82.10 -51.28~-77.22 -44.34~-70.22
P : PGA conduit filled with MEM
Sch : PGA conduit filled with Schwann cells
BDNF : PGA conduit filled with BDNF-adenovirus infected Schwann cells
Table 4. Conduction velocity (C.V)and peak voltage of Experimental Group (X 1000 amplification)
Control (n=12) P (n=4) Sch (n=4) BDNF (n=4)
Threshold(uA) 80 1000 800 800
C. V(m/sec) 10.29+1.07 144+1.00 51£1.07 6.16+0.58
Peak Voltage 0.46+0.07 0224021 0.47+0.07 0.40+0.10
P : PGA conduit filled with MEM
Sch : PGA conduit filled with Schwann cells
BDNF : PGA conduit filled with BDNF-adenovirus infected Schwann cells
Table 5. Axon density and Myelin thickness of normal and experimental groups
Normal (n=12) (n=4) Sch (n=4) BDNF (n=4)
Axon Density (each/mmn?) 19,950+1,595 1,780+1,319 9,550+2,350 16,440+ 3,250
Myelin Thickness (¢m) 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

:l.
_ 00 ..
: = 1.l
= E M0 -
] i
53 2
<5 = - &,
E a0 - 5
g . l | H
) s | ;
Ficrrral P Zch FaaTmial
(a) Axonal density (b) Myelin thickness

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

7 A Eokem(Fig. 5a Fig. 6), B3 A8 ZFelA FTH(p<0.0001). A 915 Zhell = Pt} BDNF- Abelel] 2] gk 2}
A

=
F98 AolZ HATHPDONOY, vholdY FAL A4EH L o]F A Hp=0009) LA
= A i

& FATHOE o] Y

-1 O

AT Apolell ol d 2pelE Hof ZAAA A= Aol7t B Aol & HolA| g5 2k rh(P<0.05) (Fig. 5-b, Fig. 7).
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(c) PGA + Schwann cells group (d) PGA + BDNF-adenovirus infected Schwann
cells group

Fig. 6. Cross-section of regenerated nerves (specimen obtained at center of conduit, toluidine blue stain) (x200)

A/

(c) PGA-Schwann cells group (d) PGA-BDNF-Adenovirus infected Sch-
wann cells group

Fig. 7. TEM view of regenerated nerve (x5,000)
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