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Purpose:

Lingual nerve (LN) damage may be caused by either tumor resection or injury such as wisdom tooth
extraction, Although autologous nerve graft is sometimes used to repair the damaged nerve, it has the dis-
advantage of necessity of another operation for nerve harvesting. Moreover, the results of nerve grafting is
not satisfactory. The nerve growth factor (NGF) is well-known to play a critical role in peripheral nerve
regeneration and its local delivery to the injured nerve has been continuously tried to enhance nerve regen-
eration. However, its application has limitations like repeated administration due to short half life of 30
minutes and an in vivo delivery model must allow for direct and local delivery. The aim of this study was
to construct a well-functioning thNGF-# adenovirus for the ultimate development of improved method to
promote peripheral nerve regeneration with enhanced and extended secretion of hNGF from the injured

nerve by injecting thNGF-$ gene directly into crush-injured LN in rat model.
Materials and Methods:

hNGF-# gene was prepared from fetal brain ¢cDNA library and cloned into E1/E3 deleted adenoviral vec-
tor which contains green fluorescence protein (GFP) gene as a reporter. After large scale production and
purification of thNGF- adenovirus, transfection efficiency and its expression at various cells (primary cul-
tured Schwann cells, HEK293 cells, Schwann cell lines, NIH3T3 and CRH cells) were evaluated by fluo-
rescent microscopy, RT-PCR, ELISA, immunocytochemistry. Furthermore, the function of thNGF-beta,
which was secreted from various cells infected with tThNGF-f adenovirus, was evaluated using neuritogene-

sis of PC-12 cells.
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For in vivo evaluation of efficacy of thNGF-8 adenovirus, the LNs of 8-week old rats were exposed and
crush-injured with a small hemostat for 10 seconds. After the injury, rhNGF-# adenovirus(24, 1.5%
10"pfu) or saline was administered into the crushed site in the experimental (n=24) and the control group
(n=24), respectively. Sham operation of another group of rats (n=9) was performed without administra-
tion of either saline or adenovirus. The taste recovery and the change of fungiform papilla were studied at
1, 2, 3 and 4 weeks. Each of the 6 animals was tested with different solutions (0.1M NaCl, 0.1M sucrose,
0.01M QHCI, or 0.01M HCD by two-bottle test paradigm and the number of papilla was counted using
SEM picture of tongue dorsum. LN was explored at the same interval as taste study and evaluated electro-
physiologically (peak voltage and nerve conduction velocity) and histomorphometrically (axon count,
myelin thickness).

Results:

The recombinant adenovirus vector carrying thNGF-8 was constructed and confirmed by restriction
endonuclease analysis and DNA sequence analysis. GFP expression was observed in 90% of thNGF-# ade-
novirus infected cells compared with uninfected cells. Total mRNA isolated from rhNGF- adenovirus
infected cells showed strong RT-PCR band, however uninfected or LacZ recombinant adenovirus infected
cells did not. NGF quantification by ELISA showed a maximal release of 18865.44+310.9pg/ml NGF at the
4th day and stably continued till 14 days by thNGF-8 adenovirus infected Schwann cells. PC-12 cells
exposed to media with thNGF-8 adenovirus infected Schwann cell revealed at the same level of neurite-
extension as the commercial NGF did.

rthNGF-8 adenovirus injected experimental groups in comparison to the control group exhibited different
taste preference ratio. Salty, sweet and sour taste preference ratio were significantly different after 2 weeks
from the beginning of the experiment, which were similar to the sham group, but not to the control group.
Bitter test showed noticeable difference in the preference ratio at week 1, 2, 3, and then all taste prefer-
ence ratio were normalized after 4th week. After LN injury, the numbers of fungiform papillae were rapidly
reduced with the tendency of slow increase from the 3rd week. The conduction velocity was slowly
increased both in thNGF-8 adenovirus and saline injected group within four weeks with the highest peak
voltage, appearing during stimulation after 2 weeks, and then gradually reduced in the thNGF-8 aden-
ovirus injected group at week 1 and 2. Histomorphometric analysis revealed significant increase in axon
numbers and myelin thickness in the experimental group.

Conclusion:

The construction of thNGF-# adenovirus and the induction of over-expression of bioactive NGF were suc-
cessful in both non-neuronal and neuronal cells. thNGF-8 adenovirus injected into the crush-injured LN
induced significant amelioration of nerve regeneration and taste discrimination ability compared to the con-
trol group. rhNGF-8 adenovirus injection may be an efficient way to introduce NGF to the injured peripher-
al nerve in paradigms of research or therapy.

Key words: Nerve growth factor (NGF), Gene injection, Schwann cell, Lingual nerve, Peripheral nerve
regeneration, Taste
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A. rhNGF-8 adenovirus Azt @ $£F A|EF9|
A A7337zke] W) 7)5 g9l

1. rhNGF-B adenovirus H&

1) hNGF-8 37t 224

27t glo} vl ¢DNA (Human fetal brain quick
clone ¢cDNA; Clontech, USA)Z%E hNGF-# cDNAZ
224939t Primere 5 -GAGGTGCATAGCG-
TAATGTC-3 ¥ 5 -TTACAGGTTGAGGTAGGGAG-
3 & AHgatElon, 229% hNGF-F a4 g &
PCR 2.1-TOPO TA cloning vector (Invitrogen, USA)
2 ligation & F sty [ A|grEARE Adsle] 3 Wakow
AMYE hNGF-4 282 28t A7IMEe 2489t
(Fig. 1).

2) thNGF-8 adenovirus®| A2

A71ME B0l &5¥ hNGF-B 349} pAdeno-
Vator-CMV5-IRES-GFP (Qbiogene, USA)E 7+7} Bgl
II Algtasg ddsta T4 ligase (Takara, Japan)E ©]
&oted 3A1RE Sk 16TellA ligationst3lth. DH5 com-
petent cell®l transformation 3% pAdenoVator-
CMV5-IRES-GFP hNGF-# vectorg THE2.H (Fig.
2), Sty [ AlgEAZ Ao zM hNGF-B sk 4t

3 oo} WS gsteinh. 283 Pme [ AIFEAR
37colM B Aelste] AgstE pAdenovator-CMV5-
IRES-GFP-hNGF vector$} AdSAE1/AE3 vectors
co-transformations AAI8FATHFig. 3). BJ5183 com-
petent cell?} A& s¥ pAdenoVator-CMV5-IRES-
GFP hNGF-8 vectorg electroporation & 37¢C <HA]ul
Aol A 1A17F B k3 o2 LB/kan (50g/mL) aLA|#j=] ol
A 2477t Wi Fath, colonyE AWt LB/kan
(50g/mL) AR A 16~18A17F vl et th3 plas-
midE FE8ATE. o2 AR plasmidE Al DH5
competent Al ¥el| FAASsI et S o]& 27t
BstX1 A& A8} Pac [ AlEAZ Agste] A7Y 5
Sl B FAAR A7 E IS (Fig. 4).

2. rhNGF-8 adenovirus2| CHzt 4! gl Mx|

E1/E3 F3A7F £3teo] e Efss A2
HEK293A| Z(ATCC, CRC-1573)% 5% FBS-DMEM
o] ¥ 100mm ®jFHAAA 50%7F =% subcul-
turedt § FYA7F TFEA ¥ 2% FBS-DMEMeI|A]
100moi(multiplicities of infection)®] thNGF- aden-
ovirusZ 4A17F F<k AAAZT v A ASEAL ThA]
1% dAA7F 919 5% FBS-DMEMS ¥l oF 204]
2t A" wjFHAlel plaquert B FAE I wj Y
o] Ao] wgtdoZ WalA =W cell scraperg ©]-&sh]
uj F A EEEe] A EE FolA FHE| Rol 800rpm & 5

gaggtg catagegtaa tgte catgtt gttctacact ctgatcacag cttttctgat cggeatacag
gcggaaccac actcagagag caatgtecect gecaggacaca ccatecceca agtecactgg actaaactte
agcattcect tgacactgee cttegecagag cecgeagege cecggeageg gegatagetg

cacgegtggce ggggcagace cgcaacatta ctgtggacee caggetgttt aaaaagegge

gactecgttc acceegtgtg ctgtttagea cccageetee cegtgaaget gecagacacte aggatetgga
cttegaggte ggtggtgctg ccecettcaa caggactcac aggageaage ggteateate cecateccate
ttccacaggg gegaattctc ggtgtgtgac agtgtcageg tgtgggttge ggataagacc accgecacag
acatcaaggg caaggaggtg atggtgttgg gagaggtgaa cattaacaac agtgtattca aacagtactt
ttttgagacc aagtgecggg acccaaatee cgttgacage gggtgecggg geattgactc aaageactgg
aactcatatt gtaccacgac tcacaccttt gtcaaggege tgaccatgga tggecaageag getgecetgge
ggtttatecg gatagatacg geetgtgtgt gtgtgctcag caggaaggct gtgagaagag cctgacctge
cgacacgete ccteceeetg cecettetac actetectgg geeecteect accteaacct gtaa

Fig. 1. ¢cDNA sequence of human nerve growth factor(hNGF-5).
Underlined parts the sequences of RT-PCR primers.
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Fig. 2. Construction of pAdenoVator-CMV5-IRES-GFP
carrying hNGF-5 cDNA.

Bgl I restriction enzyme abscission end was added to
the sequence analyzed hNGF- gene after restriction of
pAdenoVator-CMV5-IRES-GFP with Bgl 1 restriction
enzyme. Then hNGF-8 gene was ligated to pAdenoVator-
CMV5-IRES-GFP with T4 ligase(16T, 3 hours).

11.9 kb
8.2 kb
5.2 kb
4.2 kb

3.0 kb
23 kb
2.1 kb

1.4 kb

Fig. 4. Restriction analysis of recombinant adenovirus

vector(Screening of recombinants by plasmid size and

restricition enzyme).

After colony selection and plasmid separation, the

sequence was mapped with BstX | or Pac | for confirm-

ing the recombination. In lane 3, 2.1kb band was found

after restriction with BstX | and in lane 4, 3kb band was

found after restriction with Pac |, whitch confirmed suc-

cessful recombination.

Lane 1; Tkb DNA marker

Lane 2; Ad5 AET/AE3 with BstX |

Lane 3;: Adb AE1/AE3 + CMV5-IRES-GFP-hNGF-3
with BstX |

Lane 4; Adb AE1/AE3 + CMV5-IRES-GFP-hNGF-$
with Pac |

22 QAR s pellet -80Tol ZA3IF T -80C
#etd 74 HEK293HEE AWA 37CelA 2
pellet A2 2~3ul9] 1X PBSEZ #H7lslo] A oAl L]

Bk SN el SOl NSO RE Felol NZYol ojxlE 2E

Pac | Digestion:
Two fragments of approx. 35 and 4.5 kb

Fig. 3. Recombination between pAdenoVator-CMV5-
IRES-GFP-hNGF-# and Ad5AE1/AE3 vector.

Pme | linealized pAdenoVator-CMV5-IRES-GFP-hNGF-
gene and Ad5AE1/AES3 vector were co-transformed in
to BJ5183 competent cells for recombination using
electroporation technique.

25§90 WEAAHY 2,000rpmolA] 5&1t 9
AEEE ota & F AF9E ARE dElEEE FER
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1.4(53g+87ml 10mM Tris-HCl pH 7.9)¢ CsCl
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&3t of £ AES AU o) FA Bojzl rhNGF-
B adenovirus®] A7Fe Feka FAHS o] &sto] ALkt

st
3. thNGF-62| wl 8! 7|5 2ol

thNGF-$ adenovirus7t E1 542} 9% hNGF-
AAE ot glom AEE A hNGF-FY 2
2 S TRITIEAE geletr] sl AAAAAEL
THRE (195 WA HeF2d 208 bl eFet ek
F29} R EF(ISC, ATCC, CRH-2764)) <} Bl41 4 A
E (A2 HEK293M 2, 29 A Z (myoblast) Q!
CRH(ATCC, CRL-1447), AHF=A 391 NIH3T3AH 2
(ATCC, CRL-1658)) & A&ttt
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goletgl 1z, ELISA ¥ oz hNGF-8 ohld 2u|E 3
Zslaloitt, agla PC-1241 %9 AAE7] AFe=r
hNGF-89] 7155 &9l

1) GFPe] &4

Yl 5] A E(ISC, HEK293, CRH, NIH3T3)9] &
242} APy ste] subculturedtil thNGF-f adenoviruss
100moi= ZHAAIA A7t ZAzol| wE GFPL S 33
#n|7 o7 A},

2) AN 2 5}etd A

rthNGF-8 adenovirusell 79€ F7eAI 29} A4 77904
EE 0.1% polyelectrolytes(PEI, Aldrich, USA) E&
At 2R 9 Sefol =AM wjget £ PBSE A A et
4% paraformaldehyde® -2ol|A 30 &< 1A
t}S PBSE 33 AlA3sta 0.2% triton X1000] H7Fd
4% normal goat serum .2 1|7t F<t blockingsF%ith.
oAl 54 33 PBSE AIHE F 1:30022 3AAZ1
mouse anti-NGF Ab(Promega, USA)E bSug/ml¥ ¥
4ol vy vheA AT aeln SR 33 PRSE AlH
gk & 1:5002.2 342171 Anti-mouse IgG-FITC(Santa
Cruz, USA)E ¥ 1AIZE e T3tk 2 & 584 6
3] PBSE AlA3sta w8 (glycerol in PBS, DABCO,
USA)ste] 33dn| 3 o= Hasigitt

3) thNGF-8 mRNAS] %

TRIZOL LS Reagent (Invitrogen, USA)E o] &3}
7¥zke]l ME(ISC, HEK293, CRH, NIH3T3)elA] total
RNAE #Z3}1 UV/Visible spectrophotometer
(UltroSpec 3000, Pharmacia Biotech, USA)E A&t
of RNASEE 3439t RQl RNase-Free DNase
kit(Promega, USA)E °]8-3le] RNA AZ=2+E DNA
£ AASL hNGF-8 cDNAE 224317] $l8le] primer
(Forward: 5 -GAGGTGCATAGCGTAATGCT-3",
Reverse: 5 “-TTACAGGTTGAGGTAGGGAG-3 )¢ 1
M first-strand ¢cDNA ¥H&-d1-& A3 PCRS 3t
< 1% agarose geldl|A 7719 F38t] WEe] =g vl

s,

4) rhNGF-8 &9 4] {23 5%

rthNGF-# adenovirusel] 7t dApuf ket 79A
TR 2, CRHA oA 0] 5= hNGF-49] 28 H =
o} G AEAA FHEHE @ s
rthNGF-8 adenovirusE #HAIZ A 72 HAAI71A] &
< 2T oE FR6IT 474 e ddae 11X
10%ells/mle] L3 NEEER seedingdtitt. A+
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AlEE wtolg 2 A4S 918 DMEM(Gibeo, U.S.A.)/
10% FBSZ AAstL PBSZ 3¥ A|&E & DMEM/2%
FBSell T0moi= Hhel# 25 ZAAZ 7 43 Fet wjfs
ot 79 FolE oAl DMEM/10% FBSZ wjsiy 24
Ao g Imle AHT F A S WA 52
E57h W ISC, CRHAZ& AZ3 volgfa 24 3 49
Ao} 12870l 1: 52 subculturedte] L e oz AMZ
gt om 149714 dadasitt. Azt Ao mE hNGF-
et el fe]#S ELISA Kit(NGF Emax Immuno
Assay System kit, Promega, USA) 2 % %313t}

5) thNGF-B9] BE84 24 24

W4 thNGF- adenovirus® 218 A E vf oo
E0190E hNGF-8 9dFEs Fotatr] glate] ghol|A
713 YR A ZF(1SC)E 1X10%ells/mle] &
A3t FEZ 100mm vl Al seedingstal 70moi®] v}
o2& Fdste] 1 T 293} 449 wjgA-S A F 8t
o ELISA Kit(NGF Emax ImmunoAssay System kit,
Promega, USA) 2 % &sls3itt.

PC-12 A|EE 15% horse serum®] £°$+ high glu-
cose supplemented DMEM, 2.5% FBS, penicillin-
streptomycin glutamine mixture® subconfluent cul-
turedta 12-well ¥ Al 1X10°/wellZ seedingdt3
o AT} o 2 A dR2Te 4 4 wellZ oF%
on AT FAE hNGF-S wgd-S 7Hzh 50044
12 well W FHAId H7letn F8 2T 43
50ng/ml NGF(Sigma, USA)E 50044 single wellel
A7betRa 2748 a3 Alzujgdd dA% PC-
12 AX=Z 3tk PC-12 A 25 NGF E& ol 1t
e wFdo] A7t 12 well Bl Ao 48A17H<t vl
&g = A ZA o] ANAET] A EE vlwstelnt

B. WA A7 gukealo)] 918 rhNGF-8 aden-
ovirus® A7 sz}

1. A ok MAIZ QA 29 HA U (hNGF-f

adenovirus2| ¢

WA (Sprague Dowley, 250-300g, 8F%, n=57)% 1
T AFEAd A&A7 T ketamine (Ketara®,
50mg/ml, f3+a)3} xylasine (Rompun®, 5mg/ml,
Htold Fgjo}) ZH Y o &3 HntHE st
(0.15¢¢/100g Az). oot AR assta osld+ 4
AMNE B8l st 2= (mylohyoid muscle) S 2+
o} AZsla oto]E-(digastric muscle)? W (mas-
seter muscle) < A4t Geweler s forceps)E o] &3l



Fig. 5. Intraoperative photographs showing isolated lin-
gual nerve dissection.

Rat lingual nerve dissection and crushing injury: rat was
placed in the supine position and central submandibular
incision was made in the neck. Dissection of the mylo-
hyoid muscle covering the main excretory duct of the
submandibular gland allowed a direct view lingual
nerve running laterally up to the main excretory duct of
the gland. Lingual nerve crushing injury was delivered
with small hemostat during 10 seconds. Muscle layer
was sutured with 5-0 absorbable material(Vicryl®) and
skin layer was sutured with 4-0 nylon.
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Abehl (pH7 4)5 BF AAd st AEsTh &
55 AME Bl 3AYH e AR =E3A0 &
Fd &S HFVIE ol &at] WA iAo FAA

0% olojA & Fi S Aste] §oo] 1o
Al stHt. 2Hzke] JiAle] 200mle] #F-EA-E 108l 2
A Fde F & AR AFAE A Ee ZHE 8%
st Eddsto| 2o 28N T FARAA- W] (JSM-
840A®, JEOL, Japan)= °|-&slo] &3 Folx JI/F
2 7] A dgel AA A AT ATE A

|

= % 1,2 3 454 487 (n=10)" dE2F(n=10

24zt Butgly grollA] 7]ed TR i Al7| o A
AAFE w37 F A7) A5E 7] A% 18] 2
oj= w5 XdE.L(blpolar hook electrode) & 4417 9%
AN7A7ke A 445l 15mm A= olzl 241539 4
737t 712 A= (recording electrode) S 21 A7 A7)
(S-98, Multicodemedical system Co. USA)Z A=
(10mA, 50ms)< 7kstar o] A71415E amplier(121-G,
World precision instrument USA)E AA oscillos-
cope(VC680G, Nihon Kohden, Japan)Z} audio moni-
tor(AMS8, Grass Instruments, USA) 2 F571& %5t
AAAEEE (nerve conduction velocity) S A4k}

AT,

=

o,
T

o}‘u
.\

O

p
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AT 2 i zTollA AR A HAE Al
23 16mme] RS AF st £35S
FA o7 JHdste] 2.5% glutaraldehydest 0.
paraformaldehyde’} 23 0.1M PBS & 124]
ol nAIT. 2% 0sO04 &l 2A17F Bt Tug S
AAeta, 1% § d4E sE ¢3E {90 AP}
o Agdo] 457 Epon 812(Nisshin EM, Tokyo,
Japan)el Zujatict. &4 F9F9] 294E LKB
ultratome2 2 1pme] ZAAAS THE3L toluidine blue
= gAgte] Ferdn|F sel A o)A S 73 OPTIMA
6.5 Z2IH(INS Industry, Korea) o2 HFH SPHE
A& Aldste] AA 4l & (fascicle) ] B4 (mm?*), A
4k 24}, 29 Y X (axon/mm’) & A58tk £t
AR A FES AZslaL lead citrate®t uranyl
acetate® FAste Azdn 7 (JEM-100, JEOL,
Japan) 2.2 747} 200081 ¢ 5,000u19] Sof&ellA #F

s AA%EY TS 2AAZGH o2 SY e

4

Ot
X epr

C. $AA=

2 A AT v 2T 2 shamw it 2kol&
Mann-Whitney U-test® 53031, A7t 7ol e
AF7t, 277t 28]a sham#ike] #Fo]E ANOVA
¢} Paired t-test= Hlual%lth. A4 2]= SPSS version
10.0.1 (SPSS Inc., Korea) < A3t om] BE BAA
gl Ave ol F 95%A AS8sit.

.2 =

A. rhNGF-$ adenovirus Az @ $F A|EF|A] Al
737374 Azte] s 7l &l

1. rhNGF-8 adenovactor2| MstE Xt 24

pAdenoVator-CMV5-IRES-GFP hNGF-8 vector7}
AklEl BJ5183 competent cell®] A|ujA] oA ul oFa}o]
PAE conolyE AHste], Fetan|=g st & A%
recombinations & R1s17] ¢Jate] BstX | Ee
Pac| & o] &3] AFEALE o] §3t] mappings HA
3 A3} Fig. 40143 39 laned 4% BstX [ o2 A
G399 S W recombination® & AT YHEHE
2.1kb%] bandE &A1& 4 Ao, 49 lane| A Pac |
o2 A S A 94 3kbe bandE &I F gl

At
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2. rhNGF-pe| gtsl 2l 7|5 &l

1) GFPe] &

719 W o & thNGF-8 adenovirus® A 2teta 4]
ato] 10" pfu/ml ©1¢] 71 AUt ERAAA A A 2
Ol pikAl| 2o} HIAAA ] AIAA E(HEK293M| %),
YA Z(CRHAIE), AFEAE(NIH3T3AHE) 5 U7k
A EZ 100moi thNGF-f adenovirus® st 8343
nFo R #ASG S wf vI7kA A BT AL Pejo] W
s7F o Ao E 18-24417k AA 90% ©173
o] Al A GFP7 2=k (Fig. 6).

2) AN Z5}etF A

hNGF-gell thgh H A Zstetd Aol A thNGEF-$ aden-
ovirusell sty FFEAn|F o2 HEe A3 Ed
R 24 B S B FFo] HEE e Aol FIHIT
(Fig. 7). thNGF-8 adenovirusell #95A ¥ 2
AME NGFe] ddo] A==, ol 71X o
NGF7} &3} Al xefo] EAjsta k2o Fulo] ofgh
Aoz A7t

lo

3) hNGF-f mRNA<S| @&

NGF mRNAS] #dS RT-PCRUMCZ &9l A3}
HEK293M %, 9 2F(ISC), CRHAZY] s 2
LacZ recombinant adenovirusdl] A9AIZ-S W NGF
mRNAZ} 2wz &gter}t thNGF-B adenovirusel] 7+
e T e BF HAEHAT 1 5 CRH Al2olA = <%
SHAl, kA oA = 7 Zhet Bd S YR tH(Fig. 8).
NIH3T3A ZE= Al Z 2] el NGFRAAE Eesta §)
o] 273 LacZ recombinant adenovirus A4, 1]
31 rhNGF-$ adenovirus g BFel|A] @& o] 2l
Atk 28y 273 LacZ recombinant adenovirus 7
o] W o] BlSshA e W rhNGF-8 aden-
ovirus Aol = ZpEdo] FEAEH

4) hNGF-$ @il o] el 24

HEK293M 2, WA 1989 2FoTA oA dapu) st
TR E, R EF(ISC), CRHAIXZE 247 272
70moi thNGF-8 adenovirus® gt 0.2 o] A
el & NGFO| wde ELISAR A #slatl=
Y7HA] Al E BT A tj 2] Hla] AdoA 27]
7FHe NGF9| o] o2k it} (Fig. 9).

A} o F3t frubA| Zel|l A Ao o] AE 5 2
1219l 18865.4+310.9pg/mlZ Hlolg] 2~ 744 & 4|
Uehl izl Hat 2Haske] 149 4741.44170.6pg/ml7t
A A&E ATt A AE77 Feb 2T Ao e 8Y

o)

o
oy B
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“Cont:rol" GFP expreslsiop_ C
B
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Cc
GFP eftpress‘fon
D

Control - - e '-—IhféCtedl ' | GFP expression

Fig. 6. Green fluorescent protein(GFP) expression in rhNGF-8 adenovirus infected cells.

After 100moi rhNGF-8 adenovirus infection, more than 90% GFP expression was observed in infected cells within
18-24 hours. However, uninfected control cells did not show any fluorescence.

A. Schwann cell line(ISC), B. mamalian kidney cell(HEK293 cell), C. myoblast(CRH cell), D. fibroblast(NIH3T3 cell).
(Left and central columns were for check cell morphologic change, right column was for analysis of GFP expression)

Fig. 7. Immunocytochemical study: NGF expression in Schwann cell after rhNGF-8 aden-
ovirus infection.

Both rhNGF-8 adenovirus infected and non-infected Schwann cells were cultured on
gelatin coated slide reactioned with anti-mouse IgG-FITC 1 hour. Under fluorescence
microscope Schwann cells infected with rhNGF-8 adenovirus(B) showed stronger signals
than non-infected cells(A).
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900 bp
800 bp

Fig. 8. RT-PCR analysis of NGF mRNA expression.

NGF mRNA expression in various cells after 72 hours of 100 moi rhNGF-8 adenovirus or LacZ recom-
binant adenovirus infection. Except for NIH3T3 cells, that express endogenous NGF, NGF mRNA
expression was detected only in the cells infected with rhNGF-8 adenovirus.

30000 «— Sch(P) Control 1000 +— ISC Control

—+— Sch(P) thNGF8 AD —— ISCTNGF-B AD
750
20000 =
E ~ E
E - E
E) / ‘*\\{ 2 500 v
S ~
10000 Ny - \r,_f_{ —
— . e -
0 e e 0 — —
0 2 4 6 B8 10 12 14 0o 2 4 6 8 10 12 14
day day

A. primary cultured Schwann cell B. Schwann cell line(ISC)

400 —=— CRH Control

+— CRHrhNGF-8 AD
300
E
B2 . .

day

C. Myoblast cell line(CRH)

Fig. 9. Quantitative analysis of NGF released by cells infected with rhNGF- adenovirus infection.

The amount of Expressed NGF in all the time period in primary cultured Schwann cell (A), Schwann
cell line (B), and CRH cell (C) infected with rhNGF-8 adenovirus was significantly higher than untreat-
ed cells(p{0.05). The highest concentration of NGF was inducted on the 4th day after infection both in
primary cultured Schwann cell (18865.4310.9pg/ml) and Schwann cell line (677.9£129.4pg/ml).

Table 1. ELISA results: NGF expression in Primary Cultured Schwann Cell after riNGF-8 Adenovirus Infection

day P.Schwann-Control(n=3) P.Schwann-NGF (n=3) P-value
2 967.163+129.103 13521.36 £2892.639 0.123
4 1101.189+63.616 18865.37 £310.94 <0.0001
6 1381.191+234.634 16850.33 £953.089 €0.0001
8 1257.467+125.353 12192.95 +£2439.746 0.011
10 1033.895+153.762 7016.792+799.309 0.0018
12 1364.55 +327.842 5498.096+704.409 0.0006
14 999.165+162.478 4741.403+170.556 €0.0001
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Table 2. ELISA results: NGF expression in CRH Cell after rhNGF-8 Adenovirus Infection

day CRH-Control(n=>5) CRH-NGF(n=5) P-value
2 102.941+33.203, 267.416+80.311 0.0003
4 missed 196.023+72.221 0.0009
6 86.087+10.137 179.625+110.809 0.0014
8 94.392+7.081 185.919+118.976 0.042
10 99.244+6.115 143.172+91.701 <0.0001
12 87.659+8.969 122.403+82.690 0.0748
14 92.954+6.371 100.682+75.286 0.41451
Table 3. ELISA results: NGF expression in Schwann Cell Line after rhNGF-8 Adenovirus Infection
day ISC-Control(n=5) ISC-NGF(n=5) P-value
2 119.94+3.481 379.848+60.454 0.0148
4 missed 677.872+£129.427
6 169.099+19.526 355.741+54.486 0.0152
8 180.109£26.971 253.787+17.693 0.0199
10 128.292+16.844 282.825+37.059 0.1981
12 114.983+5.364 273.528+79.895 0.1145
14 229.162+57.262 268.646+69.871 0.7595
A 1257 .5£125.4pg/m1e] NGF7} &= At (Table 1). AAFzD)E F9g T WAs A, g9t 4t
wpERe] QAN 49 F Al A e £ L el QEE Aol Aelg nth &4 F RE 58
A|Q1 677.9£129. 4pg/mlE YER 3L 14U (268.7+69.9) oA Futa} dabel] et Aawes A vla volsn
A A et Db e i E NS PIE A 2ge NG wo ¢

UER 3 (Table 2). CRHAZEINE Adid oz vre
=9 267.4+80.3pg/ml°] #HE F 2¢e] UehbA A2
Aol A 24¥AHTable 3). hETANA FH EFE
2ol H1A]¢l 229.2+57 3pg/ml, CRHAIZE A 142
o] 102.9+33.2pg/ml< YERASIT. HEK2934 ol A =
)zl A Al HE2 o7 ole] Fe A7 F<H36-60
AlZh ek FEE 1 E AFe] Ao A= A A AT

—LO\-F

5) hNGF-89] A&stA &4 ZAL

e NGFY AEstaegd-S A3sl7] SAste] ulolg
2o 7rd® gpibA| 9] wj okl S PC-12 Al E wf koo A
1995 Flg 107 o] PC-12 MX9] AAE717F 5
3 w29 ¢4 NGFE Fo3t AUz 53
e Fdo] FAFND SN RTAME olFe &
< Zol= 4 I tH(Fig. 10).

{0

o

ox ruo% 4z

F938F rhNGF-8 aden-

A7 2] thNGF-R adenovirus(A &) =& A

& Dﬂ 47l BT 33
o] 7Pk FA 2 S 5= HFig. 11).

oo sk 3423 43wy vxadAe 14 3
Aol AR 7kt Aol E 159 59.0+8.0%¢
A 279 70.4+4.6%, 359 771.1+6.3%, 472 84.3+
5.2%% 7 et 1% 17, 27, 3F< AAEY fr9
37 (p=0.0001, p=0.0028, p=0.0186) =Sk} 45
Aelle Aol 7PEA 35 AT p=0.5047). tHzzl
Me 1579 57.9£7.6%°04 25 58.5+3.7%, 379
62.6+8.3%, 459 75.3+7.4%= S7F=|Qom; %33
Hlel 15, 27, 35+ Folek 2o (p<0.0001, p=0.0001,
p=0.0003)5 B3, 45l B3l 7PA 5= At
(p=0.1136). Shamwol|A = 159 57.0+9.1% =5 2
T2 90.0+£70.4% = S7FtAtht 370+ 85.4+4.1%
2 Ui A9 450 80.3+2.5%5 YERNSIH.
ShamwolA < 25787} 150 Bl Asert $4¢] &
<319 (p=0.0195) 374(80.4+27.0%)22] freolgt #po]
= 2ol e3tth(p=0.91). 22 7|3t A 9] w7k Hlae
A 23R Aol o] AH|gko] ol H|ste] AR
A S7FE AL (p<0.01) T 71t e A8 gz
T3t frel gk 2ko] 7} §IAtH(Table 4).

ko] AN T EE Ay AR e T RE E
Eol AAFHGAA Frlatdded, d@welMe 15

lo
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rhNGFB adenovirus

Fig. 10. Bioactivity assay of released NGF with neuritis extension of PC- 12 cells.

PC-12 cell images demonstrate the neuritis extension after 24, 48 hour exposure to medium collected from rhNGF-8
adenovirus infected Schwann cells that performed plaque, similar to the positive group which exposed to the pure
NGF powder. In control group, PC-12 cells left to the culture medium did not show any neuritis extension.

120 120
-=- Pre OP —=-Pre OP
100 ——rhNGF-B  adenovrus 100 —— rhNGF-B  adenovirus
e R e d aie
—— Sham —— Sham
" e s PO %%
40 40
20 20
0 T T T 1 0+
1] 1 2 3 4 0 1 2 3 4
week week
60 60
- - Pre OP -=- Pre OP
50 ——rhNGF-B  adenovirus 50 —— rhNGF-B  adenovirus
40 —— Saline 0 —— Saline
5 —— Sham —— Sham
® 40 =20
20 2 e M
AL S ‘{ _____ = 10 ME
0+ T T T 0+ 1
0 1 2 3 4 4
week week

Fig. 11. Change of taste preference ratio after rhNGF-8 adenovirus injection at injured lingual nerve.

After rhNGF-f adenovirus injection at injured lingual nerve the rats showed differences in taste preference ratio: salty,
sweet taste preference ratio were decreased, sour and bitter taste preference ratio were increased, and all taste prefer-
ence ratio normalized by the 4th week. In all experimental groups in comparison to the control group, salty, sweet and
sour taste preference ratio showed significant difference after 2 weeks of experiment, but bitter taste didn' t show any
significant differences of preference ratio at all period.

Pre-OP: Untreated normal group, rhNGF-8 adenovirus: rhNGF-f adenovirus injected group,

Saline: Saline injected group, Sham: Sham dissected control
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Table 4. Change of Salt Taste Preference Ratio after riNGF-8 Adenovirus Injection at Injured Lingual Nerve

Pre OP 80.389+26.948 P value
Sham NGF-AD Saline Sham/NGF-AD Sham-Saline NGF-AD/Saline
1w 57.019+£9.054 58.953+7.987 57.888+7.555 0.8532 0.936 0.8913
2w 90.024+70.385  70.385+4.561 58.457+3.711 0.0002 <0.0001 0.0147
3w 85.413+4.059 77.074+6.282 62.611+8.328 0.6611 0.0487 0.243
4w 80.331+2.488 84.267+5.116 75.284+7.336 0.7669 0.7047 0.5529

Table 5. Change of Sweet Taste Preference Ratio after rnNGF-8 Adenovirus Injection at Injured Lingual Nerve

Pre OP 90.023+9.977 P value
Sham NGF-AD Saline Sham/NGF-AD Sham-Saline NGF-AD/Saline
1w 77.569+5.890 65.156+7.956 67.231+10.76 0.0009 0.0059 0.4584
2w 96.397£2.075  86.356£4.929 79.944+7.369 <0.0001 0.0001 0.0003
3w 96.848£0.728 93.229£1.436 91.058+10.760 0.0143 0.005 0.4424
4w 95.190+1.788  92.009+5.714 87.023+5.5170 0.1901 0.0029 0.0768

Table 6. Change of Soul Taste Preference Ratio Change after rhNGF-8 Adenovirus Injection at Injured Lingual Nerve

Pre OP 11.864+5.820 P value
Sham NGF-AD Saline Sham/NGF-AD Sham-Saline NGF-AD/Saline
1w 4.862+4.394  26.559+5.671 27.166+9.772 <0.0001 <0.0001 0.9801
2w 4.648+3.256 12.28+6.721 22.439+7.525 0.0105 <0.0001 <0.0001
3w 6.094+4.365 11.439+5.517 11.347+5.044 0.0286 0.0312 0.9675
dw 4.385+3.663 10.607+6.909 13.303+7.652 0.0833 0.0179 0.4797

Table 7. Change of Bitter Taste Preference Ratio after riNGF-f Adenovirus Injection at Injured Lingual Nerve

Pre OP 5.509+4.067 P value
Sham NGF-AD Saline Sham/NGF-AD Sham-Saline NGF-AD/Saline
1w 5.080+2.244 15.890+5.459 12.902+5.384 (0.0001 0.0008 0.0904
2w 3.575+2.073  13.927+10.541 18.891+10.541 0.0214 0.0001 <0.0001
3w 5177+2.472  11.832+5.185 15.415+6.274 0.0055 0.0002 0.126
4w 3.945+1.969 8.236+5.265 9.222+3.051 0.0353 0.0121 0.6474
65.2+£8.0%ZHE 274 = 86.4+4.9%%, 3Fl&= (p=0.0033)= 25 #Z=AHTable 5).

93.2£1.4%, 45°= 92.0+5.7% = F7lstson, tx
T e 179 67.2£10.8%ZFF 2Fd= 79.9+
T4%%, 37= 91.1£10.8%, 47F°l= 87.0£5.5%=
7kt o™ ShamwollA= 1579 77.6+5.9%°04 25
9] 96.4+2.0%, 37 96.8+£0.7%, 47| 95.2£1.8%
= S7FskiTt. whkel tig AF A g o] S sel A A
Y& 274 15 Hlg) el st i7}(p<0.0001)ﬂ°4

7] fregk Aol glojx o (p=0.1539), tix
ol A= 354 (91.1+£10.8%) 259 w8 oA =

7HpC0.0001)3ke] BA2ake] Gelat zbo|7} glolFla
(p=0.8679) AFT thzxro LH Fo] o3 o]

Akl gigt AN ES FskE AdTodM e 27
A (12.3+£6.7%) 9l 15(26.6+5.7%)°l Blal thza-o) A
E 35(11.3+5.0%) 9l 23(22.4+7.5%)° Hl&] 2|t
A Z(p=0.00D)%0 e, shamolAe 23 W3}
7F #AE A Ehth(Table 6). Algol]l et Aazs 2
T} djx2e] Aol folgk Aol (p(0.0001) & 25
#2E AcH(Table 6).
2t it AT EE AL (15 15.945.5%, 2
F:14.0+10.5%, 35 11.845.2%, 8.2+5.3%)3 ¢
Z23(1F: 12.945.4%, 2F: 18.9+10.5, 3F: 154+
6.3%, 45 9.2+3.0%) 25 A7t Azl wpel Haf 7Ha
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Fig. 12. Change of fungiform papilla counting after
rhNGF-8 adenovirus injection at injured lingual nerve.
Fungiform papilla Number of experimental group was
preserved in all of the 1st-4th weeks, but slightly
decreased tile 3weeks. Experimental group is always
showed higher than control group, but didn’t show any
significant differences at all period.

rhNGF-# adenovirus: rhNGF-# adenovirus injected
group, Saline: Saline injected group

ok S H=t e fofgt Aol 7} B A ¢
gom, Addry gxry av ol fo3t Ao
0 = 27 A A H(Table 7

A7 A rhNGF 3 adenovums = Agds

g 398 ARHT AFE 1579 4310470
W)tz (126. 7+4 W& Ak E(p=0.275)=
VR AT dhet AR AGe] WEt Al

bl (25 133.7£16.270, 3%F: 126.9+16.37H, 45
131.4+19.8) tixT2 35F7HA A7t #4225 118.6
£9.2, 3% 107.3£24. D= A7 tHA] 45F9] 119.7+
0.9 2 S7HI AH(Fig. 12, Table 7). AA A A A
Ao}tz Ate] 2|1 Azt WE frolgt Wdte
WEEA| F3t.

2
£ Tt 71549 A Hrkeb Hd Z*ﬂ@ﬂﬂ 2
HoM AARNEEEE EE\;E(IT 17.0£2.0mm/s, 2
17.24+2.3mm/s, 3F: 17.897+1.467mm/s, 45F:19.765
+1.284mm/s)@ 2+ (15 16.1+1.5mm/s, 16.6+
1.7mm/s, 17.2+1.1mm/s, 17. 8+1 me/s Sl 4
Tl AX MAD] S7kele Fd= Bt A8 7
FHZE vl w ol e *7} = Ws} Holx] &
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Fig. 13. Lingual nerve electrophysiology after rhNGF-8
adenovirus injection at injured lingual nerve.

The conduction velocity slowly increased both in
rhNGF-8 adenovirus injected and saline injected group
within four weeks. Experimental group is always
showed higher than control group, but didnt show sig-
nificant differences except 4th week(p=0.04).

rhNGF-# adenovirus: rhNGF-# adenovirus injected
group, Saline: Saline injected group

%gur 4%3 wf 1, 25l wlal] frelgt Aol (p=0.01, 0.02)
& B3 gzTelxs 4R 15 B8] folek Ato]
(p= o 02)5 23om 71El F7ol e 23 Wy} By
A %dth(Fig. 13, Table 9). 7t 3t ¥+ gz2rS
H wal S ) AA oM AdFo] ol Hlg] =5t
O 45 wjoflt 2] 3t 2] (p=0.04)7F HEE 1 7]E

F2AE §18 Aol 7k it
3. BT O] ZRBENSE AL

A7 2450 tThNGF- adenovirus =5 A2
& FYsis W Agrd dxa 2 °ﬂ/‘1 Aol A
o Axrt AAH o Frtete e BAtH(Fig. 14,
15). AA 2} = AdF (15 5845.21+362.8171, 2
T 7083.67+406.7671, 37F: 7598.49+1605.727}, 4
T 7434.75£1078.467) A 159 3F Al
(p=0.126), 159} 45 Aol (p=0.0356) $Ig o]
7F ATk, 2 (1F: 3992.95+1230.3070, 25
4233.36+753.387, 35 5268.54+478.297], 45
6193.11+1309.7870)& 15} 45 Ako](p=0.0083), 2
T 47 Aol (0.0124) ol Wsi7h #aE . 72+
AT d2as Hwside o 279 35 A9
o] iz Hlsl frelstAl St tHp=0.0007,
0.0157)(Table 10).
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Table 8. Change of Fungiform Papilla Counting after rhNGF-8 Adenovirus Injection at Injured Lingual Nerve

Time NGF-AD Saline P value
1w 131+7 126.7+4.7 0.3937
2w 133.7+16.2 118.6+9.2 0.2326
3w 126.9+16.3 107.3+24.1 0.3095
dw 131.4+19.8 119.7+0.9 0.3533

Table 9. Change of Lingual Nerve Conduction Velocity after riNGF-8 Adenovirus Injection at Injured Lingual Nerve

Time NGF-AD Saline P value
1w 16.993+2.047 16.147+1.540 0.295
2w 17.182+2.339 16.603+1.689 0.521
3w 17.897+1.467 17.174+1.143 0.290
Aw 19.765+1.284 17.824+1.156 0.036

Table 10. Change of Lingual Nerve Axonal Counting after rhNGF-8 Adenovirus Injection at Injured Lingual Nerve

Time NGF-AD Saline P value
1w 5.61+3.50 3.44+2.55 0.106
2w 10.16+7.53 3.65+4.27 0.025
3w 547+2.78 0.81+1.23 €0.001
4w 5.31+3.05 4.91+2.8 0.816

Table 11. Change of Lingual Nerve Axonal Density after riNGF-8 Adenovirus Injection at Injured Lingual Nerve

Time NGF-AD Saline P value
1w 0.0385£0.0028 0.0303%0.0052 0.0929
2w 0.0431£0.0058 0.0265+0.0057 0.0010
3w 0.0466£0.0062 0.0292+0.0043 0.0002
dw 0.0491£0.0074 0.0385+0.0034 0.0394

Table 12. Change of Lingual Nerve Myelin Thickness after rhNGF-8 Adenovirus Injection at Injured Lingual Nerve

Time NGF-AD Saline P value
1w 04537+0.0122 0.2381+0.0197 <0.0001
2w 1.0253+0.0184 0.3856+0.0082 <0.0001
3w 2.9080+0.0081 1.5001+0.1217 <0.0001
4w 3.0271+0.0267 2.4693+0.1200 <0.0001

Pre-OP: Untreated normal group

NGF-AD: rhNGF-8 adenovirus injected group

Saline: Saline injected group
Sham: Sham operated control

29 U

Uell=t 43

0.0074) M=

Z(EFAAF/rm) = S22 Fe
(15 0.0385+0.0028, 25 0.0431
+0.0058, 3F: 0.0466+0.0062, 45 0.0491+
159} 35 AFel (p=0.017), 15} 45 A

°l(p=0.0079)°l, thxw(15: 0.0303%£0.0052, 2F:
0.0265+0.0057, 37 0.0292%0.0043, 45:0.0385+

0.0034)oM = 159 45

o] (p=0.0292), 259} 4%

Aol (p=0.0019), 355k 4% Ao (p=0.0087) <l et
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1W rhNGF-8 adenovirus

1W saline 2W saline

B0 kv[X5000|

Fig. 14. TEM slides of axonal regeneration after rhNGF-8 adenovirus injection at injured lingual nerve.

AW rhNGF-8 adenovirus

o] R

Electron microscopic illustration cross sections of each nerve segment that injected with rhNGF-# adenovirus and
saline groups at 1, 2, 3, and 4weeks. rhNGF-8 adenovirus injected group shows significantly increased(p¢0.0001) total
axonal counts and myelin thickness compared than saline injected group at 2~3 weeks. 80KVx5000 Bar = 5 #m.
rhNGF-8 adenovirus: rhNGF-8 adenovirus injected group, Saline: Saline injected group
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Fig. 15. Axonal change after rhNGF-8 adenovirus injection at injured lingual nerve.
Axonal counting slowly increased within two and three weeks, experiment group showed significant increase in comparison
to that of the control group, and axonal density slowly increased within 4 weeks, in experiment group showed significant

increase comparison to that of control group.

rhNGF-8 adenovirus: rhNGF-8 adenovirus injected group, Saline: Saline injected group
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Fig. 16. Myelin thickness change after rhNGF-8 adenovirus
injection at injured lingual nerve.

Myelin thickness increased in all of the Tst-4th weeks
elapsed from injury, it was always higher in experiment
group than control group.

rhNGF-8 adenovirus: rhNGF-8 adenovirus injected group,
Saline: Saline injected group
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b #EEQleon, O 2579 374 Aol T
o vlal frelstA 7kt tHp=0.001, 0.0002)(Fig.
16, Table 11).

F2E A8 (15 0.453740.0122¢m, 25 1.0253
+0.0184pm, 35 2.9080+0.0081m, 4F: 3.0271+
0.0267pm) ¥ 2= (15 0.2381+0.0197#m, 25
0.3856%0.0082¢m, 35 1.5001£0.1217#m, 45
2.4693+0.1200pm) EFollA 2 A7t FAYA 1
Adsxl = iz Hla] AdTA e oldl @] 2,
35 Ateldl FAsHA dolwkom (Fig. 14, 16) w7, 18]
2] AR 7994 (p0.0001)& A FETA o
A UERsETH(Table 12).
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