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— Abstract

CONSTRUCTION OF HNGF-3 RECOMBINANT ADENOVIRUS & SCREENING OF ITS
EXPRESSION AFTER TRANSFECTION INTO VARIOUS CELL LINES

En-Feng Gao', Hun-Jong Chung*, Kang-Min Ahn*, Yoon-Tae Kim*, Hee-Jung Park®, Mi-Ae Sung?,
Nam-Yeol Kim?, Sang-Bae Yo0?, Hoon Myoung*, Soon-Jung Hwang', Myung-Jin Kim?,
Sung-Min Kim?, Jeong-Won Jang?, Jong-Ho Lee*

'Dept. of Oral and Maxillofacial Sugery, Seoul National University,

’Dept. of Pediatrics, Chung-Ju Medical Hospital, Kon-Kuk University,

‘Dept. of Pharmacology, Yonser University School of Medicine,
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Nerve growth factor(NGF) has a critical role in peripheral nerve regeneration. The aim of this study is to
construct a well-functioning hNGF-8 recombinat adenovirus for the ultimate development of improved
method to promote peripheral nerve regeneration with adenovirus mediated hNGF-8 gene transfection into
Schwann cells.

First PCR associated cloning of GFP-tagged hNGF-f# which was ligated into E1/E3 deleted adenoviral
vector was performed and tranfected into E. coli to construct hNGF-8 recombinant adenovirus. After pro-
duction of recombinat adenovirus in a large scale, its transfection efficiency, expression, and function were
evaluated using cell lines or primarily cultured cells of HEK293 cells, Schwann cells, fibroblast(NIH3T3)
and myocyte(CRH cells).

GFP expression was observed in 90% of infected cells compared to uninfected cells. Total mRNA isolated
from hNGF-8 recombinat adenoviru infected cells showed strong RT-PCR band, however, LacZ recombi-
nant adenovirus infected or uninfected cells did not. NGF quantification by ELISA showed a maximal
release of 18.865 +/- 0.31ng/mL at 4th day. PC-12 cells exposed to media with hNGF-f recombinant ade-
novirus infected Schwann cell demonstrated higher levels of differentiation compared with controls.

We generated hNGF-8 recombinant adenovirus and induced over expression of NGF successfully in non-
neuronal and neuronal cells. Following these result, it is expected to develop an improved treatment strat-
egy peripheral nerve regeneration using the hNGF- gene transfected cells.

Key words : NGF, Schwann cell, Peripheral nerve regeneration, Adenoviral vector
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1. hNGF-8 recombinant adenovirus Mt

1). hANGF-8 %4} Cloning

QIZt fetal brain ¢DNA (Human fetal brain quick
clone ¢cDNA: Clontech, CA, USA)Z%E hNGF-f
¢cDNAZE cloning 39t}. Primere 5 -GAGGTG-
CATAGCGTAA-TGTC-3 2 5 -TTACAGGTTG AGG-
TAGGGAG-3 & AH&at51 2™ cloning® hNGF-$ 3
2kl 4¥E& PCR 2.1-TOPO TA cloning vector
(Invitrogen, USA) & ligation 3 & sty [ AlgtaA=Z 4
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gaggtg catagegtaa tgtecatgtt gttctacact ctgatcacag cttttetgat cggeatacag geggaaccac
actcagagag caatgtccct gecaggacaca ccatcececa agtecactgg actaaactte ageatteect tgacactgee
cttcgecagag cecgeagege cceggeageg gegatagetg cacgegtgge ggggcagace cgecaacatta ctgtggacee
caggcetgttt aaaaagegge gacteegttc accecgtgtg ctgtttagea cccagecetee cegtgaaget gecagacacte
aggatctgga cttcgaggte ggtggtgctg cececttecaa caggactcac aggagecaage ggteateate cecateccate
ttccacaggg gegaattcte ggtgtgtgac agtgtcageg tgtgggttgg ggataagace accgecacag acatcaaggg
caaggaggtg atggtgttgg gagaggtgaa cattaacaac agtgtattca aacagtactt ttttgagacc aagtgecggg
acccaaatce cgttgacage gggtgceggg geattgacte aaageactgg aactcatatt gtaccacgac tecacaccttt
gtcaaggege tgaccatgga tggecaageag getgectgge ggtttatecg gatagatacg gectgtgtgt gtgtgcteag
caggaaggct gtgagaagag cctgacctge cgacacgcete cctececetg ceecttetac actetectgg geeecteect

acctcaacct gtaa

Fig. 1. ¢cDNA sequence of human nerve growth factor. Heat shock method was used to
insert cloning vector to competent cell. Above data is the sequence analysed result.

2) Allelic variation®] mutagenesis

7] AE EXAI A 103HA G719 T/C 9719
allelic variation®] &A43t9oH, TY 74 3584 ofn|i=
2kl Valineo], C¥ 7% AlalineC. 2 2|85 & A& &
SISt SRAIRE o] A9 Borsani G 59 A7 o4 103
A @717} T<1 7352l Human NGF @2 2] 7]%50] et
Bao] wepx] 2 ApeA 1039 CE71E TE point
mutation =3t C €718 T2 point muations
T317] Y3te] mutations $18F pirmerE AZskaL o]&
PCR W% %3 mutationS = & F 97] AE £4
= &t E7] A% oA FE Gl

3) Recombinant adenovirus construct®] A2

A7 MG Aol &E¥ hNGF-B#A<l pAdeno-
Vator-CMV5-IRES-GFP (Qbiogene, USA)E 717} Bgl
II Algtaxrs Adalal T4 ligase (Takara, Japan)E ©|
2319 ligations Al & DH5, competent cell®]
transformation 3t pAdenoVator-CMV5-IRES-GFP
hNGF-8 vectorg &2 (Fig. 2), & Sty I #g
FAE Ao =N hNGF-B F312te] A9 of 7o Wk
S golskitt. 283l Pme 1 A3 845 Agldto] A
sl¥l pAdeno Vator-CMV5-IRES-GFP-hNGF vector
9} AdSAEL/AES3 vectorg co-transformations A3k
A thH(Fig. 3). BJ5183 competent cellZt A3 3}te
pAdenoVator-CMV5-IRES-GFP hNGF-$ vectorg
electroporation$cl| 37C AA| vjx A 1AIZF w3t o
< LB/kan (50g/mL) 24 vjA|oll A 24417 v 3515
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283 colonyE A3l LB/kan (50g/mL) A #jA]
A 16~18A1ZF B e¥gt T3 plasmidE w28ttt ©f
] BJ5158 competent cell 16~ 1847t o]/ vj<F =
B 7 fo B2 recombinations A3ttt o2
Aol plasmidE ©HAl DH5, competent cellell trans-
formationdt®] plasmidg #2|3 Fo o]& 27} BstX1
A 25 7ML A gt A719E5S T3 co-
transformation 955 <1814 tHFig. 4).

2. 217k MEMEE 0|28t large scale virus am-
plification ¥ hNGF-f recombinant aden-
ovirus purification

E1/E3 #2127} E0] 9= HEK293 cell& 5% FBS-
DMEMe] £ 90& 100mm dishelq 50%7} H=%
subculturedta 2% FBS-DMEM (no antibiotic)ellA B}
o|H 2R 4A|7HE<t infectiondt ¥ 100m.o.1 infection
mediag A At T4 culture media(5% FBS-DMEM
with 1% antibiotic) & ¥ th. <F 20417t £ infection ¥
01X dishel| plaque’t o] F/d¥ . vk e] Mo] gt
Aog e =9 cell scraper® o] &3] dishHlEe]
A EE 7oA FHo Ro} 800rpm o2 587+ J4lHelst
o] Pellets -80TCel ®-#3IAth. Sample preparations
ate] -80C E#3IA infected HEK293 cell samples
AWA 37CAA 59 F pellet volumee] 2~3u9] 1X
PBSE #7leted #a o] deje AS 3-53] whEsio]
293 celld] AEHZ 7] virusE buffer2 WEAIZ .
2,000rpmellA 587 AT E st & 7 S-S Al
2 deAE22REE &7 pellet 28] volume2] 1X
PBSE #7hste vortexstith. Tl 4T 8,000rpmelA]
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Fig. 2. Construction of pAdenoVator-CMV5-IRES-GFP Fig. 3. Recombination between pAdenoVator-CMV5-
carrying hNGF-5 cDNA. IRES-GFP+hNGF-$ and AdSAE1/AE3 vector. Pme | lin-

ealizated pAdenoVator-CMV5-IRES-GFP+hNGF gene
and AdBAE1/AE3 vector were co-transformated in
BJ5183 competent cell that easy to recombination.

e
A B2 kh
%532 kh
487 kh

= 1.0 kb
= 1.1 kb
4 11kb

A1 R

Fig. 4. Restriction analysis of recombinant Adenovirus vector (Screening of recombinants by plasmid
size and restricition enzyme). After Colony selection and plasmid separation mapped the sequence
with BstX | or Pac | for confirm the propriety of recombination. In lane 3, when restrict with BstX |

there are 2.1kb band; and in lane 4, restrict with Pac | there are 3kb band confirming successful
recombination.

Lane 1; Tkb DNA Marker

Lane 2; Ad5 AE1/AE3 with BstX | digestion

Lane 3; Ad5 AET/AE3 + CMV5-IRES-GFP/hNGF with BstX |
Lane 4; Ad5 AE1/AE3 + CMV5-IRES-GFP/hNGF with Pac |

1527 AR E ot F5de ol gl de A A& o]g-3to] 100,000g(23,000 rpm) oAl 90%&ZE 4¢el
S 7tk F 4T Bttt A QA Zelsted AAG R 1X PBSE WA FA et &
Cellular contaminants®} defective viral particles< o MZS At o|2A dAF AZ2F hNGF-B aden-

CsCl 1.4(53g+87ml of 10mM Tris-HCI pH 7.9)% ovirus® 971 plaque ¥AH S o] &3] ALl
CsCl 1.2 (26.8g+92ml of 10mM Tris-HCl pH 7.9)&
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3. Ki=g hNGF-A2| 28 % 7|5 =l

A 2% hNGF-8 adenovirus7t E1 24} 9% o] NGF-
B FHAE gasta glom AEE AIAIA NGF-pY &
d 2 BHE S7RTIEAE 18] el AARAA 2
¢l Schwann cellZ} BIAIAA 2] Q174174 32 HEK293,
YA 2 (myoblast) ! CRH, A=A 21 NIH3T3 Al 2
£ MMk

AR 7e A e] WL hNGF-B F-8Ak9F o] 4ld
PFEAQ GFPY ke Ed# immunocytochem-—
istry BHOE NGFY #2383 gelaigitt, RT-PCR ¥
HOo 2 hNGF-# mRNAY] &S 21819 ELISA ¥
Ho g AFslalsl o PC-12cell9] neurite extension®
2 NGE9] 7|52 gRlstsitt.

1) GFPe] &g

S/ Aol AEFE 247 2Hg3ste] subculture
st A2 virusE 100m.o.i. 2 infectiondte] A7t 72}
o W& GFPY wd & JFdn|E oz Hasigint

2) Immunocytochemistry

ImmunocytochemistryE 371 $18te] hNGF-8 aden-
ovirusel| 79 A2} H FHAEE 0.1% PEI
¥+ gelatin coating ¥ &Egfo| =04 A EE ujke &
PBSZ 13] AlA3I . 4% paraformaldehyde® -2l
A 308 Bt 2AIZ & PBSE 33 AlHda 0.2%
tritonX 100°] 718 4% normal goat serumS-2 14|
b &<t blockingstith. Tl 584 33] PBS® A1 43 £
1:3002.% XM A7 anti-NGF Ab(Promega, USA) 5Sug
/ml¥ ¥ 4¢olA overnight 3ttt 5584 33 PBSZ
A & 1:50002 A9 Anti-mouse IgG-
FITC(Santa cruz, USA)E ¥l 1AI1ZE e FAt. 5
54 63] PBSE A4 3 & mounting (glycerol in PBS,
DABCO, USA)ate] g3dn| 7oz tasigitt,

3) hNGF-8 mRNA®| 238

TRISOL LS Reagent (Invitrogen, USA)E ]88 7}7}
o] A Eol|A RNAE FZ3k3 UV/Visible spectrophotome-
ter (UltroSpec 3000, Pharmacia Biotech, USA)E AH&-S
o RNATEE 2439t RQl RNase-Free DNase
kit(Promega, USA)E ©]&3lo] RNA AIZZ5H DNAS
AAsIL hNGF-8 cDNAE Z243}7] $138t] Primer
(Forward: 5 -GAGGTGCATAGCGTAATGCT-3",
Reverse: 5 “TTACAGGTTGAGGTAGGCAG-3 )b 142
first-strand ¢cDNA ¥Hg-& A3 PCRE 33 & 1%
agarose gelolA #719% 31¢] band®] densityE &<11%
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4) ELISA

hNGF-8 adenovirusoll ZHH 2] Alzol|A £H|= =
NGFe] & Fmeh 33 AxoA FHlee 2dg =
Ztol & vlwstuA HEK293AM %, Primary cuturedt
Schwann cell, Schwann cell cell line(ISC), NIH3T3A]
£ AHESF = Primary cuturedt Schwann cell 7]
o 7idrgt A o= ATk,

oA E Adio2M hNGF-B adenovirus® 7+
AN A AAA7NA] B dxT o2 ER3IT. 27t
o iz AdFE 1x10%ells/mle] L& cell den-
sity®2 seedingstith. Adw MEE virus A9< 99
DMEM (Gibco, U.S.A.)/10%FBS mediaE Al A3tz
PBSZ 39 AlA& ¥ DMEM/2% FBS media®l
70m.o0.iZ virusE #9AIZ 5 4A7HE<t vieFatdet. 4
o Fol&= Al DMEM/10%FBS media® #j sl 2
A0 2 media Iml< AF 3 T ulA & wAls T 54
&7 W2 ISC, CRH, 3T3 Alx+e AxF virus #9 F+
44R 9} 12849 1:52 subculturesto] 5L et oz
sampling 3t o™ A|2e] st Qlsf 149717 st
Atk At wE NGFe| 28-S ELISA Kit(NGF
Emax ImmunoAssay System kit Promega)® % @3}
St EA42E ANOVA T-testZ S48 24 (P-
value<0.05)& S48ttt

5) Neurite extemsion

2H)E NGF9 bioactivitys 21371 $15t9) hNGF-8
adenovirus®l 7F9¥ Schwann cell®] plaquee] Jd%
Fio| A &3 media ImlE FE3t] PC12 cell®] W
Hof G2 5 24A17F wiFe T %A Am| A stelA
neurite extensions & s}it}.

.2 =

74719l WHOZ recombinant hNGF-f adenoviruss
A2kt FAsted 10" pfu/mlet$]e] 971 At

ANz virusE E2AIEAAA Q! Schwann cell#} H]
A73HZQ HEK293M Z, CRHAZ, NIH3T3 & Hl71A]
AEE 100m.o.i.Z infectiondte] JFdn|Foz #&s
e o vI7A] AE BT gixay AT AxgEol
W7t gldlom AdTo e 18~24A17kl AA 90%°]
el AlEe A GFP7F = At Fig. b).

hNGF-fol 3t immunocytochemistryllA recombi-
nant hNGF-8 adenovirusel Z<4%¥ 3ke fluorescence
microscopy® #23 A3} 7FAH Schwann cellollA B
B2 9] wagt = Aol FRIHATHFig. 6).

NGF mRNAS #d-& RT-PCRYHORZ FQlgt Ay}
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Fig. 5. GFP expression of infected cells(A: Schwanne cell, B: HEK293 cell, C: CRH cells, D: NIH3T3 cell) with 100moi
recombinant hNGF-8 adenovirus.

HEK29343, Schwann cell, CRHMXE LacZ recom-
binant adenovirus®l] #9AI%H & W= NGF mRNAZ} &
A2 Fskort hNGF- recombinant adenovirusell 7
e FelME 25 FdEAT CRH celldA e ks,
Schwann Celld| A& 7H3 73 @3S Yebioh(Fig. 7).
NIH3T3A Z= Al A Yol NGFRAAE 2838t 9l

o] 2% LacZ recombinant adenovirus Z9, 1]
3L hNGF-8 recombinant adenovirus ZHgw E5olA &
ol golE et a8y U2+ LacZ recombinant
adenovirus A9Te Hd o] WSSl W vhd
hNGF-8 recombinant adenovirus gl e 2hid

o] #EH A
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hNGF-8 adenovirus untreated Schwann cell
(x400)

hNGF-8 adenovirus infected Schwann cell
(x400)

Fig. 6. Immunocytochemistry result : NGF expression in Shwann cell after recombinant hNGF-

adenovirus infection.

RT-PCR results

D -
D -

A Mkt

Fig. 7. RT-PCR result : NGF expression in various cell line after recombinant hNGF-f# aden-

ovirus infection 72 hours.

HEK29341 %, SD WA 1459 DRGAIA Lt et
Schwann cell, Schwann cell line(ISC), CRHAI%E 7}
Zt 2w T0m.o.i.2 #Ae T o8 Yol A7t
02 NGFe 28-S ELISAZ 33339 uf W74 Al
X BTN ool vl A@ToA 271 F7HE
NGFe wdo] &2 (Fig. 8, Table 1, 2, 3).
HEK293M Zel A& tizatell o] #5202 Qs #&
Al B (36~60A17h 5 A2ts Attt U A et
Schwann cellol|A = ZAA| A&@717F <t tijz=at A oA
T 8Y W 1257.5(£125.4)pg/mle] NGF7} ddatsla
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AT E o8 AE F H2A9 18865.4(+
310.9)pg/mlE Hiole|2 744 F 4Y ] Yeplithzh 14
7] A&E T 1SCO ATl 24 & 4497 71
& 7291 677.9(£129.4)pg/mls HER 2L 149714
A2} 244k LAk wj kgt Schwann cell? H] 528 &
Uehdth, @eE NGF bioactivitys A%3at7] ¢k
vpo]g 2o 7+4H Schwann cell®] Bl %S PC-12 cell
Hjeklo] MRS v Fig. 99 Zo] PC-12 cell® neu-
rite”} extension® & S HASATH
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Fig. 8. ELISA results: Time dependent NGF expression in various cell line after hNGF-8recombinant adenovirus infection
(*: P{0.05).

Table 1. ELISA results: Time Dependent NGF Expression in Primary Culture Schwann Cell after hNGF-
recombinant 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

Table 2. ELISA results: Time Dependent NGF Expression in CRH after hNGF-8recombinant Adenovirus Infection.

day CRH-Control(n=>5) CRH-NGF(n=5) P-value
2 102.941+33.203 267.416+80.311 0.0003
4 196.023+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+82.69 0.0748
14 92.954+6.371 100.682+75.286 0.41451

Table 3. ELISA results: Time Dependent NGF Expression in Schwann Cell Line after hANGF-frecombinant Adenovirus

Infection.

day ISC-Control(n=>5) ISC-NGF(n=5) P-value
2 119.944+3.481 379.848+60.454 0.0148
4 677.872+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
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Fig. 9. Bioactivity assay of released NGF: neurite exten-
sion of PC-12 cells.

V.

2k

Adenoviruse CNS9 gene transfer vehicleZ oj2] 7}
ot A2 2k 9t Adenoviruse A 2AHE
=2 titer™ (1012 viral partilces per ml) 2 <
T 93 o4& vector®t Hlwste] =2 transgene
capacity® #'dt}. Adenoviral vectorel S8 9F54
e gk oFFAS Hola in vivodl|A] adenovirusell
93t gene transfer= neuron¥ glia EFolA &34l
Aol AFHAF. 128]3 Adenoviral vector?] serotype
29} 5& in vivodlAl nontumorogenicat7]ol 43| <kA
ot W sRolliE S4o] gle Aow dA do,

hNGF-8 recombinant adenovirus shuttle vector<t
El, E37} A4 ¥ adenovirus genomes %21 &
pJM17 plasmide HEK293 cellol co-transfectiondto]
adenovirus genome sequence?rl homologous recom-
bination®] ¥ol'dt hNGF-8 recombinant adenoviruss
Azttt A28 adenoviruse viral genome ol
NGF sequence’t E1%=A PCR< o] &3l &<lataix
hNGF-8 recombinant adenovirusE single plaqueo-2
83t wild-type adenovirus A|A sFTH

% 23 AxF hNGF-F adenoviruse tEe
HEK293 cellell Z#4A17]13 th 2k vk AA)ste] 10" viral
particle/ titere] ¥ 9715 e &5 virusE 4
Aeks AGL virusgE FEdh= DAL FE sampleol
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