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H E. [Bw] ¥ Cre-LoxP FEBEARGHEFLEEETARSEREKET -1(human insulin-like
growth factor-1, hIGF-1) B RYZEH M E SIS EAIAE, X MRERY hICF-1 RERTR LR, [Frk]
PCR &R hIGF-1 #[, F3 pMDI8-T £k rIGF-1 Bi9#E , B, W)F3#17 NCBI BLAST M TES )
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] ¥8 | 4 %% B plnt. AV1. SpaT-hIGF-1 EH KK BB, 17 EcoR 1Y EE . H 95 293 M,
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Construction and Identification of Adenovirus with Human
Insulin-like Growth Factor-1 Gene
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Abstract: [0bjective] To construct and identify replication defective adenoviral vectors with hu-
man insulin-like growth factor-1 gene of interest for hIGF-1 gene therapy of intervertebral disk degenera-
tion by Cre-LoxP homologous recombination system, in order to lay a basis for AIGF-1 gene thorapy of
intervertebral disk degeneration. [Methods] RIGF-1 gene of interest was synthesized by polymerase
chain reaction(PCR) and cloned with pMD18-T vector. The cloned hIGF-1 ¢cDNA fragments were se-
quenced and similar analysis was done with NCBI BIAST technique in the internet. The pMD18-T
-hIGF-1 and empty plasmid pDNR-1r were digested by EcoR I and BamH I, ligated and transformed
corﬁpetence E. coli DH5 @t Positive recombinants were identified by EcoR I and BamH Idigestion.

plnt. AV1. SpaT-hIGF-1 was synthesized by homologous recombination of pDNR-hIGF-1 and
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plnt. AV1. SpaT with Cre-loxP system and identified by EcoR I digestion. Replication defective aden-
ovirus with AIGF-1 gene was synthesized by cotransfection of pInt. AV1. SpaT-hIGF-1 and pInt. B. B
plasmids into 293 cells. Cytopathogenic effects were observed through invert microscope. Adenovirus
inclusions were observed through transmission electron microscope. Adenovirus DNA was extracted
from cell lysis, hIGF-1 gene was identified with PCR technique. hIGF-1 protein expression was
indentified by Western blot technique. The second generation adenovirus titers were tested by tissue
culture infection dose 50(TCIDs) method. [Results] The synthesized hIGF-1 gene of interest had the
same sequence as that of Homo sapiens (GI: 19923111) . Both fragments of 5 400 and 1 000 base
pairs were seen by restriction endonuclease digestion of pInt, AV1. SpaT-hIGF-1 as expected. Cy-
topathogenic effects including cell swelling and shedding were observed in most of 293 cells 12 ~ 14
days after transfection. hIGF-I gene existed in the cell lysis. Hexahedron adenovirus inclusions were
found in the cytopathic 293 cellular nuclei. hI/GF-I gene existed at recombinant adenovirus. Recombi-
nant adenovirus expressed hIGF-1 protein. The second generation adenovirus titers were 80 x 10°

PFU/mL. [Conclusion] Replication defective adenovirus with hIGF-1 gene of interest has been

§25 %

constructed successfully.

Key words: adenovirus; insulin-like growth factor-1; cloning, molecular

NS R EEAE K EF -1(human insulin-like
growth factor-1, hIGF-1)2—Fhe 70 MR EBRH K
MZk, X FERE M = 7.6 x 100, MEF
W B A7 FE I hIGF-1 SRR REFAKE T 21 -1

(insulin-like growth factor receptor-1,IGF-11) &5 fig

R M R Al MR, RHEEE D
(pl‘oteoglycan,PG)%ﬂ I AR A e IR E
HE 5] #4387 (intervertebral disk degeneration, IVDD)
SERIAIT I E IR, (B RIGF-1 EFMEA
AT IVDD BFEE AT MR ARGE , I
W hCF-1 EEWEHRNE, TSR
hIGF-1 3 HE TVDD o T & H#E 1 40 L8 B AR
27 R RERREFSY, LA IVDD H:[EIRYT Y AR B
Do SR A B B A SR TR A

1 H#Aegr ik

1.1 Bk ER

Otk : KB HFH DHSa, Topl0 H#k. KIHtt
B BNN132(GEE A BB ) HA KR ERAF
203 A MIER I E EEHRYRELAE ., OQFK:
pDNR-1r J& ki (Cre-loxP B % /Y it & 4 + IR
pInt. AV1. SpaT JERL (Cre-loxP RGHZRST )
plnt. B. B F0RL (& B s B2 ) W BT MNHE
AT, pMDIS-T #4KM H Takara (Ki&E) AF

[J SUN Yat-sen Univ(Med Sci), 2004, 25(1):45-51]

Lipofectamine 1§ B 3% [H Invitrogene NI
1.2 EEiEH

R A YTEE PML 1. Pac 1 JJ B New England
Biology Ao EcoR 1, BamH 1, & BR 44 Py VG |
T, DNA ligase. Ex TagDNA % marker ¥ H TaKaRa
(Ki#) /A7, QIAGEN Plasmid Mini Kit, QIAGEN
Gel Extraction Kit 1§ B 32[E QIAGEN /A ] ,UNIQ-10
Hi7 DNA BEGAF EW B DB TAWEAR S
B, Western blot Ml & 1 B RIUE LAELY
TRAERAT
1.3 &% nIGF-1 REEARFREHEHEE
1.3.1  RIGF-1 B aieA%x @i PCRIT
AR WGF-1 SHEER T 5] (Gt 431 RN LA
Bk cDNA FF51)) . SEE& BT % RIGF-1 T
FFE TR 8 A B, Rl 44 o GF 1.GF 2,
GF3.GF4.GF5, GF6, GF7# GF 8, AL&
Mo T GF 1 ~ GF 4 J— 41T PCR SZRE, &%
94 °C 30 5.55 C 30 5.72 C 30 5.30 MEH,72 C
FEAH 10 min; KR TBERE MUK AT, BDISR
M GF 5 ~GF 8 fRIEFFERRFHRME. EAIPIEL
DNA, S{RFRIR A, FHRHR LRI PCR & 4F, 4
SR hIGF-1 ShEEEE 5, FH pMDIS-T Bif it
15758, F3 EcoR 1 #1 BamH 1 RG] 458 5 T T 5
W57 45 597 NCBI BLAST MU AELR /39T o
1.3.2 ¥ @ #4k pDNR-hIGF-1 #9453 45 A
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4 pDNR-1r, pMD18-T-hIGF-1 K ) o BBl AR , b
A ST ¥R T4, ¥ M8 QIAGEN Plasmid Mini Kit #2
£ % #2 #2 BU pDNR-1r, pMDI18-T-hIGF-1 ff i
DNA, H ik WEE Bk DNA BB ok 8 BT S R A4
%o F EcoR 1 M1 BamH I XUEEY] pDNR-1r i HE
pMD18-T-hIGF-1 Jiihi 4% B QIAGEN Gel Extraction
Kit [m Y KN4 4 kb AW SEA EcoR I AN
BamH 1 B 38 9 pDNR-1r F1%) 400 bp BHEEH
H EcoR I 1 BamH I FiE KM AIGF-1 KW K
B, F T4 DNA ligase i#£#: pDNR-1r #l hIGF -1
A H BB pDNR-hIGF-1, F-F pDNR-hIGF-1 %4k /%
ZAKGITH DHSo, Phik 0k, 155, IRBUE R
_E7E DNA,PCR %7€ ; #i2 FUb DNA, BRI % .
1.3.3  pInt. AV1. SpaT-hIGF-1 ¥ 21 % i J§ 45 4
MR EE Bt Creloxp & 45/ F pDNR-
hIGF-1 Z JA] ) EE 40, 3KHT plnt. AV1. SpaT-hIGF-1
B R BLRERAELN T 4 pDNR-hIGF-1 20 plL.
plnt. AV1. SpaT 20 wL F1 BNN132 327 41 200
pL dLFEALIR R, VK BB 30 min, 42 C/KE 40
s, 7KLHE 3~5min /5, fIIA 800 pL 5 LB, 37
C, (150 x g) ~ (200 x g) BHHEFE 60 min, LAFIA
FERHEERN, B 200 uL BUABSGHF TAER
PR (& 70 g/L JEHE) , 37 CiBadssk.
PR HIIRE, $EEY Y, JRIBURR DNA, BHTHEEY)
$5E . MG IERF TR IESE,

1.3.4  pnt. AV1. SpaT-hIGF-1 T4 A% K56
WP R URTFIY 293 41 37 C/KIBGE, H
DMEM (& ¢ = 10% FBS)335 41MiA T 70% ~
80% Bt5 /5, FI 0. 5 mg/L EEE + 0.2 mg/L ED-
TA TH1E 50 s, H40M—5 15 A 25 mL fo8E 5%
i, BHEEEER 0.5 x10°/L, 4kEEH35 24 b,
AR E] 60% GRS JE ISRk St , A
RERT 8. © BESMBREFE, MA 4 mL
JCML \ o4 E B Opitional-MEM ¥ 5394 35
min, @ ¥E Eppendorf & (EP %) i & DNA/JE &
WEZEY H Pac 1. PML T 3G pInt. AV1. SpaT-
hIGF-1, Hi Cla 1 E§Y] pint. B. B Bk, % 4 pg B9
plnt. B. B / Cla TH12 ug ) pInt. AV1. SpaT-hIGF-1
/ (Pac I+ PMLI)7E EP EHEE , L ARS W
HANA 200 wL /4 opitional- MEM ; 7£ 5 — H EP %%
A 10 WL B8 B AR AT 200 wL {1 opitional-MEM ;
B ERFERE, ZRFE 45 min,® BUHEEH

293 4HHE, FIMA 1. 6 mL (35 5% , B EEMA
400 L DNA/BRIRIAR AW, REHRY . @ 7 37
C. ¢ =5%C0: EFFAPEFF 3 h JEE#H Ny DMEM
TR, BEL®. ® %% DMEM/DNA/JR
FAERIESY, A DMEM(& ¢ =10%FBS) 4k42
B AR, BRI L SR A B I T B 7R B M
AR AN MRAE . 10 ~ 12 d &, AH4 40 e 4 B4 L
WRAERN (CPE), 57V, FI4R HOT JD 6 40
R EBEFR—M, WEMM, 25 mL MIEFREA 2
mL BB oI W (PBS) IR LB 00, 37 C. - 70 C
RAERL 3 %, WHE 0.5 mL a5 - i H Rt
Bik 70% LA H) 293 HMRHEITE 2 REY .
Ha -70 CHRAER

1.4 EBEARRSHENLET

.41 HESHMEARmARE FEER 293
s, FFIR3 d RS, UEERTEREEMET
WLEZ 293 ZHMUIEAS , 3 0 B B 4 AR 7 O AL 261
.o

1.4.2 #ZRLENREFHRZRE 293 4y
0.1x10°/LERE 6 L4, UAMMELSAZ
80% ~90% i % 2 fmE RiFH S 4 7L, B AL
BRI 4 d B, H R4 i Bl 524 CPE, 4
AR A B4 FXG R ZH 293 40T 15 mL AYES.L
B, B0 E L, 30 g/L IR REE 2, PBS mhik,
K FFER IR , VT A R .

1.4.3 F4MRBEW PCRAEZ &M UNIQ-10
Wi E DNA R BUAR &8RS TIEEGE 2 A L
H KT DNA R RIGF-1 BE 4 BATH GF1 Al
GF6 5314 - F 5147, PCR 45/4: 94 °C 30 5. 55
C 2 min 72 € 2 min 30 MEH,72 CIEH 7 min,
4 CHRAEIS pL PCRAA S, 20 g/L BRAS MRS B
Ko LIF514:5' TGATGAATTCATGGGAAAAATCA
GCAGTCTTCCAACCCAATTATTTAAGTGCTGCTTTT
G3'; F#F914¥1: 5'ACGATGCCTGTCTGAGGCGCC-
CTCCGACTGCTGGAGCCATACCCTGTGGGCTGTTG
AAA 3,

1.4.4  SDS-PAGE.Western blot 4| hIGF-1 % %
& 724 FUARH, LR 0.5 x 10° 293 41H, 24
HIMIREE K E) 80 % Z245, F 200 ul 35 2 fAME L
R, 37 C. @ = 5%CO. BFsE kS E 35
48 ~72 h, YZE CPE, HI5E4 CPE f5, B 400 pL
BRI EERBE 1.5 mL B0, 800 r / min
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B0 5 min(BS L x J-11 10989, r=10 em), % |
. MA 20 pL PBS ERMMA 20 L 2 x - wh
B, 5 mine  EAEHFFT SDS-PAGE Ha 3k 5 5
—REEEEA 2.5 g /L LD IER 6, WERE
BH&MW, B— KB #E4T Western blot Bl hIGF-1
RIS e S EEIR—AE K/ NI AR & PVDF 431
BAZWRAB.C H 15 min, EER BEA LM C
H1 15 ming M EARAR B9 SR B IEARAR YO B 4
BRI PVDF B UE4K, SRR L e 2 , 822
AT BASH, 25V x45 min BHEITEH
el WEHIEEQMNBE RN GRIERFTHFT
hIGF-1 3R3E A
1.5 & hIGF-1 EARFEEHENE

FIEBURH BRI R (tissue culture infec-
tious dose 50, TCIDs) H¥EMES 2 REHNHF
AR, B HEINT : © 78 2 x 96 AL R+ 8
FLINA 293 40/ 100 pL(10 x 10° M) ;@ HE%
MR : 7EJCH EP B S 8 MNRIIHNER
W, EE 1A EPESMO0.9 mL HE&£E M
1.35 mL DMEM (¥ ¢ =10% FBS),7E45 1 & him
0.1 mL SR, 185 I 0. 15 mL 10~ FRRIK
HEBIF2LNEPE, EERBIR S IHE
o @ 96 LB A E—1T, A#1 ~#10 BILAFIIA
100 pL(EARRBEEE 10 fL)ES 8 MRBE  MiT#
11 fi#12 FEBAMERT R, LA 100 pL DMEM
(& ¢=10%FBS), @ FARHTE 37 C ¢ =5%CO;
BEFRFE SR 10 d, WESHRHRAS

2 & X

2.1 hIGF-1 EFNREMER

& B RIGF-1 BHEEH#S! pMD18-T 7,
B2 4 B30, B NCBI BLAST BT MBI ETE
&, ZB5IE A Homo sapiens IGF-1  (Gl:
19923111) K F3|58 2 M. H EcoR I Fl BamH |
%} pMD18-T-hIGF-1 i#4TSERY], 10 g/L BrfiathsE
BRIk BB, 4 5I6LF 2 000 bp F 350 bp
i, HEETEEEF(E 1),
2.2 plnt. AV1. SpaT-hiGF-1 EAFHNLEE

pint. AV1. SpaT-hIGF-1 7 6. 4 kb BYEE ATk,
EHFW EcoR TREYINLA, BRUIFI =4 5.4 kb
1 kb WA B, IKEESERSTHET M (B
2). FWIF, NCBI BIAST 7E£ 447, 5 Homo

$osH
sapiens IGF-1 (GI: 19923111) B/ 552 &4,
: = ; 4 M bp
— 2 000
1 000
. e 700
o~ 500
. — 200
H1 EARA pMDIS-T-hIGF-1 HEYLRE

Fig.1  Endonuclease identification of recombinant plas-
mid pMD18-T-hIGF-1(8 g/L agarose gel electrophoresis)
Lane 1,2:pMD18-T; Lane 3,4:pMD18-T-hIGF-1 digested by EcoR 1
+ Bam H I; M: DL2000 DNA marker

Lo Mo, o

‘ . — 564
B2 pInt, AV1. SpaT-hIGF-1 EERMMETILE

Fig. 2 Restrication identification of recombinant
plasmid pInt. AV1. SpaT-hIGF-1(10 g/L agarose gel elec-
trophoresis)

Lane 1: pInt. AV1. SpaT-hIGF-1 digested by EcoR I; M: - Hind
I digest marker

2.3 BIERMENRE

IEH 293 i ATE . AR, 40k 08
ST NGRERE AR, 5B 1 RORERR 44 )T,
293 4 B AR AR A B AR, DB AR As
BEARRE, 745, BHREE AR LA MBEE
B, DERTHARZHEZEHERRRE,
12 ~14 A5, JLFFiA A R BivE (B 3),
2.4 HFERENE

IEH Y 293 4R ML BUAZFR 4R ML B S0 2 o
HBLARAE A 293 A0BRANAE B AR, 4R AR | An



®1H W, %, W ARSERAKET - EARRENERNEE 49

A2z PR HE A R 4 U 7S T A P IR B B TR
AR (E 4),

3 E4ARRSEHERMENE
Fig.3 Invert microscope observation of Cytopathogenic

293 cells( x 400)
Cytopathogenic 293 cells looked like round swelling and thysitorm

B4 EARBENRENER

Fig. 4 Transmission electron microscope observation of
recombination adenovirus( x 8 000)

Hexahedron adenovirus inclusions were found in eytopathogenic

293 cellular nuclei

2.5 EHBRRSPCRETE

Ay BIHRBOHE BURAE 89 293 40 IE# 293 4
i) DNA,PCR Ji5,20 g/L BREEWHEE RS HLIK , 722 300
bp ALFRAE Y 293 4HAEHBLEHE (B S) .
2.6 SDS-PAGE F1 Western blot £ 7

HIEH 293 HIERMR T IE DKL, R
FLEBRPEOLEBAMG SDS-PAGE £ 4
M. =7.6x10° #b B P55, Western blot $E—ZiF
E(E6),
2.7 FE2REABFRSHEENE

5% 2 REHNRT A TCIDs HIEME, 10d
JETEBE DA T ek, W CPE, 1 8UE4TRIRE
PEALIYE 20 5 ARSI e 5 2 BRI T
(T)=80x10° PFU/mlL,

5 EHHEKRE PCRETE

Fig.5 Identification of recombinant adenovirus with PCR

(20 g/L agarose gel electrophoresis)
M: 1000 bp DNA ladder; Lane 1: cytopathogenic 293 cells; Lane

2: normal 293 cells

¢ Mo/ x10°

—36.5
—14.5
6.5

B 6 EHEF% S Western blot £7E
Fig. 6  hIGF-1 growth factor expression of recombinant

adenovirus with Western blot technique
M: broad range biotinylated protein marker; Lane 1. 2: cy-

topathogenic 293 cells; Lane 3.4 :normal 293 cells

3w

H A % R A e B R 1 4 TVDD RO ZERIG YT R
BN A FtEZ — . hIGF-1 2—F 70 4 4L8
HRMZERE, M, = 7.6 x10°, FEHATIE=4, 4>
WEMAE T, K SRS EEERNFSEAEA
(insulin-like growth factor binding protein, IGFBP)%%
BIRAMFEEM, PESUBEREXEE, 5
IGF-1r Z5 5 HEBERZ AU 4300 PG, T 435 41
ffl BEAZAHM AR 0 Okuda ZEPMASNE FR RIE 1S
SRBGHE ] S5 40, R PR IGF-1 %t PG & Mg mE
IGFBP & 2 MK, 5 IGF-1r &M EIEM R,
Osada 5§ BTHFSR AR TE 4 IME R S0 R, BEE4F
W R, IGF-1 #I IGF-1r mRNA #) 3 35 T I,
IGF-1 5 PG B/ AATER RIS R, IGF-1 7| &
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25

M PG A R, {E 100 ng/L IGF-1 R Hl i aE4%
MHLA A PG Bl R BIRIE . Gruber FFUIHF RN
hIGK-1 RIS HE M B A AN, LA EBTR
VLA IGF-1 2 [ AB B R dF 4k (F) 4L 40 e 73 3 PG, 3
¥ VDD, Wi # hIGF-1 B H,

AR PE R 2514 IVDD 1B ITRER AL
Ihi) N —&4, IVDD MIZERVATT B FR I ERTE
AR, Wehling £ i ¥ R R 57 0K LacZ.
IL-1Ra HHEE BB MER LR FERAMR, KA
LacZ ¥RiGE R RY) 1% A L-1ra G5 H
48 h Ji, 10°4~4Affe =4 IL-1Ra 24 pg/L, BHHITE
IVDD HIE: AT, 305 Fm B R e R
K. SMEFRBERAML, REREEFUT
s O BRERALERSH&MEE;, OR
EWE B RE, XAERG A 4 B M A R
P @M Rt E , 7T LLE L UIE R BT EE
BOEFTEREEEERRERE. 4354
M. HERX AR B B AL R AR, AT
A . BRUEFEERRETERARL N VDD K3
H A7 IR F A, Nishida 7 R ER
B IFER N LecZ BB EREEZAN, K AL
#: K B T Bi(human transforming growth factor-fi,
hTGF-B: ). %ee R EHFEEE (luciferase) BIEETE
TG 22 K S HE A 45 R, 45 3R s 539 IR
o, 7EREEIAE S, hTGF-8 iR, sERAHLA P,
&AL hTGF- B, 34 30 1% ; WTGF- B, & (JE +
5L B9 WTGF-By) 88/ 5 4% (P <0.05); PG H5 M 2
(P <0.05), Moon %I AF AR BRAE M AR
Ay B RERL I , BB HE IR o FIBRR BRI LacZ
FH luciferase b R YL B BB A% A Y VSRR BE
BN EEERRS Loz ZERREHRHE
TEAEFI BRI R, BERAIML 100% % 4% M R is
R 75 x 10 PFU / Lo Luciferase HRERELRE 4
FOBE s 2 d Bl , FReE kT 21 do Tan 0
IRMIEE R RTGF-p # R E 4 R EH K (Ad/
CMV-hTGF -B.), Zhao % ! Fj Ad/ CMV-hTGF-B
RSN BRI A BB AN, B RTGF-B: 2
B X A% 4 Lk G 22 R 30% 754 o Saxer UM AR
REN SN IGF-1 FEHFER T W IRA M, K
IGF-1 feig ARt Mg A0 M= A PG ofH i ok T EI BRI
FASH IGF-1 R YRR AR/ AT
S HE 1) 25 O 4R o

N T HIMNERR hIGF-1 3R Y w2 4 M5 fE

BBV AN RIEA Y VER, TE4RAY 210 bp
Bk Z BT b 154 bp BI{5 S ARFS, A
33Kkl PCR & % pMD18-T Jal& hIGF-1 ZhAEHEH
Fr B (& KR A ik cDNA 51D, BgYI .
J£4T NCBI BLAST #{UHEEL ST, RIS IREH
Homo sapiens IGF-1 (GI: 19923111) §J¥3 5824
o ViH hIGF-1 AT DA aT PCR H AR MSMEH &
oo -5 M8 RT-PCR AR 1 H RO EEHAE
Ee, BA LUT i - Ot RNA I=RBGIE A+ A mR-
NA F&f . QRRAER B, 5050 A B4, K 3k4T H &
B hIGF-1 5 # |8 2% & pDNR-1r # & % # 1%
pDNR-hIGF-1, ZRE T H lx PR A, 5
pint. AV, SpaT 4K F 4 lox P i S 78 Cre THEE
YEFF, 2 plnt. AVL. SpaT-hIGF-1, EEYI%EIE
Bl TR EA TR AR RICF-1 ZREYR
k. pn. B.B R T MRFHEEFRER, K
pInt. AV1. SpaT-hIGF-1 5 pInt. B. B AL 7E 293 44
BT RIRE A, e 293 i B CPE, 2
B 2 REAMREZMBF DNA, PCR EES
A hIGF-1 2K, LA EIRE B EH RIGF-1
e EH R E . EARRE LFETT SDS-PAGE.
Western blot # Il 8 £ 3+ #9 hIGF-1 A K H 5 1)
Fik, RPHEAH 293 41 A hIGF-1 &
KHET S, MIER K 293 48 B hIGE-1
A EF K AR RS 2 FORTEE A
3k 80 x 10° PFU/mLo AR F —2——IVDD
() hIGF-1 FRIGYT B Sh IR0 BE e IR S YA

S E
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