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Abstract
AIM: To investigate the transcription activation of induc-
ible nitric oxide synthase (INOS) gene in different cell lines.

METHODS: The coding sequence of iNOS promoter
(iNOSp) was amplified by PCR from genomic DNA of hu-
man hepatoblastoma cell line HepG,, and cloned into
pPEGM-Teasy vector to yield Teasy- INOSp. The iINOSp
gene was cut from Teasy-iINOSp by Kpnl and Xhol, and
then subcloned into pCAT3-Basic to produce a construct
named pCAT3-iINOSp. pCAT3-INOSp was transfected into
HepG;cell line, SMMC-7721 human hepatocellular carci-
noma cell line, NIH-3T3 mouse fibroblast cell line, Ito hu-
man lipocyte cell line, and LO, human normal liver cell line
by FUGENE 6 transfection reagent. Cells transfected with
pCAT3-Basic or pCAT3-Promoter were used as negative
and positive controls. The activity of CAT, which reflects

the transcription activation of the INOS gene promoter,
was detected by ELISA after 48 hours of transfection.

RESULTS: The report vector pCAT3-INOS was successfully
constructed, as confirmed by restriction enzyme digestion
and sequencing. The activity of CAT was highest in HepG,
cells transfected with pCAT3-iINOSp, and lowest in Ito cells.

CONCLUSION: TheiNOS gene promoter can transactivate
its downstream genes. Its transcription activity varies in
different cell lines.
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— R R AEYE S T, ERNE AR A AT
RIEHE Z AR B DhGE, BATZ A9 %200 A
PR EAEH, S5PAR 2R A R EE R, K
WL, iNOS B SWEMIFRAGEVI SR, M
4 NO BRI IhEE, iNOS I FRIA AT LLAE b
PRERT ) — M B A7 IE 0 BT 40 i R iNOS FE Rl 3%
IEERAK, —HIRERAMNARE RSS90
POE INOS EERE R HERIL, A KERNO, NOfE
R — G R RIE 5 TR G S REdET K
PR TR ThAE" . A TR INOSTE IR IS 3 T IR i 4
&, ol SN HBEGH BRI 40 B 3R HepGs,  1EH A4
MBR LO2, /N UBET 4E 40 B NTH-3T3, ANJE4HA Tto
A A M RR SMMC-7721 v, DAEGIF 1A B F7E AN R4
Mo S vEYE,  BTERTT NO ZEAN R4 g Hr 2R 1A AL
i, kPR R NO 740 L (5 5 4 S LRI B e 5
filt, B BhT R B NO RT3 AR 22 R N RN BT B LT

1 HRIFSE

1.1 A ANJHBEA0 MR 40 M 3R HepG., 1EH AJH-4H
FELOs, /NERBEF4E4R M NTH-3T3, A4 (Tto
Cel1) FJFF95 40 B bk SMMC—7721 & K AT B DHSo 14 Bk
NAZEARAF. Tag DNA FE &R, T4 DNA 4R A PR
P DB H Takara 23 &), AL DNA 250G &,
H A 244 pGEM-T easy &R HL pCAT3-Basic 314
H Promega % ) ; CAT-ELISA Ko MR 771 5 &% 5t bz DNA %
PR MG BRoche 24 A). HAh ARG 5 Sigmalzy
H), B P AT E N B K2 A

1.2 Fik

1.2.1iNOS B #-F 8 M H# A PCR Y H# i GenBank
1 iNOS L iNOS JE B FIIFER R4 ™, B iNOS )
FHPERE G A (ATG) , HEEHL B3 -936-21 bp HHK A
B ot Il B A FE B, 75 B RIS
5" sy whn b Kpn 1/ Xho TEEVINE A (RIZERS) .
FWESIM:57 — GGTACC AAACCCAGTCTCTACCAAAAAC -~
37, TFUWES|#:5" —CTCGAG TTCGACTCGCTACAAAGTTA
TG-3". LA HepG, AAMIFE R 1M, AT R A mEHE R
I (PCR) B (PE9600 PCRAY) , 34454 94°C Tl itk
5 min, 95°CAPEL min, 63°CiBK 1 min, 72°C#E
11 min, fH¥F 355, 72°C{f3 10 min. PCR =4
2210 o/LIFNEREREIL AIK, DI, BEIsglapfiiaift.
1.22 pCAT3—iNOSp #9458 [FDRO=H)7E T4 DNA i H:G
PIVERT , 5 pGEM-Teasy 245 Hz, #4k K W #T 5 DHba
AN, PP I (Amp, X-gal/IPTG) 4
KW A R RREBUIR, ZEFY) (Kpn 1/Xho 1) %5E.
Kpn 1/Xho 1 XUEEVIE A ik pGEM-T-iNOS, ¥
afi AP BE DI =9, 52 W L& 2 pCAT3-Basic A,

M R T4 J5kE pCAT3-1iNOSp, ZEE1I) 2 DNA I /5%
B (LW A R)) . BEERVESRIUTORL LA e G,

1.2.3 pCAT3—iNOSp ##eaFs: 3 737762 100 ml/L
JiE £ 1375 1¥) DMEM A 5% 5% A FE-BF 40 fi98E 40 i 3R HepG.,
IEH A FEANMIRR LOo, /N ERBCET 4E40 M NTH-3T3, A
T I 40 L, Tt o R 98 40 B R SMMC—-7721, T 35 mm °F-
A K 2 50-80% mlA IR A G ik 4eid, Hik
el vh 2 FuGENES Transfection Reagent i5tHH
FAT, pCAT3-iNOSp HRHEN1 pg, WE
pCAT3-Basic (1 pg) AMIPEXT A, pCAT3-promoter
(1 pg) APHPEXTHRA, #:4t24-48 h JGW3kan i,
W R 40 MO AR, T T CAT 3% PR ARSI LLBRIF BT 2 b
BUMAZ) TG, JF B pCAT3-1iNOS 75 AN [A) 41 il 5
PR S IEYE, TR SR AR AT B E.

1.2.4 CAT 4-%#%n %8 CAT ELTSARAE U
HAT, W10 pg/L B CAT il GRAUZIRML) &
A MR fEE 200 pL, AN CBLBEHTIARY 96 FLAR T,
3TCHE 1 h, BRI —Puik (s =EFrid i
PU-CAT) . 3B = huihk GRTRA 1 E A0 P g i) = F 41
f&%T -DIG-POD) & 200 pL, 37CHE 1 h/E, A
EALTEE IS 2505, B 6020 min, FEEARACRIIFR A7
415 nm BB, 490 nm B HE TR A{H,
HAE S W40 SR T IR CAT R IAIKF.

2 BER

2.1 pCAT3—iINOSpE 207 ke My A BAT BT
SIY R INOS EFM R B T 541, £ 1% Bl
B B IS LUK 2 BT 2 R A R 49 957 bp, SHUNA A
B (B D). By =Y 5 pGEM-Teasy #A1EH:,
WEGUI%EE, 10 g/L BENRHEEEI Bk 7 B Bom 4%
#(3 015 bp [ pGEM-Teasy ZXfAF1 957 bp [¥] iNOS
JE5FDNA B, 5T —20 (] 2) . B 3A K pCAT3-
iNOSp JFURL 45 44 . 4G XURE U1 7= 41 5 pCAT3-Basic #
IR, BT 2 nE 3BT (4 027 bpHJpCAT3-
Basic Z /&1 957 bp [¥) iNOSp DNA FB¥), DNA T
45 BN GenBank 1 iNOS J2 5 1 B FEIH 41 52 42— 3L

2 000 bp

1 000 bp 957 bp

B 1 LA HepG, EE4H DNA J9#E4R PCR 3% INOS iBa)FE51.
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2.2 pCAT3—iNOSp ¥ 20 ik 69 55 F g bt K EAH T
FipCAT3-1iNOSp 7 nl % 4 N B 40 o9& 40 i R
HepGy, IEHW AFFAIMLO,, WA Lipocyte
Lto, /DR YEAN ML (NIH-3T3) , JFJE 40 f bk
SMMC-7721, CAT ELTSA ®yiiW 6/, ELHE pCAT3-
iNOSp EIX Fu AN [F) 40 i () 4 skl vk, o — A Al
22 #0 Ar 2S BAR B X B 20 pCAT 3-Bas i c F1FH
XA pCAT3-promoter, Zp il & 4 Bk
pCAT3-iNOSp7EIX LE 40 iy F rp () R IB 11k (R 1) . 45
R pCAT3-iNOSp 71 HepGo 40 M Hh I 7 55 0 1R 2 4 5
], R pCAT3-Basic [fJ4.6 1%, HKESMMC-
7721, 7F L0y, NIH-3T3, 540 Mo o i kK 2k
HEAEE (B 4).

&1 pCAT3-INOSp BEFIARNRMBRATHERTIEA

MR pCAT3-Basic pCAT3-promoter  pCAT3-iNOSp
HepG, 0.047 0.198 0.216
LO, 0.041 0.187 0.085
SMMC-7721 0.039 0.211 0.107
NIH-3T3 0.053 0.189 0.069
Lipocyte Ito 0.058 0.203 0.057

5000 bp

1 000 bp

B 2 pEGM-Teasy-iINOS-P SEELDETE (Kon I/ Xho ).

Kpn1(6)

iNOS-promoter

flo

pCAT3 Basic-iNOSp
4959 bp

Xho 1(965)

CAT

B 3 pCAT3-INOSp REEFLSHE SWMEBLDERE. A: 5198; B: WEE
LETE (Kpn I/ Xho ).

3 e

—HMNAR PG W T REDFEY B H
5, Z5ABKEZHMAEEIIRE, 5% MITRK
LR, AT 4N AL NO KA Ry ThRE, iNOS [RERIE AT
DA A 980 98 SE B 4 I — AN = D57 I 4 i
INOSZE R R IA EIRAK, — BIR R AN E S
G 4 M 30E INOS FE R R 3Rk, 7= A K HINO,
NOE 4l i N — Fid RIS 5 2 TEHAE S8 1R
R IEFURTEIIAE . JA 143 B AR 41 TR 4
FHepGy, IFH ANF4H HFE LO2, /N BRUBLAT 4 41 N TH-
3T3, AW HNEH f F0 I 40 BBk SMMC-7721 & A
pCAT3-iNOSp R Er 844, BFEFRIT AR 40 i iNOSFE A
JEEN T RIZRE NS, A — PR 40 M NO {E
S SN E RN Geller et al® '™ 1993 4F K
MM IER F o (TNFa) « A3 1(IL-1) . T3
y(IFNy) A5 Z 5 (LPS) 175 5 40 d 21k iNOS FE A 5
I IR RIE T iNOS JEH, Hk—2P KA North-
ern blot FHA M ARIEFRIEE iNOS FHKIA &
KIA84k, RBLHAF TNFa BB TNFa, TL-1 XA
TILAEL,  INOS FEPR R & T HAt e R A ATk
DRRT-41 i iNOS A 80% & MR 741 5 E W4 i iNOS [H]
JE, 5 A NOS [F TR —3UR 2, 4 iNoS
44 FMN. FAD. NADPH I Ca*-CaM 455, 5E
WEAL L iNOS MIPHZRINOS . P B2 40 i AN [R] 1 12
W40 INOS WIRA B T A ReRIE, &—MiE SR
EHIEHE . B, Nunokawa et al''1994 £E4)
Bt 7L M iNOS FER G 3 1 4544, fi5 Y INOS JE 3
TE&A 8 A IFN-y RN TN —A L35 M2 ok
(SRE) . NF-T1L6, NF-KB —#:4E 555, BT
IFN-y, TNF-o 1P 52 AT LU S80S INOS B3 73k
% iNOS [l JE Al 1995 4E, Rockey et al"“fEHTI-jS
A I INOS FEDEIAE A IR A LA+ a (TNFa)
NEZHE(LPS) . B/r#& L(IL-1) . THE y(IFNy) %K
TR JE, iNOS mRNA ACFHEpI, 7ERIB4 hJEE
FIEAA. AR 25 3L LS 1 A 8 B A 2445,
IF 2 R - HE 40 A iNOS JEIRIZRIE, WFSY & AT

£] MT [

B 4 pCAT3-iINOSp B ARAMIEE CAT REERADA.
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B, IS4 M iNOS JE R S iE, NO S fFFI
NE 40— B AE R R, T A A JH 40 B A ) —
ANEZTHE T, BT EE A G WA AL
5 X —R . Sakitani et al™ RILFF4H LA CCAAT
Wk ¥ 45 A E O B AL S F NF-KappaB W [A] 145
iNOS LRI IR IA. 2003 4F Guo et al™ RINNT40 ft
iNOS B B AR A M 5 7L, 76 A48
iNOSFEH JA 21 F[X ~192 bp A —4FF 1 A- BG4 &
17 (AABS) AT LARE S %82 C/EBPB R IRl F, 3%
IG5 G ] LA S 0 i e e (R R R R0, PR R B
T HAABSHE TR — M S 40 ke 7 INOS % 53
YRR A o fF, X —Ar RS 4 T BUR 40 e
iNOS BB T iEtEe sk, MG M 7% 3 E3)
FrEPE. BiR, Kleinert et al™ &IR, NO i iNOS
FIEFE R IEE E 2R, INOS KikF=#) NO B PG5 .
Prard s PUsAEY . PulhE AR T RO, 2
— B7ERS IR I AL BRI 8 S ERA, INOS
M BAZRAMmMBRNY, Fik, NOZ5AKKZ
PR 38 SO B R, BTV R 3 AR BN fih ik
248 H INOS 71 AN [F) 40 it fy 22 18 TN #E LA 2 AN )
). REELL T, — BRE R SH F NFRB RIS S i
SR IN T STAT-1a, FUAEIE iNOS JE BT, X
JE iNOS R REM —ANEEFE LR, X—HET
SN Yu et al™ RIESTAT3FINFKB &1
AT INOS RFFRA M EEEFH T, X
1, STAT3 DNA Z5&38A4 T-NF-kB p65 s iNOS [
SRR TR R L T G, AT LA 40 7R 0 DR A
TR INOS FIERA R, SENORMNE, RE
HPURBERY, 32 40 M ) —Fl B FAR L B
) 7= A [ NO ST JE et 4 f B A F 03 1E 4120, 1 Ak
AAMIZET . NO X PR FH 58 95 E 2R T NO IR A2
HINO AR SRR, AR — 8 YE I Y BLECRIE T
A XA S R, SRS

TR DN T340 98 40 i F:HepGo 70 JFH-E8 40 i A
SMMC—7721 tt CAT f¥) 383 31 T~ 3 20 IF % 47 ifg (L0, NIH-
3T3, Ito Cell), ¥iRH iNOS FEE[AIZE HepG, A1 SMMC-7721
0 i A P ek A = 20 E 4. Rk, FRATA N
ANFEIAI I INOS ZE RS B TS R B ZE AR, ANE
A INOS BRI R B B EARIK. T2 iNOS
FEDRTE S Al R i A SR T IR A i, IR TR —
AT KA MBI ER A IR, NOVE R —F 2 DIRERI{R
S, TR AN & T HRET 2 G 5 R RE,
ARV 20 A, ph T A0 P PR PR AN [, e — et L Py
Z=RRIEPFEEWAR, XL ZH S 5mT iNOS JE

RIE, AN NO S S Sidie, HARE
FRIAL i R 223k P AT TR BB oK

10

11

12

13

14

15

16

17

ZEIER

Taylor BS, Alarcon LH, Billiar TR. Inducible nitric oxide syn-
thase in the liver:regulation and function. Biochemistry 1998,;
63:766-781

Rockey DC, Chung JJ. Regulation of inducible nitric oxide
synthase and nitric oxide during hepatic injury and
fibrogenesis. Am J Physiol 1997;273(1 Pt 1):G124-130
Geller DA, Lowenstein CJ, Shapiro RA, Nussler AK, Di Silvio
M, Wang SC, Nakayama DK, Simmons RL, Snyder SH, Billiar
TR. Molecular cloning and expression of inducible nitric oxide
synthase from human hepatocytes. Proc Natl Acad Sci USA
1993;90:3491-3495

Majano PL, Medina J, Zubia I, Sunyer L, Lara-Pezzi E,
Maldonado-Rodriguez A, Lopez-Cabrera M, Moreno-Otero R.
N-Acetyl-cysteine modulates inducible nitric oxide synthase gene
expression in human hepatocytes. J Hepatol 2004;40:632-637
Sheffler LA, Wink DA, Melillo G, Cox GW. Exogenous nitric
oxide regulates IFN-gamma plus lipopolysaccharide-induced
nitric oxide synthase expression in mouse macrophages. J
Immunol 1995;155:886-894

. FFOw B E O PR ERA R IR M B SHSLAIRY
. FAE A EIkZeE 2004;12:253-257

R, X, R, ZBE, HE, Tk CEUTFRRSN AT
e S I TR R B HI R PR e S AL RS Fr o A R
Phfs. R AEgeE 2004;12:327-331

ECE, XU, 156, FR8ZE, R, ik WANTRSEE O B
10 EOESHESHEN. HFENHEAZE 2003;11:1948-1951
Geller DA, Nussler AK, Di Silvio M, Lowenstein CJ, Shapiro
RA, Wang SC, Simmons RL, Billiar TR. Cytokines, endotoxin,
and glucocorticoids regulate the expression of inducible nitric
oxide synthase in hepatocytes. Proc Natl Acad Sci USA 1993,
90:522-526

Chartrain NA, Geller DA, Koty PP, Sitrin NF, Nussler AK,
Hoffman EP, Billiar TR, Hutchinson NI, Mudgett JS. Molecu-
lar cloning, structure, and chromosomal localization of the
human inducible nitric oxide synthase gene. J Biol Chem 1994;
269:6765-6772

Nunokawa Y, Ishida N, Tanaka S. Promoter analysis of hu-
man inducible nitric oxide synthase gene associated with car-
diovascular homeostasis. Biochem Biophys Res Commun 1994;
200:802-827

Rockey DC, Chung JJ. Inducible nitric oxide synthase in rat
hepatic lipocytes and the effect of nitric oxide on lipocyte
contractility. J Clin Invest 1995;95:1199-1206

Sakitani K, Nishizawa M, Inoue K, Masu Y, Okumura T, Ito
S. Synergistic regulation of inducible nitric oxide synthase
gene by CCAAT/enhancer-binding protein beta and nuclear
factor-kappaB in hepatocytes. Genes Cells 1998;3:321-330
Guo Z, Shao L, Feng X, Reid K, Marderstein E, Nakao A, Geller
DA. A critical role for C/EBPbeta binding to the AABS pro-
moter response element in the human iNOS gene. FASEB J
2003;17:1718-1720

Kleinert H, Pautz A, Linker K, Schwarz PM. Regulation of the
expression of inducible nitric oxide synthase. Eur J Pharmacol
2004;500:255-266

Yu Z, Kone BC. The STAT3 DNA-binding domain mediates
interaction with NF-kappaB p65 and iuducible nitric oxide
synthase transrepression in mesangial cells. J Am Soc Nephrol
2004;15:585-591

BT IR BT R R AL AR SR R 5B LRI 9T SRS . AR
ExZuE 2003;28:757-760

hit R Tk KET



