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Analysis of regulatory elements of IFN-B gene promoter and construction of IRF-3

reporter gene

JIANG Jing, HU Fu-quan, JIAN Rui, ZHANG Wei, DENG Shao-li, CHENG Xiao-xing ( Department of Microbiology, Col-
lege of Medicine, Third Military Medical University, Chongqing 40038, China)

Abstract: Objective To analyze the regulatory elements that regulates the transcription of murine IFN-B

gene and to construct IRF-3 reporter gene. Methods The promoter region of murine IFN-f gene was amplified

from murine genomic DNA by PCR and was cloned into promoter-free plasmid pGF3basic/enhancer, upstream

of EGFP reporter gene. Vectors with serial deletions at 5’ side of promoter region were also constructed. Follow-

ing transient transfection of murine Raw264.7 cells with the vectors and LPS stimulation, the expression of EG-

FP reporter gene was observed under fluorescent microscopy. Results This study showed that LPS could in-

duce expression of EGFP reporter gene when DNA fragment upstream of PRD region, as well as PRD [ | [l and
IV region, were deleted. Conclusion An IRF-3 EGFP reporter gene was established by including only PRD I

sequence and core region of IFN-B promoter. This reporter gene is an important tool for investigation of LPS-in-

duced IRF-3 signaling transduction pathways.

Key words: IRF-3; IFN-B; promoter; regulatory element; reporter gene

T4 Z ¥ 15 H 7 3 (interferon regulatory factor,
IRF-3) & IRF REWRM MR Z—. THHE B (interfer-
on B,1FN-B) FL[A F 7 IRF-3 )45, IRF-3 Jf ik H
N %ii DNA 4545 i ( DNA binding domain, DBD ) 4% &
IFN-B KR53 27 B ECRSF A DNA J#41, BV IEN 5l #%
R JGAF (TFN stimulated response element, ISRE) | )\
M ELAE 4% IFN-B 1)1k, P B9 CIEM, LPS
TLR4 (toll like receptor 4) 4 5 0] i 5 IFN-B ) F ik,

BEWA . [E5F [ AR LS YA E (30470004)
Supported by the National Natural Science Foundation of China( 30470094 )
ERMEA ¥ #1972 -) & WP A I WF90 4k b, BRI T
AL AN Y T TS . TS < (023) 68752241
il ESR B/, E-mail ; xiaoxing@ mail. tmmu. com. en
R B A . 2005-09-09 ; & [E] B 3\ :2005-12-09

I UL IFFETIE SE, IRF-3 Ji LPS\TLR4 {5538 j# i)
KHESY T 22— AE LPS i 3 (1 SE SN 2R 45 K o o
& T B IRF-3 JE B G ER %) /N B LPS HAT
I T L LPS ( lipopolysaccharide ) , B} PN 8 %
(endotoxin ) , Jg &5 % BF P 20 1 4 MR TR T 2R A7, HRF 57
PEZBE K0 Z BRI T A 3 FRor 4, R BT A
FEAHEEER T o LPS S F AT R R 1 5 5 RAE I
I A0 7 32—, AT LA S5 S0 M PR g el B 7 A LA
R HAE SN R A, 7 HE N R T I ILAE ( sep-
sis) FIEHEPEAR 7 (septic shock ) J& T i 8 8 fre 5 L 11
AR Z —, 2 H ik b A B0 G IT B T
LPS 28 [ M 40 1 T 850 i e ) = B2 B0 I 1 =2

-0 HPR LPS WS R AT BN HL I 0 BF 95 2 22 UG T
— GG (HX LPS [E AR IRF-3 55 5% i (1)



LR R, AF IFN-B REFR SR 37 R4S DU 2087 B TRE-3 4545 3 P eyl 897

THRE A . iR TEN-B interferon B)
FEH G 3 FR S K 4 2 IRF-3 45400 S 3T T 404,
F¥E T IRF-3 f#) EGFP ( enhanced green fluorescence
protein ) {15 KL P 2k {4

1 #E575*%

L1 EA Mk o) R ofe 0 i % DNA

pGl3basic I pGL3enhancer i ¥ M) F promega 25 @) ; pEG-
FP-N2 iR FI A A FF 2 IM109 #2442 5 f# 47 ; pUCT-T #5 {4 1y
B /I B 20 A G DNA e s i o
1.2 Zmpatk

/NEUE MEAT T Raw264. 7 t A ERTF
1.3 T REgh 3 &XA)

PR P % W8 9 U Xba 1 . BamH | \Neo 1 Xho 1 Hind Il
It § MBL;T, DNA #4585 3§ New England 2> 7] ; PCR "1 iz,
FlE DNA B8 B G870 £, PCR e afifb it ) & B -
A T 5 25 PN 3R R 4 1R & I B 1K 38 T2 4 A Lipo-
fectamine™ 2000, Opti-MEM | reduced-serum medium B [ In-
vitrogen 2y ) ; LPS(E. coli; 055:B5) , &k DMEM 41 iy 5% 35
Ity B Sigma 23],

1.4 5t sEem(&l)

F#1 PCRI5%
FB EiE
EGFP 5'—AAGGCATGCCAT("IGTCACCAAG -3’
5"-GCGAACCTCTAGAATTACTTGTACAGC -3
A 5'- AGCCAGGAGCTTGAATAAAATGAATATTAG -3'
5'- CTCCTGTCGGCTGCTACCTGCAAGATGAG 37
B 5'- GCCGCTCGAG ATGAATATTAGAAG -3/
5'- GCCCAAGCTT CCTGCAAGATGA -3/
¢ 5'- GCCGCTCGAG ATGACAGAGGAAAACT -3'
5'- GCCCAAGCTT CCTGCAAGATGA -3
D 5'- CCGCTCG AGGAAAACTGAAAGAG GTCTGAGGCAGAAA -3’

5'- GCCCAAGCTT CCTGCAAGATGA -3’
E 5' -CCGCTCGAGTCTGAGGCAGAAA-3’
5'- GCCCAAGCTT CCTGCAAGATGA -3’

vAL3| ¥y L 5] S R K HhAL

1.5 EGFP A H &4 3 B £ & 3 -F EGFP R4 & B #4k
s 1 Fra) s L pEGFP-N2 4T PCR 41 EGFP
FrBto # PCR ™Hyalifb 3 Neo | 5 Xba T BUBGEYI. A 2] i
EGFP(725 bp) F BtJa F T4 #% 3 H 5 2538 luciferase Bt
1) pGL3basic/enhancer ¥ £ . 4 3% 4 7= ) 43 I % 1k K o 41 14
Jm109 Bk, i 1647 384 H-H RO 7 7 8 1) 6 5 - 42 00 P B 52
Hif 44 & pGF3basic/enhancer,
1.6 R IFN-B B#FRBMAFNBERE(A.B.C
E H 50 6 5 4 A AR B 40 B 40 M s (B 1)
SRAEEM AL 7 24 AR | 91031 B/ R 40

DNA Syt #8 BL IFN-b J5 30726 [E A Bt (209 bp) . H§ 3
T-A FilE 2 pUCm-T R 44, ki i 44 & pIFN-B-150 (&% A K
B o ZMF%EES . MR 1 s S| ¥ pIFN-B-150
By 4 U IFN-b S04 B B, C R B E B &80 R Bree ol
1bJ5 5 F Xho 1 #1 Hind 1 BUEGE VT4 16 (%) pGF3basic/enhancer
A T4 BEREREEHE . 47 W 53 B e AL K A 4T B Jm109
Pk, O E 59 - BRI A T i V1) S 5, e U 4 R IR
19y 4% 4 pGF-131basic/enhancer ( 5 B F Et) , pGF-99basic/
enhancer( & C K Bt), pGF- PRDneg basic/enhancer ( 5 E K
B .

-150 <11 -89 53 "

B 1 R OIFN-g BEBZHFREE K PCR T H BoREE

1.7 IRF-3 &4 % B 4 4& pGF PRD I basic/enhance
(4D KB

16 D B f e b i FOR R e i A e A
FEE PRDIIT X i 22F% PRD T Al PRD T (X A 4544 (B9 1), i LA
FeA T4 PRD I X B HAA 5 25 5 1~ 8 55 ( AGGAAAACTGAAAGG-
GA) PP 45 TFN-B Jd 3 F 80 K RT3 s —1 51
Wy, 14 ok Y E A BE D & PRD I B H i 5 4 904 6 A
IFN-B JAah FHOIK (B 1) . 8 T MRS, £1Z)F7 5 54
Hahn Xho 1 By U 07 25 B AR HERL L (2 1) o LA pIFN-150 S
B, % LS | 9 S AR R F RS 14947 PCR 4748, FBE D 240
kI 5/ Xho T F1 Hind T AL &) 7 16 ) pGF3basic/ enhancer i
AT, ERERE S R B 4 B A K B AT T Jm109
e, IR 048, BRI AT il 1) 6 S - 20 W0 M IR 5 o o
4k pGF- PRDII basic/enhancer,
1.8 mfifLdE 3k B 4k Lipofectamine ™ 2000 4% 3

Raw264. 7 [LE M40 2 F & 10% FBS [ & 85 DMEM B
FRWAE 37 °C, 5% CO, 40 M 35 75 90 RURE SR A . Bk
1 dF 96 FLAR M FL 4Rl 2 x 10* 4~ 48 o/ fL, & F 2 100 pl,
37 °C, 5% CO, JHMIHEFEFE PIREFE 24 h, L 24t fsh 440 i A8 1<
LA 3ET] 0% ~95% o FY 24 h 5467 LPS(100 ng/ml) 1)
B DMEM Zf g 55 77 9 ; LPS %L 8 b J5 74986 B BT T L%
S SO A RIAEIF IR .

2 &R

2.1 PCR ¥ % B 65 DNA A B

RABETHIEE | X354 ( 3 1) BICARR ABERRAT PCR | 7=
2N EE I L UK W RE TT I 5 & H B IR R BOR /N EEAS H A
BT . B T8 IPN-B SR s T X 5h, B FBE(174 bp) &
PRD [ ~ VX K [-{iF 32 bp H B C HBE(142 bp) & PRD [ ~



898 o O OE

N 528 %

VXD B (111 bp) & PRD [X K TS % W6 4~ 0 4k ( AG-
GAAAACTGAAAGGGA) s fE A BRAY E Jy B2 (96 bp) , A% PRD
[ ~PRDIV, 5 & IFN-B 38 TR IX([E 1)
2.2 PCRyHHEHLELEL
% PCR 4744 H- Bt 28 Xho | F1 Hind W ALY, 530 9 F0RE T K
Fish 714 pGF3basic fl pGF3enhancer £ {A& 1 Xho | /Hind 1l fif
PIfei. thF IFN-B J3 8hF H B v B EGFP 2 4% By |
U, v LA 48 L PRI S s i 7R Pk 8 % 4 7= 4 W
bR AF B Jm109 Bk, 08 5% P HE of B3 O 58 4l 411 0 0 k. 17
Xho | F1 Hind I ARG 325 BONS WIRE I el 3, 0 'Ur-l 221 bpfty
pGF3enhancer F13 951 bp i) pGF3basic £81K K B4k 4 7 WA
545 B R BER /N IR AR — 300 2t . 0 48 SR S 5¢|’»’;‘.|’I5J1"r
H # i Bo 31 5 TEN-B ) a1 v R 1 H Y B I 91 58 4
B e AW T A AR Bl nig oy ey
2.3 FN-B B B BRAIRB A B AL B 2h ik o A7
T IFN-B-131 ~ 1 X5 B KB (& 1 b B A BE) i1y EGFP
R JLILM&H% 4% Raw264. 7 ELUGAIH, LPS il 8 h 5, 28 3%
TS T AT LA I PN A 5 8, IR EGFP {85 3 1k ¢ i ] 1 )
WLEEANTH LPS ) e i) & BEZEL, ] DL 240 S P =€ S 42 AR AR o3 ( ]
2) I okt R AR A AN 7E LPS 0080 F B AT I S e .

Bf =131 ~ =99 K EL(E 1 th C R B ity BE R 48 (A 7E LPS
B R EGEP 4 35 P ) #0720t 42 35 L 158 TFN-B i 4l
f B - 131 ~ =99 KB LPS i 5119 ECFP $ik LW i 52
el BHBRETAT PRD iR Ixh-anH:‘;ltlflémx 1 ERE)
Af LPS il JC I b RO o IR X T PRD X
2.4 IRF3RELAGE S

PAFERGBIFZEIE B, IFN-B I 8h-F V) IRE-3 25 75 FilE 3 17 41
i+ PRDINIX . 79l IRF-3 A5 SEPIE R JR A7 145 PRD I
Ko HCRE R 7% 19 4 B0 ( AGGAAAACTGAAAGGGA) JF 4 (4 Y
IFN-B K38 780 X EiFIFa ety —gl4., 55081 T i
BIE Y/ W s i.i."rrﬁ' PRD I X AT IEN-B i 8l B0 K
EEDCP LD B | il T pGEF PRD Il basic/ enhancer 4444 %
ARAEE UL Raw264. 7 FLIEAING, LPS 48 8 h 5 %S, o] BLAN Y
NAT S 2O #2 3k s [Rl g o] e A ] LPS il 34 % B4, W] UL 4
M e TR AR s ([ 2) . 3% — 55 HEM]  IFN-B fi3h 1~ PRD
I [X . PRD I [ HI PRDIV XG5 5T, LPS [FEfEifE S EGFP 414
KR e | 100 ] 2 e [ ol 114 2 AS 25 W I B2 ) TRF-3 55 DNA
ST FNES S FR I GE . th TIZ 8k & 47 IRF3 25 5315

1) ER Al R R PR TR S R nT LAE A IRF-3 3
PERAR & 3L

Az A7 LPS #li# &9 pGF-131basic; B: A& LPS #):#45 pGF-131 hasic;

C: A LPS 4 49 pGF-131enhancer; D
B2 &3 pGF-131basic/enhancer( & B K E ) #) Raw264.7 @ik EGFP £k

£ LPS # i éd pGF-131enhancer
(4% 9 24 % 100)

A: A7 LPS #l# 69 pGF PRD Il basic; B
# pGF PRD Il enhancer
B3 #: pGF PRDIIbasic/enhancer( & D BB ) AY Raw264.7 Hfich EGFP £ix (% &

3 it

IRF-3 & —1 427 1% J—Eﬂf*ffilnlzrlfmuklkl T ¢
JL—‘FﬁJ‘fT:"PHlH!I"]ﬁ‘ﬁ{f'&i}\ L IRF K ZE IR B 2

CHENOL B L IRF-3 A6 40 B i N DL — Ff o AR T R Y

]-f/lk.(j fE, 52 3 e 5 4000, a0 g a8, OUEE

£ LPS #)46) pGEF PRD I basic;

C. & LPS &)t o pGE PRD [l enhancer; D: £ LPS it

R EE x 100)

RNA [ LPS (4l i i, IRF-3 Bl i % fb 38006 , T2 K —
%ﬁf’f&hiﬂ_l'/\:’lﬂﬂt’rf/ /x.f""lEEJ«"‘]‘]’E-""G»TH:TFT’P' -

TLR4 J& LPS (94l <Z {4, LPS il i #(i% TLR4 1)
{5 s 'r}".&HK Z i ( n‘lgnul transduction cascade ) S £ 4
MR PR A A, B A B T B CD14 FE MD-2 11
SR AE LPS A S S AE SN h TLRA T2 %l i



59 EL

i FN-B B[ e 80 7 R4 DI 23 BT B TRE-3 45045 S (8 fr 4 899

S AN R 5 s A B 40 S5 00 T PR ) 4 3, o )
MyD88 {f #fi () NF-xB/INK/p38 i ' #% ‘T ifi # il

MyD88 Pk () IRFs (IFN regulatory factors ) {5 5%

TLR4
|
17

P ([ 4)

NF-kB
ll“ = 5._%{;
il

Eg: TNFa

E4 MyDS8 {fkifi ] NF-«B/INK/P38 {5 5% 5if i
MyD88 iR IRFs {5 B 51 i

IRF-3 £ LPS i/ 5 IEN-B 177 A4 ofr AT the s P 1)
PPEAE ] IRF-3 DR AR iy /s Bt LPS FLAT ] 1)
FOrE" BT IRF-3 76 LPS {980 b 4 5 T R 1E
M. Haic A TRIF 1 TRAM ( TOLL-TL-1 receptor do-
main-containing adaptor inducing lFN—B-reldLe(l adaptor
molecule) A GEAE IRF-3 (1) )ﬁ:!f(( kL T
/NEUI TRIF JEPH 8RB I, 28 LPS 5311 TRF-3 305
DLB IEN-B {7/ 44 0 AR o B i i ol 5 42
[RF's {7 5k 5 3 %5 v 119 A L A4S K43 -, 4 TBKI
KKs, IRAK1/4 TRAF6 4. #f5¢ LPS #i% IRF-3 and
I S S I A LT BIL AR G P AR S Bl i AT
AR R AR L IRF-3 24t 5L i # iy g 20 WL
SCHRAGH .

IFN-B JE[A ) 8l 7 1) ISRE {03 4 Ao [l X
I ( positive regulation domain,PRD) Zp5iliE [ ~ IVIX l:,
GNP 2 B 7R o X TE G BE A T IR A8 AE SO A LA A
Y HETT A PRD 1 X rp GAAAGT J§ 41 55 IRF-7
ghts i PRD I X GAAAAC J§ 41 5 IRF-3 245 4
[79.10.81  PRDIV fi§ 5 ATF-2/CRE-BP-1 454'%!, PRD
M5 NF-KB gEA L I, FE TFN-B SRS 3T
4 A Ll Xhirh R A7 PRD IS IRF-3 % S5 i 1 1)
Frspthal G, NI IIELE 4 4 PRD p H{f

PRD I fEA L sh i 3 FliF R R A ik, B, SR HGZE
WE 4 /0N TEN-R 3L PR 8l R4 X3 iy 1 1 2 2 R B

PRD I {14 5w A 53 #7 IEN-B KE PR 201 19 45751
AR Yo 2 AT 52, LA B IR X o PRD I XA

TFN-B J 8l F4%00 X 4R 1A T LAFE LPS 375 5 F M it
LD T T IARIA HL AT IRF3 4543 P AU T
WIS T oAl 0 0% 5 D T 4% 4 0, AR T LA
Jg IRF-3 35 Pk (0 4R 75 L (5, bk — 2B 0F 5% LPS 00
IRF-3 [ 5 SOl DOE 1 kA

B 30K -

[1] SAKAGUCHI S, NEGISHI H, ASAGIRI M, et al. Essential role of
IRF-3 in lipopolysaccharide-induced interferon-beta gene expression
and endotoxin shock[ J]. Biochem Biophys Res Commun, 2003, 306
(4) . 860 - 866.

[2] SERVANT M J, GRANDVAUX N, HISCOTT J. Multiple signaling
pathways leading 1o the activation of interferon regulatory factor 3 [ J].
Biochem Pharmacol, 2002, 64 (5 -6); 985 -992.

[3] MIYAKE K. Innate recognition of lipopolysaccharide by CD14 and toll-

like receptor 4-MD-2 ; unique roles for MD-2[ ] |. Int Immunopharma-
col, 2003, 3(1): 119 -128.

[4] FITZGERALD K A, ROWE D C, BARNES B ], et al. LPS-TLR4 sig-
naling to IRF-3/7 and NF-kappaB involves the toll adapters TRAM and
TRIF[ J]. J Exp Med, 2003, 198(7): 1043 - 1055.

[5] YAMAMOTO M, SATO S, HEMMI H, et al. Role of adaptor TRIF in
the MyD88-independent toll-like receptor signaling pathway [ 1], Sci-
ence, 2003, 301(5633) ; 640 - 643.

[6] GOODBOURN A, BURSTEIN H, MANIATIS H. The human beta-in-
terferon gene enhancer is under negative control [ J]. Cell, 1986, 45
(4). 601 -610.

[7] LEBLANC J F, COHEN L, RODRIGUES M, et al. Synergism be-
tween distinct enhanson domains in viral induction of the human beta
interferon gene [ 1. Mol Cell Biol, 1990, 10(8) : 3987 —3993.

| DU W, MANIATIS T. An ATF/CRER binding site is required for virus

,i
o

induction of the human interferon beta gene [ J]. Proc Natl Acad Sei U
S A, 1992, 89(6); 2150 -2154.

[9] TANIGUCHI T, OGASAWARA K, TAKAOKA A, et al, IRF family of
transcription factors as regulators of host defense [ ]]. Annu Rev Im-
munol, 2001, (19) . 623 - 655.

[10] FANC M, MANIATIS T. Two different virus-inducible elements are
required for human beta-interferon gene regulation [1]. EMBO [,
1989, 8 (1): 101 =110,

[117 FUITA T, KIMURA Y, MIYAMOTO M, et al. Induction of endoge-
nous [FN-alpha and IFN-beta genes by a regulatory transeription fac-
tor, IRF-1 [J]. Nature, 1989, 337(6204) : 270 - 272,

[12] HISCOTT J, ALPER D, COHEN L, et al. Induction of human inter-
feron gene expression is associated with a nuclear factor that interacts
with the NF-kappa B site of the human immunodeficiency virus enhan-
cer | J]. I Virol, 1989, 63(6): 2557 —2566.

[13] MORIN P, BRAGANCA J, BANDU M T, et al. Preferential binding
sites for interferon regulatory factors 3 and 7 involved in interferon-A
gene transcription [ J]. ) Mol Biol, 2002, 316 (5): 1009 -1022.

(4h#F  FREGE)



