Research Papers [ iExE iE

N Lok semmmin
. . Progress in Biochemistry and Biophysics
)i 2009, 36(10): 1313~1318

www.pibb.ac.cn

Kruppel 2 & F 4 3 RNEZEFRE IL-6 EF
FRIEHRIE RALFIAE -

MATA T MAT X B MR ML RAEH v B ek

(PR ORI B 2 B A B 2R, Kb 410078)

BE ] Kruppel B 1 4(KLFAX P 75 Z T EUA N R (IL-6) I FE R FRIE LRI SE 0, Fx SEm spL g 7 0B moe.

{#/ RT-PCR #1 Western blot £5il] KLF4 mRNA 4 [ 15215, K H KLF4 i Rk RAW264.7 B BE41 fbk e ik SR
BN A YR TE KLF4 [1)583%, H] RT-PCR Al ELISA K&l N 7 2% (LPS)HIMUS IL-6 mRNA FIE BRI, K26 HE T
et FE RS I RAW264.7 40 - KLF4 1k G55t 1L-6 L BRUR 8 73 5 SR FE s im0 . 3 EMSA ¥AA I 41 b KLF4
5 IL-6 L 537X KLF4 T4 A, 450K LPS W LL5 5 RAW264.7 B LAY KLF4 (1R IA L& IL-6 B [13RIA.

KLF4 id 235 W] @404 IL-6 i) mRNA M1 AR HIRIE, T KLF4 S0 X Rl /E I 25, 966 RRHR & 2R 55 8 8o,
KLF4 7] LA 5] LPS T £ 1L-6 JL B B 8 7 1 EE 6. EMSA R KLF4 ANBES IL-6 B 3) 7 X 1] KLF4 454 ol B 345
A gERERW, LPS u LUMEHE RAW264.7 /N W41 il KLF4 (I 3RIE M TL-6 HIREH. KLF4 GEFNH LPS /5 S ) TL-6 R IEFIR

T8 AL 0] IL-6 Jo 87 (e sim vk, (H KLF4 B0 A 0 8 TL-6 S P 2l 1 DR 45 A T s L.

4837 Kruppel FEFI T 4(KLF4), HEEZ(LPS), A% 6(IL-6), 24

ZRPES R363

Sp/Kruppel FEP 1 (KLFs) & — MR REHE S A
THWG, EAFEH 2D ORI 20 24N,
U1 Spl-4. KLF1-7 2. Sp/Kruppel ¥[8 12 5 i
PR o des IR B EE A i, JIf
5 R A 2 Rl AT O, AR IR, Mt
KLFs S5 18 0378 980 BN (10 5 DR ik i s rpie 1
FEEVEM. i Spl M1 Sp3 7E W £ Z (LPS) Ml s ik
i, BEMEHEBTLR AR IL-10 [435P. KLF6 £ 2k
PGP REPUE S T, I H HEEBE R E T ol
TGF-B. iNOS [f) % 5 & ik, KLF2/ Jifi KLF 1%
IL-1@ S NIk A B 4l 0k R, g
I KLF2 BEM 407 IL-18 153 VCAM-1. E- i
PRI DL T 40 B 13 20 F0 5 Bk i 40 o1 58
i S NES. DL ERFUER B, KLFs SKIEIIVE 2 B b
TERAE A AR .

Kruppel #f Kl ¥ 4 (Kruppel-like factor 4 or Gut
Kruppel-like factor, KLF4/GKLF) & Sp/Kruppel #f
PEFRIE KN T K R 2 —. KLF4 BAT ik &
FETE oAk, P0ISE  TR SE R R R R
LR IR, BRI A E SR cDNA i B 51 A

DOI: 10.3724/SP.J.1206.2009.00168

T B AR /N BRI 2 2 3 R 2R A B 1 AR 10, R B
KLF4 J& KR 35 2% 2 h (/0 U4 20 %A
A S NEER 20 h 5, KLF4 L 13I8 7K
2T E®. WF5URIL, KLF4 75 IFN-y. LPS 5§
TNF-o A0 FE () E G40 i rh 048 B, KLF4 @il 5
iNOS (inducible nitric-oxide synthase) i & 1~ X 1]
KLF4 856 ufh45 6 U5 NF-kB F5 4 p65 11
AHEAE LRSS iNOS [3RIE, M R 52 &
Dhfen, I WETia 2 W, KLF4 ] LLYRY e W
B A0 R S0 SN, FLAE ki ok i o o A
FHU0. 35 i (I ESE TAE M 27, KLF4 A LA
R SAE AT IL-10 IR 5 5E A it HMGB-1 (1)
FIRN2 B, A Ay JORE R A IR A %
A F, KLF4 J2& 15 ] DL HoAth 28 R A I R 08,

* [J 5K HARBIAFE G Bh I H (30571746), K HARF 24 3E 47 AR5
4 DI I H (30400169)F1 [EH 2 H SRR 56 4 1130 H (30330280).

o JLJE] B — R

IR .

Tel: 0731-2355022, E-mail: huali.zhang@hsc.utah.edu

Wk H39: 2009-03-20, #:32 HIM: 2009-06-29



« 1314 EMEEEYYEHR

Prog. Biochem. Biophys. 2009; 36 (10)

H AT ANE 2.

AWK KLF4 3R IA ) RAW264.7 Flg4]
BRI D15 KLF4 S S5 A% 7 1 40 ) 4 J5 1 KLF4
MIRIE, RIN KLF4 ik 3215 B 240 LPS %5 (1)
IL-6 mRNA 1k Hl [ /1 3 (IL-6) & 1 (1 B 50, M
KLF4 [ kA LPS S5 1L-6 25 (1 1R 5O B 2 14
i BRI, KLF4 7] U] LPS Arai IL-6
FEPRR 87 G SiE 1, H 2 KLF4 A28 H %
L5 1L-6 SEPRIR )3 801X A 256 1 A L4k 4 .

1 MR57E

1.1 #REEEFR & LPS &3

/NE RAW264.7 EWE AN Sk I 11 R B2 B |-
W3 dr BB A S S A A R, S
10% i 2 I35 () DMEM 35 J: 46 5% CO, 15 7544 .
12~20 h J5 I LPS(J¥ H Sigma 23 #]), {EAN[A]
(i) OSSR A BAR AR S B AR AR
1.2 #5RE SR (RT-PCR)

A RNA [FHEE% Gibco BRL 2 #] [FAH MY,
WA U] 34T, cDNA % — 8 & R FE b
42°C 1h, 95C 5min, 4C 10 min. AR#% KLF4 [
BRIy Rs sy, 91 5 AAC-
GATGATGCACTTGCAGA 3' il 5° GGAAATTG -
GGGTAGGAAGGA 3’ ( L3R /AW &), PCR
RN 94C FAE T 4 min, 94°C 30's,
56°C ~58C 30s, 72°C 30s, HHEAFEGIYIATE
TG, a1 72°C FEEAR 10 min. B 5~ 8 pl
PCR /)T 1%B Il b Bk A . I S BE R (0
Ja TR ANESH G,

1.3 FEBEEG R IRMISKIE(ELISA)

IL-6 ELISA & 71 &0 H Qi i+ 4 28 =), 443K
FUG U] ORI LPS AbHE 5 1L-6 85 (IR
1.4 IL-6 ER B FRIR L REBIREEE R
pGL,IL-6(-1327~ +10) BIEE

AR /N B IL-6 K& DR JE 31 X 10 (-1327 ~
+10) %+ 514: 5 CTGGGTACCGGATCCTGAGA-
GTGTGTTTT 3’1 5 GCAAGCTTGGAACTTCAT-
AGCGGTTTCT 3’ ( R 9eig A w4 ). LA/
P41 DNA B, KM Pyrobest DNA R4 ik
17 PCR, ¥ 3= fkis DNA [RIBGR 7 S ik,
H Kpn T F1 Hind T B )14 P D) K 2644 1R 7= ) o

% % pGL3 344
1.5 KLF4 R X BE%ERRFE SR
KLF4 [ L SERZ AT R 1) )7 41 2} 57 agactegeca-

gatggetgecteatt 3'( FIF SR A H A K). A 0.25 ml
ANEr ML () DMEM 3597 3593 I # 20 wg R 5%
K% FF AT 15 wl Lipofectamine 2000(J4 [ Invitrogen
2HE). Smin 5, B ERZTFRY Lipofectamine
2000 J&4]. 40 JCIM3E DMEM B R 5Lk 3 dh
Ji, MIN 1.5 ml LIfiE DMEM 8973, SRJE A
AR E AR R EAZ RS R R IREGY,
37C, 5% CO, ¥ FF 7%, 6 h G IIA 2 ml
B 20% /NI ) DMEM £5983E, - 24 h sk
S, HEAT S LS.

1.6 BRBIKIBRSHT(EMSA)

T AN MU AL ARIEEE 24 h, 40 iR A K BBl A R IAF)
70% ~ 80% INF, 42 % W KN 7 % 52 B 40 % iR
{1025, Bradford V0 5 £ 1 B0 2 J5 B -70°C PR AF
. UL EDIBATE 4C ATHERAE. BT IRIR
EFAREIR KRRFE(RE P 4 94C Smin, WK E
2 5R), 12% PAGE A 5638 Kk B, Fik o
B, 20CARAF%H. 4% Pierce 24 7 EMSA 5l
EARERE P kT
1.7 RAEWIREERLS

W EAZRIE R 2 28 g I 5 25 DR TR A
pRL-TK # ARSI R4 Q4 ffl. 4% 36 h 5, H] PBS
Ve 3 K, N\ 400 pl PLB 41 f 54 i i 4 i
A1, K 24 FLARE T 25°C WFH 20 min. 43 40 pl
(RIA0 M 2 M, R IEAT 100l 9 %¢ 't 22 il AG
IRF I (LAR DR A, B 256 Ak e tH il k.
WP CERMIEE. AR5, AE2O6ROGTHAE T
A 100 wl [ Stop&GloTM k7], LPAFE K7 K i %¢
JCERME SN, (A IO R DO SR R N, IRz
DN E2 3 B ' 2R i ) PR (WL 1t FE AR o i DRI
I H Promega 23 /).

1.8 S IZENTE S H7(Western blot)

4 M FH P4 PBS ¥E 3 Ik, A 80~ 100 pl
2x SDS AR A, F AR S 10~ 15 s,
10 000 g B§.L» 5 min, HY B35, H Bradford il
SEEATREE. FEMZ 12% SDS- 58 N7 h e
S, WHEBILHB ARG RN L. SH T
B 4h 5, IMA—HLA 1000 Fike, KLF Fifk
1y H Santa Cruz Biotechnology 7t @], GAPDH $i{&
W H Sigma AF]), 4Cw. VEBRYEL—Pi)G,
TN BRAR I 4 A W) i A 1 1) — (1 © 1 000 #4 BE,
P H Boster Biological Technology A ), W&
2h. PEMESE L PG DAB WA, EEHHE
=T



2009; 36 (10)

BATHESE: Kruppel #£E F 4 X HNEHFE T IL-6 £EFRIERIBIZE RVLHIF R

* 1315 -

1.9 HFit=FaE
Bl x + s KK, PIALIA ELE T « 5.
PL P <0.05 AW g ih2rm X

R R

21 LPS %/ R RAW264.7 E W& 20 iz KLF4
mRNA &R RFIXHE M

K 750 wg/L LPS 4bF! RAW264.7 EiE4N i,
AN TR s 7] A S 40 i RNA R85 1, ] RT-PCR
1 Western blot £ il KLF4 [¥] mRNA F1 &5 [ i 7K
. iR R KLF4 mRNA 7€ LPS Jl3# )5 2 h TF
W, 4 h kB (K 1a). KLF4 5 (1 7E LPS Il
Ji 2h BB TR, 12 h BB mig, 24 h A BT T s
(K 1b).
@ LPS (750 pg/L)
Control 1h 2h 4h 8h 12h

KLF4

0.40 -
0.35r
0.30F
0.25r
0.20
0.15¢
0.10F
0.05

0

Ratio of KLF4/GAPDH

Control 1h 2h 4h 8h 12h

() LPS (750 pg/L)
Control 2h 4h 8h 12h 16 h 24 h

S = - &8 - = KLF4

~—— GAPDH

0.40 *
035¢
030
0.25f *
020 *
0.15¢ *
0.10f
0.05f

0

Ratio of KLF4/GAPDH

Control 2h  4h 8h 12h

16h 24h

Fig. 1 Expression of KLF4 in LPS-stimulated
RAW264.7 macrophages
RAW264.7 macrophages were stimulated with LPS (750 pg/L) for
various periods of time. (a) mRNA levels of KLF4 in various periods of
time were determined by RT-PCR. (b) Protein levels of KLF4 in various
periods of time were determined by Western blot. *: Statistically
significant versus control group, P< 0.05, n=3.
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Fig. 2 Release of IL-6 in LPS-stimulated RAW264.7
macrophages
RAW264.7 macrophages were stimulated with LPS (750 wg/L) for 0 h,
4 h, 8 hand 16 h. Protein levels of IL-6 in various periods of time were
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determined by ELISA. *: Statistically significant versus control group,
P<0.05,n=3.
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Fig. 3 Effect of KLF4-overexpression on LPS-induced
IL-6 expression in RAW264.7 macrophages
KLF4-overexpressed or vector control RAW264.7 macrophages were
incubated with or without LPS (750 pg/L) for Oh, 1 h, 2 h, 4 h and 8 h.
mRNA levels of IL-6 were determined by RT-PCR. Neo: The vector
control group; KLF4: KLF4 overexpression group. *: Statistically
significant versus the vector control group, P <0.05,n=3.1: Neo;1:

KLF4.
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Fig. 4 Effect of KLF4-overexpression on LPS-induced
IL-6 realease in RAW264.7 macrophages
KLF4-overexpressed or vector control RAW264.7 macrophages were
incubated with or without LPS (750 pwg/L) for 0 h,4 h, 8 h, 16 h and
24 h. IL-6 in the culture medium was determined by ELISA. Neo: The
vector control group; KLF4: KLF4 overexpression group; O h, 4 h, 8 h,
16 h and 24 h: Cells stimulated with LPS for 0 h, 4 h, 8 h, 16 h and 24 h
respectively. #: Statistically significant versus the vector control group.
*. Statistically significant versus the vector control group with the

stimulation of LPS, P <0.05,n=3.H: Neo; [1: KLF4.

2.4 KLF4 55K3 IL-6 B ERAIS D

B ] 4 . KLF4 Jx SCHAZATIR 48 h Jio A R il
T WY KLF4 mRNA FUEE (5 1R IA (] Sa, 5b).
WEPE KLF4 YAl )5, LPS(750 wg/L)i5 1 IL-6
B PR IR AL H B T (B Se).

@ cul Inv AS ®) cul v AS

Y < -+ R —
e GAPDH s 04T OH
©
45t
40} iy
L35t

80301 *

P
=25t .
=]
:]'20- #
Z 15t #

10+

o[

0

0Oh 4h 8h 16 h

Fig. 5 Effect of KLF4-deficiency on LPS-induced
IL-6 expression in RAW264.7 macrophages
(a) mRNA levels of KLF4 were determined by RT-PCR. (b) Protein
levels of KLF4 were determined by Western blot. (¢) The macrophages
were stimulated with LPS(750 pg/L) for 0 h,4 h, 8 h and 16 h. IL-6 in
various periods of time were determined by ELISA. Ctrl: RAW264.7
macrophages were treated only with lipofectamine; Inv:RAW264.7

macrophages were transiently transfected with random oligonucleotide
of KLF4; AS: RAW264.7 macrophages were transiently transfected with
morpholino antisense oligonucleotideof KLF4. #: Statistically significant
versus the group without the stimulation of LPS; *:Statistically
significant versus the ctrl group with the the stimulation of LPS,
P<0.05,n=3.0: Control; l: AS.
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Fig. 6 Luciferase reporter gene assays showing the
transcription activity of KLF4 to IL-6 promoter
in RAW264.7 macrophages
Neo: the vector control group; KLF4: KLF4 overexpression group.
#: Statistically significant versus the vector control group (Neo),
*: Statistically significant versus the relevant group with the stimulation
of LPS, P<0.05,n=3.1: Control; (1: LPS.
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Fig. 7 EMSA showing the DNA binding activity of
KLF4 to the KLF binding element of IL-6 promoter
in RAW264.7 macrophages

pcDNA3.1: Nuclear extract from the vector control group; pcDNA3.1-
KLF4: Nuclear extract from KLF4 overexpression group; Cold probe:
Competition with cold probe; Mutant probe: Competition with mutant
cold probe; KLF4 Ab: Supershift by KLF4 antibody; HMGB1: The KLF
binding element of HMGB1(Positive control).
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Role of Kruppel-like Factor 4 in Regulating The Expression
of IL-6 Induced by LPS’

FENG Yan-Sheng™, LIU Mei-Dong™, LIU Ying, LIU Jun-Wen,

CHEN Guang-Wen, ZHANG Hua-Li™, XIAO Xian-Zhong
(Department of Pathophysiology, Xiangya School of Medicine, Central South University, Changsha 410078, China)

Abstract In order to explore the role of Krupperl-like factor 4 (KLF4) in regulating the expression of IL-6
induced by lipopolysaccharide (LPS). mRNA and protein levels of KLF4 in various periods were determined by
RT-PCR and Western blot. A full-length ¢cDNA or antisense oligonucleotides of KLF4 was transfected into
RAW264.7 macrophages. The expression and release of IL-6 were analyzed by RT-PCR and ELISA. The
transcription and DNA binding activities of KLF4 to the IL-6 promoter were detected by the luciferase reporter and
EMSA. The results showed that treatment of RAW264.7 macrophages with LPS resulted in increase in KLF4 and
IL-6 protein levels; KLF4 overexpression decreased the expression and release of IL-6, while KLF4 inhibition
increased the expression of IL-6. The results from luciferase reporter gene assay demonstrated that KLF4 could
inhibit the transcriptional activity of IL-6 gene. The results from EMSA demonstrated that KL.LF4 could not bind to
the KLF4 binding sites on the promoter of IL-6 gene. These data suggested that LPS can stimulated the expression
of KLF4 and release of IL-6 in RAW264.7 macrophages; KLF4 can inhibited the release of IL-6 in LPS-stimulated
RAW264.7 macrophages; KLF4 can inhibited the transcription activity of IL-6 promoter in RAW264.7
macrophages; this effect of KLF4 is not through binding the IL-6 promoter directly.

Key words Kruppel-like factor 4(KLF4), lipopolysaccharide (LPS), IL-6, inflammation
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