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Type | interferons (IFNs) are critical mediators of the innate immune system to defend viral infection. Interferon
regulatory factor (IRF) and signal transducer and activator of transcription (STAT) play critical roles in type | IFN
production in response to viral infection. Luteolin is natural polyphenolic compounds that have anti-inflammatory,
cytoprotective and anti-carcinogenic effects. However, the mechanism of action and impact of luteolin on innate
immunity is still unknown. In this study, we examined the effects of luteolin on the lipopolysacchride (LPS)-induced
inflammatory responses. Luteolin inhibited Type | IFNs expression of mRNA and increased interleukin(IL)-10 expression
of mRNA. Next, we examined the protective effects of IL-10 using IL-10 neutralizing antibody (IL-10NA). Blockade of
IL-10 action didn't cause a significant reduction of Type | IFNs than LPS-induced luteolin pretreatment. Pretreatment
of luteolin inhibited the level of IRF-1, and IRF-7 mRNA and the nuclear translocation of IRF-3. Also, luteolin reduced
the activation of STAT - 1, 3. Theses results suggest that luteolin inhibits LPS-induced the production of Type | IFNs
by both IRFs and STATs not IL-10 and may be a beneficial drug for the treatment of inflammatory disease

Key words : luteolin type | interferon(IFN), lipopolysacchride(LPS), interferon regulatory factor(IRF), signal transducers
and activators of transcription(STAT)
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Fig. 1. The structure of Luteolin

1. M=
1) Kok

Luteolin 2 Roth Chemicalien (Karlsruhe, Germany)ojAi
T8 2 Monoclonal  neutralizing  anti-mouse  IL-10
Antibody RnD systems (USA)ollA] Q15193 31 A Zsi kol A}
g3t RPMI-1640, fetal bovine serum (FBS),
penicillin/streptomycine= Gibco BRL (Grand Island, NY)ojAd
TABIACE 1 2]ol] Thioglycollate (TG)i= BD Pharmingen (San
Diego, CA). TRIzol reagent and polymerase chain reaction
(PCR) reaction kit& Invitrogen coorporation (Carlsbad, CA) +

Qiglgom, Aldlol A% gAlel  Phospho  STAT-1,3
antibodiess> Cell signaling (Beverly, MA). STAT-1,3 anti
antibodies¥= SantaCruz (Santa Cruz, CA)olA] T3IG T A8
SEQ! C57BL/6 micew Orient Bio Co. (Sungnam, KyungKiDo,
Republic of Korea)olAl TRI31%3

48 3~49 Fol 48 mouseo| @& EZ (thioglycollate
2~3 m)g ip. B Bol5ld RPMI-1640+10%FBS mediume 6~7
mlE 5o Fddle] dof 5Z2dg Hohl AMEE o =
cell& countingdl4] Dishi} Plateol] 221 5% CO, 37 C 7} A5
£ incubatoro| 4] 3A17F HRQFSIL, suspension M ZE HHEl Fof
BaE MEZE UAAIEE JHEESle] ATt

2) RNA &

Total RNAZ Tri-zol A|kZ 01881 REBIFTE HA R
25 MIZoll luteolin & & AEISE H LPSZE A= & 244174
Bierst M ZEE PBSE 23] A2 TIS PBS 1 ml A 718 MEZE

X

FZ Tri-zol ( invitrogen, USA) - 1 ml €olA AZE E8)
A7) & 100 49 chloroform M 715l FAH & 4
% 12,000RPMoiiA] 1527 A E2Ist W 919 3N e
ch L & 2-propanoli} 1112 42 F 12,000RPMoiA] 1027+ &
AEEIGI Qo] 4EHE Helll g FHE 80% ethanolZ
28] A1 AXEES ARAIETE J8ld AFEo] DEPC AZ|dh
EFRTE 15 ¥ Eol RNAE Sdirl7lal gt £&T!
RNAE reverse transcriptase PCR 9] protocolE ALE3HA
cDNAE T3t 5] 7Igshiid S84t BkaE {6l
total RNA (1 mg) ofl 0.5 mg &} oligo-(dT)S E1L 70C ol 10
22 HAAIZATE 1 Foll 1X single strand buffer, 0.5 mM DTT,
500 mM dNTPs, 200Unit reverse transcriptase & & 7}5}10L 42°C
oflAf 1AIZHE0 ¥R AIZATE T1 Fol] PCRE 21249 tubeo]] 1 ml
c¢DNA, 1x PCR buffer, 1 mM MgCly, 200 mM dNTPs, 0.2 mM
9] primerE @1 PCR RZIQ1 92°CollA} 30X, 58 CollA] 45&, 7L
Fof 72ColA 30FE 30cycle FHESINATE
3) Primers and probes

Forward ()2} reverse (r) primere Invitrogeno{A] g+da}
1L TagMan probei= MWG-Biotech AG (Ebersberg, Germany)
oA 61 aL TagMan minor groove binder (MGB) probe
(Applied Biosystems)= Primer Express 1.5 software (Applied
Biosystems)& A}&310] TIARIGHA

Real-time PCRoY| AFZS} primer &} probe = OFHS} LTt

- Primer

- TTG CTC GAG ATG TCA TGA AGG A (mHPRT-f)
TGA GAG ATC ATC TCC ACC AAT AAC T (mHPRT-r)
- CCG AAG ACC TTA TGA AGC TCT TTG (mIRF-1-f)
- GCA AGT ATC CCT TGC CAT CG (mIRF-1-1)
- CTG GAG CCA TGG GTA TGC A (mIRF-7-f)
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- AAG CAC AAG CCG AGA CTG CT (mIRF-7-r)
- CCT GTG TGA TGC AGG AAC C (mIFN-a4-f)
- TCA CCT CCC AGG CAC TGA (mIFN-a4-r)
- ATG AGT GGT GGT TGC AGG C (mIFN-B-f)
- TGA CCT TTC AAA TGC AGT AGA TTC A (mIFN-B-r)
- GGG AGA ACC TGA AGA CCC TCA (miL-10-f)
- TGC TCT TGT TTIT CAC AGG GAA G (mlIL-10-r)

- Probe
- FAM-TGG GAG GCC ATC ACA TTIG TGG CTA MRA
(mHPRT)
- FAM-CAG TCT GAG TGG CAG CGG ACA CAC A-TAMRA
(mIRF-1)
- FAM-CTG GAG GGC GTG CAG CGT GA-TAMRA (mIRF-7)
- FAM-AGA CTC CCT GCT GGC TGT GAG GAC
A-MGB-NFQ (mIFN-a4)
- FAM-AAG CAT CAG AGG CGG ACT CTG GGA-TAMRA
{(mIFN-B)
- FAM-CTG AGG CTA CGG CGC TGT CAT CG-TAMRA
(mIL-10)

4) HE@aY

uieA BZholA ZET XA 2] luteoling FAIZ]
IJEW IEA 22 189 500 ng/ml LPSZE 37°co1w um
S A=eh H AEE ABAFN7) Q181 PBSE 33 A& Fof
4%paraformaldehydego] 3027t wiSIGREE 1 H 0.1%
TritonX-1008U O 2 22041 1587} vikst & NAEE sl
blocking serum@ & 1A|7} blocking $VF 1:1002 2 3)A81 1x}
BAl IRF3 antibody (Zymed, 51-3200, invitrogen, Carlsbad,
CA92008, USA)E €0 overnight S0t BlF511 thedt 1:502
2 BM5 Alexafluor 568 H@ol EolEs 23 A goat
anti-rabbit IgG (invitrogen, USA)Z 4A]7F EQF QrlojA] BlE
A1 O 7 SEag Y51 1:10002F 3]4A17) DAPIZ 30
71 JMA7 2 g0 AH 08 TEBISTH
5) Western blot analysis
ZollA] ZESH A HAMEZE 60 mm culture dishol)
1x10° cells/miZ M EZE BHYSHIL serum free media(RPMI1640)
O = 12417} starvation A17] & luteolin (25 mM)2F 14|17} A
2] 3ol LPS (500 ng/ml)E AF=2510 cold PBSE 33 Al
St F AIZEEE (0, 1, 2, 3 h) cellS harvestdlo] cellg 92 =
A 2E](5000RPM, Smin) 51 T 2EH S HE) L cell pelletS
FAHSKATE lysis buffer(lysis buffer 1 ml + phosphotase
inhibitor 10 pé+protase inhibitor 10 )& Hoi TR S lysis
AJAA AAEE](15000RPM, 20min)dld MAZIE 7IIeHE 1
il HESINCE SUSte i e MEY wHEXE ¢
ol Yol 2 t18 1 WEE 10% SDS-PAGEY] F714E & &
wWHFolol &7)1 L} 5% skin milkE 2h blocking B}F T}
STAT-1, 39] phosphorylationy} STAT-1, 32 ECL detection &
F (Amersham) O F EQ151%C}
6) Statistical analysis

=

ARZAMo] i EAXMEIE students’ t-testo] 5
p-valueZ} 0.05 nvld AL 7S A2 E THSIAUTE
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Fig. 1. Effect of luteofin on LPS-induced IFN-afb. The cells were
pretreated with 25 mM Iuteolin for 60 min prior to stimulation with LPS (500 ng/mi)
for indicated time. IFN-a/p MRNA transcription levels were examined by real time
RT-PCR. * P ( 005 vs. DMSO treatment; ¥ P ( 005 vs. LPS treatment alone.
Data represent the mean = SEM. of three independent experiments.
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=Tlo] njAle G £AISH 21} IRF-1, 79] mRNA 342 2
HEZo] R4 A GRSIHrke AME ERIGIE I IRF-37}
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Fig. 2. IL-10 has no association in LPS-induced IFN-a/b inhibition of
luteolin. () The murine macrophages were pretreated with 25 mM luteolin for
80 min prior to stimutation with LPS (500 ng/ml) ‘or indicated time. IL-10 mRNA
levels were examine by real time RT-PCR. (B) Using IL-10 neutralizing Ab (10
mg/ml), the cells were pretreated ntL-10 for 60 min, 25 mM luteolin incubated for
60 min after the niL-10 treatment, LPS was stimulated then for indicated time.
IFN-0/ mRNA transcription levels were examined by real time 8T-PCR. * P <
005 vs. DMSO treatment. ¥ P ¢ 005 vs. LPS treatment alone. Data represent
the mean + SEM. of three mdependen* experiments
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Fig. 3. The inhibitory effects of luteolin on LPS-induced IRFs. To
examine the effect of Iuteolr on LPS induced [A) I3F mRNA expression, tne
cells were pretreaied ‘with or without 25 MM Iuteolin for 8 min prior to incubation
with 500 ng/ml LPS for the md\cated ime poinis. 'RF mRNA expression  was
measured using realime RT-PCR. (B} Nuclear translocation of iRF-3 was
examined using Immunostaning. The cells were pretreated with 25 mM luteolin
for 80 min and ther stimulated with 500 ng/ml LPS ¢or LPS alone for 60 min. *,
P ¢ 005 vs. DMSO treatmens ¥ P ¢ 0.05 vs. LPS treatment alone. Data represent
the mean + SEM. of three mdeoenden experiments
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Fig. 4. Effects of luteolin on reducton of STAT- 1, 3
phosphorylation. To examine the effect of Iuteolin on inhibition of STAT-1 3
activation, the cells were pretreated with 25 mM luteclin for 60 min prior t

stimulation with LPS (500 ng/ml) for the indicated time points. The 20 ug of
protein from each cell lysate was resolved on 10% SDS-PAGE. Western blot
analysis was performed to detect the activation of STAT-1, 3. STAT-1, 3 are
loading control. Similar results were obtained in three independent experiments.
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