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NF-kB Activation and Cyclooxygenase-2 Expression Induced by Toll-Like
Receptor Agonists can be Suppressed by Isoliquiritigenin
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Abstract Toll-like receptors(TLRs) are pattern recognition receptors(PRRs) that recognize pathogen-associated molecular
patterns(PAMPs) and regulate the activation of innate immunity. All TLR signaling pathways culminate in the activation
of NF-kB, leading to the induction of inflammatory gene products such as COX-2. Licorice (Glycyrrhiza uralensis) has
been used for centuries as an herbal medicine. Isoliquiritigenin(ILG), a simple chalcone-type flavonoid, is an active component
present in licorice and has been used to treat many chronic diseases. However, the mechanism as to how ILG mediates
health effects is still largely unknown. In the present report, we present biochemical evidence that ILG inhibits the NF-
kB activation induced by TLR agonists and the overexpression of downstream signaling components of TLRs, MyD88,
IKKp, and p65. ILG also inhibits TLR agonists-induced COX-2 expression. These results suggest that anti-inflammatory
effects of ILG are caused by modulation of the immune responses regulated by TLR signaling pathways.
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nist)ol] 2314 =% inducible nitric oxide(iNOS)¢} cyclooxyge-
nase-2(COX-2)9] W&S At dAF E3E 7L AThQ).
Toll-like receptors(TLRs)= pathogen-associated molecular pat-
terns(PAMPs)S- Q12| 3}= pattern recognition receptors(PRR)®1™,
2704 W (innate immunity) ¥H-S FE31aL, Folol FHA W
9 (acquired immunity) W8-S FEske T8 9 sol(11-
14). A7 24k dA| 7He] TLRs7t 2HeE Qbel A}
T gl 77t

=3 vl

Ao, 7kt TLRsE HYAEo] 7 dE=
TLR6E Mgt EAjshy gle|zlole] 4 AREES sk

ZE3F 25 212]3lt(11). TLRI1, TLR2, TLR4, TLRS,
o ==

HbHo, TLR3, TLR7, TLRS, Z2&]3 TLR9S endosomed} 72
AEAS] Qe ARES] el EAlste ulolel s SAES 214
SIoh(Fig. 2)(15). TLR9S 3k whg|g]o} alaks- Q14]dtt), TLRs
ol agonists’t B2 MyD88(myeloid differential factor 88) H+=
TRIF(Toll/IL-1R domain-containing adaptor inducing IFN-B)E %
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Fig. 1. The structure of isoliquiritigenin.
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Fig. 2. Toll-like receptor signaling pathways. TLRs have two
major downstream signaling pathways; MyD88- and TRIF-
dependent pathways leading to the activation of NF-xB and
IRF3. LPS, lipopolysaccharide; MyD88, myeloid differential
factor 88; TRIF, TIR domain-containing adapter inducing
IFNB; IFN, interferon; TIRAP, TIR domain-containing adapter
protein; TRAM, TRIF-related adapter molecule; IxBo, inhibitor
of kappa B alpha; IKK, IxB kinase; IRAK, IL-1 receptor-
associate kinase; TBK1, TANK-binding kinase 1; RIP1, receptor
interacting protein 1; IRF3, IFN-regulatory factor 3; NF-kB,
nuclear factor kB.
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A8l AFE-3} isoliquiritigenine Sigma-Aldrich(St. Louis, MO,
USA)ZHE] T3131th. MALP-2(Macrophage-activating lipopeptide
of 2kDa), LPS(lipopolysaccharide) Z2]3. poly[I:C](polyriboinosinic
polyribocytidylic acid)= Alexis Biochemical(San Diego, CA, USA),
List Biological Lab(San Jose, CA, USA) Z12]3Z Amersham Bio-
sciences(Piscataway, NJ, USA) SIAZHE] 22 FsI8ith. COX-
29} actin &A= Santa Cruz Biotechnology(Santa Cruz, CA, USA)
AR FASIATE 1 BRe] OhE A[2FES Sigma-Aldrich(St.
Louis, MO, USA) 3AIZHE FY&ch

M= HljQF

RAW 264.7 cells(a murine monocytic cell line, ATCC TIB-71)
I 293T cellsthuman embryonic kidney)< 10%(v/v) FBS, 100
units/mL Penicillin, 100 mg/mL streptomycine X233} U=
Dulbecco's modified Eagle's medium(DMEM)ol|A] 8] 3}5 0.0,
AZEL 5% CO/airs XTSI JE 37°C vjY7) ol whek

st

EATIM (fransfection)2t Y2SA FHX}E £4(luciferase reporter
gene assay)

NF-kB'Z3% plasmid, heat shock protein(HSP) 70-S-galactosi-
dase plasmid 5 transfection2 9]+ = E DNATE EndoFree Plas-
mid Maxi kit(Qiagen, Valencia, CA, USA)YS AR&-sle] FH| = ST

NF-«BIEEA A 42 A ATola ARS-gk el <
ste] EAEATH19, 20). WE a2 plasmide} HSP70-S-galactosi-
dase plasmid= Superfect transfection A]2F(QiagenyS AME-3F Al
3Z Q22 transfection AIFTE WF G40 ESt= luciferase
assay system(Promega, Madison, WI, USA)S A-&-3l] 431
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=3 T
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Western blottinge A A7-2] Wl o3t A5 ThH21,
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= phosphate-buffered salineS 7FX]3L blockingd}$1t}F. Membrane
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(Amersham Biosciences, Arlington Heights, IL, USA)S Al8-3}<
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COX-2 Has JAs=AE YolRAT} ILGE MALP-2(TLR2
and TLR6 agonist), poly[I:C](TLR3 agonist) —L2]3. LPS(TLR4
agonist)ol] 2J8jA F=¥ NF«xB 2432 A5 thFig. 3). o
<+ Agoz g ad FAA 23} western blotting WHES A}
83l NF«kB &A3}e] oJsiA] A== A9 coX-2 &d
o] ILGel 93llA] AAE =X LolE Ut ILGE MALP-2,
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(Fig. 5).
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Fig. 3. Isoliquiritigenin suppressed the NF-kB activation induced by
MALP-2, poly[I:C] or LPS. A-C) RAW264.7 cells were transfected
with NF-xB luciferase reporter plasmid and pre-treated with
isoliquiritigenin (50, 100 uM) for 1 hr and then treated with MALP-
2 (10 pg/mL) (A), poly[I:C] (10 mg/mL) or (B), LPS (10 ng/mL)
(C) for an additional 8 hrs. Cell lysates were prepared and luciferase
and [-galactosidase enzyme activities were measured as described
in “Materials and Methods”. Relative luciferase activity (RLA) was
normalized with b-galactosidase activity. Values are meantSEM
(n=3). *, Significantly different from MALP-2 alone, p <0.05. +,
Significantly different from poly[I:C] alone, p <0.05. ##, Significantly
different from LPS alone, p <0.01. Veh, vehicle; ILG isoliquiritigenin.
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Fig. 4. Isoliquiritigenin suppressed the COX-2 expression induced
by MALP-2, poly[I:C] or LPS. A) RAW264.7 cells were transfected
with COX-2 luciferase reporter plasmid and pre-treated with
isoliquiritigenin (50, 100 uM) for 1 hr and then treated with MALP-
2 (10 ng/mL), poly[I:C] (10 pg/mL) or LPS (10 ng/mL) for an
additional 8 hrs. Cell lysates were prepared and luciferase and f3-
galactosidase enzyme activities were measured as described in
“Materials and Methods” Relative luciferase activity (RLA) was
normalized with b-galactosidase activity. Values are meantSEM
(n=3). ** Significantly different from MALP-2 alone, p<0.01. +,
Significantly different from poly[I:C] alone, p<0.05. #, Significantly
different from LPS alone, p <0.05. B) RAW264.7 cells were pretreated
with isoliquiritigenin (50, 100 #M) for 1 hr and then further
stimulated with MALP-2 (10 gg/mL), poly[I:C] (10 mg/mL) or LPS
(10 ng/mL) for 8 hrs. Cell lysates were analyzed for COX-2 and b-
actin protein by immunoblots. Veh, vehicle; ILG, isoliquiritigenin.

A JTH?25). Sesquiterpene lactone 2] 311 helenalin p65
ctoll AE F 7Nl cysteine(Cys38, Cysl20)0] EolH HALQA
NF-kB2] DNA A3S A= A2 g3 ATh@26, 27).
Sk Mg Al 9sPH o B-unsaturated carbonyl IS 7FA| 3L
)+ curcumin, helenalin, Z12]3 cinnamaldehyde= LPS(TLR4
agonist)ol]l 23X F=E TLR4S] 5% ol¥Ae FA4& IAls)
o] NF«B 843} CcoX2 EdS JANTIE A& Loridth
(19, 28). ILG X3 o,B-unsaturated carbonyl 252 7FA|2L At}
(Fig. 1). o33+ +== ILG7} IKKY TLRE] cysteine®] thiol L
ol 84 NF«B &43h CcoX-2 &ds AAZ Aol
AE & 4 vk GO =Z kinase assaylt o3 A AES
5314 ILG7F oJ%Al NF«B 43l COX-2 HHS oAshe
A AEgt FA18HAR1 ERLlo] whe A Ao|tt.

Kumar 529y ILG”7} IkB kinaseE <JA|8}9IA] NF«xB &4
32 ARty Byt 3 Kim 5Q2)% ILG7F RAW
264.7 cellsetell Al NF«xB &43ste] IS F3dte] LPSel| 23
=¥ INOS9H COX-2& YAl ®WAskQi). SkA|9E o]

-
ARolM s b 7 aFelM B 23 vE T83 4%

S 2SI TLRse AYEA F 7l (MyD88%} TRIF-depen-
dent)®] AzAY AAE Fsted NF«xBE 43stch(Fig. 2).
MyD88-dependent pathway= IKKBE &3+ carnonical pathways
E3te] NF-kBE €/ 3H*17]A %, TRIF-dependent pathway=
IKKB th4lel RIP-1S F3t] NF-kBE EASAZITL d#A
k. MALP-2(TLR29} TLR6 agonist)2} LPS(TLR4 agonist)=
IkB kinaseE 53to] NFkBE €43} 349, poly[l:C)(TLR3
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Fig. 5. Isoliquiritigenin inhibits the activation of NF-xB induced
by the overexpression of MyD88, IKKf, or p65. 4-C) 293T cells
were co-transfected with NF-kB-luciferase reporter plasmid and an
expression plasmid for MyD8S8, IKKf, or p65. pcDNA was used as a
vector control for MyDS88, IKKb and p65. After 3 hrs, cells were treated
with isoliquiritigenin (50, 100 pM) for 18 hrs. Relative luciferase activity
(RLA) was determined by normalization with [3-galactosidase activity.
Values are meantSEM (n = 3). *,Significantly different from MyD88
plus vehicle, p <0.05. +, Significantly different from IKKb plus
vehicle, p <0.01. #, Significantly different from p65 plus vehicle,
p <0.05. Veh, vehicle; ILG, isoliquiritigenin.

agonisti= 1kB kinase‘—:—‘ F3A] Y3 NFkBE Ed3siti(11, 30).
A Aol o5, ILGZ7F MALP-29} LPSol| <J8iA ¥ NF-
kBE A= 749‘ IKKBS] Al 71Q1gttar & 5 AR R,
ILG7} poly[I:CIell JsllA frie®l NF«BE oJAlsh= 212 ILG7t
IKKBold th2 28 A4 BElo R 3ta jitke 3 A
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