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Cardamonin Inhibits the Expression of Inducible Nitric Oxide
Synthase Induced by TLR2, 4, and 6 Agonists
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Toll-like receptors (TLRs) play an important role for host defense against invading pathogens. The activation of TLRs
signaling leads to the activation of NF-kB and the expression of pro-inflammatory gene products such as cytokines and
inducible nitric oxide synthase (iNOS). To evaluate the therapeutic potential of cardamonin, which is a naturally occurring
chalcone from Alpinia species (zingiberaceous plant species), NF-«kB activation and iNOS expression induced by MALP-2
(TLR2 and TLR6 agonist) or LPS (TLR4 agonist) were examined. Cardamonin inhibited the activation of NF-kB induced
by MALP-2 or LPS. Cardamonin also suppressed the iNOS expression induced by MALP-2 or LPS. These results suggest
that cardamonin has the specific mechanism for anti-inflammatory responses by regulating of TLRs signaling pathway.
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2] 3421 cardamonin (2'4'-dihydroxy-6-methoxychalcone)
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Fig. 1. The structure of cardamonin.

(Fig. N LS5 855 7 5= chalcone 725 7}
A3 = AAE4 o] tHGoncalves et al., 2014). Cardamonin
2 3¢ S (anti-inflammatory) (Chow et al., 2012), &5 %H(anti-
tumor) (Park et al., 2013), &4 3)(antituberculosis) (Lin et al.,
2002), 43 31 A S (platelet aggregation inhibitory)
(Jantan et al., 2008) X383l of3] oF2ghQl 58 7K1
S Ao kel ek SR OJ2I% cudamoning] oF
detdel e )de Sl welA dA g wa
TLRs®] HIAAAR] 2s-2 W WA 23 o]

I Ao IdEA r} 2P R o Aol A= car

st}

ER-T
M=

Agof] AR8-8F MALP-2 (macrophage-activating lipopeptide
of 2 kDa)¢} LPS (lipopolysaccharide)i= Alexis Biochemical
(San Diego, CA, USA)¥} List Biological Lab (San Jose, CA,
USA)Z5-H 22} 794515 2.1, iNOS9} B-actin 3=
BD Biosciences (San Jose, CA, USA)2} Santa Cruz Biotech-
nology (Santa Cruz, CA, USA) S|AF=HE 722t 9] s3itt.
1 8ko] thE A|oFE-S Sigma-Aldrich 3|AFRHE s}
srk
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RAW264.7 A 3-E-2(a murine monocytic cell line, ATCC
TIB-71) 10% (v/v) FBS, 100 units/mL Penicillin, 100 pg/mL

streptomycin®] ¥ Dulbecco's modified Eagle's medium
(DMEM)S A}-8-3}94, 5% CO,/air, 37 Coll A a3t

Plasmid

NF-kB2} iNOS %% plasmid= F. Mercurio (Signal Pharma-
ceuticals, San Diego, CA, USA)2} Daniel Hwang (University
of California, Davis, CA, USA) S 2 X-E] Z}Z} #|-Fgukgko
™, Heat shock protein (HSP) 70-B-galactosidase plasmid+= R.
Modlin (University of Califomia, Los Angeles, CA, USA) S =5
E] Aokt 919 B DNAY EndoFree Plasmid Maxi
kit (Qiagen, Valencia, CA, USA)S AH&-3te] FH|E 1tk

Transfectionz} HW&EA |FHMX} FAM(luciferase re-
porter gene assay)

NF«xB$} iNOS #3& 4 A 412 transfection
WS AFEsle] 41513 ThYoun et al., 2005; Youn et al.,
2006¢). RAW264.7 Al EE well platesoll w5 #53F31 1L,
ovemnight §- 50~60% 4% T2 Y o, Fas
plasmid2} HSP70-B-galactosidase plasmidi= Superfect trans-
fection A| 2(Qiagen, Valencia, CA, USA)S Al-g-3te] A|E
OFS 2 transfection A|ZAT}. Luciferase assay system (Promega,
Madison, WI, USA)S AREslo] W@ 4ol SA38lE 54
31%] 0, B-galactosidase2] & 3tE SHsle] ET3A
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Immunoblotting

AEZEE F59 dMAEL SDS-PAGE (sodium do-
decyl sulfate-polyacrylamide gel electrophoresis)ollA] =.7]°l|
e} BjE o, A7]950l a4 polyvinylidene diflu-
oride membrane -2 ©]5 % % THYoun et al., 2006a; Youn et
al., 2006b). Membrane<> 0.1% Tween 209} 5% B4 71xH
S5 E33FaL = phosphate-buffered salineol| 4] 315
59} blockingS 313 o, SA s 1A} 4= whlel 13}
A E Eola, horseradish peroxidase”} A3HE 22} A S
E21 tE-ll, iIN(RON western blot detection system (Seongnam,
Gyeonggi-do, Korea)s AH8-3te] sk dhilds 546}

Ak
Nitrite assay

RAW264.7 A|EZEE] nitrite 222 A8l A
whEkA] FH]SHITHLIm et al,, 2008). AIZ 9% S0 E L]

S ol £F715 ARt Griess reagents 71831 S
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Fig. 2. Cardamonin inhibits NF-kB activation
2 F 2 induced by MALP-2 or LPS. (A) RAW 264.7
< cells were transfected with NF-«xB-luciferase re-
] e o S ++ porter plasmid and pre-treated with cardamonin
o . o ++ (30, 50 pM) for 1 h and then treated with MALP-2
1k 1F (10 ng/mL) (A) or LPS (10 ng/mL) (B) for an
additional 8 h. Cell lysates were prepared and
luciferase and B-galactosidase enzyme activities
were measured as described in Materials and
0 0 Methods. Relative luciferase activity (RLA) was
Veh Veh normalized with B-galactosidase activity. Values
‘ \en Ve ‘ are mean + SEM (n=3). *, Significantly different
CAR CAR from MALP-2 alone, P<0.01 (**) (A). +, Signifi-
———— cantly different from LPS alone, P<0.01 (++) (B).
MALP-2 LPS Veh, vehicle; CAR, cardamonin.

™, plate readers ARE-SF] 570 nmoll A =S SASl EEE AL INOSe] BAdel ofw et dIFE mIA=A|
ot EFE&NOE sodium nitrites AHE-SF3IT Solroyr). WA INOS Wgasd fA; A of3lH

cardamonine MALP-2 %+ LPSo| 93] %% iNOS9|
IS A A H Th(Figs. 3A, 3B). Cardamonina MALP-2
o= dojx iz Lpsol o8] fEE iNOS vl IhiE S oA

diolef 24

Z17te] dlolel gt Al A} @ We] A

51, mean =+ standard error mean (SEM) 2.2 3 &% Ut} = A& Western blotting W& &3Fo] &<?13}3] Th(Figs.
3C, 3D). ®3F Cardamonine MALP-2 B LPSol| 2|34
du 2 0F ¥ iNOSe| AAdER] nitrite®] AB/dS AN Th(Figs.

4A, 4B). °]E 3t AFEL cardamonin®] TLR agonists©]] 2]
Cardamonin> TLR2%} TLR6 5=+ TLR4 agonists®l| ]3] A FEE INOSE ZA-s 4= Qv AL HolF= 2

A =% NF«xB 43t A5 Th et & 4 Ik
TLRs:= HAFIA} NF-«kB7} E3FE downstream Al 574 T7159] 7P FHE Aael Ah F V1A 11 23
dAAE EAd kA7 TH(Akira and Takeda, 2004). 121

o E2] NO= 19873714 A7|3ehikgo] BALE & o A 4]
AEe o EA3tE ANITELS NF«B JAA kBaZE < S TH(Hanafy et al., 2001). 3FA T A5 NO+ 5= A|2Eo
~+K(phosphorylation) A17]™, $14:F8}E IkBot 26S protea- 4] L-arginine ©}7| =40 2 HE THE0{X]31, o] NO+= Al
some®] ©J3fA EaE o] NFkBE S XIth &3t XA t& AE Alo]9] Aledds 918 ARgshs Ao
% NF«BE #(nucleus) SFo 2 7 Ftranslocation)™| ©] E} 2 &eA 9 ti(Hanafy et al., 2001). NO+= endothelial NOS
71 f-742ke] DNAC| Agste] 2 AKtranscription)S -3l (eNOS), neuronal NOS (nNOS)$} inducible NOS (iNOS)$!
o] ldS THEA Erh(Pahl, 1999: Ghosh and Karin, 37119] NOSsol| 2]sl|lA THEo] I B Vallance, 2003). eNOS$}
2002). 98] NF«B 2384 F42 B449S S8 aNOSE 4A3HA LaEo] gl a4 wkA, iNOS
NF«xB &4dol| dgh Cardamonin® &% 5743 = Aoy 454 AAKproinflammatory stimuli)ol] 2] 3]
Cardamonin< MALP-2 (TLR2%} TLR6 agonist) B2 LPS A F-Z=F= @40t Vallance, 2003). 53] NOS isoforms
(TLR4 agonist)ell ©]all =¥ NF-xB 23S A8ttt %—OM iNOSe] Zhralo] &) W Ag| sty 718 A

(Figs. 2A, 2B). 7F A= Aoz d#HA UTHGreen et al, 1990). LHHA o
Cardamonin> TLR29} TLR6 %=+ TLR4 agonists®l] 23] EH’A‘, M E A INOSE e F A kx|t LPSE ¥3}
A =¥ INOSe| s A8l g teFg 5 A=Alell oJsiA iNOS At 24 st

U A¥ 02 cardamonin®] NF-xB E4J3}ol o]l - o], iNOS @A o] =0 Z tH(Palmer et al., 1993). iNOS

- 104 -



iNOS iﬂ’ Luc

60

RLA
RLA

Veh Veh _ il

CAR

MALP-2

(C) D)

Veh Veh _ il

CAR

LPS

Fig. 3. Cardamonin inhibits iNOS expression
induced by MALP-2 or LPS. (A, B) RAW 264.7
cells were transfected with iNOS luciferase reporter
plasmid and pretreated with 30 or 50 uM cardamonin
for 1 h and then treated with MALP-2 (10 ng/mL)
(A) or LPS (10 ng/mL) (B) for an additional 8 h. Cell
lysates were prepared and luciferase enzyme activities
were determined. Values represent the mean = SEM

iNOS | [— I iNOS | L)

l (n=3). *, Significantly different from MALP-2 alone,
P<0.01 (**) (A). +, Significantly different from LPS

B-actin P-*I

alone, P<0.01 (++) (B). (C, D) RAW 264.7 cells were

B-actin l— — -—[

Veh Veh _ il

Veh Veh —amiill

pretreated with 30 or 50 pM cardamonin for 1 h and
then further stimulated with MALP-2 (10 ng/mL)

CAR (C) or LPS (10 ng/mL) (D) for 8 h. Cell lysates were
CAR analyzed for iNOS and B-actin protein by immuno-
MALP-2 LPS blots. Veh, vehicle; CAR, cardamonin.
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Fig. 4. Cardamonin inhibits nitrite production
induced by MALP-2 or LPS. (A, B) RAW 264.7
cells were pretreated with 30 or 50 pM cardamonin
for 1 h and then treated with MALP-2 (10 ng/mL)
(A) or LPS (10 ng/mL) (B) for an additional 20 h.
The amounts of nitrite in supernatant were mea-
sured using Griess reagent. Values represent the
mean = SEM (n=3). *, Significantly different from

CAR CAR MALP-2 alone, P<0.01 (A). +, Significantly dif-
ferent from LPS alone, P<0.01 (++) (B). Veh,
MALP-2 LPS vehicle; CAR, cardamonin.
o oA AAE = FAHEQl NOE peroxynitrite S 34 HE] FAHadaptor molecule)?] myeloid differential factor
sh7] flste] 0,9F 23S o, e ahet A HAGA 88 (MyD88) "=+= TIR domain-containing adaptor inducing

Aol Fge WA= Ao AedA rkVallance, 2003).
TLRsE 77 H 2 g2 2412 91435

FEshe Rz 2eA

I THKawai and Akira,
2010). TLRs7} A=5A415 Q14)8HH FH % g2 = TLRs
7} FFolFAIE FAFTE TLRsS] T5olFA A2 o

AESE:

interferon-f (TRIF)E =34, 2= HALR A NF-«BY
interferon regulatory factor 3 (IRF3)2] €435 F- =3}
(Kawai and Akira, 2010). HAFR A9 &3l A= cyto-
kine, INOS®} 72 inflammatory gene productsS -=3}]
ole] AW-S FE31 Eri(Akira and Takeda, 2004). ~12]
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