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Parthenolide Suppresses the Expression of Cyclooxygenase-2 and
Inducible Nitric Oxide Synthase Induced by Toll-Like
Receptor 2 and 4 Agonists
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Toll-like receptors (TLRs), which are pattern recognition receptors (PRRs), 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 cyclooxygenase-2 (COX-2) and inducible

nitric oxide synthase (iNOS). Parthenolide, a sesquiterpene lactone isolated from the herb feverfew (Tanacetum

parthenium), has been used as folk remedies to treat many chronic disecases for many years. In the present report, we
present biochemical evidence that parthenolide inhibits the NF-kB activation induced by TLR agonists and the
overexpression of downstream signaling components of TLRs, MyD88, IKKB, and p65. Parthenolide also inhibits TLR
agonists-induced COX-2 and iNOS expression. These results suggest that parthenolide can modulate the immune

responses regulated by TLR signaling pathways.
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S Fredte Ta% ¥ I (Akira et al, 2006;
Beutler, 2009; Lemaitre et al., 1996; Medzhitov, 2007). &7}
A 223 13709] TLRs7} EH-55 A oA w7
lom, Z4zke] TLRs:= WHHUdEC] 7 Al 2= PAMPs
£ et Aew dA QY (Kawai and Akira, 2007).

TLRsE UWHH 02 myeloid differential factor 88
(MyD88)¥} Toll/IL-1R domain-containing adaptor inducing
IFN-B (TRIF)E &3 23 AY FA2E 731 v}
(Kawai and Akira, 2007). MyD882- TLR3Z #|¢]3 2 &
TLRs9] TIR domain®] £+ o19E Ex}o|t} MyD8s<
IL-1 receptor-associated kinase 4 (IRAK-E F=5}aL,
IRAK4+ IRAK-19] QIAHSHS friesh, Q14ksts IRAK-
12 TNF receptor-associated factor 6 (TRAF6)E -#-=35}H,
TRAF6T IxkB kinases (IKK) complex8] 43}E F=3t
o, ZAJstE KK QIiHe &4 AAF 24 nuclear factor
kB (NF-xB)E @433} A7t} E4Jshe NF-«B+= cytokine,
cyclooxygenase-2 (COX-2), ZL2]3l inducible nitric oxide
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Fig. 1. The structure of parthenolide.

synthase (iNOS)¢t 22 H5& Fdate FHAE
= 3IT} (Takeda and Akira, 2005).

TLR3¢} TLR4= MyD88 thAale] adaptor molecule$!
TRIFE &3} IFN regulatory factor 3 (IRF3)e] @432
Fr=gt} (Sato et al., 2003). TRIFE= TBK1 (TANK-binding
kinase 1)} IRF3E F3}o] IFN-B} IFNel 284 F5

v FAAES fFEsT =3 TRIFY C-¥g 2
< RIP1 (receptor interacting protein 1)¥ ¥-2-3}od X3¢
NF«B &435 F=3c) (Meylan et al, 2004). ~12)A]
TRIF= TBK1& A8l IRF3 #4318 #-=3}1, RIPI
< AH&-3te] NFxB 2438 F=3) (Fitzgerald et al,
2003; Sato et al., 2003).

WA 519k Qs 8 AEQ Tanacetum partheniumZ.
FH 8" F5E2 parthenolide (Fig. 1) 4 E8ts &
A& 7HA© F23% sesquirterpene lactones &) d}}o]
} (Bork et al, 1997). €& WEe £} Joie £&

itlo

[e]
T

R o] 4Be 3 ARE Fries Bdd, U, 9
FE, A4, Se27), 97 A 2o oI 9%

A S digh Tty o R o] L5 AT} (Heinrich et al,
1998; Murphy et al., 1988; Schinella et al., 1998). &2 A+
o| A 4}s}2] 214k} (oxidative phosphorylation), & A%$-
A (platelet aggregation), 3]2~E}Y) (histamine)¥} |2 E
d (serotonin)@] E8]2] Ao 3}l parthenolided] &3}
7} R ¥t} (Groenewegen and Heptinstall, 1990; Sheehan
et al., 2002). Parthenolide= IKK kinaseZ E} 102 3}
UV, TNF-0, 5 <2 agonistsol] &|814 F-X% NF-«B
2A3stel COX-29F iINOS| BHE AAsh= so o
# 4 It} (Hehner et al., 1998; Oka et al., 2007).

3FA| Tk parthenolide”} TLR agonistsEol] 28] %%

TLRs AZ A AAE A9A 2dsteAs 424 A
2] gt} 1A $eE o] ATE F3IA parthenolide
7} TLR agonists®ll ¢]31A4 =% NFxB &43le} &
dskd NF«xBoll oair FE=sE #3A Cox-29
iNOS®] & oA 2El=A Gotr izt gt

e (Y

113

Mz

A& o] A&3F parthenolide:= Sigma-Aldrich (St. Louis,
MO, USA)ZFE] 59 3}9 o}, Macrophage-activating lipo-
peptide (MALP-2, 2 kDa)9} lipopolysaccharide (LPS)&=
Alexis Biochemical (San Diego, CA, USA)#} List Biological
Lab (San Jose, CA, USA) 3|A}=Z5-E Zhz} #4315 th
COX, iINOS, IxBa Z#]il B-actin A= Santa Cruz
Biotechnology (Santa Cruz, CA, USA) SAIZRE U331
o} 2 ¥he] §E A|2FS-E Sigma-Aldrich 3AF2HE

Ysksict
MIZ= s

RAW 264.7 .cells (a murine monocytic cell line, ATCC
TIB-71)3} 293T cells (human embryonic kidney)2 10% (v/v)
FBS, 100 units/mL Penicillin, 100 pg/mL streptomycins ¥
31l = Dulbecco's modified Eagle's medium (DMEM)®]l
A gl o, MEZEL 5% CO,/airs XT3kl 9l
37T wi7] <ol A wjesisivt

(I

E B AT A

—m— 1

{luciferase reporter gene assay)

(transfection)} UAEA [ 4o

NF-kB luciferase plasmid, Heat shock protein (HSP) 70-f-
galactosidase plasmid & transfections 93t EE DNAT
EndoFree Plasmid Maxi kit (Qiagen, Valencia, CA, USA)& A}
g3t FHl A

NF«B 23a4s F24 #41& dgdaToA AR
gk o osle] #4313t} (Youn et al, 2006¢). 23
A7~ plasmid®} HSP70-B-galactosidase plasmid+= Superfect
transfection A 2F (Qiagen, Valencia, CA, USA)S A}-8-5}4]
AE QtOZ transfection AFTH TFEAS] A=
luciferase assay system (Promega, Madison, WI, USA)S A}
8-3te] SAsSITh WY R Ao FAS= B-galactosidase

o] &A32 ZAsle] TEIAAT.
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Fig. 2. Parthenolide suppressed the NF-xB activation induced by MALP-2 and LPS. A, B) RAW264.7 cells were transfected with
NF-«B luciferase reporter plasmid and pre-treated with parthenolide (10, 20 pM) for 1 hr and then treated with MALP-2 (10 ng/mL) (A)
or LPS (10 ng/mL) (B) 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 3-galactosidase activity.
Values are mean = SEM (n=3). *, Significantly different from MALP-2 alone, P<0.05. +, Significantly different from LPS alone, P<0.05.
C, D) RAW264.7 cells were pretreated with parthenolide (10, 20 uM) for 1 hr and then further stimulated with MALP-2 (10 ng/mL) (C)

for 15 mins or LPS (50 ng/mL) (D) for 30 mins. Cell lysates were analyzed for IkBo. and $-actin protein by immunoblots. Veh, vehicle;
Par, parthenolide.

HAL (immunoblotting) &

Western blotting-> 4131 2] Hido|| o]s)o] B3}
2Tt (Youn et al., 2006a; Youn et al., 2006b). Tz 33
£5 SDS-PAGE (sodium dodecyl sulfate-polyacrylamide
gel clectrophoresis)°l| 4] 2] %] ©] polyvinylidene difluoride
membrane & 2. A 719 5o el oA H YoM, Mem-
brane<> 0.1% Tween 20 12|31 5% @A AZH {2
¥3}s}31 90 phosphate-buffered salineS 7FA] i blocking
3}3ith Membrane 12+ FAE 7}A I blottingdhiL,
horseradish peroxidase®} %3¢ 22} Ao w=F A7 o}
+, ECL western blot detection A1} (Amersham Biosciences,
Arlington Heights, IL, USA)S AHE-3ted thila S 733}
ek

Kl

diojet 24

747ke] Hlole} gt Al 7)7h Suel dEow dolR
© 1 mean = standard error mean (SEM) 2.2 3 H vt

A 3 IE

Parthenolide2| TLR22} TLR4 agonistsSlaf =& NF-kB
EM 3 x|

NF«Bi TLRs A% A9 A2E 53 &43tsn, <
T % g5 W A4S A o] dHe F
T&k= F23 HAF 2401t} (Pahl, 1999).

AR $-8+= parthenolide”} TLR29} TLR6 Z@]iL
TLR4 agonistsell 2]3 § =8 NF-«B 4L AAlsh=4
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of W3] oprotct. o] H¥e $sir NF«B LHE
& AR FAHo] AFEE AL} Parthenolide™ MALP-2
(TLR2%} TLR6 agonist)} LPS (TLR4 agonist)el] <3} &
¥ NF«B 4% AAAFACY (Fig 24, B). Ed
parthenolides MALP-29} LPSol 9J3jAq =% IkBo2
2HE AAAHTH (Fig. 2C, D). ©)A-L parthenolide”}
TLRsE 53 A% AY A28 xdslo] NF«B A4S

ARG = AUrke A& Aujgth
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A=A dolH gt} TLRs7} ©17 agonistsS 912 5}e]
AZE ol AL, NFkB 24318 festa, &
J3}El NF«BE cytokine, COX-2, iNOSS} #& 45 &
ARE] FES F=3) S50 AU HIANE
ALE A= o]Hg FAEo] Mo RN Ax o
S Yo7t} Parthenolide™ MALP-2 183 LPSY]
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Fig. 3. Parthenolide suppressed the COX-2 and iNOS expression induced by MALP-2 and LPS. A, B) RAW264.7 cells were transfected
with COX-2 luciferase reporter plasmid and pre-treated with parthenolide (10, 20 uM) for 1 hr and then further stimulated with MALP-2
(10 ng/mL) (A) or LPS (10 ng/mL) (B) for an additional 8 hrs. Cell lysates were prepared and luciferase and p-galactosidase enzyme
activities were measured as described in "Materials and Methods". Relative luciferase activity (RLA) was normalized with B-galactosidase
activity. Values are mean + SEM (n=3). *, Significantly different from MALP-2 alone, P<0.05. ++, Significantly different from LPS alone,
P<0.01. C, D) RAW264.7 cells were pretreated with parthenolide (10, 20 uM) for 1 hr and then further stimulated with with MALP-2 (10
ng/mL) (C) and LPS (10 ng/mL} (D) for 8 hrs. Cell lysates were analyzed for iNOS, COX-2 and B-actin protein by immunoblots. Veh,

vehicle; Par, parthenolide.
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Parthenolide2| TLRs downstream £XI| S5 SEE=
NF-xB 243} x|

Ak o 2 9-2]%= parthenolide”} TLRs®] downstream
bl SJElA FmE NF«B 432 oAst=x] o
o} 9ttt Parthenolidet™ MyDS88, IKKB W= p65ell ]3]
A =¥ NF«B 485 A A7t} (Fig 4).

olu] feverfew?] $%5-2] parthenolide”} TNF-0, phorbol
12-myristate 13-acetate (PMA), 223 H,0,9 )&} A=
ol Z71E kB kinase® A A|5to] A NF«B 243}
AA gt L RH AT (Hehner et al, 1998). $-2]&=
1 Aol A parthenolide”} TLR2$} TLR62] agonist2!
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Fig. 4. Parthenolide inhibited the activation of NF-«xB
induced by downstream signaling components. A-C) 293T
cells were co-transfected with NF-kB-luciferase reporter
plasmid and an expression plasmid for MyD88, IKKp, or
p65. pcDNA was used as a vector control for MyD88, IKKp
and p65. After 3 hrs, cells were treated with parthenolide (10,
20 uM) for 18 hrs. Relative luciferase activity (RLA) was
determined by normalization with B-galactosidase activity.
Values are mean £ SEM (n=3). **, Significantly different
from MyDB88 plus vehicle, P<0.01. +, Significantly different
from IKKP plus vehicle, P<0.05. ##, Significantly different
from p65 plus vehicle, P<0.01. Veh, vehicle; Par, parthenolide.
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55 ¢93lA17]= Non-steroidal anti-inflammatory drugs
(NSAIDs)E°] 7NE=20t}h NSADse] thF 2l sz
aspirin, ibuprofen®} naproxen ¢ $1X|%F NSAIDse| <]
g gastric problems W&o 5 Be AFAEL ¢
% ABE HaA A dold o] B 52
BAE 7HA7] Al&Fsith (Harris et al., 2005; Naesdal and
Brown, 2006). oI AT E e EA5he S22
feverfew?] 2 E parthenolide?} BHA| A8 %% '% 4
A Fa% 9L 3= TLRs AE AGAAZ o|2A
ZAse gA5 2FHE /AL YR dolu gt $
39’] Z 3} Parthenolide”} ¢32] TLR agonistsol] <) 3l14]

=¥ NF-«Be| 24J3k9} COX-29} iNOS9| 23S

]
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