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Triptolide Suppresses the Expression of Cyclooxygenase-2 Induced by
Toll-Like Receptor 3 and 4 Agonists
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Toll-like receptors (TLRs) 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). Triptolide (TP), a natural component of Tripterygium
wilfordii Hook. F, has been used as folk remedies to treat many chronic diseases for many years. In the present report,
we present biochemical evidence that TP inhibits the NF-kB activation induced by polyriboinosinic polyribocytidylic
acid (Poly[I:C], TLR3 agonist) and lipopolysaccharide (LPS, TLR4 agonist). TP also inhibits COX-2 expression induced
by Poly[I:C] and LPS. These results suggest that TP can modulate the immune responses regulated by TLR3 and TLR4

signaling pathways.
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otell E01QM FH%x=2 &= <toll Q)& pattern recognition
receptors (PRRs)7} 2121314 ¥ T} (Takeda and Akira, 2005).
Toll-like receptor (TLR), NOD-like receptor, RIG-like receptor
7} PRRs J&< o= ARl +8AEE ¢4 Aot
(Kumar et al., 2009). 53] ©] FolX% TLRs7} &8¢t
PRR 93 ghrhar dejA] vk dAA7bA] Aol 1370
o] TLRs7} E-58 AL QoA sl on, 7h7}e]
TLRs= WatEo] 7HAaL 3= Z47he] PAMPs= Q14
sk Zlo® A lrh (Kawai and Akira, 2007).
TLRs+= #t27] myeloid differential factor 88 (MyD88)
3} Toll/IL-1R domain-containing adaptor inducing IFN-B
(TRIF)E &% F 7i9] Als dd A=E 7HAa Aot
(Kawai and Akira, 2007). MyD88-> TLR3E #|¢]3F 2&
TLRs2] TIR domain®l] &= oJE] 2} ™, IL-1 receptor-
associated kinase 4 [RAK4)E =3} IRAK4+= IRAK-1
9] QIS s, Q14ksleE IRAK-1-> TNF receptor-
associated factor 6 (TRAF6)E =3t} TRAF6= IkB
kinases (IKK) complex®] &43}l5 FEsle] HAF @4
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Fig. 1. The structure of triptolide (TP).

nuclear factor kB (NF-xB)E &/d3} A1t} /43l NF-
KB+ cytokine, cyclooxygenase-2 (COX-2), inducible nitric
oxide synthase (iNOS) & & 158 e A
58 Fxst oy AYE fdshAl ®rt (Takeda and
Akira, 2005).

TLR3¢} TLR4+= MyD88 t2lel]l of e #-4}Q1 TRIF
£ S35} interferon (IFN) regulatory factor 3 (IRF3) &4
3= fx=3H) (Sato et al., 2003). TRIFE= TANK-binding
kinase 1 (TBK1) 435 fF=ste] HAF 84 IRF3 &
Aete fgt). 439 IRF3:= IFNBUE IFNC] 23]
A FEHE fFAAES FEh B3 TRIFS C-2v
F-8-2 receptor interacting protein 1 (RIP1)Z} ¥H-5-3}o]
A%l NF«B #4435 freshe o= ddA ot
(Meylan et al., 2004).

Tripterygium wilfordii Hook. F= .3 AFE FFo]gt
oAl o] AL&-E o] v} T wilfordii Hook. F F5 &2
Y (theumatoid arthritis), AF7-A 213 (nephritis), 21
d ZWkA 3 (systemic lupus erythematosus)2} 72 A}

>

N

a9 (autoimmune), &35 (anti-inflammatory) 2 |
gA =N AFEE o] gt} (Chen, 2001; Jiang, 1994; Tao et
al., 1989). &AZHA] T wilfordii Hook. F ¢Foll A 30071 o)
o] AJF-o] ¥l H o, triptolide (TP)7} (Fig. 1) 7% &3}

AAA| (immunosuppressive), 3% (anti-inflammatory),
<21 (anti-proliferative) /S 714 = Aoz vt
At} (Chen, 2001; Qiu and Kao, 2003). TP W2 A
(macrophages), 17+ t74%t A3 (human colon cancer cells),
WY A3 (leukemia cells)oll 4] lipopolysaccharide (LPS)
of o3l =% INOS9} COX-2 HHS oAlstE 3lo=

&3 A] At} (Kim et al,, 2004; Tong et al.,, 2007). T3 TP
G5 AAFE WM St A ofE] 71A] cytokinesO| L}
chemokines XS A 7= Ao E LA AT} (Jiao
etal., 2008; Lu et al., 2005).

SHA4F TP7} TLR3 agonist©]™, B}el|2]o} double strand
RNA (dsRNA)ell 9]3] 5% TLRs Al& A A|2HS
A=A g A @k 1A el ol o
T= %34 TP7} TLR3, TLR4 agonistol] &34 =&
NF-«B 47 &Ad3stE NF«Bol 93l e
A1 COX-2 WS F-s=A] dolR ot

L

&
Qs

a

>

e & 2l

M=

Aglo] AME-$+ TP Santa Cruz Biotechnology (Dallas,
TX, USA)ZH-E] 9133l LPS+= List Biological Lab
(San Jose, CA, USA)Z -], polyriboinosinic polyribocytidylic
acid (Poly[l:C])= Amersham Biosciences (Piscataway, NJ,
USA) 3IAPZ 5 ZH2; 918kl th. COX-2, B-actin &4
= Santa Cruz Biotechnology (Santa Cruz, CA, USA) 3JAL=
FE TABISITE 1 uhe] B AleFE2 Sigma-Aldrich
e s

MIZE HHQf

RAW 264.7 cells (a murine monocytic cell line, ATCC
TIB-71)2 10% (v/v) FBS, 100 units/mL Penicillin, 100 pg/mL
streptomycine ¥ 33}31 1 Dulbecco's modified Eagle's
medium (DMEM)O|A] 83131 o, MEZELS 5% CO,/

airs E3Felal 9= 37T Hlkr] okl Hjsk T

EMAEM (transfection)zt wWZEA {HA £2AM

(luciferase reporter gene assay)

NF-xB&} COX-2 luciferase plasmid, Heat shock protein
(HSP) 70-B-galactosidase plasmid 5 transfectionS 9] 3F &
+ DNA<T EndoFree Plasmid Maxi kit (Qiagen, Valencia,
CA, USA)& AR&sto] &0]¥ Itk NF-«kB, COX-2 23
B FAA B4 dPATl A AR el o8}
o] B8}t (Youn et al., 2006c). W3 &4 plasmid<}
HSP70-B-galactosidase plasmid= Superfect transfection A|
oF (Qiagen, Valencia, CA, USA)S AFg3te] ME Qo=
transfection A th. W4 &40 X3} luciferase assay

system (Promega, Madison, WI, USA)S AH&-8le] =731
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Fig. 2. TP suppressed the NF-kB activation induced by Poly[I:C] and LPS. (4, B) RAW264.7 cells were transfected with NF-xB
luciferase reporter plasmid and pre-treated with TP (10, 50, 100 nM) for 1 hr and then treated with Poly[I:C] (10 pg/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 B-galactosidase activity. Values are mean *
SEM (n=3). *, Significantly different from Poly[I:C] alone, P<0.01 (**) (A). +, Significantly different from LPS alone, P<0.01 (++) (B).
(C) RAW264.7 cells were pretreated with TP (50, 100 nM) for 1 h and then further stimulated with LPS (10 ng/mL) for 30 min. Cell lysates
were analyzed for IkBa and B-actin protein by immunoblots. Veh, vehicle; TP, triptolide.
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Western blotting<> 42§ A7-2] Wol o]ato]
t} (Youn et al., 2006a; Youn et al., 2006b). tH3}2
< SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel

i HE
N1
p‘L
i x2

i

T=

electrophoresis)°ll 4] 2] ¥ ©] polyvinylidene difluoride
membrane 2. = 7] dEol oA o] =] oM, Mem-
brane 0.1% Tween 209} 5% B4 71x2dH 75 X%
3Fal & phosphate-buffered salineS 7}*|3L blocking
313t Membrane= 12 AL 7FA AL blottingdFal,
horseradish peroxidase?} &3 2%} Aol =FA17] th
<5, ECL western blot detection A]2F (Amersham Biosciences,
Arlington Heights, IL, USA)S AF&-3to] Tl AS 5173}

S R = =1
AT

ClolEel 24

77te) dlolet gk Al A7 Bhtel

Z A
© 1, mean = standard error mean (SEM) 2.2 ¥ & = ¢jt}.

aj

ol nkd,;

24 ﬂl_ )

TP2| TLR3, TLR4 agoniststll 2ol K== NF-«B M35}
A

WA $-2]% TP7} TLR3, TLR4 agonists©l] 2] 2
NF-kB €45 AAs=A &olrgtt Poly[l:C] (TLR3
agonist)2} LPS (TLR4 agonist)= TLR3, TLR4°l 2J3| Z}z}
0123} =™ MyD8S-, TRIF-dependent 215 A Al
H& E5to] NF«B &493tE st €t §-2/= NF-
B 43t A4S aA dFas A FAHS A
23}t TP Poly[I:C], LPSol|l <]l f%=% NF«B &
A& A AIZT} (Figs. 2A, B). T3 TP LPSel ©]8f4]
¥ kBo ¥3E AAAIAT (Fig. 2C). ©]|AS TP}
TLRs Al% g A|2~8S 24dsto] NF«xB €45 94

& 5 Qlrks A oula,

TP2| TLR3, TLR4 agoniststl 2[af FE=E COX-2 &H
A

TLR3, TLR47} agonistsE $12]5te] 21 &E of= 2
I35, NF«B 4315 fe8hal, 2/93k¥ NF«B&
cytokine, COX-29} #& 945 FAAE ¢S F=gth
ol st WaAEe ALE A= o BAHE

of W oy ole Aol WAlsh Ak, the A9
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Fig. 3. TP suppressed the COX-2 expression induced by Poly[I:C] and LPS. (4, B) RAW264.7 cells were transfected with COX-2
luciferase reporter plasmid and pre-treated with TP (50, 100 nM) for 1 hr and then further stimulated with Poly[I:C] (10 pg/mL) (A) or
LPS (10 ng/mL) (B) for an additional 8 hrs. Cell lysates were prepared and luciferase and [3-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 Poly[I:C] alone, P<0.01 (**) (A). ++, Significantly different from LPS alone, P<0.01 (++)

(B). Veh, vehicle; TP, triptolide.
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Fig. 4. TP suppressed the COX-2 protein induced by Poly[I:C] and LPS. (4, B) RAW264.7 cells were pretreated with TP (50, 100
nM) for 1 hr and then further stimulated with with Poly[I:C] (10 pg/mL) (A) or LPS (10 ng/mL) (B) for 8 hrs. Cell lysates were analyzed
for COX-2 and B-actin protein by immunoblots. The blots were subjected to densitometric analysis (upper panel). Densitometric units were

normalized to B-actin. Veh, vehicle; TP, triptolide.

-115-



2= o] AFtol A TPZFTLR3 agonist$! Poly[I:C]
9} TLR4 agonist®] LPSOl 2J3] =¥ NF-«B 243}
COX2 WS AN & °‘E‘rL A& dohliict. TP
= AR ¥ NF«B 2742 A8
o] COX-2 L& = 82345 e 95 9AA
B Fo5 98-S & slow AztE olegk At
AWZ vl o uEol= TP7} TLRs A5 HE A2
2 ol 2dste] o
s gsta wAe
B,

9% (inflammation)> o1& #EA}8H& 21 7] 2]&)A]
FEHEY, 2 FoAME CcoX-29] 93t prostaglandins
(PGs)®] A/do] T8k Js sk Zlox duA Utk
(Moncada, 1999; Turini and DuBois, 2002). COX+ X o%
T 7N9] isoformsQ] COX-13} COX-22 EA gkt &4
7 Atk COX-12> Ao BE AxY oA 4 &
AL A7 (kidney)ol A A3 HNFER S 2 (gastro-

intestinal cytoprotection), 713l &3 (electrolyte homeo-

ol\
é
rL
rSE

rB&JR

stasis) T+ 2 238 AEd A4S 2-e= oz o
4 AT COX-2E AZS U8l 220 o)A

Frshe

ATl STt o] of2] dWE f Ao R dA]
T} (Vane et al., 1998). 197113 Vane©| aspirin@} ¥+ %
°F=0] PG FAS AAlste] &A% adE 7HAL 9

g W o2 B2 EEEC] PG §AHS S
G AANAZA G T (Vane, 1971). Non-steroidal
anti-inflammatory drugs (NSAID)ol| 2]3t A a3} Sl A
B AL COX-1 Aol JaliA] Ak A5 ad=
COX-=2 Aol sl Fredrtal d&#A] AUt (Grzanna
et al., 2005). ©]& 3k AP wE A oFS|AFEC] Al NSAID
el 2lejA COX-2 AAAE et es skl e
), A7 B COX-2 JAA7} e o] A=
A ARG L Stk 53] @2 o] EA| R Zo] COX-2 T
& JAlsH= Ao WA (Khanna et al., 2007; Surh,
2003; Surh et al., 2001).

EY 945 ASAEN T %]r@r"]ﬂ‘:‘
Eol /M= At NSAIDso] tzE4]<l ¢}
ibuprofen®} naproxen 5¢] JA|TH ©]2d NSAIDs+= %
= HAE Yol FAE die] eud B AT
A5 A5 ARE A AAolA izl Ede B

2 IS 7HA7] AlZFSEATE (Harris et al., 2005;
Naesdal and Brown, 2006). ©]*H Aol A&= x}edef] FE4)
= =491 Tripterygium wilfordii Hook. F&] &+ TP7}

rir

rr

“_4

NSAIDs

FE 2 aspirin,

O

A dolrogt) $-2]% TP7} TLR3, TLR4 agonists
of oJaA fr=% NF«xB &43}9 COX-2 HdS oA
3l AS dolydtl 53] TLR3 agonistS! Poly[l:C]&
viral dsRNA®]Tt}. o] 312 TP7} wle]e]z=of of3] fi=

= @ wgolt ofe AW 24T F ke A

HolFe At & 5 olvk oo ® $-E)%= TP7} TLR3
AT A A ~"E FEA fFieEe od faxdt o
WAS zAs=A], e TP AEet Bx1eh# <l g
Z21& dohfiarat stk

ZAR =

B ATE SdFgUsh shedga] Ao R st
Qo= olof IS EHYTE (HAIME 20090164).
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