UREZEE (LPS) 12k o T~ u7y—IJIEER<T
FE I D MREEICET DS

~ p38 MAPK D##fei) U » B{k. & MAP kinase phosphatase-1 (MKP-1)DB 5  ~

NE BT



[#08%]
~ 7 a7y —VRAIEEE J774.1/JA-4 FHAZIZ U AR 28 (LPS) & & v /X AR

FHZEAICTd 5 cycloheximide (CHX) <X° anisomycin Z (ffH 92 & EHEFH T7 & F—
VA& UGl ENFE SN D, ZOMaEE I, LPS H TOEL L -5
ZHbND~ a7y =V OEE LA ST, fix ORIEMEY A NI A o DREA
ZEDRV, Z ORI THE I N D MIUEEICOWT, LPS O 7 F IV EE
5% 3T T, p38 MAP kinase (p38 MAPK) & B 20 U U E{bEERICHA R L
7z, MAP kinase phosphatase-1 (MKP-1) %V > fi#{t. S 4172 p38 MAPK (p-p38 MAPK)
ERLY VLT AEER L LTAILRTRY . ZOREEMET 2 LEmE LT
triptolide 234 %, Triptolide & LPS Z{}ffH9 % &, CHX *° anisomycin & [FI£RIZHH
fapEE & 8 L7z, £ OB, p-p38 MAPK &, LPS Bl CAUER S /- i & 137
. FREINIENIZJRIE LTz, LPS DA > 7 F MARED BIRIEIZ ST,
toll-like receptor 4 (TLR4) ([ZZ&HF D& % C3H/MHel ~ U AHKRIEE~ /0T 77—
R CD14 OMIAEE D RTECETE RN 5~ 7 v 7 7 — U RAINZA BEK LPS1916,
LCRI-1, LCRI-3 Z AW T 21T o7, WTAOMIIZEHW T, BK THHE
SNT-HEREE TS SN, ChDORERNS, ZOMBHTHEIND~ 7
07y — Y OMakEEL, LPS DY VT IVRENEETH Y, TLR4 & CD14 O
T %It L CaFE S, MKP-1 OFBLDNEMAL & MILEE O3B 5 LTV 5 ]
REME R S L7, E 7z, triptolide & [RARIZHIRIESEH & FF->/EFKRK S Shikonin
IZOWTH, LPS U~ 7 1 7 7 — Tkt L TEMA L &2/ & e W illa b E 2 758
T5HZENHERINTVD, 26 DGR OVIRIENEH OERET & LT
AP ERE 2 Uiz, RIEMEY A SO A OFEARNBORRE &\ 5 iz 7o vl Ee
PaRET 26D ThH D,



& — U — [ : lipopolysaccharide (LPS), p38 MAP kinase (p38 MAPK), MAP Kkinase

phosphatase-1 (MKP-1), cell death
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B1E ~<r/u77—VOEHEEEN SR LPS A~ 07 7 — T ORE
&

1-1. Fiw

U iRZHE (lipopolysaccharide, LPS) 1377 AL OAMER Sy TH Y . IEE &%
FENORRINTWD, TOEERORKIL, VERNA LFEIND U Vb7
TIOVF A —AEEE B OJEE T, ZAUTEHDOIMED AN Mo TEE H
L7c 2% & o8 (0 28, KU E R A & O WL ERT 5 =2 7 i
R 27) D3 ODFDH LPS TR I N TN D, LPS DfEE~OFERIEH & L
T FEME, MAERIER. AN IIREEEER . RIS R KOS
R End 0 Zofth, Hx PO AENEZ AT 52 E8mbN TS -

4)

o

B D% LPS OAERIEMEIL, LPS OEEERIC L 2 b D721 T < LPS
TE 2 OFERTRIBIZAE LTS REEA SN D RIEVEY A A R0 I IV AT
A= =72 85 LT ZIRIERIC L 2 b OB 2N 9, 2 b OZERRa O
FCh, FRCREHSHIR TH S~ 27 u 77—, LPS OERRILO F.LH 72
Bl Fofe3 59, LPS O~ 7 17 7 — x4 2AERICBET 2580 T, =7
07y —YOEMALEN LA N A R I INVAT == A KDY
T OO ZRIWERIZOWTIE, IEF, IERICHIZERED b TE 2, BlxIX,
TNF-a 72 ED~ 7 07 7 —VREAT DRIEMEY A A 2k > T, 250
W, mEICEEELT~rr 7y —VHFICHBIEHLT, v/ v 77 —Y Ok
FEERFESNLB, ZOHRIIONWTITLL O EDED N TE T, L
L. LPS ¥~ 7 r 77—V OIEMWALE I &3, EIREE D BT E 3 2 M

PEFFAEIC OV T, KRR R ERZ W,



UIEEDO ZNETOMIEICLY . v~V A~ 7 17 7 —%MMakk 1774.1 O
BE. JA-4 Ml %, & 2R AL ERITH 5 cycloheximide (CHX) <° anisomycin
DIFE N TLPS &R T 2 2 & T, A @ RHUN) Iiv/r 77—
DIEHALZ D W ENFE SN D Z ERHEINTND 19 Z ofifa
L, LPS 0K VX7 HAMERNCOWT, ZNENHM ClIiMiaksE 2R
STRWREIZBWTC, FRHIEMT 522 Ll Lo THEINDHZ &b, LPS I
Lo T~vru 7y —VICHEEIND ., ML OMEE ISR 10 £ &% CHX
K> anisomycin 72 ED X N EEREANHET 22 LICE o THEIND &
ZExHIDH, TIZ, LPS & CHX IZ L A MIfakEE X, LPS AN 6 60 /ML IS
CHX ZIRML THFBHEINRL 2D 2 0D, ZOMAAREEICRE 59 5 MifukEE
MHIR 1238 25 &9 HUE, LPS Hilits 60 HRILAINICASERAHE SN SHIH 1T
bHEEBEZOLND, I T, KETIL, LPS 7 FLOUICFHFEI L & X
JBIZOWTHEZITo 72, UHFEED Z N E TOMNRIC LY, LPS B &
LPS+CHX B & DF T, v 7 F /MO TR DG/ 2 — 279"
FINAOD-> TS 39 Z A, Mitogen-activated protein (MAP) kinases D — >
ToH D p38MAPK & INK TH D, ZiuhH D MAPkinases (%, LPS fili#%, 15 43
VRIZY vigfbansd, £k, U iRk S 7z MAP kinases |3 T & 7 J v
MODT 4 — RNy 7 R0 2RI Y Uk T, LU, CHX
& LPS Z[RIFFCIRIN LIS E. 2O7 4 — KAy I REILT, v /ur7 7 —v
DTN Y VIR b S IRBEDHES 2 L 3R STV B9, T LPS
& p38 MAPK DOFHEAITH 5 SB202190 & OFHIZHBW T, LPS & CHX %R
MU 7= & [k O MR E N E X 5, Z ORFE, SB202190 DRANZ LV | LPS Al
PIZ XD p38 MAPK =41 L7= FItDR 7D U U bIZBAE S5 23, p38 MAPK
OV UBAEE IR L TVD 1Y, S OERERND. ORI TH



BINDHaEERICSV T, U b S 7z p38 MAPK 2V & &L, F T
—BIEMEIZ LD TIRA~D Y 7T IR TIER W LRl S 4, 1EME(L & Ml 556
MEOEBRFGETHDLEEXT, 22T, U UVBE{bE 7z p38 MAPK % itV
YERE T DR AT 7 4 —RICHER Lz, %2, LPS & CHX @42 Z &2k
STHEEIND VU 1L p38 MAPK(p-p38 MAPK)IE., #IZRTEL TWD Z &0
LSM % W 7o 82 BRI I L U MR STV D72, p-p38 MAPK <X p-INK
Y BT B E VWO HMERBH LKA Ty X —EDHTYH, BNICHEET D &
VWAL TV % Protein Phosphatase 2A (PP2A) & MAP kinase phosphatase-1 (MKP-1)

LW T ODKRAT 7 X —RITEEE Y T TR E T 72 161D,

1-2. ERFE
1-2-1. HEfaRER

YU AHRD Y7 0Ty — D RAMIER, 1774.1/0A-4 M, FEEME L2 10% T
Uha My (Life Technologies, Carlsbad, CA, U.S.A.), 50 U/mL penicillin & ¥ 50
ug/mL streptomycin (Nacalai Tesque, Kyoto, Japan) % & ¢ Ham’s F-12 £5#f (Life
Technologies, Carlsbad, CA, U.S.A.) ZHW\ T, CO, A > Fa2—%—KH (37°C, 5%
CO02, 95% humidified air) TH;#E L7, JA-4 flim OB & #ERIZIE 100mm T ¢ > &
= (Falcon #1001, Corning, NY 14831, US.A)) Z V>, 2~3 HEIZHKL L7z, LPS
(ZXET DB M e E ORMBROME & &8 L CRHMiT 572, Ml iTE R kv o
MBI L7ctk, K9 5~20 fkR5 £ TEEBRICHWZ,

1-2-2. MREEEOFHE L 7Ol 5 1A
JA-4 #i % 1x10° cells/well T 48 X7 L— k (Corning #3548, Corning, NY 14831,

U.S.A) ITHEFE L Refi > & —WRATER 8 L72t%, BT L UWERHIIZAZ#A L | 100 ng/mL



LPS from Escherichia coli 055:B5 ( Sigma-Aldrich, St. Louis, MO, U.S.A.) OfF{E T £
721X FETFAE T C. cycloheximide (FIY:HU3E T3, Osaka, Japan), anisomycin (Fi1¢ 5L
KT 2, Osaka, Japan) & 7213 triptolide from Tripterygium wilfordii ( Sigma-Aldrich, St.
Louis, MO, US. A)Z M LT 37°C, 4 Wfii5# L=, T 0%, Lifz~A 7 uT
2 —7(ZEIL L, 4°C, 10,000rpm T 1 ZpfHE L L, £0 BEZFEE Lz, 555&
VE TP S - SLER K ERESR(LDH) &I, LDH 7 v kA % v b (W
T.2£, Tokyo, Japan F 7213 F1 e HEE T3, Osaka, Japan) Z W CE&E LTz, 72E.
%5k o> LDH #1%. 0.1% TritonX-100 (Sigma-Aldrich , St. Louis, MO, U.S.A.) T
37°C, 15 Zr[AALEE U 7o fiHa s & 553 B P IClel S/ LDH &4 4 LDH &
(total release; 100%) & L CTxRIC & D | F /AN 0 time (23517 % LDH U & %

Ny 7 TZ 7 K (BG release ; 0%) & LCELBIWEAZMXHMEL L TR LT,

LDH release (% of total) =

(Experimental release — BG release) / (Total release — BG release) x100

1-2:3. Z U R EERDOER

B URTEERIE A TF A= E VAT A U EEA L7V RPMIL640 554l (Life
Technologies, Carlsbad, CA, U.S.A.) {2 10%3E@{ v T B5 R MIE (Life Technologies,
Carlsbad, CA, U.S.A.) & 50 U/mL penicillin (Nacalai Tesque, Kyoto, Japan), 50 ug/mL
streptomycin (Nacalai Tesque, Kyoto, Japan) % ¥shl L 7= 85 # &2 v L[*S]-
methionine & L-[**S]-cysteine (GE Healthcare, Chicago, Illinois, U.S.A.) =¥ L T,
A ~DHLY JAA &8I KV FHl L 7=,

JA-4 {ifE 2 13105 cells/well/250uL C 48 /X7 L— MZHEME L, —BEi@ % @ Ham’s
F-12 B CREZE L2, 0.2 uCitwell $O7 A V b—T D Ao T=BiH & 284 L |

100 ng/ mL LPS from Escherichia coli O55:B5 (Sigma-Aldrich, St. Louis, MO, U.S.A.)



DAFTE T T, cycloheximide (FNYt#Y%E T 2, Osaka, Japan), anisomycin (FOJEH3E T
3, Osaka, Japan) & 72 1< triptolide from Tripterygium wilfordii (Sigma-Aldrich, St. Louis,
MO, U.S.A)) Z#INL T 37°C, 60 43[H¥ssE Liz, £D%., iz frE . PBS(-) T
Pevgt%, K& L7z 10% bV 7 v o fEilE (trichloroacetic acid, TCA (Fn Bk T3
Osaka, Japan)) % 250 uL/well #5001 L ok BT 15 R W 72% ., BT 2R & 5%TCA
T3 [EPE->72, 0.1 MNaOH % 200 uL Il z CHIfEZ¥AfZ L, 20 uL @ 1 M HCl T
FFn#&. 3mL @ ACS-II (GE Healthcare, Chicago, Illinois, U.S.A.) L& L., Ik
yFlv—a By S — (Tri-Carb 1600CA (PerkinElmer, Inc., Waltham, MA,
U.S.A)) CTHEAHEMEZRIE LT, SRS & > X7 B4 B R et 2 LBt
L TWARWKRRRICK T 2FIE TE LI,

1-2-4. 7R h— 2D
8 NOMEN AT A RTT A (FARAE T L3, Osaka, Japan) (2 JA-4 FlifE %)

1.5x10° cells/well §" 082 S CTRIEEE L7-t2, B2 2c#i9 2 & & ISR EEL IR
ML T 3.5 BB L=, T D%, 10%H /L~ U AR (FntfUSK T 2 Osaka, Japan)
Z T 30 40, IR CHEE L7z, TUNEL eI 7 R b— A insitu i >
MU a— (FOBBE3E T3, Osaka, Japan) % 7213 in situ Apoptosis Detection Kit(Takara
Bio, Shiga, Japan)Z FH\ N CT1T o 72, Yo Lol 2 0P BHIREE T~ (7R h—T R in
situ BRI v B U a— i) E 72 IXEOCBAMEE T (in situ Apoptosis Detection Kit
) TR L. EAERICATED 10 HEF (48 10 2L Eofie) § o %%
OMiR# L7=t% . TUNEL BBMERIIROEIA 2515 L7z, TUNEL BftsRid, Bl L7
%35 TUNEL BtEflie D FaR(%) TR Lz, 7eds. #RIT 10 ¥ O
FEEHEHERES.E) TR LT,



1-3. EBRHRER
1-3-1. LPS & Z U N7 BERRBAER CTHEINIMBEEERIVOFRRA T 7 & —
¥ DRSOV T ORRE

J774.1/JA-4 @ % 100 ng/mL LPS C 4 WfiiE& L= & 2 A, fiflas il L, Ml
P/ B L CIEME b L T AR BIZR S vz (Fig. 1b), F£7=. 10 pg/mL
CHX #SImMz X v Ml < 20, 7L — b~OEEMEDNMET L TV ERE S
7= (Fig. 1c), L22L., WLy B CTOMEE TITMaEEN R o 2o 72,
L2 L, LPS & CHX Ofizr Z 32 & Ml /N L, oM E oWk &
AR OMIE P R C &, BERMREZTSEEIND L 912 o7- (Fig. 1d),
ZOMREEELERT L0, 4 FflEE LMo E RiFPIcEft s
LDH &4 JI7E LTz, T OREE, BE 10 pg/mL LT CHX Ti, B COBEL L
=3B JA-4 Hif )~ DA E 72 LDH O 7558 L~ 72, —J7, 100 ng/mL
LPS ZffH 3% &, CHX DEEMN 1 pg/mL LI ETHE: LDH OWFEE 7 5 7=
(Fig.2), F7=. CHX & IIH&EN R D & o7 AR ER|ITH 5 anisomycin (2
DNTH ZNE REROBRFT 21T > 70, ZOREE, IR 1.5 pg/mL LLFIZHBW T,
anisomycin ¥l CiX LDH O RN 7 4172 v > 72, —J7, 100 ngmL LPS & ffH
L72FEIZIE, 0.5 pg/mL LA E anisomycin (235 CTH E 72 LDH OFERENBIZR S 1
7= (Fig.2)o TN HDFERMNG | LPS A~ 7 v 7 7 —VICE 1) 5 ThBE &
N D MRV TIX, LPS 721 CTix e < (il & v 37 A RO ED
METHDZ ENRBINT,

RIZ, CHX & LPS OUINT K 2 il el b 55 o0 35 AT WA B2 72 R 22 I ] 20 G~ 72

(Fig.3), CHX & LPS Z ¥ L 7% . 5 R KRSl l P 25 8idu, LDH

WEHE RS BH L7, £ 2T, LPS 2RI L7214, CHX # 1% 5 £ TORFM N~ 7

07— O~ OMBABEE ORI YO k5 e RIE T RE LT, EBIL



LPS #0225 0~75 731212 CHX Z RN L, % D% 4 e CilFfff <415 LDH &%
LG U7, EORER. LPS 212 TH b CHX ZIINT 5 £ TIZ 30 4l & i+
D&, D% 4 BRI E L oMaosi R HigTIcilEii S s LDH &3 Ui
W, 75 I L IZERNY T T RNV ETIKRT L (Fig 3).
Anisomycin OEFMIFENZOWTH, CHX & EERIC, LPS it 75 oRlc /2% &
LDH OEBEEN Ny 7 75 0 RL-ULE T F L7z (Fig. 3), 24U OfERIT
WD, LPSICL A~ v 7 7 — Y OMAAREE OFEIZ & 5 T, LPS Ikt 30
IETIZHZ NV EBERPHEIN TV ZEREETHDLZ LA RBLTE
0. TERDMIZER R ZHIT LD TH D,

WRIZ, LPS L L 72 JA-4 Ml OMIffEF ICIB 1T 5 AR A7 7 # —B O G A~

LI, RAT 7 X —BHEREZ BBt a2 To72, B /A LA =R
A7 7 X% —¥ T 5 Protein Phosphatase 2A (PP2A) DBHEH| & L T endothall %
W, =, TrY U R VALV F =B b T D D E R RS R
7 7 4 —¥ T % MAP kinase phosphatase-1 (MKP-1)DF 5z il 3~ 2 Al & LT
triptolide & FV 7z, = DOFfEHE, LPS 4LEE L 7= JA-4 M@ IZ endothall Z ¥ L T,
1 uM BLF CIEfiafEEN L Z 572 0ho 7=, F72. LPS HIND 30 43Ai7. 60 43 EiiC
endothall Z FiALEE L THWHGETH, MUEFIIE Z 60 o 7 (Fig.4), 24
2% LC. LPS I 30 43T triptolide Z¥A1 L C. LPS Z ¥ L7-1% 4 K
B L72A . LPS RN & ik LC, A E 7 LDH EHEN R 57z (Fig. 4). L
FAZESAMEE T COBIEIZB VT H, LPS & triptolide & DHFFIC X - CTHINRA K A
SN TT AR b= Z/MER B L, MildfEENSHFEIN TV LBBHER SN
(Fig. 5d), GRSV T S, CHX ORF & AR, B AE s 5=
23ELAL, LDH OilffE &2 L5 L= (Fig. 6),

F72. BB O X 5T, LPS W5 75 7501412 CHX Z il L7286 . LDH Dl



BEEII Ny 7 T 7 RL~ULE TR L7223, triptolide D RINKERTIZ DUV T 4 [H]
REIZ. LPS W) HEEf 237221204, LDH ORI A ZICE T L, 30~60

SR DN TITMIaREF IS S k-7 (Fig. 7).

1-3-2. ZU NI BERDOER

CHX X° anisomycin |34 > /X7 EAAERTHY . T %W T LPS ALpt
RIRT 7=V DL N ERREMET D EMREENFESND Z L DIRR
SNz, £Z T, LPS B~/ 17 7 — 2% L C CHX X anisomycin % ¥/ L
TegD & R BEBEOESG L. MR EORMEIZ OV TR 21T 7z, #
R A RRBEIZOW T, L-[*°S]-methionine & L-[*°S]-cysteine D HX V) JAA(Z K
DIE LT, F7-. [FERIZ, triptolide (ZDOWT & & 2 87 B G AP E R o A7 4
ERREE LTz, & OfEE, CHX < anisomycin #SM TILZ > 787 BA RISV A3
W, e B 0% EX T BEEKERET S Z LI2L Y LDH OlEHE
IZE > TORENDMIEREENFHEESIND Z EIVRE I T (Fig. 8(A)B))., —H.
triptolide ¥R TIE, MEREENFHE SN RE TH S 300 ng/mL I W\T, ¥

R EEREIXA L2257 (Fig. 8(0)).

1-3-3. 7R h— 2D H

LPS & CHX 2L C~ru 77—V &E&ET 5 L. Mlanf L, oM
BB AL EN TW A EAHER S (Fig. 1d), 2O &b, LPS & CHX ©
PERIC K > CTHRE SN DHIAEEIC OV T, THR F—Y 220 LcHifaEE <
HeEEZBND, £ T, LPS & triptolide (2 X » TiFE S A M E ISV T
LT R N = RENT DT E1T 572, LPS, CHX, triptolide (%, Z 41 E 4L Bl

DOATIL, TUNEL Bthfiiado EF-HE3, LPS & CHX % 7213 triptolide D H

10



IZ & > C TUNEL [5:#lak2s EJ-L7- (Fig. 9), TUNEL % (a0 Btk I3 & REIC
BOWTENZNEESIC 10 HETO&RO, T2 OBEFH o2l E xt
9% TUNEL MM ORI E (%) Z7Hili L7z, £ DfE5, LPS & triptolide D ff
MIZBWT S, TUNEL DGR A EIC EA L THY . LPS & CHX & Off
A EREE, 7R F—Y AR &7z (Fig.9), LA EDOFERNS, LPS & triptolide
OPFRIC L > THFEINHHIREFIL, 7R =220 L THEINLHZ LN

ST,

1-4. BE

AREETIX, LPS P~ 27 v 7 7 — VIZEREH TiFE S A MREE 2O\ T
Bt 4% CHX <° anisomycin DEENZ SOV THF L 72, CHX *° anisomycin /&% >
R BAEMRLEAITHY (Fig. 8(A). HIZ. LPS & OOF AR ML E N HE X
NIZ(Fig.2) 2 £ B LPS IZ L > THBEIN MO 0D X X7 B DE % CHX
K> anisomycin 23PAET 2 Z LIZ LV | MIAEENFLEINTWD ATREENE X 5
N5, F£7-. CHX X anisomycin OIRMDY, LPS O 5 60 77 LAZIZ 78 5 & #l
JOREENF L I NRL R o =(Fig. ) Z &b, XUV EARMED X —7 » b
IX LPS ORIl 60 pLINICIHFE SN X VNV EIEEEZEZ bILD, £ 2T, Fix
(X LPS HlitL . #IH1 (60 3LIN) 1T Z 2 7 F /UsEIZER Lz,

AREDFFILTIRATZIEY | LPS O 7 FIVREEIZ OV TIE, LPS BRI TO
VT FREE LPS & CHX 0 LIZBED > 7 F UREEDE T DWW TR
7e &, EORHEE LT, p38 MAPK & INK OFffird7e U gk LPS & CHX
OPFFAREICHER S TN D 1319,

p38 MAPK 35 X OVINK 1, A b L R IREME MAP kinase D& DT, M ERSE

WCFET A VALV A =T aTg A, X% —FEDIL—FTHsb 189 —n b

11



(THIRO LR A b L RIS, HEORIERIG 2 & Ofk % 7 fila BEERICES
WTCTHEBERBREZRZL, TR = RAZOWTHZTOEERHRE S TND
182020 MAP kinase (XU VBELIC K> TIEHEL SN D DT, AR T 7 #—FBIZ K
% MAP kinase OtV e bid s —BIEMHEE I Lo > 7 /RO i &
L CIHHICEHEETH D, MAPkinase il U V(LT 2R A7 7 2 —BIIHEL A7
fET 5, TOHTH, p38 MAPK DLV U ERLICEES- 45D & LT, PP2A &
MKP-1 (ZOW TR 21T o 72 229, el PP2A OFEHTH % endothall™ &
MKP-1 OFRBLAFLEFT 5 triptolide®® % W CTREt 21T o 72, T OREHE. LPS &
endothall O fF CTIXHEZ LDH OFEHHIIR N oD% L, LPS &
triptolide D FHFH TIE 100ng/mL LA EDPREED triptolide THE 72 LDH Oz & D
ERAMNE OGN (Fig. 4), 2D DOFERNG . LPS ALBE L 7= JA-4 fllie oo Al a2
DFFEIZIL, PP2A LV & MKP-1 OFHENBIE- LTV D ATREMER E 2 & 23R
7=, MKPs (MAPKinase Phosphatases)id "~ B BEMET 0T A4 VR AT 7 4 —F
D—>T, U UL T TIEMEIL 4172 MAPkinase O it U gl s X OVRIEMEA(L
(CHEE B E RS 2 ENREINTWD 2, BHlZ, FDO—D>TH D MKP-1 I3,
BHIKICHEEL, ~7 877 =Y DA R VAREMKISIZEBWTIE, Ek LY b
p38 MAPK & INK Ot U Iz X 0 BIRMICBI 532 L Sbihi g 2728,
Fex O LPS O EMEDOHFER R & 6 . MAPkinase O 11T, £z U 2
{ELTWD DN p38MAPK & INK Th 5 Z ENfERINTND, £/, DU
21t MAP kinase DEZIZ/REL CWAH Z & &b —F7T 5, ®IZ, TUNEL Yl &
T LPS & triptolide OOFHIZ L > THEI N D ZOMIEERT R F— 2T
HDHZENHER S (Fig. 9), 2B OREREIEL, LPS & CHX L OffHIc L - T
HEINDL~v I e T 7 —VOMIUEEOHEESRMEE b —HT 5, £, triptolide

I% CHX X anisomycin & (38720 | FERFRAICZ B AR HET HERIZ

12



RN L AR LT (Fig. 8(C)), MLEDFER G, LPS THEINL~ /a7 7
—VOMBEFIZBN T, CHX IZ L > THEFSNL LZZX6NDHX—F v FTD
WTIX, PP2A LV %, triptolide 23 FHLZ [HE T 2% MKP-1 Toh 5 AlRetED w2
& DRI ST,

13



H2E LPS AEFE~ 077 —IIZ8BiF 5 MKP-1 DFBEL triptolide (2 X
BHEREHE

2-1. Fiw

LPS T aND~ 7 v 77—V OIEHELZ b7 W EE IS OV T,
LPS Lo Tvoru 7y —VICHFEINLMENDZ 37 EOEEGRE CHX
K0 anisomycin 72 ED X N7 BEMRAFEAINET L2 2 LIk o TFEEND &
EZbND,

ATE ClE, CHX X° anisomycin O1X#> ¥ |Z triptolide % H\ T [AlAE O ML FEDE 2355
BXNDHZLERLE (Fig 5-7), Triptolide I MKP-1 ORBRFE A HESTH Z &
BEIHITEY 29 MKP-1 1 LPS OIRIIZ KV U »ER{b S 4172 MAP kinase % fii
VUBbT 24 0 X o b— g VICEHEEREE 2T 2D, ZD), MKP-1
DORLEN S 72 59 p38 MAPK <° INK OG0 U U kfkix, LPS Ik B~/ 1
7 7 — VU OIEMAL L TEHALZ I S R OHIEEE E ORI S L TnW s LB D
nNs,

ARETIE, MKP-1 & OREFRMEICHE R A Y T T, triptolide THHEE I 415 LPS LB

~ 7077 =Y OMBEFIC OV TEICHE LT,

2-2. EBRFGE
2-2-1. FEEHJ RT-PCR
2-2-1-1. RNA O
JA-4 fifZ 60 mm % — L (Corning#430166, Corning, NY 14831, U.S.A.) I
2x100cells/dish § >REFE L, —MEATE #E L TS SE70%. BT LB & A58 L,

100 ng/mL LPS ¥ & TF 300 ng/mL triptolide & 37°C T 0, 15, 30, 60 4y fEE53% L 7=,
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Z D EEHZ B R & PBS(-) T L T & /XY —/Le (Nacalai Tesque, Kyoto,
Japan) Z N4, MPAZEME LT-, W LIZMaEEL A7 L—_—Th&HED,
1 mL >V > ¥ (Terumo, Tokyo, Japan) & 21 G {E&f#+ (Terumo, Tokyo, Japan) %
WCIRA L PN 240 R L C, MR Lz, IZ7 madr s (FotisE T
¥, Osaka, Japan) 200 pL %02 CHEAEREFI L, 4°C, 15,000 rpm, 15 53[0 L7
%, LB OKkE) 28 LWEET = — 7120 L2, ZHUT 500 ul oA Y 7a s
J =)V (FtHi3E T3, Osaka, Japan) # A0z, $AENEfI L. 4°C, 15,000 rpm, 15
SROELEIToTc%, BEEZRE L, B0 EEIC 1 mL @ 70%T % /) —
NN Z., 4°C, 15,000 rpm, 15 3B DiELEIT-> 2%, BiEEERE L, Bz Lz,
TEERIZ 10uL OFESFHARE K (KEREE T, Chiba, Japan) Z /12 C. RNA &
fif 7z, RNA DOILE &R 2 el 272, 260 nm K& U 280 nm DR ILHEE 4
HE LTz, 708, RNA ORRENA+4Th 53551X. RNeasy Mini Kit (Qiagen,

Hilden, Germany) =\ T2 U —>7 v 7 %1T-o72,

2-2-2-2. WERERIG

Total RNA 725 ¢cDNA ~DO W5 &1, Prime Script™ RT reagent Kit (Takara
Bio, Shiga, Japan) % FHV>TAT 572, Thermal cycler (Bio-Rad, Hercules, California,
U.S.A) (2T, WREG% 37°C, 15 4rfE], WG RER 2 BVUIE S 572012,
85°C, 5], MUk ST,

2-2-2-3. PCR K&
SYBR® Premix Ex Taq (Takara Bio, Shiga, Japan) % f\ T, &4 7 /L dD ¢cDNA
LB TITA~—ZIRE, A F—h L —F—]EIZL Y Light Cycler (Roche, Basel,

Switzerland) % VT, FIHAZM: (5°C, 10 #) 1 ¥4 7 /v, PCR s (Z5E 95°C,
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5, 7=—1U 7 60°C. 20 BV[]) 40 VA I NV EAT T,

KT TA~—OERINITLOEY Th D,

Primers used for PCR and their nucleotide sequences

Primers sequence

MKP-1/F 5’- GTGCCTGACAGTGCAGAATC -3’
MKP-1/R 5’- CACTGCCCAGGTACAGGAAG -3’
GAPDH/F 5’- GGAAAGCTGTGGCGTGATG -3’
GAPDH/ 5’- CCAGTGAGCTTCCCGTTCAG -3’

(/F : forward ; /R : reverse )

2222 UTZREUTU YT 4V TBICLDBE U RIBEORERBEKRTY VBILOK
H
2-2-2-1. MK DOHIH

JA-4 #lifi % 60 mm >+ — L (Corning #430166, Corning, NY 14831, U.S.A.) (Z
2x10%cells/dish & L, —BRAThET#E L CTHad S22, 8 LG & 224 L | LPS,
CHX # X W triptolide Z /M2 C 37°C THEEE L7=, —CHiE#%. BHAZ T RE,
PBS(-) T¥E{## L 7= . Lysis Buffer (20mM Tris-HCI, pH 7.4/150 mM NaCl/2 mM
EDTA/10% glycerol/1% Triton-X 100/ mM Na3VO4/50 pM Na;MoO4/50 mM
NaF/protease inhibitor cocktail ( Nacalai Tesque, Kyoto, Japan)) % 400 uL 3 -2/l % T
MM Z R LT, W LM Z L 27 L—R—Tn&ED, IlmL ¥ oy

(Terumo, Tokyo, Japan) & 21 G {E§t$+(Terumo, Tokyo, Japan) % T, WA & HE
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HH 2 0 3R U O A R U 7, A L 72 MR & 4 °C. 15,000 rpm., 15 53 fHix
DUTEFEEEUL L, B LY Ao X7 GiRE% Pierce®BCA
Protein Assay Kit (Thermo Fisher Scientific, Waltham, MA, U.S.A) # AW TERE L7,
% D%, x5 Sample Buffer (10% SDS/25% B-mercaptoethanol/20% glycerol/0.2 M Tris-
HCI, pH 6.8 /0.05% Bromophenol blue) ZHW\T, # I HENE—IZRDH LD

([ZHAR U7z, RS L 7o v 7 ViE, 95°C, 5y mE L, SkEIHY v vk Lz,

2-2-2-2. SDS-RYU T 7 U AT I RFNVESRIKEN(SDS-PAGE)
SDS-AN VT 7 UNT I R VEKIKENZIE, 5-20%SDS-"RY 77 VL7 I R
JL(e-PAGEL™, Atto, Tokyo, Japan) % F N TTT\ ), & & iii(Stacking gel TIE 15 mA/gel,

Running gel Tl% 40 mA/gel) Tk 21T > 7=,

2223, YZRFUTUuyTAVT
SDS-PAGE %17 > 7-%. ~ /LZ PVDF membrane (Immobilon P™, Merck Millipore,
Darmstadt, Germany) #* BEid, 7 /VINDO X o RTEEEG L, 3%DAF LI LT
(TBEIA 7 I V7, Tokyo, Japan) T/ 0 v ¥ T &iTo7, UV UBbs 378
DO TIZ, 71 vF¥ 27U P(Nacalai Tesque, Kyoto, Japan) Z W\ CT7 & v %
YT EAT T, WIS, —IRPURZ AT, 4°C T—BBOS SE Tz, —RPUKICIE
P p38MAPK HL{A(Cell Signaling: #9211, Danver, MA, U.S.A.). T p-p38 MAPK $L{K
(Cell Signaling: #9212, Danver, MA, U.S.A.), HT p-SPAK/INK (p-INK1/2) L& (Cell
Signaling: #9251, Danver, MA, U.S.A.), #T p-p44/42(p-Erk1/2) $i{& (Cell Signaling:
#9101, Danver, MA, U.S.A.). it MKP-1 $#ii{&(Santa Cruz Biotechnology: sc-1199), #t
PP2A Hif& (Upstate: 05-421) % v 72, B IZ PVDF membrane % U > A/ Ny 7 57—

(0.1% TritonX-100/10 mM Tris ~HCl, pH7.4/1 mM EDTA/150 mM NaCl) T 5 43[4
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D3 EEFLIE®KR, Vo ANy 77 —HT 1,000 %24 L 7= Horseradish
Peroxidase #Eikft ™ ¥ IgG (Cell Signaling: #7074) % 7213 Horseradish Peroxidase
Wk PL~ 7 A 1gG (Cell Signaling: #7076) & =R T 1 KOG S W72, Pk,

PVDF membrane _EDOHUFHLIA#E S K% ECL Plus Western Blotting Detection System
(#RPN2132, GE Healthcare, Chicago, Illinois, U.S.A.) Z W T ARG SH, A L7z
{bEFE N A F A A =TT FF A P — (LAS-1000, Fuji Film, Tokyo, Japan) TH

HL72,

2-2-3. U &1k p38 MAPK(p-p38 MAPK) D )JFFEDHESR

8 WNIEH AT A4 KA T A (F{RIH 7 L2, Osaka, Japan) (2 JA-4 fifjaz#255 S
HCHIEE Lok, XML TEE L., £0%, 4% X7 RV LT VT R
ZETEERZ VT 30 7M. |RTEE L, ZD#%, PBS(-) THEHEK, A4
J—=7 ' Ry (1) B T-20°C, 10 s MiRECILBE 21T > 7=, BT, PBS(-)
TYEH L. 3% BSA/PBS Z#H W T, IR T 30 7 my X 7 &iTo7,
0.1%BSA/PBS & VT L. —RHUATH 251 p-p38 MAPK HiiA & =83 T 1 HF
MRS ST, 0.1%BSA/PBS T4, —IRFULTH % FITC A=kt v ¥ FHilk
(Jackson Immno Research: 11-096-003) & =R{E T 1 BEEME S ® 72, HIZ, 0.1%
BSA/PBS % W THE L. 0.67 ng/mL 4’ 6-diamidino-2-2phenylinole (DAPI) % /il %
TEIRT 10 oGS HE, ZEQRE L, £0%, 0.1%BSA/PBS THEE L., &
BAKT—RHpEE L. BEAFEZ AT NN—T T X (FIRIE T 13, Osaka, Japan)
Ev=F 2T TE U, Yo7t R L —Y — 2% v VEEE T LSM700

(Carl Zeiss Microlmaging GHBH, Jena, Germany) THIE L 7=,
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2-3. EBRHER
2-3-1. Triptolide {Z & 5 MKP-1 DRz E ik DOHIE
Triptolide (X7 WX/ A4 KRhY=ARFT K OTHY, v/ nu 77— T,

RAW264.7 #HfE° MH-S M2 35T, LPS (12 L » THE S 41D MKP-1 D L)L
R CHNGIT5 Z E NS ST D 2239, A triptolide 23, JA-4 Al
BWTHREBRDOIER Z"d &z, V7 /V% AL RI-PCR JEIZ LY MKP-1
mRNA % E& L. Mat&4T 57, Triptolide I& LPS ¥R 30 4 BNZHM L, LPS
WINEDZ A ba—RA%k Lol RN AF—E L V#E{Ef L LT GAPDH
A, fFI1T GAPDH mRNA FBLE & OFHXHE TR LIz, ZORES, MKP-1
mRNA (3, LPS HMMHEIZIT 30 0% B — 7 ([ZRENEHERFO 2 500 B2k
AL TWe, 2O EFIE, LPS ZHIN3 S HIC triptolide & ATALEES 5 Z 21T X -
TR < P 472 (Fig. 10), YL EOFERIT, JA4 fMfaicisnTh, ZivE THiE
ShTWev2rr 77— L EEIZ LPS #IlIZ & > T MKP-1 mRNA 28 EH-9%
Z & L triptolide DEFRMNT L - T MKP-1 OFE & BN R B ELRE o < 1] S

HIEERT,

2-3-2. MAPKkinase ® U VRt & MKP-1 DFH

LPS & CHX OFf & [AEEIZ, LPS & triptolide DALHEIZ 1. > T MAPkinase D U >
AL EFHE T DB E | VT AZ T w7 4 2 7RI L - TlX7z, Triptolide
(% LPS W0 30 72BN LTz, ZOfEH, LPS, LPS+CHX, LPS+triptolide ¥
DWFHIUZIN T, LPS OEAN 15 537212 p38 MAPK, JNK1/2, Erk1/2 D4 MAP
kinase 23 UV VU gfb S 7=, L2 L. LPS iS00 60 432 Tik. LPS HMWLEE D42
I%£. p38 MAPK, JNK, KT Erk OMLY b3 A TZDIIx L, CHX 7213

triptolide % LPS & fFH L7254 121, p38 MAPK & INK {2 DWW TIEL Y »ER b
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HEET, FHEMICY VLS TWD 2 &R S iz, —J7 . Brk ITOW T,

CHX % 7213 triptolide @ LPS & OFFHIZ L 5 U U ER{LIRAEIX LPS BMALEL D4
EE N L N o7z (Fig 11), 6 DOFERNS | LPS & triptolide & D
PFHIZEB W TS, LPS & CHX OfFH & [FIERIC, p38 MAPK, INK OFfc)7e ) v
AL X D Z BRI NT, 72, MKP-1 DX VR E LUV TOHRBLZ T
TAF LTy T 4 TR0 R LTSS, LPS BALERIZ X - T, 60 70tk
\Z MKP-1 OFEL EFH- PSR SNz, Tk LT, LPS & CHX £ 721X triptolide
O L7z & EI2iE LPS 1T &% 60 3 DI B SN L b3 I I S
TWD Z &R Sz (Fig. 11), F72. PP2A [Z D\ Tik LPS MLBRIC X 5388
DEACITIR ST, KFEDO BRI & T 5K 7 & L TOEE IRV & B/ (Fig.

1),

2-3-3. U »ER{t p38 MAPK(p-p38 MAPK)D KGN JRTEM: DHESE

LPS & & U R EERIEAIC L » THE SN HMAUFEFIZHB VT, MAP
kinase DFFHcHI 72 ) VLD RFBHITH D Z L IZOWTIERTE 7, 1T, p38
MAPkinase (Z2DWTIEL, U VLS NIOREETHICER L TWH 2 &0, 2k
TOYWREDORIZL WV REN TV D, AL FH7o I B & 7= LPS & triptolide
EDPFRHIZE > TH ZOTRNE Z 20T HOW T, defeim Geta itz A TR
L7, TOfER, CNETOTZRZ LT 0 yT 40 7 OfER L REEEZ, LPS H
MTIEL, p38 MAPK /X LPS #shnt% 15 43 LINIZ Y U gk 41T p-p38 MAPK & 72
V. 60 CIXIEIEM Y Rk ST p-p38 MAPK TN 2> HIHL L T iz, Z
AUkt L. LPS & CHX & OffH. E£721X LPS & triptolide & OHFHITWT LS,
VIAL Ty T 7 OfER L RERIC, p38 MAPK 13 LPS #¥i#% 60 7314212

HEHGEL TV UL ST p-p38 MAPK & L CIEET 5 2 & R S huiz, HIC,
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Z DWED p-p38 MAPK DI RIFEIZ DWW Ti, DAPI (2 X % Yetafg & oo B
% (merge) ZMER L7=L 2 A, LPS & CHX L OfFHFB LT, LPS & triptolide &
DOUFHDONTIUZIBNT S p-p38 MAPK (FZIZRFEL TWVWD Z ERH LT/

7= (Fig. 12),

2-4. BE

A A \MKP-1 DG OWTHEIZHFT 5720, ~ 7 1 7 7 — Villld N © MKP-
1 D3BLZ, mRNA & & 7B ORI L > T L7z, ZOREER., T ET
JA-4 FIZ BT triptolide DRLERIC KV LPS 12 X 5 MKP-1 OF5E 13 ] &
TS Z EDPRENT (Fig 10,11), —J7. LPS & triptolide DX, LPS &
CHX OfH & FIBRIC, %N T p38 MAPK 23 HRfcHIIC U Rk & p-p38 MAPK &
LTHEET DI L2V RE Ty T o 7 LHURGRIER I X - TR L7z
(Fig. 11,12),

UIAZ Ty T 7 OERNG, LPS & CHX fFfIX MKP-1 OA Rk %R
EFDH L AR LTS (Fig 11), F£72. LPSiEI%., CHX OUSHNEER] % 12
H5E D EHEEEDOFLENME T L2 (Fig. 3). T & FBEOTSLN, LPS &
triptolide D OFH DLEAIZ b EIZL S 7z (Fig. 7). CHX OB 2 2724 A A
A—ZDFERNG . CHX DMERNZT D & /X7 1T LPS FliEH 6 75 43 LANIC
MENDHLDOTHD EHRSND, Z DI L TH, MKP-1 1% LPS #li%5 5 60
SLUNICEREND Z N RZ T yT 47 (Fig 11) ICk->TREN
TW2LOT, MaEFMHIAFORMFICEET S, 20Xk 52, LPS A~ 1
77—V OMREREEFIZIX, Z N EERRERE & triptolide O RF I 18 O R
NEBH DT, T b OMIAREE D FER OB S L < 13082 5 Lo rTae k2 R
Sz, MKP-1 (XZO#ZRL X L7 EE L TEERFEFHTH 5 L [FFFC
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MKP-1 O{EfZLET S Z &2 LPS A~ 7 17 7 — Y OfilufEEOFE|ICH

TCThHDH I LRSI,
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H3IE LPSTHE~ I v 7 —VERKBIOLPS BREM~I r T 7 —DIC
3317 % LPS + triptolide (Z X 2 Wi E O FE M|

3-1. Fiw

AIE CIX LIPS I L > CTHFE SN DA~/ v 7 7 — YOI b2 I S e W lllastic
BT, MKP-1 OFLENGEZ R > TV D AR RE S L7z, ARFE Tl LPS i
M~r a7 7 —UBBERAZEH L, LPS FIIZ L% 7 niE s il a5+
% triptolide ff HHRF D HIFLIEE 2 DWW T RIZHRET 2 N 2 72,

YAFFEEE THISZ L7 LPS1916 MflatkiZ, J774.1/JA-4 a2 8ikk & L T RAIL
BL,@IREDLPS MPETRIRL7c~v s rn 7 7y — VAR THY 3D, —J7 LCRI-
1 2OV LCR3-1 ZR#KI1T, FU< JA4 Mz 8tk s L TRHINL L7z, LPS+CHX T
TG S5 MIRASEIC TP E 2 R T AR TH 5 32,

LPS1916, LCR Z®EKkiZ\ 3"/t LPS & LBP ( LPS Binding Protein ) D& {A

EREET DMK E O CD14 OFRBUCEENH Y | LPS D~ 7 17 7 — I ~Diff
B OREED—ONHEFEZNTND, TILETOMEN S, LPS1916 3 LN LCR £
FARIZLPS & CHX THFE SN 2 MR E T2 "3 2 & 230> TR Y 32,
48], LPS & triptolide THEMEE S 5 MIRFEE 2 DUV T b [RIFRDIHIEZ FF 003 H>
et LTz,

F72. C3H/HeN LN C3H/Hel ~ v A~ 7 1 7 7 — 22 F TR O FET
%417 7=, C3H/Hel ~ 7 A% Wild Type ® C3H/HeN & #7210 . TLR4 23K4H L T
BY ., EEHROFEEN~ 7 a7 7 — 1L LPS ¥ 7wt LTRGBS E 2 R T
3, C3H/Hel v~ U At~ 27 mn 77— % LPS & CHX IZ L - T S 5l
PEE Ik L ClitER 5 Z & 032> TR Y . LPS + triptolide T & 15 Hilli
BEEIZ DWW T b AR D2 Ff> 2 & B MEE Sz,
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3-2. EBRFE
3-2-1. MifakrsE

JA-4, LPS1916, LCRI1-1 33 X OV LCR3-1 fifiaix, @k L7= 10% > R V2 i,
50 U/mL penicillin &% ' 50 pg/mL streptomycin % 5 3¢ Ham’s F-12 5514 HWC,
CO A »F aX—F—N (37°C, 5% CO2, 95% humidified air) TH;# L7z, 100 mm
7 4 v = (FALCON) Z M, 2~3 HEIZHKME L7z, ZhafMiax by 70D

2 LK 5~20 fE(R o0 £ TERFERRICHW,

3-2-2. vV RAEE~7 a7 7y — DRI

AARTZ ATV — RSt L W ATF L7 C3H/HeN & C3H/HeJ (M, 6 #H#n) @
SPF ~ 7 A Z FEMEMLFTIC & o TLeE S, MEWESN R 2 B U, SN 2 8 3
%R OITHIE LTe, K LTe B RIE K CREBIE T3, Chiba, Japan) % JIEFAENIC
HFAL, B2~y —V L TCvrur7y—UrFRlESEE, 0%, v7
07 7 — UTRER A EE B L, 4°C, 2,000 rppm T 3 yREE L L, K& Lz
APRRIK THE - 7o, £ O ML PR K CREEEUSE T4, Chiba, Japan)
TR AR UK SmL 2012 TR\ L. 1 9FDK EICERER. SmL O
ARREHKEZINZ TRARMIKZ KR ZELEE (FAET v 7 v avr) ITX
DRSS 7o, HaRRETE 2 2,000 rpm T 3 SrfEla.O U, AlRILE & FEE L L7
10% 7 S B VI3 (Life Technologies, Carlsbad, CA, U.S.A.) . 50 U/mL penicillin }
Y 50 pug/mL streptomycin % 7 ¢ Ham’s F-12 5511 (GIBCO ) ([ZFB# L7-, ¥ A
PYuth, (Merck) IRV~ w77 —VZREEL T Y ML, 8% Lo
Yo uT7y—VThHDHI & uMER LTz, Mlid% Costar © 48 )X L — MIFEREL |

1 IRFf 37 °C THEEE L. FEBEMIE (U U "Bk L) #BrE L., #EEMREET,
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3-2-3. MIRREE OFE L £ OFHl 7%
BRI BE T, R0 222, 0 FIRICHEIL L 72,

3-3. EBRER

JA-4 flild A 100 ng/mL LPS T 4 IfijEs&R Lz & 2 A, Mlas iz L, Milaiic
PMREBHELL T 7 v 7 7 =V OIEHRLBEPBIEE Sz, 72, 10 pg/mL CHX,
& 5T 300 ng/mL triptolide DEFRMIC LV . MIEIZIL 2D, L — F~DOHE
HEBETFT LT8R E6R, Lo, Wb B ©oOMBE CIIHiiafEE
Rohieiolz, LirL, LPS & CHX £721% LPS & triptolide Z ¥ 2 & BAZE
IR E N SN D X 92 o 72 (Fig 13(A)), — =, LPS1916, LCR1-1 5
L OVLCR3-1 Mz ST, [EBEIC, LPS., CHX %7213 triptolide T 4 FRREIES2E L
7oAER. LPS HUMl, CHX %7213 triptolide HAHALERIZ RN CTlE, JA-4 flfa O#EF
& RIRRIC, HIRREE 2N /L B 7Ry > 7= DIk L, LPS+CHX % 721% LPS +triptolide
DORPTIE, JA-4 MaOLE LITRR Y | BEELRMREENGE IR T
(Fig. 13(B)-(D) ). F7o. ZOMifafEE 2 E RS 5720, LPS NIk 4 IRfAiEEE L
TR OB s I EEfE S 072 LDH B JIE L7255 5 JA-4 fiiE 2 38 ) T,
100 ng/mL LPS & 4E{Z 10 pg/mL CHX %7213 300 ng/mL triptolide % {fH L 72FEIC
%, ZIENEMULBE DI & Lhig L CA B 72 LDH OWERENBIZL S (Fig. 14) .
—7J7. LPS1916, LCR1-1, LCR3-1 fildkRIZ >\ Tidk, £ €4, LPS & CHX ¥
7213 triptolide DHFFHIC X 245 72 LDH OB IR I /e n - 7= ( Fig. 14 ),
LPS1916, LCR ZEKIZTN T b, LPS L~ v 7 7 —UHlROMESIZE ST 5
CD14 ORBUERFE 1N H D Z & B LU, CHX & %\ triptolide 47 T T JA-4 #l

NI HIRSE A 55895 Z LN TE 5 LPS OEEIL 10 ng/mL LA ERKETH D Z
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EMD, LPS HAE FCO~7 v 7 57— VICERICHHE X 5 Mfa R SRS 10
EIRED LPS & CD14 WG9 5V 7 T IR SRR T 5 2 E R S
%,

F7=. C3H/HeN HikfE[E~ 7 17 7 — 12 100 ng/mL LPS BAMALEE % L C 4 K
MR L 2 A, Mlas i L., P/ Maszs HEL L TEE LT 2853
BE I N7=( Fig. 15¢ ), ZAUIZx L C3H/He] kT~ 7 07 7 — 2 Tld, #lly
DO E/NMEO HBLIX C3H/HeN L v 47220 - 7= (Fig. 15 m),

& 512, C3H/HeN, C3H/Hel & 12, 1 pg/mL CHX %7-1% 100 ng/mL triptolide
OHMMPETIL, AL 22 0 #EEMET L TW AR R o2, Wiin
t B C O AL CII MRS 1 LR8O H iR o 7o (Fig. 15b,d), Triptolide (22T
I%. 300ng/mL £ CIREL FH 2 & BT & MfufEE 2 RS S vz (Fig.
15¢c,k), T DOREEDOREE L LTiX, C3H/HeN DIE 9 NEEE CTH > 7= (Fig. 15¢),

10 pg/mL CHX % 721% 100 ng/mL triptolide Z ¥/ L C 1 BEMAIEZE L, T Dk
100 ng/mL LPS Z R4 % &, C3H/HeN HkfEVE~ 7 v 7 7 — U CIXBAE 7
PEENBER SN D X )T o7 (Fig. 15fh), —J7. C3H/Hel] KN~/ 07 7
— I TlE, C3H/HeN HI2R & bl U TR 252 1 7o ia i3 A 722 2> > 7 ( Fig. 15n,
p)o

KRIZ, C3H/HeN ¥ LU C3H/MHel HURIENE~ 7 v 7 7 — P Ol 4 & &
%72, CHX 7213 triptolide Z¥SIN LT 1 KFfE, AikEE L, KIZ LPS 2L
T 4 WifEREE Lo o B2 BIg TP iliFlE S 7z LDH &4 & L7z, Triptolide
(£ 0. 10, 30, 100, 300 ng/mL T 60 7 [ElmiEs# L, Z D%, 100 ng/mL LPS % s
MU T4 REMEEEE LT, & OFE R C3H/HeN HRIENE~ 7 10 7 7 — VIV T
triptolide X BB 5-TH > THIREKRFAYIC LDH 23 FH L. 100 ng/mL T

I+ 12~18% > LDH #7237 57~ (Fig. 16, 17), —J5. triptolide % LPS & fH
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95 Z &2 K > T LDH 8D 30~35%IZ E&H- L7z ( Fig. 16, 17 ), Z A% L.
C3H/Hel] H3RMEIE~ 7 17 7 — i, 100 ng/mL LI L triptolide & 100 ng/mL

LPS OUfHIZ & 5 LDH #E#ED FHIT R Hau72h - 72 (Fig. 16,17),

34, BER

AREETIL, LPS O 7 FWVARZEIZKT LT CD14 OMIfEREIZH T 2 BB R
b O3 O0~ a7y —UERKEMEMH L, LPSICX DV 7T ViniE s £l
%t % triptolide B FDMINAIEEIZ DWW THE L7, F£7-. TLR4 DIEBLR )N
&% C3H/Mel HIRMENE~ 7 v 7 7 — % FW T [RERIC LPS o 7 F/UniE & LPS
+triptolide (& & 2 MRS ORE A MR Uiz, ZORER, Mlak s Zhn ook
RIS U 72 PEZS BLRR 720 © e < LPS IRISE M & R0~ v Akt~ 7 n >
7 —VIZBWTH, LPS+triptolide DHFHIZ X D MAEEOFHFEN K Z 57202
RS STz, £, CDI4 ORBRF 2 b O~/ n 7 7 —URB LU TLR4 K
B~/ m 77—V T BROCHAEM~ Y ZADO~ v 77— LR | LPS &
CHX, B L LPS & triptolide TFHE I HMEENAGEICHGHI S &

5. LPS & CHX DOffifiufE=s L [F#E. LPS & triptolide DHFHIC L » T N5

=i

MAFEEZ DWW T H LPS V7 VDO IEF IRMRENNLIETH D T &R I,

72, FORKICIE, CDI4 BLUTLRE NEENHZ DRI NT,
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wafE

AWFFRZHBNT, LPS IZ L > CHEKH THEINDL v/ v 7 7 — Y OMMlufEE
22V T, BHITITT41/IA-4 fifakk 2 W CTRE 21To 70, ZhE TICBZESh
T& 7z, LPS & CHX & OPFRIZ LD MasE, HIZIE CHX & IIED R # v
X7 G AR LER] O anisomycin & LPS OHFHICB W T, 7 17 7 — 13
EEZZITDZENHALNCRoT, ZHHOREERN G, LPS BT X - TilE
SNDHMMENO THIRAFEEMSIR 1) (X X7 8) OEAGREREST D Z L3,
LPS P~ 27 17 7 — Y OMalEE OF HOH 2R 5 BER N TH D LR & 3
Tleo 20 THIRaFEEMHEIR ) Offi& LT, AEl MKP-11Z#E B L TR &
1772 MKP-1 1% MAP kinase D7 4 — N3 7 fillfifi 48 5 EE B 2 R]i- 7
ZEBNMmONTEY U Vb a sz THEMEL S 772 MAPkinase Dt U Pl &
ANEMALZ 8 T CTRRIZR A NI A VEASRY 3 v 7 Z8fH LT 5 22, MKP-1
E AR E DBIRICOWTHHRENRH Y | LPS IZH#ET 5260 & LTI, = K
R ryvay 7 EORBRBPERSNTEY, MKP-1 / v 77D b~D AT
LPS IEEEFBR CO~ U ZADAFRERNPFEITIK T LTS 3, Z4E, TNF-o FEA
R EORIEINEEADT 4 — RNy 72XV FTIT 5 MKP-1 OFEEED M) 72 <
% TR A MUA CEADBHEESN, Ya vy I PMEELEZbDEEX
HBITWD, L6, AEl, LPS Hili & HZ triptolide #RANIZ & 5 MKP-1 @
[HENR~7 BT 7 —UIZT R h—V AZHET LR RIS NI LD,
FiROREICH D~ T ADORIMIEY 2 v 7 DEBRTEH, LPSIREHDHWET T A
P R OB F S & LT YA oA VEATTHEL K D R B
SAIRNT ., PRI 2 BRI PR OFFE NG L T~ U A DA R
DR TREE AR Z X DD,
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F 7.4 MAPkinase D U (L DR MMRES DRFM & L TR STz,
MAPkinase ®HC% p38 MAPK (27 H L CTAFE 2D T X 7223, LPS LB~ 1
77 —IICBWT, CHX & DOOFH & FIERIC, triptolide & DOOFHIZ L > TH, p38
MAPK LISMZ, INK b EHGERIC Y Vb ST D, INK & 7 R b — o 2R E
T & LTEZ S HE SNTND ¥, KIFFEICEIT 57 R b — 2AOFFEITH N
T, p38MAPK & INK D ELHLDAHHGENRENVD, HONNEIZINOHWMGDOY
EDBEEZR DO DNTIHETIZ RV, ET2, BIOT R b — AT 7T ADBIEL
THE D, p38 MAPK X° INK DOFfgii) U R bIEE OFE R Z 5 IR 2L TH
%A REME B A E TE AV, A%, INK OB 52DV T INK BLEAIZ V7= fist
AT 9 & & bIZ, LCR AR & Ofiia iz F M 28 5K p-p38 MAPK <2 p-JNK
ZEATLHZ LT, MREENFEINDIDRFT 52 & T, BHEIZ pp38
MAPK %7213 p-INK DG EZRFITE 5 & &R D,

—J5. 1 BEBORFim THl <7225, LPS & p38 MAPK DFHEAITH 5 SB202190
EDOPFRIZIBW TS, LPS & CHX Z I L 72 RFIZFFE X 715 LDH Ol & [Fkk
OMfAFEENEE 52 L 2R L TWD, ZORF, LPS & CHX Z0fH L7556
EITE2 D | SB202190 OANIC L V. LPS Hli%iZ XD p38 MAPK %4 L7= Rt
® hsp27 OV UEEGIFAEFE IS W, —F T, LPS & CHX X triptolide Z ffH L
ToWE L [ARRIZ, p38 MAPK @ U VAL B IRITFERE L TV e, THHDORERND
INETOREIZHDL IR VAL A — REMkT 5% —EBL LT
p38 MAPK D&H] & (3870 2 HEIHRE N FEIET D TREERN B 2 b d, T8 b,
THOFF—¥ D Ar— FOIEMILTIEAR <. p38 MAPK D7 U L glk H
(RIRT R b — U AFFEAIIGT D ATREME T dH 2,

MKP-1 (ZDW Tl MKP-1 K4~ 7 & f1 3R OMEHE AR AR C V35 e s 5 S el )

L. MIfZERFHEIND L WO MERH L™, £z, RKEBARED—FDR A
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FILIZ DWW TIE MKP-1 2SEERILL TWD 2 ERERINTEY, 2O &N
TR ZADOWDIZERD DL U THERED LT 5 P49, LPS LB~
a7y —YOHFT MKP-1 YA~ A OWRFIFEAE 7210 T2 < Mo
BAFL 7T N OFENZ BT EDRRRE R 2 KT LTV D70, A1k biflke L THF
FEATV, BRL TV LERD D,

F 72, Triptolide (£ MKP-1 ~DOERPIPAFEHITIT7eV, ZD7=8, BIRAYARRS
BHlZ B & LT, siRNA T2 17 7 —2 0O MKP-1 OFRBLZNH| L7-%I1Z,
LPS LEEZ AT > 7273, siRNA ALEETiX MKP-1 OFFE % LPS AR L ~)LF TH
BT ENTET, MIukEELFHE S 720 -7 (Datanot shown), MKP-1 D%
BLNH OFIA 2OV TIX, CHX < anisomycin Z 781 L T LPS & & HIZHE#ET 5
FEHR T, ¥ v T EERP D7 &b 90% N S AU THID THUAREE FEAS B
L7-Z & (Fig.8). I & Utriptolide DIRINIEL~ 7 v 7 7 — ¥ ZMiflak D MKP-1 &
R 2 ZIE BRI E Lz (Fig. 10) Z &6 h, A7< &8 LPS R L ~L
FT MKP-1 OFBEZMHTHIMLELRNHLEZEZOND, THICOWTIE,
CRISPR-Cas9 D+ AT L& HWT MKP-1 D&/ v 7T M&{7H 2 LT,
MKP-1 & L COKEZ TITHRFHT 2 0ERH 5,

U EOfEREREGT 5L, LPS BRIC K-> THEEND MKP-1 I~/ v 77
— Y OHINNFEE ZIH+ 5 & L HIC, MAPkinase 7 A7 — ROHITA b L A JH&
72 B ONIRIENE 2 I 9 p38 MAPK, INK DI Fl7Zs U b 232 & v
IRIZBWT, v7 a7 7—UOLPSIREPICEMMIEL T, v~/ un77—Y0
BxEflEHL T bDEEXLND,

% 7=, triptolide [ DWW L BEEISH NN AN SR ST E 72, Li 51T triptolide
OPUEBEMEICER L, BEIERICB T 5V AT 7 F 0 L O E~DREH %

WEL TS Y, 2 E TOLPS D 7T VR EICEE L 725D 2 — 7
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Fig. 1. Morphological changes of J774.1/JA-4cells treated with LPS and/or CHX
JA-4 cells were treated with a) nothing, b)100 ng/mL LPS, ¢)10 ng/mL CHX, or d) LPS+CHX at 37°C

for 4 h, and observed under a phase - contrast microscope as described in the text. Note that only the

cells treated with LPS+CHX were severely damaged.
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Influence of protein synthesis inhibitors on the induction of cell death treated with LPS.

CHX (left) or anisomycin (right) was added to JA-4 macrophage cell culture in the absence

(open bars) or presence (closed bars) of 100 ng/mL LPS, followed by incubation at 37 °C for 4 h.

The cell death was examined by the release of LDH, as described in the text. The results are

shown as means = S.E. for three (CHX) or two (anisomycin) independent experiments. **

p<0.01, versus without LPS (analysis of Tukey-Kramer)
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Fig. 3. Influence of the delay of the time of protein synthesis inhibitors addition to LPS treated
JA-4 cells.

JA-4 macrophages were treated with either 10 pg/mL CHX (left) or 1.5pug/mL anisomycin (right)
by adding just before LPS addition at time 0, or at 0, 15, 30, 45, 60 or 75 min after LPS addition
(closed circles). Incubation was continued at 37 °C for 4 h after the addition of CHX or anisomycin.
The results are expressed by LDH release with means + S.E. for 3 independent experiments. **

p<0.01, versus without LPS (open circles) (analysis of Tukey-Kramer)
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Fig.4. Induction of cell death in the presence or absence of LPS and/or triptolide and endothall

To verify the involvement of protein phosphatases in the induction of cytotoxicity of LPS-treated
macrophages, we added either triptolide, a chemical agent to suppress expression of MKP-1 (left),
or endothall, a PP2A inhibitor (right), at 1-1000 ng/mL or 1-1000 nM, respectively, to the cells 30
min before addition of 100 ng/mL LPS. The cells were then incubated at 37 °C for 4 h. Cell damage
of JA-4 cells was quantitatively estimated in terms of LDH release, as described in the text. The
significance of difference between the groups with and without LPS addition at each concentration

was estimated by using Tukey-Kramer test.  *p<0.05, **p<0.01
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Fig.5. Phase - contrast micrograms of JA-4 cells treated with LPS and/or triptolide
The cells were treated with nothing or 300 ng/mL triptolide at 37 °C for 30 min, then incubated
with or without 100 ng/mL LPS at 37 °C for 4 h. Photograms were taken in random fields under a

phase - contrast microscope, and each representative one is shown. Magnification, x400.
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Fig.6. Time-course of induction of cell death by triptolide and CHX

The time-course of induction of cell death by 300 ng/mL triptolide was examined in the presence
or absence of 100 ng/mL LPS (left). Triptolide was added to the cells 30 min prior to addition of
LPS at 0 time. For the control, the time-course was also examined when 10 ug/mL CHX was used
in the presence (closed circles) or absence (open circles) of LPS similarly as for the triptolide
experiment except that CHX was added simultaneously with 100 ng/mL LPS at 0 time (right). The
results are shown as the means+SE for 3 independent experiments performed separately on
different days. The significance of difference between the groups with and without LPS addition

at each time was estimated by using Tukey-Kramer test, and is shown as ** P<0.01, respectively.
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Fig.7. Influence of the time of triptolide addition on induction of the cell damage in LPS-treated
JA-4 cells

To optimize the conditions of triptolide addition to the cells, we added 300 ng/mL triptolide at 30
or 15 min before, simultaneously, or at 15, 30, 45, 60 or 75 min after the addition of 100 ng/mL
LPS (closed circles). Cell culture supernatants were then obtained and subjected to the LDH assay,



as described above. For the negative controls, the triptolide was added but without LPS addition
(open circles). The significance of difference between the groups with and without LPS addition

at each time was estimated by using Tukey-Kramer test and is shown as * P<0.05 and ** P<0.01,

respectively.
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Fig.8. Effects of the inhibitors on the protein synthesis of JA-4 cells

(A) CHX (left) or anisomycin (right) was added to JA-4 cells in [3>S] Met, Cys - containing labeling
medium in the absence (open circles) or presence (closed circles) of 100 ng/mL LPS, as described
in the text. After incubation at 37 °C for 1h, the radioactivity in the cells was determined as in the
text, and the results were shown as relative (%) to the control without inhibitors. The results are
the means = S.E. for three independent experiments.

(B) Effects of CHX and anisomycin on the protein synthesis and the induction of LDH release in
LPS- treated JA-4 cells. The extents of LDH release were compared with those of protein synthesis
in LPS - treated macrophages in the presence of CHX (<) or anisomycin (m). Correlation between
them was then analyzed by regression curves for either CHX (—) or anisomycin (----) — treated
JA-4 cells.

(C) The JA-4 cells were incubated with nothing or 300 ng/mL triptolide at 37 °C for 1 h in the
medium containing [*°S] methionine and [**S] cysteine in the absence (open bars) or presence
(closed bars) of 100 ng/mL LPS. The results are shown as % of the control without triptolide, with

means = S.E. for three independent experiments.
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Fig.9. Induction of apoptosis in LPS-treated macrophages by triptolide or CHX
Apoptotic cell death was detected by TUNEL staining as described in the text. The cells were pre-
incubated with 300 ng/mL triptolide at 37 °C for 30 min, and then 100 ng/mL LPS was added,
followed by incubation at 37 °C for 4 h. As for the negative as well as positive controls, the cells
were incubated without or with 10 pg/mL CHX in the presence or absence of 100 ng/mL LPS at
37°C for 4h. Fixation and subsequent processes for TUNEL staining were as described in the text.
(A), TUNEL (+) cells are shown with red fluorescence, and every cell shows blue fluorescence
by DAPI-staining. (B), Both TUNEL (+) and (-) cells were photographed and counted in 10
different fields after incubation with or without LPS, and/or CHX or triptolide at 37 °C for 4 h;
and the population of TUNEL (+) cells was scored in each field. The results are given as the

means £S.D. for 2 independent experiments performed on separate days.
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Fig.10. Inhibition of MKP-1 mRNA induction by triptolide in LPS-treated JA-4 cells

The cells were untreated or pre-incubated with 300 ng/mL triptolide at 37 °C for 30 min, and
then were left untreated or incubated with 100 ng/mL LPS in the untreated medium with triptolide
or LPS and triptolide in the pre-incubated with triptolide at 37 °C for 0, 15, 30 or 60 min. After
the cells had been harvested and washed, the cellular RNA was extracted and subjected to RT-
PCR, as described in the text. The MKP-1 mRNA levels relative to the GAPDH mRNA level
were estimated in each experiment, and the results are expressed as the means + S.E. for 3
independent experiments performed separately on different days. The significance of difference
between the groups with LPS in the presence or absence of triptolide versus the untreated cells at
each time was estimated by Tukey-Kramer test and are shown as * P<0.05, and ** P<0.01,

respectively.
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Fig. 11. Summary of this study concerning induction of apoptosis and sustained phosphorylation
of p38 by CHX or triptolide in LPS-treated JA-4 cells

LPS rapidly induces MKK3/6 activation, resulting in phosphorylation of p38; and pp38 is
translocated into the nuclei. MKP-1, but not PP2A, is also induced transcriptionally by LPS
signaling and involved in dephosphorylation of pp38MAPK into p38MAPK by its protein
phosphatase activity. This transcriptional induction of MKP-1 mRNA is strongly inhibited by
triptolide. The turnover of MKP-1 protein is rather rapid and thus CHX decreases the MKP-1
level by inhibiting protein synthesis. Taken together, CHX and triptolide induce sustained
phosphorylation of p38MAPK in LPS-treated cells, in which pp38MAPK is accumulated in the

nuclei. The pathways for apoptosis induction in these cells, however, remain unclear.
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Fig.12. Elevated and sustained phosphorylation of p38 MAPK in the nuclei of LPS-treated JA-
4 cells in the presence of CHX or triptolide

Localization of phosphorylated p38 (pp38) is shown in the nuclei of the macrophages treated
with 100 ng/mL LPS alone, LPS and 10 pg/mL. CHX or LPS and 300 ng/mL triptolide after
incubation for 15 or 60 min after LPS addition. Green fluorescence indicates p-p38 MAPK, and
blue fluorescence, nuclei, as described in the text. Note that most of the green fluorescence is
localized in the nuclei and that the fluorescence has disappeared from nuclei of LPS-treated cells

but, instead, is localized in nuclei of the cells treated with LPS + triptolide or with LPS + CHX.
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Fig.13. Phase - contrast micrograms of JA-4 cells (parent strain), LPS1916 cells, LCR1-1 cells

and LCR3-1 cells treated with LPS in the presence or absence of triptolide or CHX

The cells were seeded, pre-cultured at 37 °C for 2-4 h, then the medium was changed with fresh

one containing nothing or 10pg/mL CHX in the presence or absence of 100 ng/mL LPS at 37 °C

for 4 h. For the treatment of the cells with triptolide, the medium of the pre-cultured cells was

changed with fresh one containing 0.5% DMSO or 300 ng/mL triptolide at 37 °C for 30 min,
followed by addition of 100 ng/mL LPS and the further incubation at 37 °C for 4 h. Photograms

were taken in random fields under a phase - contrast microscope, and each representative one is

shown. Magnification, x400.
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Fig. 14. Influence of CHX or triptolide(TL) on LPS-treated JA-4 cells, LPS1916 and LCR

mutants

CHX (left) or triptolide (right) was added to JA-4 cells, LPS1916 cells and LCR mutants in the
absence or presence of 100 ng/mL LPS, followed by incubation at 37 °C for 4 h. The cell death

was examined by the release of LDH, as described in the text. The results are shown as means +

S.D. for three independent experiments.
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Fig.15. Morphological changes of the macrophages from C3H/HeN(wild-type) and C3H/Hel
mouse after treatment with triptolide and LPS

The peritoneal macrophages from C3H/HeN (a-h) and C3H/HeJ (i-p) mice were pre-cultured
and treated either with 100 ng/mL (b, £, j, n) or 300 ng/mL (c, g, k, o) triptolide for 30 min, then
incubated in the absence (b, c, j, k) or presence (f, g, n, 0) of 100 ng/mL LPS at 37°C for 240
min. As the negative and positive controls, the cells were either treated with nothing (a, e, i, m)
or with 1 pg/mL CHX (d, h, 1, p), simultaneously without (a, d, i, 1) or with (e, h, m, p) 100
ng/mL LPS, respectively; and then the cells were incubated at 37°C for 240 min. Photographs of

random fields were taken, and typical ones are shown. Original magnification, x 100.
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Fig.16. Dose-dependent effects of triptolide on induction of cell death of LPS-treated
macrophages from C3H/HeN and C3H/HeJ mouse

Resident peritoneal macrophages were collected from C3H/HeN (A) and C3H/HelJ (B) mice,
pre-cultured in the culture medium at 37°C for 60 min, and pre-incubated with 0, 10, 30, 100, or
300 ng/mL triptolide. Then the cells were incubated further with (open bars) or without (closed
bars) 100 ng/mL LPS at 37°C for 240 min, and the cell damage was estimated by LDH release.

The results are shown as the means + S.E. for 2 independent experiments performed separately

on different days.
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Fig.17. Effects of triptolide on LPS-treated macrophages from C3H/HeN and C3H/HelJ mice
Resident peritoneal macrophages were collected from C3H/HeN (left) and C3H/HeJ (right)

mice as described in the text and were pre-cultured in the culture medium at 37°C for 60 min.
After changing fresh culture medium, the cells were preincubated with (solid bars) or without
(open bars) 100 ng/mL triptolide at 37°C for 60 min Then 0, 1, 10, or 100 ng/mL LPS was
added to the culture, followed by incubation at 37°C for 240 min. As the controls, the cells were
incubated without preincubation but with 1 pg/mL CHX (gray bars) in the presence or absence
of 100 ng/mL LPS at 37°C for 240 min. Cell damage was estimated by LDH release and the
results are shown as the means + SD for independent 2 experiments performed separately on

different days.



