FRUHIBEZROEM Y A

T, mﬂﬂﬁwmmwii%%a EERE CH -T2, — ., BEOIERIARKL O I AE R Gl T
FlOREL L GICHEANMAIROEE T L2LEND 0 SEFEEAODR A FECHET D2 3Ll
LIEHEECH D, 1> T, KRBT D KEBODRITREF OPIBNIZGE~T-, 7277 L, FRRER04
TEROMNTL, TREHERHCH O baL s 3R &2 & 2« OFEBNZIS T 5 key drug & LT CsA fG50EE. PSL 4
DB LOCY HFYBCSB L TiTo 7=,

PSL IR CId, £ 80%A% 24 4 ALIPHC R T2 Z L RE ST 5 (1), £7- CsA BIHLARNIZ PSL
R0 PSL/CY %5 THRHE S ALT- R 8EVE % K PRCA O A TEHARI P B 14 . FERMIZAETH -2 (27),
AREBEZBOTHDTHOEMNI /2o 2 & D—21F CsA THRBEL-BAOERELEATRTHY . CsA
ﬁ%ﬁ@ﬁ%ﬁiS%(ﬁQ@%¢%ﬁ®8&ﬁ)RiﬁQﬁ%415M(ﬂ 37w A) ThHoto, KM
B R DT CLPSL BRI 2.5 FELINIZ 2BIN ER T 5 L MR S D 0zt L, CsA B2 EE it 50%
mﬁ%%%#ﬁ?&&%mén HEEITIFEDONWEOD (p<0.114) . PSL L © BEW & g
ZHERF T & DAREMEAVURIR S 7z ()3), CsA ARVBECIBEMEBEICE S BME A2 L D L fInET
Mo, CsABEEE PSLASBEOSEFRICELRD N1 (G 4),

PSL H%hiE
1.0 1.0 ]
hulhe T [T
Vo coammm Csh BB
0.5 e | 0.5
PSL A $hi¥ L=
0.0 et t . : 0.0
0 50 100 150 200(H) 0 50 100 150 200 (A)

3. MEXLETFE B4 2EFR

BRER & L TRREVC OB EBHERRIEOFTECThH -7, CSABMECBT2B/REIBID I H 74

PR FEPLEEOBRTHY | #HEERESBITIN TV 16 FITOEREIL 2 oA Th-o7-, CsA
FIENCERE COMBIIVEBR T 9.4+14.2 » B (1.5—-40 » B), 2 EIBOBERT 3.5 » 10
A TH-T=, CsAPRIEELEMEMEL TW5D 2ES (BRI ZEAETN 0, A, 1 7 A) TiI#
SN+ T2 < EOFMIIHEBR A CHRETH 5, MBI, PSL R TIX 2 TOHEREIHERIE
EHATHR Th -7z, BEEICIT D Z OMEBEIHERFIEHIB O ZITETF L CVieh o7, CsA HREEIC
B AHERFEP LA ORRMEFFRIESFIZ 8 » A (6.5 )., F-KRMEFIRIEMESIL 168 » A
(14 ) Th > 7=, BRI PSL ADBE TITETOBFREF D 31 » A N OHRERIERITH Ch o7,
PAED D CsA (X PSLICH L TESMEICBWVTER TWA DL b #FRBEIC L 2 EREAERE
HRRFEICI2BERBHLEOBEANO S PSL L0 AMLRREATHD LHEEEINT, /=, SRIOMRET
(X CsABRIBEL PSL EDEHOBERHBRBEEICZRRO N ho B R ER S POERBICESL
OEEER, VPIRFE~MERT O LIS L 25 ENAR, FBERICL - TET SRR b &Mz
BRIED—2THDH I EPLES, CsAIXAREMERIZEVTH OB - H&R - BFEMIZPSL LVE
BRI THD L EL BRI, 7. PSLAEDBICI O CIEFESEIC K o T CshA ~D KB T FAR L < 72
D, BaROBE TR TOREFNT CsA 23 key drug & ULTHER & TV =, PSL HH CrluERRE
FIZOBEENEN &, -, BREIICA~DEU W B LCHAZRERSEND 2D, CAID X
HIBRNREEE TR LEMTHRNTHL EELLN,

LanL CsA BRMHIG /AP L, T DX D RIEFNZRE LTIl CY, ATG 72 EOIEFNZ & 5 P — VIR
ERvE LD, SBRIOFEIZRIT D CsA EHFIOMEHTTiL, CsA EHEE 4 HloWHR &L 3.3
1.0mg/kg & HHBEED 5.320. 9mg/kg & TERI-> TR0, 95 LEF 2 HI Tk 6 WFE THR G P 1L é;i’bf
W, STEIOREICEBVT CsA ORI 2 ML T 45%, 1 4 A LINT 60%, 3 » A LI T 75%,

A LA T BE%DEEFNCFRD BTz, HE- T, BHREREE 7 O OfIFI A 22 W EEFNC wricgm%ﬁ
B 8T 6mg/kg, HEHEMIT 36 » ABEUITHL L EZ DN, IHICCsADHRITITEELET D
TERF S MNE ot 24 4 B UL EDEMAHER LT ERO CsA HEFFEA 2. 020, 6ng/kg TH -
R FNUEOREVNRETHD I EERBLTND, B 24 » AR OHFF &% 2.0£0. 6mg/ke
ERE L, YIRS BRTHE (5.320.9mg/kg) HEAE LT CABRG 4 7y A HEER B LT &
BMIARE L= 546, CsA EEE X 0.5mg/ke/3 » A Th o7z, - T, Bx DIFEFHIIS U THED

- 69 ~—
_77_



TREHBEDROBRATA P

TONLERETHDN, —2DOBEE LTE, EAEEA%KO CsABEIL3 » A 2L 12 0. 5mg/kg & &
L. HEFFED DI B D 50%RITTE & I > TR A CRIEBIHEERBERZITO 2 ENRBETHDH EEZ LN
776

SEIOMETITE -, YN EHRPHEET L2 OEBEENTREBINT, 24 » HULOEMA#E L
TWDIEME R & L7256 CsA HERFBIIHIRIEME C 2. 0£0. 6mg/kg THH DI L, HEHITIL 2.8
+1.8mg/kg, A FELAE TIL 3.920. 6mg/kg LW T BN b o7, BFMHERRLEH, Fx EMEA
FCOHMICAEBRETRDO NSl b O0OWBIEMREHF T2 EOEEM A RET LR CH
HEBDND, LLE, Ao, BARMERER, BRI OB A G PRCA (25T 55— BIREEIT CsA
ThHdHEEZONT,

(3) GEMHIFRIE

(3-1) 27 xRV {cyclosporin A, CsA)

434 PRCA O —BINIEHFIL CsA TH B [IV], CsA IFFAIBCBATRBMERZMOIEEICHEL TRE
T 5, LML, FFME PRCA IO THE LT WERTHS -0, BEICIIEELRERNNLETH D,
KA =7/ (CsA) 6mg/kg/BEFAS, 52 THRE L, I 7% AIZ 12 BIITE LT 150—250ng/ml
BELBRICEENRE T2, BEOBHEEECRBE OHE T 4-5ng/ke/ A OHMER 52+ EET 2D,
A FRE L 725 F COHENL, 3/4 OEFITIEE 4 BELIN, B0 O 1/4 OFEFITIE3 » AL L%
B 5, D78 CsA L 36 » ARG LIRKMEEIT O, CsA DRBRZLWBERFERa 7T A
T AERERT DL L BT, BEFHCERETH o TH LGL 22 TCR OB EICOWTHRTHZ L
PEFE LV, CD4/8 EEASERIRIEL 220 | 1 LATF T TCR BB TEE T D ATREMEMR B (25), Bk
BOEHEMREMICH DEITHR G 25T, RO EREMPEITHE 2D, 3 r R EEEBR OB WBEE
Wi CsA D EZAAD (IV], BEOEEICET I —EOEELR, E->T, BEDE Z A, LKL
FTOZOOFENRHEREIND, —2ik, BAFRBRHEAMIZHE L T, MERBOETAALLRRNIREIC 3
AT E Ing/kg FRWET D, LI —DOOF BT L VERAMET, 34 A T LI20.5mg/kg 2D
LI I0WBEDOHEZITY, 0L ) KBRICEBELIToTH CsA LT L Y BRI D RIREHIERE
TERVNFEACDEFTIHBRE CTEDIHREEZR ST O EBLETH D, BEORICHER:
BERRETS, CHLOLOFEIZLTHBIIEET NEINHKREED SOOBREE TRELZIBITHY |
COMHBMOFREHD T ENREVTEDUBROBEIIFICEELTIT) ZEBNEE LY [IV]), 36

r A TEEPELNWEEEIFIE L THhOERELSEZERT S, CsADBER L L TR LVEELR LD
BEETHY FHODOOT=FY VIBRULETH D, TOMOBWERIX, fE L. £%E, HAEIR.
BOBX2ETHD,

(3-2) v K=" o> (prednisolone, PSL)

PSL 0% Img/kg/ B OBEAL . EMMABONDI T TCHET D, AFALT LV =V
(methyprednisolone, mPSL) D/S/WVAFIENGLHBT IEELH D, BELE 4090 8BE Tt 4 BHELL
PICRRT 5720, 3 5 A THIHIEZEBET 2 LD LN TR, PSLid~~ 2 U v b
MIBRIELIZHWD S OBEL, PR b 34 y AE2MNTTHETEHIHIICT S, BREEHSE

DICHBFRLYRET DI EBRUNERBAENE D, BEOMICHIFELZRET S [IV], FIHAHEE. 80%
224y AUNICERE T2 EOBENDH S (1), 23 + ALK IRO b2V IE& 1L PSL & 20—
30mg/ B E TAEICHEL, CsARCY DHFAEBET D, BMbD 2V iFZNEN0OBERERD 02
AFaA FEOFARTOND, AT aA REMOEROHFAITAME L 2EEZHRT D, CsA & D
AMBELEMTHREMTH D,

(3-3) 27 i RA7 7 I F{cyclophosphamide, CY)

CY RN T50mg/ ANGRAL, BB LT 2 BB I EICHB LR 150mg/ H 2 HERF L, B4
BAENEREIHIN I Z D FE ThET 5. BEEMS (AMERE<2, 000/ 1 F72idf/MRER<I0 5/ 1) A
AU LEHE 25, DRBERETCEHTI-1282FT51) [IV), BHERAELTIKR
A MR R IR OIE D, B IEREADC B mic L AR A2 S5 2 bﬁ%<&aﬁﬂ§fbé
cholinesterase fEIZAMEBBPOTFHMAF L L THREINTEY, EFED 65%LT & o BAI0IE
EEMLETHS (29) (). 3 » AULEBRELTOLHRBLVIGEE. 3561 Wa?éﬁ&%%éﬁ\
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FRFHRERDEOBB AT 1 N
CsA BMER P RE/ 24 H CRIFFEEEHTH S,

3) #¥EME PRCA D IEHE
(1) LDGL (lymphoproliferative disease of granular lymphocytes)

XA —F v (Csh) 6mg/kg/ BEFAY 4y 2 TRE L. b7 7% A2 1—2 BIMIE L C 150—250ng/ml
BREYBRICEERFT 5, ﬁr'%f“‘@'%xfé%ﬁb EXOEEE OBAIT 4-5mg/kg/ BOBEBKR 52 EBET 5,
%MiS675ﬂﬁL%%#E%ﬁ9[W]&E#HEHK&®&mﬁ;iﬁT&WM’ffé
LDGL (=%t F& 3 % PRCA (234 T CsA DFLHIRIL 80% & PSL B F 7243 CY & O FFHBEIED 50-60% 12
NTRFTHDH(7,23), LGL IS L. CY & AT v A REEAIIC iof%Mmﬁantﬁwﬁ%idawa
DEENRSH D (6), BRONITIEFIZEIT LB GTHEMN BT L VB LRI LD TH 5, CsA HEHHI
CY £7-4L PSL 2 Y DB, E7-13A Y F L%t — b (methotrexate, MTX) #3735 (7,23).,

(2) FHajRiE
MREAS ST A BT 5, H5F13 30%—40% T, 4—8 MTEHENBN S, IR 2SR
SEFIRR RIS L7 WA IR RME PRCA & L CTHRELZITHY (D {IV],

(3) Bl RFRRAE BB (MDS)
KR A2 FH T 5 PRCA TIXRBIMGEIFRENESDTHD L OWMENE(1,2), =E0L, CsADE
HETRETIRELH D QO RADZIRMNH B,

4) Voy~FHEER
Y U= FHERBICERET 5 PRCA (I PSL DHERFBR G PICRET 25803 H 5, FIKBOREIZIST
TAFNATFV F=Y 12 (methylprednisolon, mPSL) »ULAEELRBIRTIESLHDIH, EDDE
BT CsA ZRAWB~_&THD [IV],

16. HEEH] - FBRE~Ox

CsA DNEGORE, REBLFRSHEMNBE TCHA-NERIEL, &L IITHERMEOFEEM:, 12 LDGL
DAL FASVE T A N ADFHRRBRREOTEL MR T D, £/ BRI L Tid CsA X° PSL D& -
FLOFEERFEETHoTNENEHRT D, BRHDEZLIT CA KRBT HDT, ZOHED CsA
BHERBIRL2528) [IV], CsA EFFICHHLTIL, iR/ a7 b LIEATaAf FECY O
GFRBEDRBEENH D (1, 1), BHEFHI X nPSL KEBFIESOKEV < u 7 ) Rk, RS 27
U UBERHLY o8Bk m ) kR, MERHIRIE R PARA O TV D (31), EE. HETAHIS CLL
24 5 PRCA IZ%E$ 5 B CD20 Hifdk (32, 33) R0, M DVEH CEEAME Tdh o 7= CLL 36 L UV LGL BILAIZHE D
PRCA {1z %t L THi (D52 Hifk (Campath-1H) %A, HhThHofmZ L BRWEINT- (14), E7-MmERH

FfE S M BRI ORIB L BE XN TVWS (34), 7z, BHSTET, FRIERGUEO MlEz
o072 PRCAICAZ R L AF K (octreotide) & PSL DFAIIRE MRS v, MIMRIED & & PRCA D5
SEMPELN TS (35), BEARRIZITON TOROBEROEHRIT 1ThE BESNTEY (1),
FTARTOBRBEMEREICIEE CTHRE L&V BT EEFITIREENRZFEO— > b2V, LDGL
ICBWTIX CsA AR TH D5 80%) (1), REEFAIZEBWTXCY B E /- i3x 7 A KEDFFRABED
ThY (62%) . RHIORMEHERPIPFINDIZEDRBEINTNS(5),

17. RS HEICBED DI HEEIZONT

MR IC BRI S -0 A MERERERMER 2 AV 5, SEEEDE CrIghBRiE & LT, IFEE,
RIA. MERRBHEIR T - AN WIEE, REGFRILE, L2, BEER, BEEESHRTLIL IR D,
BRI L— PARIE LTTF A7 =2 U A %4 2 1 (desferrioxamine) DEFIRAIIZ S %1T 5, PSL.CsA,
CY RIS BREE THLDOTERLET S, -, EEABFFORIEMCEENLETH D,

18. # - BRHiORER
K 3% PRCA D3 L # 5—10% BRIEAET 5 (1), PSL 1R OFEFIL 2 £/ T 80% T 55 CsA R CY
DHENEEICAVWONT-HEDBERERIZNETCERATH o7, CATRERICHBWTHREERE L TR
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THERB RO A K

LEE LSO EMRERFRIEORETH DL CAPIENSHEE COMMIYEHIE T 4+14.2 4 A,
2EIHDHIET 3.6 45 A—10 » HTH -7, SEIZ, PSL HEEE T2 COR N MR IERITh ©
%Diﬁ%m%31ﬁﬂumwﬁ%?%otoit&mﬁﬁgmﬁ%mfmzsixmym,ﬁﬁ%u&
TiX 3.9%0. bmg/kg & ME 3 DMHmNRH 0 | WA EARHERFOBEMN R XN 5, CsA R PSL 50 &
DEFBZICBOTH 60%5DBENEHOEB O CRMAEL 25 1), ﬁ%&&x&mmw?ﬂ&f
ML 1984 123517 D 37 SEBGIOMENT T 14 4F L B E T D, PRCA 226 BA RN RME I ~D BT
BTl LIPMESNTIY ., GLPD OBERHE S TWS (36), —FH T, #EiEME PRCA @ 3— %ma
MREFIE LT & OBRERH D, MDS b L < IATEMFIREE Th > - ATREME L B E TE 2L,

19. FHETFHEAF

JEFAE PRCA @ 5 6 B3 PRCA O FH% TR & LT, CRU-E HAIEH OB & 3 RS ik w
TODUSHERRGFTHD L OBRERH D (1), REREE2 2T 2 PRCA HRFMISEIZZ LS FERAR
THbH, ﬁ%ﬁPMA’FNTﬁ%ﬁ®$T@W¢%1i4¢&@<@ﬂ\ RSO 7= 0 DRI
DEETHL, HBHITIE~TI/ o~ bV AL BMBEECL > CPEBIHE SIS,

20, SBICERINHEA L RBE

PRCA DIEFIT B W THEEEN L RBICIBFIEIM L 2570, YOLICEREBINEND Z
XD FOLSICEREMHFETINNEETHS L OBLEND, BE TR ERNEIZ CsAIZE D
bDDPSL NE-RROFER THD L ENTE T, SRO IFREFRBZHTOBMA A FOERE HIEL
7o — bt @8I Lk - T, B, BREMERFR, EMREEMMOBLE S PRCAIIRTT 55—
BIRIIL CsA THDHZEMBHALMNE oz, LML, CsA 2 PRCA DIEHE L= b3 &> AlEMEIZ R
BRI TZ LV, 82T, BEELHERT D01 CsA OMFEBR SN RAIRTH D, 4% ORIBEAT.
CsA % key drug & LoD, WANNZ CsA WO OB Z FIREIC T2 E W) 8ichH B, AFFEIZBWTY
CsSADMOL DB ZHIE L CHMR 7 v 7 U (anti-thymocyte globulin, ATG) OFE 52 2 FlizBu T
AL TUWM CsA O ILIIRABETH o7, CY IZ L - TEMEMNE S 7= PRCA TlIERRIEDIE#E
LEMOBEMS T D EORENRH D, BMEEAFDEOAND CY IE CsA I KkiE22v, /- CY
DEHER Z&E A, LR/ DB CsA TEMARMERBFREREMICT L, Bz BiEL Ty &5 2R
HBD T EITITBEE 2 D, EE. BB CLLIZfE D PRCA (Zx9 21 CD20 Hifa (33, 34) o, fillDIFHE
THEEYE T -7 CLL 36 L UF LGL Ay ICfE D PRCA (ot L THL CD52 Hifk (Campath-1H) (24) 23 %,
AN THoZ ERMEIN TS, ZLODHBABKELZRA WS Z & CTPRCA DIGEE LT &
BARENEDIC OV TS BRBIAESLETH D, &I, PRCA ORIEL BIET20I0, ZOFEOME
B - BRI L F - LERFRTH Y FICE M 2 881 2 7- B CREEF OfIR N
BEhb,

21. FIEAOBRO = DICHEIZED DT AP FERCNERED KA
BTE. LDGL DIRHREAE Z a5 RN RT3 5 78, CALGB (Cancer and Leukemia Group B) T CsA
BT oA LT-EREREER. ECOG (Eastern Cooperative Oncology Group) TMIX & CY Do n
AF— R —RERSEITH TH B (37), Ktk PRCA DIBFEIZHOWTIEESETT -7 [FRFERBDIEOSMR
HA ROERKREBIE L7 77— bRE] &b &I EITTHTH B,
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Infliximab Induces Potent Anti-inflammatory Responses by
Outside-to-Inside Signals Through Transmembrane TNF-o

HIROKI MITOMA,* TAKAHIKO HORIUCHL* NOBUAKI HATTA,* HIROSHI TSUKAMOTO,*
SHIN-ICHI HARASHIMA,* YUJI KIKUCHI* JUNJI OTSUKA,* SENCHI OKAMURA,® SHIGERU FUJITA,*

and MINE HARADA*

*Department of Medicine and Biosystemic Science, Kyushu University Graduate School of Medical Sciences, Fukuoka; *First Department of
Intemal Medicine, Ehime University, Ehime; and SClinical Research Center, National Kyushu Medical Center Hospital, Fukuoka, Japan

Background & Aims: Both infliximab (chimeric anti-tumor
necrosls factor [TNFlo antibody) and etanercept (p75
TNF-o receptor/immunoglobulin G fusion protein) are ef-
fective against rheumatold arthritis, but only infliximab
Induces clinlcal remission in Crohn's disease. To clarify this
difference in clinical efficacy, we Investigated reverse sig-
nalling through transmembrane TNF-a: (mTNF) by these 2
antl-TNF agents. Methods: We stably transfected wild-type
and cytoplasmic serine-replaced mutant forms of mTNF in
human Jurkat T cells. Cells were stimulated with infliximab
and etanercept and then analyzed for E-selectin expres-
sion, reactive oxygen specles accumulation, apoptosis, and
cell cycle distribution by flow cytometry. interleukin-10 and
interferon-y were measured by enzyme-linked immunosor-
bent assay. Phospho-c-Jun NH2-terminal kinase, Bax, Bak,
p24WAFL/CPL caspase-8, and caspase-3 were examined by
immunoblotting. Resulis: Both anti-TNF agenis induced
E-selectin expression, but oaly infliximab induced interleu-
kin-1.0 production, apoptosis, and GO/G4. cell cycle arrest.
Apoptosis and cell cycle arrest were abolished by substitu-
tion of all 3 cytoplasmic serine residues of mTNF by ala-
nine residues. Inflidmab induced accumulation of reactive
oxygen species and up-regulation of Bax, Bak, and
P2AWAFI/CPL nrotelns, suggesting the involvement of p53
activation. Moreover, phosphorylation of c-Jun NH2-termi-
nal kinase was necessary for infliximab-induced apoptosis
and cell cycle arrest. Conclusions: We revealed the mTNF
motifs and the downstream intracellular molecular events
essential for reverse signaling through mTNF. The biologic
effects of mTNF elicited by infliximab should be imporiant
action mechanisms of this potent anti-inflammatory agent
in addition to the neutralization of soluble TNF-a. These
observations will provide insight into the novel role of
mTNF in inflammation.

umor necrosis factor (TNF)-a is a potent proinflam-
matory cytokine that orchestrates various inflamma-
tory responses. The precursor form of TNF-o, called
transmembrane TNF-a (mTNF), is expressed as a
26-kilodalton cell surface type II polypeptide on acti-
vated macrophages and lymphocytes, as well as on other

cell types. mTNF consists of N-terminal 30 amino acid
(aa) residues of the cytoplasmic domain, 26 aa of the
transmembrane domain, and 177 aa of the extracellular
domain. The C-terminal 157 aa are processed by TNF-
o-converting enzyme (TACE) between residues Ala’6
and Val’’.1.2 The secreted soluble form of 17-kilodalton
polypeptide binds to type 1 and type 2 TNF receptors
(TNF-RI, TNF-RI) as a homotrimer and mediates
pleiotropic effects, such as cytokine production, cell ad-
hesion molecule expression, and proliferation as well as
apoptosis.3—>

mTNF is constitutively expressed on resting natural
killer ANK) cells® and is also induced upon activarion on
various types of cells such as monocytes and T lympho-
cytes.”2 mTNF has also been shown to mediate biologic
functions in 2 cell-to-cell contact fashion and to be
involved in cytotoxic activity by monocytes’® and NK
cells,6 polyclonal B-cell activation induced by human
immunodeficiency virus (HIV)-infecced CD4* T cells!©
and by human T-cell leukemia virus-infected CD4™ T
cells,!* IL-10 production from monocytes,® and expres-
sion of adhesion molecules such as intercellular adhesion
molecule (ICAM)-1 and tissue factor from endothelial
cells.1213 Costimulatory signals for interleukin (IL)-4-
dependent immunoglobulin synthesis are also provided
by mTNEF.14 '

mTNF not only acts as a ligand but also mediates
reverse signaling into cells expressing this molecule. Our
group and others have shown that stimulation of mTNF
with anti-human TNF-a polyclonal Ab or TNF-RII

Abbreviations used in this paper: aa, amino acid; CHX, cyclohexi-
mide; Eta, etanercept; Ifx, infliximab; JNK, c-Jun NH2-terminal kinase;
MAPK, mitogen-activaied proiein kinase; mTNF, transmembrane
TNF-o;; ROS, reactive oxygen species; Ser, serine; TACE, TNF-a convert-
ing enzyme; TNF, tumor necrosis factor; TNF-R, TNF recepior; WT,
wild-type.
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expressed on Hela cells induces several biologic effects,
including calcium mobilization,'!> cytokine produc-
tion,!! and E-selectin expression in T cells.'® The cyto-
plasmic domain of mTNF should play a critical role in
reverse signaling, considering its extreme aa consetvation
(nearly 90%) among different animal species.!” Phos-
phorylation of human mTNF by anti-TNF-a polyclonal
Ab in some monocytic cells and in 26-kilodalton pre-
cursor TNF-o-transfected Hela cells has been reported
and shown to be restricted to serine (Ser) residues.!8
The beneficial effect of anti-TNF therapy has been
recognized by large-scale, long-term studies of rheuma-
toid arthritis!®2% and Crohn’s disease.?! In smaller study-
scale studies, the efficacy of anti-TNF therapy has also
been demonstrated in patients with psoriasis,?? ankylos-
ing spondylitis,?3?4 and Behcet’s disease.?> These suc-

cessful clinical trials have clarified the importance of -

TNF-o¢ in the pathogenesis of chronic inflammatory
disorders. There are 2 types of anti-TINF-ot agent: one is
an antibody against human TNF-o (infliximab; chimeric
anti-TINF-o0 monoclonal antibody {mAb} with murine
variable regions and human IgG1 constant regions),26
and the other is made of a soluble form of human
TNF-RII fusion protein (etanercept; recombinant TNF-
RIVIgG1l Fc domain fusion protein).?’ Both of these
agents have been shown to bind to soluble TNF and
mTNF?¢-28 and to be equally effective in rheumatoid
arthritis. However, in Crohn’s disease, remission is in-
duced only by infliximab and not by etanercept.?® This
difference berween infliximab and etanercept in a clinical
setting might indicate the existence of additional bio-
logic functions of anti-TINF agents other than mere
neutralization of TNF-a.

Here, we demonstrate that outside-to-inside (reverse)
signals through mTNF elicited by infliximab resulted in
increased apoptosis and cell cycle arrest in a human
T-cell line. Moreover, we identified the mTNF intracel-
lular motifs, as well as the downstream intracellular
molecules essential for reverse signaling.

Materials and Methods
Cell Line and Reagents

Jurkat cells, 2 human lymphoblastoid T-cell line, were
maintained in RPMI 1640 supplemented with 10% heat-
inactivated fetal bovine serum (FBS), 100 IU/mL penicillin,
and 100 mg/mL streptomycin at 37°C in a 5% CO,-humid-
ified atmosphere. Infliximab (Remicade) was provided by
Tanabe Seiyaku Co. Ltd. (Osaka, Japan), and etanercept
(Enbrel) was provided by Wyeth (Tokyo, Japan). Rituximab
(chimeric anti-human CD20 mAb), which was used as a con-
trol chimeric Ab, was purchased from Chugai Pharmaceutical
Co. Lud. (Tokyo, Japan). Cycloheximide (CHX) was obtained
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from Sigma (St. Louis, MO); 2',7'-dichlorofluorescein di-
acetate was supplied by Wako Chemical (Osaka, Japan);
F(ab')2 fragment of rabbit anti-human IgG was supplied by
Dako Cytomation (Kyoto, Japan); [H} thymidine was ob-
tained from Amersham Biosciences (Arlingron Heights, IL);
SB 203580 and PD98059 came from Promega (Madison, WI);
and SP600125 and z-VAD-fmk were obtained from Calbio-
chem (La Jolla, CA).

Mutagenesis of mTNF

Mutant mTNF resistant to TACE-mediated cleavage
was generated by the oligodeoxyribonucleotide-directed amber
method (site-directed mutagenesis) as described previously.!6
In this uncleavable form of mTNF designated as wild-type
(WT), Arg at aa residue 77 and Ser at aa residue 78 of the
native mTINF were both replaced by Thr (R77T/S78T), which
has already been shown to resule in the effeccive reduction of
the cleavage of mTNF.'® The cytoplasmic Ser at aa residues 2,
5, and 27 was sequentially replaced by Ala by site-directed
mutagenesis in accordance with the manufacturer’s instruc-
tions (Mutan-Super Express Km kit; Takara Shuzo, Kyoto,
Japan). Briefly, mutations were introduced into the uncleav-
able form of mTNF (R77T/S78T) subcloned into pKF19 by
the following oligonucleotides: TCGGCTTATGGCCACT-
GAAAGCATGA for S2A, ATGAGCACTGAAGCCAT-
GATCCGG for §5A, and GCCCCAGGGCGCCAGGCGGTG
for S27A. The nucleotide sequences for the mutant forms of
mTNF were confirmed by direct sequencing using an Ampli-
cycle sequencing kit (Perkin-Elmer, Norwalk, CT).

Stable Expression of mTNF on Jurkat Cells

WT and cytoplasmic Ser-replaced mutant mTNFs
were cloned into pCXN2 mammalian expression vector
(kindly provided by Dr. Jun-ichi Miyazaki, Osaka University)
and transfected into Jurkat cells by electroporation using Gene
Pulser apparatus (Bio-Rad Laboratories, Hercules, CA) at 240
V, 960 pF. The cells were immediately plated on prewarmed
medium and cultured at 37°C. Two days after transfection, the
cells were selected in the presence of G418 (Sigma) 1.6 mg/
mL. Clopes of each murtant form of mTINF were obtained by
limiting dilution.

Surface Staining

Cells were washed twice with the staining medium
PBS containing 2% FBS. Cells (5 X 10° per sample) were
stained on ice for 40 minutes with FITC-conjugated mAbs in
staining medium. Expression of mTNE, TNF-RI, TNFE-RII,
and Fas was studied using anti-human TNF-a mAb (R&D
Systems, Minneapolis, MIN), anti-human TNE-RI mAb (Gen-
zyme, Cambridge, MA), anti-human TNF-RII mAb (Gen-
zyme), and anti-human Fas mAb (Medical and Biological
Laboratories {MBL}, Nagoya, Japan). Induction of E-selectin
was studied by using anti-human E-selectin (CD62E) mAb
(Ancell, Bayport, MN). FITC-conjugated mouse IgG1 (Dako)
was used as a negative control. Stained cells were washed twice
with staining medium, and then the expression of cell surface
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molecules was measured using a FACSCalibur flow cytometer
(Becton Dickinson, San Jose, CA) and 2nalyzed using
CELLQuest software (Becton Dickinson).

Binding Assay of Infliximab and Etanercept
to mTNF

mTNF-transfected Jurkat cells were incubated with
infliximab, etanercept, or a control chimeric antibody, ritux-
imab (all at 10 pg/mL) for 30 minutes at 4°C, followed by
staining with an FITC-conjugated rabbit anti-human F(ab’)2
as a secondary antibody for FACS analysis.

cDNA Expression Array

WT mTNF-transfected Jurkat cells were stimulated
for 6 hours with rabbit anti-human TNF-a polyclonal Ab
(Genzyme) or normal rabbit IgG (Genzyme) at 10 pg/mL.
Next, expression of mRNA was analyzed using Atlas cDNA
expression array (Clontech, Palo Alto, CA), in accordance with
the manufacturer’s protocol.

Cytokine ELISA

mTNF-transfected Jurkat cells (1 X 106 cells/mL)
were incubated for 24 hours with infliximab, etanercept, or
rituximab 10 pg/mL in 24-well plates. Culture supernatants
were collected, and concentrations of IL-10 and interferon
(IFN)-y in each culture supernatant were determined by using
cornmercially available ELISA kits, in accordance with the rec-
ommendations of the manufacturer (Biosource, Camarillo, CA). In
addition, soluble TNF levels in 48-hour culture supernatants of
mTNF-transfected Jurkar cells (1 X 10¢ cells/mL) were measured
by ELISA kits (R&D Systems).

Proliferation Assays

WT mTNF-transfected Jurkat cells were cultured in
triplicate wells of 96-well flat-bottomed plates (5 X 104 cells/
well) in RPMI1640 supplemented with 10% FBS. Cells were
stimulated with infliximab, etanercept, or rituximab at 1 or 10
pg/mL for the indicated time periods. During the last 9 hours of
culture, cells were pulsed with 1 pCi [*H} thymidine per well.
Incorporated radiocactivity was measured with a B-scintillation
counter. Cross-linking of etanercept was performed as follows.
WT mTNF-transfected Jurkat cells were stimulated for the in-
dicated time periods with etanercept at 10 pg/mL with or with-
out 10 pg/mL of rabbit anti-human IgG F(ab')2.

Apoptosis Assay

WT and Ser-replaced mutant mTNF-transfected Jurkat
cells were stimulated for 24 hours with infliximab, etanercept, or
riruximab 10 pg/mL. Apoptosis and cell death were measured
with a MEBCYTO Apoptosis Kit (MBL), as described previ-
ously.?® To see the effect of de novo protein synthesis and the
involvement of the MAPK pathway in apoptosis signaling, dif-
ferent concentrations of CHX, SB 203580, PD98059, or
SP600125 were administered to the Jurkat cells for 30 minutes
before treatment with infliximab 10 pg/mlL, followed by Annexin
V/PI staining. Cross-linking of etanercept was performed as fol-
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lows. WT mTNF-transfected Jurkat cells were scimulated for 24
hours with etanercept 10 pg/mL with or without rabbit anti-
human IgG F(ab')2 10 pg/mL, followed by flow cytometry for
Annexin V/Pl-positive cells.

Cell Cycle Analysis

The mTNF-transfected Jurkat cells were stimulated
with 10 pg/mL infliximab, etanercept, or rituximab for the
indicated time periods. The treated cells were washed twice
with PBS and fixed for 60 minutes with ice-cold 70% ethanol.
DNA was stained for 30 minutes with propidium iodide (PI;
Sigma) 10 pg/mL, containing RNase (Sigma) 1 mg/ml.. Sam-
ples were analyzed on a flow cytometer (Becton Dickinson).
GO0/G1, S, G2/M, and Sub-G1 values were determined by
ModFit LT analysis software (Verify Software House, Top-
sham, ME). To see the involvement of caspases, WT mTNE-
transfected Jurkat cells were untreated or pretreated with 50
pmol/L of z-VAD-fmk for 30 minutes, followed by stimula-
tion for 48 hours with infliximab at 10 pwg/mL and analysis for
PI staining.

Western Blot Analysis

WT mTNE-transfected Jurkat cells were incubated in
6-well plates with infliximab, etanercept, or rituximab at 10
pg/mL. Then cells were lysed in SDS sample buffer (0.625
mol/L Tris-HCl [pH 8.81, 2% SDS, 10% glycerol, 0.01%
bromophenol blue, and 109% B-mercaptoethanal), and the
lysates were boiled for 5 minutes and then analyzed by SDS-
PAGE. They were then transferred to nitrocellulose mem-
brane. The membranes were incubated for 1 hour in Tris-
buffered saline (TBS) containing 5% nonfat milk. After
incubation, the membranes were blotted overnight using rab-
bit anti-caspase-8 polyclonal Ab (BD Pharmingen, San Diego,
CA), rabbit anti-cleaved caspase-3 (ASP175) polyclonal Ab,
rabbit anti-Bax polyclonal Ab, rabbit anti-Bak polyclonal Ab,
rabbit anti-p27¥®! polyclonal Ab, mouse anti-p21WAFVCIPL
(DCS60) mAb, rabbit anti-phospho-SAPK/JNK (Thr183/
Tyr185) polyclonal Ab (Cell Signaling Technology, Beverly,
MA), or mouse anti-f-actin mAb (Sigma). After being washed
with TBS containing 0.5% Tween 20 (TBS-T), the membranes
were incubated with horseradish peroxidase (HRP)-conjugated
goat anti-mouse IgG Ab or goat anti-rabbit IgG Ab (Southern
Biotechnology, Birmingham, AL) for 1 hour and visualized
with ECL Western Blotting Detection Reagents (Amersham
Pharmacia Biotech, Piscataway, NJ). To, see the involvement of
the JNK pathway in infliximab signaling, different concentra-
tions of SP600125 were administered to the Jurkat cells
30 minutes before treatment with infliximab at 10 pg/mL.

Measurement of Reactive Oxygen Species

WT mTNF-transfected Jurkat cells were stimulated
with infliximab, etanercept, or rituximab for 6, 12, 18, or
24 hours. Next, the stimulated cells were labeled with a
cell-permeable fluorescent dye, 2’,7'-dichlorofluorescein diac-
etate (DCFH-DA). When DCFH-DA is oxidized by reactive
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oxygen species (ROS) in the cells, the fluorescent signal in-
creases and is detectable by flow cytometry.

Statistical Analysis

Results were expressed as means * SD. Significance
was determined by an unpaired 2-tailed Student ¢ test.

Results

Expression of Uncleavable Form of mTNF
and Cytoplasmic Ser Residue-Replaced
mTNF Mutants on Jurkat Celis

TACE-resistant mTNF has been generated as de-
scribed previously,'¢ which was designated here as WT
mTNEF. Here, we constructed mTNF murtants lacking
cytoplasmic Ser residues. The cytoplasmic domain of
mTNF has 3 Ser residues at aa positions 2, 5, and 27.
These Ser residues were sequentially replaced by Ala
residues by site-directed mutagenesis. The structures of
WT, S2A, S5A, S27A, S5A/S27A, S2A/827A, S2A/S5A,
and S2A/S5A/827A are shown schematically in Figure
1A. The expression levels of mutant forms of mTNF
were almost the same, as assessed by fluorescence inten-
sity using FITC-conjugated anti-human TINF-a mAb
(Figure 1B). Wild-type and mock-transfected Jurkat
cells did not express detectable levels of cell surface
mTNF by flow cytometry. We previously indicated that
both infliximab and etanercept bound to wild-type cleav-
able mTINF?2 and here examined the binding activity of
infliximab and etanercept to these Ser mutant forms of
uncleavable mTNF. Both infliximab and etanercept
bound clearly to S2A/S5A/S27A of mTINF (Figure 1C)
and the other mutant forms of mTINF (data not shown).
We also confirmed the lack of expression of TNE-RI and
TNE-RII on the Jurkat cells, using a flow cytometer
(data not shown).

Induction of E-Selectin on Jurkat Cells by
Stimulating mTNF With Infliximab and
Etanercept

Our group has already reported that infliximab
and etanercept bind equally to mTINF on Jurkat cells.?
We next examined whether these drugs could transmit
outside-to-inside signals through mTNF. After stimula-
tion of mTNF for 6 hours with infliximab, etanercept, or
rituximab at 1pg/mL, we studied the expression of E-
selectin by flow cytometry. Rituximab is a chimeric
anti-human CD20 (B-cell-specific) mAb and was used
here as a control Ab. E-selectin was induced on WT
mTNF-transfected Jurkat cells by infliximab and etan-
ercept but not by rituximab (Figure 2A). Neither inflix-
imab nor etanercept induced E-selectin on wild-type
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Jurkat cells that were not carrying mTNF on their
surfaces (data not shown). We next investigated the
induction of E-selectin on Jurkat cells transfected with
Ser-replaced mTNF mutants. The levels of E-selectin
expression upon activation with infliximab and etaner-
cept were almost the same between Jurkat cells trans-
fected with either of the mTNF mutants and those
transfected with WT mTNF. The data of S2A/S5A/S27A

are shown as a representative in Figure 2B.

IL-10 Production ls Induced by Infliximab
but not by Etanercept

We studied the effect of these anti-TINF agents
on cytokine expression because various cytokines are
invoived in the development of chronic inflammatory
diseases. By stimulating mTNF with rabbit anti-
human TNF-o polyclonal Ab for 6 hours, IL-10
mRNA was 2.6-fold up-regulated on cDNA expres-
sion array analysis (data not shown). WT mTNF-
transfected Jurkat cells were incubated for 24 hours
with infliximab, etanercept, or rituximab at 10 pg/
mL, and the expression of IL-10 and IFN-y in the
culture supernatants was measured by ELISA (Figure
3). As expected from the cDNA expression array anal-
ysis, infliximab induced a 2.7-fold increase in I1-10
production with statistical significance (P < .05),
whereas stimulation with etanercept did not induce
IL-10 production. Production of IFN-y was not sig-
nificantly different among these agents. To assess the
involvement of cytoplasmic Ser residues, we investi-
gated IL-10 production in Ser-replaced mTNF mu-
tants. Infliximab-induced IL-10 production tended to
be reduced in Ser-replaced mutants; however, there
was no significant difference. The data of S2A/S5A/
S27A are shown as a representative in Figure 3A.
IFN-y production was unchanged in S2A/S5A/S27A
(Figure 3B). The concentrations of soluble TNF of
WT and S2A/S5A/S27 A were 1304 * 241 pg/mL and
853 £ 56 pg/mL (mean * SD), respectively.

Cell Proliferation Is Suppressed by
Stimulation of mTNF With Infliximab but
not With Etanercept Alone

We next studied the effects of infliximab and
etanercept on cell proliferation. Cells were stimulated for
72 hours with infliximab, etanercept, or rituximab at 1
or 10 pg/mL (Figure 4A and 4B). Proliferation of W'T
mTNF-transfected Jurkat cells was almost completely
abolished after 24 hours of infliximab treatrment. In
contrast, cell proliferation was barely suppressed by et-
anercept. The magnitude of inhibition of cell prolifera-
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Figure 1. Uncleavable form of
mTNF (WT mTNF) and cytoplasmic
Serreplaced mutant forms of
mTNF are stably expressed on Ju-
rkat cells. (A) Structures of WT and
mutant forms of mTNF. C, cytoplas-
mic domain; T, transmembrane do-
main; E, extracellular domain.
mTNF cDNA was obtained from
normal human PBMCs by RT-PCR
of total RNA. Arg’? and Ser8, just
upstream from the cleavage site
(Ala’8-val’’) of TNFa converting
enzyme, were replaced by Thr
residues (R77T/S78T) by site-
directed mutagenesis (designated
as WT). Moreover, cytoplasmic Ser
residues at aa positions of 2, 5,
and 27 of WT mTiNF were sequen-
tially substituted by site-directed
mutagenesis. Substitutions of 1
Ser residue are designated as
S2A, S5A, and S27A, respectively.
Substitutions of 2 Ser residues are
SBA/S27A, S2A/S27A, and S2A/
S5A. Substitutions of all cytoplas-
mic Ser residues are denoted by
S2A/85A/S27A. All mutants were
subcloned into pCXN2 expression
vector and were stably expressed
in Jurkat cells. (B) Cell surface ex-
pression levels of mTNF on trans-
fected Jurkat cells. Cells were
stained with FITC-conjugated
mouse anti-human TNF-a mAb
(solid lines) and analyzed by flow
cytometry. Background staining is
shown by dotted lines (mouse
12G1/FITC). (C) Binding activity of
infliximab and etanercept to trans-
membrane TNFa. Mocktransfected
and mTNFtransfected Jurkat cells
were incubated with infliximab (ifx),
etanercept (Eta), or control Ab, ritux-
imab. Celils were then stained with
an FITC-conjugated goat anti-human
18G F (ab’)2 as a secondary antibody
for FACS analysis. The histograms
show the binding of infiiximab, etan-
ercept (solid line), and control Ab
(dotted line) to mockransfected or
mTNFransfected Jurkat cells (S2A/
S5A/S27A is indicated as a repre-
sentative).
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tion was clearly different between infliximab and etan-
ercept. ,

We then analyzed the effect of cross-linking of etan-
ercept on cell proliferation. Cross-linking of cell susface
etanercept with anti-human IgG induced significant sup-
pression of cell proliferation, but its effect was less pro-
nounced compared with that of infliximab (Figure 4C).

Apoptosis of mTNF-Transfected Jurkat Cells
Is Dramatically Induced by Infliximab but
not by Etanercept Alone

To clarify the mechanisms by which infliximab
inhibited cell proliferation, we first investigated apopto-

v

CD62E

sis induction. WT mTNF-transfected Jurkat cells were
stimulated for 24 hours with infliximab, etanercept, or
rituximab at 10 pg/mL. Stimulation with infliximab
dramatically increased the number of Annexin V-positive
cells from 5.1% to 68.9%, whereas stimulation with
etanercept had no effect on apoptosis (Figure 5A). Ac-
cording to the kinetic assay, numbers of Annexin V-
positive cells began to increase 12 hours after the initi-
ation of incubation with infliximab (dara not shown).
We next examined the infliximab-induced apoptosis
of Jurkat cells transfected with Ser-replaced mTNF mu-
tants. The apoptotic effect of infliximab was completely
abolished in the S2A/S5A/527 A mutant (Figure 5B). We
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Figure 3. IL-10 is produced from mTNF-transfected Jurkat cells by
stimulation with infliximab but not with etanercept. WT (solid bars) and
S2A/SBA/S27A (open bars) miNF-transfected Jurkat cells were cul-
tured for 24 hours with infliximab (Ifx), etanercept (Eta), or a control
Ab, rituximab, at 10 pg/mL. Concentrations of IL-10 (4) and INF-y (B)
in the cuiture supernatants were measured by ELISA. The columns
and bars represent the mean and SD of triplicate cultures. Statistical
evaluation was conducted by paired Student ttest (*P < .05; NS, no
significance).

also studied apoprosis induced by infliximab in Jurkat
cells transfected with the other Ser-replaced mutants
(Figure 5C). 52A and S5A showed considerable degrees
of inhibition of apoptosis, whereas S27A alone had no
effect on infliximab-induced apoptosis. Substitution of 2
Ser residues (S5A/S27A, S2A/S27A, and S2A/S5A) had
more inhibitory effects on apoptosis than substitution of
one cytoplasmic Ser residue did. There was no significant
difference in the degree of inhibition between S5A/S27A,
S2A/S27A, and S2A/SSA. In conclusion, Ser? and Ser are
critical in reverse signaling through mTNF by inflix-
imab, whereas Ser?” works complementarily.

The finding that infliximab-induced apoptosis re-
quires 12 hours from the beginning of stimulation
prompted us to add CHX 'to examine whether newly
synthesized protein(s) were involved in the induction of
apoptosis. Twenty-four hours of stimulation with inflix-
imab at 10 pg/mL resulted in 71.8% of Annexin V-
positive cells in WT-mTNF transfected Jurkat cells
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without CHX, whereas CHX pretreatment dose depen-
dently decreased the percentage of Annexin V-positive
cells to 46.4% with CHX 0.5 pg/ml, 24.2% with
2.0 pg/mL, and 17.4% with 10 pg/mL (Figure 5D).
These results indicate that the synthesis of novel protein
is required for the induction of apoptosis.

We then analyzed the effect on apoptosis of cross-
linking of cell surface etanercept (Figure SE). Cross-
linking of etanercept with anti-human IgG resulted in a
slight increase in the percentage of Annexin V-positive/
Pl-negative early apoptotic cells from 4.32% to 12.91%,
and this was less pronounced than that obtained with
infliximab, as demonstrated in Figure 5A. There was no
significant increase in the percentage of Annexin V/PI-
positive cells, even after cross-linking. To rule out the
possibility that death receptor was up-regulated by in-
fliximab and then mediated apoptosis, we further inves-
rigated the cell-surface expression of TNF-RI, TNF-RII,
and Fas on cells stimulated with infliximab, using flow
cytometry. The expression of these molecules was un-
changed after infliximab treatment (data not shown).

Infliximab Arrests GO/G4 Cell Cycle in WT
mTNF-Transfected Jurkat Cells but
Etanercept Does Not

We next investigated cell cycle perturbation as a
possible mechanism of the suppression of cell prolifera-
tion induced by infliximab (Figure 6A). After 24 hours of
treatment with a control Ab, rituximab, at 10 pg/mL,
54.0% of Jurkat cells were in G1 phase, and 38.1% of
cells were in § phase. The distribution of the cell cycle
was not altered after 48 hours in the presence of ritux-
imab. On the other hand, treatment with infliximab
10 pg/mL for 24 hours resulted in an increase in pro-
portion of G1 cells to 69.6% and a decrease in the
proportion of S cells to 24.7%. After 48 hours of treat-
ment with infliximab, the increase in the G1 population
was more prominent, reaching 87.9%, and the S popu-
lation had decreased to 6.2%, indicating that infliximab
induced a GO/G1 arrest. In contrast, treatment with
etanercept for 24 and 48 hours had no effect on the cell
cycle. The proportion of sub-Gl cells, belonging to
apoptotic cells, was 19.0% with infliximab, 4.0% with
etanercept, and 4.0% with rituximab after 48 hours of
treatment. We next investigated whether the 3 cytoplas-
mic Ser residues were essential for cell cycle GO/G1 arrest
by infliximab in mTNF-transfected Jurkat cells, as in the
case of apoptosis (Figure 6B). In Jurkat cells transfected
with S2A/85A/S27A, infliximab caused neither an in-
crease in the GO/G1 population nor a decrease in the §
population.
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Caspase Cascade Is Involved in Apoptosis
Induced by Infliximab but not in Cell Cycle
Arrest

To investigate further the pathway of apoptosis, we
examined the effect of the broad caspase inhibitor zZVAD-
fmk on infliximab-induced apoptosis. Caspase-3 activation
has been demonstrated by stimulation with infliximab of
monocytes and activated lamina propria T lymphocytes.31:32
The sub-G1 population of the cells stimulated by inflix-
imab was reduced from 20.3% to 8.9% by pretreatment
with z-VAD-fmk; this was comparable with the basal level
of 8.0% apoptosis. This result suggests that infliximab-
induced apoptosis required caspase activation (Figure 7A).
On the other hand, infliximab-induced GO/G1 arrest was
not inhibited by z-VAD-fmk. We next examined caspase
activation by Western blot analysis. As shown in Figure 7B,
activated fragments of caspase-3 were identified 24 hours
after treatment with infliximab, whereas the control Ab,
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Figure 4. Cell proliferation is suppressed by infliximab. (4 and B) WT

mTNF-transfected Jurkat cells (5 X 104 cells) were cultured in 96-well

culture plates for the indicated time periods with infiiximab (Ifx),

etanercept (Eta), or a control Ab, rituximab, at concentrations of 1

pg/mL (A) or 10 pg/mL (B). The proliferation response was measured

by [3H] thymidine incorporation during the last 9 hours. (C) Effect of
cross-linking of cell surface etanercept on cell proliferation. WT mTNF-
transfected Jurkat cells were stimulated with etanercept 10 pg/mlL,

with or without rabbit anti-human IgG F (ab’)2 (a-1gG) 10 pg/mL for
cross-linking of etanercept binding to mTNF. Statistical evaiuation

was conducted by paired Student t test (*P < .01; **P < .001).

rituximab, had no effect on caspase-3 activation. Caspase-8
was not activated by treatment with infliximab or ricux-
imab.

ROS Accumulation by Infliximab

We assessed the oxidization of DCFH-DA to deter-
mine whether infliximab induces ROS accumulation in
mTNF-expressing cells. The fluorescent intensity of
DCFH-DA increased after stimulation with infliximab 10
wg/mL. In contrast, no substantial increase was observed
with etanercept (Figure 8A). In the kinetic assay, the peak
of ROS accumulation by infliximab was 12 hours after
stimulation (Figure 8B).

Bax, Bak, and p21WAF/CP1 Are Up-
regulated by Infliximab

Because p53 is a representative molecule that regu-
lates both apoptosis and cell cycle arrest, we next examined
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Figure 5. Ser residues in the cytoplasmic domain of mTNF are essential for infliximab-induced apoptosis in mTNF-transfected Jurkat cells. (A4)
WT mTNF-transfected Jurkat cells were treated with infliximab (ifx), etanercept (Eta), or a control Ab, rituximab, at 10 pg/ml and cultured for 24
hours. The stimulated cells were stained with FITC-conjugated Annexin V and Pi and were then analyzed by flow cytometry. Ten thousand cells
were measured and plotted. The proportion of cells residing in each quadrant is expressed as a percentage. Results are representative of 3
independent experiments. (B) S2A/S5A/S27A mINF transfectants were stimulated for 24 hours with infliximab 10 pg/ml and analyzed for
apoptosis by the same method used for WT. Results are representative of 3 independent experiments. (C) WT and Ser-replaced mutant forms
of mTNF transfectants were analyzed for apoptosis 24 hours after stimulation with infliximab 10 pg/mL. The proportions of Annexin V-positive
cells in each transfectant after stimulation with infliximab are indicated as solid columns. (D) CHX effect on infliximab-induced apoptosis. WT
mTNF transfectants were pretreated for 30 minutes with or without CHX at concentrations of 0.5, 2.0, or 10 p.g/mL, followed by stimulation with
infliximab 10 pg/mL. After 24 hours, cells were analyzed by flow cytometry for Annexin V-P| staining. (E) Effect of cross-linking of cell surface
etanercept on apoptosis. WT mTNF transfectants were stimulated with etanercept 10 pg/ml, with or without rabbit anti-human IgG F(ab')2 (a-1gG)
10 pg/mL for cross-linking of etanercept binding to mTNF, followed by analysis by flow cytometry.

_92_._



PI

PI

v CHX (5 ) CHX 0.5pg/ mL
~10.76 1260 3013 9.60
M ! : m - '
23 23
:f“._.‘: ~0 :
o= B-is3s2
23 o3
o | o]
bzt { Sl bty [}
"10% 10 102 100 et T 0 4
F.o<H FL
* CHX 2.0 ug/mL . CHX 18 pg/ mL
~10.05 625 | ~10.08 " 629
23 ’ B
23 23
o P
P o
o ] 17.96 ]
o T
. 04
ALl
Amnnexin V .
T 3
a2t 27
T: 015 3.92 1 0.09 . 3.35
»9_ Control | |-
db; 9037 556 & 4.32
EXI
Q .
© L e ALl
| 102 103 10
FL1-H
A4 A
Q o
- ~10.02 2.06
9]
o
Fey
g2
©

Q S
(=] T R B m 1] T
=109 a! 172 10° 104
FLI=-H
Annexin V

._93_




386 MITOMA ET AL

GASTROENTEROLOGY Vol. 128, No. 2

o Control } Ifx g_ Fta
. GOl 540 % GO/1  69.6 % ] GO/l 56.4%
N 59 1 29 8.5 %
aan E B s a3 [ 202% s aanw B S 363%
=2 G2M 19% G2M 5.7 % % G2YM 13 %
\ \
' NN R — % O S T N
Channels (FL2-A} Channals (FL2-A) Channels (FL2-A)
] Contrel Ifx ] Eta
& Ly &
1 GuL 51.9% o con 81.9% 1 GO/l 57.8%
a8n B840 % s 7% Sl s 62% ] S 352%
=) GIM 64% =] G2M 58% = G2M  1.0%
] “ "
| N \m A
F T — % L T — % T
B Channels (FL2-A)} Cheannals (F1.2-A) Channalg (FL2-A)
B - #
] Control g Ifx ] Eta
x . GO/l 488% & GO/l 493% 3 GO/l 49.8 %
48h 5} |67 % s 475% 5 | -50% s 498% 5 ]1-41%y S 46.8 %
_ GxM 37% 7 GYM 29%  F G2M 3.4%
I\ A A
) T i ! ’ T ’ : T ’ ‘lISOH o " ’ ) ” S’o . ’ ' ’ ’ 1‘50 ' ’ ' ' ! " " ) ’ { ) i ’ '—1‘50

100
Channels (FL2-A}

100
Channels (FL2-A)

0 100
Channsls (FL2-A)

Figure 6. Ser residues in the cytoplasmic domain of mTNF are essential for infliximab-induced GO/G1 cell cycle arrest. WT (A) and S2A/S5A/
S27A (B) mTNFtransfected Jurkat cells were incubated for 24 or 48 hours with infliximab (Ifx), etanercept (Eta),or a control Ab, rituximab, at 10
pg/mL. The cells were fixed in ice-cold 70% ethanol, stained with P, and then analyzed for cell cycle distribution by flow cytometry (at least
20,000 cells). Data are plotted as DNA content (Pl fluorescence) vs. relative cell numbers. The percentages of cells in the Sub-G1, GO/G1, S,
and G2/M phases of the cell cycle are indicated. Results are representative of 3 independent experiments.

whether p53-inducible genes were involved in mTINF sig-
naling. Bax and Bak have been reported to be transcription-
ally regulated by p53 and to be essential for p53-mediated
apoptosis.>334 As shown in Figure 8C, Bax and Bak proteins
were up-regulated in WT mTNF-transfected Jurkat cells 6
hours after stimulation with infliximab 10 pg/mL. Stimu-
lation with the same dose of etanercept did not have any
effect on the expression of Bax and Bak until 24 hours (data
not shown). We next examined p21WAFVCIFL 3 cyclip-
dependent kinase inhibitor at the G1/S cell cycle checkpoint
that is also considered to be induced by p53.3% Like Bax
protein, p21 WAFVCIPL procein was up-regulated by stimula-
tion with infliximab 10 pg/mL (Figure 8C) but not with
etanercept (data not shown). Another cyclin-dependent ki-
nase inhibitor, p27¥*! was not up-regulated by infliximab
(data not shown).

JNK Pathway Is Essential for Infliximab-
Induced Apoptosis and Cell Cycle Arrest but
not for E-Selectin Induction

We next investigated whether the mitogen-acti-
vated protein kinase (MAPK) cascade was involved in in-
fliximab-induced apoptosis and cell cycle arrest. JNK phos-
phorylation was observed as early as 30 minutes after the
stimulation with infliximab, with a peak at 1.5 hours,
which almost completely disappeared 6 hours after stimu-
lation (Figure 9A). In addition, SP600125, an anthrapyra-
zolone inhibitor of JNK, inhibited infliximab-induced
apoptosis, as assessed by the percentage of Annexin V-
positive cells, in a dose-dependent manner (Figure 9B). At
an SP600125 dose of 80 pmol/L, apoptosis was almost
completely inhibited. Neither SB203580, an inhibiror of

_94_.



February 2005

REVERSE SIGNAL THROUGH TRANSMEMBRANE TNF-« 387

] ]

] Control ] Ifx
B 3

1 so% GO/1  53.6 % 1 203% GO/1  80.1%
o S 382%  , |F— S 13.8 %
£ GxM 82% B G2M 6.1 %
g o
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p38, nor PD98059, an inhibitor of ERK, inhibited inflix-
imab-induced apoptosis, even at concentrations of 100
pmol/L (data not shown). Infliximab-induced p21 protein
up-regulation was also inhibited by SP600125 in a dose-
dependent manner (Figure 9C). E-selectin induction by
infliximab and etanercept was not inhibited by SP600125
at a concentration of 80 pumol/L (data not shown).

Discussion

In the present study, we have shown a number of
novel findings with regard to the outside-to-inside (re-

verse) signal through mTNF by using mTNF-transfected
Jurkat T cells: (1) mTNF induced apoptosis, cell cycle
GO0/G1 arrest, ROS, and IL-10; (2) cytoplasmic Ser res-
idues of mTNF, S2, S5, and S27 are essential for these
biologic effects; and (3) JNK activation followed by
up-regulation of the molecules in p33 pathway is an
important intracellular signaling event for apoprosis and
cell cycle arrest. These effects were elicited by treatment
of mTNF with infliximab but not with etanercept. On
the other hand, E-selectin was similarly induced on the
Jurkae T cells by infliximab and etanercept. This result
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Figure 8. ROS accumulation and Bax, Bak, and p24WAFL/CP1 1 regulation are induced by infliximab but not by etanercept. (4) WT mTNF-
transfected Jurkat cells were incubated with infliximah (Ifx), etanercept (Eta), or a control Ab, rituximab, at 10 pg/mt for the indicated time
periods. The stimulated cells were incubated with DCFH-DA (5 p.mol/L) for 30 minutes at 37°C. The fluorescence intensities of more than 10,000
cells were analyzed using a flow cytometer. The data on infliximab and etanercept are indicated as solid lines, and the data on the control Ab
are indicated as dotted lines. (B) Kinetics of ROS production by stimulation with infliximab 1.0 pg/mL. Relative fluorescence intensities (infliximab
vs. control Ab) are plotted. (C) WT mTNF-+transfected Jurkat cells were stimulated with infliximab, etanercept, or a control Ab, rituximab, at 10
wg/mL, for the indicated time periods. The stimulated cells were lysed in SDS sample buffer, and protein-expression levels of Bax, Bak,
p24WAFL/CIPL and B-actin (control) were examined by Western blot analysis using rabbit anti-Bax polycional Ab, rabbit anti-Bak polyclonal Ab,

mouse anti-p2iWAFL/CPL mAh, and mouse anti-B-actin mAb.

confirms our previous observation that treatment of
mTNF with rabbit anti-TNF-a polyclonal Ab resulted
in E-selectin expression on Jurkat T cells and CD4+
human T cells.*® Substitution of all the 3 cytoplasmic Ser
residues by Ala residues, as well as inhibition of the JNK
pathway, did not affect E-selectin expression by inflix-

imab and etanercept. This indicates that the pathway for
mTNF-mediated E-selectin expression is independent of
the mTNF cytoplasmic Ser/JINK/p53-related pathway.
In contrast to the well-known biologic activities of
mTNF as a ligand, reverse signaling through mTNF as a
receptor is poorly understood in terms of both biologic
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functions and essential intracellular signaling compo-
nents. Recently, the reverse signaling mediated by
mTNF has received increasing attention. The 2 kinds of
TNF antagonists, infliximab and etanercept, equally neu-
tralize the soluble form of TNF-ot and are in fact equally
effective against rheumaroid arthritis.19-21-2° In contrast,
only infliximab is effective against Crohn's disease but
etanercept is not. This clinical effect might be caused by
some additional effect of infliximab, such as reverse sig-
naling, although in the study of Crohn’s disease, the
possibility that the dose of etanercept may not have been
sufficient to see an effect is not completely ruled out. In
addition, infliximab can induce long-term remission
compared with its pharmacokinetics in rheumatoid at-
thritis and in Crohn’s disease.?!:36 These findings indicate
that TNF-o antagonists might have some cellular func-
tions in addition to mere neutralization of soluble
TNF-a. Infliximab was recently shown to induce apo-

ptosis in PBMCs and activated T lymphocytes and in
lamina propria T lymphocytes from active Crohn’s dis-
ease in vivo and in vitro.31:32 Because these experiments
were performed on peripheral human T cells that express
soluble and membrane forms of TNF-a, TNF-RI, and
TNF-RII, it is difficult o conclude whether the mech-
anism of this apoptosis was related to reverse signaling in
response to infliximab binding to mTNF or to neutral-
ization of the effect of soluble and membrane forms of
TNF on TNF-RI or TNE-RII. Our experimental condi-
tion is simple because only the uncleavable form of
mTNF is expressed on human Jurkat T cells, which do
not express TINF-RI and TNF-RIIL. Mote importantly, by
introducing point mutations to the cytoplasmic Ser res-
idues, we were able to identify specifically the mTINF-
mediated outside-to-inside signal dependent only on the
cytoplasmic domain of mTINF. To exclude the possibility
that soluble TNF in the culture media might affect
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