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EIT - BEBREEICHT 5 second-line &L TD
Docetaxel + Nedaplatin fif & D& Ed

ZHEEIE, KA ME—, UEEZ, EERES, 4/ O8A,
hERE, FREEX, Ha—58, HbiEeE, IFksE

R ER R RERE - BAR

B2E AERTPLEEBCINTA2LEEELZEOCHBEBROREY, BRALCHY T
second-line HFELTOFE ¥y XLV (TXT) /¥ 75F v (CDGP) PR b#EEE
% 20024 2~ 5 20044E (2 13B MiAT, FEMTTAEZR108 (B 9#l, & 16)) 2xHkE LA, &
O ILEIL65 (56~T705%), BRI EIBRFM + WD 1622 s R g B 45 4 41,
LIBRFM + M MBI L22MRE 1 B, IR BRI 3 A 1Lk 3 T, YRR
F2BTHodz, WREEIZIEASH, 2HEM1IHE, SEMEIFTH -7, HE5I
TXT 60 mg/m’, CDGP 80 mg/m’ Z &k 5L L, 3BEMU ELOKREHEZ B/,
MEITIPR2HI, SD6FI, PD2HITHY CRIG%LD 572, PD Z B\ 8Bl DK G E
BRIG H % 5 D50% M AT MIZ1350 (88~370H) T, 50%4AFMIZ170H (88~

HRAESH, 56 (4), 2005
pp. 336342

570H) THotzo HEFRITHMERMAHIE T Grade 2 251 41,

3328, 44°5 45

T oo AROEHFE second-line DT EE LTHEATH 5,

=K FesFen, A5y, #i7 BRAGME LAY FI4Y,
€237 5
I. HU&Ic 72REBINIH 5 5 second-line DILEBWEL T I

BERTF LRI A EL LTI, Y2
7 5% ~ (CDDP) - 5FU #f F# i (FP# )
T—WVFRF v ¥F—FELTLRLfTTbhTEY, B
BELITBENBREON L O TNAH OB bLEEE
ELTAEKERLTWwA Y, BRTchoo2#], %
iEZhiZ7 Ky 7<4 ¥~ (ADR) 227 FAP
BREZE -BRELTIT>TWwAY, —F, Zh#%
FEZEDEEHTHEEFEIRABSIATES
T, IO —RERTHILEIE LN LD

AURIEER @ T113-8519 REH LA K BB 1-5-45
HRERENKFEE - FSH
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TWwk\w, £9 L7zH T Nedaplatin (CDGP) &
Docetaxel (TXT) D 2FIEENENEH THOAEE
RPEEEFEZAHRE LB MHBERRBRCTEN-E
BFEERLY, MM OER TIREEENET L
THEBNC BT AT EPMEShER S hTw
%79, FIT, Y TIE20024 & ) BREERFE
ERBECFPRET I FAPEEROESF H 5 \»
FEDOHEDOBRMICH LT, second-line D EH| &
LTCDGP & TXT 28t LB 21T - T & 72

SH, TOAMWERFERFRIIO EBEKNBE 21T

277
II. }WREFE

WP TlI second-line b 2B B DO BIG & BRI
DRFELERET, O FPHEET 213 FAP BENE
HHLWEIFOBBRL-ZEDFEHEIEZIRT
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Table 1 Characteristics of Patients

Patient Age TNM Prior Prior chemotherapy Prior Target lesion
no. o (yr) classification operation regimens radiation (overlapped)
L diastinal 1
1 M 65  T4N2MO + FAP 1 course - ung mediastinal lymph
node
2 M 69 T3N2MO + FAP 1 course - Mediastinal lymph node
L diastinal 1 h
3 F 63  TINIMO + 5 FU - Nedaplatin + tng mediasinal ymp
node
L diastinal
4 M 66  T3N2MO + FAP 1 course + ung mediastinal lymph
node
Li bo diastinal
5 M 70  T4N2MO - FAP 2 courses - rver bone mediastina
lymph node
L bdominal lymph
6 M 56  T4N2MO - FAP 2 courses + Hhg abdommal lymp
node
7 M 67 T4N2MO + FP 1 course + Lung
L 1 diastinal
8 M 66  T3NIMO + FP 1 course + e plenra mediastina
lymph node
Mediastinal and abdomi-
9 M 59 T4N4MO + FP 1 course +
nal lymph nodes
10 M 61 T3N2MO0 + ~ FP 1 course + Mediastinal lymph node

W5, @ BEHRBABE OFERD20M L 70 LT,
@ FETEEREE BT 5, @ performance status
@&ﬁm~21&5<§§%& BHEXF L%

Y, ® RAHSLEIC L B Informed Consent 3%
7«"?*6%’('\/123, @ MEFEETH»S 1L AAUEDOH
bRAHDH, ELTwD, Tz, BEEE LTRSS
EROFEZB DR o7,

20024F 2~ 520044 T CTOEM T, %P clb¥EmEk
2o BERRR P LEBEEDY L, LREOME
WIEES TR Lo TXT - CDGP #f A
ZHAT L A 72130 0T, +4h o R E
AT R 7210820 TR MRE 2T o 720 BB D
SPNIBELEREF T, SBFETIFETDH
Ao

FEFIOFONFL, B4k, xi14, KEE
PRIGRS DERRIE P RECSE (56~70/%) Th -7z
IR DI Stage A1 61, II1A33 61, IV
a6 BITH -7z, BIHEISTBRTR + W EHBIL
FRUNEE 4 51, YIBRPH + WM LS 1
B, DRI ERERICH T 2L EE0t 3 BlICHEAT &
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NTWWiz, SIBRA R 2 B1C 1 6113 {L 32 M 8T 4 i
%, 1N EEREM T bR TV, Fi{bSEED
BMEEPRA1%, SDA1E, 8GZMHPDTHo
72o F7z, ARBEBRBREOFMNSHLE IMER S5
B, iR 18, BB 16, MEY v 5k 8
B, BEEY G 26, WEER16TH -7
(E¥EH D) (Table 1),

FAEREIZELT, 19994 X105 D% gk FHT
ROMET -  BREETH N T 248 0 HBERAR
DRERIZEDTE”, TXT 160 mg/m® & L7z, F
7z, 19924EH O 6 @ CDGP 100 mg/m?, 4Bk
HiEE T w728 THER RO 1Y 19984
2 50 CDGP 90 mg/m?, 5FU 800 mg/m® 5 H

DR RFE, BI-TIHERRBROHRERE, %5
FEY 2BELL, 2HEHRBLEHEOREN,

ETTMEEELAALERDH Y CDGP iF 80 mg/m?
rEHTAHAIEE L, #OMIZ, second-line &
W) ZETREOTFHAND L e b EEL
yA

513, TXT 60 mg/m’ % 1 B[, CDGP 80 mg
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Table 2 Responses to Treatment

Survival time with

Survival time with

Survival time with

Patient Response TXT/CDGP therapy  prior chemotherapy primary therapy Prognosis

po. (days) (days) (days)
1 PR 218 411 512 Death
2 SD 255 315 516 Death
3 SD 516 640 2572 Death
4 SD 88 392 493 Death
5 PD 117 218 218 Death
6 SD 89 310 310 Death
7 PD 232 472 597 Death
8 SD 158 365 451 Alive
9 PR 170 380 459 Death
10 SD 111 463 511 Death

/m* 2 LBHTCOBECEEHFELL, Thela 1]

—2&L, £0%3BEAM LOKEHEE BV, S ]

EROW 5 HE (PD) 2VEHRIAEE &

SRS L EOEIRBOEMY T ETELEY 5 5 -

FEF AL L Lz, ]

%l B ¥ €%, Response Evaluation Criteria in g 4
Solid Tumors (RECIST) #H¥Y 2w, 10 mm 2 2 1
YL OB T 5 BEME A CE i 21T o N ]

720 BHEHEKIIKE National Cancer Institute D
Common Toxicity Criteria for Adverse Events
Version 2.0, Jan. 30, 1998/ JCOG™ IZ#E\V&F-fili L
770 A TFHI @ K2 121 Kaplan-Meier &z
72o T, TOMOERITEERIIRRAHE
T T R Al

. # S

1. RESEWNE

KRBT EBIZ 3 2 =AM 14, 23—X5°1
BIT, DI 12— ADARMEITL A7 {LFRED
1 3—2ADATHRTLZERIZ2EPPD Thoz
72, BV D6 %13 Grade 3 Bl EOF MIH % 3
BT, 1F ERR) WHEEZRELT22
—ZAB 2T L. F/2, REMRICELT, 106
HCRE L o 2ER IR o 7o PRIZZH
(20%), SD %681 (60%), PDiZ 28] (20%) T
HY, BHHEIZ0%TH 72, PR2PIOEEHH
ZENZFNIBHEEII0HTH o /2o PD 2RV 8
BIDS0% M EAFLIZ135H (88~370H) T#»
5720 2004411 A3 RBAEIPIIFETL, 5D 26
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Fig. 1 Overall survival with TXT/CDGP therapy.

EREEOMKRETH -7z (FhFh, BIMOH
g, WEMEER). T4, WHEED»SO50%
AFEEIRSI3511H (218~2573H), Ri{bEkpRas
H 2 5 O50%4% 7 B B 133928 (218~640H),

TXT - CDGP B8 B & 5 D50%4 7 £ i 131708
(88~570H) T#H o7z (Table 2, Fig. 1),

2. HEER

AP & BHESSR TIEEMIRRD, IFRERM
D ERIZED SN, Grade 2 1 #, Grade 3 28
2%, Grade 4 2°5 % T & - 7= (Table 3)o

Grade 3 M EomERICH L CTid2hl GCSF &5
L7278, Grade 4 $EBI D 2 FIHREE % FHE L 720

Grade 3 LLE® 7 BIDEHEBEIAE D nadir DR
PRETEHE (7~10H), AIMEREIE 1000 /ul
(300~2000 /11), HIMERE2000BLT D HR 3 sk
ECT3HM(1~4 HM) THo7z0 EMETIE, 1



Table 3 Toxicity Associated with This Chemother-

apy
Grade
Toxicity
O 1 2 3 4
Hematological toxicity
Leucopenia 2 0 1 2 5
Neutropenia 2 0 1 2 =5
Anemia 10 0 0 0 o
Non-hematological toxicity
Nausea/Vomitting 7 1 1 1 0
Alopecia 6 1 3
Stomatitis g9 1 0 0 o0
Rash 9 1 0 0 O

I—ZARTH, Grade 4 DHIMIKRA 2 4 U772
», dose % 3EWEL, HMEKPOBEEZFL, 2
I—-ZHERTL. L2L, 1 3—2RTHIZI
SD ThHol2EmBEN2 I—AKTHIZPD o
720 DD Grade SUEOHFEERIZELD, IE
HA31EZ DA T, Grade 2 LT Ti&, E.L, E
(280, WE (46, OREK (18), k& (1
Bl) EZFNENEDI,

v. £

RREHI T, P FP#EE, FAPEEDH H v
12 5FU - CDGP &\ 72 {b2 B 2 Bl EEIZIT -
2HTOEHD LRBREEMNTH - 2IZdhhb
573, PR2#I, SD6BITH o720 T/, WEOH
bR b & D 1R L FHER A H A 5 D50% 4
FHIRE392H, TXT - CDGP Bi#s H 2» 5170H T
ol ARRBIZBITS second-line {LEHFED
£} 1a—2ADATH Y, Hayashi b D JCOG
9407 COFPHEFE BT 550 F B MW &
201.5H? TH Y, 5% TXT, CDGP OEH|H KA
AR ET 5 REICOVWT IR THLE
2D 5o

TXT I —a vy b ostEdMMy L
ERLELNIIBART, ZFOrEAER IIMNE
DEGRES LOBREEGWHTH Y, BFOMNE
WEHTAHPBARE GRS 5 THB D taxane T D
ERIZHBINBEY, T/, taxane ROEH OH
JEEVERRBIL p 53 EKEUTpb3 ICHET S L
Wb TWwab CDDP R 5FU & DR EMES % W
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LOHEDH BT,

RIBIBIT B8 ITHELT - FREESRE TS
ENHRBRIENT, SROHEREOREKRE Ko
72%%, TXT 60 mg/m* DHEB CEL)H22.2% %R L
-, BEBICHT S TXT 70 mg/m® % HAWV7286 1
FRABRTIE, 20.4%DFMFEZRL, FHEED L
U YoSEIERR, B, BFE Vo RESERICHE IR
PE LN, F/2, CDDP, CDGP, E&47ix5#)
WX LTH15. 8% DEYRER LY, RAKET
&, AHTEERSOWME+FPRESEOERAE
JBIZBIT B second-line THOIOFI DK 2H 0O, 5
FU 500 mg/body 5 HFR, CDDP 10 mg/body 5 H
#, TXT 60 mg/m’ 1 R 5 D 3 G HHEET, PR
461, SD24%l, PDA4FIE#MESR TV B,

—7, CDGP %, CODPOEMUEZ %K ETZ &
E{EEEEERTIENTHESRZE 2 RO
HEb&W T, Eid CDDP L R#TH 523, i
WP TELALPERFFEROSLEME LTH
f£EL, DNAOHEEZHE LRESHELRT. &£
FTIZHEOS O CDGP 100 mg/m* % BHITH 72
5 I AHRRIRIABR T, ZAPES51 7% L BHlRE & LT
FEbLDTERZEESZ 5N, CDDPIZL %%
ITIREB OERBNIT LT H50%DEEIRE Hh
720 Fiz, BRABRETRNEERI-BUBRSE
HEREICNTHE5FU & CDGP # 5 L7248 T4
5 IR 2% B C Yoshioka & X CDGP 80 ¥ 7z 1% 100
mg/m’ 1 H#% 5, 5FU 350 %721 500 mg/m*® 5 H
M5 T53.8%DRME R DT, £ 5L CDGP
90 mg/m* 1 H, 5FU 800 mg/m’ 5 B &% &5 T
39.5%DEMEEZRLY, FPEELIVFOEHXR
BELRTWAY, PRIz TEHM%L L CDDP
I BWZ L EET S second-line DEH| & LT
FREEEZ LN,

FEFERIE, TXTICBITAHETHRET, Grade
SULOFEESLE LTBEHEEIEE T, AR
WA (73.5%), 8F + R W 2 (87.8%), & m
(12.2%), REMEFHRIHRED (18.4%) @G sh
TwW5, FEbhbhid TXT 60 mgm* D HE
BRECARE 2B LZ0S, FRRCHIMMERRD, &F
FRERR A DS Grade 3L T70%E BEIIZED 5
h, ZOHO 2 ZIZHIMIEDRIEE Ao WTHO
FEPI D Fan L 2 7205, WIIRHRICFN, fLPHE, K
WREREET-TE), BEBROTHAOLD2h
DT ENHBLEEZ LN, 72, EH 8
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MEFEEICL Y 22— 2B CREN 2SN, FIED
SDHSPDE%-TBY, SENPEMBRLATHE
H2H 5,

FRKT 08 T AHRER Tt 75~100 mg/m’ D &
RETYO BATHESIZ 70 mg/m’ EFRELT
W55, gecond-line DILEFEE L WH T L 2 ER
THEBEOFHAD 2L, Grade 4 DEEFERII
BT 0, BEABROMRZHLIILEBLHEATDH
bo EBIEH S, BIED dose REZMETTH LD
X, FEHRS LY, BEFEOBREZ LIZARRY
LEzZ LN, LAL, TXTICHELT, —EH 5
VIR B SRS O EGREIIIT b TE 6 7,
SHOBEREBL VR 5,

ARFOL I ICHEOHREF T TXT OFESE
KA EREIIH], SFICHMERRD, ZHITHE ) BEE
EHRLIERAZRESh TV R0, Lhl,
AT E £ ST 5 Schull 5 O #H % Tl TXT
50 mg/m?, CDDP 50 mg/m’ % 1, 15H 5% 5
TEHRED6%Z R LTV EIEd Db 5T,
Grade 3 ML EDO HIMIRWMA1324% L EEZRL TWw
2%, 1 5138 B I Bk E1000~2000 /112 T GCSF
#5 uglkglday # 5 HRIZE T2 EZ Lo TH
D, GCSFHR 5 bLEREDO I D EMNEMIT T
Bo NERHREFEDEVDHY, FEFROHH
DERCHLTORKIIELVWEZATHSL, L
L, bhibhoitTd GCSF iE Grade 3L ET
EEERLTHED, HR L L Cnadiridiz5% 80
A THMA, #ER GCSFoHkEICL ) 3 HAIRE
THETHILREDZRTHE, FMEFHREICS
Wi, mMEHENETHLHLRBRDEAITEZEE
HHEQOUVEDEMNENT, BENZLERES
GCSF 0¥ 5, FHHRAFHO®RES LY, EH 1
TOURELXRFATILENDH L EBDNL,

V. £ &

AT - FREBEHED second-line DILEEEL L
T TXT - CDGP Bt ¥ 247>, PR2HI, SD6
B, PD2HEHBHBRIFLZEELZRLZ. LaL,
W oPORERbREING, FIL, AEERIC
BT, IEFETH S BMERPRD 28 T SHED
BETHY, MEAOTFHRG 2 ERFAVPLETD
BT EATRBE NI,
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Tactics for advanced esophageal cancer
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R O A®H %A K E
MATSUBARA Hisahiro OCHIAI Takenori
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BERIEFRARDOBED 1 D Tho 7285, SHEY
VSERERIE & Ead T 3R v SETENE &0 ) IR
EETBRMDSREITONBE LIk D, FHROM
EERBED. FUHHATENC B BFEM ) Vo SEiE
BOWIH HIEERY v SHEBOEE D
<, EHEEIAA Lt THREE smEFTRE, B
) O SHIENEN R2FEM 2 ST A7 DIFLET
HHZEPHHLTER, —F, NESGIMELIR
MEMRIC L ) B EEROERIIREL DL,
FHLERFTHYMETREBFEERIEOLNLTY
B, SOLOWEIBHIEIEbOTCERE Y, BER
EE LPM £ Tl EMR Offith#is s LCave s
AR LN TN 5,

WA, YIREERE DA < TH R REZR ESD
BIThNB LI TETED, FHEYHEO
EMR 2 LRFIEESBAT % & OMERS W,
BEVERICE L TIZE 512, MM-SM1 TGk
KL TWAIIRR DML TETwab, SM2EEDHE
IRk Lt, SM % 34880 >/ SEHIERE DR 5
&b, MM-SMLIZ2DWTIES B ORI 2 o
ENDHHH, L &b SM2UIRORIIIEFEEDN
XboTRELZY, ETEEBEOHBECEINL LT
Wi A, BURCEH E ORI L 2 REEROE
BILEREAREICE &0 ) VSRR & 2
TVERIEHE ST 5,

1. EITREREORE
UICC @ TNM 74RIiE) &, SHERY >/ Eiis

T _TMIOLYM) &2 5, SR Cia b
ERALAT Ut T47.1%, Mt 31.1%, Lt 19.8% & F#h#
ORI v 7 EifEkEA%43.5, 506, 41.3%TH 5
ZEEEERTHE, R U HERE T MI
EHET DI ZOERBEENDH T VICHEETDH
b, SHICHEE) yHEHEERITILICLD,
R2OFME R T RIT L FHRVIFTE 5. 57,
MBI ORI X 1) SHEBERE 2 AT & HIERNIZ
B TE A%, BURTIRY v SEiisB i3 RR
HHY, BEEIITIRELZLEZ TS, Y0
WEr, RIS OKEHIBWTHEL DY) v il
BiZlem T U HIZEED OGN, ZOBMIX
SEHOERLGBITHETH 5,

{LEEHRREERIE F OERIC LY, £ DEFIC
T s L) lholz, WHEVPEAMERD, FE
BHRL A% %L, BUTlgRSE, MK, KR
CHEAAIHEZ ERTALELH Y, BEIIOWT
L TR s, BERRAOHED HIEERD
QOL B L ClI BRI EHETH A5, SM FEITxt
LT Mgk iz & 5 P & 0% 111 MR AL E T
ENTWABED, HF 0IZH modality 2NE S IEED
OB APBRE LR EOFRMBEShT
Wb,

O84ED & YUETIIAL L /BRI Fil 2 1T
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Cisplatin-dependent upregulation of death receptors

4 and

augments induction of apoptosis by TNF-related

apoptosis-inducing ligand against esophageal squamous cell carcinoma

Kan Kondo'®, Seiji Ydmamkn , Tomoharu §ug_,|e Naoki Teratani!, Takatsugu Kan',
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TNF-related apoptosis-inducing ligand (TRAIL) is a member of
the TNF superfamily known to induce apoptosis in a variety of
cancers. The purpose of our study was to examine the effects of
TRAIL in combination with cisplatin against esophageal squa-
mouws cell carcinoma (ESCC) cell lines in vitre and in vivo, and to
elucidate underlying molecular mechanisms. Expression profiles
of TRAIL receptors were investigated in 19 ESCC (KYSE) cell
lines using RT-PCR. Crystal violet staining assays were performed
to reveal the sensitivity against TRAIL, Flow cytometric amalyses
of apoptosis induction and TRAIL receptor expression were per-
formed. Furthermore, Western blot was used to clarify the apop-
tosis pathway involved, and a nude-mouse xenografl model was
used to show effects in vivo. Results show that death receptors
(DR) 4 and 5 were expressed in 100% of the cell lines. and 79%
(15/19) expressed 4 TRAIL receptors. There was only 1 cell line
without decoy receptor expression. Eighteen cell lines were resist-
ant to TRAIL, but in some, the combination treatment with cispla-
tin could overcome this resistance. They underwent apoptaesis vie
activation of caspase-8 and -3, and cisplatin-dependent upregula-
tion of DR4 and 5 was detected. Furthermore, pretreatment with
cisplatin followed by TRAIL resulted in significant tumoricidal
eflects. Finally, systemic administration of TRAIL with cisplatin
synergistically suppressed tumor growth of ESCC xenografts in
nude mice. These results provide a significance of cisplatin-
induced upregulalion of death receptors as apoptosis-inducing
machinery, and it was suggested that sequential administration of
cisplatin and TRAIL might be a feasible chemotherapeutic regi-
men against ESCC,
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Esophageal SCC has extremely poor prognosis among gastroin-
festinal cancers because the diagnosis is not made until at an
advanced stage and there are few effective therapies. Esophagec-
tomy with extensive lymphadenectomy is far from being satisfac-
tory with a dismal 5-year survival rate, and available chemothera-
peutic regimens are yet to show promising outcomes. Thus, we are
still in the midst of searching for a more effective modality to con-
quer this highly morfal malignancy.

TRAIL (also known as Apo2l) is a relatively new member of
the TNF Lumly that has been discovered from the expression
sequence tag.’”? TRAIL is highly homologous to FasL. and other
members of the TNF ligand iamxl) and its constitutive expression
has been detected in a variety of human tissues including spleen,
thymus, prosiate, peripheral blood l\mphowlw ovary, small
mtmmm colon, placenta and lung, but not in the brain, liver or
testis.” Four cognate receptors haw been identified: death receptor
(DR) 4 (TRAIL receptor (TR) 1)* and DR5 (KILLER/TR2™¥ are
receptors with fully functional cytoplasmic death domains. On the
other hand, decoy receptor (DcR) 1 (TRID /TR 3)* and DcR 2
(TRUNDD / TR )" have either an obliterated (DcR1) or a trun-
cated (DeR2) death domain. These decoy receptors have been pro-
posed to competitively inhibit TR AIL-induced apoptosis by aciing
as nonfunctional receptors. All 4 TRAIL receptors are hlghl_y
expressed in a wide variety of normal cells and the expression of
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decoy receplors is substantially limited in tumor cells.**!'® These
findings in addition to normal cells’ resistance to TRAIL have lead
o lhg presumptive belief that normal cells are plolutcd from
TRAIL-mediated apoptosis by decoy receptors 3910 However,

later studies revealed that DcR1 and DcR2 are also expressed in
SOme cancers sensitive 10 TRAIL, thereby defying their putative

function"™"* Cumrently, exact functions of ducoy receplors remain
unknown and the mechanism for normal cells’ resistance to
TRAIL is still obscure. In the meantime. some studies raised ques-
tions regarding toxicity of TRAIL against normal tissues, 2! but
this controversy seemed 1o be resolved by further findings that
clinical-grade recombinant hum.m TRAIL has minimal foxicily
aguinst normal human cells. '

Although TRAIL has been shown to be Cdpdbl(. of indncing
apoptosis in twmor cells of diverse origin,””™ studies on esopha-
geal cancer have been very rare. In our study. ESCC cell lines
lK\ ST series) that have been established at our institufion > are
subjected 1o a series of experiments to demonstrate the potential
usefulness of TRAIL against ESCC and underlying mechanisms
behind this therapeutic model is discussed.

Material and methods
Cell lines

Ninefeen genetically distinct KYSE cell lines were used. Hela
cells were used as positive controls for surface expression of DR4
and DRS5 in flow cytometry. Peripheral blood mononuclear cells
(PBMCs) isolated from whole blood of 2 of the authors (KK and
NT) using Ficoll-Paque solution (Amersham Biosciences. London.
UK) served as normal controls. All cells were cultured and main-
tained in RPMI 1640 (Nikken Biomedical Laboratory, Kyoto.
Japan) plus 2% Fetal Bovine Serum (Biofluids, MD) at 37°C. in
humidified 5% CO, atmosphere.

Patients

Original ESCC from which 19 KYSE series were established
had been obtained during esophagectomy performed at the Depart-
ment of Surgery and Surgical Basic Science of Kyoto Umvmsny
All patients lnd a p.ﬂhologu al diagnosis of squamous cell carci-
noma, and their histological gladmg and staging were classified
according to the pathological tumor/node/metastasis (pTNM) sys-
tem (Sth edition). The subjects consisted of 16 men and 3 women
of age, 39-79 years (average age of 57.7 = 9.8 years). There were
no patients with distant or gan metastasis. so all of the stage IV
patients had distant lymph node metastasis. Details of patient char-
acteristics are displayed in Table I. Written consent was obtained
from the patients for the performance of surgery and for the use of
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TABLE I - CLINICOPATHOLOGICAL CHARACTERISTICS OF
19 ORIGINAL TUMORS!

Sensitivity to

Paramater n combination Tx P Value
Apge (years)
<50 3 1 2 >>0.999
=50 16 6 10
Sex
Female 4 2 2 = 0.603
Male 15 5 10
N status
N(+) 16 5 11l =(.523
N(—) 3 2
M status
M(+) 5 2 3 >0.999
M(—) 14 5 9
Tumor location
Ce 4 1 3 = (1.930
Ut 3 1 2
Mt 10 4 6
Lt 2 1 1
TNM stage
2a 3 2 1 = {).640
2b 2 0 2
3 9 3 6
da 2 1 1
4b 3 1 2
Histological differentiation
Well 6 t 5 = ().365
Moderate 8 4 4
Poor 4 2 2

'Walues represent numbers of patients except otherwise indicated.

resected samples for research in accordance with the Kyoto Uni-
versity Institutional Review Board.

Cytokines and antibodies

Soluble recombinant human TRAIL was purchased from
DAKOQ (Denmark); cisplatin was obtained from Nippon Kayakn
Co. Ltd. (Tokyo, Japan). Monoclonal mouse anti-caspase-8, anti-
human BAX, anti-FADD and anti-XIAP antibodies were pur-
chased from Medical & Biological Laboratories Co., Ltd (Nagoya,
Japan). A monoclonal mouse anti-Bel-X antibody. and polyclonal
rabbit anti-caspase-8 and anti-caspase-3 antibodies were pur-
chased from BD Pharmingen (San Diego, CA). A polyclonal rab-
bit anti-cFLIP antibody, a monoclonal mouse anti-B-actin anti-
body. and a mouse IgGl isotype control were purchased from
Stgma-Aldrich, Inc. (St. Louis, MO). A monoclonal mouse anti-
FLIP antibody was purchased from Apotec (Geneva, Switzerland).
Rabbit polyclonal anti-NFxB antibodies (anti-p30 and anti-p65)
were purchased from Santa Cruz Biotechnology. Inc. (Santa Cruz,
CA). Peroxidase-conjugated sheep anti-mouse IgG and donkey
anti-rabbit IgG were purchased from Amersham Pharmacia Bio-
tech (London, UK). Monoclonal mouse antibodies 10 TRAIL-R]1,
-R2, -R3, and -R4, and a biotinylated polyclonal antibody 1o
mouse IgGl. were purchased from Alexis Biochemicals (UK).
Streptavidin/FITC was purchased from Ancell Corporation (Bay-
port. MN).

Total RNA extraction and RT-PCR

Total RNA from KYSE cell lines was extracted using TRIzol
reagent (Invitrogen, Carlsbad, CA) in accordance with the manu-
facturer’s recommendations. PBMCs were incubated overnight in
a 6-well tissue culture plate (Iwaki glass, Tokyo. Japan) before
total RNA extraction. RNA quantification was performed spectro-
photometrically. First strand ¢cDNA was synthesized using 1 pg of
total RNA, 1 pl of oligo dTga.5, (Invitrogen), 4 ul of 5X first

strand buffer (Invitrogen), 4 pl of ANTP mix (2.5 mM each) (Invi-
trogen) and 2 pl of 0.1 M DTT (Invitrogen), in a total volume of
20 ul. Previously published sequences of PCR primers were
adopted: DR4 sense, 5-CTG-AGC-AAC-GCA-GAC-TCG-CTG-
TCC-AC-3; DR4 anfisense, 5-AAG-GAC-ACG-GCA-GAG-
CCT-GTG-CCA-T-3* DR5 sense, 5-CTG-AAA-GGC-ATC-
TGC-TCA-GGT-G-3'; DRS antisense, 5-CAG-AGT-CTG-CAT-
TAC-CTT-CTA-G-3'"" DcR1 sense, 5-GTT-TGT-TTG-AAA-
GAC-TTC-ACT-GTG-3": DcR1 antisense, §'-GCA-GGC-GTT-
TCT-GTC-TGT-GGG-AAC-3;Y DeR2 sense, §-CTT-TTC-
CGG-CGG-COT-TCA-TGT-CCT-TC-3'; DcR2 anfisense, -
GTT-TCT-TCC-AGG-CTG-CTT-CCC-TTT-GTA-G-3":%¢ glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) sense, 5'-TGG-
TAT-CGT-GGA-AGG-ACT-CAT-GAC-3 and GAPDH anti-
sense, 5-ATG-CCA-GTG-AGC-TTC-CCG-TTC-AGC-3. PCR
was performed using 5 pl of 10X PCR buffer (Sawady Technol-
ogy, Tokyo, Japan). all 4 ANTPs at 2.5 mM, 2.5 U Taq DNA poly-
merase (Sawady Technology). 1/20 of ¢cDNA and each primer at
0.5 uM. in a total volume of 50 mgr:l using PTC-200 Peltier ther-
mal cycler (MJ Research. Tnc., Watertown, MA). Thirty-five
cycles of amplification were performed (inelting step at 94°C for 1
min (DR4), 45 sec (DRS5), 305 (DeR 1), and 45 sec (DcR2); anneal-
ing step at 62°C for 1 min (DR4), 57°C for 45 sec (DR3), 56°C for
30 sec (DcR1), and 63°C for 45 sec (DeR2); clongation step af
72°C for 1 min (DR4), 45 sec (DRS), 30 sec (DeR1) and 45 sec
(DcR2); followed by a final step at 72°C for 10 min). PCR product
lengths were 505 bp (DR4), 583 bp (DRS), 140 bp (DcR 1), 464 bp
(DcR2) and 189 bp (GAPDH). Samples without reverse transcrip-
tase served as negative conirols to confirm that there was no
genomic DNA contamination.

Crystal violet staining assay

Each cell line was cultured until subconfluent in 12-well tissue
culture plates (Iwaki glass). and TRAIL (0 ng/ml, 50 ng/ml or 100
ng/ml) and cisplatin (0 pg/ml, 2.5 pg/ml or 5 pg/ml) were added
either alone or in combinations for 24 hr. Then medinm was dis-
carded and adherent cells were washed with PBS. stained and
fixed with 0.2% crystal violet in 10% phosphate-buffered formal-
dehyde (Wako Pure Chemical. Japan) for 30 sec. Excess crystal
violet solution was discarded, and adherent cells, considered via-
ble. were observed. After completely air-dried, stained cells were

lysed with 2% SDS solution by shaking plates in room tempera-

ture for | hr. OD absorbance was measured at 560 nm nsing SJeia
I microplate reader (Sanko Jun-yakn Co.. Lid., Tokyo, Japan),
and the percent absorbance of every well was determined.

Flow cyiometry for detection of apapiotic cells and
sirfuce TRAIL receptor expression

KYSE cel} lines, HeLa cell line (5 % 10° cells) and PBMCs
(3 % 10 cells) were seeded in 24-well tissue culture plates (Twaki
glass). For detection of apoptosis. TRAIL (50 ng/ml) and cisplatin
(5 pg/ml) were added either alone or in combination for 24 hr.
Subsequently. floating cells in the medinm and adherent cells were
collected. Using Annexin V-FITC Apoptosis Detection Kit (Medi-
cal & Biological Laboratories Co., Ltd.), cells were stained with
Annexin-V FITC and propidium iodide (PI) according 1o manu-
factarer’s instructions. Untreated cells and cells treated with 3%
formaldehyde for 30 min served, respectively. as negative and
positive controls for double staining. For detection of surface
TRAIL receplor expression, cells were either untreated (control)
or treated with 5 pg/ml cisplatin for 6 hr, harvested. and stained
with monoclonal antibodies against TR1-TR4, followed sequen-
tially by incubation with biofinylated goal anti-mouse IgG, and
then with streptavidin-FITC. Hel.a cells served as positive con-
trols for DR4/5 surface expression, and PBMCs served as positive
controls for DcR1/2 surface expression. Cells were analyzed
immediately after staining using a FACScan flow cytometer (Bec-
ton Dickinson, Mountain View, CA) and the Cell Quest software
(Becton Dickinson). For each measurement, 310,000 cells were
counted.
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Ficure 1 ~ RT-PCR detection of TRAIL receptors in 19 KYSE cell lines and peripheral blood mononuclear cells (PBMCs): RT-PCR was run
for 35 cycles. DR4 and DR 5 were expressed in all cell lines. Four cell lines lacked DeR2 expression, and KYSE 110 was the only decoy recep-
tor (—) cell line. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression is shown as a loading control. Experiments were repeated at

least 3 times and the most representative results are shown.

Marphological analysis using Hoechst33342 and propidium
iodide staining

In some cell lines. nuclear morphology was assessed using
Hoechst 33342 and PI staining. After 24 hr treatment with TRAIL
and cisplatin, cells were harvested. labeled with Hoechst 33342
(5 pg/mib) and PI (1 pg/mnl) at 37°C for 10 min and examined under
fluorescent microscopy according to the method reported previ-
ously.”” Intact blue nuclei. condensed/fragmented blue nuclei,
condensed/fragmented pink nuclei and intact pink nuclei were
considered viable, early apoptotic, late apoptotic and necrotic
cells, respectively.

Immunoblotting analyses

Lysis buffer containing 2% SDS solution supplemented with
Tris-HCL pH 6.5 and 25% glycerol, and a mixture of proiease
inhibitors in DMSO solution (Wako Pure Chemicals) was used to
destruct cellular structures. Lysates were then sonicated on ice,
centrifuged and protein concentration determined using BCA pro-
tein assay kit (Pierce. Rockford, IL). Next. Sodium dodecyl sul-

fate-polyacrylamide gel electrophoresis (SDS-PAGE) was per-
formed using 12.5% (w/v) gel, followed by transblotting to Immo-

bilon-P  transfer membranes  (Millipore, Bedford, MA).
Nonspecific bindings were blocked using Blockace solution (Dai-
nippon Pharmaceutical Co., Osaka. Japan), and incubation with
primary antibodies was carried out. After washing 3 times with
tris-buffered saline with Tween 20, pH 8.0 (0.05 M Tris, 0.138 M
Na(l. 0.0027 M KCl and 0.05% Tween 20; Sigma-Aldrich), the
membrane was successively incubated with secondary antibodies
and peroxidase activity was revealed using an ECL plus chemilun-
minescence kit (Amersham Pharmacia Biotech).

Combination reatment with sequential addition of TRAIL
and cisplatin

KYSE cell lines sensitive (o the combination treatments were
cultured to subconfluence in 12-well tissue culture plates and 50
ng/ml TRAIL and § pg/mi cisplatin were added sequentially either
TRAIL first, washed 3 times with PBS and then cisplatin, or vice
versa, for 12 hr each. Crystal violet staining assays were then per-
formed.

In vivo freatments

KYSE 170 cells (5 X 10°% were suspended in 100 pl PBS and
inoculated subcutancously into the right flank of the female nude
mice, 5-6 weeks of age, of BALB/c background (Charles River
Japan. Inc.. Kanagawa, Japan). For the treatment of the established
xenografts. the tumors were permitted to establish to the diameter
of 6=7 mm for 10-14 days. Either cisplatin (1 mg/ke. 2 mgrkg. or
3 mg/kg), sterile normal saline (150 pd/body). or TRAIL (1 pg/
body) was administered intraperitoneally (i.p.) daily for 4 consec-

utive days followed by 3 off-days per 1 course of a treatment. For
the combination treatment. 2 mg/kg cisplatin and 1 pg/body-
TRAIL were administered 1.p. in the same dose schedule, Mice
all groups were treated for 2 consecutive weeks and then observed.
Tumor growth was followed by measurements of tumor diameters
with a sliding caliper 3 times a week, and mice were monitored
daily. The tumor volume was calculated according to the follow-
ing formula: TV = L X W-/2. where L and W are the major and
minor dimensions, respectively. Systemic toxicity of the treaf-
ments was assessed by change in body weights. All treatment pro-
tocols were approved by the animal care and use committee of
Kyoto University.

Statistical analyses

Commercially available software. Stat View version 4.5 (Berke-
ley, CA}, was utilized for all statistical analyses. The correlations
between various clinicopathological factors and sensitivity to the
combination therapy were evalnated using Fisher's exact test and
Kruskal-Wallis test. ANOVA Bonferroni test was used to evaluate
the significance of differences in rates of apoptosis induction
between combination therapies and single drug therapies. Mann-
Whitney U-test was used to analyze the significance of difference
of tumoricidal cffects of the sequential treatment. In all tests.
p values less than 0.05 were considered significant.

Results
TRAIL receptor expression profiling in KYSE cell lines
and PBMCs

A summary of RT-PCR results on 19 KYSE cell lines and
PBMCs is shown in Figure I. DR4 and DRS expression was
detected in all of the cell lines; thus, they were ubiquitously
expressed among KYSE cell lines. DeR1 was expressed in 18 of
19 cell lines (95%) and DcR2, in 15 of 19 cell lines (79%). There
was only 1 cell fine (KYSE 110) that was completely devoid of
the decoy receptor transcripts. All 4 TRAIL receptor transcripts
were detected in PBMCs.

Tumoricidal effects of TRAIL and cisplatin against
KYSE cell lines .

KYSE 110, 170 and 520 were subjected to the preliminary crys-
tal violet staining assays. They had been selected because KYSE
110 is our only decoy-receptor negative cell line, and KYSE 170
and 520. which express all 4 TRAIL receplors. are 2 of the most
frequently studied cell lines in our laboratory.2*** KYSE 110 and
170 were sensitive 1o the combination treatments, while KYSE
520 appeared to be resistant (Fig. 20). Reduction of viable KYSE
110 and 170 cells by the treatment wsing 50 ng/ml TRAIL and
5 pg/ml cisplatin was statistically significant compared to either
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Figure 2 —~ (a) Crystal violet staining results after treatments with various concentrations of TRAIL and cisplatin for 24 hr are shown. KYSE

110 and KYSE 170 were

ensitive to combination treatments. whereas KYSE 520 was resistant. Experiments were repea
and the most representative results are shown. (&) Crystal violet staining results were quantified with OD absorbance.

d 6 times per cell line,
“or each cell line, OD

absorbance value for untreated control was arbitrarily set for 100%. All data are the mean of 4 independent experiments; bars represent SE.
Cytotoxic effects in both KYSE 110 and KYSE 170 by the combination treatment was statistically significant compared to either single agent

alone (*p < 0.001. *¥p < 0.05).

single agent alone. displaying synergistic effects (Fig. 2b). Hence.
50 ng/m! TRAIL and 5 pg/ml cisplatin were adapted to pursue fur-
ther studies. Among 19 KYSE cell lines, KYSE 110, 170, 510.
850, 1190. 1860 and 2270 showed variable levels of sensitivity
against the combination treatment and KYSE 2270 was the only
cell line sensitive to TRAIL wlone (Fig. 3). In the subsequent stud-
fes. KYSE 110 170, 1860 and 2270 had been selected because in
these cell lines. viable cells were reduced significantly by the com-
bination treatment, compared to either single agent alone. KYSE
960 and 1170 were used as resistant cell lines that lack DeR2
CXPression.

Apoptosis induced by the combination treatment
in KYSE cell lines

To assess the type of cell death induced by TRAIL and cispla-
tin, flow cytometry was perfonmed: Annexin-V binds fo cells that
express phosphatidylserine on the outer layer of the cell meni-
brane. and P1 stains the cellular DNA of cells with a compromised
cell membrane. This allows for the discrimination of live
cells (unstained) from early apoptotic cells (stained only with
annexin-V) and late apoptotic or necrotic cells (stained with both
annexin-V and PI). Cisplatin adlone could induce a notable fevel of
apoptosis only in KYSE 1860 (4.7% control vs. 30.8%) (Fig. 4a).
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After in contact with given doses of TRAIL and cisplatin for 24 hr, sensitivities of 19 KYSE cell lines to these agents either alone
/5. Three cell lines (KYSE 110, 510 and 1860) and | cell line (KYSE

2270) showed some sensitivities to cisplatin and TRAIL. respectively. With the combination treatment. variable levels of cytotoxic effects were
seen in 7 cell lines (KYSE 110, 170, 510, 850, 1190, 1860 and 2270). Asterisk indicates the cell lines in which cytotoxicity by the combination
treatment was statistically significant (p < 0.05) compared to either single agent alone. Number sign denotes the cell lines in which cytotoxicity
induced by the combination treatment was statistically significant (omprm,d to 1 of the 2 agents. Results indicate the mean of 4 inde pcnd( nt

experiments for each cell line.

TRAIL alone induced extensive apoptosis in KYSE 2270 (7.7%
control vs. 88.5%) and some apoptosis in KYSE 170 (14.6% con-
trol vs. 35.3%) and 1860 (4.7% control vs. 21.9%). KYSE 110,
despite absence of decoy receptors, did not undergo significant
apoptosis when treated with TRAIL alone. However. the combina-
tion treatment resulted in synergistic cytotoxic effects. A majority
of apoptotic cells in KYSE 110 was in early apoptosis while those
in KYSE 170, 1860 and 2270 were in late apoptosis. By extending
treatment periods to 48 hr, however, most of the apoplotic cells in
KYSE 110 proceeded 10 a late apoptotic stage, revealing relatively
stow progression of apoplotic process in KYSE 110 (data not
shown). On the contrary. there was hardly any increase of apop-
totic cells in KYSE 410, 520, 960 and 1170 (Fig. 40), and these
results were comparable with those in crystal violet assays. To fur-
ther confirm that KYSE 170, 1860 and 2270 underwent apopt
by the combination treatment. nuclear morphology was observed
under fluorescent microscope. which revealed cells either in early
or late apoptosis, but not in necrosis (Fig. 5). Meanwhile, PBMCs
were resistant 10 both TRAIL and cigplatin, and the combination
treatment could not induce apoptosis either (Fig. 40).

Demographic data analvses

Clinicopathological data of 19 original ESCC are shown in
Table 1. Parameters compared are age and gender of the patients,
TNM status. location of the primary tumor. TNM stage and histo-
logical grading of the resected tumor, against sensitivity 1o the
combination treatment of TRAIL and cisplatin. In 1 of the
patients, histological grading was not available. Although signifi-
cant statistical differences could not be reached between cell lines
sensitive to, and resistant 1o, the combination treatment in any of

the criteria examined, well-differentiated SCC tended 1o be more

resistant to the combination treatment, as 5 of 6 (83.3%) well-dif-
ferentiated tumors were resistant, as opposed 1o 6 of 12 (509%)
moderately and poorly differentiated mumors (p = 0.316).

Activation of caspase cascade by the combination treatment

TRAIL is known {o induce apopiosis in target cells vig activa-
tion of the caspase cascade (extrinsic pathw ay) 132 9f has also
been disclosed that caspase-8 can activate Bid of the Bel-2 family
to initiate the mitochondrial (intrinsic) pathway of apopto-

70393 To unveil the TRAIL-mediated apoptosis pathway in
K'YS}" cell lines, the cxpn,won of pro-apoptotic proteins caspase-
8, -3, Bax. FADD and anti-apoptotic proteing Bel-X1., FLIPL and
XIAP has been imvestigated. First. in order to determine the opti-
mal timing of proicin extraction. KYSE 170 was treated with
TRAIL and cisplatin, proteins extracted every 2 hr and activation
of caspase-8 examined. An active form of caspase-8 was detect-
able within 4 hr and appeared to peak at 8 hr; hence, 8 hr contact
time was deemed sufficient for protein extraction (Fig. 6). The
baseline expression levels of these proteins in untreated controls
are shown in Figure 7a. The expression levels of FADD, FLIPL
and XIAP were variable among cell lines but there was no correla-
tion between their expression levels and cell lines’ sensitivity to
the combination treatment. After the combination treatment. acti-
vation of caspase-8 and -3 was observed in KYSE 110, 170, 1860
and 2270 but not in KYSE 410, 520. 960 and 1170 (Fig. 76). In
order to elucidate intracellular changes involved in cisplatin-
induced sensitization of esophageal SCC, Western blotting detec-
tion of FLIPS, FLIPL, XIAP and NFxB was further performed
on both untreated cells and cells treated with 5 pg/ml cisplatin for




Figere 4 - Flow  cytometric
detection of apoptotic cells: Con-
centration of each agent used for
“cisplatin -+ TRAIL is 5 pg/ml
and 50 ng/ml, respectively. Y-axis:
Annexin-V conjugate. X-axis: Pro-
pidium Iodide uptake. Lower left
quadrant, upper left quadrant, and
upper right quadrant represent via-
ble cells, cells in early apoptosis,
and cells in late apoptosis respec-
tively. Numbers in the diagrams
show the percentage of cells repre-
sented in respective quadrants. (a)
Cell lines sensitive to the combina-
tion treatment. Enhanced induction
of apoptosis by the combination
treatment was clearly observed in
KYSE 110. 170, 1860 and 2270.
B, KYSE 410, 520. 960, 1170 and
PRBMC's were resistant to the com-
bination treatment and did not
undergo apoptosis.  Experiments
were repeated at least 3 times for
cach cell line, and the most repre-
sentative results are shown.
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FIGURE § — Results of the morphological analyses of the nucleus using Hoechest 33342 and propidium iodide (PI) perfonmed on KYSE 170
and 1860 after they had been treated with S0 ng/ml TRAIL and 5 pg/mi cisplatin for 24 hr. Left panels show Hoechest 33342 and PI staining.

Right panels show the same view of the P staining only. Most cells are either in early or late apoptosi

, and necrotic cells were rather scarce.

Intact blue nuclei (red arrow). condensed/fragmented blue nuclel (green arrow), condensed/fragmented pink nuclei (yellow arrow) and intact
pittk nuclei (not seen in the figure) represent viable, early apoptotic. late apoptotic and necrotic cells, respectively.

g 55

Casp 8 e Intermediste
- ~agm P23
Actin

a 2 4 8 8 10

Hours after combination reatments

FiGure 6 - Activation of procaspase-8 in KYSE [70. Cells were
treated with TRAIL and cisplatin for indicated hours, and cell lysates
were obtained tor immunoblotting. An intermediate product of cas-
pase-8 started to appear after 2 by, and an active form was observable
after 4 hr. Defection of the active form appeared to peak after 8 hr.
Beta-actin expression is shown as a loading control. Experiments were
repeated 3 times, and the most representative results are shown.

8 hr. Results are shown in Figure 7c. Al 8 cell lines expressed
FLIPL, FLIPS . XIAP and NFxB in various levels, and direct cor-
relation between expression levels of these proteins and cell lines’
sensitivity to the combination treatment was not apparent. How-
ever, slight decreases in expression levels of XIAP and FLIPS
were noted in sensitive cell lines after the cisplatin treatment while
their expression levels remained unchanged in the resistant cell

lines. Meanwhile, expression levels of NFxB (p50, p65 and pl115)
and FLIPL remained unaffected by the cisplatin treatment
Fig. 7¢).

Cisplatin-induced upregulation of DR4 and DRS
in KYSE cell lines

Influences of cisplatin on the surface expression of TRAIL
receptors in KYSE cell lines were next investigated by flow cylom-
etry, which clearly showed cisplatin-induced upregulation of both
DR4/5 expression in KYSE 110, 1701860 and 2270 after 6 hr
exposure (Fig. 8a). On the other hand, their expression levels
in KYSE 410, 520, 960 and 1170 remained nearly unchanged
(Fig. 8b). Expression of the surface DcR1/2 paralleled that of mRNA
transcripts but neither cisplatin-dependent upregulation nor down-
regulation was observed in any of the cell lines (Fig. 8b). Similar
experiments were performed with PBMCs; DR4 was not detected on
the surface of PBMCs even though DR4 mRNA was present by RT-
PCR. DRS, DcR1 and DcR2 were deteciable. buf their expression
levels were not influenced by the exposure 1o cisplatin.

Sensitization of KYSE cell lines to TRAIL by pretreatment
with cisplatin

Trom the results thus far, upregulation of DR4/5 by cisplatin
may be a critical factor rendering cells sensitive to the combina-
tion treatment. To confirmn this. erystal violet staining studies were
cairied out in sensitive cell lines by sequentially adding cisplatin
and TRAIL. Since KYSE 2270 was sensitive 1o TRAIL., signifi-
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Figure 7 -~ Detection of key apoptotic proteins by immunoblotiing analyses: () in untreated cells, procaspase-8, procaspase-3, Bax, Bel-XL,
cFLIP, FADD and XIAP were expressed in all 8 cell lines. The numbers below the figure represent the cell line numbers. (b) Eight hours after
the combination treatment with TRAIL and cisplatin, proteolytic activation of procaspase-8 and procaspase-3 were observed in sensitive cell
lines KYSE 110, 170, 1860 and 2270 but not in resistant cell lines KYSE 410, 520, 960 and 1170. (¢) Eight hours atter the treatment with § pg/
ml cisplatin, slight decreases in expression level of anti-apoptotic proteins XIAP and FLIPS were observed in sensitive cell lines. Expression lev-

els of NFrB (pl15, p65 and ad p3>0) remained unchanged. u: untreated samples. cis: samples treated with 5 pg/ml cisplatin, p35: Procaspase-8

p23: cleaved caspase-8. p32: Procaspase-3, p17/p12: cleaved caspase-3. Beta-actin expression is shown as a loading control, Experiments were
repeated at least 3 times, and the most representative results are shown. Asterisk denotes cell lines sensitive to the combination {reatment.

cant cytotoxicity was observed regardless of the treatment
sequence, but in other 3 cell lines. pretreatment with cisplatin fol-
lowed by treatment with TRAIL resulted in significantly more
cytotoxic effects than when the sequence was reversed (Fi 8. 9).

In vivo suppression of twmor growth by the treatment
aof nude mice with TRAIL and cisplatin

Because cisplatin enhanced the apoptosis-inducing potential of
TRAIL by upregulating DR4/S in vitro. we sought to examine

whether this combination is effective in an established ESCC
fumor model in vivo. KYSE 170 was implanted into the right thigh
of the nude mice. Similar 10 in vitro experiments, TRAIL and cis-
platin were simultancously injected i.p. to observe their effects,
KYSE 170 tamors carried by mice treated with the combination of
TRAIL and cisplatin grew slower after the first course of treatment
and remained smaller than any other tumors except those treated
with 3 mg/kg cisplatin (Fig. 10a). In contrast, tumors in mice
treated with normal saline or with TRAIL singly grew signifi-
cantly faster. The suppression of tumor growth by the combination
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line expression patterns of TRAIL
receptors in KYSE cell lines paral-
leled those of the mRNA tran-
scripts. In PBMCs, however, the
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surface expression of DR4 could
not be detected. The cell lines sen-
sitive 10 the combination treatment
revealed cisplatin-induced upregu-
lation of both DR4 and DRS but in
the resistant cell lines including
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PBMCs, expression levels of DRs
was unaffected. Expression  of
decoy receptors was not influenced
by the addition of cisplatin in any
of the cell lines. Experiments were
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treatment was statistically significant compared to TRAIL alone

nificance was not reached when compared to the effect of 2 mg/kg
cisplatin (p = 0.253). On the contrary, weight loss of the mice
treated with 3 mg/kg cisplatin was much more than mice in
any other groups. though statistical significance was not reached
(Fig. 100). Both the suppression of tumor growth and weight loss
of mice were dose dependent for cisplatin, but the addition of
TRAIL did not appear to influence the weight of mice. consistent

repeated at least 3 times for each
cell line, and the most representa-
tive results are shown.

with oﬂlg reports that TRAIL causes minimal or no side effects in
. 1932
mice.

Discussion

The present results indicate that ESCC cell lines are generally
resistant 10 TRAIL, but in some cell lines that resistance can be
overcome by adding cisplatin. Death signals originate from the
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Fieire 9 ~ KYSE 110, 170, 1860 and 2270 were subjected (o the
sequential administration of cisplatin and TRAIL. They were either
pretreated with 5 pg/ml cisplatin for 12 hr, followed by treatment with
50 ng/ml TRAIL for 12 hr (C then T), or vice versa (T then C). stained
with the crystal violet solution and OD absorbance was measured. QD
absorbance of untreated cells was sef for 100%. For all 4 cell lines.
pretreatment with cisplatin followed by TRAIL resulted in statistically
significant cytotoxic effects compared to the reverse sequence. KYSE
2270, which is sensitive to TRAIL, revealed significant cytotoxicity
regardless of the treatment sequence. Graphs represent the mean of 8
independent experiments for each cell lne: bars, SE. #p < 0.001.
*p < 0.005.

TRAIL receptors and we have demonsirated that cisplatin can
upregulate DR4/S to enhance ligand-induced cytotoxicity. All
KYSE cell lines expressed both DR4 and DRS. showing a quintes-
sential patfern of death receptor expression in malignant cell lines.
The decoy receptors had been Ihou%m to play a cytoprotective role
against TRAIL in normal cells"®>'? until TRAIL-sensitive
tumors expressing decoy receptors were teported!? 2003 4
keep their roles remain ambiguous. When compared {0 other
tumor cell lines, incidences of DeR1/2 expression in KYSE cell
lines are higher than expected, with only 1 decoy-receptor nega-
tive cell line. High incidences of decoy receptor expression may
be one of the unique molecular characteristics reflecting TRAIL-
resistant nature of ESCC.

Statistical analysis of clinicopathological data of the original
cancers revealed that sensitivity to the combination freatment was
unrelated to age, gender, location of the tumor, lymph node meta-
stasis, distant lymph node metastasis or TNM staging of the
tumor. However, although statistical significant was not reached,
well-differentiated ESCC tended to be more resistant to the com-
bination freatment compared to moderately and poorly differenti-
ated ESCC. One of the possible explanations for this is that well
differentiated ESCC retains more characteristics of normal esoph-
ageal epithelial cells. Since normal cells are generally resistant to
TRAIL. well-differentiated ESCC might remain more resistant to
the treatment with TRAIL. Farthermore, although statisiical sig-
nificance was not reached. 100 % of the well-differentiated fumors
expressed both DeR1 and DeR2 whereas some of the moderately
and poorly differentinted tumors lacked decoy receptor expres-
sion. By increasing the number of samples, resistant characterts-
tics and differences in expression levels of decoy receptors may
become more evident.

Several chemotherapeutic agents including cisplatin, one of the
most common anticancer drugs against ESCC, have been reported
to wpregulate DR4/5 to augment TRAIL-mediated apoptosis in
cancer cells.”??1*232 Consequently, we selected cisplatin to eval-
uate whether or not it can break TRAIL resistance in ESCC.
Although cisplatin alone was largely ineffective at the given dose,
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when combined with TRAIL. synergistic cyiotoxicily was exerted
in 7 out of 19 (37%) cell lines. Further examination revealed that
the addition of cisplatin did not influence decoy recepior expres-
sion, but it was rather capable of upregulating DR4/5 to augment
TRAIL-mediated apoptosis. Following the time course of death
receptor upregulation in these cell lines with flow cytometry. they
became clewly bright after 6 hr. but even after the 4 hr contact,
the upregulation seemed to have begun (data not shown). These
results demonstrated that upregulation of DR4/5 by cisplatin
begins relatively early in the sensitive cell lines. However, DR
expression of the resistant cell lines was not affected. Several dif-
ferent mechanisms have been suggested for upregulation of DRs.
Sheikh ¢f /. has shown the involvement of p53 at the transcrip-
tional level in upregulation of DRS, and Gibson ef af.?* has sug-
gested differential activation of NFrB could upregulaie both DR4
and DR3S. Still others suggested the involvement of post-transl
tional mechanisins such as stabilization of cellular microtubules.®
differential translocation of intracellularly stored DRs upon stimu-
lation by the chemotherapeutic agents®~® and chemotherapeutic
agent-mediated changes in the rate of receptor turnover at the cell
surface.”” Since none of the mechanisms could sufficiently explain
DR upregulation in all of the cancers. this mechanism might differ
in different types of cancer. In our study. semiquantitative RT-
PCR performed on KYSE 110 and 170 also revealed upregulation
of DR4/5 transcripts after the treatment with 5 pg/ml cisplatin
(data not shown): therefore, an increase in mRNA transcription
may be responsible for DR upregulation in ESCC. Interestingly, in
PBMCs, DR4 was not expressed on the surface even though DR4
mRNA was detected in RT-PCR, while surface DRS, DeR1 and
DcR2 were expressed. as were their respective mRNA transcripts.
The expression of these receptors was not influenced by cisplatin.
These results indicate that deficient DR4 expression and lack of
DR upregulation in addition to the decoy receptors might contrib-
ute 10 PBMCs’ resistance to the combination treatment. It appears
that the control of DR4 expression is af the post-transcriptional
level in PBMCs, and differs from ESCC. Overall, it may be
deduced that the induction of death receptor upregulation by cis-
platin in esophageal SCC is indicative of their sensitivity 1o the
combination treatment with TRAIL.

In ESCC, DcR1 and DcR2 do not seem to be essential with
regard o their sensitivity against TRAIL for following 2 reasons.
First, KYSE 110, the decoy receptor negative cell line, is resistant
to TRAIL itself. Second, some of the decoy receptor positive cell
lines became susceptible to TRAIL in the presence of cisplatin
even fhough their expression of DcR1 and DcR2 are not influ-
enced by cisplatin. It appears that physiological expression levels
of DcR1 and DceR2 are not sufficient to mierfere with TRAIL-
induced apoptosis as was demonstrated in overexpression experi-
ments of the initial reports investigating TRAIL recep-
tors, HH913,14.20.29.55 Furthermore, although a Possible role of
DeR2 as a NFkB activator has been disclosed,'’ functional roles
of DeR1 is yet to be elucidated. Taken together. if seems unlikely
that signals originating from DcR1/2 upon binding of TRAIL
overcome those from DR4/5 in ESCC to inhibit TRAIL-mediated
apoptosis, and the mechanisms of TRAIL resistance seemingly
resides on the intracellular factors rather than DeR ] and DcR2.

Apoptosis-inducing mechanisms by TRAIL is thought to be
similar to its kin. FasL. and TRAIL-mediated apoptosis via the
extrinsic g);ﬂqhway has been delineated by Griffith ef al. and
others." 2% “While TRAIL receptor-specitic  cytoplasmic
adapter protein is yet to be discovered, some studies have reported
that FADD may act as the adapter protein for TRAIL receptors.”®
Our study clearly indicated the involvement of caspases in
TRAIL-mediated apoptosis of ESCC. However, exp [

5

ssion of
FADD had been variable among ESCC cell lines and its role as an
adapter protein for TRAIL receptors remained unclear. Recently,
activation of the intrinsic pathway in TRAIL-mediated apoptosis
has been described: Bax seems to take a critical pro-apoptotic role
while Bel-XL is an important inhibitory factor in this pathway of
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Ficure 10 — Synergistic antitumor effect of the combination treatment with TRAIL and cisplatin in vive. (@) KYSE 170 cells (5 X 10% were
inoculated into the right thigh of Balb/c nude mice. After tumor formation, mice received i.p. injection of either TRAIL, cisplatin, normal saline
or the combination of TRAIL (1 pg/body) and cisplatin (2 mg/kg). Cisplatin alone induced dose-dependent suppression of xenografted tumor
growth, although low-dose cisplatin (1 mg/kg) was largely ineffective. The combination treatment resulted in statistically significant tumor
growth suppression compared to both the control and TRAIL-alone groups. (#) injection of TRAIL alone resulted in no weight loss of nude
mice, while cisplatin caused weight loss of nude mice in a dose-dependent manner. Weight loss was particularly prominent when 3 mg/kg cis-

platin was administered. Closed circle, Control group with normal saline; open circle, TRAIL (1 pg/oody): open square, cisplatin (I mg/kg);
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open triangle, cisplatin (2 mg/ke); X, cisplatin (3 mg/kg): closed circle, TRAIL (1 pg/kg) + cisplatin (2 mg/kg). Data are shown as the means;

bars. SE. *p < 0.05. #*p < 0.001.

apoptosis.”®* We detected varying levels of Bax and Bel-XL in
8 KYSE cell lines but the evidence for the intrinsic pathway acti-
vation in the sensitive cell lines could not be obtained. Meanwhile.
detection of anti-apoptotic proteins by Western blotting disclosed
slight decreases in FLIPS and XIAP expression in the combina-
tion-treatment sensitive cell lines after the treatment with 5 pgAnl
cisplatin. Such changes were not observed in the resistant KYSE
cell lines. FLIP blocks the binding of caspase-8& to the death
domains of DR to inhibit apoptosis induction and has been shown
to be critical in TRAIL 1 ance of other cancers,! 3% while
XIAP inhibits the intrinsic pathway of :'tpoptosis""s Cisplatin-
mediated decreases of these 2 proteins might partially explain the
cell lines’ sensitivity to the combination treatment. However,
more definitive intracellular mechanisms that determine ESCC’s
sensitivity 10 TRAIL and cisplatin are likely to exist, and this shall
be the topic of further study. On the contrary, Western blotting did
not prove any significant changes in the NFxB expression levels
after the cisplatin treatment in any of the cell lines. While NFxB
is generally considered anti-apoptotic, b6 2 moderate amount of
activated NFxB has been suggested 1o upregulate DRs.”? Subse-
quently, it will be necessary to detect the active form of NFxB to
cvaluaie its roles in DR upregulation of ESCC.

Importantly, pretreatrent of KYSE cell lines with cisplatin fol-
lowed by TRAIL resulted in significant cytotoxic effects com-
pared to the reverse sequence in the treatment-sensitive KYSE cell
lines, thus supporting the significance of cisplatin-induced upregu-
lation of DRs. Furthermore, /n vive experiments wiih nude mice

revealed synergistic effects of the combination treatment similar
1o in vitro results when compared to the TRAIL-alone (1 pg/body)
group. Althongh statistical significance was not reached when
compared 1o cisplatin-alone group (2 mg/kg). tendency toward
synergy was observed; an encouraging outcome that may lead fo
further investigation. Notably, we were able to obtain these resulty
with much lower dose of TRAIL than previously reported. ™3
Growth of the xenografted KYSE 170 was suppressed by adminis-
tration of cisplatin alone even though this cell line was resistant to
cisplatin in vitro. We believe this seemingly discrepant result was
obtained probably because with the administration of the given
concentration of cisplatin, the serum concentration became suffi-
ciently high to cause some apopiosis. TRAIL was shown 1o have
negligible influences on weight loss at 1 pg/body, implying mini-
mal side effects.

These results support the cisplatin-dependent DR upregulation
as a critical factor in augmenting TRAIL-mediated apoptosis in
ESCC and in addition may provide the following clinical impli-
cation: first, there is a possibility that the combination therapy
can overcome not only TRAIL resistant but also cisplatin resist-
ant ESCC. Second, synergistic effects of the combination treat-
ment against ESCC obtained in vitro can be translated mio in
vivo experiments. Third. in the clinical settings. sequential
administration of cisplatin and TRAIL, which may be safer.
might be the better way of treating the patients. Since the crit-
ical issue regarding toxicity of recombinant human TRAIL to
normal human cells appeared to be resolved by alternating iis



