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Abstract

The tumor necrosis factor (TNF) is known for potent antitumor activity both in vitro and in
vivo. However, certain kinds of tumor cells are reported to be resistant even to TNF. Based
on previous findings that endogenous TNF (en TNF) acts as an intracellular resistance factor
against exogenous TNF by scavenging oxygen free radicals with induced manganous superox-
ide dismutase (MnSOD). The present study examined the involvement of caspase and en TNF
in apoptotic cell death of TNF resistant oral squamous cell carcinoma cells (OSCC). The
results were as follows: T. T cells were more TNF-highly sensitive than other OSCC; T. T
cells displayed lower expression of MnSOD activity and en TNF protein;a nonsecretory
human TNF gene transfected into T. T cells was highly MnSOD active and inhibited TNF
-induced apoptotic cell death ; Parent T. T cells mediated TNF-induced apoptotic cell death by
the reactive oxygen species (ROS) downstream caspase-3. These findings suggest that en

TNF exerts a protective effect against TNF-induce apoptotic cell death by inducing MnSOD
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to scavenge ROS downstream caspase-3.

Key words : Oral squamous carcinoma cells, endogenous TNF, MnSOD, Trasfection, apoptotic

signal.
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WTEERREZH->TWE I EBHLnE
totz, TNFIX, 4 >89 —7zuarix Efoi
BEEMEY A N4 v B LT, R EEM
JEEFEEEZE L TWwaY, ZOBFBEE LT,
TNFAFoEEMEERECFEET 2 V7
Y —HEELIDL, YT FNVRESKIY,
Ca** DMIIEN~DOTA, EHEBRROEL, 74
VYV — LAREROEMEL, BEolEigbk, = FX
7 v 7 —XiEH, REBELSh, Wik
B2 LEEIRTWSEY, Lhl, 5
OVEEE S I EEHEOBEIC L > T2 0OX
RO REZ D, BEERERNEARL LS D
D, WREMEIROAERTODOREIEEE
ThHY, i, fUEEEEI 2 RD oV
EEL, PERBOFETSDVERTH S,
IhET, izt FTNFOBKRRRTIE, K
EEE RIS, BEAOEBNREYE X UK
BENOHEBRE TREELIER I N
2, £E®RETIX, FE, MEETZEDREIE
iz, B3I 5 %Ik (&L, METE
LRRERBL LN TER P, TOERE
LT, TNFZEMEDRUMPLTNFOLE D &l
a2+ 2R FORFEENEZ oNIZ, b
DEEMIETIX, Mg s vy 54 > (GSH)
REEB R DOHE EEFE (superoxide dis-
mutase : SOD) ®O—2>T» %MnSOD, HiEEft

YWEITNFOMBEGEEZET SRS I &b
5, TINFZ X VEEINLEHBRELRHET S
ZET, MHERTFELTEET2EEZONT
V2 %9710,

—%, ZhET, fiEEY A M2 A U eELE
ST Mg, RUTHSREEL RV EWL
SEED S, MIEAWCEAET 5 TNF (en-
dogenous TNF : enTNF) Mp5HIET & U TE
WTW S AREMEPRETE T &z, ZDHE,
TNF MR CIiEEE Icen TNFMEE I F
BHLTEBY, TNFREEHETEZEANE SN
BnZE, 7 TNFRZM4EME TS TNFRIE
WX DenTNFOFEIE X 25 Z LHEI N
7210, L EDEER, en TNFBTNF Ot iz B8
E33XBERRFO—DOTH5 I ER2EMIT
W5,

¥ 72 3T4E, Sato 512 & - TTNFOMEEGE
TER OARMEIZ, TNFIHERE ICFEET 5V &
Ty —IREE LI, A AN—EREEEIN
BZEREVEREINETRIN—YATHSZ
EBREI N, L LERS, ZDHA/N—
HENLETRIN—YRAY 7 F )V ETNFIZX
T AR 7 NV OB DWW THRET L 723G
XINFETHALNZ,

Z CCHEME TR, ABEERO—BIE 2T
<, BORSERIC B U 2 BMOTNFIZ X %
7R b — ¥ AFEER I LT, enTNFYERE
KERERFE L TEVTWwED», S5,
TRIN—YRAYTFNEZBNRT, EDX S RHE
FFCeEERT E L TERL TWwa Iz onT
fEHT L 7z,

(44)



HIGASHI NIPPON DENTAL JOURNAL Vol. 21, No. 1, June, 2002 45

Table 1 Characteristics of oral carcioma cell
lines.

Strain Origin and establish Histological type

T.T esophagus / SCC
mandibular bone metastasis

HSC-3 tongue / SCC
cervical lymph node metastasis

Ca9-22 gingiva / Neo
primary site

BSC-OF floor of mouth / SCC
primary site

SAS tongue / scc
primary site

SCC : squamous cell carcinoma

II. ##EH*

1. #Aka

TR E LT, 5fED e b Ok, T.
THlfa™®, HSC- 3 fifg'», Ca 9 -22#0f's), BSC
-OF#lifa'9% & U'SASHIfE "% A > 72 (Table
). BEEO THEERE,» 5B L2 RF L
RFEMRIERT . TOMIZ, WFhd OEEROR
VM TH 5. BSC-OFMfwIx, Y=
TR L T2 b 0RHAL, 0o
fuid Japanese cancer research resources bank

(JCRB) kvt an, MlgoEEF, T.
T, BSC-OF 8 X U'SAS 1210%4 B5 'R Ifu &

(fetal bovine serum, FBS, Flow Labora-
tories Inc. MA, USA) %Nz 7-Dulbecco’s
Modified Eagle Medium : Nutrient Mixture F
-12 (DMEM/F-12 ; Gibco BRL, Grand Island,
USA) T, %7z, HSC-3 B X 1fCa9-221310%
FBS % 50 2 7z Dulbecco’s Modified Eagle
Medium (DMEM; Gibco BRL) Tz 7.
FBSiZ, 56°C, 3053 Thmia U@ bR L7z,
BB, WTNLOBERIZ <= »G100U/
ml) BEVA L7 ¥4 vy (100pg/ml) %
WL 7z, 5228 I1337°C, 5%CO, FDA > *a
N=F —TITo iz, TRTOMREZ L
T, 0.1% MY 7y 0. lmMZF L Y7 3
> 4 BERRVAWR (T/E) THIFE 2 8L, 75cm2#H
#iE5#E 7 7 2 2 (Falcon3110, Becton Dikin-
son, MA, USA) WL /-,

BB, WHRREEELZWE T 5 EBRR T
t h BRI HL-604/E % Fva 7z,

2, 73RIF
TNFHEHR X7 ¥ —~T5»H % pcDV-TNF
(pPTNFApro) 8 & U4 4 <4 & G418 4E
fZF% 32— K3 %pSV2neold JBILER T34k
ttp S5 EZIT 72,
SEFEMALUZESMBTNFRERR Y ¥ —
(pPTNFApro) iZ, leader sequencedSR4E L 7~
BEER->TWwWaEld, Thick->THEELE
TNFIZMilEM iz sz nw L 2R L
Tw3 (Fig.1)'®,

3. E Frecombinant tumor necrosis factor
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t hrecombinant TNF (LA FrhTNF) 8 & O~
PIrhTNFE / 7 0—F L Hfk L KY) 7 o—oF
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Fig.1 TNF expression plasmid map.B, mature
human TNF
sequence ; SV40 ori, the region of SV40 origin
containing the SV40 early promoter ; poly A,
SV40 polyadenylation site; Ap", ampicillin
resistance gene; B, Bam HI;H, Hind III; P,
Pst I; kb, kilobases.
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WVHiE (FRR) bR TEERSH» o5
27z, thTNFEE X, 2.14X107units(8.67
mg)/mlTH 5.

4, EEFEAE

FESWBEITNFFHIE~NZ ¥ — (pTNFApro) ®
EIEFE A lZlipofectioniB i L D {To72, &
bbb, 10%FBSEHMDMEM/F-12T 3 X 10%/ml
W IHE L 72T . THIRE 3 ml1% 35mmdishiZ il 2 18
B & LMo EE 2 L 121, Opti
-MEM® I Reduced Serum (Gibco BRL) T
YL, FAEEEE 3 mICZHRL 2, KIZ, 20%
FBS ¥& /1 DMEM/F-1252 # %% 3 ml £20ug
pTNFApro % 7z i3pSV2neo 1.5ug¥ Miplasmid
-lipofection reagent (Gibco BRL) 100.17T24
R, 3T°COIEEE (T 7z, Z D&, 3mlD20%
FBSEHIDMEM/F-1257 8 2 Mz, & 51248
EREEE R L7, X 512, 10%FCSHMDMEM/F
~128% # ¥ & 300ug/ml O G418 (Sigma, St.
Loius, MA, USA) Cl4H[EREE L 721&, &E
IREE TR U I (n T EAMRE 2 2R U 7z,

5. fAREEEOHIEE

5 ED £ b OFEEMatk & pTNFApro %
M ARAART. THE OIin vitrolZ 8 %
rhTNFZxt 4 % @M %, dye-uptakedk TH
FLRY, TRbb, B %E1X10°/ mlicH
L, 96well 52 % 7 — b (Corning Cos-
ter3599, Tokyo, Japan) % F > T100xl/well
THEEL, 0.0l 51000U/mlEE O & b
rhTNFB#&1001 %M %, 37°C, 5 %CO, T T48
BERRE U2, VY — T VT RIEH20
N2 3053 REE, K, F2HEL, 0.05% 4
FLUYTN—IERTHRELT:. £DHE, 0.03N
HCIEW 2001202, ELISA analyzer (A&
4 v =Xy FEEREH, ®, HE) ZHV
T E620nm THOEE = HE L 7z,
icity DEHEICIZFROAE vz,

%cytotox-

%cytotoxicity = [1— (TNFALEEHMIAED Agzo/
TNFFEALERARLD Agao) 1 X100%

% B, TNFIE MG E AR T~ 7 A8
4 27 40 B FR >R o0 L- M i 2 3f L5026 cytotox-
icity# R~ 3TIEE R lunit (U) & L7,

6 . MnSODEHEDBIE %

Oberley 5 D FEICHE LY, NBTHEIW LD #]
L. ¥ bbb, 2 X10EDT. THIFE% 1 ml
DY S EEKR (PPB,pH 7.8) EREL,
sk H Biosonic#B & AL 2 X D HASREAE L,
4°C, 3000rpm, 5 SRR EER, B35 % B
UHIBIEREWE & L7z, 2 OMIFEERE RO . Imli,
1.33mM DETAPAC (Y = F Vv > b U T I R
YETeT 4w Ty R) R VB YE
& (pH7.8), 1.8mM* ¥ > F »E&RINPPB,
0.33mM NaCN¥/MPPB, 2.24mM NBT (= k
a7 v—5 N5V ) v A) BIIPPB, B X U040
unit/mlA ¥ 7 —EHMPPBREA L - E %
0.8mlfnz, 0.0lunit/mlF ¥ > F v+ F v ¥ —
YUIMDETAPACEE Y B4 ) EEHK0 . 1ml
PNz CRIGEE, MnSODEMEZHIE L7z,

1. enTNFEREDBIE X

ST % 2 X 10508/ mlc T L, 2 D100l %
96wellkz#E 71 — b (Corning Coster 3599) &
100pl/well CREREL, 24 %37 KV AT
V7 REIPBSYAW 15019 DMz, =Eig
TS FEEE Uz, Ki20.2% Triton#JIPBS
WER100pl 22, 59EE LR, 1 %FIE
WHIPBSIEH100u 2 MR 72, Z D&, 1 ¥ F =
~N—& —hT37°C, 3053FE L, Kiz, FITCHE
HPUTNFE / 7 0 —F APk TRIGR I B
L7z, 2o OFEEE, Titertek Fluoroscan II

(Flow Laboratories, Helsinki, Finland) %
Va T485-538nm O HF THOLME 2 #E L,
enTNFOFIE & L7220,
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8. 7HF—XD&HE

7R b= AW, ILHS ODDNADBER
WE) (75— L D ITo7220, kb b,
100U/ml ¥ £ @ TNF T4885 B AL U 7- 4l fa
2 X 10°] & $EALEE DMK 2 X 10%# 4> 5 DNA
ERIH L C2.5%7 A a— A5 VERIKE (T
v, DNAWF{tOBE %2 BET L 2. % 72,
caspase 1 (ICE : interleukin-1 8 converting
enzyme) DFFEAEEAYVAD-CMK (100ng/
ml) B XU, caspase 3 (CPP32) OEEIFHE
HIDEVD-CHO (100ng/ml) %, TNF100U/ml
& RIFFICEANL , DNAKTHLIZ D v CRREH] 0
R RET L7z,

9. EMBRREOINEE
HL-60fcd % 1 X 1053 L ¢, 0.1mM ¥
EFoo—% 3123 (DHR) &100ng/ml®
TNFZEML T605355% L7z, DHRIZFAL
TIEHEREER (0,7) I8 & > TR I L THDE R 5
T5DT, Z%EFACScan®FLITHIE L7z,
BY IV OEEBERIZ, PBSIEMO I > b
O—NVEEE 1 & L7 SEEOHENETEL 72,

10. caspase 3 (CPP32) EMMBIE®
100ng/ml D TNF T 2 BFRALEE L 72 1 X 108
T OT. THIE & A D 1 X 10EDOT. THI
WEOCHERR L 7eTF Nea—5sonsns
EHZRML, 1RME37°CTA > Far—bL
Tz, ZRIWCXDCPP32E T T FBRIEL,
HBUIE S N THT 3 HEEE 2FACScan T
BI7E L, caspase3 (CPP32) & & L7-22,

Im. #& 3
1. BB O RETELEBHEEEDTNFE

3

5 B D MR BB MIREAR O TNF RS2 1
%#dye-uptakeiE THREF U7z, # DFER, TNFR
ZHIEMTEESES 5h, TNF1U/

& B1S5 VRIUF6R 47

mIDEE T, T.Ti347.9% DHIFIETR %R L
TNFERZMETH > 7253, SASTIE & 572 < K
ZEERDT, SMEPEEL TV, £77,
HSC-3798.4%, Ca9-22793.6%, BSC-OF T
(87 . 1% DM ERFER 2R L7z (Fig.2).
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Fig.2 TNF-sensitivity of oral carcinoma cell

lines.
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Fig.3 MnSOD activity of oral carcinoma cell
lines.
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A

EZMILOMnSODEMZHE L /2 & & 2,
TNF R b ERZEOT. TTIRELEH3.9U/
mg proteinT® - 7248, TNFIZ % o 7z < Bk
PR X R WSAS T, FEMEL14.7U/mg protein
rEfEThoT. £, TNFIREZW®HTDH S
HSC-3, Ca9-22%8 & U'BSC-OF ®MnSODE %
HbT.TWIH 30445 EEThHo

(Fig.3).

3. EEc rOBRREELEEMBKDenTNF

RRE |

b b ORERY B EMEAROenTNFREE
WOWTHRE L7 & 2%, MnSODEM: & [FIkk
12, TNFERZHMEOT.TTIE, SASZEU
»Hr LT TNFERZ ML TdH %5 HSC
-3, Ca9-228 X 'BSC-OF 12ty 131F1/2 & &
fExmrL7 (Fig.4).

4, TNFEGBFEAZO—rDenTNFRRE
TNFERZMETHZT. T, FFWETNF

F3~27 ¥ —pTNFAproZ#E A L, G418 TEHR

%, 3 >DenTNFEHIH 7 o—>T.TAprol,

-y
o

enTNF expression (F.l. )

T.T SAS BSC-OFHSC-3 Ca9-22

Fig.4 enTNF expression of oral carcinoma cell
lines.

I2BLUNIEB, K2, Zhe6Drzu—r0
enTNFOKBE I DL THRE Lz, Z DR,
B THAT.TH &L UneolBZFEA 7 0 —
v EHART, T.TAprol, 28X U3 T
enTNFOFHEIZZ 2 h1.56F 1.3 LV
1AL EWERZR LT (Fig.5).
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Fig.5 enTNF expression in clones of TNF-gene

transduced T.T cells.
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Fig.6 Induction of TNF resistance by transduc-
tion of TNF-gene into T.T cells.
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5. enTNFEHEE IO —DTNFESH
Bohlzr7a— iz onT, TNFIZX 2 &
W EBE Uiz, Z OEFR, TNFIEES 1 U/ml
DOEIZIE, BMAET. T L UNeoB s FE AM
MOMALEFFRIT Z L2 147.9% £ 48.4% T
Hol-DextlL, T.TAprol, 2B XU 33,
98%, 91%8B L UB% &, WIFHTNFIZHL
TEWEFER 2R L (Fig.6).

6. enTNFEREZO0—>DOMnSODEHNDE
1t A

T.THAIWCTNFEZEFE2EA LB
AWMnSODIEHEOZ L2 #ET LIz, Z DR, B
HIRAT. TH & UneolB 5 FEAMMIL & lbT,
TNF&EGEFEAZa—>YAprol, 2B XU3
TiE, W b N MnSODE 36 64%, 4.4
BB L US.3MF LML (Fig.7).

1. TTICSUB3TNFRE7RF— X
TNFIZ & 2 fildEFEROETIE, TNFEZ
MO L2 ERT 5, 22T, ZOHIIIES
TRN=YZAThH20E>S»EDNAK AL
Lo THET L7z, 2 OFER, TNFERZ MM
THZT.TTIE, TNFI00U/mlDALE Iz k>

T

(2]
(=)

N
[=]

—y
(=]

MnSOD activity (unit/ mg protein )

parent neo Apro1Apro2Apro3

Fig.7 MnSOD activity in clones of TNF-gene
transduced T.T cell.

1 2 3 4 5
Fig.8 DNA fragmentation on T.T cells by TNF
(100U/ml) and apoptosis inhibitor. 1:marker;
2: TNF(=);3: TNF(+);3: TNF(+);4:
TNF+YVAD ;5: TNF+DEVD. YVAD:
caspase 1 inhibitor(YVAD-CMK); DEVD :
caspase 3 inhibitor(DEVD-CHO)

T, Ho»RDNAMR{E»BZE s -, L L,
TNFRMLEDOT. TTIEDNAKMF L 2D 7t
molz, 512, caspase 1 (ICE : interleukin
-1 B converting enzyme) DFFEAIFHEH
YVAD-CMK® & Ucaspase 3 (CPP32) DR
HIHEADEVD-CHO®HRMT 2 2 ki kb,

TNFic X D ERR I 2DNAK A L3 IE 2

Fig.8 DNA fragmentation by TNF. 1:marker;
2:TT Apro2;3:T.T Aprol;4:TNF + T.
T A pro 2;5: TNF + A prol;6:neo;7:par-
ent, 8: TNF + neo;9: TNF + parent.
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7z (Fig.8).

8.enTNFEEFEAMBICEIZITRIF—>
2D
FMIKET. T L neolBfzFE AMME % TNF 100
U/mITUEET 5 &, DNAWAL3EED 657z
23, enTNFEETFEAMIKTDH % pTNFApro
18XV 2 2TNFTHLEL THDNAKA 1L
I, FEAEALNKMoT: (Fig.9).

9. TNFRRIZIZ & 1T 3 EMEESR & caspase 3 /&

D RIE

AHFFEIC vz AR B, »we
N HEmEEBROEERLD i, &
HBEEOBECLERELEENE SN LD
7z, % 2T, iEHEER O ES = K% WHL
-604Af % AT, TNFAEI X 2 1EHEREOD
AR LRI LT, #OFEE, TNFO.1ng/mlD
LB & R IE B R OESED LA
L, TNF 100ng/mIQMEDRFETTZ b—&
B R aEN (Fig.10). 2OZ Lo,
PL#s D FEER T 13100ng/mlIE E CTNFALE %
To7z.

¥, TNFAOEIC L 2EHBRBEELERRIC

»
o
2

production
®
o

Index of O2”
!0
o

=y
Qo
1

100 1000

TNF concentration (ng/mi)

Fig.10 O, production infuced by TNF. Incubation
time 60 minutes.

00101 1 10

caspase 3 DG T 2 BN 2R T 5720,
TNFLEE HL-604 2 1= caspase 3 I&EMH Dk &
HIIHEHFIDEVD-CHOR BN L 72, Z DFER,
DEVD-CHODBEE T 5 1c DT, HL
GO O EMBROEERE IR L 2
(Fig.11). Xic, HL-60#lifd % TNF100ng/ml
THLEET 3 L, caspase 1M I3 HEALE HL-60:4

@ »
[=] o
1 1

Index oi O2" production
o

—ry
o
[l

0.01 0.1 1 10 100 1000

Concentration of DEVD-CHO (uM)

Fig.11 Effects of caspase 3 inhibitor(DEVD-CHO)
on TNF-induced O, Production.

TNF: 100ng/ml

20.0

10.0

Index of caspase 3 activity

0 1
X O
S P&
2§ Q X
& < X
o & A

Fig.12 Effects of caspase 3 inhibitor(DEVD-CHO)
and antioxibant(NAC)on caspase 3 activity
indued by TNF.
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faic i L30f5 e L& Lz 23, Zhicl00uMD
DEVD-CHO% %N % &, caspase 3 MK
VTNET LTz, &z, HiREKITH 2 NACN
“TRFNERATA LY, EEBEROES
REZPHE L 7-HL-60Mfd % TNFCALE T 3 &,
caspase 3¥EMHEIT R L7 (Fig.12).

10. enTNFERERIO—>DH X/ —EFH
 enTNFEHH 2 0—> %FvT, enTNF#
caspase 3TEMEICE 2 2 E LB LT, 20D
fER, TNF 100ng/mALE C X b ST . TH
FUenTNFEHHRZ7o—rDuFhicsnT
b caspase 3 {EMED LR L7225, WHEOMIC=
X3 S e o e (Fig.13).

v, ¥ =

RO <, [EEMEE < @ EEEA I
HEMORE LR, BEMEEES 510 3ER
ZHRL, EEEFHCES LD S, FTEOREE
&, MR OEE, St FHIME L v o720
FehoicED s h, EMEOBEEING, 2t
EHRETLH L CHEAISHEE I A TE T
5. UL, L OEBRBCB T, HFEHS
BXOET2HLEEMZ 2 1CEEED, %A

2 10.01

Index of caspase 3 activit
o
(=]

e

Fig.13 Caspase 3 activity of T.T cells and enTNF
transfectants induced by TNF.
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susME, ZREICZFEINT Y 7 F U2
FRRNCEEZEI NS L2 RBERERIGOERL I L
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RBlchbEHEZHND,

& 5 i, Himeno ©'¥, Hanada and
Shimoyama®®i¥, TNFREAZ M2 KEE D
TNFEAET TRV RUREEET 2 £ REICTNF
ety e (P %S L, TNFREZME
M, TNFIERBSZMMRE L 2 5 L #RkE L T
5, P EDZ Lo, TNFIHIIE, BRI
CEAMEORENELET S, Lrl, Z0O&
5 RIS, ED LD RBEFICL o THIRY
LHDOMEWVIFICOVTIE, ZNETDET A,
RSB TV LY, BEEMRO
TNFZEEO RSP, TNFOBREIIXT 56
HETFOEEBSHERN SIS, ZhsBhfRET &
L Tid, GSH®MnSOD, HitWE % &3,
TNFIck DVEE SN EEBRELHET S Z
LT, MEHETELTHEETSZEFZON T
%0710 —7%5, Niitsu® Vi3, JilESEEY 1 b2
4 v REASWT DML, RUTHS 25F
LawEwIHECEHL, MIRACEFET 2
TNF (enTNF) WRHHETF & L TEWTWA Z
L ZE S iz Uz, EBICTNF AR I 81
T, enTNF2SERAICHELL, EHRMHET L L
TEAT2Z &%, b MEERBERRPE b1
M E VT, TNFEEN ¥ —B LV
antisense TNFHI~N 7 ¥ —BETFEHAREIC
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