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Abstract (J. Kor. Oral Maxillofac. Surg. 2006:32:94-100)

ACTIVATION OF NF-«B IN THE CISPLATIN-INDUCED APOPTOSIS OF ORAL
SQUAMOUS CELL CARCINOMA

Jong-Chun Seo, lel-Yong Sung*, Jong-Roul Kim
Dept. of Oral and Maxillofacial Surgery, College of Dentistry, Pusan National University
*Dept. of Oral & Maxillofacial Surgery, Medical College of Ulsan University

Purpose: This study was done to confirm the role of NF-«B in cisplatin-induced apoptosis of oral squamous cell carcinoma.

Materials and Methods: Five cell lines originated from different oral cancer patients were tested for the apoptosis by the treatment of cisplatin.
These cells showed different degree of cisplatin-resistance and the order is OSCC-2> OSCC-3> OSCC-5> OSCC-1> OSCC-4. OSCC-2 and OSCC-4
cells were assayed for the apoptosis by measuring DNA fragmentation and TUNEL staining after cisplatin treatment. While OSCC-4 cells showed
apoptosis, OSCC-2 cells showed no or very dlight apoptosis by cisplatin treatment. Next, It was determined whether NF-«B activation is required in

mediating cisplatin-induced apoptosis of OSCC-4 .

Result: The result was that elevated NF-«B activity mediated cisplatin-induced apoptosis.
Conclusion: In conclusion, these findings suggest that NF-«B activation is essential to cisplatin-induced apoptosis and it may be involved in cis-

platin resistance in OSCC cells.
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734 bl thsto] fra gk ek o] 71 SR 71 okAl W
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Aol A= F5 Cigplaing] Al 2] &2 o] Has =, ol&
Cigplatin &7¢] ZHau WiZ 9] S71E QlsiA] S H T B
A7FIER. 28 A 22 - ¥ = Ciglldin®] & <3k 714
a7 WA A ooy, Cigplaing] Al 2 9] 92,
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B3 T ARt TFAA FAe] B P o] Wt
Cigplatinol] o & Al 3 W4 2 fred o] ok B = e, o] &
& FAREY T Aste AEY P dFE = F=
At} = Ciglating] o 2 c-fos protooncogeneo] &= 5], cfos
protooncogenes- ¢-myc, metalothionein, DNA polymerase S} 72
AP-1(Fosdun complex)ol] 2 ¢t3l+= domaing 714 2 e 4
A5 Wi 24 grka g, Rasoncogene B ¢ Cigplatinel]
o st A 2k B o] o] BE =4, Cigpldino] WA o] ¢l
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Cigplaine]] o 31 W A & o}3% & A] A~ (gooptosis) 2F & 3 1
frazEe] B vh qloh ey of A 7] 773 R4
Cignlatine]] o] gt Az 9] ofFEAI L 7] Bt Bile §l
o} oA Z o Ciglaing #] 2 & wj DNAd| &4ko] 713 11
I AN ET} oI FEA LB RS AX S A 2
H 7 AR o] TP, 18}, DNAZE &4 A3 =2 of | g5 A
A A E7F FFEANLE AX SEA detol = 2 YA
UA] Sk}

UWEA 0 F AL O] o} FEA| A X)) 9lojA] NF«Be] o
o] wj ¢~ T8¢ A E U A Ut NF#BE HALZ=E 1A}
E“i g4 s}t =4 *ﬂiﬂ AroprhE o] B8g FHAAES

st AE7t G4 S A dobds 7 AEE she
Ziﬁi U A AT 71::4 A7 Z 3ol] = Cigplatin =] 2]
Sk Al 2o A NF#B7} 274 8} =T A 3 9] o} 5 EA| 27} o
WAl o] BALE vprh A AT, wheba] dukA] o 2 NF«B
o] &4 sh7t Ciglainzt 722 s Aol tj gt WA S S 714171
Ths BA7F Aob. e, NF.B7E A 29 ol 5 EA S
ANt BRI EE Bl S NFB7} Al 2] o} FEAAS
o 714 IAPfawa(c—IAPl CIAP2, XIAPP S} Bfl-VAL9
Bd-xL"3} 72 Bd-2family 55 = A S EH o] FoiA] =
AoZ G A gtk A, NFB7} A Z 2] o} FEAI A E 7]
A= o—r°ﬂ NF.BE €43t A7+ B2 8R1E29S A
23t A AL ofFEAI AT F R T A U, NFB2] ¢
AAE A A NF.Be] &7 oA 9 & o] Al X ofFEA X~
7} @17 =) 7)1} NF-«B7} desth receptor 6(DR6), DR4, DRE® 1
2] 7 Fas 593} 7+2 degth recgptor S8 -F- =619 o} FEA| 27}
UEtdthE B E0] vk whebA Al = 7| 23 o' Tk
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1. M|ZZHHQF

T o] GRA A A shel Wl F 5EF o ;Lﬂ
HE I A ZL (ord sguamous cdll cardinoma® = AF8-319]
(Table 1). Al 3 += fetd bovine saum(FBS)©] 10% 12 3L strepto
mycn3} gentamyain(Ztz} 50 mg/ [ % mg/ [, Gibco BRL,USA)
o] 2 7}% Dulbecco s Modified Eagle Medium(DMEM, GIBCO-
BRL,USA)S A1-&-3}e] 37°C, 5% COz incubatorol] A wjj %3} .
OFFEA 2L AF S 918t Al 2 60-mm dishol] v} &F 5 244]
7k A o Cigplating: A 2] 3 i ot

2. MTT(5-diphenyl dimethyl tetrazolium bromide) assay

M EZ trypsnEDTAR 53-8 5 96well microplatest] 7} well
uhT}h 100 @ A A (12 X 10 cdllswell)S ¥ ¢ T}. 18] 3. 37C,
5% COz wlf §F7] ol A 7} F-213 wj 7bA] 4x] 71 5 S vl 3l 3
o} Cigplating 43t w2 A tal o 5, dA 35 200
ul 7} = 7] DMEM medias 3 718t 5 1241 7F &< v & i oh
1% MTT (I mg/ml in PBS)E A 2]l 4r17F &<t 37C, 5%
CO vl %779 vl oF3}S3 T} 400 g(Clinicd centrifuge; Jouan GR*
o A 108 E-oF 94 2238 3 syringe neadle® AF=91-& A A
33 o} 0.04N HCl-isopropandl & 100 ul & 3 7Fsle]
=01 & pipettinga}o] 490 nmol] 4] ELISA reader 2 &34 1=
st oA E AP shA] 92 thx9] #hs W 5 Cisplatin

2 @?Loﬂ R AR s P )y Hli = AR ek A 2] F3 s Ciglatin ﬂﬂ SHA] o> A9 537
Al Ql Ciglldin A 2] A] o} FEA 27 fr e sH = Al 255 & EE o] AokgleE Al X 9] Bl &S ekl Th
&, o] A EE th e = Cigldinel 23} UP UM E oFFE
Table 1. Characteristics of the OSCC cell lines used in this study SCC: Squamous cell carcinoma
Cdl lines Primary ste Pathologictype Cdl differention
0CC-1 Tongue scC PD
0sCC-2 Buccad mucosa ScC M/D
OSCC-3 Gingiva SCC M/D
0OSCC4 Tongue ScC W/D
OSCC5 Hoor of mouth ScC WID

P/D: Poor differentiation, W/D: Wl differentiation, M/D: Moderate differentiation
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3. DNA fragmentation analysis

Al Z o] o FEAAE 2Q18t7] ¢ 3te] DNA fragmentation o
5 ZAEIATE 3 X 10 cdIs A o] Al X E B2 5 PBSE A
g = 70% ethanol = prefixA| 21 o Al 25 22l sk 2
2 3 504 2] phosphate-citrate buffer(186 mM NaHPOq, 6.7 mM
citric acid)ol] & & A17] tha Aol A 303 7F ¥H-S A Z Tt
Phenal-Chloroform (1:1)& 5Z3F 5 25 volumes?] ethandl2 A}
&3kl AAANAH T A ES RNesert 100 wg/nl ©] 52 &
o] )= TE bufferell =<1 3 37Col| A 121 7F <k Wh-2A1 7] o}
2 2% agaoe gddl] A7) 5 48] 5Fe] DNA fragmentationS
gelatdtt

o B o

4. TUNEL(Terminal deoxynucleotide transferased UTP Nick
End Labelling) assay

M E] o} FEA S Z517] 918te] TUNEL 945 43
3191 o TUNEL ¢34 2 insitu odl desth detection kit, TMR Red=
AME-sle] e Et] o A9 Wy A ZAHRoche Molecular
Biochemicas Mannheim, Germeny) ] protocal - e} =38 3131
7heks] A sl Al 2 60-mmdishel] 2 x 10° odlgml ] &
2 Ao} A 2447k ek wj e th cisplating X 2] 5 ek,
Cisplaing x)2] 3t Al 5 2-& 2% parformadehyde &< ©
2 2 A7) 3L 01% Triton X-1007} & ¢ ) += 0.1% sodium citrate
£ © g parmedhilization A] 7] t}. A £ & PBSE 23] A 4 3 ter-
mind deoxynudeatidyl trandferase®} tetramethyl-rhodamine-dUTP7}
Z 7F# TUNEL reaction mixtureol] vl &3} it vl & < FACS
cytometer(Becton Dickinson, Inc. USA)E AH&-3te] 44 &
A0 ZN AL FFEALE ZH AT

5. TNFa 2 anti-TNFa &% X2|

T4 BRAR ALY 5 A EFE) FFEN2FH A
TNFa(Tissue Necross Factor a)of] 2] s}o] o kS wh=x & &<l
3F7] 938k Al Eo 10 ng/ml S-& 50 ng/ml¢] TNFe(BD
Biosciences PharMingen, San Diego, U.SA.)E *] 2] s} A4 10
pg/ml 52 50 pg/ml 2] anti-TNFe 3} (BD Biosciences Phar-
Mingen, San Diego, U.SA)S A 2] 8137, 37C ol A 244 7F ot
W3 AI AT

6. EMSA(Electrophoretic mobility shift assays)

A E2 NFeB 849 27 817] 9)8ko] EMSAES 53 3191

T AEANN Lee 579 g AHalo] 8] 2EES
¢l . C-Re 2] consensus binding siteE A 1+ double-stranded
oligonudectides5 -AGTTGAGGGGACTTTCCCAGGC-3 ) (Santa
Cruz Biotechnology Santa Cruz U.SA.) ¢} 5 endZ polynudeotide
kinese¢t [-2P| dATPE: AL-8-3to] labd 3l & 5= 255.

O
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g9} 59942 labd ¥ oligonuceotide 1 4 (20,000 cpm.)E 20 4
2] incubetion buffer (10 mM TrisHCI, 40 mM NaCl, 1 mM EDTA, 1
mM B-mercaptoethanol, 2% glyceral, 1-2 g of poly di-dC)ell A] 2 37
25C oA 20 F<t wHg-A1H T} NF«B dligonudeotidec] 2 9}
o] Bo| g A§He1 A2 glst7] §)5ke] muant digonudeotidest
competition: =3 31t} ¥H- 2+ %4 ¥ DNA-protein com-
plexeS-S 5% nondenaturing polyacrylamide gelsol] A 3] g th-&
X-ray filmel] 7+33-5ho] 249 5k o,

M. o7 95

1. MTT assayES O|=275}0{ Cisplatin X|2| & T2 HEA

IIMEZ 2t (0sCC) MZEFS2| HEE 4

T7+9 A T3 5% F(0SCC-1, 0SCC-2, OSCC-3, 0SCC-4,
OSCCH)S| A EE th4 0 2 3te] Ciglding =8 & 2 g
F(Tablel) MTT esssy = F3to] Al Z AEES i 1
723} Cigplatin®] 5 =l wah A5 Fr=7t g3, 40 M
o] =1z o)l A Cigplatinei] o) & W 432 OSCC-2> 0SCC-3> OSCC-
5> OSCC-1> OSCC4 53 22 A& Bth S7HA Al 25
F A 53], 0SCC-4 A = Cisplatinel]l thal] 7423 &, OSCC-
24 & W3S ved 2 tkFg. ).

2. Cisplatin X{2| & DNA fragmentation 29|

Cignlatin]l T 3ll OSCC-49} OSCC-2 A| 32 Alolol] M2 th& 7+
/3= Bol= ol f7} Ciglatine] o] ¢ opF EA| 29 f=7}
T=27] w A& &<l st7] $15to] DNA fragmentation o] -5
ZALaE T OSCCA49F OSCC-2 Al 22 59| Ciglating 40eM A
2] & z}z} 12 A7k ok u) kx| 7] B x) 7ho) ¥ 2 genomic DNA
& FE51o] Wagaosegdol M 7] 9-F 8tk OSCC4= 12
A1 745 DNA fragmentationS H.¢1 WHH OSCC-2:= DNA frag-
mentetionS- 1.0] A] 2kt th(Fg. 2).

3. TUNEL assay

OSCC-4 2 0OSCC-2 A 9] Cisplatine] o) g+ 1] ©] zto] 7}
Cisplatino] <1 3+ o} FEA] 229] holof £ 3 312171 & ) 82l 3
7] $18Fe] TUNEL A4S 438 8}31 th. OSCC-42} OSCC-24])
Ciglating- 10,20, 30,40, 70M 5-9] 5= 2 X 2] & T} 124] 7+
A oll TUNEL 9445 3}o] FACS(Huorescence activatec cdl sorter)
2 24 shith L 23, Fg. 30l 4 ¢ 7o) Cisplatine]] Wi/ &
Hol& Al 2521 OSCC-2= A ol AHE-3H Cisplatin 5 &= 3 9]
oA o} FEAATF A E A 2ttt vhA | Cisplatinel] 7H-
g0l Sl OSCCAE 30 Mol M HE oFFEA LS Hol7] A
23} 0 1, 40 M 9] 5 e ol A = 62%9] A Lo A o} FEA] 27}
WA BT o] /o] A3E 2 5-E OSCC-49F OSCC-2 Al A}
ool ®.o] =, Cigplatinel] o) & )4 o] =0 7} Cisplatinel] ©] & o}
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Fig. 1. MTT assay for the viability of 5 oral squamous
cell carcinoma cell lines according to cisplatin
concentrations.
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Fig. 3. Cisplatin treatment induces apoptosis in
0OSCC-4 cells in a dose-dependent manner. in
0OSCC-4 cells were treated either with different dose
of CDDP for 12 hrs. Cells were then fixed with 2%
paraformaldehyde, stained with TUNEL, and were
analyzed by FACS.

FEAIZY FE o op Aol JFE AT 5 AU
Thr o &, Cigplatin 2] 2] ol e]ate] o} FEA|A7F dojub=
OSCC4A4 & )40 2, Cigplatin %] 2] 3 o] 1= A]7F wf 3E] o}
FEALTF dolubs A& g1187] 93] 40 M €] Cigplatin
S A3 o 94 A7) B2 TUNEL g4 3 5 FACS
A4S skoiTh 1 A 3} Hg. 40 A 9 7o) OSCC-4A] o A
o] o} EEAAE Ciglain 12 & 5A7H 26 YEh}7] A

TLUHLMEAZ0|AS Cisplatin 7= OFFEA|A0AC] NF-#82] 23}

0SCC4 0OSCC2

0 12 0 12h

Fig. 2. DNA fragmentation assay for the detection of
apoptosis in OSCC-4 cells treated with 40 M
cisplatin. DNA was extracted from the cells at the
indicated times and, then, was analyzed for the
presence of fragmentation by agarose gel
electrophoresis.
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Fig. 4. Cisplatin treatment induces apoptosis in
OSCC-4 cells in a time dependent manner. OSCC-4
cells were treated either with 40 #M cisplatin for the
indicated times. Cells were then fixed with 2%
paraformaldehyde, stained with TUNEL, and were
analyzed by FACS.
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Fig. 5. TNFa is not responsible for the CDDP-induced
apoptosis. OSCC-4 cells were treated with the
indicated concentration of cisplatin or anti-TNFe for
6 h or TNFe for 24 hrs. Cells were then collected,
stained with TUNEL, and were analyzed by flow
cytometry.

AL o v BO 2 OSCCA A 29| o} FEA 2 38 7Ha
Kol 917) W2e] TNFao] & S814) 422 A shan
TNFa7h OSCC4 A 9] oHEEAI 220 523 483 g,
GAE ol §3fe] o] F34A)71% O0CAA Eol A o}FEA
27} QlojuiA) gofol gk, e} Ciglating 7129 0S4
A ol TNFa2) 53} 31 5 A2 sho] = A 2 9] o} FEA 2
ol sttt 2] 3 0SCC-44 2o TNRask 42 8 790 of
FEA 227 ol v 23krHFg 5).
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5. Cisplatin0f| 2|t 0SCC-4 M|ZES| OFFEA|A2} NF-«B
o s

Cigplatinel] ¢] 8k OSCC-4 M| . ¢] o} EA] 26l §lo] A & NF-
kBe] G ol Wt} Ql& 7hs g o] wig- E7|w ol o] & &
Qlate] Bokth 11 Azt o = W 2 40 pM o] Ciglaing:
A g sto] ofFEAI 27 Do ubal )= OSCCA Al Z ol A NF«
Bo] &4Jo] S7hHg o] 2l = AtHFg. 6). &4 st NF«Bol
©] o] 271 ¢] DNA-protein &9+ band7} <21 = 31+,
Cisplatin %] 2] - 1-34] 7F Ako] of| X = Cisplatin A} 2] g+ Al 1} 4]
FotA] & AE 5 e B3RV A Ace e
= Btk ey 47 o] 5B NF«B &7 o] thA] 5713}
7] A&kl & 53 9 73-9- Cigolatin 2] 2] ¢+ Al 32 9} 4]
2 atA] B ME BT F7he vhd 2 BoA =
Cigplatin 2] 2] F A ol A5 Wk o] F7hgho] &1l = Ut o]
AFNEFE A BGA o #Hof sk NF«B subunite] €4 s}
7} Cispldtinel] 2] OSCC4 A i8] o} FEA 28 F 28 715

=090 o
dolsss ¢

98

1 2 3 4 5 6 Time (hrs)

-+ -4+ -+ -+ - + - + Cisplatin

Fig. 6. CDDP treatment causes activation of DNA
binding of NF-«B. CDDP treatment induced NF-«B
activation time-dependent manner, as indicated by
EMSA. CDDP treatment induced two complexes in
both treated and untreated cells but the faster
migrating complex was significantly increased only
in treated cells 4 h after CDDP treatment.

Cisplatin A 17l A AHE-5 2 3= 3001 E¢] 3hekAl =
7V 48 okA| 9] Bl R 13k, YA B o TR &
ek iEeh A AL AT, 25E T g2 7 ¢l

o x= O]
s O O H» OT W © wWw o Ir—1 u
% frEsle A R A0l sk 1o HeE I
DA A7 271 T 5l FA Ol

FEAIZC glo1A NF.Bo| A eh3 g skalz} shl vt WA

= s}o] Cisplatinell o & A1 AE &S Bt 1 2%
Cisplatinel] o} & Al A £-go] k2 gk, 53] 40 M2
o] 4] OSCC4E 74442 0SCC22 Y4 B ath U4
< Holz OSCC2¢ 74l & Hole OSCCARHS ti o2
Cisplatin #] 2]ol 2] W} /3 9] 2po] 7} olF EA| 29 Apo]df] €]
g el A& Felstr] 9]35le] DNA fragmentation 3 = =
TUNEL 0 2 #4191 t). 1 77} Ciglatinel] 1] & 1ol
OSCC2 Ml 2 OFFEAI 27} Yolun] o whil 244 &
o) OSCC4 Al E& obFEAI 27k SialA dojytrt. of
258 Cigplatinl] o gk W/ €] zto]= Cisplatina] 2] 2 2} 24
Sk oRFEAI 29 Zpololl oets SQ1d = gl o] A
+ Ciglldino] Al el ofsF EAIAE gtk o] X9 A3
ok dAsh= Aol o] A& v 2 Cigpldinel] 2] st
OFFEAI LT dojub= OSCCA M 5 thF o & ofFEA 2
o glo1A NF-kB| o8& #4159t} 1 27} NF-#B7}
Clisplatin ©] & o} EA| 2 F 0] el 38 Sh2lati o

A 2712 NF#B7} 22331 S A E9) ofFEA 27} oA



Hrhe B2 E2E%90] it 12 2L CislatinA 2] & 2 3}
2793k NFB7F Al 29 o} FEA 2T Brets Bals®
5= AT wHEbA NF.B7F Al 29] o} FEAAE friEdithe
w AT A v Sol g Aol v & A et
ARSIl NFaB7F Al 0] o} FEAI S T HAs
%= 9L1=Hl, dopamines %] 2] 8 PC A 27, A7 X1 591 2
74 A 22, doxorubicing: A 2] gk 7FA 22 E A A 25
(neuroblastome) o] A 29 5ol A L ofh= oFEA| 27} Z1E
750l
Cigplatin#] 2] g OSCC4

Al
o] O} FENAE FEY T
o
=
A

o A NF#B7} o] @ 7)1 & 55}
37HA) 7hs 232 NF«B7F TNF
receptor superfamily 2] 2§l -& = 8lo] o} F EAIAE A7)
= Zolth. Aa7tA ¢ A+ 23 NF-#B= CD95(Fas)*®,
TRAIL-R1(DR4)®, 78] 7 TRAIL-R2(DR5)# £ 3} 742 degth
receptor, =2 TNF-related gpoptosisinducing ligand(TRAIL):® =
7} 7+-8- dedth ligand 5-9) W& & FE5k0] Al Lo o} FEAA
FAA 7= AL Z BRI F T o] 9} 72 deeth receptor S
3t desth Sgnd-> cagpase 88 &4 314171 & o8 A& A A
FEALE fdsts AR g3 A Ao, Ciglaine] 2] 3}
g4 31l NF«B7F oW 71708 58te] 24 fraEe] &
7M7) 71 & BHAL F2 A A7) 7] & Bh Al AR 2 A
517171 o] ¥ & A 3ol th 37HA] 7 S 25 NF+B
A fFrAEe] 747 B4 290 2 o] Fo] 7] NF+Be| €]
ato] A3t Fvhay 7S &tal, NF-«Be] dimmer e 5
Cigplatin® 5% 23] NFeBrHS: 8431117 3 th2 23]
NF4BE Ao 24 of 3] 14 FAAES] Hd S t2A
2= ot 11 A3 NF.Be] 228 o) 9ste] Bl s =
FAAE ) o3lo] A 9] }FEAAE e 7HsA o] 9
th o8 e 7He A S SRS FE AR AARANES S
ARESE A AL AT AARAEF AEZE T FLAA
doxorubicinel] 41438 H.0]= Stype Al 9} o} ZEA| A7} Sk
== Ntype Al X & t/d 0 & NF.Be] &4 & 48 43
doxorubicinel] WA 2 X o] &= Stype Al ol A= p50/ps0 homod-
imer ¢} p65/p50 heterodimer =571 4] 3} % |k o, doxorubicin
o 9ate] o}FEA27F Y oj i Nype Al o A = p65/ps0
heterodimer 7o] £ s} o] 89 B LT, 2 1 A ol A
T Holx T o SASE NFB M =S Hae 4= glglon
o] 5 & #h& M Evto] Cignlatinol] ] sto] 845} = Qi) o] &
o A& = A5 5ot Cglaing 2] 3 OSCC-4 A 2]
2 NF4B2] o)™ subunit7} 241 3} 9.0, o] subunite] 3H4]
817} OSCC4 Al 3 o] 9] 9] ThE LA L 9| o} FEA| XM
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