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The enhancement of apoptosis by combined with proteasome inhibitor
and DNA synthetic inhibitor in oral cancer
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Inhibition of proteasome activity may reduce many types
of cancer, so it's pathway is effective in cancer as well as in
clinical fields. Here the author has carried out experiment
targeting on the elevation of apoptosis in oral cancer cells by
combination of proteasome inhibitor, lactacystin, and DNA
replication inhibitor, etoposide. The growth of KB cells was
measured by MTT methods and apoptosis was analyzed by
DNA fragmentation and Hochest nucleus staining. The
proteasome activity was analyzed by fluorescent tagged
peptide and cellular protein expression was detected by
Western hybridization. Though lactacystin and etoposide
inhibited KB cell growth alone, but low combined doses
inhibited cell growth more strongly and induced apoptosis.
The proteasome activity was also seriously inhibited by the
combination of both chemicals. Tumor suppressor proteins
and apoptosis inducing proteins were highly increased
under the combination of both chemicals. From above
studies we can conclude that proteasome inhibitors may be
used for the treatment of oral cancer and proteasome
inhibitors with DNA replication inhibitors may be effective
in clinical trials of oral cancer.
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ZA38c}, 22 proteasomed] 7|55 o]gsle] AlX

F712} apoptosisell sl whiAe] HE 0414]/\]7'4
el Agel &0l 7be & Aoz <ATH gl

Proteasome> 20S = whelAlel 1] =2 2719 19S9]
mﬂMxﬂi TAEe] glow, AAH R F7)= 2,000
kDzel] & }D]'(Adams 2003). Aeis] ‘ﬂ-‘iﬂ@o] proteasome
off A=Y L= A= 2 JJEM 3l ubiquitin®]
chil ol Z3gteiAl =W, o]ad A2 ubiquitin-activating
enzyme (E1), ubiquitin-conjugating enzyme (E2), ubiquitin-
protein ligase (E3)& &2l 3718 Stof ofsllA] =y
o] allElet. AAl o Fe El°] &9k 205F o4

o B} Helsigion], B3 $uERe) 2t sloz 3

=
=

S3lar glem, o5 mAe] el s AlEiF<l th
o] %ﬁ‘ﬂﬂ o]Folx Alze] A3} apoptosise| =

o] o]Fo] A Aoz ofE3kar Jck(Pickart, 2001). Protea-
some®] A5 A7 AZF7]of| FHeF= cyclint
cyclin-dependent kinase inhibitor (CDKI)2] <FdAde]
218 vEbdth(Shah 5, 2001). &=3F qhdlzo] A}
apoptosisell #E== p533F NF-kB| Hslje} Az A
AF71%°] proteasome o 2]si4 ZAHFTHAn 5, 2000;
Jeremias 5, 1998). w2}4 proteasome inhibitorel] ©]3F 3+
kadl= AEZF7} apoptosiss: A7 QlAke] 24
= Mol FRIAA HeRA s, 2ol = proteasome
inhibition> AlZ2] Hzelx}, I, AL 1o Sol=
JerS m|A= 7zl oleiAla 9lek(Sun, 2003).

%33l proteasome inhibitor] bortezomib= 2003
of w=re] FDAZAE thlAEFol AR&o] 3i7fsle]
A2 FHAE QJA = lek(Bross &, 2004). L }oﬂ
proteasome #J3l|4] 2% lactacystin, MG132, NLVS 5=
v]xsle] 6003 o]Ade] glewm, o5 AsiAlE chakst
QRN Zof|A] aFelskA] Jq.(Adams =, 1999), ool Aol
A 59 55 Aol 3gskehgo] ¥ aEirk(Shah
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kA 23] LoVog |83 F=A4 el lactacystin
H5H = DNA 3HalAlel el CPT-112ke] 3}
o7k oke] oAlel] ¥F3e &t v AR His
ArH(Cusack &, 2001). -+ °FAle] H3tol] 3l A2tk
7IAE o 4 ARl Selgk A CPT-11of] oJsliA=
obA|l o] AEI} Aol FHoddhz NF-kBS| 28] A
A QEkA]EE, lactacystin®] W= NF-kBe| 3ju] 24
= 7R QAR AR velnt. ol#d ave
tPEAES9 A 2ol bortezomib ¥H5R= dexamethasone
= HaAs AZAFEENE F3 A2 ofA WA
o] gloixl= Zo® ¥ EQlch(Hideshima 5, 2001).
Proteosome #3A|2] E3= A Zof ule} tekslo] obA)
Eo} Zro| wl2A| AA s A|EolA+= apoptosisE =
shA|at, wbd sk AlZu YA ol M= AEEHS =
ol EAo] rk(Wojcik, 1999). 1utol|= gFotekE A
proteasome A3AlE FH A 2] S AKX 7|
A=A WS AT 2HE-E Holx|ut,
A4S A Aol HAlY] Fr|EEE vIRsk] Ad4
I50] Fzkgo] EAgkeH(Roccaro 5, 2006; Lonial 5,
2005). weha] gkl A 5ol 9lofA] proteasome A 3l|A|=
tHchs 720 dokokaat A walsle] HAbeE
Zola A= Folv Aol F whelrt
ghroll Al 77k thibA] Qe SiRE]R= gEAIat, o
3l 2,00009 o] FAte] Lol FAN FTULE FF
w, o]gfgt FA= FVFAll it £ ATl
proteasome®] A&l A|3]l lactacystin®] 7Aool A]
apoptosis®] =9 &A| etoposidete] kel <]gh
proteasome®] A7} S 718 apoptosis®] =5 A
E5P3ct. o] 5 B39k 77| proteasome AEE
&3 3fshedie] XeA AL ofey 71EY ofA<}
Byt o3t A ] rheAE FHoE Sl

5, 2001; Frankel 5, 2000; LeBlanc 5, 2002). ZE3k
T

A| Xl o

ARre] 7dst Al KB(oral squamous cell carcinoma)
AZ2E Aol AREstolet. AlZ wiofal2 RPMI(Life
Technologies, Grand Island, NY, USA) wljx]ol] 56°Cel|A]
3087} 71dslo] w|2Ads) Al7] Seo} &3 (FBS, Hyclone,
Logan, Utah, USA)S 10%, penicillin(100 unit/ml)=}
streptomycin (100 mg/ml) % 300 mg/ml-glutamines %
7Fsle] Z=AIEISAE. A== 919 wiekels &S] 37°C,
95% %=, 5% CO, incubatorollA] k3l EAA 0 2
Ax7F AR =] 2FQl 349 A0 7 Al wioks
sloiom, Agloll= & 30 Al o]sl]l AlEubs ARESI9drt.

A A A (MTT assay)

Alxze] F4 Ee ALY A=E MTT(3-[4,5-dime-
thylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide, Sigma,
USA) who 2 24315tk (Van de Loosdrecht 5, 1991).
12 well platee] wiek&7]o] 1 X 10° ] AZE wjofA]
7|aL, A7} 87el $kdd] A2kEe 6217 Fol| proteasome
A8l A4]e] Lactacystin (Sigma, St. Louis, MO, USA)¥}
M Etoposide (VP-16, Sigma, St. Louis, MO, USA)
= 10°MelA 107Me] o2 Asiginh. Ag 1
AFH 3R] AZAAS A2lelA] 9 el Blarste]
ARSI, Foi3l A7kl whek 37°CE 7R3t AlEalek
ooz 28] Al & MTT €°4(5 mg/ml, without phenol
red) 1 mks 7ksted 4217k g2t Al wioF AJZc}, AF&
AARZ) L, BAH formazen A Eo| DMSO 1 mbs 4
o] &alAIZIL 570 nmollA F3=E S7gsksict.

DNA w3 3te} &9 35

Aol 7t7ke] oRAlE A7 - Foizl A7kl vehd=
DNA®| THA3S}E of33} 2o] Adslgict. Al 25 %k PBS
Z 23] Al#3sle] eppendorf tubeol] #7]3L lysis -S4
(10mM Tris-HCl pH 7.5, 10mM EDTA, 0.5% Triton
X-100) 500 plE #H7lslod AgollA 3027 B3R F .
L3l F AE AA7]E 13,000 rpmel|A 105-7F 94142
2 A|AA17]1aL, phenol/chloroform 500 mIE- #7}ste] A
A3 41 F 1007 AR E 7ERe] sl AlA
A7k, 2] DNAS Al HFHol 273, 1/10 8§22 3
M sodium acetate®} 2vHe] oelE-S o] HAA|Z ). H
A DNAE 70% oleFe2 AAslglen] 7Ax 3 2mg/
ml RNase A7} -5l TE&Y ol =o|a, 1.5% 3k A
o4 #7]¢dE3sle] DNA wha3}E Wit

Z17ke] oAl Azl & Foizl A7k AEE 3l4siad
o}, 3l AZE | Felo| ol wiRRERTE ZA4be] 3:1
2 245 s o]&std IAAHC. 1 Az
Hoechst -£4(0.1 mg/ml in PBS, Sigma, St. Louis, MO,
USAYE 4% ¢l 1004 £7F 34173, PBSZE 2-33]
AFHAZEL, 3L @307 (365 nmyg Sl WASIGIC

Proteasome ¥4

Aol ztzhe] ofAlE AE|sla 2447 & Az = 5H
AchiA-S delsiget. thiAe) fels vl AlZE A
71 PBSZ AlAA17]a, 1 ml(100 mM plate)2] A2
3 8 (1x PBS, 1% Triton X-100, 0.05% deoxycholate,
0.01% SDSys A7lslo] 1587F d-gollA W & Al
+21(13,000 rpm)3te] EsllEA] e il G5 AlA
A7 Felsledct. shAEe] == BSA (bovine serum
albumin)yg X33}5}o] Bio-Rad (Hercules, California,
USApR] =i Ak Z1ES o]83lgirt. AlZu] proteasome
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3432 peptide 71H2H¥] §2]5]= aminomethylcoumarin
o] FEIH=R wlasie] S5t 71H 2= Ys peptide
(Succinyl-Leu-Leu-Val-Tyr-Amido-4-methyl-coumarin,
Bachem Co.)% #F&3lglem, o] 100 mM F=& DMSO
of Fof AREStrt. 2 mle] 7]&<5<4(20 mM HEPES,
0.5mMEDTA, 0.035%SDS, pH 8.0)l 2mle Ys
peptides FiL, 5mle] A|E chilAg Qo 5 37°Col4]
307 MESAIFCE MRS & 100ml 10% SDSE #7}s)
o] A=|A]7|aL, flurospectrophotometor (Exitation: 380 nm,
Emission: 440 nm)Z =733} e},

Western hybridization

A|E2E 2-33] 27 PBSE AA3F 100 mm viokE7|
o 1ml®] PBS-TDS(PBS, 1% Triton X-100, 0.05%
sodium deoxycholate, 0.01% SDS, 0.5 mg/ml leupeptin,
1 mM EDTA, 1mg/ml pepstatin, 0.2 mM PMSF) &4
= A7k 15%7F A5 flellA WA F 12,000 rpmellA 54

=
Zb QA EElste] Azt A 55 AlZsiglen, why
A Fx= BSAE 3T3ISle] Bio-Rad "R A 7
E

= Aokt

flo] whoz Feldt 15pgd lysate® 7.5% SDS-PAGE
(poly acrylamide gel electrophoresis)@ A 2|5}l
©]& nitrocellulose membrane (Hybond-C Amersham Phar-
macia Biotech, Piscataway, NJ, USApI 60 VZ 24]7153t
A71F o= o]53l3rt. Membrane?] blocking® 5% skim
milk’} 5 PBS-T (TBS, 0.1% Tween 20y2olo & Ak
2olli] 1A17FE3E ARIEIEE. p53(sc-6234, Santa Cruz, CA,
USA), phospho-p53(#9284, Cell Signaling, Bervelry, MA,
USA), bax (sc-493, Santa Cruz), bak (#3814, Cell Signaling)
of ghijAe] S SAe] fg 13 FAE 1:1,000
© 2 TBS &Yell 3]4ste] A2o4 147 vkgA17l §
TBSZ 33| AlA3}dct. 24} &2+ horse radish pero-
xidase (HRP)7} Z 3% anti-mouse IgG - anti-rabbit

|
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IgG (Amersham Pharmacia Biotech, Piscataway, NJ,
USA)E 1:5,00022 3]43to] Aol 1A]7}F Hl-85
. TBSZ 33] A1 & ECL 7] (Amersham Pharmacia
Biotech, Piscataway, NJ, USA}} 30-60%7F vks- & X-
Ray Z-goll 7H3AIZC).
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Lactacystin®} Etoposide] ¥ 3ol 2|3 A| X JEF 9
A 8}

Lactacystino] KB A|£2] Aol v]|x= ks AE
3k}, Lactacystine 107, 10°, 107 M| 37}4] 5=
2 Azl 397k Az Al = tizAl
Eob wlastdet. A F=el 107 M| A ALz 19
3 293Aol] ko] A7} Ae] vehA] gEgkom, 394
o °F 20% o] oAl &b gloleh 3 F=el 107
Mellx= A 194 AAbe] A=l om, wiek 39
Aoll= 50% o] el AlZrp ko] AAH UK (Fig. 1A).

DNA EAlol] Zofdli= &49] topoisomerase 112] #]
el Al etoposideol] 93k KB celle] &S 4
o} ZolalA AYsct. Etoposide AzE 107, 107,
107 M9 371#] F=2 3U7ke Az AsiA] &
£ Az} vlaslgich. A F=el 107 M2 Az Al
F= Aol AA7E 39l 20% AEE GHA ekt
w, b 107 M| FEellAE 194l 50% o] Al
27) kel A=l on, o] AlE7t 39UAo] A
L= Alz7t §leict(Fig. 2B).

AZ o ofg] 7|AE YERE lactacystin?} etoposide
o] Wgte] n|xj= AlZ AEHE AR wiok 3350
15% A= AEHS AsA]71E 10° M| lactacystin?t
ALl ZEe oz wioF 3UAlo] 20% F=e] AEHE A
71 107 M2 etoposide FA]oll A|Zol xz]gk A

=

3
culture days

0:10°"M
A105M =100 T m:10M Lactacystin
@ :105M e = E B:10"M Etposide
M ] 5 E i :10°M Lactacystin
£ 80 = = B €}
g H E +10”"M Etposide
= £ g
so || E g
s £
= &
E wllE
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Fig. 1. Growth inhibition of KB cells treated with lactacystin (A), etoposide (B), and combination with lactacystin and etoposide (C). 1 X 10
number of cells were treated with indicated chemicals for 3 days. Proliferation was determined by MTT assay and data are presented as the

means = SD of three independent experiments.
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a: non-treatment, b: 10° M Lactacystin, ¢: 107 M Etoposide
d: 10 M Lactacystin + 10”7 M Etoposide

Fig. 2. Effect of combination with lactacystin and etoposide on apoptosis of KB cells. Cells were treated with indicated chemicals for 3 days
and DNA were extrated and analyzed by electrophoresis in 1.5% agarose gel (A). Condensed nucleus were analyzed by Hochest staining (B).

14 e #7] AZHS] A3t ehdehFig 10)
12 22 A=l A% AS) AEA JBL v
b wop 19AlelE T Aol 20% o)4e] A
dg AshAglond, wok 3ol 60% ol4ke] A
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SLrp 2L
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Lactacystin®} Etoposide2] 3 &l 2] 3 apoptosis -F=

Lactacystin®} etoposide®] ®3tA2lol| <3k A2 A&
9] #3h= DNA s} =5+ A ?537401 apoptosisZ
vebdth(Fig. 2A). 10° M lactacystin?t 107 M etop051de
o] g=A2l= DNA w3 vehdr] 9igkAlqt, -+
Aol WA gli= DNA =gk}t velyle

Apoptosis®] fF=Alel] Yeptes 3] 855 DNA thad
ste} Fdgt 2719 Ajdo= 7450} . AE A
7 AEgh AlxolA= dlo] 35 date] 7‘]9] ERA]
A, 7 HAlE FAol ?ﬁﬂ"& AlZ= e Al
Z7} 6”4 $=0] Yelytth(Fig. 2B).

Lactacystin®} Etoposide] ¥ & ol €& proteasome<]
A A3

okAle] A2l <3k AHEH 9| #|3} 2 apoptosis®] =
= proteasome®] A v‘Jr AAlsted AEskGch. A2
2 S AR B2 AlZ9] proteasome®] A 7]
Lo slo] o ofe] S WY ¥ peptide -] -
2]%]+= aminomethylcoumarins A &slo] &A1& w]aLs)
%t} Proteosome2] 3HAAJal|Al|S]l lactacystin®] *2] 4| £+
T oA o 7 TFEleA FAlo] 7h4E)e "4—(Fig 3). =

N /’-Zo‘l 10—7 Moﬂ/q‘— ok 10% ;@L/Ho] 7]-/— ;(]u‘l—,

10° MelkE 55% o] gido] 71451iet. vk etoposide
+ proteasome®| Aol A3 oIS w|AA] &%k
(Fig. 3).

Lactacystin®] 10° M3} etoposdeZ 107 Mell4]l 10° M
A FAlel] Folglk A3 proteasomed] A2 ThHEol ]

asted 2ufellA Qe o]Al ZrAd}ITh(Fig. 3). 10° M
lactacysting SH5A2]shd 20% A= proteasome—% 3
AAsE YebdAlat, A 559 etoposide2] 107 Mell4]
50% 52 proteasomeiﬂ o] 7hAa3ld o, etoposide
9] 107 MellAlE 10% ©]3ke] proteasome] Adute] &
Askaict. ol2igt &4 ZhiE etoposide®] F=of vl
Shod HEhsict,

e vl
i
100 i
i

-
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Fig. 3. Effect of combination with lactacystln and etoposide on protea-
some activity of KB cells. 1 > 10° number of cells were treated with
indicated chemicals for 1 days. Proteasome activity was determined
with fluorescent tagged peptide substrate (Ys substrate) and data are
presented as the means = SD of three independent experiments.
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Fig. 4. Effect of combination with lactacystin and etoposide on
tumor suppressor proteins of KB cells. Cells were treated with indi-
cated chemicals for 2 days and Protein was analyzed by Western
hybridization with each specific antibody.

Proteasome®] &4 A 312} A Al F-AAL] Al 2w 53
Lactacystins ¥]5-3F proteasome2] #|aj#7} Velll= o
AA| A=Y Ax 25 AESIIC Lactacystin®]
10° MS x2]3k A3} 2940 p53, bax, bak Z57F &4
ch(Fig. 4). ¥ etoposide® 107 MO& Foidl 23}
p33< FAER|ul, 2ol Ak}t ps3e ®IRSk] baxt
bak®] S7h= A veRA] esket. S oRAlE SAlel R
o] gk 73} ps3, Ak} &e| ps3, bax, bake] AT =
Z o] lactacystin TH5ol| Blasled U553 A el

4
A

i

AlElE ), wheba] oFER 8 wjo] Tk EE ok E ¢
A 5ol Fa3t AL T Pub ohzl W 2} tEo]
T P Fol| A 7| AR o7t 7
okt W2 ol AR ol oFeAEE A
el f=3kstedio] dubAolck(Licitra 5, 2003). &
= el A&=a lom ofe]H 7|5oE DNA A3
9} DNA EAlo|| Fosl= T4 topoisomerase 112] 2HA]
of g3ks w|A+= FUAZ  etoposide(VP-16)7F Utk
(Adachi %, 2003). Etoposidet F& A|ZF7]|4ke] 34
719 AYE AAAA AzAPEE FEATA EH,
proteasome®] A3|A= p53e v]E3Sld CDKIQ AlZu)
A& 53 AXF7) G1o A AR o]k
T Aolgt 7)Aol ofeh glEhAe] == Z|tiE, o}
2 ubs{ =] Qx| ok hA|EQ] apoptosis FFE7]FL] H
A olalzt Me R St

Psgwe 278 bl LEAAE Za Sl

A AL Shte lysosomeS . AEA Fo 2 Qlgh =
o AR Az shiAe] fafel Alxznt o whi
Ao] HallE wedsic}l, ohE Sk ubiquitin proteasome
pathway (UPP)Z &4l A5 &2 v] AFo= 3=
o] AlgAql AAE &g AEH A s =4el
o} UPPE Ao a3t Ao EAshaA] AzF7],
AlZ3h, AleAde=by, oA A=l tigk 1k, apoptosis
oo 243k 534S 7L Sloh(Ciechanover, 1994). UPP
o] tiekal Az =AVALR okel A Ee H-Exo]
proteasome A 3A&] dhtel PS-3410] elol 7l wgol
of ¢4ad77 AdA= L grh(Aghajanian 5, 2002).
lactacystin (PS-341)0] &iQFS- v]53Slo] oiAels) w4
ool A& 7hsAe] glom, w3t vl ko] M)
off mlasle] e FAS Za A|uk -3 FA4 59
AR SAFAZ St ol2dt FAIRS A st
Ao 545 efslo] lactacystindll M= 7]
HAle} o] wedE]x Qvh(Cusack 5, 2001). whehAd,
2 ATl lactacystin®] T7etel F-gof e} o 7]
A 2= etoposided] W3] vehl= 545 2ARBIIH.

Lactacystin actinomycetesZ-7-€] 2| A% proteasome
A= Allo]n], Z7|oll+= neuroblastoma A|Fe] F-31=
F=A71E R AAEYHOmura 5, 1991). o] %
lactacystin of2] A|Z9] A5 AA|F]|3L proteasome
off Solxal okEr FHErh. Aol A3 KB cell
= TRk kgt Aol o8}, Lactacysti> KB
celle] AlZAAS AARZ 0w, A25AE ER= 50%
Aro 52 10° M YERdth(Fig. 1A). 107 M2
lactacystin®] sxollA= 72 AlZ HAJo] vehtx] ¢lo}
AEHol| Fz mAA] pdgkem], Fwol ojEH R A
el k= AL 5= ¢ 5 33k Lactacystin
o] Yehll= AZAR] Al AEAEF] Fae ot
T Al mlaste] w2 o R yelyted, o]&
Fig. 1B Z3}o] veht= Etoposide2}e] w|aoli= <&
% 9J3ir}. Lactacystinoll 23+ AJ&8 2] #{3l= apoptosis
2 =92, etoposideet ¥l €8k apoptosis®] -+
= &3 =4 Jepdeh(Fig. 2). 10° M| lactacystin?}
107 M2 etoposide?] HaAele Zzke] wHExizof H]
aste] 2 DNA ghRASkel AEolx 3uf o]4de] =5}
T frEdte] A4S ¥elHow Asayrt FEsHAl el
witt. o]2igt ZAZh= proteasome®] #I3lA|e] S]] peptide
MG-132% etoposidet} doxorubicin} £3Hsp olstA]
FollMe] AlzsAe] A vehie AR FUg AE
o]l H ch(Banerjee 5, 2001).

Lactacystinoll £J3+ 20S proteasome 24J2] A= Az
T Az EAske S S Al
AEZE dz2rFez 345 vudl 27 lactacystine KB
A|Z£2] proteasome2] S FE oEH o7 As|AZ
(Fig. 3). o= lactacystino] =2 <175 &olohs wlE
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dlo] T4t AlZ proteasome TAol= S v|x|a
U5 2Jn|glc}. Etoposide™ proteasome®] Aol A
3 oS mIAA R3kA|uk lactacystin?} sAlof] Fogk
ol A= Aol 3ul o] JAIH S TH(Fig. 3). o] EA
oFA|e] FA] Foizt Al ARl A, apoptosis®]
proteasome?] A AAlof|4] =F FU3H

It FEEE G F At T oAl FA] Fodd
2J3} proteasome?] A A= TFHOZ AEo A
7ol Aol apoptosisE TEAIZIE AR olsl|Et. 7
ofAle] FAl Fo7t HEp= A 3= o7l H
2ak, G2t 71H2 BeA Al ¥t 53] Fig. 4004
I ofAlell ofjk p53¢] FAH p53e] <ikEke] frEe
ko] Zap) SuiskEle #AkE A7) Lactacystin
7} etoposide®] THEAE= p539] Hel|7b A=} AlE
W EAlske whiAe] ofe] FrkE|A|ul, qlakst p53e]
7k §iQleh. Ak S ofAle] FA] Fodellanl 2 2l
Absle] = dEebgich ps53e] Qlaksle AlEZu e
ubiquitin-proteasome®] %-3l|7} 3]|¥]=]w, FAlo] -9
apoptosis A HARE FEdSlE 7eo® oA Qo
(Samuels-Lev &, 2001). p532] QlAksls 53k apoptosis
9] F=olxl2E bake} bax7} Urh. whehA], Fig. 4ol v
R baxol bak®] S7bF FEIgE Av= 7 oA F
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