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Purpose: This study was designed to investigate effect
of the etoposide on expression of cell cycle regulatory
proteins and apoptosis-related proteins in human skin
fibroblast (HSF).

Materials and Methods: HSF cells were treated with
etoposide. After treatment, expression patterns of cell
cycle regulatory proteins and apoptosis-related proteins
were analyzed by using Immunoprecipitation-Western
blot method and RT-PCR.

Resuits: Immediately after etoposide treatment, E2F-1
was up- regulated following MDM2 down-regulation. After
E2F-1 up-regulation, p53 and p21"*"' level was markedly
increased without or with mRNA up-regulation, respec-
tively. Consistent with these results, cell cycles arrested
in mainly G1 phase 24 hr after etoposide treatment. How-
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ever, HSF cells progressed into apoptosis 72 hr after eto-
poside treatment. In this process, caspase-3 activation
and Bax up-regulation were observed.

Conclusion: In early response of etoposide treatment,
E2F-1 plays an important role in p53 accumulation through
MDM2 down- regulation. The increased p53 induce an
increase of p21"*F! level through p21"*"' mRNA up-regu-
lation. However, after long term treatment of etoposide,
HSF cells resulted in apoptotic cell death through cas-
pase-3 activation and Bax up-regulation. (J Korean Cancer
Assoc 2001;33:77 —83)
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ol7F H X MR olAH|EE 10% fetal bovine serum (FBS),
2 mM glutamine 3] HEPES7} 383 DMEM nljokol-g o]
£31o] 36°C, 5% CO, wjE7|HellA] wlksl9) i, etoposide
(Sigma Co., St. Louis, MI) 22| A] 10 ug/ml 5 & A-&3)
Sick.

2) MEMZ = A=

04% trypan blue 50uloll AE 50415 Y3 4 %
hemocytometeroll &8}l 18 X HEFE Ho] AEA
E 5 AlF stger, F A ARE 44 A ¥ 2

FFAE A%k

3) RNA 22} % RT-PCR (reverse transcription-poly-

merase chain reaction)

RNA E-2]= RNAzol B (Biotex laboratories, Houston, TX)
Alkg Agste] el 3 A EAu AR 5EE
FA% ¥ ALsisdch 2l RNA 1 g2 oligo dT (16
mer)E AH£38}lo] MuLV reverse transcriptase (Promega Co.,
Madison, W& A A 3l & PCRE A|38sl4g v} PCRE
o] Holl ¥ A7l Budgt i Aegsie]om(il)
ZA-8-5l primert- Table 10] F7)s}9c}.

4) CHE $3| 91 Western blotting

wljokE] MEE lysis buffer (10 mM Tris-HCl (pH 7.4), 5
mM EDTA, 130 mM NaCl, 1% Triton X-100) 100 12} 0.2

M PMSF (phenylmethylsulfonyl fluoride) 3! proteinase inhi-
bitor cocktail (0.02 mM aprotinin, 2 mM leupeptin, 5 mM
phenanthroline, 28 mM benzamidine-HCH)& ¥ 3 -S4 30
7 A 5 12,000 rpm, 4°Coll A YAl slo] AEHE
Z4t %, Biorad TF¥A=F kit (Bio-Rad laboratories, Her-
cules, CA)2. 8 Azkslrt. 100 pgo) WAL 12% K=
6.5%2] SDS-polyacrylamide gelol] A7} &% &} ¢}-L. nitro-
cellulose paper (Millipore Co., Bedford, MA)E A o]}l ).
Zo] =l membrane2 blotto &-HB(5% €A E S, 20 mM Tris
(pH 7.5), 137 mM NaCl, 0.05% Tween-20)ol] Ho] 4°CollA]
s F F 4R g olx gAE whEAlF|m ECL
(Amersham Co., Buckinghamshire, UK) Wi o & ZHun 2 &
etdet. Agg dx FHEL o3 3chERb, Phar-
Mingen Co., San Diego, CA; p53, Neomark Co., Fremont,
CA, p2lwm, Bax, E2F-1, MDM2, caspase-3, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA).

5) Immunoprecipitation

x}7}-8- phosphate buffered saline (PBS)& ujokE9Ql ML
£ 23] A1H ¢ F uvjg] ol Yol ¥ eppendorf tubeol]
AEZ 2gke}. of 7)ol lysis buffer [0 mM Tris (pH 7.5),
150 mM NaCl, 5 mM EDTA, 1% NP-40] 1 ml, 1 M NaF
100 11, 200 mM sodium orthovanadate 1 1, PMSF (10 pegf 1)
LplE T3 3 A&l 3087 FUck 4°CallA 12,000
pme 2 2087 A% ¥ 435S 2hvh Biorad T
A% kit ol oto] AFW X | mg FEE LFelol
“20CalA 2R A8l gt 1 mgel <o
Aoll 3uge) YA &A PRL)E Y lysis buffer® A
5F31& 1 ml A dE F 4CAA 447 Eok TE5EA
HF-3-A1 7t} Protein A-sepharose beads (Sigma Co., St.

Table 1. DNA sequences of PCR primers used in this study

Name PCR primer sequences Product size (bp)
GAPDH Sense 5-CGTCT TCACC ACCAT GGAGA-3 300
Antisense 5-CGGCC ATCAC GCCAC AGTTT-3
pS3 Sense 5-GCCAT CTACA AGCAG TCACA-3 554
ntisense 5-TTCAG CTCTC GGAAC ATCTC-3
p21VA¥! Sense 5-CGGGA TCCGG CGCCA TGTCA GAACC GGC-3 509
Antisense 5-CGGGA ATTCG TGGGC GGATT AGGG-3
E2F-1 Sense 5-ACGTG ACGTG TCAGG ACCTT-3 336
ntisense 5-GTTCT TGCTC CAGGC TGAGT-3
MDM2 Sense 5-AATCA TCGGA CTCAG GTACA-3 600

Antisense

5-GTCCA GCTAA GGAAA TTTCA GG-3
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Louis, MI) 20 ;1¢} o]x}8}4|(rabbit anti-mouse IgG, Amer-
sham Co., Buckinghamshire, UK) 10 ul1& % 7}s}o] 4°Coll A
s o wEAI F 2 7 AAlsle] A7 RAFES
lysis buffer= 2¥ washing buffer [50 mM Tris (pH 7.5), 150
mM NaCl, 5 mM EDTA]E 3 AFstdet oy 7] 1x
sample bufferS Y3l SE7F #9¢l % SDS-PAGE (7.5%)%

st
6) Flow cytometry &4

AEEZ twbe (1% 10°%ube)ol] 22 ¥ PBSE F ¥ A)¥
3}, 500419l PBSE thA] HG3t & 471§ ethanol
(100%) 5 miS WA Hrksto] DAL F 1,000 rpmoil 4
487 QA AZNE AAY X propidium iodide
(Sigma, St. Louis, MI) 342} (Pl 50 yg/ml, RNase A 0.1
mg/ml, 0.1% NP-40, 0.1% trisodium citrate) 2. 2 1A] 7} o 4
3} =] FACS Calibur (Becton Dickinson Co., Franklin lakes,
N)) A& AEE7)E B4t

7) Caspase-3 RNT §F

2x10%mie] A Lo lysis buffer [50 mM Tris (pH 7.5),
0.03% NP-40, 1.0 mM DTTIE Y12 429 3087 7%
th 12,000 pmo 2 A4 F 4FAE Hsle] FF & H
20 g lysateoll 2 mM ac-DEVD-pNA (Enzyme System Pro-
ducts, Livermore, CA)S 231 37°Cell 4] 24] 7} incubations}
™ 4] H.3130- ¢ Al (Amersham pharmacia Biotech, Inc., Pisca-
taway, NJI) 405 nm z}Aol|4 308 7tHe g F32E =

Hetsich
1) Etoposide XX|7} MIE MZ U MEF7|0| 0jXIE
o3
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AE QEg] H3tE A T2 & 7+ oo, 4847
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Fig. 1. Effect of etoposide on HSF cell viability and cell cycles.
HSF cells were cultured in the absence or presence of
etoposide (10 pg/ml) for the indicated times. Cell viability
was determined by trypan blue dye exclusion assay (A)
and cell cycle analysis was performed using propidium
iodide staining solution (B).
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9 apoptosis & ©hui 2 5 o] v14d-8 Western blot ¥ o
BABedchFig. 3A). E2F-1S el e 27hg w

GAPDH
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p21 Fig. 2. Expression of cell cycle regulatory genes
in HSF following etoposide treatment.
HSF cells were cultured in the presence
E2F.1 of etoposide (10 ;2g/ml) for the indicated
times. Western blot (A) or RT-PCR (B)
was performed as described in materials
and methods. Similar results were obta-

s ined from in two independent experiments.
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3. Expression of apoptosis-related and cell cycle regulatory
proteins in HSF following etoposide treatment. HSF cells
were cultured in the presence of etoposide (10 pg/ml) for
the indicated times. Western blot was performed as des-
cribed in materials and methods (A). Similar results were
obtained from in two independent experiments. Caspase-3
like activity was determined using ac-DEVD-pNA, syn-
thetic substrate of caspase-3 (B). pRb, hypophosphorylated
Rb; ppRb, hyperphosphorylated Rb.

Etoposide

MDM2
MDM2

Fig. 4. Immunoprecipitation-Western blot analysis of MDM2 and
pRb. HSF cells were cultured in the presence of etoposide
(10 pg/ml) for the indicated times. 1 mg of total cell lysate
was immunoprecipitated (1.P.) with anti-MDM2 antibody
followed by Western blotting (W.B.) with anti-Rb antibody.

B AFoN A= ez A& AfolA|FE(human skin fibro-
blastyol] -FH A} =4S Gl gk & E27] =4 QARAE
W apoptosis T3 whAAF o] W FA-g x7)et 3] wb
& IR Vo] F4TeR b E4l 3 AIE
F7124 AdellA e AE o Hol7|dg A7 ME o
ol EAstaat it

TR E4E AZEA AR wbgele AR
p53e] & d#lA Qv A EF F ps3e) AE W &
Ao o Fo¥ 4 F 3f)eld) &) E(iranslation) &
p53 P F7H7} ps3 FH el WA J)1der ¢HA 9l
th(12). B A% etoposide A X & p539 Z7}r) 3B
2z AlA A p53 mRNA & o] 7 2] w7} glo] of
o] dztEe] Aset dAsiich. 28 AR, ps3el A
gk o F7holl A A AF9 E2F-1 W F7hv) s
ek E2F-12 p19*Te] 3 wkelg §538le] p53ol] th
g MDM29] 24 7158 AT + Ade Aeg ¢EA
Ak(13,14). £ ATollA FHA £4 270 E2F-19] F
7k} MDM29| Zhart Aol dE g s, &
Az &4 Al E2F-19] W o] F7tste] MDM2 753 ¥
Al o2 o AlstAl 5H Folo] p53e] HAZ AE A F
Ho| Azt Ao g Agst

21" 3} Baxl p539] 2AL e oA 2 A 4
A Qv ps3 &4 AZAA 21" F2 Gl Al
FZ7] A Aol Baxy= apoptosis 5o Fofdicl B Y]
Qrk(15). & ATl A% ps3 F7bell Holof p21™ el

K

o Y

E

e

.
A 5
ito]



82 J Korean Cancer Assoc 2001;33(1)

Ho| 2718 W, Bax: 48417 ol Wdo] thx %
7b=)glet. st p21WAFl mRNA gl&o] Z715 p21WAF
Sl do] ZrbEl A& mAsha, ps3e] p21™ AAE F
AAA AZ p21™ gl wido] Frksle] AE F7
7k Glell AR Ao AgHct pS3oll ozte] =4

L Bax9 A {Az £4 xIldle A g3
apoptosis A3 Z7|of] Wde] 715l AL & of, A%
$4 % p539] transactivation 752 AE U] 43}l a}a}
A st ol2old e BEkd. ol4e AsE

E3bsid, A2 &4 Zubel]l E2F-19] F717} p53 5‘:34
o] F93v, 279 ps3e AT p21"' wEEG Fo}
AA AEF7)E Glol] AR+ AeZ Agdrt

B o FollA] etoposide X x| 48A17F FHE] A EAHO|
Z7t8edl, oldl E2F-1, p53, ¥ Baxe ZF7ish 3
caspase-39] B £} Z7bslgdet. Caspase-3 oEH AZ
A A] caspase-3 7| A& pRb7t & Feix lewl(16) £
Aol AT A Q1435 pRbS Fol £F zhastwA A
clsl 48 kDa pRb A3 o] #25|)ch(data not shown).
ol caspase-3 ©ZF AEAE A p21VAo] AetE A,
e R R e

E B3rl 9AE(7), ¥ QoA caspase-3 #43}
o Tgo] p21"e] o 7ha7} BRI o) p21M
A SR ST S gleleh

B ol ol|A] MDM2E etoposide *]%] Z7]0l(0.5~14]
7h) E2F-1 Z7} A wdo] 4% 7h4¥ W, etoposide A
%] 48417} ZHE|E E2F-19] Z7lol: %—“,L*}jr_ MDM2
Wy g Ayl XA o|# 3 A E2F-L,
p53, 28l MDM2 7+e] &4 (negative) 32 9 /‘é (positive)
E)me] 312(feed back loop)ell 23 Aoz A7~
10,18). =, E2F-10] MDM2 A& %3 p33 Z71E § 5
83, 2745 ps3S okA o] 7|4 02 MDM2 mRNA
urel S A8, MDM2E oAl &4 59o)r] 714 og
P53 715S 4R dAY Aoz Azl wtebA, §A
2p 4 27 ubgakes gl AlEAE AA FL AE A
a} A] E2F-1, MDM2, 1|1 ps53 7+e] &3 =4 714
o] &A1Y Ao 2 Ag=c) Ed, MDM2+ pRb 9 9 p533}
Az 23 Al (triple complex)E ¥ Alsto] p53¢] transrepres-
sion 7158 A7 E Rl AEAE F5 Slo] T8
sk RuEgek19). 2eju E qlqtell whEw, AlEA
o] A5+ A7)0l MDM29] Q4tE7} F7tslo] 23]
# pRbZEE] MDM27} o]ek(release)s]= Ao H3s
o] MEAY F5 A T2 AEAE F7 A MDM2, p53
3 pRb S5HA|7F A2 oG A WaleAe o B A7t
et Aoz AzhElch

uwphA], B QA Aol ojat QU7F ARt Eel eto-
poside fﬂﬂli Qlgt SA =} £4F A ZJ|oll= E2F-10]
7}ste] MDM29] YA A whd Zhavh xeld Fps3el <
A 271 9 ol w2 p21"Ae] FrlE Qe AE 4717}
G1°ﬂ AA s, AR} 4 o] Al T2 5 Bax
7} 9 caspase-3 #4315 Fote] A EATH] FH31H A

2 Aztsich AEAE §5 &2 £33 A MDM2e ¢
37} Z71Ew A pRbZHE] F-2]5]=vl, MDM22] pRbE
BE| o|gto] Qulsle vh O Fo] AFdlolr & HAR
o} gt

rﬂﬁ XO 01

B oA E ¢17k AGolA el AR E4E ofY]
3} etoposide A *l-a— g B AEZ7] 2A AAE 9
apoptosis #3 il A Eo] wrE kA x7)9t 7] W
w32 o] EASE A3, Z7)dl= E2F-19] $712 <l
& MDM2 727k p53 246 FasH Agetaw, 27
9 p53e A% 21" e) HAg 2712 Fabe] GI AE
77 AAe] BoARE F 4 AT $AA £4o] A%
34 - =™ Bax 7} 9 caspase-3 FAIE F3le] Al
EAo| 2Aslo] uF4 ATE AAete Aoz A%
et oleld ATEES §AA £l I & w4 A
QAyaak opel FHA E4E ob7|ske] @A ES] apop-

4 xg R Vx2AREE &

tosisE =8l 2A}l 3+
£ Rolekn A7t

R R R TS

1. Wilson MR. Apoptosis: unmasking the executioner. Cell Death
and Differentiation 1998;5:646-652.

2. Chinnaiyan AM. The apoptosome: heart and soul of the cell
death machine. Neoplasia 1999;1:5-15.

3. Steller H. Mechanisms and genes of cellular suicide. Science
1995;267:1445-1449.

4, White E. Life, death, and the pursuit of apoptosis. Genes Dev
1996;10:1-15.

5. Haffner R, Oren M. Biochemical properties and biological
effects of p53. Curr Opin Genet Dev 1995;1:84-90.

6. Adams IM, Cory S. The bel-2 protein family arbiters of cell
survival. Science 1998;281:1322-1326.

7. Cohen GM. Caspases: the executioners of apoptosis. Biochem
J 1997;326:1-16.

8. Damian BS, Hsich JK, Chan F, Lu X. mdm2: a bridge over
the two tumor suppressors, p53 and Rb. Oncogene 1999;18:
7681-7689.

9. Monad J, Wu H, Dasgupta G. MDM2-master regulator of the



10.

1L

12.

13.

14.

Jae-We Cho, et al : Cell Cycle and Apoptosis-related Proteins in Etoposide-treated HSF 83

p53 tumor suppressor protein. Gene 2000;242:15-19.
Loughran O, Nicholas B, Thangue L. Apoptotic and growth-
promoting activity of E2F modulated by MDM2. Mol Cell
Biol 2000;20:2186-2197.

Lim CC, Kim IH, Cho JW, Back WK, Suh SI, Suh MH, Park
JW, Kang IS, Sohn SS. Expression of cell cycle control genes
in Korean gastric cancer cell lines. ] Korean Cancer Assoc
2000;32:279-287.

Appella E, Anderson CW. Signaling to p53: breaking the
posttranslational modification code. Pathol Biol (Paris) 2000;
48:227-245.

Promerantz J, Schreiber-Agus N, Leigois NJ, Silverman A,
Alland L, Chin L, Potes J, Chen K, Orlow I, Lee H. The
INK4a tumor suppressor gene product pl9ARF interacts with
mdm?2 amd neutralises mdm2’s inhibition of p53. Cell 1998,
92:713-723.

Kamijo T, Weber JD, Zambetti G, Zindy F, Roussel MF, Sherr

15.

16.

17.

18.

19.

CJ. Functional and physical interactions of the ARF tumor
suppressor with p53 and Mdm2. Proc Natl Acad Sci USA
1998;95:8292-8297.

Prives C, Hall PA. The p53 pathway. J Pathol 1999;187:
112-126.

Fattman CL, An B, Dou QP. Characterization of interior clea-
vage of retinoblasoma protein in apoptosis. J Cell Biochem
1997,67:399-408.

Zhang Y, Fujita N, Tsuruo T. Caspase-mediated cleavage of
p2lW*‘”/Ci"1 converts cancer cell from growth arrest to under-
going apoptosis. Oncogene 1999;18:1131-1138.

Sherr CJ, Weber JD. The ARF/p53 pathway. Curr Opin Genet
Dev 2000;10:94-99.

Hsieh JK, Chan FSG, O’Connor DJ, Mittnacht S, Zhong S,
Lu X. RB regulates the stability and the apoptotic function of
p53 via MDM2. Mol Cell 1999;3:181-193.




	ZXCBASE: 
	ZCXBAWE: 
	ZXCBZS: 


