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Expression of c-IAP1, c-IAP2 as of Inhibitor of
Apoptosis Proteins in Cervical and Ovarian Cancers
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Objective : The inhibitor of apoptosis proteins (IAPs) constitutes a family of highly conserved apoptosis suppressor
proteins that were originally identified in baculoviruses. Although IAP homologs have recently been demonstrated to
suppress apoptosis in mammalian cells, their expression and role in human gynecologic cancers are unknown. In this study
auther used ovarian and cervical cancer tissues to examine the role of IAP in the regulation of apoptosis in cervical and
ovarian cancers compared with normal tissues.

Methods : Fresh tissues were retrieved from 10 cases each with ovarian cancers, cervical cancers and 4 normal ovarian
tissues, 6 benign ovarian tumors, and 10 normal cervical tissues. Expression of mRNA was determined by RT-PCR.
Western blot analysis was also used for asseessment of protein expression.

Results : The overexpression of c-IAP1,2 was identified in ovarian cancers compare with normal ovaries. All cases
of cervical cancer tissues were negative and normal cervical tissues were positive for c-IAP1,2 by RT-PCR assay. Using
Western blot analysis, the overexpression of c-IAP1,2 was observed in ovarian cancer tissues compared with normal
ovarian tissues and overexpression of c-IAPI in normal cervical tissues. However differences were not observed with
expression of c-IAP2 in cervical cancer tissues. On immunohistochemical results, the expression of c-IAP1,2 was observed
in ovarian cancer tissues, normal corpus luteum, and normal cervical tissues, whereas c-IAP1 was not shown in cervical
cancer tissues. There was no correlation in c-IAP2 expression between cervical cancer and normal cervical tissues.

Conclusion : These results suggest that c-IAP1,2 are important elements in growth of ovarian cancers, whereas c-IAP1
may play role of down regulation to cervical carcinogenesis.
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Table 1. Patient Characteristics

Ovarian

cancer
(N = 10)

Cervical Normal and benign Normal
ovarian cyst

(N = 10)

cervix
(N = 10)

cancer
(N = 10)

Mean age (range) 554 (37

Histology
Serous cystadenocarcinoma
Mucinous cystadenocarcinoma

Endometrioid carcinoma

[N S )

Immature teratoma

Endometriotic cyst

Mucinous cystadenoma

Squamous cell carcinoma
Adenocarcinoma
Small cell carcinoma

Normal ovary

Normal cervix

Stage (FIGO*)
I
o
m

1
1
8

-65)

49.3 (41-59) 423 (29-51) 47.5 (39-52)

* FIGO; International Federation of Gynecology and Obstetrics.

2. RT-RCR (reverse transcription—-polymerase
chain reaction)

cDNAFHIS 2] H RNA 2 pgS oligo dT (16 mer)
E Ab83le] 40 pL EFO 2 9 H AK(reverse
transcription) S A 3} H T}, W&t A A
RNA 2 pg, 5 mM MgCly, 50 mM KCl, 10 mM Tris-HCI
(pH 8.3), I mM dATP, | mM dTTP, 1 mM dCTP, | mM
dGTP, 1 U/uL RNase inhibitor (Perkin-Elmer Co.), 2.5
U/uL MuLV reverse transcriptase (Perkin-Elmer Co.), 2.5
uM oligo d (T)is&, ¥+ 2L 42°C 1A17F 99T 58,
5C 5Eo2 39tk PCRL 10X reaction buffer (15
mM MgCl,, 100 mM Tris-HCI pH 8.3, 500 mM KCl) 5
uL9} 10 mM dATP, dTTP, dCTP, dGTP Z} 1 uL¥, 1
231 30 uM c-IAP1,2 sense (5> CCGGAAGAATAGAA
TGGCAC-3) ¥ antisense primer (5-ACAGCTTCAGC
TTCTTGCAG-3)E ZZ | uLE 22 mixturedl] 1 pL
9] HES-AIZ] ¢DNA reaction mixture9} 2.5 unit®] Taq

=

2 o«

polymerase (Perkin-Elmer Co)& ¥ & THTE 50
uL2 &S 211 30 ul9 mineral oilS T8
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DNA thermal cycler (Perkin-Elmer Co.)& A}F&-3}4
PCRE A3ttt SZH PCR AHE 10 ulE 1%
agarose gelo] #7]9E3 & HdsiAth

3. Western Blot analysis

23t =AM lysis buffer (10 mM Tris-Cl (pH
74), 5 mM EDTA (pH 8.0), 130 mM NaCl, 1% TritonX-
100), 0.2 M phenyl-methyl-sulfonyl fluoride, proteinase
inhibitor cocktail & ¥ Gl 3087 & § A4}
o] /3Z A8 F3} Biorad protein assay kit (Bio- Rad,
USA)Z AFatArt. dojx did £9& SDS-
PAGEZ #17]%953}L nitrocellulose paper (Immobilon,
Milipore Co., USA)Z H7]95S A9tk 959
oS- Blotto-&(5% skim dry milk in TBS-T buffer)l]
0] cold chamber oA 12A]17F A”&}4 Y. Blotto-5-
s AAstL At FAEH(HR)el 247F FaL
TBS-T buffer= 7 T o2 FAGA(L2)NA 1
A7 T3 o]Z YA TBS-T bufferZ A28 3
ECL (Amersham Lifescience, USA)Z Z&3} T},



4. Immunohistochemistry
2 A c-IAP12 DA SRS 93 4 uM F
A stebd AAE fFeEeto|=of F2A7]1a 60T
oA 1AIZF Fot WX)3E & xylened} AL AR &
stebA 2 s Sklth WA peroxidase®] AHeHE
A3 wer2 30% FakslEagT) 9:19] HER 4]
ol g-Mof| A 1557+ 2 2]8}aL PBS (phosphate buffered
saline, pH 7.2)Z M3ttt 1 & =299 1480
2 24 Yo ZFox s =EA1717] 4
zinc sulfateS-H o] T10] microwave LES
of 1587 7hgstdnh. Aol 202 7 2% &
307} normal horse serum (Vector Laboratories, USA)
S 713 & A9l ¢IAP12 E2] &38| (Santa Cruz
Biotechnology, USA)Z 1:100.2 3]45}e] 247t ot
37Col| A BES-AIZTE PBSE AlH3}aL peroxidase-
conjugated streptovidin (Dako, USA) 1:500-2 37°Coll 4]
1587 Wh8-A171 & PBSE A|A 3} DAB (3, 3'-
diaminobenzidine tetrahydrochloride) & 10-20%-7+ 2-&
oA} A&l Mayer’s hematoxylin®. 2 tjH] A4S
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P25} A (Fig. Sc), ©
FA M FES B YhFig. 5d).
AR GxAA A M= THo] gllon
9 B 2= FEE Y AaL(Fig. Se), A
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(Fig. 50). 221} c-IAP2E AFE7ARStot A4 24
A d#E B s E 5 Sl

a
C-IAP1 —»

C-1AP2 —»

GAPDH —»

NC NCNI CNU CNGC

C-IAP2 —»
NC NCN GCNO CNGCGC

GAPDH—»

NCMNCNCNCNC

Fig. 1. RT-PCR analysis of c-IAP1 (a), c-IAP2 (b) and
GAPDH mRNA expression in normal ovaries and ovarian
cancers. N: normal ovaries, C: ovarian cancers.
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a
NCNCNCNCNGC
NCNCNCNCNC
NCNCNCNCN C
b
C_IAP2_’-
NCNCNCNCNC
CIAP2_‘\\‘-
NCNCNC NC NC

Fig. 2. RT-PCR analysis of c-IAP1 (a), c-IAP2 (b) and
GAPDH mRNA expression in normal cervices and cervical
cancers. N: normal cervices, C: cervical carcinomas.

C-IAP1 —

N CNCNTGCMNCNTCEC

C-IAP1T —

NCN CNCNMNECNRC

B—tubulin

a
C-IAP1 —

N CNCNG CNTG CNTC
C-IAP1 —

N CN C NI CNGCNC
B—tubulin
b
C-1AP2 —

N CNI CNGC NOCNTC
C-1AP2 —

NC N C N CNU CN C

Fig. 4. Western blot analysis of c-IAP1 (a), c-IAP2 (b)
and B-tubulin protein expression in normal cervices and
cervical cancers. N: normal cervices, C: cervical cancers.

C-1AP2—>» —

pr TR 7 .

N CN CNGCNCNC

C-IAP2—> = == s~=7= -

N CN CNGC NG CNC

Fig. 3. Western blot analysis of c-IAP1 (a), c-IAP2 (b) and B-tubulin protein expression in normal ovaries and ovarian

cancers. N: normal ovaries, C: ovarian cancers.
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Fig. 5. Immunohistochemistric analysis of c-IAP1 and c-IAP2 proteins. a: Ovarian cancer cells show strong positive
cytoplasm for c-IAP1 protein, b: Normal ovarian stromal cells show negative for c-IAP1 protein, ¢: Ovarian endometrioid
cancer cells show strong positive cytoplam for c-IAP2 protein, d: Endometriotic cyst shows positive for c-IAP2 protein, e:
Cervical cancer cells show negative cytoplasm for c-IAP1 protein, f: Normal cervical stromal cells show positive for c-IAP1

protein.
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& ZFoll B33k ek 7oA 93z [APEL 571
= NAIP (neuronal apoptosis inhibitory protein), Hiap-1
(Human IAP-1, ¢-IAP2), Hiap- 2(Human IAP-2, c-IAP1),
Xiap (X-linked IAP), survivin ook 2]} o]2jst
IAPE O] AZAEALE AAIStE 7|4 dlsire ¥
3] # 5o JA 2O} death proteaseS] caspase
family S GAS= FAA A Fag &S k= Ao
2 5o 3lt}. & Xiap, Hiap-1,2 caspase-3, caspase-7
3 Agste] G4 dAGt AEAEALE W
tha 3ch'C Hiap-1,2E TNF 84 #eelze 2
gato] TNF 58419 A% AAE e &a
survivin Efjo} Aol A HE Ao F3E X
AoMe ddHA devth a2y e A 8

T =2



- Expression of c-IAP1, c-IAP2 as of Inhibitor of Apoptosis Proteins in Cervical and Ovarian Cancers —

)

ok

=

THAY, A7, A A EEE o] o] Ao
H49] FaAelAY dF JAAZM Y 7HeA
AlskaL 9k o]213t IAPSE ol cIAP1 29} -
AN eyl r 7 B2 AT

o T 1
Yol Ae] AATAE Bz} o] AFL APy

ODO
o,
ngéﬂ

o

2 Ot
[
d

Stell M &g vlaste] Weo] 71
ol wHE AAgolA =& wdo
S Ao dAagelA Y SV 1APY] o
FEe AdolA oy AT Fqkl A
2 Hol dil oMo WS A
Western blot2 A|83} c-IAP1 Tl ot A&
447} vlnEiA fofd @ Foht gllen A%
75l A= RT-PCROA 9} o] BARTH Wo]
23 A9 AT cIAP2 YA LS 1A 9bo) A
NAS}H v7IA 2 ol A AR Wrdo] Wt
, ARt M e G Aol Aol ddo] d
AVE Holx] FHTh c-IAP1 27} A YA
ojuf s HE A F7HE FEE AL daA
A 02 o] o] FolAEE dixe] 4
oA MZAEA} g 2 Yehde A
& Qltk o33 AL s e Ruz d¥
o] B3 B3l B He BYZAZAA 1AP
G AE) 3 WS FwEigint” o9l e Ba
ANE GE 9 FAoA FExo AeFAA T} A
o] EstF Ao A A ZAL BAGT I st
droAe 2SS A9 £ dAg 28y
c-IAP19] Apg ATt A o] T} A A AT &2
Zo| A o] & WEe o9 Ane} sHllth A4
Bolal o AP T BEE H1E APLET ok A%
I} A EAEAE 7B5-A
s}etA dAs Bl BT
o] o] ot Faje] A
Hustgg? $1¢]

-

Ox

X =

fi (o rr ayY

i,

2]

2

Bl

e St e

O oX
o
£ 4w

%y

RNAS} Tl o]

A ATAY 24

o} ageE Z2H A9

- 27 -

W‘
ox

BN, c-IAP2E A
A< dE AFAE Hol|

Bl ¥ o

S
s}

7R GAZAA AZAEAE
ToE sl B Befgtha & 4 i,
o] FAl] ek e A XiapZF A
el FAstetael lof 243 6%
z23 gaad sgg?

o] AT AF=Z Hol dAhgME cIAP127} &
s} Aol Fofgttke AL FHEAT A AT
AT cIAP1Y) T2t 4gel] BAZTHE RS Y
St et cIAP1F A AT S BAE
Asrlde & o B a7 slojoplt) o] /S
HiE o 2 Gt Ae A A5 oA ¢-1API,
27} HlAE gl ek ZALS stolot s, A
ARG E c-1AP1F BESTHS FAE FALSHS
opth Eot 7] WA AR AT & Uk &
N & gzt diddn

ZAEAL B GE 7

[e;

NAEE

A= = Al e o
& A= A A el =wo] 2 Aoz A7
"ot

HOEs

1. Kerr JFR, Wyllie AH, Currie AR. Apoptosis: a basic
biological phenomenon with wide ranging implications



10.

11.

12.

13.

in tissue kinetics. Br J Cancer 1972; 26: 239-57.

. Sheets EE, Yeh J. The role of apoptosis in

gynaecological malignancies. Ann Med 1997; 29: 121-6.

. Nunez G, Clarke MF. The bcl-2 family of protein:

regulators of cell death and survival. Trends in Cell Biol
1994; 4: 399-403.

. Eliopoulos AG, Kerr DJ, Herrod J, Hodgkins L,

Krajewski S, Reed JC, et al. The control of apoptosis
and drug resistance in ovarian cancer: influence of p53
and bcl-2. Oncogene 1995; 11: 1217-28.

. Diebold J, Baretton G, Felchner M, Meier W, Karin D,

Schmidt M, et al. bcl-2 expression, p53 accumulation,
and apoptosis in ovarian carcinomas. Am J Clin Pathol
1996, 105: 341-9.

. Bimbaum MJ, Clem RJ, Miller LK. An apoptosis

inhibiting gene from a nuclear polyhedrosis virus
encoding a peptide with Cys/His sequence motifs. J
Virol 1994; 68: 2521-8.

. Crook NE, Clem RJ, Miller LK. An apoptosis-inhibiting

baculovirus gene with a zing finger-like motif. J Virol
1993; 67: 2168-74.

. Liston P, Roy N, Tamai K, Lefebvre C, Baird S,

Cherton-Horvat G, et al. Suppression of apoptosis in
mammalian cells by NIAP and a related family. Nature
1996; 379: 349-53.

. Uren AG, Pakusch M, Hawkins CJ, Puls KL, Vaux DL.

Cloning and expression of apoptosis inhibitory protein
homologs that function to inhibit apoptosis and/or bind
tumor necrosis factor receptor-associated factors. Proc
Natl Acd Sci USA 1996; 93: 4974-8.

Dragovich T, Rudin C, Thompson C. Signal
transduction pathways that regulate cell survival and cell
death. Oncogene 1998; 17: 3207-13.

Sasaki H, Li J, Schneiderman D. Life, death and
immortality: cellular and molecular perspectives in
human ovarian cancer cell growth. Frontiers in Endocrin
1999; 21: 349-58.

ZAE, |4, AeE, Bd7], ALY, MRS 5
cDNA microarray 7|£2 549 dAY F9 c-IAPI
A Shdd. TSR] 1999; 42: 1556-63.
Thompson CB. Apoptosis in the pathogenesis and

=

- 28 -

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

K
M
[0

treatment of disease. Science 1995; 267: 1456-62.
Rothe M, Pan MG, Henzel WJ, Ayres TM, Goeddel
DV. The TNFR2-TRAF signaling complex contains two
novel proteins related to baculoviral inhibitor of
apoptosis proteins. Cell 1995; 83: 1243-52.

Ambrosini G, Adida C, Altieri DC. A novel anti-
apoptosis gene, survivin, expressed in cancer and
lymphoma. Nat Med 1997; 3: 917-21.

Deveraux QL, Takahashi R, Salvesen GS, Reed JC.
X-linked IAP is a direct inhibitor of cell-death
proteases. Nature 1997; 388: 300-4.

Adida C, Crotty PL, McGrath J, Berrebi D, Diebold J,
Altieri DC. Developmentally regulated expression of the
novel cancer anti-apoptosis gene survivin in human and
mouse differentiation. Am J Pathol 1998; 152: 43-9.
Li J, Kim JM, Linston P, Li M, Mijazaki T, Mackenzie
AE. Expression of inhibitor of apoptosis proteins (IAPs)
in rat granulosa cells during ovarian follicular
development and atresia. Endocrinol 1998; 139: 1321-8.
Kim JM, Boone DL, Auyeung A, Tsang BK. Granulosa
cell apoptosis induced at the penultimate stage of
follicular development is associated with increased levels
of Fas and Fas ligand in the rat ovary. Biol Reprod
1998; 58: 1170-6.

Yuan W, Giudice LC. Programmed cell death in human
ovary is a function of follicle and corpus luteum status.
J Clin Endocrinol Metab 1997; 82: 3148-55.

Liu SS, Tsang BK, Cheung ANY, Xue WC, Cheng
DKL, Ng TY, et al. Anti-apoptotic proteins, apoptotic
and proliferative paramters and their prognostic
sinificance in cervical carcinoma. Eur J Cancer 2001;
37: 1104-10.

Ferguson AT, Evron E, Umbricht CB, Pandita TK,
Chan TA, Hermeking H, et al. High frequency of
hypermethylation at the 14-3-3 sigma locus leads to
gene silencing in breast cancer. Proc Natl Acad Sci
USA 2000; 97: 6049-54.

Li J, Feng Q, Kim JM, Schneiderman D, Liston P, Li
M, et al. Human ovarian cancer and cisplatin resistance:
possible role of inhibitor of apoptosis proteins.
Endocrinol 2001; 142: 370-80.



- Expression of c-IAP1, c-IAP2 as of Inhibitor of Apoptosis Proteins in Cervical and Ovarian Cancers —

2ox=

A 1 22 baculovirusesol| Al 5 E A EAEAL AT E(inhibitor of apoptosis proteins;IAPs)S HFo]# 27}
BAshs ¢ &3 AXY AES fFAEe 71%S sha vkt Ao ot A EAEALE JAsh= Ao B
Ao} sl BAel| FAshe 71H2 oFH A F 88 YA A gk da G 9 A ARG 2159 4
ZA oA 1APs9] HHS Hlste] Yl IS YofpE g

AT UM A QP 1049 A AR 1045 U R, B A E kg B 104, B AT AR
ZA 1095 E2T2Z AFSSIATE ¢-1AP1,29] mRNACIA Q] W3S B 7] 93] RT-PCRS A ¥3}% 3 RNA L] ¥
35 SN HS38t7] I3l Western blotS A3}

Z1}: ¢ JAP12 Tl A o] W WA ot A A4} dAh ZA A BT} 2o wEo] 9T, AN A7 AR
Ao A= c-1AP1,2 T A o] A doA] EA HHEUATE RNAY] WSS Tl dof| A 1F317] 93l Western blotS
A3 A} c-1AP12 Tl F o] Gt AAEA =A AHEHC A AE 2N MY cIAPI T F o ut
e G AR FNAN AT AFEAEYG dAE S7HE B F9A, ¢-[AP2 T2 RT-PCROIA] HofFE d3E
%% A3BFANAM Y St flo] ATl ME F77F Uestth 229419 J8st BdR S ¢V fsl WY
ZA 3 AN S AldYste] da oA c-IAP] T2 QA e] A2 A 8] A HAF daAdA e 2d
o] dojuhA] WS HASIHALE ¢-IAP2 T FAYT) At FE] ATUE T FAo A FdS BT
c-IAP] Tl e AZ AR oA A 2l ME BHo] gldlor F9 A 2 dAME T8 Ye L, A &
TAE ZANME Ao A LA TS YERRATE T2 c-IAP2 B 2kg A Rtolu A 2 B
H ARE HolA| itk

ZE oo AT AT Kol UA oM E ¢IAP129] Z717), AF ARG ME -IAP1Y] 77} ors)l 7}
Aol #gtha FHS ok

of

ZMEto] @ CIAPL, cIAP2, AR dA
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