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=ABSTRACT=

Overexpression of ¢c~-IAP1, a Member of the Inhibitor of Apoptosis,
Identified by ¢cDNA Microarray Technique in Ovarian Carcinomas
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Taejun, Korea' Department of Pathology, Kyungpook National University, Taegu, Korea®

Objective: Programmed cell death or apoptosis is a fundamental event in the developmental and homeostatic
processes of all multicellular organisms. In this study, we preliminarily evaluated comparative patterns of gene
expression between ovarian carcinoma and normal ovary by cDNA microarray analysis(Clontec Laboratory, Inc.). We
identified the overexpression of c-IAPl in ovarian carcinomas compared with normal ovary. This finding was
obtained using RT-PCR (Reverse Transcriptase Polymerase Chain Reaction) and immunohistochemical stains in large
scale.

Methods: Twelve epithelial ovarian carcinoma tissues, 5 normal ovarian tissues from benign gynecologic
discase and 2 benign ovarian tumors were examined for the presence of c-IAP1 by RT-PCR and
immunohistochemical stain.

Results: All cases of ovarian carcinoma tissues were positive and 2 normal ovarian tissues were negative for
c-IAPI by RT-PCR assay. Two of 5 positive normal ovarian tissues were weakly positive compared with positive
ovarian carcinoma tissues. The source of the c-IAP1 expression was further examined by immunohistochemical
studies. c-IAP1 was detectable in all ovarian carcinoma tissues which were positive by immunohistochemical staining.
Expression of ¢-IAP1 in normal ovarian tissue was localized exclusively in the corpus luteum. There was no
expression in normal ovarian stroma cells for c-IAP1 protein.

Conclusion: These findings suggest that c-[AP1 is produced by ovarian tumors in vivo and that association
between antiapoptosis and tumor generation may be clinically relevant. Expression of c-IAP1 in corpus luteum
suggest that may be involved in ovarian follicular development and atresia.
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t}’’. cDNA microarray®] FH2 ME #Hz wde ¥
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A A& cDNA microarray 7| &€& o] 83a] ¢4 o3
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%718 #3383, A& oo v gol A Reverse Tre-
nscriptase Polymerase Chain Reaction (RT-PCR)¥j 2.2 &
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o B2 di ¢ 2354 Y da 2FNMY 9 4
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4 o 233 A4 dA 24-& DNA microamay 7|
&8 o] 834 58871A 9] FAAY HHL vmENF
I cIAP10] 9] hE fAAT o] Mo R dAPA
ol leA via HES}D /jEH Ao]E wix EA&Y
ok cIAP10] W& 9] ¢h 43} FYHEAM T g
FH/E TEI=AE RT-PCREHOZ RNA FFo4
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1. OI0HN

) 384 ¢4 ¢ 249 % v ¢F 24, 3%
Wi 59 & tiyez dHo

2) ¢DNA microamay ¥4& ¢35 AtlasTM cDNA
expression arrays ( Clontec Laboratories, Inc. )& ©] 3-89
.
3) RT-PCRE 94 % primers= 219bp2 4331 A H3}
Adct.

4) B2 J49 FA = cAP1 ERjEEY
#|(Santa Cruz Biotechnology, Inc. USAYE ©]4-3dch.
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i 4 233 A4 da 20A 22 total RNAE
2333 o]o] oligo dT& AM§-3}] mRNATHE ¥2|3
dct. 22§ mRNAE AH8-3iq] 588379 34 Wi
S ¢cDNA microarray®] © 2 M3tz o] {3g Kol

S 47 cIAP1E 273 ¢ $AE cIAPIE Ud
2 primer (2190p) & FAT F ¢4 o 23 1249 A
wa 23 59|, ¥4 ¥4 3F 2904 RT-PCR} A
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Aok 99 RE AYL o e wHeg AN
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1) mRNA 2d

RNAzol B (Bioteck laboratories, Inc)& AH&-314] total
RNAZ 223 ¥ mRNATHS &84

1-1) Total RNA ¥

%3] 100 mgoll RNAzol BE 2 ml ¥ 1 homozenizer2
15000 pmol A 3R AE 23 & B4 A7, HE Fe
3.5 cm petri dishd 1 ml¢] RNAzol BE 93 344 %3l
¢ E9A7 &, HE $89 2 miP 0.2 mi& chloroform
S ¥R 1527 % ERI4CE 15% 44 3H 3%
dg A EHE §7 F FF9 2-propanolg ¥ -0T
o 2417t W &gk ©F 12,000 pmolA 4TZ 15¥
91 A13te] RNAHALE Q& F 75% cold ethanolZ A} § 3}
I Speedvac concentrator (Savant Co, USA)ol 4] 5&3+ A
ZA|7) T2 o 7)¢) diethyl pyrocarbonate (DEPC) X 2] €
22 100 418 9o 59 F UV spectrophotometer =
55 9 ¢$5§ 481 70T REsRoL

1-2) Total RNAY| 4 mRNA¥-&}

Oligotex mRNA kit (QIAGEN Co, USA)E AH8-3t% ¥
23 At

2) cDNA probe £l

2-1) ¢cDNA 4

238 1 pgd poly-A RNAZ “P-labelled first strand
(DNAZ $A3HTh Poly-A RNAC] alpha “P-dATP $}
MMLYV reverse transcriptase® & 3310 thermal cyclerg
A} g3t 700Co) A ¥h3- Al A first strand cDNAE $H43}
At

2-2) Column Chromatography® ¥ A8 cDNA probeE
24

CHROMA SPIN-200 DEPC-H,0 columng A}-§-3}of
p_jabeled cDNAE unincorporated *P-nucleotides$} 0.1Kb
o] 32| small cDNA fragmento] M §-2] 33 o

3) Hybridization for cDNA microarray analysis

ZH)g cDNA probe2 cDNA microarray membrane
(Clontec Laboratories, Inc.)ol| hybridization& A 33ttt
Hybridization& hybridization chamber& AL-§-3to] 68T o)
A A 88t} SS DNA (salmon sperm DNAYE X3t

ZAE 9

& hybridization solution®. 2 68T o)A} 3043t prehybri-
dization ¥, denaturationA] 7] labeled cDNA probe (2} 200
g1, 2-5X10° cpm)& X g3t hybridization 8422 6
8°C oA hybridizationg& Al& 3% CHovernight). Wash so-
lution (SDS + SSC solution) .2 A ¥ 3} 1 autoradiogram
& Algsta Ao ¢@ *o|F Atlas Human Armay
(Clontec Laboratories, Inc.)& o] &8t B433ich

4) RT-PCR

cDNAZA & 228 RNA 2 pgd oligo dT(16 menE
AHg-3te 40 pl 8F 0.2 o HAK(reverse transcription)E
AHEct vgEgde 4L RNA 2 g, S mM
MgCl,, 50 mM KCl, 10 mM Tris-HCI(pH 8.3), ImM dATP,
ImM dTTP, ImM dCTP, ImM dGTP, 1 U/l RNase
inhibitor(Perkin-Elmer Co.), 2.5 Ul MuLV reverse trans-
criptase(Perkin-Elmer Co.), 2.5 UM oligo d(T)I62, W& £
AL 2T 143, 9T 58, 50C 5202 8t PCRS
10X reaction buffer(15 mM MgCh, 100 mM Tris-HCl pH
8.3, 500 mM KCI) 5 pl$} 10 mM dATP, dTTP, dCTP,
dGTP 2z} 1 4, 183 30 pM sense(5- CCGGAAGA
ATAGAATGGCAC-3) % antisense primer(5'-ACAGCTT
CAGCTTCTTGCAG-3)& 242 1 wi# %2 mixtured] 1 4
19] ¥+$A]7] cDNA reaction mixture$} 2.5 unit®] Taq
polymerase(Perkin-Elmer Co)& ¥-& ¥ $#s2 50 pl2
£28 gaq 30 plo| mineral oilg $3 & ¥ DNA
thermal cycler(Perkin-Elmer Co.)& AH-8to] PCR & A%
39y 2Z 9 PCR 4HE 10 W 1% agarose gelo] 7]
9% ¥ ¥ gEsAd

5) B x4y ¢4

ZHfA cIAPl BHe] FHE 98 4 xm FA
gty ANg felegol=o] FAA I 0TAA 1
ANZES AT F xylened} AGUILE ¥ Hotd
2 $4-& S0 WA peroxidased] At 93 W€
&3 30% HRELFIL 919 vlER 41 SYoA
1583+ #2)3} 2 PBS(phosphate buffered saline, pH7.2)Z
FHASAL. 2 ¥ T2Qd 2402 23 o 750
A UL k& A717 A8 1% zinc sulfate§- 4o T}
microwave Q& o] §3ta] 1SE 7HE3 At A2
A 2087+ 41§ & 3047 normal horse serum(Vecta-
stain Elite Kif)2 713 £ 3319 cIAP1 EEE34
(Santa Cruz Biotechnology, Inc. USA)& 1:102.2 3|43t
o) 2A17HEQE 37TAA 98 AFd. PBSE A3
peroxidase-conjugated streptovidin(Dako, USA) 1:500& 3
7To)A 1583 ¥3-A17) F PBSE 44|38} 1 DABG, 3™
diaminobenzidine tetrahydrochloride)2 10-20%-3F 4129
A W33 Mayer's hematoxylino. 2 thu] g4& & #
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da ¢ 33 34 d2 42 248 cDNA microarray
B4 wys wsE vag A3 vd g 244N
apoptosis B WAL cIAPLo] 34, RADE 2] 3 ¢
do| BAsUD. ojsjol MAUANME ARDI 3
DNA-binding protein inhibitor ID2 9] &8 &717} w4 ¢
ZolA 2-3u) AUk FEAMANY WM E L4
receptor alpha chain, calcitonin receptor, alpha-catenino] ¢
2 % FoA 3 3 gdo] AL, cell-cell communi-
cationQ) R}o) M & IL-4, IL-139) 2@ Z7}7} 2 2} 24), 3
o g o oA FEEUG ol Hell A 7HE &
A AAE A% MEA BHE cIAPL, ARDIS D2
of ¥ At HF& RNASE M RT-PCRE A&
ARD1 D2 #44& ¥ 4 §IAL, cIAPIE {94
o] 1%l Fg. 1)

¢4 o 849 AL 5024034-63M), 34
2 B4 BTG AL 41.84(27484) o)1, ¢A ¢
%9 Wre 1717} 14, 3717} 104, 47]7} 16} o|§iT}.
23R e AN vd 290 24, FA4 Y23
Fol 9o, BFNGY d4 go] 1o] AT ¥4 A
FEEHNY ¢23F 19, AF UPFo] 14 o3
th(Tsble!l) =

c1AP18} RNA $290M 9] 244 918} RT-PCRE A
H39ch A4 cycles 9t Y RNAFE& FAE7] 4
8] cycle§ WY, 28] template RNAF =&
g2 8uA RT-PCRE A%e%ch. 1 H3 GAPDHE
25 cycle, c-IAP1 £ 35 cycled] PCRO} 3 QY 22 e
sk da 29 344 A oA c1AP1S] ¥EE
28 4 AML ¥4 23 59 F c1AP1o] 249
A BE 593, 200l E oeiA BuHgen, A4
wa FEAME AFRHFgA $Ho| B HAoY
A4 i 3FdAE gdo| gAh(Fig. 2, 3)

WAz 8o wyog glE $RMY AFE
NEdH] 129]9) B o F9 Heo)A cIAP1S) &3]
of thd 7 wHo| FAHUL(Fig. 4a-d), 5l o] Y &
A ZFHNE 49 ¢AL FEY F AU 2T
7F FAout o] el o Bi(Fig. de), FF EA 7]

Az}, 27) B X dME TUHA %9%h(Fig. 4(4g)
4 2 2F 2% HAY B FANE 2H] gl
BFig. 4h), 1T WLEFAME FAHU $8E 1Y
oh(Fig. 4i, 4j)

1 #

RZE $79 93 4L A 8144 98 P
T BAE AAEAN FAROT AF4sa A olF
Apoptosist= A E £, 3}, 3 =+ HEZAe 23
olgte 2 A He A& GA =T 197249 H
$2.2 Apoptosise] gt Ado] HuHUAT HEdle
e HHEQ Adoes BAs L 1F apoposis #
B Q77 AR A3lAA 2HAAE AA
gt Re ¢4 H90"

Apoptosis= A X7} DNA £4& @918 o A543,
E1ER) gtow HEAE z#she 7% g AR 9
. 28y o] 23R M7t Gl A X
€ 44N E FAAHT FFde go8 He Aotk

ovarian carcinoma tissue

Fig 1. cDNA microarray analysis in ovarian carcinoma tissue
and normal ovarian tissue
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Table 1. Compansons between ovarian carcinoma and normal
ovary

variables ovarian carcinoma normal ovary
(N =12 (N=7

Mean age(year) 50.2 41.8
{range) (34-64) (27-48)
Histologic type
Malignant epithelial tumors
Serous cystadenocarcinoma
Mucinous cystadenocarcinoma
Endometrioid carcinoma
Benign epithelial tumors
Mucihous cystudenoma L

— O

Endometriosts l
ol ovary 5
Stage « FIGO 1

I I

11 10

v 1

N, Number of pat ients,
FIGO ; International Federation of Gynecology and Obstetrics

= 812 = p53o] Z713HHA apoptosisE fH AT
thowtol2 okel oF 50%of A ps3el wolrl #EE o
apoptosis7t Yok £ahe A& FHaYTE” Apopt-
osis A AA bel-2= HMES o] Pzt dsle] FaG
dgg se Aog A U daddlA be2e
data AN FaF HTL 3o, Baxs} bel-2& o] 83}
of Gagte] 4 EE dF3led A-dtnAde k8o
ogich”

2 Azate o MEA ALE cDNA microarray
NEg e vh 4F5 A dazFdMY &
A e WEtE 588 £ F9 A, o F2AL A
£37) B §43L, apoptosis A A7}, A EU AE
Aok B8l A9 HARQIAL, cell adhesion molecule,
cytokine, 44212 59 FAAE QAo.2 Hla FM&
o, e 29 gle AHE BT 1 FollA apoptosis
Bd FAANA cIAP1S] 3}olE G} cIAP1S
1995 o) 2222 baculovirus®] apoptosis inhibition
protein© 2 W7 = o} Baculovirus T p3se inverte-
brate9} ¥ §-F M XA o] 2o o} vj/) == apop-
tosisE A3, o] R SFBYAANA vo]g 20
7ug XY AAE dAAIE 75 A0 B
23ta Yk o) 8 AL serine protease] Interleuk-
in-1 B Converting Enzyme(ICE) familys] #E F3|
TNF¢} FASo| 9]8) vi7j=l apoptosis& d3tAl €
t}.'""" o] baculovirus p35T8 Y] % 742 mammalian ho-
mologs7} &4 3l=H| o|ZAo] IAP 17 20]t}. ¢-IAP1E

23§ 9

123456789101112

Fig 2. RT-PCR analysis of c-IAP1 and GAPDH mRNA
expression in epithelial ovarian carcinomas. Lane 1 -
9: serous cystadenocarcinoma, lane 10,11: mucinous
cystadenocarcinoma, lane 12 : endometrioid
carcinoma,

12345 67

Fig 3. RT-PCR analysis of c-IAP1 and GAPDH mRNA
expression in normal ovarian tissues, Lane 1:
endometriosis, lane 2 - 6 nomal ovary, lane 7:
mucinous cystadenoma

apoptosis®] A5 & ALdted B I ¢4
2129, tumor necrosis factor receptor(TNFR)S}= 27 3
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Fig 4a. Ovarian mucinous cystadenocarcinoma. Many tumor cefls show strong positive cytoplasm for ¢-IAP1 protein (X 400).
Fig 4b. Qvarian serous cystadenocarcinoma. Many tumor cells show strong positive cytoplasm for ¢-IAP1 protein (X 400).
Fig 4c. Ovarian endometrioid carcinoma. Many tumor cells show strong positive cytoplasm for ¢c-IAP1 protein (X 400).

Fig 4d. Ovarian serous cystadenoma, borderfine malignancy. Many tumor cells show strong positive cytoplasm for c-IAP1 protein

{x 100).

Fig 4e. Normal ovary. Corpus luteum shows posilive cells in their cytoplasm for ¢-IAP1 protein. The stroma of the ovary 1s

exclusively negative (X 100).

Fig 4f. Normal ovary. The stromal cells show negative for c-IAP1 protein (X 100).

Fig 4g. Normal ovary. Early follicular cells show negative for c-IAP1 protein (X 100).

Fig 4h. Ovarian mucinous cystadenoma. Lining columnar epithelial cells show negative for c-IAP1 protein (X 200).
Fig 4i. Ovarian endometriotic cyst. The endometrial glandular epithelial cells show positive for ¢c-IAP1 protein (X 150).
Fig 4i. The stroma of the ovary is negative for c—IAP1 protein (X 150).

02 #oldAE oL} downstreamol| A Foidte] TNF
7} w7l &= apoptosis& AHAH o2 Adsw TNFR28}
#d g A2 ¢elA gich TNFRI & TNF$} ligands
A oM MEel apoposis NEZE HeEdoh
TNFE= TNFRI, TNFR29} M| ¥ HHH w338l pleitro-
pic inflammatory 9} immunoregulatory response & ol 7 8}
+= cytokine ¢}t}. o 7]o) A TNFR1 & TRADDS} &3
A cytoplasmic death domain-€ ¥ 4]l NF-¢B activa-
tion. 3} programmed cell deathE H %313, TNFR2&
TNFR associated factors(TRAF)$} heterocomplex& o] & o]
% 709 IAP1, 27} TNFRY] recruitmentE o7} §c} 1 ¥}
&7 AoH’. & TNFR2 & death domaing 7HA| T $1A]

%o, apoptosisE FUEAE ¥tk 2HEE IAPE
apoptosis®]] antagonize Tt A ZH3tn ok H 2w
IAP7} v-Rel oncoprotein®] antiapoptoticg vj /|3l <&
g e Aoz ARstn Yok & §AAQ v-RelRel-
INF- ¢ transcription factor family)®& ¢£& FwA7|n
apoptosisE 488k A4S @eh” IAPE ICEe] 9314
BLE Ho, apoposisE A Fe JE&E 3 x@
v-Rel mediated transformation 34§t F X5 0] apopt-
osisE AAGE 715 S 71 AeE vuHn okt 2
&322 2 NF- ¢ B9 antiapoptotic 7] 5-& TRAF13 TRAF2
o} o3 IAPE 0| caspased] #-8& Addto dojtrin
SRTU” oleig Ao ¥ o ATAN} duldPez
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AR dA oM e cIAP1S] Z7He o3t HANA
o] e Aoz welgd A, ANA G4 g=s]
SAE 798 1t glene d78 § O A
Ae Ao 445U

RT-PCRE o] §-3}o] mRNAS| 4§ 2 ¢33 A
s Z2F0A B EHE B gt g W dof
A c1AP1¢] w#o] YRR, A4 dx 2YYHE 7
of 3 3ojel M F3ie W) UL, 29 M e nle
3 wgo] Yo, 29 e Yol 1%} A
4 dhoMe gHE dadMe AAHoZ w@o
olFoj2 g Y¥ 9 435 =3olA apoptosis?} B
#oz yehde AR §3 8 5 Utk B8 234A
o 229 Az A GEY FA7} XEHHA e P
#& dgsite ol ez A4R oY A&
AAHFE B G¥Y YAH Hijd 9o FH9
granulosa M X} 4 1APsS) 3} S8 & BT o)
o g ERGHE GE 9 FAcA dxe HenFy
o} g3 o} 533} o)Al apoptosis7t BAPIL 3o A
Ao dsg e FYg?

2382 YRS cIAP1Y] HEEE HAE ¥
Uz gdd £3dMe H1E5E A8 dgxa4y
A& AYste YA dA F 2L 257 A
74 ¢4 dolfi A4, AYH R AFUNgF 42
o RE GHAZAA Falo] AYHE A& BFHAG
1o & AT BF7} 37] 0|49 bdx ¢F ol%len, 3
7l G2y F lde FAY dx & FolAou A7)
= 3 wdo] Ak AN b FF A= RT-PCRE
wao] B A%E HAdMg Fd HAou, AL o
2 71"} 27| G oMe BF7} ddo] YA, &
A Al FEGAT BHE Ho|A) stk di ¢
A 257 HEE A0Z Hol clAPLo] WA ¢HFe ¢
3l AN F R L AT e A2 FF ¥ £
Aok A4 i ZHMY 28 FAGNT T
Qdom o] AL o7 AT T oaf 2o Kol ¢
2o A4 ¥ B YAl apoprosise} FHE £
2ol wdz gASNcL s

A1AHEZ Bol da 4F9 43} HAHoA cIAP
o]l #dgitte AL FHHA HUL, o|AE vigo =
dtof dagte A go] UM FUA FojA HE B
F3la vX & 4%E Y718 5 AoH cIAPI A A
o etz A2 e FFARYE 2AY & AW T@
2719 QAR AFRE 4 Aohe b &Y AgE
S AN F el o 4Hrt EAYBHH o2 E
apoptosis®] 713 & &0 WH3A %3 A2 JARA
o] A o] @ ALR AR HOL

Z2AE 9
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2R 4EAE ZE A E §7149) 28 $HAE fASE 71RAY §50)0 o|F A AN GAZEl
dod HEE F3 F4E& 8o 932 ojFo] ARG

cDNA microaray #4& 53 @& & 33 3 da 234 588709 FAAE vlade cIAPIS] £
3718 dd § FolA BEARUZ, o] A& B2 AdA RNAS ¢ FEoA 35S A=A

A7HY: 19974 1956 1998 847A ARG WA F¥ AN, ¥4 & 84 124,
%4 Bk ¢F 24, B4 WY o] 2902 AFAFEU 2FAAEA A 95 YA AAY 5 & dyo=
stk Q7YY RTPCRY B 23 4E A g3e vla E435T.

43} AREE o golA apoptosis AAAAQ cIAPLO] 48t FHAe] BoseAE FHHRI] A3t
RT-PCR% W2 Y38ty BNE ol§3te RNASH B4 +3o0A P58 H did 22 234F 9

RT-PCR £4 02 12609 ¥4 ¢ F 239 A oA clAP19] 3} THE YehRR, 32 B4 24 59
Fol 20l M E 3 Fdo} UYL, 20N E vl WS BAck G4 2 GFAME AZURFTAA EEo|
AAL, H4Y ¢FAAE B YUt

27 olHe fA4¢ B8 HY2AN% §4¢ At 1299 dad FoAA A dolA EHol
BEHYT, BN dA2AgAE 59 F 4o o] FPH o] FH] Aot BN ¥ JFEHN 27
GEME P BEE 5 AT 4 B2 FANE ATHRFA dHol %o, Ay dFdME 2
o] #&HA Y3Yrh.

AE: oo AT FHE Ko} apoptosis HAAA cIAPIE d& ¢ $9] A3} AAHM FoF G AR
g 3& JoE Algdt

FHE0. W2 ¢ F, cIAPI
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