[CANCER RESEARCH 60, 5007-5011, September 15, 2000]

Advances in Brief

Identification by cDNA Microarray of Genes Involved in Ovarian Carcinogenesis

Kenji Ono, Toshihiro Tanaka, Tatsuhiko Tsunoda, Osamu Kitahara, Chikashi Kihara, Aikou Okamoto,
Kazunori Ochiai, Toshihisa Takagi, and Yusuke Nakamur&

Laboratories of Molecular Medicine [K. On., T. Tan., O. K., C. K., Y. N.] and Genome Database [T. Ts., T. Tak.], Human Genome Center, Institutel 3diéedieaUniversity
of Tokyo, Tokyo 108-8639, Japan, and Department of Obstetrics and Gynecology, Jikei University School of Medicine, Tokyo, Japan [A. O., K. Oc.]

Abstract Here we report the identification of dozens of genes whose expres-

sion was up- or down-regulated in multiple specimens of ovarian

carcinoma using the cDNA microarray technique coupled with T7-
) o . " “based RNA amplification. In addition, we found a number of genes

a DNA microarray consisting of 9121 genes. Comparison of expression . . . .

patterns between carcinomas and the corresponding normal ovarian tis- that were expres_sed dlffere_ntly between two major histological types

sues enabled us to identify 55 genes that were commonly up-regulated and S€rous and mucinous carcinomas of the ovary.

48 genes that were down-regulated in the cancer specimens. When the ﬁ\_/eMateriaIs and Methods

serous adenocarcinomas were analyzed separately from the four muci-

nous adenocarcinomas, we identified 115 genes that were expressed dif- Tissye SpecimensOvarian cancer tissues, along with noncancerous ovar-

ferently between the two types of tumor. Investigation of these genes jan tissues from the same patients, were excised during surgery after obtainirg

should help to disclose the molecular mechanism(s) of ovarian carcino- informed preoperative consent from the patients. Five samples diagnosed &

genesis and define molecular separation of the two most common histo- serous adenocarcinoma and four samples of mucinous adenocarcinoma wee

To identify genes involved in the development or progression of ovarian
cancer, we analyzed gene expression profiles of nine ovarian tumors using

oJ) papeojumog -

logical types of ovarian cancer. selected for this study. Each corresponding normal tissue was confirmeg
histopathologically to be free of cancer cells. Clinical stages were determine@
Introduction on the basis of criteria outlined in 1988 by the International Federation ofy

Gynecology and Obstetrics (FIGO).

Ovarian carcinoma has the worst prognosis among gynecologicair7-phased RNA Amplification. Total RNA was extracted from each spec-
malignancies because most cases are not diagnosed until the diseasiSusing Trizol (Life Technologies, Inc.) according to the manufacturer's 3
at an advanced stage. Although various therapeutic approachesirateuctions. After treatment with DNase | (Nippon Gene), T7-based RNA§
followed in clinical practice, most of them are not lifesaving. Henc@mplification was carried out as described previously (13), with a few modi-&
the discovery of ways to diagnose ovarian cancer at an early stage #¢alions. Using 2ug of total RNA from each tissue sample as starting g
establish more effective therapies is a critical and urgent issue. material, we performed two rounds of amplification; the amount of eachg

To achieve this goal, identification and characterization of kei/"Plified aRNA was measured by a spectrophotometer, and its quality wass
molecules that partici éte in ovarian carcinogenesis are essen PaﬁCked by agarose gel electrophoresis.
P P 9 reparation of Target DNA. We first selected known cancer-related

steps. Like cancers in othertlssues_, ovarian carcinomas are (_:onSIdﬁg;.gs to be spotted onto glass slides, followed by other genes including
to result from a serial accumulation of genetic changes in a c@llysekeeping genes from a list provided by the Laboratory of Cancer Genetic®
lineage (1). Mutations of thp53 c-erbB-2, cimyg and K+as genes National Center for Human Genome Research, NIH as well as ESTs an&
appear to play important roles in this disease (2). However, hisybridization controls. In all, 9121 genes were chosen as target cDNAs, an@
topathological differences that are reflected as serous, mucinohsjr sequences were retrieved from the UniGene database (National Center@
endometrioid, clear cell, or transitional cell types of ovarian cancBiotechnology Information). Polyadenylated RNA isolated from the liver, 3
cannot be explained by the presence or absence of those particﬁﬂ%@e”v thy_roid, placer_1ta, skeletal muscle_, small intestine, brain, heart, fet%
genetic changes. We also have no good parameters for distinguisﬂﬂgg' fetal liver, fetal kidney, and fetal brain (Clontech) were used for targetg

' . . . . <
a variety of biological behaviors such as metastatic ability, invasive- A preparation. RNA was reverse transcribed using oligo(dT) primer andg

S uperscript |l reverse transcriptase (Life Technologies, Inc.). We amplifiedS
ness, and chemosensitivity.

. . . CDNA segments of 200-1100-bp long without repetitive or polyadenylatedg
To better understand ovarian carcinogenesis, we need to Obta'gbeuences. The PCR products were purified and spotted in duplicate on type&

large body of information regarding each type of cancer material. fss slides (Amersham Pharmacia Biotech) using a Microarray Spotter Geri
this end, we have applied recently established cDNA microarrayation |1l (Amersham).

technology, which can reveal the expression profiles of thousands ofabeling, Hybridization, and Scanning. The cDNA probes were pre-
genes simultaneously (3, 4). Studies of this kind have identified gen®sed from aRNA as described elsewhere (13). igealiquots of aRNA from
related to carcinomas of the cervix, colon, breast, and prostate (5_@[_mal ovarian tissues and the corresponding cancers were labeled with
The successful molecular classification of such tumors on the basis<p-dCTP and Cy3-dCTP (Amersham Pharmacia Biotech), respectively. La-
gene expression profiles revealed on cDNA microarrrays indicat%@ed probes were m|xec_i Wlth_mlcroarray _hybr|d|zat|on s_olutlon version 2
that this technology is likely to become an essential resource for Amersham) and formamide (Sigma) to a final concentration of 50%. After

d | t of lized dical treat ts in the fut 101 %ridization for 14-16 h at 42°C, the slides were washednS5C and 1%
evelopment of personalized medical treatments in the future (10— DS for 10 min at 55°C, washed in 2SSC and 0.1% SDS for 10 min at

55°C, washed in 0X SSC for 1 min at room temperature, and then scanned
Received 5/4/00; accepted 8/3/00. using the Array Scanner Generation Ill (Amersham).

The costs of publication of this article were defrayed in part by the payment of page The intensity of each hybridization signal was evaluated photometrically b
charges. This article must therefore be hereby maddertisemenin accordance with Y Y 9 P Y oy

19oueo/Bi

¥2/,00S/

(444

18 U.S.C. Section 1734 solely to indicate this fact. the ArrgyVision computer program (Amersham) and nqrmalized to the aver-
1 Supported in part by Research for the Future Program Grant 96L00102 from #ged signals of housekeeping genes. The Cy3:Cys5 ratio for each sample was
Japan Society for the Promotion of Science. calculated by averaging spots. A cutoff value for each expression level was

2To whom requests for reprints should be addressed, at Laboratory of Molecular
Medicine, Human Genome Center, Institute of Medical Science, The University of Tokyo;
4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan. Phone: 81-3-5449-5372; Fax2 The abbreviations used are: aRNA, antisense RNA; EST, expressed sequence tag;
81-3-5449-5433; E-mail: yusuke@ims.u-tokyo.ac.jp. RT-PCR, reverse transcription-PCR.
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GENES INVOLVED IN OVARIAN CARCINOGENESIS

Table 1 Clinical characteristics of nine ovarian adenocarcinomas Results
Histopathological Stage at Size of residual . . . . .
Case no. ptype 9 diagﬁosig tumor Cllnlcopat_hologlcal features of t_he tumors examined in this study
2 Serous b <2 em are summarlzed in Table 1. All patients with tumors of the serous type
12 Serous llic <2cm were diagnosed at an advanced stage (stage Ill). Among the tumors
12 g:rrg;‘: I'I'I'g jg om diagnosed as mucinous, three were at stage Il, and one was at stage IIl.
14 Serous llic =2 cm Because analysis of expression profiles on microarrays requires sev-
ig MUC?HOUS ::a "\\Aﬂicre eral micrograms of mMRNA for synthesizing probes, we applied T7-
ucinous [ ICro e . . . . -
1 Mucinous o Micro base_d _RNA amp!lflcatlon to obtalr_l sufficient quantities of RNA from
8 Mucinous b <2cm our limited materials. Total RNAs isolated from freshly frozen normal
aTumors were staged according to International Federation of Gynecology and @d tumor specimens from all nine patients were amplified about
S‘egr;\jl_scrc:te”a- 10*fold; the estimated product sizes ranged between 0.3 and 1.0 kb
I .

(data not shown). After reverse transcription, we labeled each cDNA
probe with Cy3 (cancer cells)- or Cy5 (normal cells)-conjugated dyes
) ) ) and hybridized them to microarrayed cDNAs or ESTs representing
automatically calculated according to the background fluctuation. The ﬂUCt§121 genes. A representative scatter plot of microarray analysis is

ation can be eSt'mate.d as the.varlance'- of the log ratio of Cy3.Cy5 m'nUS% own in Fig. 1. Scatter plots of the two fluorescent signals revealed,
variance of the log ratio of Cy3:Cy5 of highly expressed genes (the upper 30%, . . . . S
rlous gene expression patterns in cancerous tissues.

where the background fluctuation is so small that it could be ignored). We uséd . . 2
genes with an expression level (above abo) there the fluctuation is less ~ When we analyzed changes in expression patterns between all ni

than a critical value (1.0) because the other genes (those that have Rfenocarcinomas and their corresponding noncancerous ovarian ti%-
expression) are embedded in the background fluctuation (see Fig. 1). Bues, we identified 55 genes that were up-regulated in at least six &
comparisons of expression levels, the relative expression of each gene tms tumors and 48 genes that were down-regulated in at least eigg_‘t
recorded in one of four categoriest) (up-regulated in ovarian cancer (Cy3:cases (Fig. 2). Genes showing up-regulation in all nine tumors ing
Cy5 signal ratio> 2.0); (o) down-regulated in ovarian cancer (Cy3:Cy5¢jyded protein disulfide isomerase-related protein, Mac-2-bindings
ratio < 0.5); () unchanged in normal or cancer cells; dj (ot expressed in rotein, and a gene corresponding to an EST (accession numbér
normal or cancer cells. Within each group, the number of items in eagh 723859). On the other hand, expression of Golgi SNARE, trans-g

category was recorded. Finally, for each gene, we calculatadvakies of the . . .
Mann-Whitney test, which measures how the sample distribution betwe@{m'ng growth factorg IIR «, and CL100 protein tyrosine phospha-

the serous group and the mucinous adenocarcinoma group is overlapped. if§€ as well as that of genes corresponding to KIAA0851, KIAA0438,8
number of samples within each group is counted within each category (@2d ESTs (accession number AI830013) was down-regulated in alk
regulated, unchanged, and down-regulated). According to the order of thig@e cases examined. :
category, the number of overlapped samples are piled up inta trdue. A We then searched for genes that were regulated differently betwe
smallu value shows that the sample distribution of the two groups is clearite two major histological types of ovarian adenocarcinoma (serou
separatedg.g.,commonly up-regulated in serous types and commonly downyng mycinous), and we identified 115 genes that had significantl
regulated in mucinous types. We applied a hierarchical clustering algor'thmdﬁferent expression patterns as indicated by malue =3, where

all of the selected genes using hamming distance (edit distance). — 100 . . o .
Semiquantitative RT-PCR. From each tissue sample 1@ of total RNA P = 10% (Fig. 3). Expression of protein kinase PKX1, ribosomal

were reverse-transcribed using the same gene-specific primers as those cHBE¥gin L8, complement B, and regulator of G protein signaling g
for constructing the microarray. The number of PCR cycles was optimized (RGS12) was induced in all f“{e Serous tumors e.xamlned b.Ut wasg
each case to ensure that product intensity fell within the linear phase @®wn-regulated or unchanged in most of the mucinous carcinomasg
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Fig. 1. Representative scatter plots of cDNA microar- cy3
ray analysis. Noncancerous ovary tissue (labeled with
Cy5) and serous adenocarcinoma (labeled with Cy3)
from case 10 were labeled and hybridized to the cDNA 100000
microarray. Theupper lineshows that Cy3= 2 X Cy5,
and thelower line shows that Cy3= 0.5 X Cy5.
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GENES INVOLVED IN OVARIAN CARCINOGENESIS

Serous Mucinous & r,'k Serous Mucinous G'"b'rfk

CaseNo. 2 1213 4 141510 11 8 number Definition CaseNo. 2 1213 4 14 1510 11 8 number Definition

AAT23859 EST

JO5016 Protein disulfide isomerase related protein
L13210 Mac-2 binding protein

X70326 MARCMS-like protein

AF089816  RGS-GAIP interacting protein GIPC
XB6503 Adenylosuccinate synthase

ABOOTES8  KIAADA3B protein

AF007548  Golgi SNARE(GS2T)

AlB30013  EST

ABE34623  KIAADBS1 protein

D50683 TGF- betallR alpha

X68277 (E::Igwo protein tyrosine phosphatase
T

52047 Cardiac gap junction protein
AL0B0177  EST

X66894 Fanconi anemia complementation group C

: AABOS102 M31994  Aldehyde dehydrogenase
=] AW103176 EST U43sTI Al Iglucosaminida
AA404213  EST oot T e

ALO50159  EST

574445 Cellular retinoic acid-binding protein Mm29551 Calcineurin A2

[ [ AF017445  GDP-L-fucose pyrophoshorylase ABOO7960  KIAAD491
M26325  Keratin 18
Al243857  EST
X62571 Keratin 17

X16312 Phosvitin/casein kinase Il beta subunit
U29344 Fatty acid synthase

AF040105 Rel

NM002219  Integral transmembrane proteini
U20759 Calcium-sensing receptor

AlS78115  EST

X69115 Zinc finger protein

AF040864  Unknown protein IT1

EST

| AFD08314  TUAB Cri-du-chat region

XAXTTS48 MNuclear receplor coactivator 4

NMO0E281  TNF alpha-induced protein 2
EST

D50063 Proteasome subunit pd0_/ Mov34 protein
42041 KIAADOBS protein

AAIGT203  EST

L13977 Prolylcarboxypeptidase

. XT4070 Transcription factor BTF 3

X04412 Gelsolin

i
i

AA284738 EST
AA219271 EST
Al624249  EST
AAB4GIBT ESTs
D63478 KIAAD144 protein
AF032862  Intracellular hyaluronic acid binding protein
Al274001  EST
AA599941 EST
Al370383  EST
Complement factor B
AA972852 RETINOL-BINDING PROTEIN |
Xg2434 Emerin
X60673 Adenylate kinase 3
HE4

AF022184  Kruppel-like zinc finger protein
Loazo3 Peripheral myelin protein 22
uzesaz Down syndrome candidate region protein
B X16155 COUP transcription factor
| Das887 Calmodulin

Syntenin

XB5337 Myosin light chain kinase
138486 ibri alycoprotein 4
NMO001449  Four and a half LIM domains 1
Us7784 Orphan G protein-coupled receptor
u1toss0 Gem GTPase

M33308 Vinculin
= AF026218  HP protein
| U31383 G protein gamma-10 subunit
u3s1as NECDIN related protein
AF068651  LiM-domain binding factor CLIM1
X89713 Death associated protein 5
Ko2215 Angiotensinogen
S65738 Actin depolymerizing factor
uo1838 Dutfy blood group antigen
AF031385  Cyr§1 protein

|
3

uUz3s03 Ribonucleoprotein AD
Yoo815 Leukocyte antigen related protein
J03004 lectide-binding y protein
Di12686 Eukaryotic initiation factor 4 gamma
uz1090 DNA polymerase delta small subunit
K01763  Haptoglobin alpha(1S)-beta precursor
AF029082  14-3-3 sigma protein
XOE994 Cytochrome c1
X98494 M phase phasphoprotein 10
XB5545 Protein kinase, PKX1
MeaT3e Autoantigen calreticulin Intensity Ratio (Cya/Cy5)
us7342 ¥ leukemia factor 2 (au) 025 05 g
AIITT924  EST 1x108
Z68129 Translocon-associated protein delta subunit precursor 12107
urTed2 Syntaxin 7

1x108

1x 105

Fig. 2. Genes that were up-regulatéefftf or down-regulatedright) in ovarian adenocarcinomas.
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heavy polypeptide 11 was down-regulated in all of the serous adenoCoupling the microarray with T7-based RNA amplification, we
carcinomas but was unchanged or up-regulated in the mucinarmalyzed the expression profiles of nine pairs of normal and cancermg
tumors. Expression of A28-RGS14p was commonly up-regulated avarian tissues and identified a set of genes whose expression was
the mucinous-type tumors, whereas genes encoding Gu-binding prommonly altered in ovarian adenocarcinomas or in a specific type oé
tein, D10S102, multiple membrane-spanning receptor TRC8, IFNtmor (serous or mucinous). The 55 genes that were often up-reg®
«al4, and tropomodulin were down-regulated. lated in the nine adenocarcinomas examined (Fig. 2) represent cai-
To investigate whether aRNA obtained by T7-based RNA amplilidates for stimulating cell growth and preventing apoptosis; some oﬁ
fication precisely reflected the original mMRNAs in a proportionalhem have already been implicated in carcinogenesis. For example,
manner, we performed semiquantitative PCR experiments. As la&ptoglobin is an acute-phase reactant protein involved in regulatio®
example (Fig. 4), we used cDNA synthesized from nonamplified totaf the immune system, and a correlation between serum levels of thi§
RNA of one mucinous adenocarcinoma (case 15) as a templaiatein and epithelial cell marker CA125 among patients with ovarian?
RT-PCR experiments with several genes indicated that signals in $fcinoma has been reported previously (17). Wahal. (18) re- N
microarray analysis and the results of RT-PCR using aRNA reliabhorted that HE4 protease inhibitor, the product of a gene expressed in
reflected the proportions present in the original total RNA. the epithelial cells of the epididymal duct, was elevated in ovarian
cancers. They performed a similar experiment and listed 30 genes that
were up- or down-regulated in ovarian tumors (18). Nine of the 30
Because it is generally difficult to obtain sufficient quantities ogenes were also picked up by our experiments, but it is hard to
RNA from clinical specimens to carry out the type of study reporteebmpare the results of the two studies because no detailed data for
here, we applied T7-based RNA amplification (14, 15) to obtai@enes examined or for histological data were provided in their report.
enough RNA from our limited starting materials to prepared cDNElevated expression of keratin has been observed in ovarian cancer
probes for the microarray. Probes synthesized from aRNA generatgil lines, and overexpression of this protein may be a suitable marker
reveal similar hybridization patterns as those from unamplified poljer detection of disseminated ovarian cancer (19). Rcl, a c-myc-
adenylated RNA (16). We compared the results of semiquantitatit@sponsive gene, is thought to play a role in cellular proliferation and
RT-PCR of unamplified total RNA isolated from clinical tissues withransformation; 14-3-3 protein tends to be overexpressed in pancre-
data obtained with aRNAs, and we confirmed that the data froatic adenocarcinomas and in head and neck squamous cell carcinomas
microarray analysis reliably reflected the proportions in origindR0—22). In this study, we used normal ovarian tissue that was
mRNA populations. histopathologically confirmed to be free of cancer. However, it is
5009
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GENES INVOLVED IN OVARIAN CARCINOGENESIS

apparent that cell types other than epithelial cells were included ila b
normal ovarian tissue. Thus, it is correct to state that the gene

selected in our analysis were relatively up- or down-regulated com
pared with normal ovarian tissue. Hence, up-regulation or down:
regulation of the selected genes may reflect the differences in ce
populations. Ovarian tumors are derived mainly from the surface
epithelium of the ovary and are classified into five major histopatho-
logical types: &) serous; ) mucinous; €) endometrioid; @) clear

cell; and €) transitional cell. Some of the molecular mechanisms of

[ S ITATTTIT AT

L TL AT e L BTt T

e

Serous _ Mucinous ?:nh.ﬂizn
number Definition
L47647  Creatine kinase B

AF131g40 EST §

BB Us4835  Putative ubiquitin C-terminal hydralase

KIAADBTT protein
UsE7E  Carboxyl terminal LIM domain protein
D50857

DOCK180 protein

u24286 Py £

ase No.
[*1 21213 414151011 B
1 k1

00 e e
win
S

X98801

AAZII0ZE T
Ua7eT Metargidin
Hz486  ES

-5 m?on EST
-5 Y1158 Apoplosis specific protein
= ] AF187858 EST

147025 Giycogen phosphorylase B
Nﬂ_mz lldiMdl mm 5

Aivess £a
AAB125T3 EST
M15421  Apoli 8100
Ui4zer A c
-wlwm

(breakpoint cl gene
U63339 an Ciass | nw proline mJ-
AF052205 nwpru-
Angrants EoT
028069 KIAADD41 protei
\F0726836  Sonx-like mmwm-lmm
54878 EST { :

MR R R W R R
i

niain

013686 EST

74805  3-al ne DMA glycosylase

M31523 Tfmuliﬂlimlnlw 3
Protain 4.

EST

u20082 Insulin-like yumﬁ factor binding protein-4
U4s283 MNAD+specili

L2178 DRAL

AFOEBEST lélél.rmin binding protein

kol e
inieinininia

T98E1E
UBno42 Lyayi oxidase-related protein
KOD0383

inin

Ilmu-m
ALZIB643  Myosin, homwlrp-p!lu 1
A2B-RGS14

S U0as0 Guanosine 5 hosphate synthase

Hy‘lolﬂ elf-1 like factor

1
AATTII3S IST
HSBT278  Beta tubulin

mMzaar2 element-bindi otein
ABDO23BO Em% g
sc

DRI DR R R
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Intensity  Ratio (Cy3/Cys)
faw) 025 05 2 4

1x 108
1x107
12108
1x10%

& [sociirate dehydrogenase bets subunit

Normal Tumor Acc.No. Definition
M32325 KSA
Us9916 Claudin-10
S67310
L15203 Secretory protein P1.B
L25080 RhoA

Us2130 TSG101

K01763 Haptoglobin

U53445 Doc 1

M33197 G3PDH

Complement factor B

Fig. 4. Validation of microarray data by semiquantitative RT-P@RaRNAs from
normal ovarian tissue and mucinous adenocarcinoma from patient 15 were labeled wit|
Cy5-dCTP @reen fluorescengeand Cy3-dCTP red), respectively. The labeled probes
were mixed and then hybridized to the cDNA microarrayRT-PCR with unamplified
total RNA from patient 15.
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carcinogenesis among these types are assumed to be common to all:pf
them, but some are likely to be different (23). Our results |nd|cate°
similarities and differences among genes that were altered in the tw@
major types examined. When we compared the gene expression pazt
terns in five serous adenocarcinomas with those in four mucinoug
tumors, we identified 115 genes whose expression levels were signifs
icantly different. Some of these genes may be associated with carc%
nogenesis of both tumor types; indeed, some of them have already
been implicated in cancers. For example, the multiple membranes
spanning receptor TRC8 gene, which was down-regulated in oué
group of mucinous tumors, has been identified as a segment polaritg
patched-related gene. In a series of sporadic renal carcinomas, an
acquired TRC8 mutation has been identified (24). Expression of thqgC>
A28-RGS14p gene was up-regulated in our mucinous adenocarcingi
mas; this gene has been identified as a novel p53 target gene that Wgs
induced in response to genotoxic stress and encodes a novel fami
member of regulators of G protein-signaling proteins with GTPase
activating protein activity (25).

We have demonstrated that cDNA microarrays represent a powefg
ful approach to identify key molecules in the development and pro-g
gression of ovarian cancer. A number of the candidates reported hefg
should provide new markers that may contribute to the detection oﬁ‘
tumor cells at an early stage. This information may also aid thew
development of new approaches to therapeutic intervention.
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