





GENE EXPRESSION IN OVARIAN CANCER

collectively, these genes accounted fo50% of all of the tags and ovarian cystadenoma strain ML10 are much more similar to ovarian
sequenced. Among the tags that appeared more than once, up to @5%ers than to colon tumors (average correlation coefficients of 0.70
matched to known sequences in the current GenBank database.Jeosus0.51, respectively; Fig. IBIn addition, IOSE29 and ML10 are
example, of the 6637 tags that appeared more than once in ML¥8ry similar to each other, with a correlation coefficient of 0.82. The
only 311 had no matches in the current database, excluding the B8imary culture of OSE cells (HOSE-4) exhibited higher similarities to
databases. The complete expression profiles for the 10 librart@e ovarian tumors than to the colon tumors, although the similarity levels
described here are available from the authors or from the CGAWre much lower than those observed for IOSE29. Interestingly, HOSE-4
website? and IOSE29 appear to be much more distantly related than expected
Comparisons of Global Gene Expression between Ovarian considering the fact that they were both derived from “normal” OSE
Tissue SamplesAlthough progression to malignancy requires a nuneells. The differences in gene expression between these cells may be
ber of gene expression changes, the transcript levels from the \atstibutable to a number of factors. The age of the patient, the pathological
majority of genes remain unaltered (13, 19). Similarities between thtate of the ovaries, the presence of nonepithelial cells in the culture, and
global expression profiles of two given samples can be readily visualizbe fact that IOSE29 is SV40-immortalized may all contribute to the
using scatterplots and quantitated through the calculation of Pearsdferences in gene expression observed. However, it is unlikely that the
correlation coefficients (Fig. JAAs expected, the immortalized IOSE29main differences are attributable to SV40-immortalization because

A 10SE 29

100

10

1

1 1 1
B ML10 OVT6 Tu98
HOSE IOSE MLI10 OVT6 OVT7 OVT8 OV1063 A2780 ES2 POOL NC1 NC2 TU98 TU102 SW837 HCTI116

HOSE 1
I0OSE 0.53 1

ML10 0.56 0.82 1

OVTo 0.54 0.71 0.76 1

ovT7 0.55 0.66  0.66 0.66 1

OVTS 0.52 070  0.72 0.81 0.74 1
OV1063 | 0.57 0.64  0.58 0.61 0.59 0.61 1

A2780 0.55 0.71 0.70 0.59 0.68 0.67 0.68 1
ES2 0.47 0.63 0.69 0.53 0.59 0.60 0.59 0.75 1
POOL 0.41 0.61 0.59 0.53 0.59 0.61 0.60 0.67 0.60 1
NC1 0.26 0.51 0.52 0.51 0.40 0.46 0.31 0.23 035 033 1
NC2 0.31 0.48 0.51 0.52 0.41 0.47 0.34 0.25 0.36 035 092 1
TU98 0.28 0.48 0.48 0.55 0.39 0.50 0.34 0.34 033 035 052 052 1
TU102 0.31 0.52 0.56 0.55 0.40 0.52 0.35 0.32 0.40 038 077 076 063 1
SW837 0.48 0.75 0.73 0.64 0.68 0.68 0.64 0.72 0.76  0.67 0.57 058 047 0.57 1
HCT116 | 0.42 0.70 0.73 0.66 0.62 0.69 0.61 0.67 0.74 063 0.60 057  0.56 0.68 0.84 1
C HOSE

0V1063

rOOL

ovT7 HOSE

HCT POOL i“’:ﬁz

SW837 ES2 colon \_:1_,2

OVTS OvVT7 ]wc]

OVT6 ML10 ML10

ML10 10SE I0SE

10SE OVTS : 2

A2780 OVTé avarian ngS"

ES2 A2780 OVT7

NC2 OV1063

NC1 ]_—I_

Tul02

Tu9g ——

ovarian and colon ovarian samples cancer cell lines

samples excluded

Fig. 1. Global gene expression analy#is.scatterplots of IOSEersusML10, OVT6 (ovarian), and Tu98 (colon) generated using the Spotfire Pro 4.0 software (Cambridge, MA).
The tag frequency for each tag (per 100,000) is plotted on a logarithmic scale for the indicated liBraiesrson correlation coefficients were calculated for each pairwise comparison
of the 16 ovarian and colon SAGE librarig3, dendrograms were created from hierarchical cluster analysis (18) of all colon and ovarian SAGE lilefadyjevérian samples only
(middle), and nonmalignant ovarian and colon epithelia as well as ovarian and colon primary tumors (right). Normalized values for the 10,000 most highly expressed genes in eacl
library were used for all manipulations.
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Table 2 Subsets of genes identified in the ovarian and colon SAGE libfaries

Gene Product HOSE IOSE ML10 A2780 ES-2 0OV1063 POOL OVT6 OVT7 OVT8 NC1 NC2 SWw837 HCT116 Tul02 Tu98

Keratin 8 86 383 4 5 20 195 28 53 135 71 1436 939 418 57 261 295
Keratin 18 21 490 93 0 28 151 85 43 89 25 281 127 360 68 142 104
Keratin 19 96 2 32 0 0 53 38 46 54 114 398 178 145 35 30 100
Keratin 17 0 0 0 0 0 38 10 11 6 0 0 5 0 5 4
Keratin 16 4 6 9 5 17 11 19 0 11 15 0 6 18 8 9 8
Keratin 10 19 0 7 5 17 5 0 0 6 3 2 4 0 3 0 4
Keratin hHb3 0 2 0 0 79 0 0 0 7 0 0 0 0 2 0 0
Keratin K5 0 0 0 0 3 0 0 2 4 18 0 0 3 0 0 0
Vimentin 169 124 185 208 390 8 0 106 32 68 0 0 0 0 4 2
Keratin 20 0 0 0 0 0 0 0 0 0 0 207 121 2 0 5 12
Keratin 7 102 48 5 0 25 441 28 84 41 65 2 2 2 0 0 4
CEA 0 0 0 0 0 0 0 0 0 0 273 174 3 0 34 87
Cadherin-6 17 6 9 0 6 16 0 12 2 0 8 12 40 15 0 8
N-Cadherin 2 15 11 0 0 5 0 2 2 3 0 2 0 0 2 0
Cadherin-13 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0
Cadherin-11 2 0 5 0 0 0 0 5 0 0 0 0 0 0 0 0
Cadherin-43 8 8 5 0 3 3 0 5 6 6 0 0 0 0 0 4
E-Cadherin 0 0 0 0 0 24 0 2 13 6 84 72 8 3 18 50
VE-Cadherin 6 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
LI-Cadherin 0 0 0 0 0 0 0 0 0 0 38 29 2 0 12 12

2 All libraries were normalized to tag number per 100,000.

P HOSE, normal human ovarian surface epithelium; IOSE, SV40-immortalized normal human ovarian surface epithelium; ML10, SV40-immortalized benign cystadenoma; A2780,
ES-2, OV1063, and POOL, ovarian cancer cell lines; OVT6, OVT7, and OVT8, ovarian cancer primary tumors; NC1 and NC2, normal colon epithelia; SW837 and HCT116, colon
cancer cell lines; Tul02 and Tu98, colon cancer primary tumors.

IOSE29 is much more similar to normal colon (a non-SV40-immortabrigin of ovarian cancer. Indeed, IOSE29 showed high degrees of
ized epithelium) than HOSE-4. It is, of course, possible that the lowsimilarity to the ovarian tumors, and both IOSE29 and HOSE were
degree of similarity between HOSE-4 and the ovarian tumors comparadch more closely related to ovarian than colon primary cancers.
with IOSE29 and ML-10 reflects the fact that HOSE-4 represents a betteE-Cadherin expression has been proposed to be a major determi-
approximation of the normah vivo OSE cell. A comparative immuno- nant in the formation of metaplastic OSE (14, 23). Consistent with this
chemical study of carefully chosen gene products in normal ovaribgipothesis, E-cadherin was absent in IOSE29, HOSE, and ML10 but
sections and IOSE29, HOSE-4, and ML-10 cells should allow the deteras expressed in all three ovarian tumors (Table 2). Other cadherins
mination of the optimal model for normal OSE. are also shown for comparison. Interestingly, VE-cadherin is absent in

The Cluster software (18) was used to generate the dendogramsst libraries except in two of the preneoplastic ovarian samples,
shown in Fig. 1C. When all of the samples from Fig.W8re included again suggesting metaplasia. As expected, LI-cadherin was expressed
in the hierarchical clustering analysis, the primary colon tumoexclusively in the colon-derived libraries. Interestingly, vimentin, a
clustered with the normal colon epithelium, but colon cell linemesenchymal marker, was present in essentially all of the ovarian
clustered with the ovarian specimens. Clearly, the tissue clusteriitwaries but was very low in the colon specimens. Although the
that was readily apparent when comparing primary tissues or immapecificity of vimentin as a mesenchymal marker has been questioned,
talized lines was lost when including carcinoma cell lines. For exarthis suggests that OSE cells may retain some of their mesenchymal
ple, A2780, a widely used ovarian cancer cell line was just as similelnaracteristics, even after the expression of E-cadherin is turned on.
to colon cancer cell lines as it was to ovarian cancer cell lines. ThisThe CKs and CEA have been used to differentiate between colon
observation supports the idea that in the process of establishment, caticer and ovarian cancer (24, 25). Typically, colon cancer expresses
lines may lose many of the gene expression characteristics of th@K20 and CEA, whereas ovarian cancer expresses CK7. The expres-
tissue of origin, although tissue-specific expression is clearly nsion patterns in our libraries were consistent with previously reported
completely lost in cancer cell lines (20). In addition, the origin of abservations: CK20 and CEA were found in normal colon and colon
particular cell line can be difficult to determine with certainty. Theumors but absent from all of our ovarian samples (Table 2). Con-
origins of widely used ovarian cancer cell lines SW626 and OV106&rsely, CK7 was expressed in all three primary ovarian tumors and,
have recently been questioned. American Type Culture Collectiaithough not absent, was much lower in the colon samples. Exami-
reported the presence of a Y chromosome in OV1063, and SW6&2#ion of the differential expression patterns of a variety of established
displays several characteristics of colon cancer, including an adenamarian cancer markers thus provided validation of the SAGE data-
atous polyposis coli mutation (21). For these reasons, cancer cell libase and cluster analysis.
may not represent the best model for tissue-specific gene expressiobifferential Gene Expression.The ultimate goal of comparing
studies. SAGE libraries is to identify differentially expressed genes. Criteria

It is widely believed that epithelial ovarian cancer and benigfor differential expression can be determined for each comparison and
ovarian cysts, although not necessarily part of a progression sequetnasscripts within the determined range selected for study. We found
toward malignancy, are both derived from the OSE (22). OSE celislarge number of genes that were up-regulated in only one or two of
themselves are mesodermal in origin and are believed to undetge three tumors on which SAGE was performed. For example, a total
metaplasia before progressing to neoplasia (22, 23). On the otb&d44 genes were up-regulatedlO-fold in at least one of the three
hand, it has also been argued that ovarian cancers are not derived fosarian primary cancers compared with IOSE29. However, only 45
OSE but rather from the secondary Mullerian system, structures lingeines were overexpressed 0-fold in all three ovarian tumors ana-
by Mullerian epithelium but located outside the uterus, cervix, afgzed compared with IOSE29. This tumor heterogeneity is not unex-
fallopian tubes (3). This hypothesis would explain some of the shopected but emphasizes the importance of analyzing multiple speci-
comings of the OSE model, such as the requirement for metaplasians for gene expression studies. Our analysis of three different
and the lack of well-defined precursors in the ovary. In any event, oprimary ovarian cancers allowed us to reduce the number of candi-
results are consistent with the widely accepted dogma of the O8&tes by looking for consistency between samples.
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Table 3 Subset of genes differentially expressed in ovarian tumors compared with nonmalignant ovarian samples

Expressiof

OSE Ovarian  Colon Colon
Tag Gene Fold ML10 tumors epithelium tumors Function

Up-regulatell

GGGCATCTCT  HLA-DR « chain 289 - ++ - —  MHC, class Il/antigen presentation
TTTGGGCCTA  Cysteine-rich protein 1 123 - ++ + —  LIM/double zinc finger
ATCGTGGCGG Claudin 4 109 - + ++ +  Tight junction barrier function
TATTATGGTA  ESTs 101 - + - - Unknowrf
GCCTACCCGA  Surface marker 1/GA733-1/TROP2 93 — + - —  Tumor Ag°/Cr:12+
CTCGCGCTGG Claudin 3 83 - + ++ +  Tight junction barrier function
TTGCTTGCCA  Ceruloplasmin (ferroxidase) 79 - + - —  Secreted metalloprotein/antioxidant
CCTGCTTGTC HE4 72 - ++ + —  Secreted protease inhibitor
AGGGAGGGGC Glutathione peroxidase 3 (plasma) 69 — + - —  Secreted selenoprotein/peroxidase
TGTGGGAAAT  Secretory leukocyte protease inhibitor 60 — ++ - —  Secreted serine protease inhibitor
CCTGATCTGC  ESTs 56 - + - - Unknown
ACCATTGGAT  IFN-induced transmembrane protein 1 49 — ++ - + Receptor for IFN signaling
AGTTTGTTAG  Ep-CAM/EGP2/TROP1/GA733-2 48 - + ++ +  Tumor Ag/C& "-independent CAM/proliferation
CCTGGGAAGT Mucin 1 43 - ++ + +  Tumor Ag/type- membrane glycoprotein
CAACTAATTC  ApoJ/clusterin 39 - ++ - —  Secreted chaperone/cytoprotection
GCCTGCAGTC  Serine protease inhibitor, Kunitz type 2 34 — ++ ++ +  Transmembrane/protease inhibitor
CGACCCCACG ApoE 34 - ++ - —  Lipoprotein particle binding, internalization, and catabolism
TTCTGTGCTG  Complement component 1, r 24 — + — —  Serine protease of complement system/autoimmune diseases
subcomponent
CGCCGACGAT G1P3/IFI-6-16 24 - ++ + + IFN primary response*IFN-inducible
CCCGCCCCCG Lutheran blood group protein/BCAM 17 - ++ - —  Possible cell surface receptor/immunoglobulin superfamily
GATCAGGCCA  Unknown 16 - ++ - +  Unknown
GTGGAAGACG Mal 16 - + - —  Trans-Golgi membrane protein (epithelial cells)/T-cell differentiation
GATGAGGAGA ESTs 13 + ++ - + Unknown
TTCCCTTCTT HLA-DPB1 13 - + - —  MHC, class ll/antigen presentation
CCCCCTGCAG Mesothelin 12 - ++ - —  GPl-anchored/mesothelioma and ovarian cancer antigen/cell adhesion
TGCTGCCTGT  Bone marrow stroma antigen 2/BST-2 12 — ++ — +  Type Il transmembrane protein/pre-B-cell growth
TGCAGCACGA HLA-Cw 10 - ++ ++ +  MHC, class l/antigen presentation
Down-regulate
GGTTATTTTG Unknown 99 + - - - Unknown
TGTCATCACA  Lysyl oxidase-like 2 73 + - - —  Secreted/collagen and elastin cross-linker
AAAATAAACA Chloride intracellular channel 4 like 29 + - - — lon transport
TAAAAATGTT Plasminogen activator inhibitor, type 1 26 ++ - - —  Serine protease inhibitor family/tPA inhibitor
GAGCTTTTGA  EST 14 + - - - Unknown
GGCTGATGTG  Glycine t-RNA synthetase 13 + - - — Protein synthesis
CGACGAGGAG Epithelial membrane protein-3 13 + - - —  Proliferation, differentiation, and apoptosis
GCCCCCAATA  Galectin-1 10 ++ + - —  B-Galactoside binding lectin/ECM interaction and proliferation
GCAACTTGGA  Vinexin B 10 + - - —  Cell adhesion and cytoarchitecture

2 Expression is defined as:, 0-9 tags/100,0004, 10—49 tags/100,000% +, >49 tags/100,000.

b Candidates up-regulated at least 30-fold in tumors.

¢ Ag, antigen; CAM, cellular adhesion molecule; BCAM, basal cell adhesion molecule; GPI, glycosylphosphatidyl inositol; tPA, tissue plasminogen activator; ECM, extracellular
matrix. IFN, interferon.

d Candidates down-regulated at least 10-fold in tumors.

To identify genes that are very likely to be frequently up-regulateaverexpressed in breast cancer, using SAGE (27), but the functions of
during ovarian tumorigenesis, we set the following conservative cthe claudin proteins in cancer remain unclear. In addition, ApoJ and
teria for our analysis. First, the fold induction was calculated b%poE were both overexpressed in ovarian cancer. These two li-
adding the number of normalized tags from the three primary tumausphilic proteins are involved in lipid homeostasis and have been
and dividing this number by the total normalized tags in the thramplicated in Alzheimer’s disease (28). It will be interesting to elu-
nonmalignant specimens. Cell lines were not included here for reasaitiate the function of these proteins in ovarian cancer. Of the 27
described above. In addition, although HOSE-4 appeared more diserexpressed genes shown in Table 3, 14 were relatively specific for
tantly related to the other nontransformed specimens, we believe ttregt ovary (HLA-DR, two different ESTs, GA733-1, ceruloplasmin,
the inclusion of HOSE-4, although possibly eliminating real candglutathione peroxidase-3, the secretory leukocyte protease inhibitor,
dates, makes our analysis more conservative and more likely ApoJ, ApoE, complement 1r, BCAM, Mal, HLA-DPB1, and mesothe-
identify truly overexpressed genes in ovarian cancer. Second, all thlie¢, whereas the others were also expressed in colon tissues. In any
primary tumors were required to consistently show elevated levalgent, it is significant that MUC1, HE4, Ep-CAM, and mesothelin,
(>12 tags/100,000) of the gene in question. This eliminated genes tfatr genes already known to be up-regulated in epithelial ovarian
may be very highly overexpressed in one tumor but not in othexsancer (11, 29-31), were identified in this study. This fact validates
Finally, the candidate genes were required to be expressed in at l@astapproach as well as our set of criteria used to determine the genes
one ovarian cell line at a level greater than 3 tags/100,000. This ldgferentially expressed.
criterion was used to reduce the possibility of identifying genes Similarly, stringent criteria were used to identify genes down-
because of their high level of expression in inflammatory cells or iregulated in ovarian tumors compared with IOSE29, HOSE-4 and
the stroma of the primary tumors. Using these criteria, we identifiédL10. Again, the fold difference was calculated by adding tag fre-
the genes that exhibited more than 10-fold overexpression (Table @)ency for all three “normal” specimens and dividing by the total

Interestingly, two members of the claudin family of tight junctiomumber of tags in the three ovarian tumors. A candidate was required
proteins, claudin-3 and -4, were found among the top six differentialty be expressed at a level of 12 tags/100,000 or greater in all three
expressed genes and likely represent transmembrane receptors (&8)nal samples. The genes found elevatdd-fold in normal tissue
Another claudin family member, claudin-7, was recently found to beompared with tumors are shown in Table 3. These proteins may be
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Fig. 2. Immunohistochemical staining of serous carcinorAas:, two representative cases are illustrafedC, case 1. Sections are stained as followsH&E; B, Ep-CAM; and
C, ApoJ. Tumor cells show strong, diffuse membrane staining for Ep-CAM and diffuse cytoplasmic staining fobAppdase 2. Sections as stained as follows$H&E; E, Ep-CAM;

andF, ApoJ. Tumor implant on ovarian surface shows strong, diffuse membrane staining for Ep-CAM in tumor cells, whereas adjacent OSE is negative. ApoJ expression is more focal

than in case 1 and localizes to the luminal aspect of tumor €&Hk.staining patterns of claudin-3 and -4. Claudin-4 shows strong membrane staining on tumor cells. Adjacent detached
normal epithelium (G) is negative. Claudin-3 shows predominantly membrane staining in the tumor illusttdtaddrshows both cytoplasmic and membrane staining in the tumor
in 1. Overlying mesothelium in is negative.

important for ovarian tissue homeostasis. Indeed, several of théBay. 2). Although some expression was detected in non-tumor stroma
proteins, (i.e.,PAI-1, EMP-3, galectin-1, lysyl oxidase-like 2 andand inflammatory cells, most of the immunoreactivity was in tumor
vinexin-B) have been implicated in apoptosis, proliferation, adhesiocells, and a majority (9 of 13) of the cases showed staining. This
or tissue maintenance. Interestingly, a tumor suppressor role hegresents the first report of ApoJ expression in ovarian cancer and
previously been suggested for lysyl oxidase because it is decreasenhay represent a novel target for diagnosis or therapy. Claudin-3 and
H-ras-transformed cells and up-regulated in spontaneous revertantsdofalso exhibited staining limited to the tumor component of the
H-ras-transformed fibroblasts (32). Lysyl oxidase-like 2 itself haspecimens. Most tumor cells showed strong membrane staining with
been implicated in cellular adhesion and senescence (33). weak cytoplasmic reactivity (Fig. 2). Some tumor specimens showed
Validation of SAGE Data by IHC of Selected Candidates.To decreased membrane staining with strong cytoplasmic reactivity. In-
validate the candidates identified by SAGE, we performed immunterestingly, it has been shown that deregulation of the mitogen-
histochemical analysis of 13 cases of serous cancer of the ovary, usiotivated protein kinase pathway can lead to mislocalization of tight
antibodies against four of the genes identified as up-regulatedjimction proteins, including claudin-1 (34). The normal surface epi-
ovarian cancer (Table 3). This was particularly important because thelial component (or mesothelial cells) examined did not stain or
SAGE analysis was initially performed from primary ovarian cancerstained only weakly with the claudin-4 antibody, whereas the deter-
which contain a mixture of cell types. Ep-CAM exhibited diffusemination of claudin-3 levels in normal epithelium was complicated by
strong staining of all 13 tumors without blood cell or stromal staining low background reactivity with this antibody.
(Fig. 2). Importantly, only one of six samples of the OSE present in Human tumors are highly heterogeneous, even within a tissue type.
the cases showed weak focal staining, and the rest were negative. This heterogeneity likely arises from the increased genomic instability
strong immunoreactivity of all 13 ovarian tumors confirms the validef tumor cells. This instability is responsible for driving the cells
ity of our approach to identify genes highly and consistently ughrough the tumorigenesis process. Although the defects induced in
regulated in ovarian cancer. Similarly, ApoJ was found to be exnstable cells are random, the changes found in cancers may not be
pressed in ovarian cancer cells and absent from the surface epitheleompletely random, as the changes favorable to the tumorigenesis
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process are selected for. For these reasons, although we expect a tfighhang, L., Zhou, W., Velculescu, V. E., Kern, S. E., Hruban, R. H., Hamilton, S. R.,

. : P : Vogelstein, B., and Kinzler, K. W. Gene expression profiles in normal and cancer
level of heterogeneity in ovarian cancer, it is our hypothesis that there cells. Science (Washington DC376: 12681272, 1997

will be consistent changes that reflect the inherent physiological afyl auersperg, N., Pan, J., Grove, B. D., Peterson, T., Fisher, J., Maines-Bandiera, S.,
pathological conditions of ovarian cancer progression. To eliminate Somasiri, A, and Roskelley, C. D. E-Cadherin induces mesenchymal-to-epithelial

changes that may be attributable to the random nature of the tumor-fags"o 1t fluman ovarian surface epithefium. Proc. Natl. Acad. Sci. 584,

igenesis process, we used strict and conservative criteria to identigy Luo, M. P., Gomperts, B., Imren, S., DeClerck, Y. A., Ito, M., Velicescu, M., Felix,
genes that were both consistently and highly differentially regulated in J. C., and Dubeau, L. Establishment of long-témwitro cultures of human ovarian

. P ystadenomas and LMP tumors and examination of their spectrum of expression of
ovarian cancer. Consequently, although we may be missing genes tha’?natrix-degrading proteinases. Gynecol. OnceY;, 277-284, 1997.

are relevant to ovarian cancer, we believe that the genes in Tablgs2Datson, N. A., van der Perk-de Jong, J., van den Berg, M. P., de Kloet, E. R., and

represent a list of genes relevant to the tumorigenesis process. Thred&/reugdenhil, E. MicroSAGE: a modified procedure for serial analysis of gene
of the candidates reported here and validated by IHC. ApoJ. claudin- expression in limited amounts of tissue. Nucleic Acids R2%:,1300-1307, 1999.
p y » APOY, rl73 Lal, A., Lash, A. E., Altschul, S. F., Velculescu, V., Zhang, L., McLendon, R. E.,

and claudin-4, have never been previously linked to ovarian cancer.Marra, M. A., Prange, C., Morin, P. J., Polyak, K., Papadopoulos, N., Vogelstein, B.,

At present, we are evaluating our numerous candidates, includingXinzler, K. W., Strausberg, R. L., and Riggins, G. J. A public database for gene
expression in human cancers. Cancer R&.5403-5407, 1999.

novel genes, using a variety of techniques such as quantitative revakS&isen, m. B., Spellman, P. T., Brown, P. O., and Botstein, D. Cluster analysis and
transcription-PCR and IHC. It will be interesting to identify novel display of genome-wide expression patterns. Proc. Natl. Acad. Sci. BERAA4863—

i i ; ; 4868, 1998.
genes that are specmcally eXpressed in ovarian cancer and tISSllJ .S}klon U Barkai, N., Notterman, D. A., Gish, K., Ybarra, S., Mack, D., and Levine

The complete expression profiles for all of the samples reported hére 3. Broad patterns of gene expression revealed by clustering analysis of tumor and
are publicly available through SAGEmap (17) and will likely stimu-  normal colon tissues probed by oligonucleotide arrays. Proc. Natl. Acad. Sci. USA,

il ; i 96: 6745-6750, 1999.
late and facilitate further research in the field. 20. Ross, D. T., Scherf, U., Eisen, M. B., Perou, C. M., Rees, C., Spellman, P., lyer, V.,
Jeffrey, S. S., Van de Rijn, M., Waltham, M., Pergamenschikov, A., Lee, J. C,,
ACkn0W|Ed9ments Lashkari, D., Shalon, D., Myers, T. G., Weinstein, J. N., Botstein, D., and Brown,
P. O. Systematic variation in gene expression patterns in human cancer cell lines. Nat.
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