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Ovarian cancer is an aggressive disease of poor prognostic when detected at advanced stage. It is widely accepted that the ovarian
surface epithelium plays a central role in disease etiology, but little is known about disease progression at the molecular level. To
identify genes involved in ovarian tumorigenesis, we carried out a genome-wide transcriptomic analysis of six spontaneously
transformed mouse ovarian surface epithelial (MOSE) cell lines, an in vitro model for human ovarian carcinoma. Loess
normalization followed by statistical analysis with control of multiple testing resulted in 509 differentially expressed genes using an
adjusted P-value�0.05 as cut-off. The top 20 differentially expressed genes included 10 genes (Spp1,Cyp1b1,Btg1,Cfh,Mt1,Mt2,
Igfbp5,Gstm1,Gstm2, and Esr1) implicated in various aspects of ovarian carcinomas, and other 3 genes (Gsto1, Lcn7, and Alcam)
associated to breast cancer. Upon functional analysis, themajority of alterations affected genes involved in glutathionemetabolism
andMAPK signaling pathways. Interestingly, over 20%of the aberrantly expressed geneswere related to extracellular components,
suggestive of potential markers of disease progression. In addition, we identified the genes Pura, Cnn3, Arpc1b,Map4k4, Tgfb1i4,
andCrsp2 correlated to in vivo tumorigenic parameters previously reported for these cells. Taken together, our findings support the
utility of MOSE cells in studying ovarian cancer biology and as a source of novel diagnostic and therapeutic targets. 

Ovarian cancer has remained the most lethal gyneco-
logical malignancy in western countries over the last
decades. Symptoms are usually vague and unspecific so
that early detection is difficult to accomplish. A high
number of cases are diagnosed at stages III or IV when
local and distant metastases are already present,
resulting in a 5-year survival rate of 31% (American
Cancer Society, 2004). Because most ovarian tumors
arise from the layer of epithelial cells on the ovarian
surface, it is widely accepted that repetitive ovulation
may play a role in disease etiology (Purdie et al., 2003),
but the early events of malignant transformation have
not been accurately delineated.

A powerful approach to fill this void is the use of mouse
models. Among the recent attempts to recapitulate
ovarian cancer in mouse (Vanderhyden et al., 2003),
the model of Roby et al. (2000) was obtained by isolation
and continuous in vitro culture of mouse ovarian surface
epithelial (MOSE) cells. After repeated passages, these
cells became spontaneously transformed and tumori-
genic. Transformed MOSE cells may contain genetic
alterations closely mimicking those generated in situ as
result of wound repair triggered proliferative signals
after ovulation. Indeed, previous findings of our group
support the notion that MOSE cells bear genomic
imbalances closely resembling human low malignant
potential tumors, serous carcinoma, and ovarian cell
lines derived from the latter tumor type (Urzúa et al.,
2005). Here we describe a genome-wide transcriptional
profile of six clonal tumorigenic MOSE cell lines using

DNA microarray technology. The relevance of this
model is supported by the following findings: (1) half of
the top 20 aberrantly expressed genes, have been
previously implicated in ovarian malignancies; 2) major
signal transduction pathways and metabolic alterations
of MOSE cells have been also described in human
ovarian tumors; (3) over 20% of aberrantly expressed
genes are indexed under the GO cellular components
‘‘plasma membrane,’’ ‘‘extracellular space,’’ and ’’extra-
cellular matrix,’’ which suggest their evaluation as
markers of this malignancy.

MATERIALS AND METHODS
Cell lines, RNA isolation, and cDNA labeling

Early passage MOSE cells and MOSE clonal cell lines IF5,
3E3, IC5, ID9, ID3, and IG10 were cultured as described (Roby
et al., 2000). Total RNA was extracted from confluent cultures

Contract grant sponsor: Federal Funds from the National Cancer
Institute; Contract grant sponsor: National Institutes of Health;
Contract grant number: N01-C0-12400.
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using Trizol (Invitrogen, Carlsbad, CA). Fluorescent-labeled
cDNA was obtained from 8 mg of total RNA using 500 U of
SuperScript II (Invitrogen, CA). RT reaction was primed with
1 mg of oligo-dT plus 1 mg of hexamer random primers in the
presence of 0.1 mM Cy3 (or Cy5)-dUTP, 0.5 mM of each dATP,
dGTP, dCTP, 0.2 mM TTP, 2 U/ml RNAsin, and the SS-II buffer.
Reaction was incubated for 2.5 h at 428C and stopped with
EDTA. Template RNA was hydrolyzed with NaOH for 15 min
at 658C. Unincorporated nucleotides were removed by gel
filtration with a Bio-Gel P6 column (Biorad, Hercules, CA).

Microarray hybridization

The NIA-15K mouse cDNA collection (15,261 clones) was
spotted onto glass slides using a MicroGrid II arrayer
(Biorobotics, Boston, MA). Test and reference labeled samples
were combined in approximate Cy3/Cy5 equimolar amounts,
and made up to 38ml solution containing final concentrations of
1 mg/ml mouse COT-1 DNA, 1 mg/ml poly dA, 0.1 % SDS, and
3.5� SSC. This mixture was denatured at 998C for 3 min,
cooled at room temperature, and deposited onto the array
surface. Microarrays were incubated at 658C for 14–18 h.
Washes in 2� SSC-0.1% SDS, 1� SSC, 0.2� SSC, and 0.05�
SSC were performed sequentially, 1-min each. Microarrays
were quickly dried and scanned at 10-mm resolution in a
GenePix 4000B scanner (Axon Instruments, Union City, CA).
Voltage was adjusted to obtain maximal signal intensities with
minimal saturation. Tiff format images were analyzed with the
GenePix Pro III software.

Data processing and analysis

Biological replicate samples were hybridized against a
whole newborn mouse total RNA as reference (replicated
dye-swap design). GenePix-Pro results (gpr) files and JEPG
images were deposited at the NCI’s Microarray Database
(‘‘mAdb’’; http://nciarray.nci.nih.gov). Annotated files were
retrieved from mAdb and print-tip loess normalized and scale
corrected with DNMAD (Vaquerizas et al., 2004; http://
dnmad.bioinfo.cnio.es/). After eliminate genes found in less
than 80% of arrays, the data set size was 11,971 clones. Missing
values were estimated with KNN-impute at the GEPAS
Preprocessor (Herrero et al., 2003; http://gepas.bioinfo. cnio.es/
cgi-bin/preprocess). ANOVA, t-test, and correlation tests under
control of Type I family wise error rate (FWER) were performed
with Pomelo (http://pomelo.bioinfo.cnio.es/; Herrero et al., 2004).
Clustering was done with Sotarray (http://gepas.bioinfo.cnio.
es/cgi-bin/sotarray) and visualization with SotaTree (http://
gepas.bioinfo.cnio.es/cgi-bin/sotatree). Gene Ontology (GO)
was extracted from GeneCards (http://bioinfo.weizmann.ac.il/
cards/index.shtml) and from the MGI 3.0 database (http://
www.informatics.jax.org/). KEGG pathways were accessed at
http://www.genome.jp/kegg/pathway.html).

Quantitative PCR validation of microarray results

Primer pairs for the 18S rRNA and for the 30-mRNA ends of
test and control mRNAs were designed with the Assay by
Design software (Applied Biosystems, CA). The cDNAs were
prepared by reverse transcribing 1 mg of total cellular RNA
using the Single-Strand cDNA Synthesis Kit (Roche, Indiana-
polis, IN) according to manufacturer’s protocol. Quantitative-
PCR (Q-PCR) assays were conducted in 384-well microtiter
plates in 10 ml final volumes. Thermocycling conditions using
an Applied Biosystems ABI-7900 SDS machine were as follows:
508C for 2 min, 958C for 10 min and 40 cycles of 958C for 10 sec,
and 608C for 1 min. Quantification of mRNAs was based on CT

values, which represent the PCR cycle at which an increase in
reporter fluorescence above baseline signal can be detected.
Normalization was done with the 18S rRNA or the Rps16
mRNA as reference transcript assayed under identical condi-
tions respective to the gene of interest. The DDCT-Sample value
(DDCT-Sample¼DDCT-Sample�DCT-Reference) was transformed by
taking the result of the expression: If 2(�DDCT)�1> 0 then the
result¼ 2(�DDCT)�1 or else the result¼�1/2(�DDCT). This
calculation converted the range for downregulation from 0–1
to �1�0, and upregulation from 1�1 to 0�1.

RESULTS
Microarray data processing pipeline

and Q-PCR validation

DNA microarray results are usually subjected to
experimental variability so they must be preprocessed
before statistical tests. In this report, the data were
print-tip loess normalized and scale adjusted. In addi-
tion, as statistical analyses consist of simultaneous
evaluation of thousands of genes, the probability of
producing incorrect test conclusions (false positives and
false negatives) may rise markedly. Accordingly, the
normalized data was subjected to ANOVA tests with
control of the Type I family wise error rate (FWER). A
comparison of this method with conventional-direct
testing is shown in Supplementary Figure 1B. The
output consisted of 509 clones (adjusted P< 0.05) that
were the subject of functional data mining.

Statistically significant results for clonal MOSE cells
were averaged and subtracted from the early passage
cells values. Spp1 and Mt1 were detected as the highest
up and downregulated genes, respectively (see Table 1).
Taq-Man Real-time-PCR assays confirmed mRNA
levels for both genes in all 7 test and the reference
RNA samples. Initial measurements employed the com-
monly used Gapd gene as internal control gene, which

Fig. 1. Quantitative PCR confirmation of microarray data. Correla-
tion between microarray results and Q-PCR results for the expression
of Spp1 (A) and Mt1 (B). Data represent the average of 6 normalized
microarray ratios for the clones H3082C12 (Spp1) and H3020C02
(Mt1), and the average of duplicate Real-time-PCR assays. Open and

closed circles correspond to Q-PCR results obtained with 18S rRNA
and Rps16 mRNA as internal controls, respectively. R2 values are
depicted close to its corresponding tendency line. Raw Q-PCR data are
shown in Supplementary Table 1.
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ultimately found to be inappropriate as Gapd was
among the 509 differentially expressed transcripts. We
then used the 18S rRNA and the Rps16 mRNA as
internal controls. Interestingly, the latter was chosen
from a preliminary screening of genes showing close-to-
zero ratios across all samples. Indeed, after data
normalization, the three Rps16 clones showed adjusted
P¼1.0 and were ranked 9022, 9023, and 9123 among
the 11,971 clones that passed filters. As observed in
Figure 1, either using the 18S rRNA or the Rps16
transcript as internal control resulted in good correla-
tion between microarray and Q-PCR results. Impor-
tantly, as Spp1 and Mt1 were also the top 2 highest
variable genes across the 6 MOSE cells (SD 1.55 and
1.51, respectively) the R2 values shown in Figure 1
further supports the robustness of our Q-PCR platform
for array data validation. Raw Ct values are shown in
Supplementary Table 1.

Functional analysis of differentially
expressed genes

After removing inconsistent replicates and excluding
unknown genes and ESTs, transcribed sequences, and
hypothetical proteins, the initial subset of 509 statisti-
cally significant transcripts was reduced to 423. The top
20 are shown in Table 1. Half of them (Spp1, Cyp1b1,
Btg1, Cfh, Mt1, Mt2, Igfbp5, Gstm1, Gstm2, and Esr1)
have been involved in various aspects of ovarian cancer,
whereas other 3 genes (Gsto1, Lcn7, Alcam) are
associated to breast tumors. In contrast, Pcp4l1 and
Isyna1 have not been implicated in cancer to date.Gsto1,
Gstm1, Gstm2, Acsl5, Uchl1, Isyna1, and Cyp1b1
participate in glutathione, fatty acids, protein, phos-
pholipids, and xenobiotics metabolism. Nupr1, Btg1,
and Esr1 have nuclear localization, and in addition to
Igfbp5 are implicated in cell growth and proliferation.
Igfbp plus Cfh, C3, Perp, Lcn7, and Spp1 are associated
with the extracellular component and their biological

processes include complement activation, induction of
apoptosis, transport, and cell communication.

KEGG analysis of the 423 genes rendered ‘‘MAPK
signaling’’ (Myc, Chuk, Rasa1, Rac1, Cacnb3, Flnb,
Hspa5, and Hspb1), ‘‘glutathione metabolism’’ (Gstm1,
Gstm2, Gstm6, Gsto1, Idh1, and Gpx1), ‘‘glycolysis/
gluconeogenesis’’ (Pgk1, Ldh2, Eno1, Gapd, and Gpi1),
‘‘aminoacyl-tRNA biosynthesis’’ (Tars, Nars, Gars,
Yars, and Farslb), and ‘‘Huntington’s disease’’
(Rasa1, Gapd, Hdh, and Calm1) as the main altered
pathways in MOSE cells. Similarly, GO analysis under
‘‘biological process-level 3’’ resulted in 242 genes
classified in 21 classes. ‘‘Metabolism’’ was the top-
ranked process (139 genes), whereas ‘‘cell communica-
tion’’ (49 genes), ‘‘response to stimulus’’ (27), and ‘‘death’’
(11 genes) were among the 7 highest populated terms.
These 4 classes were used to tag the whole data subset
and run the cluster analysis shown in Figure 2. The
upper tree shows early passage MOSE cells (Ep5) clearly
discriminated, whereas two secondary branches distin-
guished MOSE cells ID9, IC5, and ID3 from IG10, IF5,
and 3E3. Clusters 3 (95 genes) and 4 (99 genes)
discriminated these 2-cell subtypes, whereas clusters 1
(58 genes) and 5 (118 genes) segregated down and
upregulated genes in all MOSE cells, respectively. In
fact, cluster 5 contained 7 of the top 10 over-expressed
mRNAs (see Table 1). In addition, the 27 ‘‘cell commu-
nication’’ tagged genes in both clusters were further
compared based on ‘‘molecular function-level 3.’’ ‘‘Pro-
tein binding’’ was the top ranked class including Jak2,
Grid2, Cd44, Pcdh7, Chuk, Ptpre, Dsg2, and Iqgap1 as
upregulated genes and Spnb2, Col6a1, Calm1, and
Homer2 as downregulated genes.

GO analysis of the 423 genes under ‘‘cellular compo-
nent-level 4’’ yielded ‘‘plasma membrane’’ containing
17.3% from the 221 indexed genes. Further analysis
under level 3 gave 48 genes in ‘‘extracellular space’’ and
‘‘extracellular matrix,’’ which corresponded to 21.2%
of classified genes at that level. From these 48 genes,

TABLE 1. Highest ranking differentially expressed genes in MOSE cells

Gene symbol, description
Mean difference (log2 scale),

adjusted P-valuea Reported in cancerb (reference)

Upregulated
Spp1, osteopontin þ3.77, 0.0e0 Ovary (Kim et al., 2002; Brakora et al., 2004)
Cyp1b1, cytochrome P450, family 1, subfamily 1,

polypeptide 1
þ2.85, 3.1e-3 Ovary (McFadyen et al., 2001)

Nupr1, nuclear protein 1 þ2.83, 9.0e-4 Pancreas (Iovanna, 2002)
Gsto1, glutathione S-transferase o1 þ2.52, 0.0e0 Breast (Adam et al., 2002)
Btg1, B-cell translocation gene þ2.41, 0.0e0 Ovary (Bard et al., 2004)
Acsl5, acyl-CoA synthetase long chain 5 þ2.35, 0.0e0 Brain (Yamashita et al., 2000)
Perp, TP53 apoptosis effector þ2.23, 6.0e-4 Melanoma (Hildebrandt et al., 2000)
Cfh, complement component factor H þ2.16, 0.0e0 Ovary (Junnikkala et al., 2002)
C3, complement component 3 þ2.08, 1.0e-4 Liver (Steel et al., 2003)
Lcn7, lipocalin 7 þ2.08, 8.9e-3 Breast (Kobayashi et al., 2001)

Downregulated
Mt1, metallothionein 1 �4.77, 0.0e0 Ovary (Hengstler et al., 2001)
Mt2, metallothionein 2 �4.66, 0.0e0 Ovary (Hengstler et al., 2001)
Igfbp5, insulin-like growth factor binding protein 5 �3.93, 2.0e-4 Ovary (Hofmann et al., 1994; Kalli and Conover, 2003)
Gstm1, glutathione S-transferase, m1 �3.32, 0.0e0 Ovary (Matsumoto et al., 1997; Howells et al., 1998)
Alcam, activated leukocyte cell adhesion molecule �3.08, 1.7e-2 Breast (King et al., 2004)
Gstm2, glutathione S-transferase, m2 �2.90, 3.5e-2 Ovary (Matsumoto et al., 1997; Howells et al., 1998)
Pcp4l1, purkinje cell protein 4-like 1 �2.70, 2.9e-2 n.r.c

Uchl1, ubiquitin carboxy-terminal hydrolase L1 �2.54, 1.0e-4 Colorectal (Yamazaki et al., 2002)
Isyna1, myo-inositol 1-P-synthase A1 �2.50, 6.0e-4 n.r.c

Esr1, estrogen receptor 1 alpha �2.47, 0.0e0 Ovary (Hansen et al., 2002)

aA multiple ANOVA test with FWER control and 10,000 permutations was conducted for 40 arrays comprising the 6 established clonal MOSE cell lines and the early
passage non-tumorigenic MOSE cells. Adjusted P-values �0.05 were obtained for 509 clones. Mean log2 ratios were calculated for both the early passage cells and for
the 6 clonal MOSE cell lines taken as a single group. The difference between these means was ranked from the highest positive (upregulated genes) and from the
highest negative (downregulated genes). Further details under Materials and Methods.
bPubMed was queried through MedMiner from mAdb employing ‘‘gene symbol,’’ ‘‘description,’’ and ‘‘alias’’ as Gene synonyms and further narrowed with the keywords
‘‘tumor’’ or ‘‘cancer’’ and ‘‘ovarian’’ or ‘‘ovary’’ when corresponded.
cTo date not reported in connection to cancer or tumor.
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34 were over-expressed in any of the clonal MOSE cells
respective to the non-tumoral cells. Then, they were
ranked from the top upregulated (Table 2). In addition
to Spp1, Cyp1b1, C3 and Perp, which had emerged

previously (Table 1), we identified Lcn2, Mthf2, Cdk8,
Fam3c, Nqo3a2, Pcdh7, Vldlr and Emp1 exhibiting
over fourfold upregulation. Other 8 genes showed over
twofold upregulation including Itm1 and Nfe2l1, which
have not been previously involved in cancer, and
the gene 2610204L23Rik with a not known function to
date.

Correlation to in vivo tumorigenesis.

We used the in vivo tumorigenic data published by
Roby et al. (2000) to perform a regression analysis with
the complete data set. Results for the highest-ranking
correlated genes with ‘‘time to death’’ and ‘‘tumor loads’’
are depicted in Figure 3. The expression of genes Pura
and 5730469M10Rik, and genes BC021790, Cnn3 and
transcribed sequence (clone ID H3111F06) showed
negative and positive correlation to ‘‘time to death,’’
respectively. On the other hand, Map4k4 and Crsp2, as
well as Tgfb1i4, Arpc1b and 2310016E02Rik showed
negative and positive correlation to ’’tumor loads,’’
respectively. All adjusted P-values using false discovery
rate (FDR) control tests at Pomelo (http://pomelo.bioin-
fo.cnio.es/) were under 0.08.

Mouse-human comparison of
ovarian gene expression

Finally, to address the resemblance of this mouse
model to the human situation, we carried out a direct
comparison of gene expression profiles between IG10

Fig. 2. SOTA clustering of differentially expressed genes. The 509
differentially expressed genes were subjected to cluster analysis.
Labeling with the four indicated ‘‘biological process-level 3’’ terms was
done with the knowledge filter at GEPAS (http://gepas.bioinfo.cnio.es/
cgi-bin/filtering). Charts at right show the ratio averages of the total
number of genes indicated in branches at left. Euclidean metrics was
used for both the vertical and horizontal trees.

TABLE 2. Upregulated genes with annotated extracellular localization*

Gene symbol, description
Highest ratio

(log2 scale)a, cell line Possible role in tumor progression

Spp1, osteopontin þ5.70, IF5 Regulation of angiogenesis, tumorigenesis and
metastasis in various cell types (Coppola et al., 2004)

Cyp1b1, cytochrome P450, family 1, subfamily b,
polypeptide 1

þ3.72, ID3 Activation of drugs, environmental mutagens and
estrogens (Murray et al., 2001)

C3, complement component 3 þ2.91, 3E3 Sublytic doses induce protein kinase C-mediated
complement resistance in tumor cells (Donin et al.,
2003)

Perp, TP53 apoptosis effector þ2.88, IG10 Participation in cell type specific p53-mediated
apoptosis (Ihrie et al., 2003)

Lcn2, lipocalin 2 þ2.73, 3E3 Modulation of estrogen effects on breast epithelium
(Seth et al., 2002)

Mthfd2, methenyltetrahydrofolate dehydrogenase þ2.62, 3E3 Supports folate-mediated purine synthesis in tumor
cells (Di Pietro et al., 2004)

Cdk8, cyclin-dependent kinase 8 þ2.58, IF5 Indirect control of cell cycle as transcriptional regulator
(Sausville, 2002)

Fam3c, family with sequence similarity 3, member C þ2.25, IC5 Not reported (Pilipenko et al., 2004)b

Nqo3a2, NAD(P)H:quinone oxidoreductase type 3,
polypeptide A2

þ2.22, 3E3 Confers drug resistance through detoxification (Marin
et al., 1997)

Pcdh7, protocadherin 7 þ2.15, 3E3 Involvement in Ca2þ mediated-cellular adhesion
(Zhang and DuBois, 2001)

Vldlr, very low density lipoprotein receptor þ2.14, 3E3 Regulation of urokinase-mediated tumor cell motility
(Webb et al., 1999)

Emp1, epithelial membrane protein 1 þ2.13, IG10 Modulation of c-Myc-mediated cellular proliferation
(Ben-Porath et al., 1999)

Fbln2, fibulin 2 þ1.63, ID3 Involvement in fibronectin-mediated cellular adhesion
(Gu et al., 2000)

Col6a1, procollagen, type VI, alpha 1 þ1.53, ID9 Confers drug resistance through extracellular matrix
remodeling (Sherman-Baust et al., 2003)

Fxyd3, FXYD domain-containing ion transport
regulator 3

þ1.52, ID9 Modulation of cellular proliferation through ion
transport activity (Grzmil et al., 2004)

2610204L23Rik þ1.36, 3E3 Unknown function
Itm1, integral membrane protein 1 þ1.20, 3E3 Not reported (Chavan et al., 2003)c

Nfe2l1, nuclear factor erythroid derived 2-like 1 þ1.19, 3E3 Not reported (Farmer et al., 1997)d

Itgb1, integrin, beta 1 þ1.13, 3E3 Initiation and maintenance of in vivo tumor growth
(White et al., 2004)

Sdc1, syndecan 1 þ1.08, ID3 Involvement in cellular proliferation, migration and
cell-matrix interactions (Alexander et al., 2000)

*Gene ontology Tier 2, molecular component ‘‘extracellular’’ gene list was extracted from mAdb (http://nciarray.nci.nih.gov/) with a O/E (observed/expected by chance)
index of 2.03 for the statistically significant data subset respective to the complete dataset.
aData analysis as described in Table 1.
bProbably involved in cell differentiation and proliferation during inner ear embryogenesis.
cInvolved in protein kinase C-mediated glycosilation in yeast.
dEssential for embryonic development.
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and IF5 with the following 4 types of human ovarian
tumors: serous borderline ovarian tumor (sBOT), muci-
nous borderline ovarian tumor (mBOT), low malignant
potential tumor (LMPT), and ovarian carcinoma stage
III. After pre-processing of both datasets, we matched
mouse-human gene symbols. Upon SOM analysis, the
clusters in Figure 4A and B showed the best mouse-
human similarity in upregulated and downregulated
genes, respectively. The highest resemblance was with
human sBOT and mBOT (upregulated) and with human
LMPT (downregulated). Then, each group was analyzed
with the tool FatiGO for ‘‘biological process,’’ level 3. As
depicted in Figure 4C, ‘‘metabolism,’’ ‘‘cell growth and/or
maintenance,’’ ‘‘cell communication,’’ and ‘‘response to
external stimulus’’ were the highest represented biolo-
gical functions in matched mouse-human patterns of
gene expression. These results support previous find-
ings of our group at the level of genomic imbalances
similar between MOSE chromosomes 19, 15, 8, 7, 5, and
4 and its corresponding syntenic fragments of human
chromosomes found in ovarian malignancies of epithe-
lial origin including LMPT, serous carcinoma, and
carcinoma cell lines (Urzúa et al., 2005).

DISCUSSION

Aberrations in the wound repair of ovarian surface
following repetitive ovulation are linked to the etiology
of ovarian cancer (Purdie et al., 2003). This mouse
cancer model was established by isolation and contin-
uous culture of ovarian surface epithelial cells. During
this process, MOSE cells underwent transformation and
acquired tumorigenic ability (Roby et al., 2000). As
shown in Table 1, 10 from the top 20 differentially
expressed genes are involved in human ovarian cancer:
(1) osteopontin (Spp1) is a calcium-binding, secreted
glyco-phosphoprotein implicated in tumor progression
and metastasis (Wai and Kuo, 2004), and postulated as
ovarian cancer marker (Kim et al., 2002; Brakora et al.,

2004); (2) the cytochrome Cyp1b1 oxidizes structurally
unrelated compounds, including steroids, fatty acids,
and xenobiotics. Confers drug resistance and it was
detected in 92% and 94% of primary and metastatic
ovarian cancers, respectively (McFadyen et al., 2001);
(3) Btg1 (B-cell translocation gene), originally described
as an antiproliferative gene (Rouault et al., 1992), has
recently been involved in endothelial cell angiogenesis
and migration (Iwai et al., 2004). Interestingly, the Btg1
protein was identified in pleural effusions of a patient
affected by ovarian cancer (Bard et al., 2004); (4) The
complement inhibitor factor H (Cfh) is secreted by
ovarian tumor cells as a complement resistance mechan-
ism to evade immune attack (Junnikkala et al., 2002);
(5–6) Metallothioneins 1 and 2 (Mt1,Mt2) participate in
cell proliferation, protection from oxidative stress, and
multi-drug resistance in human cancers. Mt expression
correlates with histological grade of ovarian carcinomas,
whereas the product of glutathione per Mt1-Mt2 protein
levels is negatively associated with survival of grade I
carcinomas (Hengstler et al., 2001); (7) A role for the
IGF/insulin system in epithelial ovarian cancer has
been proposed (Kalli and Conover, 2003), although
Igfbp5 was rarely expressed in four human ovarian
carcinoma cell lines (Hofmann et al., 1994). This
observation agrees with downregulation of this gene in
all MOSE cells; (8–9) Gstm1 and Gstm2 catalyze the
conjugation of glutathione to potentially genotoxic
compounds. The Gstm1-null plus Gstt1-null combina-
tion is associated with unresponsiveness to primary
chemotherapy in ovarian cancer patients (Howells et al.,
1998). The biological effect of a null genotype would be
functionally equivalent to downregulate its expression.
This is precisely we observed in MOSE cells. However, a
positive correlation has been reported between GST-mu
expression and the malignant status of ovarian tumors
(Matsumoto et al., 1997); (10) Breakpoints flanking the
ESR1 gene, a transcription factor involved in hormone-

Fig. 3. Correlation of microarray results with in vivo tumorigenic
parameters. Tumorigenic data was extracted from Roby et al. (2000).
Replicate microarray results were correlated with time to death (A, B)
and tumor loads (C, D) as class labels using the tool Pomelo (http://
pomelo.bioinfo.cnio.es/). Symbols in charts A and B are: Pura (*),

5730469M10Rik (~), BC021790 (*), Cnn3 (~) and clone H3111F06
(}). Symbols in charts C and D are: Map4k4 (}), Crsp2 (*), Tgfb1i4
(~), Arpc1b (*) and 2310016E02Rik (^). R2 values are shown close to
its corresponding tendency line.
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mediated gene repression, were identified in 39–76% of
ovarian carcinomas (Hansen et al., 2002).

Alterations of signaling
and metabolic pathways

Altered pathways in MOSE cells are summarized in
Table 3. An essential role of the MAPK cascade in
proliferation, survival, and apoptosis of ovarian neo-
plastic cells has been proposed (Choi et al., 2003).
Members of this pathway are the heat shock proteins
Hpsb1, Hpsb5, and the oncogen myc. The activity of myc
could be linked to Pura, a transcription activator that
binds to the c-myc promoter, based on the correlation of
Pura with ‘‘time to death’’ (Fig. 3A). Ras, another
oncogen of the MAPK pathway involved in ovarian
carcinoma, may be physiologically active in MOSE cells,
via downregulation of Rasa1, whose normal role is to
inhibit Ras (Rebhan et al., 1997).

Besides its function in apoptosis suppression, Chuk is
involved in the chemotherapeutic response of human
tumor ovarian cells (Huang and Fan, 2002) and we show
here to be over-expressed in MOSE cells. Finally, a role
in neoplastic transformation in various malignancies-
including ovarian cancer- has been attributed to Jak2,
a non-receptor tyrosine kinase involved in cytokine
signaling (Verma et al., 2003). The interaction of Ptpre
(receptor-type protein tyrosine phosphatase epsilon)
with the Jak-STAT pathway is proposed as this protein

in vitro inhibits apoptosis in IL-6 stimulated murine M1
leukemic cells (Tanuma et al., 2000). Production of IL-6
is an attribute of ovarian cancer cells (Toutirais et al.,
2003).

Anomalous GST expression is involved in chemother-
apy resistance (Balendiran et al., 2004). Because not all
drugs are conjugated with glutathione or are GST
substrates for catalysis, a novel role for GSTs has
emerged in regulating the MAPK pathway (Townsend
and Tew, 2003). The expression of Gstm1, Gstm2, and
Gstm6 were downregulated in MOSE cells, whereas
Gsto1was over-expressed.Gsto1 is also located in mouse
chromosome 19. In addition, Gpx1 downregulation
promotes malignant transformation through impairing
the cellular ability to counteract oxidative DNA damage
(Diwadkar-Navsariwala and Diamond, 2004).

Aiming to generate precursors for de novo nucleotide
synthesis, tumor cells often have an abnormally high
glycolytic flux (Warburg et al., 1924). Accordingly,Gapd
and Pgk1, which catalyze two consecutive reactions
leading to ATP synthesis in glycolysis, were upregulated
in MOSE cells. The roles of Pgk1 and Gapd in ovarian
cancer and the function ofEno1, another glycolytic gene,
in lung tumorigenesis are shown in Table 3.

Cytoskeletal proteins

Pcdh7, Dsg2 and Iqgap1 were upregulated in all
MOSE cells. Pcdh7 is a cadherin-related neuronal

Fig. 4. Partial mouse-human comparison of ovarian gene expression.
Expression ratios of human ovarian tumors (1¼Low malignant
potential tumor; 2¼Ovarian carcinoma stage III; 3¼Serous border-
line ovarian tumor; 4¼Mucinous borderline ovarian tumor), and
MOSE cell lines (5¼ IG10; 6¼ IF5) were matched for 872 annotated
genes showing identical gene symbol and equivalent biological
function. Self-organizing map analysis (SOM) and clustering was

done with GEPAS (http://gepas.bioinfo.cnio.es/tools.html) under rec-
tangular topology and 3,2-X,Y map dimensions. Maximal resemblance
between mouse-human upregulated (cluster A) and downregulated
(cluster B) gene expression is highlighted with blue squares. These
genes were selected for further Gene Ontology datamining using the
FatiGO tool (part C).
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receptor involved in calcium dependent cell–cell adhe-
sion. Dsg2 shares similar features and forms desmoso-
mal junctions and intermediate filaments (Chitaev
and Troyanovsky, 1997). Cell lines established from
human ovarian serous adenocarcinoma exhibit tonofila-
ments and desmosomes (Yamada et al., 1999), which
may still be functional in tumor cells because Dsg2 is
upregulated in squamous cell skin carcinoma showing
positive correlation with metastasis (Kurzen et al.,
2003). Iqgap1, a scaffolding protein involved in cell
migration, has found to act as a signaling integrator of
Cdc42 cytoskeletal function and CD44-ERalpha ‘‘cross-
talk’’ during ovarian cancer progression (Bourguignon
et al., 2005).

Downregulated genes included Homer2, a postsynap-
tic scaffolding protein that interconnects glutamate
receptors with actin-cytoskeleton and Rho-(Cdc42)
(Shiraishi et al., 1999). Spnb2 (b-spectrin 2) interacts
with calmodulin in a calcium-dependent manner
thus participating in movement of cytoskeleton at the
membrane (Rebhan et al., 1997). Col6a1 (collagen type
VI, alpha 1) is an extracellular cell binding protein
whose deficiency modifies fibronectin organization in
the extracellular matrix of fibroblasts (Sabatelli et al.,
2001) and promote apoptosis and mitochondrial dys-
function in Col6a1 null mice (Irwin et al., 2003).

Genes correlated to tumorigenesis

As cited before, Pura was negatively correlated with
‘‘time to death’’ (Fig. 3A), a finding apparently opposed
to its putative role as tumor suppressor-like gene in
myeloid leukemic (Ulger et al., 2003) and glioblastoma
cells (Darbinian et al., 2001). Interestingly, the gene
5730469M10Rik that codes for a hypothetical protein,
exhibited identical correlation. In contrast, Cnn3 (cal-
ponin 3, acidic) exhibited the opposite behavior. Cnn3 is
a thin filament-associated protein implicated in regula-
tion of smooth muscle contraction. It has recently shown
to stabilize the actin cytoskeleton thus inhibiting
metastatic capacity of melanoma and adenocarcinoma

cells (Lener et al., 2004). Regarding ‘‘tumor loads’’
analysis (Fig. 3C–D), both Crsp2, a cofactor required
for Sp1 transcriptional activation, and Map4k4, a ser/
thr kinase that acts in response to environmental stress
and cytokines, showed negative correlation. Map4k4 is
highly expressed in many tumor cell lines and mod-
ulates transformation, adhesion and invasion (Wright
et al., 2003). On the other hand, Arpc1b (actin related
protein 2/3 complex, subunit 1B), a protein involved in
actin filaments organization was positively correlated to
tumor loads, precisely opposed as detected in human
gastric tumors (Kaneda et al., 2002).

In summary, despite the obvious mouse-human
differences at the level of chromosomal organization,
we have proven using DNA-microarray technology, that
MOSE cells bear transcriptional alterations closely
resembling human ovarian carcinomas. Signal trans-
duction pathways, cell motility, and extracellular-
secretable protein products are relevant in this model.
Our findings may provide clues for the study and
evaluation of a variety of novel tumor progression,
therapeutic and diagnostic targets for this devastating
disease.
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TABLE 3. Pathways selectively altered in MOSE cells

Pathwaya Genesb Roles in ovarian tumorigenesis

MAPK signaling (Choi et al.,
2003)

Hpsb1 Expressed in malignant ovarian epithelial tumors (Elpek et al., 2003).
Independent prognosis and ovarian cancer survival indicator after 5-years
(Geisler et al., 2004). Downregulated by paclitaxel in BG-1 ovarian tumor cells
(Tanaka et al., 2004)

c-myc Frequently amplified in ovarian cancer (Baker et al., 1990). C-myc expression is
related to chemotherapy response. Putative ovarian cancer prognostic factor
(Iba et al., 2004)

Rac1 Migration signaling of ovarian tumor cells (Bourguignon et al., 2001)
Chuk Regulates paclitaxel induced apoptosis in ovarian cancer OV2008 cell line

(Huang and Fan, 2002)
Rasa1 Negative modulation of Ras activity (Rebhan et al., 1997)

Glutathione metabolism
(Townsend and Tew, 2003)

Gstm1, Gstm2, Gstm6 Chemotherapy resistance and poor prognosis of solid tumors (Balendiran et al.,
2004)

Gsto1 Enhances drug resistance through recycling of oxidized ascorbic acid (Bode et al.,
1999)

Gpx1 Oxidative stress protection (Diwadkar-Navsariwala and Diamond, 2004)
Glycolysis/gluconeogenesis

(Gatenby and Gillies, 2004)
Pgk1 Overexpression induces a multidrug resistance in the human ovarian cancer cell

line SW626TR (Duan et al., 2002)
Gapd Binds to the 3(-UTR region of CSF-1 mRNA promoting metastasis in ovarian

tumor cells (Bonafe et al., 2005)
Eno1 Downregulation plays a role in non-small cell lung cancer (Chang et al., 2003).

Jak-STAT (Verma et al., 2003) Jak2 Constitutively expressed in mutant-p53 ovarian cancer cells (Reid et al., 2004).
Indirect cisplatin target in ovarian cancer and sarcoma cells (Song et al., 2004)

Ptprec Inhibit apoptosis in IL-6 stimulated murine M1 leukemic cells (Tanuma et al.,
2000)

aObtained from KEGG pathways database (available at http://www.genome.jp/kegg/pathway.html). A key reference is indicated between parentheses.
bGene symbols in bold correspond to genes reported to involved in ovarian cancer as supported by relevant literature.
cFunction inferred from literature, not appearing in the KEGG database.
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