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ly from the tumors. Within the tumor group, the clear-cell and chromophobe car-
cinomas demonstrated markedly distinct patterns of gene expression. To assess the
functional differences between the two types, we selected genes using a twofold
change threshold in expression common to both samples of each tumor type and
assigned functional classification to each gene where possible. Gene function was
divided into 16 different cellular categories using the Saccharomyces cerevisiae
functional categories of the Munich Information Center for Protein Sequences as
a guide. Graphical representations of the numbers of genes from each category
indicated that the clear-cell tumors might have different cellular functions than the
chromophobes. We will use this database in future work to assess the differences
between animal xenografts and human renal tumors.
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The technique of conversion provides several advantages for gene mapping pro-
jects of complex diseases such as cancer. The approach takes advantage of selective
retention of a subset of human chromosomes within somatic cell hybrids, isolat-
ing single copies of all desired human chromosome pairs. This strategy functions
both to simplify mutation detection, as well as allow unambiguous phase infor-
mation to be determined. Constructing haplotypes on the basis of conventional
genotype and pedigree data is challenging, particularly for late age of onset dis-
eases such as cancer.

Identification of which homolog is retained in a particular hybrid is deter-
mined by conventional genotyping of a few markers per chromosome. These ’hap-
loid’ hybrids can then be used to increase the sensitivity of traditional mutation
analysis as the disease causing chromosome will not be accompanied by the nor-
mal wild-type allele. Additionally, haplotypes maybe determined simply by geno-
typing each haploid hybrid. We have typed DNA from 100 hybrids to examine
chromosomal retention patterns, test the feasibility of conversion for whole
genome analysis, and evaluate assumptions regarding appropriate experimental
design.

We have investigated the theoretical efficiency of using haplotypes compared
to conventional genotypes in linkage and linkage disequilibrium studies. In the
linkage disequilibrium setting, we determined the Fisher information (with
respect to haplotype frequency) provided by unrelated individuals. For two-SNP
haplotypes, conversion provides 5–45% more information per subject than stan-
dard genotyping, depending on true haplotype frequencies; for five-SNP haplo-
types, improvement ranges 20–92%. As Fisher information is inversely related to
sample size, conversion requires up to 12.5 times fewer subjects than standard
genotyping to obtain the same information. We currently are completing similar
calculations in the linkage analysis setting. The extra cost associated with conver-
sion includes hybrid construction and characterization, and duplicate genotyping.
However, the increased information per subject reduces overall recruitment and
phenotyping costs, which tend to dominate those for genotyping. The efficiency of
using conversion to construct haplotypes is likely to increase even further as auto-
mated methods of genotyping continue to improve.

Gokgoz, Nalan [67]

Analysis of gene expression patterns in
breast cancer by microarray technology

Nalan Gokgoz1, Xiang Sun2, Shelly Bull1, Jim Woodgett2 &
Irene Andrulis1

1Samuel Lunenfeld Research Institute, Mount Sinai Hospital, 600 University

Avenue, Toronto, Ontario M5G 1X5, Canada
2Ontario Cancer Institute, Princess Margaret Hospital, 610 University Avenue,

Toronto, Ontario M5G 2M9, Canada

Although alterations in several specific genes have been implicated in breast cancer
progression, greater understanding of the molecular basis of the disease may result
from the evaluation of global gene expression patterns using microarray technolo-
gy. To identify patterns of gene expression of prognostic importance in axillary
node–negative breast cancer, we are studying a large cohort of patients with this type
of cancer. Before using the limited amount of RNA from these specimens, we per-
formed pilot studies designed to evaluate the feasibility of applying the technology
on a larger scale. We studied gene expression in four different breast cancer cell lines
(T47D, MDA231, SKBR3 and BT474) using complementary DNA microarrays con-
taining 1,700 and 19,000 sequence-verified human cDNAs produced by the
microarray facility at the Ontario Cancer Institute, Toronto (http://www.oci.utoron-
to.ca/services/microarray). Each hybridization compared Cy5-labeled complemen-
tary DNA from one of the cell lines with Cy3-labeled cDNA from a reference sam-
ple (MCF12A, a normal breast cell line). We also performed reciprocal labeling with
subsequent hybridization to demonstrate the consistency and reproducibilty of the
technology. In addition, different amounts of RNA (50 µg, 25 µg and 10 µg) from
the same cell lines were labeled to determine the sensitivity of the system. We have
been able to devise a system that can now be applied to primary breast tumors. After
expression analysis, we will use biostatistical modeling to detect clusters of genes that
are coordinately expressed, repressed or both. These clusters are likely to represent
common pathways of genes involved in breast carcinogenesis.

Golubic, Mladen [68]
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Glioblastoma multiforme (GBM) is an almost uniformly fatal brain tumor;
patients have a median survival time of less than one year despite aggressive treat-
ments, including surgery, radiation and chemotherapy. Despite the clear benefits
of radiation therapy in prolonging the survival of some patients with GBM, only
about one-third of them demonstrate an objective radiographic response. To pin-
point the genetic difference between GBMs that responded well to radiation treat-
ment and those that did not, we analyzed the gene expression profiles of two non-
responding (NR) and two responding (R) tumors using Affymetrix Hu6800
oligonucleotide arrays. Comparison between two paired tumor samples (R versus
NR) revealed that 423 and 236 genes were differentially expressed (sort score 0.5).
Of those, 33 genes showed consistently increased or decreased expression in both
R tumors compared with NR tumors. These differentially expressed genes are
known to regulate cell motility, cellular responses to DNA damage, cell cycle,
angiogenesis and apoptosis. For example, decreased expression of genes known to
stimulate tumor cell motility and increased expression of genes that inhibit cell
migration was observed in R tumors. We also determined the gene expression of
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six candidate genes by real-time polymerase chain reaction quantitation analysis
of four GBM samples. Investigation of these genes should help provide important
insights into the biological mechanisms at work, facilitate identification of tumors
that are susceptible or resistant to radiation therapy and aid in the design of
approaches to enhance specifically the radiosensitivity of these deadly neoplasms.

Grandori, Carla [1]

Gene expression profiles at various stages
of lymphomagenesis in Em-myc transgenic
mice

Carla Grandori, Brian Iritani & Robert Eisenman

Fred Hutchinson Cancer Research Center, Seattle, Washington, USA

To define molecular signatures of c-myc-induced B-cell neoplasias we have explored,
using DNA microarrays, gene expression profiles at various stages of tumorigenesis
utilizing the transgenic Em-myc model1. In this system c-myc is expressed, under the
control of the immunoglobulin heavy-chain enhancer, selectively in B-cell precur-
sors, and it causes the rapid appearance of B-cell lymphomas. Overt tumors are pre-
ceded by a marked polyclonal expansion of pre-B cells both in the bone marrow and
in the spleen. However, these cells are not yet tumorigenic. Within a few months the
Em-myc mice develop a monoclonal or oligoclonal lymphoma. We monitored gene
expression changes using an 11,000-gene chip (Affymetrix) of pre-B cells derived
from the bone marrow of Em-myc mice before tumor development and cells from
lymphomas, consisting primarily of pre-B cells. Both samples were then compared
with normal pre-B lymphocytes obtained from bone marrow of wild-type mice. The
data analysis allowed a display of gene expression changes that accompany these var-
ious stages of tumor development. Preliminary results indicate that specific signal-
ing pathways are selectively altered in the tumor samples or in the hyperplastic pre-
B cells. In addition, comparison of the pre-B cells expressing Em-myc with wild-type
pre-B cells highlighted gene expression changes that might be direct consequences
of deregulated c-myc expression and therefore provided new candidate Myc target
genes. We will present a discussion of the relevance of our study for the understand-
ing of c-myc-induced tumorigenesis.

1. Adams, J.M. et al. Nature 318, 533–538 (1985).
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Liver cancer is the fifth most common cancer worldwide, with 437,000 cases
reported in 1990. Yet a mutational model has not yet been developed for liver can-
cer, as it has for certain other cancers, such as colon cancer. A thorough under-
standing of the molecular events leading to neoplastic transformation of the liver
requires a detailed comparison of the gene expression pattern in normal liver cells
with that in cancer cells. We have performed gene expression profiling of normal
and neoplastic livers. Using oligonucleotide microarrays, we compared liver
tumors (from diethylnitrosamine-treated C3H/HeJ mice) with three different
states of the normal liver: quiescent adult, regenerating adult and newborn.

Although each comparison revealed hundreds of differentially expressed genes,
only 22 genes were found to be deregulated in the tumors in all three comparisons.
We also employed representational difference analysis to clone fragments of mes-
senger RNAs differentially expressed in liver tumors versus regenerating livers.
Although many of the same mRNAs were identified as in the oligonucleotide
microarray experiments, we also cloned several new mRNAs that are differential-
ly regulated in liver tumors. We have cloned the mouse complementary DNA of
novel 4 and are currently isolating the human homologue of this unknown gene.
We are using representational difference analysis and oligonucleotide microarrays
to identify genes whose expression is deregulated in the development of human
hepatocellular carcinomas. Using these models and techniques, we hope to identi-
fy common genetic alterations in the progression of liver cancer in both humans
and mice.
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Breast cancer is among the most common human cancers. One of the significant
predictors of prognosis is distant metastasis. As cancer is the consequence of a
broad dysregulation of cell signaling pathways, the ability of cells to metastasize
may be due to changes in a limited number of pathways related to invasiveness and
metastasis. Our study focuses on gaining a better understanding of these pathways
using a mouse model for mammary tumor metastasis. We are working with two
transplantable mouse mammary tumor lines with significant differences in
metastatic potential. Met-1 tumors develop 100% pulmonary metastases while
Db-7 tumors exhibit significantly fewer pulmonary metastases (9%). In order to
extract genes differentially expressed in both Met-1 and Db-7, we performed two
suppression subtractive hybridization (SSH) experiments. From each of the sub-
tracted libraries, 2600 clones were PCR-amplified and arrayed. By fluorescently
labeling the unsubtracted Met-1 and Db-7 libraries and hybridizing them onto the
microarray, we were able to demarcate the truly differentially expressed genes.
Clones found to be greater than two-fold differentially expressed were then
sequenced for identification. Differential expression of each gene was verified by
RT-PCR, Northern blot, and Western blot. In order to determine the function of a
subset of these genes, anti-sense and sense constructs were introduced into cell
lines derived from these tumors. Migration assays were performed and the
metastatic potential of each gene was assessed. We have identified several interest-
ing genes that are both differentially and functionally important for the metastat-
ic phenotype in this model.

Hager, Jeff [4]

Genomics of islet cell carcinogenesis
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All cancers are thought to develop through a series of distinct stages, which are the
result of an accumulation of both genetic and epigenetic changes. This is evident
in a mouse model of pancreatic islet cell tumorigenesis, RIPTag, in which the focal
nature of the endocrine pancreas has allowed accurate identification, quantifica-
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