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Integrating cancer genomics and proteomics
in the post-genome era

The dawn of the post-genome era is leading to extraordinary opportunities in biomedi-
cine. Our group has embarked on a major effort to integrate genomics, transcriptomics
and proteomics for the profiling of tumor tissues, an approach we refer to as opero-
mics. Our major goals are the molecular classification of tumors and the identification
of markers for the early detection of cancer. Molecular analyses of tumors rely on
microdissected tissues, which are simultaneously investigated for genomic, transcrip-
tomic and proteomic changes. Genomic alterations in tumor cells being investigated
include deletions, amplifications and methylation changes across the entire genome as
well as point mutations in specific genes. Expression analysis at the RNA level is being
undertaken using oligonucleotide and cDNA based microarrays. An important aspect
of our approach is the large-scale identification and quantitative analysis of tumor
proteins in whole cell lysates as well as in protein compartments. Protein separation
strategies include two-dimensional polyacrylamide gel electrophoresis and liquid
chromatography. Specific protein subsets, of interest include membrane proteins,
secreted proteins and antigenic proteins as sources of biomarkers for early detection
of cancer. Our current approach is illustrated with findings stemming from our studies
of human gliomas.
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1 Introduction

There is currently much interest, as we enter the post-
genome era, in developing strategies for disease investi-
gations that include profiling of normal and diseased
tissues across the entire genome. While there is currently
much enthusiasm surrounding the ability to profile tumor
tissue at the genomic and transcriptomic levels, ulti-
mately profiling needs to encompass the most functional
level namely the proteome. We refer to the approach of
profiling tissues at all three levels as operomics [1]. The
outcome of such comprehensive profiling from a biolog-
ical point of view includes a better understanding of the
links that exist between the three compartments, allowing
a deciphering of gene expression programs; identification
of previously unrecognized patterns of expression and of
cellular responses to environmental factors; and deriving
a better understanding of disease processes. From a
medical point of view, a comprehensive genomic and
proteomic based profiling is expected to lead to novel

classifications of disease as well as novel diagnostics
and therapeutics. It is also likely that diagnostics and
therapeutics will be closely intertwined as individualized
therapies are developed that are based on the particular
disease related profile of each patient.

A schema for our current approach to profiling is pre-
sented in Fig. 1. Identification of distinctive profiles for a
given cancer type is based on the analysis of both micro-
dissected tumors and model cell lines. Whereas tumors
allow profiling of tissues unaffected by in vitro culture con-
ditions, model cell lines are particularly useful for proteo-
mic profiling as they allow analysis of specific cell com-
partments, notably the secreted and membrane proteins.

Figure 1. Schema for cancer molecular analysis
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2 Materials and methods

2.1 Genomic profiling

Several technologies are currently available for whole
genome scanning for DNA copy number changes as
may occur in cancer. Comparative genomic hybridization
(CGH) is a technique that has been widely utilized for the
detection of chromosomal copy number changes in tumor
tissue [2]. It provides a global assessment in tumors of
gains and losses in chromosomal regions throughout
the whole genome. CGH has been utilized to search for
novel regions that may harbor amplified genes or tumor
suppressor genes. More recently, microarray based CGH
has been developed, in which fluorescence ratios for
spotted DNA elements provide a measure of DNA copy-
number in the genome for corresponding loci. Array
targets have included large genomic clones such as
BACs (bacterial artificial chromosomes), and more re-
cently, cDNAs [3]. While the above techniques provide
a measure of genomic dosage changes at the level of
chromosome bands for CGH and at the level of targeted
DNA for microarrays, they do not allow assessment of
genomic methylation changes. DNA methylation changes
have been implicated in a number of diseases, most nota-
bly cancer. Programmed changes in DNA methylation
occur during development and result in establishment
of tissue-specific DNA methylation patterns [4]. There is
increasing evidence that ectopic changes in these methy-
lation patterns may alter expression of affected genes [5].
This is best exemplified in neoplastic cells which exhibit
striking ectopic changes, including hypomethylation of
some proto-oncogenes and/or hypermethylation of tumor
suppressor genes [6]. It has been proposed that hetero-
geneity within a cell population with respect to methyla-
tion and other genetic changes may provide some cells
with a growth advantage, resulting in their clonal expan-
sion [6, 7]. For our genomic profiling of tumors, we have
utilized the technique of restriction landmark genomic
scanning (RLGS) [8] which detects alterations resulting
from methylation changes as well as DNA copy number
changes. With this technique, the use of a methylation-
sensitive enzyme such as NotI to cut and end-label DNA
fragments prior to their separation in two dimensions pro-
vides a quantitative assessment of methylation at NotI
sites which characteristically occur in CpG islands.

2.1.1 Genomic profiling of gliomas

Several novel amplified genes and others that show
altered methylation in different tumor types have been
identified by our group using RLGS [9–13]. In our studies
of gliomas using RLGS, we have identified a number

of genomic alterations including a novel amplicon that
maps to 1q32. This amplicon encoded genes not pre-
viously implicated in gliomas, including two novel genes
we have identified (GAC-1 and TAX-1) [9, 14]. GAC1
encodes a protein which belongs to the leucine-rich
repeat superfamily. Amplification and overexpression of
GAC1 was demonstrated in two of eight tumors in which
lq32 amplifications were previously evidenced by CGH
(one glioblastoma multiforme and one anaplastic astro-
cytoma), and in one of eight unselected glioblastomas
multiforme.GAC1 exhibits sequence homology with other
proteins which function as cell-adhesion molecules or as
signal transduction receptors and is a likely target gene in
the 1q32.1 amplicon in malignant gliomas. Another ampli-
fied gene we have identified more recently in gliomas is
TAX-1 [14]. The human TAX-1 gene encodes a 135 kDa
glycoprotein which is transiently expressed on the sur-
face of a subset of neurons during development and is
involved in neurite outgrowth. The TAX-1 gene has been
mapped to a region on chromosome 1 that has been
implicated in microcephaly and Van der Woude syn-
drome. Using RLGS to search for amplified genes in glio-
mas, we found TAX-1 to be amplified in two high-grade
gliomas among a group of twenty-six gliomas investi-
gated (Fig. 2). Real-time reverse transcription-polymer-
ase chain reaction (RT-PCR) analysis detected high levels
of TAX-1 mRNA in glial tumors even in the absence of
TAX-1 gene amplification. Immunohistochemical analysis
revealed abundant levels of TAX-1 in neoplastic glial cells
of glioblastoma multiforme tumors. Since glial tumors are
highly invasive and in view of the role of TAX-1 in neurite
outgrowth, we investigated the potential role of TAX-1 in
glioma cell migration. Using an in vitro assay we found
that the migration of glioma tumor cells was profoundly
reduced in the presence of either an anti-TAX-1 antibody
or a TAX-1 antisense oligonucleotide. Our findings sug-
gested that TAX-1 plays a role in glial tumorigenesis and
may provide a potential target for therapeutic interven-
tion.

2.2 Transcriptomic profiling

Microarray technology is a promising approach to com-
paratively analyze genome-wide patterns of mRNA ex-
pression [15–18]. The ultimate goal being to develop
arrays which contain every gene in a genome against
which mRNA expression levels can be quantitatively
assessed. The technologies we have implemented for
microarray analysis include cDNA-based microarrays,
based on robotically printing cDNA inserts onto glass
slides which are subsequently hybridized to two differen-
tially fluorescently-labeled probes to compare the expres-
sion patterns of the cells from which they were derived,
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Figure 2. Amplification of the
TAX gene, detected as an in-
tense fragment in a glioma
RLGS pattern (B) relative to
normal brain (A).

and oligonucelotide microarrays, based on the synthesis
of tens of thousands of oligonucleotides onto chips using
photolithography, as supplied by Affymetrix (Santa Clara,
CA, USA). The probes are pools of cDNAs that are gener-
ated after isolating mRNA from cells or tissues. Resulting
fluorescent intensities are produced and ratio information
is obtained following image processing. DNA microarrays
provide an important new tool for the characterization of
tissues and cell populations. Large sets of genes involved
in signal transduction, apoptosis, cell cycle progression,
host response etc., all could be analyzed simultaneously
with respect to their expression. DNA array analysis
exemplifies the type of comprehensive, large throughput

technologies that could yield a molecular understanding
of disease processes. Database development and mining
are critical to the analysis of microarray data [15, 19–21].
Several companies have developed software that is
applicable to mining data derived from microarray analy-
sis, which we have available.

2.2.1 Transcriptomic profiling of gliomas

Molecular expression profiles using oligonucleotide or
cDNA based microarrays have been utilized to derive a
molecular based classification of several cancer types
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including B-cell lymphomas, malignant melanomas and
breast cancer [2, 22, 23]. To date, few studies have
reported the expression profile of astrocytic tumors. In
two studies of the expression profile of 588 known genes
in a set of gliomas, insulin-like growth factor binding pro-
tein 2 gene (IGFBP2) was found to be overexpressed in
glioblastona multiformes (GBMs) [9, 10]. A study analyz-
ing the expression of 1176 cancer-associated genes in
11 Grade II astrocytomas uncovered six genes, including
TIMP3, EGFR and GDNPF, that were expressed in 64–
100% of Gr. II tumors and not in three non-tumor tissue
samples derived from three different brain regions [11].
It was also reported that seven genes includingPDGFR-�,
PTN, LRP and SPARC were upregulated, by at least two-
fold, in 20–60% of the Grade II tumors compared to the
non-tumor brain tissue samples.

In our transcriptomic profiling studies of gliomas, we have
investigated whether DNA microarrays can identify gene
expression differences between high-grade and low-
grade glial tumors. We compared the transcriptional pro-
file of 40 astrocytic tumors consisting of 21 GBMs and
19 pilocytic astrocytomas using oligonucleotide based
microarrays. We have identified a group of 360 genes
that distinguish Grade IV from Grade I astrocytomas and
found clusters of tumors that conform to their clinico-
pathological classification as well as outlier tumors that
clustered with tumors of a different grade. Many tran-
scripts that were increased in GBM were not previously
associated with gliomas and encoded proteins with prop-
erties that suggest their involvement in cell proliferation or
cell migration. The genes represented on the microarrays
were classified into subsets, which were assessed indivi-
dually for the proportion of the genes they encompass,
that are statistically significantly different between high-
grade and low-grade tumors (Fig. 3). Several gene sub-

Figure 3. Percentage of genes in defined subsets (indi-
cated by numbers 1–14), that show statistically significant
differences in their expression between high-grade and
low-grade gliomas. The percentage of change for all
gene sets (n = 14) is provided as a reference.

sets such as cell-adhesion genes and splicing factor
genes showed a relatively high percentage of differences
between high-grade and low-grade tumors. Microarray
based data for a subset of genes was validated using
real-time quantitative RT-PCR. Immunohistochemical
analysis also localized the protein products of specific
genes of interest to the neoplastic cells of high-grade
astrocytomas. Our study has identified a large number of
novel genes with distinct expression patterns in high-
grade and low-grade gliomas.

2.3 Proteomic profiling

The protein compartment is the most functional compart-
ment for which information in encoded in the genome.
With respect to cancer, proteomics has the potential
to identify novel targets for therapy and novel markers
for early diagnosis. Proteomics relies on a suite of tech-
nologies for the quantitative analysis of proteins [24, 25].
The standard approach for proteome expression analysis
has been based to a large extent on two-dimensional
gels. Problems with this approach are due to the com-
plexity of the procedure, a limited dynamic range and
difficulty in adequately separating hydrophobic and very
large proteins or very small proteins. A given cell type
may express proteins derived from some 5000–10 000
genes with a quite dynamic range of protein levels which
makes it difficult to visualize all but the most abundant
proteins. Nevertheless, when 2-D gels are used to profile
tumors, biologically relevant answers can be obtained.
A major boost to the use of 2-D gels has resulted from
the ability to identify gel-separated proteins by mass
spectrometry [22]. The mass spectra of peptide digests
provide a ‘peptide-mass fingerprint’ of the proteins being
studied. Alternatives to 2-D gels that we have implemen-
ted include liquid based protein separations [26] and
more recently the use of protein chips either to assay pro-
tein abundance, similar to DNA microarrays for assaying
RNA abundance, or to identify protein targets of specific
probes.

Identification of cancer biomarkers using proteomics
takes advantage of the ability of proteomics to profile a
tissue or biological fluid and to identify proteins and pro-
tein post-translational modifications that are restricted to
specific tumor types. Post-translational modifications of
proteins are numerous and notably include phosphoryla-
tion, glycosylation and sulfation. Such restricted modifi-
cations provide an opportunity to identify novel cancer
markers [2]. We have implemented several strategies for
profiling tumor tissue and for profiling biological fluids
for the identification of cancer biomarkers. One strategy
relies on the comparative analysis of unfractionated
lysates of tumor and normal tissues. Another relies on
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the comparative analysis of secreted proteins and mem-
brane fractions of different tumor cell lines to identify
potential markers that are restricted to specific tumor
types. Yet another approach we have implemented relies
on the identification of tumor proteins that induce a
humoral response. Such protein antigens and their corres-
ponding autoantibodies could be assayed in serum or
biological fluids for the diagnosis of cancer.

In a study we have undertaken [23] of neuroblastoma sera
from 23 newly diagnosed patients with neuroblastoma,
from 12 newly diagnosed children with other tumor types
and from 13 normal individuals were screened for IgG and
IgM autoantibodies against neuroblastoma proteins. Sera
from 11 patients with neuroblastoma and from one patient
with a primitive neuroectodermal tumor, but none of the
other controls exhibited IgG based reactivity against a
protein constellation with an estimated molecular mass
of 50 kDa. N-terminal sequence and mass spectrometric
analysis identified the major constituents of this constella-
tion as tubulin � isoforms I and III. The IgG antibodies
were further characterized to be of the subclass IgGl.
Neuroblastoma patient sera that contained anti-� tubulin
IgG antibodies also contained IgM antibodies specific
against the full-length � tubulin molecule and against
C-terminal � tubulin cleavage products. Neuroblastoma
patient sera that reacted with tubulin � I and III isoforms
in neuroblastoma tissues did not react with tubulin � I
and III isoforms found in normal brain tissue. Our findings
indicated the occurrence of tubulin � tubulin peptides in
neuroblastoma, which are immunogenic. Therefore the
occurrence of immunogenic peptides in neuroblastoma
may have utility in diagnosis and in immunotherapy of
this aggressive childhood tumor. Similar antigenic pro-
teins have been identified by our group in lung, gastro-
intestinal, breast and other types of cancer.

2.3.1 Proteomic profiling of gliomas

We have undertaken a quantitative 2-D PAGE study to
identify proteins that represent potential candidates for
markers of aggressive glial tumors, and that can be used
to establish poor prognosis at the time of diagnosis, in this
common type of brain tumor (manuscript submitted). The
approach was to find proteins that were expressed at
higher levels in high-grade glioblastomas compared to
lower grade tumors. We have prepared a large number
of gels of brain tumors. Some batches contained in addi-
tion to glial tumors, other brain tumor types, some of
which are rather uncommon such as oligodendroglioma,
ganglioglioma, ependymoma and some relatively more
common such as meduloblastoma. These batches were
useful to determine any potential overlap in protein ex-
pression between different brain tumor types.

Two special batches of gels were made in which glial
tumors formed the majority of the samples. These two
batches allowed detailed scrutiny for differences in pro-
tein expression related to glial tumor malignancy grade.
In total the set subjected to detailed analysis consisted
of 11 Grade 1–2, and 12 Grade 4 tumors. Most samples
were analyzed in duplicate. The study of these tumors
required particular attention in that high-grade tumors
had a tendency to have larger amounts of contaminating
red cell and plasma proteins. For quantitation, ten refer-
ence spots were selected based on their being about
the same size in all the samples. These spots were used
to adjust spot integrated intensities in an effort to com-
pensate for effects such as unequal sample loading or
staining of the gels which could lead to all of the spots
on a particular gel being larger than in another gel. We
computed the average size of each spot across the set
of brain tumor gels. Raw spot integrated intensities were
standardized relative to reference spots to obtain the
adjusted integrated intensities. In all, 22 protein spots
had a significant quantitative increase in their mean rela-
tive intensity in high-grade relative to low-grade tumors
(Fig. 4). Interestingly, a few of these proteins, such as onco-
protein 18 (Op18) and nucleoside diphosphate kinase A
(NDPKA) were previously identified as potential markers
in other tumor types. However the majority appear to be
of intrinsic interest to the glial tumors among the different
tumor studies we have undertaken to date. It is clear that
a database of protein patterns of different tumor types
and of relevant normal tissues is quite valuable for inter-
pretation of data from any particular tumor study.

The availability of expression data at both the RNA and
protein levels allows us, for gene products that show
differences between low-grade and high-grade tumors,
to assess concordance between RNA and protein. Con-
cordance data is very limited at the present time as cur-
rently expression of a lot more genes is being analyzed at
the RNA than at the protein level. It is interesting though
that for three of the four proteins that we have identified
that are increased in high-grade compared to low-grade
tumors (Op18, NDPKA, GSTP and moesin), a concordant
increase is observed at the RNA level for three (Op18;
NDPKA and moesin) and no change is observed at the
RNA level for the fourth (GSTP).

3 Discussion

3.1 Bioinformatics/data handling

The approach we have implemented is yielding massive
amounts of cancer related data from the genomic level
to the protein level. Adequate mining of such data neces-
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Figure 4. Master image of a
glioma 2-D pattern. Black
arrows point to proteins with
increased expression in high-
grade relative to low-grade glio-
mas. Some of the additional
identified proteins in the pattern
are indicated with white arrows.

sitates the development of resources and tools that
currently do not exist. Integration of such data represents
a major challenge. Yet, a compelling case can be made
for the need to integrate such data. Likely benefits in-
clude: (1) a better understanding of the contribution of
gene dosage, epigenetic changes, transcriptional and
translational regulation to gene expression in health and
in disease; and (2) a better understanding of the role of
post-translational modifications and protein translocation
to cell function. The enormity of the challenge necessi-
tates defining specific objectives and milestones to be
gradually achieved. Some of our most immediate objec-
tives are presented.

There is a critical need to identify DNA fragments of inter-
est displayed in RLGS scans. Some strategies that rely on
extraction of DNA fragments from gels for their cloning
[27] or on their PCR amplification [28] have been utilized
but have proven difficult in the case of fragments that
occur in two copies or less in the genome. An arrayed
genomic library approach has been utilized to overcome
this problem, resulting in assignment of clones to unique
fragments observed in the gel [29]. Limitations of this
approach are due to limited library coverage. The near
completion of sequencing of the human genome has

prompted us to develop genome sequence based tools
to facilitate the identification of fragments of interest.
We are developing informatics tools for comparisons of
sample derived RLGS patterns with patterns predicted
from the human genome sequence and displayed as
Virtual Genome Scans (VGS). Such tools allow sequence
prediction of fragments in RLGS patterns obtained with
different restriction enzyme combinations. We have demon-
strated the utility of VGS by identification of restriction
fragment length polymorphisms, and of amplifications,
deletions and methylation changes in tumor-derived CpG
islands. The ability to readily identify genomic fragments
in RLGS patterns allows us to more easily relate changes
in gene expression patterns at the RNA and protein
levels to the methylation and copy number status of cor-
responding genes.

A systematic analysis of the human proteome by 2-D
PAGE requires computer-based tools to process gel
images, to construct protein databases, and to retrieve
qualitative and quantitative information pertaining to ex-
perimental design, samples, gels, spots, matches, con-
clusions, findings, biological identifiers, etc. Tools we
have previously developed were described in several
publications [30–33]. The objective of our 2-D related
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database effort has been to build database applications
that will contain data on large numbers of 2-D gels. The
requirements of the database are: (1) store basic data
and images for our 2-D gels; (2) store data derived from
the basic data and images; (3) provide queries to retrieve
and analyze the existing basic and derived data; (4) pro-
vide access to data in various forms, text, image, rela-
tional tables, etc., and (5) provide a user-friendly, flexible
user interface, including a web based interface that
allows investigators to search for, and discover new
data, facts and findings.

Traditionally, biological investigations are undertaken as
a top-down, step-wise process. Such a process treats
biological data as “static”, i.e., relatively unchangeable.
However in reality, biological research is an iterative,
incremental process. Particularly in the case of investiga-
tions that rely on analysis of complex patterns as in the
case of protein 2-D gels. Thus important requirements of
our 2-D related protein databases are flexibility and scale-
ability in order to allow multiple iterations and to provide
extended capability for subsequent reinvestigations of
previously prepared 2-D gels (i.e., the step referred to as
postplanned analysis). Using “virtual” analysis, an investi-
gator may query our databases for particular findings and
use the results of this query to reinvestigate gel images,
possibly regrouped from different prior investigations, to
generate a new set of derived data and/or findings. We
are currently constructing cancer protein databases that
will contain all of the information gathered for a particular
protein, for a particular cancer type from particular pro-
jects undertaken in our laboratory. The different data-
bases include a database pertaining to secreted proteins
and a membrane protein database. Our initial objective
is to achieve a level of identification that covers some
1000 proteins per cancer type. Such coverage allows
more robust integration of data from the genomic to the
transcriptomic and proteomic levels.

Received May 20, 2001

4 References

[1] Hanash. S. M., Clin. Chem. Lab. Med. 2000, 38, 805–813.
[2] MacBeath, G., Schreiber, S. L.,Sconce2000,289, 1760–1763.
[3] Pollack, J. R., Perou, C. M., Alizadeh, A. A., Risen, M. B., et al.,

Nat. Genet. 1999, 23, 41–46.

[4] Bestor, T. H., Tycko, B., Nat. Gent. 1996, 12, 363–367.
[5] Razin, A., EMBO J. 1998, 17,4905–4908.
[6] Baylin, S. B., Herman, J. G., Graff, J. R., Vertino, P. M., Issa,

J. P., Adv. Cancer Res. 1998, 72, 141–196.
[7] Gonzalgo, M. L., Jones, P. A., Mutat. Res. 1997, 386, 107–

118.
[8] Hatada, I., Hayashizaki, Y., Hirotsune, S., Komatsubara, H.,

Proc. Natl. Acad. Sci. USA 1991, 88, 9523–9527.
[9] Almeida, A., Zhu, X. X., Vogt, N., Tyagi, R., et al., Oncogene

1998, 16, 2997–3002.
[10] Wimmer, K., Thoraval, D., Kuick, R., Lamb, B. J., Hanash,

S. M., Biochem. Soc. Trans. 1997, 25, 262–267.
[11] Hughes, S. J., Glover, T. W., Zhu, X.-X., Kuick, R., et al. Proc.

Natl. Acad. Sci. USA 1998, 98, 12410–12415.
[12] Curtis, L. J., Li, Y., Gerbault-Seureau, M., Kuick, R., et al.,

Genomics 1998, 53, 42–55.
[13] Wimmer, K., Zhu, X. X., Lamb, B. J., Kuick, R., et al., Onco-

gene 1999, 18, 233–238.
[14] Rickman, D., Tyagi, R., Zhu, X., Bobek, M., et al., Cancer

Res. 2001, 61, 2162–2168.
[15] Chen, Y., Dougherty, E., Bittner, M., J. Biomed. Opt. 1997, 2,

364–374.
[16] Schena, M., Shalon, D., Heller, R., Chai, A., Brown, P. O.,

Science 1995, 270, 467–470.
[17] Schena, M., Shalon, D., Heller, R., Chai, A., et al., Proc. Natl.

Acad. Sci. USA 1996, 93, 10614–10619.
[18] Schena, M., Bioessays 1996, 18, 427–431.
[19] DeRisi, J., Penland, L., Brown, P. O., Bittner, M. L., et al.,Nat.

Genet. 1996, 14, 457–460.
[20] Trent, J. M., Bittner, M., Zhang, J., Wiltshire, R., et al., Clin.

Exp. Immunol. 1997, 107, 33–40.
[21] Ermolaeva, O., Rastogi, M., Pruitt, K. D., Schuler, G. D., et al.,

Nat. Genet. 1998, 20, 19–23.
[22] Pandey, A., Mann, M., Nature 2000, 405, 837–846.
[23] Prasannan, L., Misek, D. E., Hinderer, R., Michon, J., et al.,

Clin. Cancer Res. 2000, 6, 3949–3956.
[24] Banks, R. E., Dunn, M. J., Hochstrasser, D. F., Sanchez,

J. C., et al., Lancet 2000, 356, 1749–1756.
[25] Chambers, G., Lawrie, L., Cash, P., Murray, G. I., J. Pathol.

2000, 192, 280–288.
[26] Wall, D., Kachman, M., Gong, S., Hinderer, R., et al., Anal.

Chem. 2000, 72, 1099–1111.
[27] Hirotsune, S., Shibata, H., Okazaki, Y., Sugino, H., et al., Bio-

chem. Biophys. Res. Commun. 1993, 194, 1406–1412.
[28] Suzuki, H., Kawai, J., Taga, C., Ozawa, N., Watanabe, S.,

DNA Res. 1994, 1, 245–250.
[29] Smiraglia, D. J., Fruhwald, M. C., Costello, J. F., McCormick,

S. P., et al., Genomics 1999, 58, 254–262.
[30] Ali, I., Chan, Y., Kuick, R., Teichroew, D., Hanash, S. M.,

Electrophoresis 1991, 12, 747–761.
[31] Hanash, S. M., Teichroew, D., Electrophoresis 1998, 19,

2004–2009.
[32] Oh, J. M. C., Hanash, S. M., Teichroew, D., Electrophoresis

1999, 20, 766–774.
[33] Kuick, R., Skolnick, M. M., Neel, J. V., Hanash, S. M.,Electro-

phoresis 1991, 12, 736–746.

Proteomics 2002, 2, 69–75 Integrating cancer genomics and proteomics 75


