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Whereas genome sequencing defines the genetic potential of an
organism, transcript sequencing defines the utilization of this
potential and links the genome with most areas of biology. To
exploit the information within the human genome in the fight
against cancer, we have deposited some two million expressed
sequence tags (ESTs) from human tumors and their corresponding
normal tissues in the public databases. The data currently define
�23,500 genes, of which only �1,250 are still represented only by
ESTs. Examination of the EST coverage of known cancer-related
(CR) genes reveals that <1% do not have corresponding ESTs,
indicating that the representation of genes associated with com-
monly studied tumors is high. The careful recording of the origin
of all ESTs we have produced has enabled detailed definition of
where the genes they represent are expressed in the human body.
More than 100,000 ESTs are available for seven tissues, indicating
a surprising variability of gene usage that has led to the discovery
of a significant number of genes with restricted expression, and
that may thus be therapeutically useful. The ESTs also reveal novel
nonsynonymous germline variants (although the one-pass nature
of the data necessitates careful validation) and many alternatively
spliced transcripts. Although widely exploited by the scientific
community, vindicating our totally open source policy, the EST data
generated still provide extensive information that remains to be
systematically explored, and that may further facilitate progress
toward both the understanding and treatment of human cancers.

Human cancer results from the accrual of genetic mutations or
epigenetic changes in the genomes of individual somatic cells.

These exert their effect via alterations in the structure and abun-
dance of individual mRNA molecules that, in turn, alter crucial
protein-mediated cellular functions. One step in the path toward
building a comprehensive molecular portrait of human cancer is the
definition of the genes actively expressed in specific tumors and
corresponding normal tissues. It is within these sets of genes that we
must search for cancer-defining mutations and epigenetic changes
and delineate the extent of the molecular milieu within which we
will deepen our understanding of cancer. Very short sequence tags
of transcripts and hybridization techniques such as microarrays
identify many of the genes expressed in tumors and are widely used
for measuring the relative levels of gene expression (1, 2). However,

longer transcript sequences such as ESTs permit genes expressed in
individual cells and tissues to be identified in a completely unam-
biguous manner, provide additional data on transcript and gene
variants, and represent a key source for the search for as yet
incompletely characterized genes.

In two large projects, extensive EST sequencing of human
tumor tissues has been undertaken: the Cancer Genome Anat-
omy Project (CGAP) (3) and the Fundaçao de Amparo à
Pesquisa do Estado de Sao Paulo�Ludwig Institute for Cancer
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Montagninirr, Mario Mourão Netorr, Ana Lucia T. O. Nascimentobb, A. Munro Nevilleuu,
Marina P. Nobregadd, Mike J. O’Harett, Audrey Yumi Otsukavv, Anna Izabel Ruas de Melop,
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Research–Human Cancer Genome Project (HCGP) (4, 5).
CGAP, launched in 1997 by the National Cancer Institute, has
used single-pass sequencing from the 5� and�or 3� extremities of
cDNA clones for sequence generation (6). The HCGP project
adopted an alternative EST-based strategy, termed ORESTES,
which generates sequences biased toward the central coding
regions of transcripts (7). The data gathered by these two
projects are thus complementary and have been combined into
an International Database of Cancer Gene Expression (5),
available at http:��cgap.nci.nih.gov. They also constitute the
basis of the Human Cancer Index at TIGR (www.tigr.org�tdb�
tgi�hcgi).

These sequencing initiatives are unique in providing a very
large disease-oriented transcriptional database that contains an
unprecedented amount of information on expressed human
genes. To maximize the benefit of these data, we have made them

all publicly available immediately on generation. We here pro-
vide a description of these data, as well as their utility for the
identification of human genes, the tissue specificity of their
expression, and the structure of some of their transcript variants.
We find that, although the data have been widely used by the
scientific community, much additional information remains un-
tapped.

Materials and Methods
Transcript Sequencing. ORESTES sequences were generated as
previously described (7). Tumors and corresponding normal
tissues were mostly obtained from the Hospital de Câncer A.C.
Camargo, São Paulo, with the exception of purified breast tissue
samples that were obtained from University College London (7).
In addition, extensive use was made of both breast and colon cell
lines. Identification of the source of mRNA for all libraries is
available at the CGAP homepage. CGAP sequences were
generated from the 3� and 5� extremities of both standard and
normalized cDNA libraries from a variety of sources as described
elsewhere (5).

Transcript to Genome Mapping. A comprehensive reconstruction
of human transcripts based on genome data were undertaken
based on two datasets: (i) a set of alignments between transcripts
and genome regions, thoroughly filtered to eliminate the effects
of pseudogenes, highly conserved gene families, repetitive ele-
ments and EST sequencing errors; (ii) a mapping onto the
genome of all polyadenylation sites that could be extracted from
the chromatograms of the EST sequencing projects, thus mark-
ing sites where polyadenylation has been experimentally docu-
mented (8). To be included as a spliced cluster, we stipulated
that canonical splice sites must be present on at least one of
the transcript sequences. ORF identification required that for
the longest ORF predicted by ESTScan (www.ch.embnet.
org�software�ESTScan.html) for each transcript cluster, the
ESTScan score divided by the ORF length had to be �1 (9), an
empirical measure that covers �99% of human SwissProt en-
tries. In addition, the ESTScan-predicted ORFs had to have at
least three nucleotides 5� and 3�, as a measure of having at least
some 5� and 3� UTR.

Generation of a Representative Set of CR Genes. This manually
curated compilation was drawn up during a week-long meeting
of the Annotation Consortium in August of 2001.‡ It is a
nonredundant list comprising 1,127 human cancer-associated
genes based on initial querying of GenBank (www.ncbi.nlm.
nih.gov�GenBank�index.html), GenCard (http:��bioinfo.
weizmann.ac.il�cards�index.html), and Harvard University
(http:��sbweb.med.harvard.edu�research�breast�cancer�
currentlistofgenes.htm) with the words ‘‘cancer’’ and ‘‘tumor.’’
The list is available at http:��bit.fmrp.usp.br�jamborestes.

Detection of Single-Nucleotide Polymorphisms (SNPs). The transcript
sequences were aligned against one another by using FASTA and
base quality values files generated by using PHRED (10, 11). A
SNP was considered for further analysis only if indicated by reads
from at least two different ORESTES libraries, at least two
different CGAP reads, or one read from each source. All
selected SNPs were compared with SNPs already deposited in
dbSNP (www.ncbi.nlm.nih.gov�SNP) by BLASTN. Only newly
identified human SNPs were included in experimental valida-
tion, by PCR with DNA from a panel of 150 Brazilian individuals
from three different ethnic backgrounds: 50 whites (mostly of
Western and Southern European ancestry), 50 blacks (mulattos
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Patologia, Faculdade de Medicina Veterinária e Zootecnia, Universidade de São Paulo,
Avenida Professor Orlando Marques de Paiva 87, 05508-000, São Paulo, SP, Brazil; wFun-
dação Hemocentro de Ribeirão Preto, Faculdade de Medicina de Ribeirão Preto, Univer-
sidade de São Paulo, Rua Tenente Catão Roxo 2501, 14051-140, Ribeirão Preto, SP, Brazil;
ddInstituto de Pesquisa e Desenvolvimento, Universidade do Vale do Paraı́ba, 12244-000,
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excluded), and 50 Japanese. All groups reported no racial
admixture in their four grandparents.

Alternative Splicing. Two approaches were used. In the first, exon
skipping was detected by using J�EXPLORER (available for down-
load from www.sanbi.ac.za�exon�skipping), which reduces the
complexity of the gene sequences to a set of possible splice
junctions used to search for ESTs spanning the annotated
exon–exon junctions (12). The second approach listed all variant
exons as revealed by transcript to genome alignments by using
only those cDNAs that span at least two exons. Variants are
represented by a binary matrix where each row corresponds to
a sequence, and each column corresponds to an exon (33).

Results and Discussion
Gene Identification. Collectively, the Fundaçao de Amparo à
Pesquisa do Estado de Sao Paulo�Ludwig Institute for Cancer
Research–Human Cancer Genome Project and the Cancer
Genome Anatomy Project have deposited over two million
sequences from tumors and normal tissues in GenBank (Table
1). To give perspective, this number of sequences is greater than
that required to complete the high-quality shotgun sequencing of
�40 bacterial genomes. The two projects are the largest indi-
vidual contributors to the public human EST database and are
responsible for �40% of all publicly available human EST data
available (dbEST release 122002, www.ncbi.nlm.nih.gov�
dbEST).

The first, and most obvious, use of ESTs is to define genes
within the human genome. The precise experimental definition
of these structures is crucial not only for CR research but also for
research undertaken in all aspects of human biology. To achieve
this, we have organized our EST data by aligning them, together
with all other publicly available transcript sequences, to the
human genome assembly. This allows an accurate organization
of sequences into clusters corresponding to individual genes even
in cases of minimal overlap or high similarity between paralogs.
The transcript to genome alignment also provides an arbiter of
quality, in that ESTs and EST clusters that span splice sites
(referred to as spliced ESTs and spliced clusters, respectively)
but correspond to still incompletely defined genes can be
unambiguously distinguished from EST sequences derived from
contaminating DNA or immature mRNA molecules.

We identified transcript clusters that contain at least one EST
derived from one of the two cancer transcript sequencing
projects, and which we judge to have a high probability of being
derived from authentic expressed genes due to the presence of
a reportedly full-length cDNA sequence, evidence of splicing or
the presence of a predicted ORF. A total of 22,152 of the clusters
contain full-length cDNAs. We use the presence of such full-
length cDNA-containing transcript clusters as the gold standard

for identification of human genes and refer to the genes they
define as known genes. The known genes mapped by our ESTs
comprise a subset of the total of the 29,332 known genes
currently contained within the human genome, indicating that
�75.5% of known human genes are expressed in the tumors and
normal tissues we have studied. The 25% of genes that were not
represented by our ESTs are defined by ESTs from other
projects or full length cDNAs from various sources. We assume
that these genes are either not expressed or are expressed at low
levels in the cells and tissues that we have studied. Some 4,000
of the known genes to which our ESTs map have been defined
since the publication of the draft human genome in 2001 (13, 14).
In the original published draft, these genes were represented
only by the EST clusters. Interestingly, this number is 75% of all
novel genes defined in this period, demonstrating that our ESTs
equally well represent previously known genes and those still
being defined. The preexistence of the EST clusters led directly
to the generation of full-length cDNAs of a number of CR genes.
The ESTs served either to indicate the existence of genes within
defined regions of the human genome or as evidence of previ-
ously unknown members of paralogous families (Table 2 and
cited in detail in Table 6, which is published as supporting
information on the PNAS web site).

To investigate the extent to which our ESTs represent known
CR genes, we compiled a list of 1,127 human genes known or
presumed to play a role in the process of transformation to
malignancy, which we refer to as CR (cancer-related) genes (see
http:��bit.fmrp.usp.br). The CR set contains extensively studied
CR genes such as TP53, RB1, BRCA1, CDKN2, and ERBB2, as
well as members of paralogous gene families that function in
critical signal-transducing pathways, such as cadherins, integrins,
and mitogen-activated protein kinases. Although incomplete, we
believe the CR set is representative of well characterized genes
relevant to the development of human cancer. Most importantly,
many of these have been cloned on the basis of strategies, such
as positional cloning, that do not depend on transcript abun-
dance. Of the genes in the list, we found that 1,009 (89%) have
at least one corresponding ORESTES sequence; 1,099 genes
(97%) have at least one CGAP sequence; and 1,102 genes (97%)
have EST sequences derived from at least one of the two
projects. Of the 25 genes for which we have not generated ESTs,
18 have no EST coverage at all, indicating that their overall
expression is at very low levels in the human body.

The 9,977 clusters composed only of ESTs represent an
unknown number of additional genes for which a full-length
cDNA is not yet available (Table 1). A particular difficulty in
relating these clusters to genes lies in the very high level of
heterogeneity at their 3� ends (8). Thus, noncoding, spliced
clusters may be extensions of known genes; those that are not

Table 1. HCGP and CGAP transcript sequence generation and
clustering

Form of gene representation
Number of sequences,

clusters, or genes

ORESTES submitted to GenBank 823,121 sequences
CGAP EST submitted to GenBank 1,214,358 sequences
TOTAL EST submitted to GenBank 2,037,479 sequences
Total clusters 32,129 clusters
Total clusters with known genes 22,152 clusters
Clusters without known genes 9,977 clusters
Clusters without known genes but

with coding potential
1,285 clusters

Estimated total genes based on
HCGP and CGAP data

23,437 genes

Table 2. Novel genes and definition of genes with restricted
expression patterns utilizing EST clusters containing sequences
from the HCGP and CGAP databases

Gene type No. of genes

Positionally cloned genes 5
Genes cloned on the basis of homology 16
Tissue restricted expression
Brain 9
Breast 14
Colon 11
Prostate 15
Cancer�testis 4
Various 13
Total 87

Full details are provided in Tables 6 and 7.
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might represent multiple different forms of as-yet-undefined
genes. To avoid the complications of the 3� heterogeneity of
transcripts, and also to exclude clusters that represent noncoding
transcripts, one approach is to use only clusters that contain an
identifiable ORF (9). Although we identified 9,977 EST clusters
with splicing, only 1,285 are apparently coding sequences. We
take these as each representing an individual human gene in the
present discussion, although this one-to-one correlation remains
to be demonstrated by full-length cDNA sequencing. Neverthe-
less, on the basis of these criteria, the two million or so EST
sequences that we have generated translate into 23,437 genes, of
which 1,285 are currently not defined by full-length cDNAs.
Taking our data to include 75.5% of all genes, on the basis of the
coverage of known genes described above, this value would
predict a total of 31,042 genes in the human genome, in line with
other recent estimates (13–16). It should be noted, however, that
this value is likely to steadily increase as more small, nonspliced,
and nonprotein-coding genes are discovered (16–18). These
analyses indicate, however, that about the same number of genes
confirmed by full-length cDNA sequencing since the publication
of the draft genome sequence could be added to the genome
immediately on the basis of the EST clusters with predicted
ORFs to which we have contributed. These data are likely to
contain a rich variety of novel genes relevant to cancer. For
example, we found in September 2001 that among clusters of this
kind, there were 19 that apparently encode novel paralogs of
genes in the CR list. Of these, five have already been deposited
by others in the GenBank database : CAMK1 (accession no.
BC032726), MBD2 (accession no. AY038022), TLN2 (accession
no. NM�015059), BCHE (accession no. BC028713), and CNK
(accession no. AK054808). The remainder will be described in
detail elsewhere as the determination of the full-length se-
quences is completed.

We have previously shown that the number of ESTs corre-
sponding to a gene is an indication of its level of expression (19).
Thus, genes more frequently expressed in tumors than in normal
tissues, for example, can be identified from the EST data. Several
examples of genes with differential gene expression identified
from our ESTs are included in Table 2 and are listed in detail in
Table 7, which is published as supporting information on the
PNAS web site. It should be pointed out, however, that in general
we have rather less data from normal than tumor-derived tissues,
which limits the power of this approach at present. Moreover,
both normal and tumor samples can be highly heterogeneous,
with normal tissues in particular being mixtures of different cell
types. Thus, all conclusions drawn from analysis of our sequenc-
ing data require confirmation both in subsequent RT-PCR
experiments and ultimately by histochemical analysis at the
protein level. Nevertheless, EST cluster size appears to be a
useful general indicator of at least overall gene expression and
comparison of the number of CGAP and ORESTES sequences
with serial analysis of gene expression (SAGE) tags for the same
genes are positively correlated (r � 0.6), despite the very
different sets of tissues that have been accessed by the two
databases. The average cluster size for all of the known human
genes for which we have generated ESTs to date is 606, whereas
the spliced EST clusters with predicted ORFs contain an average
of only 19 ESTs. Thus, the latter represent genes much less
frequently expressed than the average in the tissues we have
studied. The average cluster size of the novel known genes added
to the databases since the publication of the draft genome is 55,
indicating that with time genes with lower levels of expression
are being defined.

Tissue Specificity of Gene Expression. The genomes of all cells in the
human body are copied from that in the fertilized egg, although
they are continually modified over the lifetime of the individual
due to the relentless acquisition of somatic mutations. Although

it is these somatic alterations that are ultimately responsible for
human cancer, their relative importance will depend on the
transcriptional programming of the cell in which they occur.
Thus, the careful documentation of the tissue specificity of gene
expression is vital to understanding the genetic basis of cancer.
For this purpose, the availability of details of the tissue origin of
our ESTs represents a powerful resource. All information on the
tissue origins of our ESTs is available on the CGAP web site
(http:��cgap.nci.nih.gov). For each of seven human tissues
(brain, head and neck, colon, lung, breast, uterus, and kidney),
we have generated �100,000 EST sequences providing, in each
case, a deep survey of gene expression. This value is comparable
to the number of serial analysis of gene expression tags typically
generated in individual experiments for the detection of differ-
ential gene expression and far in excess of any other EST
compilation for individual tissues (20).

On the basis of ESTs that correspond to known genes and
spliced EST clusters with predicted ORFs, we have evidence for
the expression of between 10,000 and 13,500 genes for the seven
tissue types that we have explored in depth, with lung having the
highest number of expressed genes so far (Table 3). This
indicates that not �57% of all of the genes defined by our ESTs
genes are expressed in any one tissue type. It would thus appear
that gene utility is quite variable between tissues. For example,
if we take the 16,084 genes collectively expressed in breast, colon,
and head and neck, there is evidence for expression for only
7,500 (47%) in all three tissues, whereas 4,785 (30%) are
expressed in only one of the three tissues (Fig. 1). These numbers
are arrived at despite the undoubted impurity of the tissue

Table 3. Documentation of gene expression in individual human
tissues and estimation of tissue transcriptome complexity

Tissue ESTs

Total clusters
with known

genes

Clusters with
splicing and

coding potential

Estimated
total tissue

transcriptome

Brain 185,193 12,746 282 13,028
Breast 137,867 10,153 227 10,380
Colon 186,870 12,218 326 12,544
Head�neck 186,298 11,698 261 11,959
Kidney 115,096 12,368 341 12,709
Lung 166,469 13,076 314 13,390
Ovary 53,070 7,472 137 7,609
Prostate 85,910 10,004 224 10,228
Uterus 125,079 11,614 244 11,858
Others 795,627 19,818 1,079 20,897

Fig. 1. Coexpression of genes among breast, colon, and head�neck.
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samples, in particular those derived from bulk tumors. Indeed,
such impurity is readily detected by comparing ESTs present in
libraries derived from bulk tumors but not corresponding cell
lines, as can be easily accomplished by using the tools at the
CGAP home page (http:��cgap.nci.nih.gov). In the case of
colon, for example, genes represented by ESTs from tumors but
not cell lines include many examples (see Table 8, which is
published as supporting information on the PNAS web site) that
would not be expected to be present in epithelial cells. Given this
tissue contamination, we might thus presume tissue specificity to
be even higher than that measured, because the same contam-
inating lymphoid, fibroblast, endothelial, and smooth muscle
cells are likely to be contaminants common to tumors from most
locations.

On the other hand, we wondered whether the apparent high level
of differential gene expression between tissues and between bulk
tumors and cell lines might be exaggerated due to a still-insufficient
level of sequence coverage. To address this possibility, we used data
from the recently completed generation of several million transcript
tags by Massively Parallel Signature Sequencing (MPSS) (21) from
two human cell lines, one from breast and one from colon. In the
MPSS experiment, the depth of sequencing guarantees the identi-
fication of all transcripts present at the level of at least one copy per
cell (22). We found that in the MPSS experiment, �10,000 and
15,000 genes were expressed in the breast and colon cells, respec-
tively, of which only 8,500 were expressed in both cell lines (21). In
addition, inspection of the MPSS data also revealed that the great
majority of the ESTs that we hypothesized were not derived from
tumor epithelial cells and were also not detected in the colon cell
line sequenced by MPSS, and those that were, were at very low
levels (Table 8). Thus on both counts, the levels of EST coverage
that we have achieved appear to provide a view of gene expression
not significantly altered by very much deeper levels of transcript
tagging.

A pairwise analysis of the tissues for which we have generated
�100,000 ESTs indicates a consistency of shared and specific
gene expression, with �70% of genes being expressed in com-
mon by any given pair (Table 4). These findings are consistent
with the structure and function of human tissues being defined
by the usage of highly variable permutations of genes, with
almost all being expressed in more than one tissue. This would
contrast, for example, with a model that requires a fixed set of
ubiquitously expressed housekeeping genes with a substantial
number of entirely tissue specific genes for individual tissues.

The EST data have proved extremely robust when used for the
identification of genes with defined patterns of tissue specificity.
Table 2 indicates examples of published studies that have
identified CR genes with particular expression profiles and
where the clusters representing the genes contained ESTs from
our projects. The details of these studies are listed in Table 7. Of
particular interest has been the identification of genes that are

restricted to organs such as the breast and prostate that could
serve as therapeutic targets for cancers in these organs. In
addition, growing interest is being focused on genes restricted in
expression to normal testis and tumors (CT-antigens) that are
important potential targets of therapeutic vaccines. The rela-
tively sparse use of the data for tissue types other than breast and
prostate indicates there are likely to be many more genes with
restricted expression still to be identified by using our data.

Identification of Gene and Transcript Variants. In addition to gene
definition and identification of the tissues in which a gene is
expressed, ESTs also provide information concerning the exis-
tence of germline variants and alternatively spliced transcript
forms. The former can have a significant impact on an individ-
ual’s predisposition to cancer. Nevertheless, because such vari-
ants take the form of SNPs for the most part, the relatively high
sequencing error rate (�1%) of the single-pass transcript se-
quences we have generated requires that potential variants have
to be carefully evaluated. Nevertheless, many studies have
reported large-scale analyses of SNPs that have incorporated the
ESTs we have generated (23, 24).

By using the original chromatograms, we identified a total of
237 SNPs for genes in the CR list, which are already listed in
dbSNP. Of these, 47 were identified only with ORESTES data,
72 only with CGAP data, and 118 with both. In addition, a total
of 210 further putative novel SNPs were identified by using the
ORESTES data, and 295 were identified by using the CGAP
data. Other studies have indicated that a high percentage of
SNPs based on conventional ESTs, such as those generated in
the CGAP project, can be subsequently verified (24). We
suspected that, because ORESTES is a PCR-based methodol-
ogy, a lower percentage of potential variants may be real. To test
this, we examined experimentally 20 of the nonsynonymous
SNPs identified with the ORESTES data alone and found that
three (15%) were present in a bank of 100 normal human DNA
sequences (Table 5). Although this percentage is (as expected)
low, the ORESTES-based variants tend to be of particular

Table 5. Validated new human SNPs based on ORESTES clusters

Gene
name

Accession
no. Variation

Frequency of the variant allele
in 150 Brazilian individuals

Whites Blacks Japanese

TM4SF3 NM�004616 G�C
G73A

38% C 8% C 27% C

CGM2 X98311 T�A F1201 39% A 63% A 62% A
KISS1 U43527 A�G

Q36R
8% G — —

—, Not yet performed.

Table 4. Pairwise comparison of gene expression in human tissues

Tissue Brain Breast Colon Head�neck Kidney Lung Uterus

Total genes 13,028 10,380 12,544 11,959 12,709 13,390 11,858
Brain X 8,484 9,745 9,370 9,797 10,337 9,502
Breast X 8,577 8,309 8,434 8,715 8,354
Colon X 9,413 9,806 10,176 9,610
Head�neck X 9,316 9,771 9,155
Kidney X 10,299 9,621
Lung X 9,922
Uterus X

The numbers in each box refer to the number of genes expressed in common by the two tissues that head the
rows and columns that intersect at that box. The number of genes that each of these tissues does not express in
common with the other can be determined by subtracting the value in the box from the total number of genes
expressed by each of the tissues, as listed in Table 3.
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interest, because they most frequently lie within the coding
regions, thus potentially generating altered protein molecules.
On the basis of our validation rate, we predict there are likely to
be �30 true novel nonsynonymous SNPs identifiable by the
ORESTES data alone within the CR list.

Alternative splicing generates variability at the transcriptome
level and is conceivably of direct relevance to the generation of
the malignant phenotype (25–27). Extensive utilization has been
made of the ESTs we have generated for the identification of
alternatively spliced genes within the human genome (12, 28–
32). We explored the degree of variability due to alternative exon
usage in the set of 1,124 CR genes by using two different
approaches. The first approach, which detects transcripts dis-
playing exon skipping through the use of a software called
J-EXPLORER (12), predicts possible splice junctions and then
searches the EST databases to identify transcripts spanning the
annotated exon–exon junction. The second approach lists all
variants based on transcript to genome mapping and is thus less
stringent (33). The former found evidence of alternative splicing
for 21.3% of all CR genes, with an average of 1.4 variants per
gene, and the latter found that 47.5% of all genes in the list
undergo alternative splicing with a total of 3,179 variants, and an
average of 3.17 variants per gene. A total of 210 genes were found
by both approaches as having more than one splicing variant. We
sought to validate exon-skipping events identified in three of the
genes: the skipping of exon 7 in CD 53 (NM�00560), the skipping
of exon 26 in PTPN13 (NM�006264), and the insertion of an
additional exon between denominated exons 1 and 2 in NM23A
(NM�000269). We had detected each of these only in ESTs
derived from tumors, thus suggesting that the truncated tran-
scripts might be tumor specific. However, by using a strategy that
enhanced the amplification of the transcript with the skipped
exon with an RT-PCR primer that spanned the novel splice site
formed, we were able, in each case, to detect the alternative
transcript in both normal and tumor derived samples. Thus,
although carefully documented alternative splicing events can

almost always be readily validated, tumor-specific alternative
splicing may be rare.

Conclusion
The data we have generated have contributed to the identifica-
tion of genes within the human genome, the definition of the
tissue specificity of their expression, and the discovery of SNPs
and alternatively spliced transcripts. It has been our intent that
this should speed progress in the diagnosis, treatment, and
understanding of human cancer. The number and variety of
published studies in which the data we have generated appear to
have played a significant role attest to the value of the open-
source approach. Undoubtedly, vastly more progress has been
made than if we had opted to concentrate on in-house utilization
of our findings. Additionally, the thousands of high-quality EST
clusters that are both spliced and contain predicted ORFs, the
hundreds of genes that appear to have strongly tissue-restricted
expression, as well as the thousands of potential SNPs and
alternative splice forms that our data define, suggest that much
more remains to be discovered within the existing publicly
available data. We aim to continue generating sequence-based
CR data with the aim of further improving the accurate tran-
scriptional description of human tumors and the normal tissues
from which they arise. We believe this will not only provide an
important underlying support for broad-based cancer research
but will also serve as the source for novel discoveries and
hypotheses that will ultimately lead to improved cancer care.
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