
BIOINFORMATICS Vol. 20 no. 15 2004, pages 2390–2398
doi:10.1093/bioinformatics/bth256

GEPIS—quantitative gene expression profiling in
normal and cancer tissues

Yan Zhang1, David A. Eberhard2, Gretchen D. Frantz2, Patrick
Dowd4, Thomas D. Wu1, Yan Zhou1, Colin Watanabe1, Shiuh-Ming
Luoh1, Paul Polakis3, Kenneth J. Hillan2, William I. Wood1 and
Zemin Zhang1,∗

1Department of Bioinformatics, 2Department of Pathology, 3Department of Molecular
Oncology and 4Department of Molecular Biology, Genentech Inc., South San Francisco,
CA 94080, USA

Received on January 12, 2004; revised on March 1, 2004; accepted on March 2, 2004

Advance Access publication April 8, 2004

ABSTRACT
Motivation: Expression profiling in diverse tissues is
fundamental to understanding gene function as well as thera-
peutic target identification. The vast collection of expressed
sequence tags (ESTs) and the associated tissue source
information provides an attractive opportunity for studying
gene expression.
Results: To facilitate EST-based expression analysis, we
developed GEPIS (gene expression profiling in silico), a tool
that integrates EST and tissue source information to compute
gene expression patterns in a large panel of normal and tumor
samples. We found EST-based expression patterns to be con-
sistent with published papers as well as our own experimental
results. We also built a GEPIS Regional Atlas that depicts
expression characteristics of all genes in a selected genomic
region.This program can be adapted for large-scale screening
for genes with desirable expression patterns, as illustrated by
our large-scale mining for tissue- and tumor-specific genes.
Availability: The email server version of the GEPIS applic-
ation is freely available at http://share.gene.com/share/gepis.
An interactive version of GEPIS will soon be freely available
at http://www.cgl.ucsf.edu/Research/genentech/gepis/. The
source code, modules, data and gene lists can be downloaded
at http://share.gene.com/share/gepis
Contact: zemin@gene.com
Supplementary information: Supplementary tables and
figures are available at http://www.cgl.ucsf.edu/Research/
genentech/gepis/

INTRODUCTION
Expression analysis is essential for understanding gene func-
tions and identifying therapeutic targets. A gene with a
restricted expression pattern is likely to be functionally related
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to the tissue or disease state in which this gene is specifically
expressed. The development of high-throughput expression
analysis technologies such as microarrays has dramatically
improved our ability to study the expression of a large panel of
genes in a particular tissue. Meanwhile, it is equally desirable
to study the expression of a single gene over a wide spectrum of
tissue types. For example, comprehensive expression profiling
helps identify targets for monoclonal antibody-based cancer
therapies (Green et al., 2000), as nonspecific expression of the
target gene would predict undesirable toxicity. Although it is
possible to perform multiplexed cDNA- or oligonucleotide-
based microarray experiments over many different tissues to
derive gene expression profiles (Ramaswamy et al., 2001;
Ross et al., 2000; Su et al., 2002), it is important to develop
methods that profile expression of all genes, not just genes on
chips, in a simple and quantitative manner.

The collection of expressed sequence tags (ESTs) (Adams
et al., 1991) provides an increasingly attractive source for
expression analysis. Since EST clone frequency is in prin-
ciple proportional to the corresponding gene’s expression
level (Adams et al., 1993), ESTs have been successfully used
previously for studying expression signatures or differential
expression analysis (Audic and Claverie, 1997; Ewing et al.,
1999; Hishiki et al., 2000; Scheurle et al., 2000; Schmitt
et al., 1999). More recently, the application of ESTs in study-
ing the human cancer transcriptome has been summarized by
reported large-scale efforts by the Cancer Genome Anatomy
Project (CGAP) and Human Cancer Genome Project (HCGP)
(Brentani et al., 2003). However, unlike microarray techno-
logy, the EST-based method has yet to become a prevalent
approach for expression analysis, as it has been limited by
several factors: insufficient EST data for representing diverse
tissues, concerns over subtracted and normalized libraries,
the need for experimental validation of EST-derived results
and a dearth of user-friendly tools for analyzing expression
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results. With increasingly comprehensive EST collections and
better-annotated EST libraries, it is now possible to develop
EST-based technology that performs thorough and reliable
gene expression analysis. In particular, EST data representing
both normal tissues and their cancer counterparts would facil-
itate both tissue- and tumor-specificity analysis of essentially
all genes.

In this paper, we describe GEPIS (gene expression profiling
in silico), a publicly available web application, which com-
putes expression profiles of input sequences in normal and
cancer tissues. In addition, to facilitate expression analysis in
the genomic context, we provide a graphical expression atlas
of a genomic region that shows the expression patterns of the
adjacent genes, as the expression of neighboring genes often
sheds light into the mechanisms of differential gene expression
(Spellman and Rubin, 2002; Zhou et al., 2003). Furthermore,
we provide the backend GEPIS program that can be adapted
for large-scale data mining. To illustrate the capability of
GEPIS-based mining, we screened for tissue-specific as well
as tumor-specific genes, and experimentally validated targets
found by GEPIS. This microarray-independent method will be
a valuable resource for studying gene expression patterns, for
screening for targets with desirable specificities, and for gain-
ing insights into mechanisms of differential gene expression.

METHODS
Collection and classification of EST libraries
The human EST collection consists of all sequences in the EST
division of GenBank (http://www.ncbi.nlm.nih.gov/dbEST/)
(Boguski et al., 1993). Quality information contained in
the GenBank file was used to trim low-quality bases
from sequences. Based on tissue and histology data
for library information from the National Cancer Insti-
tute (NCI) and CGAP (http://cgap.nci.nih.gov/Tissues/ and
ftp://ftp1.nci.nih.gov/pub/CGAP/Hs_LibData.dat), each EST
was assigned a tissue source value and a disease value.

Since the classification and selection of EST libraries
were expected to be critical for reliable expression analysis,
we established a number of quality control steps to identify
usable libraries and to group them in the appropriate tissue
categories. First, we removed ESTs with unknown, ambigu-
ous or pooled tissue sources and discarded ESTs that failed
to fall into either the ‘normal’ or the ‘cancer’ categories. For
metastatic tumors, the primary tissue of origin was recorded as
the tumor source. ESTs from libraries labeled as ‘normalized’
or ‘subtracted’ were also excluded as they might obscure EST
abundance calculation. In addition, 118 libraries derived from
embryonic or fetal tissues were removed from this study as
they might exhibit different expression signatures from their
adult counterparts. Finally, we discarded a number of libraries
that might have been misclassified according to our expression
analyses. For instance, library NCI_CGAP_Br16, annotated
as a mammary gland library, was atypical of other breast

tissue libraries because it contained a large number of ESTs
for prostate-specific genes such as prostate-specific antigen
(PSA) and acid phosphatase, prostate (ACPP). This discrep-
ancy was most likely caused by a rare problem in library
annotation, but it alerted us to use the annotation informa-
tion with caution. These data cleansing steps led to a lookup
table that contains linking information from ESTs to libraries
to tissue types.

Gene expression profiling in silico
A computational program, GEPIS, was developed to calcu-
late gene expression level and tissue distribution based on
EST data and library information. First, the sequence align-
ment program BLAST (Altschul et al., 1990) was used to find
EST sequences that matched a human gene of interest. Mul-
tiple EST reads from the same clone were reduced to a single
read. The library identifier of each EST clone was then used to
associate its tissue source based on the library-tissue lookup
table. Multiple libraries of the same tissue type were aggreg-
ated in both the number of gene-matched EST clones and total
number of EST clones. This allowed a digital expression unit
(DEU) value to be derived for each tissue category, calculated
as the total number of matching EST clones divided by the
sum of library sizes and multiplied by 1 000 000. Even though
a typical EST library contained only a few thousand-clone
sequences, multiple libraries from the same tissue type were
aggregated to form a composite data source that became more
information-rich and better represented rare genes. DEU cal-
culation thus approximates EST representation in libraries of
a pool of one million sequences. DEU values were calcu-
lated iteratively for each tissue type to profile expression levels
across all tissues.

TheZ-test was applied to determine whether DEU in sample
type A was statistically higher than DEU in sample type B.
Comparisons could be made between normal and cancer
samples from the same tissue, or between two different types
of tissues. For a given gene, the common relative abundance

�

p

was computed in all libraries by taking the sum of clone counts
for the gene over all libraries and dividing by the total number
of clones over all libraries. The relative abundance for the gene
in type A (

�

pA) and in type B (
�

pB) libraries was also calculated.
The test statistic Z-score was calculated as follows:

Z =
�

pA − �

pB√
�

p(1 − �

p)[(1/NA) + (1/NB)]
,

where NA and NB are the total numbers of EST clones derived
from A and B. The Z-score can then be referred to the normal
distribution to yield a P -value.

All source code is available at http://www.gene.com/
share/gepis along with information on how the program can
be set-up. The backend program runs in the UNIX environ-
ment and we provide CGI scripts for setting up a web interface
that displays results graphically. The response time of the
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program is primarily dependent upon the speed of the BLAST
program against the EST database.

Tissue-specificity searching and display
To search for genes with specific tissue expression, we per-
formed a series of inter-tissue Z-tests of their normal DEU
units for all human genes available in the LocusLink (Pruitt
and Maglott, 2001) database. The 23 995 LocusLink entries
for human genes (downloaded from ftp://ftp.ncbi.nih.gov/
refseq/LocusLink/LL_tmpl.gz, November 2003) with repres-
entative mRNA sequences were included in our analyses. The
genomic coordinates of these genes (Build-34 of the human
genome) were retrieved from NCBI (ftp://ftp.ncbi.nih.gov/
refseq/H_sapiens/H_sapiens/maps/mapview/BUILD.34/seq_
gene.md.gz). For each gene, we compared the tissue with the
highest DEU level against each of the remaining tissues. To
be considered as tissue specific in this study, a gene needed
to satisfy a number of stringent selection criteria. When com-
paring each pair of tissues, we required a minimum of 2-fold
difference in expression level and a P -value of <0.025 from
the Z-test. In addition, we restricted target tissues to those
with a combined library size of over 10 000 ESTs. Moreover,
since the median DEU level in all normal tissues across all
human LocusLink genes was ∼70, we required a DEU level
over 140 in the target tissue and a DEU level under 70 in the
remaining tissues.

Genes differentially expressed in cancer samples
Ideal therapeutic targets for tumors are often gene products
that are up-regulated in tumor samples when compared with
matched normal. It is also desirable that the target genes show
lower expression in all other normal tissues to minimize tox-
icity. We performed GEPIS analysis for all genes available in
the LocusLink dataset and collected genes that satisfied the
following selection criteria. First, the expression level in the
target tumor tissue was at least 2-fold higher than the cor-
responding normal tissue with a P -value of <0.025 from the
Z-test. In addition, both the target tumor and normal tissues
had a total library size of over 10 000 ESTs. Furthermore,
guided by the statistical ‘rule of threes’ (Louis, 1981), we
required a minimum of three EST hits from the target tumor
tissue to increase the reliability of our results. Finally, the
DEUs in the rest of the normal tissues had to be under 70, the
approximate median expression level.

TaqMan analysis of gene expression levels
RNA was extracted from frozen samples of nine colon adeno-
carcinomas and two normal colon tissues and purified by
CsCl gradient centrifugation, phenol/chloroform extraction
and ethanol precipitation. Quantitative polymerase chain reac-
tions (PCRs) were performed under standard conditions (Heid
et al., 1996). Amplification primers and hybridization probes
were designed for each gene in the 3′-untranslated region of
the cDNA. Data were analyzed by the Comparative Ct Method

using GAPDH as the internal control (Applied Biosytems
User Bulletin # 2 Relative Quantitation of Gene Expression
1997).

Creating Regional GEPIS Atlas
Regional GEPIS Atlas is a composite of visual transcriptome
maps depicting the expression level of all neighboring genes
in selected tissues. To do this, we pre-computed the GEPIS
results for all representative mRNA sequences for human
LocusLink and stored their genomic coordinates downloaded
from NCBI. For an input sequence, the web application first
identifies the matched LocusLink record by BLAST ana-
lysis (minimum requirement of match length of >60 bp with
>98% identity, and the top hit was chosen) and then retrieves
the surrounding genes residing within a user-specified dis-
tance (in kb). The precomputed log2(DEU) values for both
normal and tumor tissues of each neighboring gene are
then plotted along the chromosome according to its gen-
omic coordinates, producing local transcriptome maps in
each of the user-selected tissues. The drawing program
was implemented in Perl and runs on the UNIX platform,
and each chart is saved in the PNG format. The drawing
program required extending the Perl GD and GD::Graph
(http://www.cpan.org) modules. The graphical tools can be
downloaded at http://www.gene.com/share/gepis

RESULTS
EST-based profiling of gene expression in diverse
tissues
The steady accumulation of ESTs in the public database has
made it feasible to reliably profile gene expression in a reas-
onably comprehensive manner. After excluding EST libraries
that were unsuitable for expression analysis, we found that
usable EST libraries represented 43 diverse tissue categories,
with most of the tissues covered by both normal and tumor
types (Supplementary Table 1). Using GEPIS, gene expres-
sion profiles were rapidly generated by retrieving the number
of matching EST clones for a given gene from each library for
all available tissue types. The expression level of each gene
is given as a DEU value, the number of matching EST clones
per million total library clones.

Digital expression unit should be directly proportional to
the absolute level of gene expression, i.e. the copy number of
mRNA per cell. We examined whether our expression profiles
agree with previous experimental data for well-characterized
genes. In general, EST-based expression profile correlated
very well with previous observations. For example, PSA
is known to be specifically expressed in prostate (Clem-
ents et al., 2001; Diamandis et al., 2000). In EST-based
expression profiles, PSA exhibited remarkable tissue spe-
cificity in prostate, with over 90% of all matching ESTs
falling in this tissue category (Fig. 1A). BEHAB/brevican
is another well-characterized gene shown to be specific to
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Fig. 1. EST-based expression profiles of PSA (A), BEHAB (B) and RPL12 (C) The ‘digital’ expression levels, represented by DEU units, in
normal and tumor samples are shown in green and red, respectively. Although a more comprehensive profile covering additional tissues and
disease types could be generated, only a standard set of 34 tissues are shown here whose combined EST library sizes are over 10 000.

brain and is up-regulated in invasive glioma (Gary et al.,
2000; Jaworski et al., 1996; Viapiano et al., 2003). GEPIS
again faithfully recapitulated such specific expression pattern
(Fig. 1B) for BEHAB/brevican. In contrast, other housekeep-
ing genes, such as RPL12 (ribosomal protein L12), exhibited
ubiquitous expression by GEPIS analysis in all tissues where
EST data are available (Fig. 1C).

DEU correlates with TaqMan-determined
expression levels
Since the GEPIS-derived expression level in a particular tis-
sue was based on a pool of different EST libraries and many
of original tissue samples were not readily available, it was
impractical for us to experimentally validate whether our res-
ults directly correlated with true mRNA levels in the original
tissue samples. Instead, we obtained 11 normal and malignant
colon samples from a commercial source, and determined
whether our GEPIS results reflect mRNA levels in these
colon samples. A series of real-time PCRs (TaqMan) were
performed for 40 different genes that were expected to rep-
resent high, moderate and low expression levels in colon.
The TaqMan CT values of the genes tested were plotted
against the log of the DEU value based on ESTs from colon
libraries, as a difference of 1 CT unit corresponds to a 2-fold

difference in mRNA (Fig. 2). In spite of the intrinsic variation
of TaqMan analysis and the use of different tissue samples
in the TaqMan and EST analyses, the DEU values correlated
well with TaqMan-determined expression levels. Over a broad
range of expression levels, the CT values correlated with the
log2 (DEU) in a linear fashion with a slope of approximately
−1.0 and an R2 of 0.6 (Fig. 2). Similar correlations were
also observed when we performed TaqMan analyses using
breast and prostate samples (data not shown). These analyses
provide experimental evidence for the validity of EST-based
expression analysis.

GEPIS screening for tissue-specific genes
The ability to examine gene expression rapidly and reliably
in a wide spectrum of tissues has many useful applications.
One such application is the large-scale identification of genes
with specific tissue expression, as GEPIS successfully recap-
itulated expected expression patterns of known tissue-specific
genes such as PSA and BEHAB/brevican (Fig. 1). To screen
for tissue-specific genes, we evaluated all available genes
computationally using criteria similar to those used in pre-
vious work (Su et al., 2002). The median DEU level of all
genes was ∼70. A gene was considered tissue-specific if its
DEU level was above 140 in one normal tissue, but less than
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y = -1.01 x  + 27 .7R2 = 0.601315 17 19 21 23 25 27 29 31 33 0 2 4 6 81012 TaqMan CT valueLog2(DEU)
Fig. 2. Correlation between TaqMan CT values and EST-based
expression levels. Each dot represents one of the 40 tested genes
that were expected to exhibit wide ranges of expression levels in
colon samples, such as the abundant gene GAPDH and the rare gene
GNRHR. The TaqMan CT values were the averages from 11 different
colon samples (two normal and nine tumor samples),and error bars
show SDs. DEU values were based on normal and tumor colon EST
libraries. Since an increase of 1 CT value reßects a 2-fold decrease
in expression level, the averaged CT values are plotted against the
base-2logarithmsofDEU.AfewgenesthatdidnothaveanyEST
representation from colon libraries were given a pseudo clone count
of 0.2 to be included in the log plot.The linear trend line has slope
of Š 1.01 and y -intercept of 2
17. TheR

2

value is 0.60.70 in all other normal tissues, and the difference was stat-
istically signiÞcant usingZ -tests. From a total of� 24005

human genesin the LocusLink collection,248 genespassed

our selection criteria (Supplementary Table 2).The expression proÞles for these 248 tissue-speciÞc genesareshowninaheat-maprepresentation(Supplementary

Figure 1). Many of these genes are well-known to be spe-

ciÞcally expressed in one unique tissue,such as insulin in

pancreas and crystallin in eye. Based on gene annotations,

the collections of tissue-speciÞc genes are consistent with

the biological functions of each tissue. For example, many

of the kidney-speciÞc genes encode for protein products

that are solute carriers and ion channels and many of the

26Ôpancreas-speciÞc genes produce insulin and a variety of

proteases (Fig. 3). To conÞrm this further, we examined the

pancreas-speciÞc genes to determine whether they were con-

sistent with previous observations. A literature survey of these

26 genes indicated that 20 genes showed pancreas-speciÞc

expression or had pancreas-speciÞc functions and 3 genes

showed dual expression speciÞcity in brain and pancreas. One

gene had conßicting expression data in the literature, and there

was no information for the remaining two uncharacterized

genes. These results underscore the reliability of GEPIS-based

screening for tissue-speciÞc genes and will shed light into the

biological functions of the uncharacterized genes.

Large-scale GEPIS identiÞcation of cancer
target genes
The abundant representation of both normal and tumor
samples in the EST database also enables large-scale search-
ing for genes differentially expressed in tumor samples. The
identiÞcation of these Ôtumor genesÕ will not only help us to
understand their molecular functions, but may also provide
candidate targets for cancer therapies. To illustrate the capab-
ilityofGEPISinthisregard,wescreenedallgenesavailablein
the LocusLink dataset and collected genes that showed 2-fold
higher expression when comparing tumor to normal tissues
with statistical signiÞcance measured by Z -test. For toxicity

considerations, weexcludedthosegenesshowinghighexpres-
sion (above the median level) in any of the remaining normal
tissues. This procedure produced 370 genes that exhibited
differential expression in 18 different tissues (Supplementary
Figure 2 and Supplementary Table 3). The expression pat-
terns in a panel of normal and tumor samples for some of
these Ôtumor genesÕ are shown in a heat-map representation
(Fig. 4). Many of the genes displayed ideal expression pro-
Þle for cancer targets: speciÞc expression in one of the tumor
types. We found expected genes, such as BEHAB/brevican
from brain tumors (Garyet al., 2000; Jaworskiet al., 1996;

Viapianoet al., 2003), and several melanoma antigen family
(MAGE) members from skin cancer samples (Basarabet al.,

1999; Brasseuret al., 1995; Chenet al., 1997; Lucaset al.,
1998). This list of Ôcancer genesÕ will be a valuable resource
for cancer research and target discovery.GEPIS gene expression in the genomic contextAnalysis of gene expression in a genomic context often
provides additional insights into the basis for any observed dif-
ferential expression pattern. In fact, the GEPIS tool has been
successfully applied to the identiÞcation of potential tumor
amplicons (Zhouet al., 2003), as aberrant DNA ampliÞcation

often results in clusters of genes along the genome that dis-
play up-regulation in cancer samples. Our GEPIS application
creates a Regional GEPIS Atlas that displays the expression
pattern of all genes in the vicinity of an input DNA sequence.
One such example is shown in Supplementary Figure 3 where
the normal/tumor expression patterns in selected tissues are
shown for 16 genes located in a 1.4 Mb genomic window
centered on the inputMMP1gene. The length of the genomic

window and tissues of interest can be adjusted. This display
quickly illustrates not only the proximity of nine members
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Pancreas

Kidney

Fig. 3. Heat-map representation of expression patterns of kidney- and pancreas-specific genes found from the GEPIS tissue-specificity screen.
Each row represents one distinct gene and each column one type of normal tissue. The LocusLink ID of each gene is shown to the left and
gene symbol to the right. Each cell is colored according to its DEU value in normal tissues and is set with an RGB vector (r , 0, 0), where
r is the integer value of DEU. Cells with DEU value of zero are therefore shown in black. DEU values between 0 and 255 are mapped to
the primary red color with increasing intensity. DEU values which are equal to or greater than 255 are shown as bright red with RGB vector
(255, 0, 0). The complete heat-map that includes all the 240 tumor-specific genes is shown in Supplementary Figure 1.

of the MMP gene family along the chromosome but also the
tissue-specific nature of various MMP genes. In addition, it
reveals that most of the genes in this region exhibit higher
expression in colon tumor compared with normal colon, sug-
gesting a possible link to regional aberrant DNA amplification
in colon cancer. Furthermore, the consistent high expression
of a neighboring hypothetical gene (MGC2714) in tumor tis-
sues implies a possible tumorigenic role for this gene, like the
rest of the MMP family members.

DISCUSSION
Although the concept of using ESTs for expression analysis
has been known for over a decade, the full value of EST-
based expression has been somewhat overshadowed by the
emerging microarray technology. While microarrays can be an
extremely powerful method, EST data can be a strong alternat-
ive or even an advantageous method in some cases. Depending
on the nature of specific studies, ESTs potentially offer sev-
eral advantages. First, the extensive gene coverage by ESTs
(Brentani et al., 2003) allows expression analysis of almost all

genes, and gene representation is not affected by the sequence
picking and designing process required by microarray chips.
Furthermore, all the raw EST and tissue source data are
already publicly available; therefore, much of the laborious
laboratory work can be bypassed when studying the expres-
sion in many diverse tissues. Moreover, since the expression
level is represented by mRNA abundance over total transcripts
and is independent of probe selection and hybridization intens-
ity, EST-based analysis can be a more quantitative and direct
measurement of gene expression than microarray-based res-
ults. In fact, based on the EST data, we were able to perform
large-scale screening for therapeutic tumor antigen targets,
namely cell surface proteins with high and specific expres-
sion in tumor cells, and many of these targets have been
experimentally validated by a variety of methods including tis-
sue microarray, in situ hybridization and quantitative reverse
transcription–PCR RT–PCR (data not shown).

For ESTs to be widely used and accepted for expression
analysis, appropriate tools need to be in place to integrate tis-
sue, EST and genomic information, and to provide reliable
expression results that can be easily interpreted. Some tools
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colon

skin

brain

Fig. 4. Heat-map representation of tumor/normal expression patterns of groups of genes found from the GEPIS tumor-specificity screen. This
figure is a compilation of three groups of genes that appear to be specific to brain-, colon- and skin-tumor tissues. Each row again represents
one distinct gene, and its LocusLink ID is shown to the left and gene symbol to the right. A panel of normal tissues is included on the left and
a panel of the corresponding tumor tissues is included on the right. The coloring RGB scheme is identical to that described in Figure 3. The
complete heat-map that includes all the 370 tumor-specific genes is shown in Supplementary Figure 2.

have been built for EST-based comparative expression ana-
lysis, such as the digital differential display (DDD) (Scheurle
et al., 2000) available at NCBI and cDNA xProfiler at CGAP.
SAGEmap (Lash et al., 2000), another useful gene expression
tool, is based on SAGE data instead of ESTs but is nonethe-
less similar in principle to EST-based expression analysis.
The GEPIS program described here complements existing
tools with its ability to display the expression pattern over
a large number of normal and tumor samples for individual
genes as well as the expression characteristics of a group
of genes in a genomic region. In addition to rendering the
graphical displays, GEPIS offers a way to rapidly screen for
genes with desirable expression patterns, e.g. specific expres-
sion in prostate cancer, by modifying a few settings of the
program. Therefore, we are providing all the source code
files so that they can be adapted for different purposes. For

example, the screens for tissue-specific and tumor-specific
genes described here can be easily modified to suit more strin-
gent or relaxed purposes by adjusting the P -value requirement
and fold differences.

The reliability of EST-based expression results should be
ultimately validated by experimental methods. For the genes
we have tested so far, we observed a good correlation between
EST results and data from tissue microarray and quantit-
ative RT–PCR. The success in making GEPIS reliable can
be partially attributed to our data cleansing efforts, where
problematic tissue libraries (subtracted or normalized) were
excluded, questionable libraries avoided and mislabeled lib-
raries corrected. It is also important to aggregate individual
EST libraries at an appropriate level. While more detailed
classification of libraries allows expression analysis in more
specific tissue types (e.g. infiltrating duct carcinoma versus
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breast cancer), sample pooling enriches data content and
thereby makes results more reliable. We are confident with
the expression results when the combined library size is
over 10 000.

It is worth noting that ESTs from other organisms could
in principle be used by the GEPIS application for expression
analysis. The reliability of EST-based expression results is
expectedly dependent on the number of available ESTs. In
particular, the four-million mouse ESTs in the NCBI dbEST
database represent another attractive data source for expres-
sion studies. Preliminary analysis of mouse ESTs indicates
a strong bias toward normal mouse tissues. Although the
low mouse cancer EST content precludes reliable cancer
transcriptome analysis at this stage, the remaining normal
ESTs could be excellent for normal tissue expression profil-
ing. As ESTs continue to accumulate in the public domain, the
quality of GEPIS analysis should improve further. The avail-
ability of this tool will enhance the functional understanding of
genes as well as target identification for therapeutic purposes.
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