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In silico analysis identifies genes common between five primary
gastrointestinal cancer sites with potential clinical applications

Subhankar Chakraborty

University of Nebraska Medical Center, Omaha, NE, USA

Abstract

Background Previous studies have investigated differential gene expression in gastrointestinal
(GI) epithelial cancers by microarray. The aim of the present study was to use data from the
Oncomine database to identify genes that share a similar differential expression in two or more
primary GI cancer sites.

Methods Five thousand of the most differentially expressed genes in epithelial cancers (compared
to normal tissue) arising in the pancreas, liver, stomach, esophagus or colorectum were identified
(1,000 per primary site) from Oncomine. Using Venn diagrams, genes common to two or more
primary GI sites were identified. Functional and pathway analysis was performed on genes that
were similarly expressed in >3 of the five areas of the GI tract.

Results Forty six studies comprising 5,876 samples were included. Overall, 90.6% genes were
unique to the respective primary sites, 7.4% shared between two GI primary sites, 1.8% between
three and 0.2% between four GI primary sites. Pancreatic and hepatocellular cancers (HCC)
shared most number of upregulated genes (N=66) while HCC and gastric cancer shared most
downregulated genes (N=59). Genes encoding enzymes comprised the most commonly shared
genes between GI primary sites (30.4% of upregulated and 63.2% of downregulated genes). Those
genes that were shared between three or more GI primary sites also showed significant differential
expression in the same direction in other non-GI cancers.

Conclusion The present study has identified several genes that show similar differential expression
in cancers arising from two or more sites in the GI tract. These genes can be potentially useful as
novel therapeutic targets.
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Introduction

The Oncomine database is one of the largest collections of

various gastrointestinal (GI) cancers compared to normal GI
tissue, there are differences in the results from study to study.
Thus, analysis of results from multiple studies provides the

microarray data. The current research edition has 715 datasets
with 86,733 samples. According to the American Cancer
Society, cancers of the digestive tract comprise about 290,000
new cancers each year while accounting for nearly 145,000
cancer related deaths annually. Thus they are expected to
account for nearly 17.5% of all new cancer cases and about 25%
of cancer related deaths in 2013. While there are numerous
studies that have investigated the global gene expression in
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opportunity to get a more accurate picture of differential gene
expression in cancer tissues. The GI tract is embryologically
derived from the endoderm with the esophagus and stomach
derived from the foregut, duodenum from the foregut and
midgut, liver from the ventral mesentery, pancreas from the
septum transversum, transverse and ascending colon from the
midgut and the transverse colon and rectum from the hindgut.
If we could identify a set of genes that are common between
cancers arising from multiple GI sites, this would help identify
pathways and in turn targets for therapy of GI malignancies.
The Oncomine database provides us the opportunity to test this
hypothesis owing to the large number of samples available for
analysis. In this study, we compared gene expression between
epithelial cancers arising from five different GI primary sites
(pancreas, liver, esophagus, stomach and colorectum). We
discovered that there were multiple genes common to at least
three and four GI primary sites but none to all five primary sites.
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Methods

The Oncomine database (www.oncomine.org) was queried
for studies comparing normal tissue from a part of the GI
tract to tissue from an epithelial malignancy arising from
the same tissue. All studies in the database which compared
gene expression in GI cancer tissue to the corresponding
normal tissue were included. For instance there were fifteen
studies involving 2,208 samples that had compared gene
expression in colorectal cancer to the corresponding normal
tissue. The Oncomine database allows us to compare gene
expression across multiple studies to identify the genes that are
differentially over or under expressed in majority of the studies.
Only those genes with P-value <0.05 were included. The first
500 most over and 500 most under expressed genes for each
primary site were included in the analysis. Five primary sites
in the GI tract, i.e. esophagus, stomach, pancreas, liver, and
colorectum, were included in the study. To identify genes that
were commonly expressed between different GI malignancies,
we used VENNTURE, a freely available tool to compare genes
among up to six groups (http://www.irp.nia.nih.gov/branches/
Ici/nia_bioinformatics_software.html). To investigate the
function of a given gene we used the PANTHER database
(http://www.pantherdb.org/). Interactions of one or more
genes with other genes were investigated using the GeneMania
online tool (http://genemania.org/). To investigate chemicals
targeting a particular gene product, we used the STITCH
database (http://stitch.embl.de/).

Results

A total of 5,000 genes (1,000 genes per primary GI site) were
included in the analysis. For each primary site, we identified
500 genes that were upregulated and 500 that were most
downregulated in majority of the included studies. There were

fifteen studies comparing colorectal cancer to normal colon,
seven comparing esophageal cancer (includes both squamous
and adenocarcinoma) to normal esophagus, seven on gastric
cancer, eight on hepatocellular (HCC) and nine comparing
pancreatic cancer to respective normal tissue. These studies
included 2208, 514, 1408, 1324 and 422 samples respectively.

To compare gene expression between the five primary GI
sites (pancreas, liver, stomach, esophagus and colorectum) and
in turn identify genes that were common between two or more
primary sites, we used the VENNTURE Venn diagram tool.
Separate comparisons were made for upregulated (Fig. 1) and
downregulated genes (Fig. 2).

Upregulated genes

Table 1 shows the number of genes that were commonly
upregulated in epithelial cancers arising from two or more
primary GI sites (the genes that are differentially upregulated
in GI cancers can be found in the website Suppl. File 1).
Among the five GI sites, gastric cancer shared the most
number of upregulated genes with the other four sites (only
51.8% of upregulated genes were unique to gastric cancer).
In comparison, HCC shared the least number of upregulated
genes with other sites (71.2% genes were unique to HCC).

Pancreatic cancer and HCC had sixty six (13.2%) of
upregulated genes in common, making them the two cancers
most similar in this category. They were followed by pancreatic/
esophageal cancer with 31 (6.2%) and esophageal/gastric
cancer with 29 (5.8%) genes in common.

When we examined three primary GI sites that shared
common upregulated genes, esophageal, gastric and colorectal
cancer with 18 common genes (3.6% of total) were first.
Pancreatic, HCC and gastric cancer with 10 common genes
(2% of total) were second.

When we examined over expressed genes common to four
primary GI sites, the pancreas, liver, stomach and esophageal
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Figure 1 Venn diagram analysis of genes upregulated in five primary gastrointestinal cancer sites. A color represents a particular primary site of
GI cancer- for instance, pink is Pancreas, green is for liver, light blue for colorectum, red for stomach and dark blue for esophagus. In Panel A,
Venn diagram method has been used to identify the number of genes that are shared between two or more cancers. For instance, cancers arising
in the pancreas and liver share 66 common upregulated genes while 306 genes are unique to the pancreas. In Panel B, we have sequence numbers
corresponding to the column numbers in Suppl. File 1 (website). Refer to the corresponding column number for the names of specific genes. For
instance, the 66 upregulated genes common between pancreatic and liver cancer are in column 13
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Figure 2 Venn diagram analysis of genes downregulated in five primary GI cancer sites. A color represents a particular primary site of GI cancer-
for instance, pink is Pancreas, green is for liver, light blue for colorectum, red for stomach and dark blue for esophagus. In Panel A, Venn diagram
method has been used to identify the number of genes that are shared between two or more cancers. For instance, cancers arising in the pancreas
and liver share 25 common downregulated genes while 378 genes are unique to the pancreas. In Panel B, we have sequence numbers corresponding
to the column numbers in Suppl. File 2 (website). Refer to the corresponding column number for the names of specific genes. For instance, the 25
downregulated genes common between pancreatic and liver cancer are in column 13

cancers had three genes in common (0.6% of total). There was
no gene upregulated in all five primary sites.

Downregulated genes

Gastric cancer shared the most number of downregulated
genes with other cancers with only 60.8% unique genes, while
pancreatic cancer shared the least (75.6% unique genes)
(Table 1). The list of genes that are differentially downregulated
in GI cancers can be found in the website Suppl. File 2.

With fifty nine genes (11.8% of total) commonly
downregulated genes, HCC and gastric cancer were most
similar, followed by pancreatic/gastric cancer with 28 (5.6% of
total) and pancreatic cancer/HCC with 25 (5% of total) genes
in common.

Gastric cancer, HCC and colorectal cancer had twenty
genes in common making them the most similar trio. When
comparing commonly downregulated genes in four primary
GI sites, pancreatic, HCC, gastric and colorectal cancer had six
genes in common making them the most similar quartet. There
was no gene common to all five primary GI sites.

Functional classification of genes shared between different
primary Gl sites

Having identified the genes that were commonly up- or
down-regulated in different primary GI cancers, we next
sought to investigate the pathways that these common genes
represented.

We chose genes that were shared between three or more GI
primary sites for this analysis. We hypothesized that this would
lead to an enrichment of genes (and therefore pathways) that
were key in the development of cancer in GI and potentially in
other non-GI cancers as well. To assign biological function to
genes, we used the PANTHER program. Overall, we were able
to identify the function of a gene in 90% of upregulated and 69%

of downregulated genes that were common in three or more
primary GI sites. We divided these genes into eleven functional
groups, i.e. transporter proteins, enzymes, cytokines and
growth factors, proteins (Excluding enzymes) involved in DNA
replication, transcription factors, binding proteins, proteins
involved in translation, chaperones, immunity associated
proteins, structural proteins, and others (that did not fit into
any of the previous ten groups). As a group, enzymes comprised
the bulk of genes differentially expressed in cancer cells, making
up 30.4% of upregulated and 63.2% of downregulated genes
(website Suppl. Fig. 1 and 2). Binding proteins were the second
most common group, accounting for 19.6% of upregulated and
13.2% of downregulated genes. The functional classification
of the genes commonly up or downregulated in three or more
primary GI cancer sites is summarized in Table 2.

In order to investigate the cellular pathways regulated
by genes common to three or more GI cancers, we used the
GeneMania online program to investigate the interactions of
these genes with other genes. For the upregulated genes, we
noticed interactions with cell cycle regulators, Ras and Rho
GTPases and components of the extracellular matrix. These
genes were also involved in pathways that regulated cell division,
adhesion, motility and assembly of the cell junctions (website
Suppl. Fig. 4). The genes that were downregulated were involved
in pathways that inhibited cell motility and cell growth, and
regulated metabolism (including steroid, cholesterol, alcohol
metabolism) and cellular biosynthesis (synthesis of glycolipids,
lipoproteins and phosphatidylinositol). These genes (and their
interacting partners) included several enzymes important in
metabolic pathways including transferases, hydrolases and
oxidoreductases (website Suppl. Fig. 4).

Next, we investigated whether the genes that were most
commonly over or under expressed in GI cancers were also
similarly expressed in non-GI cancers. For this, we chose
genes that were common to four or more GI sites. Like
before, we felt this would give us the best enrichment of genes
commonly expressed in GI malignancies. Thus, we examined
the expression of TMEMZ220, ACADVL, RNF222, ZZEFI,
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Table 1 Summary of common gene expression between two or more primary gastrointestinal primary cancer sites

Number of genes

Upregulated

Downregulated

Number of genes

Percentage of total genes

Number of genes  Percentage of total genes

One primary site

Pancreas only 306
Liver only 356
Stomach only 259
Colorectal only 316
Esophagus only 339

Two or more primary sites
1. Two primary sites

Pancreas and colorectal 16
Pancreas and stomach 24
Pancreas and esophagus 31
Pancreas and liver 66
Liver and colorectal 1

Liver and stomach 23
Liver and esophagus

Esophagus and stomach 29
Esophagus and colorectal 18

II. Three primary sites

Pancreas, esophagus, stomach 9
Pancreas, esophagus, liver 3

Pancreas, esophagus, colorectal 5

Pancreas, liver, stomach 10
Esophagus, stomach, liver 4
Esophagus, stomach, colorectal 18
Stomach, liver, colorectal 4
Esophagus, liver, colorectal 1

Pancreas, liver, colorectal 0

III. Four primary sites
Pancreas, liver, stomach, colorectal
Pancreas, liver, stomach, esophagus
Liver, stomach, esophagus, colorectal
All 5 primary sites

S = W o

RILP, and G protein suppressor (GPS)2 all of which were
downregulated in pancreatic, HCC, gastric and esophageal
cancer compared to the corresponding normal tissue.
Oncomine has twenty one categories of primary tumor sites.
We analyzed the percentage of primary sites where each
gene was underexpressed compared to the corresponding
normal tissue. The resulting percentage was underexpression
in 100%, 87.5%, 100%, 75%, 100%, 100% of primary non-GI
cancer tissues compared to the corresponding normal tissue.
For this analysis, we chose a P-value of 0.0001, a fold change
of 2 or more and included top 10% of all genes. For GPS2 we
chose a P-value of 0.05. From among the upregulated genes,
we chose COL4A1 (upregulated in HCC, gastric, esophageal
and colorectal cancer), UBE2C, OLFML2B and ANP32E
(upregulated in pancreatic,c, HCC, gastric and esophageal
cancer). They were significantly upregulated in cancer tissues
compared to corresponding normal tissues in 90.5%, 95%,
100% and 76% of studies. Further, we searched the literature
for role of the aforementioned genes in both GI and non-
GI malignancies. UBE2C was the most upregulated gene in
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61.2 378 75.6
71.2 331 66.2
51.8 304 60.8
63.2 330 66.0
67.8 331 66.2
3.2 20 4.0
4.8 28 5.6
6.2 10 2.0
13.2 25 5.0
0.2 1 0.2
4.6 59 11.8
5.8 15 3.0
3.6 5 1.0
1.8 2 0.4
0.6 2 0.4
1.0 1 0.2
2.0 12 24
0.8 1 0.2
3.6 5 1.0
0.8 20 4.0
0.2 2 0.4
0.0 3 0.6
0.0 6 1.2
0.6 0 0.0
0.2 1 0.2
0.0 0 0.0

Table 2 Functional classification of genes common between three or
more primary gastrointestinal malignancies

Percentage of genes

Functional group Upregulated Downregulated
Enzyme 30.4 63.2
Binding proteins 19.6 13.2
Transcription factor 10.9 2.6
Structural protein 8.7 0.0
DNA replication 6.5 2.6
Chaperone 6.5 0.0
Transporter 43 79
Cytokine/growth factor 4.3 0.0
Translation protein 4.3 5.3
Immunity 43 2.6
Other 0.0 2.6




Figure 3 Identification of potential inhibitors of target genes using
STITCH (http://stitch.embl.de/) online tool. Interaction of UBE2C
with other proteins; thicker lines represent stronger interaction.
Protein-protein interactions are in blue, chemical protein interactions
in green and interactions between chemicals in red. Thus, k11 (CID
16731782) and QqQ (PubChem CID 2772579) are inhibitors of UBE2C

primary colon cancer and liver metastases in one study [1]. It
was also upregulated nearly 150-fold in human thyroid cancer
cell lines and in anaplastic thyroid cancer tissues compared to
the non neoplastic thyroid cells [2]. Short interfering RNAs
(siRNAs) against UBE2C when combined with inhibitors of
the DR5/TRAIL pathway induced cell death in the cancer,
but not in normal cells [3]. No data exists on functional role
of OLEML2B, ANP32E in cancer. Among the downregulated
genes, ACADVL (Acyl coenzyme-A dehydrogenase very long
chain) expression was significantly downregulated in cervical
squamous cell cancer [4] and adrenocortical carcinomas [5].
RILP (Rab7-interacting lysosomal protein) has been shown
to be important for lysosome trafficking, which in turn was
found to be a key determinant of tumor cell invasion [6]. GPS2
downregulation by siRNA stimulated proliferation in breast
cancer cells, suggesting that it is a tumor suppressor [6]. There
is currently no literature on the role of TMEM220, RNF222 and
ZZEFI in cancer.

Finally, we investigated the possibility of identifying novel
inhibitors for the above identified genes. As an example, we
chose UBE2C. The STITCH online database identifies chemicals
that have or predicted to have an interaction with a given
protein. These are linked to databases like PubChem where
further information regarding the compound can be obtained.
For UBE2C, there were two chemicals identified (Fig. 3).
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Discussion

In the present study, we compared five hundred of the most
over- and under-expressed genes in five primary GI sites. The
percentage of genes that were shared between two or more GI
cancers ranged between 29-48% for the upregulated genes
and 24-39% for the downregulated genes. About 7.5% of the
five thousand genes were common to two primary GI sites,
1.8% to three primary GI sites and 0.2% to four primary GI
sites. Genes encoding for enzymes, receptors and nucleic acid
binding proteins were most commonly upregulated while
those for enzymes, receptors, nucleic acid binding proteins and
cytoskeletal proteins were most commonly downregulated in GI
cancers.

Oncomine has been used previously to investigate the
differential expression of specific genes in cancer including
pore domain potassium channels, calcium channels, and RGS
(regulators of G protein signaling) family of proteins [7-9].
Rhodes and colleagues in 2004 used Oncomine to identify a
transcriptional profile that was common to most cancers and
suggested that this likely reflected a common set of genes
that were differentially overexpressed in most malignancies
(compared to the normal tissue) [10]. Oncomine has also
been used to identify gene signatures to classify human
tumors [7,8,11]. In this study, we focused on GI malignancies.
We used the advantages of large sample size and ability to
compare gene expression across multiple studies to identify
the top 1000 differentially expressed genes in different GI
primary sites. We then investigated genes that were common
between two or more of five GI primary sites. Once these
were identified, we further investigated the pathways they
are involved it. The genes identified in this study could
potentially be targeted for development of novel therapeutics.
We hypothesize that the resultant inhibitors would potentially
be effective in malignancies arising from different GI primary
sites. An interesting observation in the present study was that
genes encoding enzymes were the most differentially altered
in cancer cells compared to normal cells. This underlines the
importance of alterations in cellular metabolism in cancer.

Previous studies have wused microarray technology
to identify therapeutic targets that were then verified by
biologic studies. Turner and colleagues for instance, used
high resolution microarray based comparative genomic
hybridization to identify 40 genes that were significantly over
expressed in triple negative breast cancer (TNBC). Of these,
the authors demonstrated in vitro inhibition of breast cancer
cell growth using an inhibitor to FGFR2, one of the oncogenes
identified as being upregulated in TNBC [12]. Saito and co-
workers used gene microarray to identify CD32 and CD25 as
two genes that were highly expressed in leukemia-specific stem
cells. The expression of these genes was however suppressed in
normal hematopoietic stem cells [13]. These studies illustrate
how microarray studies are very helpful to sift through large
amounts of genetic information to identify targets that are
commonly over or under expressed. The translation of genomic
studies into therapeutic discoveries has been discussed in a
recent article by Crews and colleagues [14]. The authors discuss
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how using data available in the public domain, researchers have
identified genes and in turn potential drugs that targeted the
differentially expressed genes. We used the STITCH database
and identified two potential inhibitors of UBE2C, one of the
genes shared between multiple GI cancers and upregulated in
cancer cells. Further in vitro studies are needed to confirm the
inhibitory activity of this drug on cancer cells.

In our study, we have not only identified genes that have
previously been shown to play a role in GI malignancies
(e.g. UBE2C) but also new ones about whom little is known
regarding their role in cancer (e.g. TMEM220 and RNF222).
Further studies are needed to investigate the role of these genes
in the pathogenesis of GI cancers and as diagnostic, prognostic
or therapeutic targets.

Summary Box
What is already known:

o Different cancers have similarities in gene
expression patterns

o Gastrointestinal (GI)
endoderm

o Multiple studies comparing gene expression in
normal tissue vs. cancer arising from different
parts of the GI tract have been performed, many of
which are archived in the Oncomine database

tract arises from the

What the new findings are:

o Of the 5,000 most commonly differentially
expressed genes in GI cancer arising from five
different primary sites, nearly 7.4% were common
to two primary sites, 1.8% to three and 0.2% to four
primary GI sites

o Subset analysis reveals that among the genes
common to three or more GI cancers, those that
are part of pathways regulating cell cycle, adhesion,
motility and cell junction formation were
upregulated while those that inhibited motility,
growth and metabolism were downregulated

 Genes that were expressed in cancers arising from
three or more GI sites were also differentially
expressed in a similar direction in most of the non-
GI malignancies
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Thus, in summary we have used the Oncomine database
to compare differential gene expression between different GI
cancers to identify common genes that in turn could be useful
as targets for diagnosis and therapy.
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