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C-Gemis: A computational tool for gene expression data analysis for
gastric cancer
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ABSTRACT

Background: Computational tools dedicated to the analysis of transcripts microarray and RNA-seq can
provide an instrument to search biomarkers related to diagnosis and prognosis in different neoplasia. This
process is carried out by automatizing the computational process that allows the exploration, visualization,
and analysis of gene expression data. Objective: The present paper describes a new tool named C-Gemis
for gene expression data analysis. Methods: C-Gemis is an online and free computation tool that explores
differential gene expression and survival analysis with visualization of results. Results: C-Gemis optimizes
the search for Gastric Cancer (GC) biomarkers in available data from public databases and stands out in
usability, objectivity, and easy-to-understand graphics presentation. The results are presented considering
Laurén's, WHO, and TCGA molecular classification. The tool is available at the website:
www.cgemis.com.br. Conclusions: C-Gemis provides an easy way to automate data analysis of microarray
and RNA-seq. The following steps incorporate other types of cancer, reaching a high detail related to cancer
classifications and subclassifications.
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RESUMO

Antecedentes: Ferramentas computacionais dedicadas a analise de transcritos microarray e RNA-seq
podem fornecer um instrumento para pesquisar biomarcadores relacionados ao diagnostico e progndstico
em diferentes neoplasias. Isso é feito pela automatizacdo do processo computacional que permite a
exploracdo, visualizacdo e analise dos dados de expressdo génica. Objetivo: O presente artigo descreve
uma nova ferramenta chamada C-Gemis para analise de dados de expressdo génica. Métodos: C-Gemis é
uma ferramenta computacional online e gratuita que permite a exploracéo da expressdo diferencial de genes
e analise de sobrevivéncia e com visualizacdo dos resultados. Resultados: O C-Gemis otimiza a busca de
biomarcadores de Cancer Gastrico (CG) em dados disponiveis em bancos de dados publicos e se destaca
pela usabilidade, objetividade e apresentagao grafica de facil compreensao. Os resultados séo apresentados
considerando a classificacdo de Laurén, a classificacdo da OMS e a classificacdo molecular TCGA. A
ferramenta esta disponivel no site: www.cgemis.com.br. Conclus6es: C-Gemis fornece uma maneira facil
de automatizar a analise de dados de microarray e RNA-seq. Os proximos passos sdo a incorporacdo de
outros tipos de cancer, atingindo um alto nivel de detalhamento relacionado as classificacdes e
subclassificagdes do cancer.

Palavras-chave: Cancer géstrico;; TCGA; GEOQ; andlise de sobrevivéncia.

INTRODUCTION

The term cancer is applied to a broad and heterogeneous class of pathologies related to
the accumulation of genetic alterations that trigger uncontrolled cellular proliferation.
Consequently, tumor progression and its maintenance are observed. Among human neoplasia,
gastric cancer (GC) is recognized as the fifth most diagnosed malignancy and the fourth leading
cause of cancer-related deaths (SUNG et al., 2021).

The GC classification is based on tumor histology and has been complemented with gene
expression analysis (GOLUB et al., 1999; WAN, 2015). In particular, messenger RNA (mMRNA)
is critical to the progression and maintenance of tumor cells. In addition, it can reflect cellular
phenotypes (CRISTESCU et al., 2015). In this context, tools dedicated to analyzing transcripts
from large-scale techniques, such as microarray and RNA-seq, can provide an instrument to
search biomarkers related to diagnosis and prognosis in different neoplasia (BROADHEAD et
al., 2010; D'ANGELO et al., 2014).

The data generated by microarray and RNA-seq techniques are available in public
repositories, such as Gene Expression Omnibus (GEO) (CLOUGH E BARRETT 2016),
ArrayExpress (SARKANS et al., 2021), and the consortium The Cancer Genome Atlas (TCGA).
Data analysis requires knowledge about the type of data generated from molecular techniques and
computational knowledge about methods and programming languages to manage the information
appropriately. However, in some cases, researchers need to gain molecular biology or computer
science expertise to deal with data exploration and analysis. Therefore, searching for biomarkers
in GC requires a computational tool dedicated to automating the computational process that

allows the exploration, visualization, and analysis of gene expression data.
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The definition of biomarker proposed by the World Health Organization (WHO) is "any
substance, structure or process that can be measured in the body or its products and that can
influence or predict the incidence of outcomes or diseases." The first step in identifying
biomarkers is to understand the pathophysiology of the disease and its associated factors.
Therefore, the potential biomarker must be correlated with clinical variables, e.g., histological
classification and tumor extension.

There are available tools for gene expression analysis, such as GEO2R (BARRETT et al.,
2013), GDAC Firehose, and cBioPortal (CERAMI et al., 2012; GAO et al., 2013). GEO2R
performs comparative analyses from data available in the GEO database to identify differentially
expressed genes of two or more groups of samples. In its execution, GEO2R allows the
visualization of gene expression values distribution per sample. In addition, it offers some
correction options to control the occurrence of false positives for multiple comparisons, such as
the Benjamini-Hochberg test. Finally, at the end of the execution, GEO2R provides a graphical
presentation of the gene expression profile, and the R-script used to execute the entire process.
Nonetheless, its execution is laborious and timely expansive since the location of the code of the
target gene in the index file is not standard across all different platforms that perform the
microarray technique.

The GDAC Firehose is a tool developed by Broad Institute that systematically analyzes
TCGA data. The tool stores about 40 terabytes of data collected from the TCGA database, updated
twice a month. The platform contains a series of standardized pipelines for genomic and
transcriptomic analysis. The GDAC provides standardized and updated results at different levels,
such as revised data, analysis of results, and user-friendly reports for researchers. The computing
environment is available either online or locally installed. However, sometimes the online
availability of the tool is off in its use. Another limitation is the choice of genes since it is
impossible to analyze more than one gene at a time (YANG et al., 2015).

The cBioPortal CERAMI et al. 2012; GAO et al. 2013) is a web portal that visualizes
multidimensional data from genomic analysis. It contains data from CCLE (Cancer Cell Line
Encyclopedia) and TCGA (WU et al., 2019). On the cBioPortal website, the researchers can
explore molecular change patterns by comparing multiple studies or summarizing the relevant
variations in an individual tumor sample. Another feature of the tool is the exploration of
metabolic pathways, survival analysis, and the possibility of data download.

(YANG et al. 2015). Recently, the cBioPortal website became an open-source software, which
means it is possible to improve the source code (WU et al., 2019). Nonetheless, the portal does
not perform a detailed histotype analysis, such as the cancer subclassification.

In this way, in order to contribute to gene expression analysis, starting from data
acquisition and processing until results visualization, the present work describes a new tool named

C-Gemis. Currently, the first version of C-Gemis is targeted only for gastric cancer, but soon, the
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tool will be expanded to other types of cancer. The C-Gemis data source is TCGA and GEO, and
this tool aims to contribute to the process of biomarkers search, including the gene expression

data analysis in a tumor.

METHODS

C-Gemis is a free computation tool dedicated to the exploration of differential gene
expression and survival analysis and with visualization of results. The architecture of C-Gemis is
divided into two parts, the graphical user interface and the data processing layer. The user
interface was developed using Angular 12. The data processing layer was developed in the R
language, and it is responsible for the acquisition, preprocessing, normalization, and data analysis

using specialized function packages, according to (Table 1).

Table 1 — R function packages

Libraries Functions
agricolae (MENDIBURU 2014) To perform the statistical difference between
groups

survival (HAIBE-KAINS et al., 2008; SINNOTT | To perform survival analysis
e CAIl 2016); survcomp (SCHRODER et al.,

2011)
GEOquery (DAVIS 2007) To download GEO datasets
TCGADbiolinks (COLAPRICO et al., 2016); To preprocess and normalize the microarray

oligo (CARVALHO E IRIZARRY 2010); affy and RNA-seq data
(GAUTIER et al., 2004)

hgu133plus2.db (CARLSON 2017); To map the microarray probes
pd.huex.1.0.st.v2 (BENILTON 2017).

RESULTS

C- Gemis is a web user interface compatible with major browsers and operating systems,
including Safari, Internet Explorer, Firefox, and Chrome, using Linux, Windows, or Apple iOS.
The tool can be accessed at the following URL

To access C-Gemis, the user does not need to perform any registration. The tool interface
is organized at the following levels: (i) the home page that presents an overview of the tool and
its objectives; (ii) an analysis of the data obtained from the TCGA database; (iii) a help page that
shows the operation and some frequently asked questions; (i) about us page, which contains

publications and the research group that developed C-Gemis.
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To perform differential gene expression analysis, the user must choose between TCGA
or GEO databases since each database requires specific packages, as there are differences in data

format and study design, according to (Figure 1) and (Figure 2).

Figure 1. Workflow of GEO analysis.
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Figure 2. Workflow of TCGA analysis.
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Independently of the database source, the user must enter the name of the gene(s) of
interest in the format mapped in HUGO Genes and runs the analysis. When all scripts are
executed, the user interface will show all results as image files that can be downloaded. If the data
comes from the GEO repository, the preprocessing and normalization are made automatically by
C-Gemis. Afterward, statistical analysis and mapping of the probes are performed according to
the microarray platform only for the genes inserted by the user. On the other hand, if the data
comes from the TCGA, it is possible to present some additional results, such as survival
information and the comparison of gene expression according to the different subclassifications

of gastric cancer.

DISCUSSION
Principal Results

The development of C-Gemis aims to optimize the search for GC biomarkers in available
data from public databases. C-Gemis stands out in usability, objectivity, and easy-to-understand
graphics presentation. The histological classifications in C-Gemis are Laurén's classification
(LAUREN 1965), WHO's, and TCGA molecular classification. C-Gemis also brings the survival
analysis, classified according to Laurén, WHO, and TCGA. In addition, the tool provides survival
analysis comparing the median expression levels of the gene of interest according to Lauren's
classification.

Limitations

Currently, the first version of C-Gemis is targeted only for gastric cancer, but shortly, the
tool will be expanded to other types of cancer.
Comparison with Prior Work

Compared to the current tools available (GDCA Firehouse, GEO2R, cBioPortal), C-
Gemis presents the following attributes that can be highlighted: further details on the
classifications of the gastric cancer subtypes and the possibility of exploration of prognostic
biomarkers using the gene expression.

The GDAC Firehouse tool analyzes the gene of interest among all tumor types available
and presents a general graphical visualization of the expression profile. However, GDAC
Firehouse does not analyze in detail the tumor subtypes. Instead, the tool links molecular changes
with clinical characteristics. However, it summarizes the results with a significant association,
which searches for a gene of interest more costly. In addition, GDAC Firehouse compares gene
expression with other studies. Although the completeness of cBioPortal, it does not present both
gene expression and survival analysis based on the classifications of cancer subtypes. Therefore,
C-Gemis explores the full potential of the collected data.

C-Gemis executes the appropriate statistical test, whereas GEO2R requires the researcher

to have the analytical knowledge to conduct gene expression comparisons since statistical analysis
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is required to compare the groups. C-Gemis also facilitate gene selection since it uses the HUGO
gene annotation, whereas GEO2R involves the selection of the probe related to the gene of
interest. This information is obtained exclusively by searching the probe code in a separate file
downloaded within the gene expression data. However, this information is not easy to find since
there are several probes for the same gene, and, in some cases, there is no indication of the best
probe that should be used to represent a gene. Considering this issue, C-Gemis automatically
performs the mapping of the probes related to the gene of interest, and the best probe is informed.

Otherwise, when no best probe exists, C-Gemis performs an average of all related probes.

CONCLUSIONS

C-Gemis provides an easy way to automate data analysis of microarray and RNA- seq.
Therefore, the investigation and the search for diagnostic and prognostic biomarkers in gastric
cancer gain another instrument. The following steps incorporate other types of cancer, reaching a
high detail related to cancer classifications and subclassifications.
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