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Breast cancer is a major global health burden, with alterations in gene expression
contributing to tumor progression. The CDH1 gene, encoding E-cadherin, plays a critical
role in maintaining epithelial integrity, and its loss has been associated with increased
invasiveness and metastasis in breast cancer. This study aimed to evaluate the differential
expression of CDH1 using the GSE15852 dataset. Gene expression data were obtained
from the Gene Expression Omnibus (GEO) and analyzed using the GEO2R platform,

comparing tumor and normal samples. Differential expression was assessed based on log

fold change (logFC) and statistical significance. The analysis revealed that CDHI1 is

significantly downregulated in breast cancer, with a logFC of —2.386, a p-value of 2.72 x

10", and an adjusted p-value of 3.68 x 107'*. These findings indicate a substantial and

statistically significant reduction in CDHI1 expression in tumor tissues. In conclusion, KEYWORDS:

CDHI1 is markedly downregulated in breast cancer, supporting its role as a tumor Breast Cancer, CDHI, Gene
suppressor. GEO2R provides a reliable approach for preliminary gene expression analysis; Expression  Analysis, GEO2R,

however, further validation is required to confirm these findings.

Differential Expression

INTRODUCTION

Breast cancer is one of the most commonly diagnosed
malignancies and a leading cause of cancer-related mortality
among women worldwide. Despite significant advances in
early detection and targeted therapies, the heterogeneity of
breast cancer continues to pose major challenges in diagnosis,
prognosis, and treatment selection. At the molecular level,
breast cancer is characterized by complex alterations in gene
expression that drive tumor initiation, progression, and
metastasis. Understanding these gene expression patterns is
essential for identifying reliable biomarkers and therapeutic
targets, particularly in the era of precision medicine (Narod et
al., 2024).

CDHI1 (cadherin 1) is one of the genes that are involved in the
pathogenesis of breast cancer. CDHI1 is a gene that
produces E-cadherin, a calcium-dependent transmembrane
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glycoprotein which ensures cell to cell adhesion and the
structure of the tissue in the epithelial cell. E-cadherin is an
important constituent of adherens junctions, which serves to
stabilize intercellular contact between e-cadherin and
catenins to regulate intracellular signaling pathways. The
correct functionality and expression of E-cadherin is critical
to the integrity of the epithelial tissues. Loss or dysfunction
of CDHI interferes with cellular adhesion resulting in
enhanced cellular motility, invasion as well as metastatic
dissemination-characteristics ~ of  cancer  progression
(Algebaly et al., 2021).

In breast cancer, down-regulation or impaired activity of the
CDHI1 gene has been consistently linked with tumor
aggressiveness specifically in invasive and metastatic disease
subtypes. The CDHI downregulation is linked closely to
epithelial-mesenchymal transition (EMT) whereby epithelial
cells lose their polarity and adhesion and develop
mesenchymal-like properties that enable them to migrate
more effectively. This conversion promotes tumor invasion
and leads to poor clinical outcome. The mechanisms that
regulate the down-regulation of CDHI include genetic
mutations, hypermethylation of promoters, transcriptional
repression and post-translational modifications. CDHI is
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considered an important tumor suppressor gene in breast
cancer since it has a central role in ensuring the integrity of
the epithelial cells and inhibiting tumor growth (Dines et al.,
2020).

The development of high-throughput technologies,
especially, microarray-based gene expression profiling has
facilitated the examination of the expression patterns of a
large number of genes under varying biological conditions.
The Gene Expression Omnibus (GEO) is a publicly
accessible repository of an extensive amount of
transcriptomic data produced using disparate experimental
designs and groups of patients. These data provide useful
prospects of secondary data analysis whereby researchers can
be capable of examining the changes in gene expression
without necessarily having to generate primary data.
Nonetheless, inconsistency in datasets (due to sample
heterogeneity, experimental systems, and data pre-
processing) may affect reproducibility and interpretation of
findings (Sadeghi et al., 2020).

To facilitate accessible analysis of GEO datasets, the GEO2R
online tool has been developed as an interactive platform for
comparing gene expression between predefined sample
groups. GEO2R utilizes statistical methods based on the
limma (Linear Models for Microarray Data) framework to
calculate differential expression, providing outputs such as
log fold change (logFC), p-values, and adjusted p-values. Its
user-friendly interface allows researchers to perform
differential gene expression analysis without requiring
advanced computational expertise. As a result, GEO2R has
become widely wused for preliminary bioinformatics
investigations and hypothesis generation (Silvestri et al.,
2020).

Even though tools such as GEO2R are convenient, there are
still concerns about the variability and reproducibility of gene
expression results among datasets. Inconsistent results can
occur even in the study of the same gene and related disease
situations due to differences in study design, sample
heterogeneity, and technical reasons. Assessing dataset-
specific variability is thus critical to establish the strength of
observed patterns of gene expression. Applied to CDH1, the
evaluation of its levels in individual datasets can help analyze
its stability as a biomarker and its applicability in a particular
cohort (Kotsopoulos et al., 2024).

In this study, we aim to evaluate the expression profile of
CDHI1 in breast cancer using a GEO2R-based analytical
approach, focusing on the GSE15852 microarray dataset. By
comparing tumor and normal samples within this dataset, we
seek to determine the direction and significance of CDHI
differential expression. Furthermore, this study highlights the
importance of considering dataset-specific factors when
interpreting gene expression results derived from public
repositories. Through this approach, we aim to contribute to

the understanding of CDHI1’s role in breast cancer while
emphasizing the strengths and limitations of GEO2R-based
analyses in bioinformatics research (Gruber et al., 2022).

CDHI1 (cadherin 1) and Breast Cancer:

Breast cancer is a heterogeneous disease characterized by
diverse histopathological and molecular subtypes, making it
a complex condition to diagnose and treat. It accounts for a
substantial proportion of cancer incidence and mortality
worldwide, with its burden continuing to rise in both
developed and developing countries. The progression of
breast cancer is driven by a combination of genetic,
epigenetic, and environmental factors that collectively alter
cellular behavior. Among these, changes in gene expression
play a central role in regulating key processes such as cell
proliferation, differentiation, apoptosis, and metastasis. The
identification and analysis of differentially expressed genes
are therefore essential for understanding the molecular
mechanisms underlying breast cancer and for discovering
potential diagnostic and prognostic biomarkers (Albert et al.,
2020).

The gene, CDH1 (cadherin 1) is one of the most important
genes in the maintenance of normal epithelial structure and it
encodes the protein known as E-cadherin. E-cadherin is a
calcium-dependent cell-cell adhesion protein
(transmembrane glycoprotein) that plays a role in epithelial
tissues. It is a key constituent of adherens junctions, in which
it connects with intracellular proteins like 2 -catenin and 2 -
catenin to stabilize the cytoskeleton and to preserve tissue
integrity. These interactions do not only maintain structural
cohesion, but also engage E-cadherin in intracellular
signaling pathways controlling cell growth and
differentiation. E-cadherin expression and localization is thus
crucial in preserving normal epithelial functions (Lee et al.,
2020).

The downregulation or loss of CDH1 has been well-known as
a marker of tumor progression in the cancer context,
especially breast cancer. The lower level of E-cadherin
expression interferes with cellular adhesion and results in
growth of cellular detachment, migration and invasion. This
de-adhesion is one of the major stages in an epithelial-
mesenchymal transition (EMT), a biological event during
which epithelial cells gain mesenchymal functions, such as
increased motility and anti-apoptotic ability. EMT is closely
linked with metastasis of cancer and bad clinical outcomes. A
loss of CDHI1 expression has been commonly reported in
invasive ductal carcinoma and lobular carcinoma in breast
cancer, demonstrating the involvement in facilitating tumor
aggressiveness (Lubinski et al., 2024).

Several molecular pathways are involved in downregulation
of CDHI in breast cancer. These comprise genetic mutations
in the CDHI gene, epigenetic changes like promoter
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hypermethylation and transcriptional suppression by EMT-
inducing transcriptional factors, including Snail, Slug, and
Twist. Also, the E-cadherin functions can be further
worsened by post-translational modifications and alterations
in protein trafficking. The combination of the mechanisms
leads to the down-regulated expression or functional
suppression of CDH1, which promotes tumor development
and spread. Due to its key position in cancer biology, CDH1
has been of significant interest with respect to being used as
a prognostic marker and a potential therapeutic target
(Markowski & Antonarakis, 2020).

With the development of methods of high-throughput gene
expression, including microarrays, cancer research has been
transformed as it has become possible to analyze thousands
of genes at once. These technologies have generated vast
amounts of transcriptomic data, much of which is publicly
available in repositories like the Gene Expression Omnibus
(GEO). GEO is a useful tool that can be used by the
researchers to access the datasets covering a broad spectrum
of experimental conditions, tissues, and disease states. Using
these datasets, researchers are able to conduct secondary
analyses, to determine differentially expressed genes and to
study molecular pathways of disease processes (Song et al.,
2020).

To facilitate the analysis of GEO datasets, the GEO2R tool
has been developed as an accessible, web-based platform for
differential gene expression analysis. GEO2R allows users to
compare predefined groups of samples within a dataset and
generates statistical outputs, including log fold change
(logFC), p-values, and adjusted p-values. The tool is based on
the limma statistical framework, which applies linear models
and empirical Bayes methods to improve the reliability of
differential expression analysis. Due to its ease of use and
minimal computational requirements, GEO2R is widely used
for preliminary bioinformatics studies and hypothesis
generation (Cheng et al., 2024).

However, despite the advantages of using publicly available
datasets and tools like GEO2R, challenges remain in ensuring
the reliability and reproducibility of gene expression findings.
Variability between datasets can arise from differences in
sample size, patient demographics, experimental design,
microarray platforms, and data processing methods. Such
variability may lead to inconsistencies in the identification of
differentially expressed genes, even for well-characterized
genes like CDHI. Therefore, careful interpretation of results
is necessary, particularly when analyses are limited to a single
dataset (Abida et al., 2020).

In this context, analyzing CDH1 expression within a specific
dataset provides an opportunity to assess its role in breast
cancer while also highlighting the potential influence of
dataset-specific factors. By utilizing GEO2R to evaluate
CDHI1 expression in the GSE15852 dataset, this study aims

to contribute to the growing body of evidence supporting the
involvement of CDH1 in breast cancer progression. At the
same time, it underscores the importance of considering
variability and methodological limitations when interpreting
results derived from bioinformatics analyses (de Jonge et al.,
2021).

METHODOLOGY

This study employed a retrospective bioinformatics design to
evaluate the differential expression of the CDHI gene in
breast cancer using publicly available microarray data. Gene
expression data were obtained from the Gene Expression
Omnibus (GEO), a repository maintained by the National
Center for Biotechnology Information (NCBI). The dataset
GSE15852 was selected for analysis due to the availability of
both breast cancer (tumor) and normal breast tissue samples,
allowing direct comparison of gene expression profiles.
Relevant dataset information, including sample classification
and experimental conditions, was accessed through the GEO
database interface.

The analysis was conducted using the GEO2R online tool, an
interactive platform that enables comparison between
predefined groups within a dataset. Samples in GSE15852
were divided into two groups based on their biological status:
tumor samples and normal control samples. No additional
preprocessing or normalization steps were performed beyond
the default processing integrated within GEO2R, ensuring
methodological consistency and reproducibility within a
GEO2R-only analytical framework.

Differential gene expression analysis was performed using
GEO2R, which is based on the limma (Linear Models for
Microarray Data) statistical package. This method applies
linear modeling and empirical Bayes moderation to estimate
gene-wise variance and improve statistical reliability. For
each gene, including CDH1, GEO2R generated key statistical
parameters, including log fold change (logFC), p-value,
adjusted p-value, and t-statistic. The logFC value was used to
determine both the magnitude and direction of gene
expression, where negative values indicate downregulation
and positive values indicate upregulation in tumor samples
relative to normal controls. Statistical significance was
assessed using p-values, while adjusted p-values were
calculated using the Benjamini-Hochberg false discovery
rate (FDR) method to account for multiple comparisons.

The gene CDHI1 (cadherin 1) was identified within the
GEO2R output using its official gene symbol and
corresponding probe ID (201131 s at). The associated
statistical values, including logFC, p-value, adjusted p-value,
and t-statistic, were extracted for analysis. Differential
expression was interpreted based on standard criteria, with
statistical significance defined as a p-value less than 0.05 and
strong significance indicated by an adjusted p-value below
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0.05. Additionally, a logFC threshold of >1 or <—1 was
considered indicative of biologically meaningful changes in
gene expression.
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Figure 01: Expression Profile of CDH1 in GSE15852

The results were summarized in tabular form, presenting the
extracted statistical parameters for CDH1, and supported by
graphical visualization to illustrate differences in expression
between tumor and normal samples. As this study was limited
to a single dataset and relied exclusively on GEO2R for
analysis, no external validation or additional computational
methods were applied. Consequently, the findings should be
interpreted with consideration of potential dataset-specific
variability and methodological limitations.

RESULTS

Differential gene expression analysis of the GSE15852
dataset was performed using the GEO2R platform to compare
breast cancer (tumor) samples with normal breast tissue
controls. The analysis identified the CDH1 gene (probe ID:
201131 s at) significantly differentially expressed
between the two groups.

as

CDHI exhibited a log fold change (logFC) of —2.386,
indicating a marked reduction in expression in tumor samples
The analysis
demonstrated a p-value of 2.72 x 107", confirming a highly

relative to normal controls. statistical
significant difference in expression. After adjustment for
multiple comparisons using the Benjamini—-Hochberg false
discovery rate (FDR) method, the adjusted p-value was 3.68
x 1074, further supporting the robustness of the result.
Additionally, the gene showed a t-statistic of —8.94, reflecting
a strong standardized difference in expression between the

two groups.

Table 1: Differential Expression of CDH1 in GSE15852

t-
statisti
c

Gene logFC adj. p-

value

Regulati
on

p-
value

CDH1 |-2386 |2.72 x

10711

3.68 x
10714

-8.94 Downre

gulated

The magnitude of downregulation (JlogFC| > 2) indicates a
substantial decrease in CDH1 expression in breast cancer
samples. Based on the predefined criteria for significance (p-
value < 0.05 and |logFC| > 1), CDH1 meets both statistical
and biological thresholds for differential expression. These
findings confirm that CDHI1 is significantly and consistently
downregulated in the GSE15852 breast cancer dataset.

Overall, the results demonstrate a strong and statistically
significant alteration in CDH1 expression, supporting its
potential role in breast cancer pathology within this dataset.

CONCLUSION

CDH1 is significantly downregulated in breast cancer in the
GSE15852 dataset (logFC = —2.386; adjusted p-value = 3.68
x 107'%), supporting its role as a tumor suppressor. These
findings highlight its potential involvement in tumor
progression, although further validation is required.
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