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Bioinformatics Analysis of Gene Expression in Lynch Syndrome Progression

ABSTRACT

Background

Lynch Syndrome is an inherited condition that primarily increases the risk of developing
colorectal and endometrial cancers. It arises from germline mutations in DNA mismatch repair
genes, resulting in microsatellite instability and the accumulation of genetic mutations.
Individuals with Lynch Syndrome are prone to developing tumors at a young age, yet the gene
expression changes that drive the progression from precancerous lesions to early-stage
malignancy are not completely understood.

Method

To investigate this, gene expression data from GEO dataset GSE224707 was analyzed using
GEO2R, with samples grouped into precancerous, advanced precancerous, and early-stage
cancer categories. This analysis identified 296 differentially expressed genes (DEGs) based on
log2 fold change thresholds. Of these, 138 genes were upregulated and 158 were downregulated
(Figure 2a).

Results

Enrichment analysis using SRPIot identified several significant Gene Ontology terms, including
collagen fibril organization, immunoglobulin complex, transaminase activity, protein binding,



and growth factor binding. KEGG pathway analysis revealed enrichment in the Hedgehog
signaling pathway.

Genes such as ZG16, KIF26B, CA1, CD177, and CXCL14 were commonly differentially
expressed and associated with mucosal immunity, cellular migration, metabolic regulation, and
immune surveillance. These reflect early structural and immunological shifts in colorectal tissue
during Lynch Syndrome progression.

Discussion

This study highlights molecular changes that may serve as early biomarkers or therapeutic targets
for Lynch Syndrome-associated colorectal cancer. The findings support future development of
gene-targeted therapies aimed at delaying or preventing malignant transformation in high-risk
patients.

INTRODUCTION

Lynch Syndrome (LS), also known as hereditary nonpolyposis colorectal cancer (HNPCC), is
one of the most common inherited cancer syndromes [1]. LS affects approximately 1 in 300
individuals in North America and accounts for roughly 3—5% of colorectal and 2—6% of
endometrial cancers [1]. It results from germline mutations in DNA mismatch repair (MMR)
genes such as MLH1, MSH2, MSH6, and PMS2, which are essential in correcting errors that
occur during DNA replication [2,3]. When these genes are mutated, the mismatch repair system
fails, resulting in the accumulation of genetic errors and DNA instability. Over time, this
instability significantly increases the risk of tumor development, particularly in the colon and
rectum, but also in other organs such as the endometrium, ovaries, stomach, and urinary tract [3].

Individuals with LS often develop cancer at a younger age than the general population, and
family history plays a central role in its diagnosis [4]. The inherited nature of LS means early
detection and regular screening are crucial for at-risk individuals. Advances in genetic testing
and bioinformatics have enabled researchers to examine tumor DNA and RNA profiles to better
understand mutation patterns in these patients [5]. Notably, tumors from LS patients frequently
exhibit a high number of frameshift mutations due to MSI, leading to the creation of abnormal
proteins called neoantigens that may trigger immune recognition [6].

Despite these insights, many challenges remain. Specifically, while the general mechanisms
behind LS and MSI are understood, the gene-level changes that drive the progression from
precancerous lesions to malignant tumors remain unclear. In particular, it is unknown which
specific genes are most associated with this transformation and how gene expression patterns
shift during this transition. This represents a major barrier to developing effective, targeted
treatments and preventive strategies, such as vaccines, for patients with Lynch syndrome [7].



This research seeks to address these knowledge gaps by identifying genes that play a key role in
the progression of precancerous to cancerous lesions in individuals with LS. Using
bioinformatics tools to compare gene expression in precancerous versus early-stage cancer
tissues, the aim of this research is to uncover molecular patterns that signal increased cellular
proliferation and reduced immune response [2,9]. It is hypothesized that patients with LS will
show distinct gene expression changes that reflect this transition. By identifying these genes, this
study has the potential to improve early detection strategies and enable the development of
interventions that prevent cancer from developing in high-risk patients [1,4].

METHODS

Data Collection

The methods and various bioinformatics tools and databases used throughout this study to collect
and analyze data are summarized in Figure 1. First, to investigate gene expression changes
associated with the transition from precancerous lesions to early-stage colorectal cancer in LS,
data were obtained from the National Center for Biotechnology Information (NCBI) Gene
Expression Omnibus (GEO). The NCBI GEO is a resource for data analysis that contains gene
datasets provided by researchers from the scientific community [10]. Relevant datasets were
identified using the search terms “Lynch Syndrome” and “differential gene expression.” Among
the search results, dataset GSE224707 was selected due to its specific relevance to colorectal
cancer in LS patients.


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE224707
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Figure 1. Summary of Research Methodology: Overview of the steps and bioinformatics tools
and databases used in this study.



Identification of Differentially Expressed Genes

GEO2R, an integrated analysis tool within GEO [10], was used to compare gene expression
between three groups: precancerous tissue samples, advanced precancerous tissue samples, and
early-stage cancer tissue samples. GEO2R performed a no-code analysis using R programming
language to identify top differentially expressed genes (DEGs), and generated output files which
were utilized for visual assessment.

The output DEG table was filtered to retain the top 50 genes based on p value and adjusted log2
fold change, highlighting those with the most significant changes in expression during the
transition from precancer to cancer. To statistically refine the list of differentially expressed
genes (DEGs) and select the top 50 from each dataset, we applied a significance threshold of p <
0.05 and log2 fold change (FC)| >1. These top 50 DEGs were then imported into Google Sheets
for further processing, annotation, and tracking throughout the analysis.

Functional Envichment Analysis Using SRPlot, KEGG, and GO

The selected DEGs were further analyzed using SRPlot, KEGG, and Gene Ontology (GO)
bioinformatics tools. SRPlot provided graphical tools for visualizing gene expression patterns.
KEGG was used to investigate relevant signaling pathways and molecular interactions
potentially involved in early tumorigenesis. GO analysis classified the genes into functional
categories based on biological processes, molecular functions, and cellular components.
Together, these tools provided insight into the potential biological roles and pathways involved in
the earliest stages of colorectal cancer development in Lynch Syndrome.

RESULTS

To identify differentially expressed genes (DEGs) involved in the transition from precancerous to
early-stage colorectal cancer in Lynch Syndrome, GEO2R was used to compare gene expression
between two tissue samples, cancerous and precancerous, which were collected from tumors.
This analysis revealed that several genes were differentially expressed between the groups,
indicating significant changes in gene regulation during early tumor progression (Figure 2).

The volcano plot generated from this analysis visually represented the differential expression
data: red dots indicated significantly upregulated genes, blue dots indicated significantly
downregulated genes, and black dots represented genes with no statistically significant change
(Figure 2A). The Venn diagram displayed a total of 1,097 DEGs across the sample groups, with
128 genes overlapping between the precancerous and early-stage cancer groups, suggesting
potential biomarkers common to both stages (Figure 2B).
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Figure 2. Differentially Expressed Genes (A) Volcano Plot, (B) Venn Diagram illustrates gene
expression differences across disease progression stages based on data from GSE224707. (A)
Genes with substantial upregulation or downregulation in cancer versus precancer (based on log2
fold change thresholds) are shown in red and blue, respectively. Black dots indicate genes with
minimal or no expression change. (B) The Venn diagram summarizes differentially expressed
genes (DEGs) identified in each pairwise comparison. From 20,648 genes analyzed, 296 were
found to be differentially expressed based on log2FC cutoffs, with very limited overlap among
the conditions.

To refine the list of significant DEGs, statistical filtering based on adjusted p-value and log: fold
change was applied. This process narrowed the 20,648 gene results to the top 50 most significant
genes. A full list of these 50 genes was compiled and organized for further annotation and
analysis &8 GSE224707.top.table (2)


https://docs.google.com/spreadsheets/d/12b14j_Q_nk8bRpb5xXl7ne1GeGPHA5R4p2lRJKMbrEw/edit?usp=sharing
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Figure 3. (a) GO Pathway Enrichment Bar Graph Across Ontologies, (b) Bar Plot of
Molecular Function Enrichment. (a) Enrichment score bar plot illustrating top GO terms
across biological processes (BP), cellular component (CC), and molecular function (MF)
categories. Terms such as “collagen fibril organization” and “immunoglobulin complex” are
enriched, reflecting structural remodeling and increased immune activity during lesion transition.
(b) MF terms ranked by enrichment score and statistical significance.
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Figure 4. (a) Biological Function CNet Plot, (b) Visualization of the Hedgehog signaling
pathway using Pathview. (a) Functional gene network showing the association between DEGs
and enriched MF terms. Edge colors correspond to functional categories such as growth factor
binding, transaminase activity, and oxygen carrier activity. COL1A2, COL3A1, and SERPINEI1
showcase many connections. (b) Gene expression changes mapped onto the KEGG Hedgehog
signaling pathway (hsa04340), comparing cancer to precancer stages. Genes outlined in green
are downregulated in cancer, while red indicates upregulation. These changes may be associated
with altered cell proliferation, differentiation, or tissue patterning during disease progression.

DISCUSSION

The aim of this research study was to investigate gene expression in the transition from
precancerous to cancerous lesions within LS patients using bioinformatics tools to identify the
DEGs and their pathways.

Interpretation of Results

The analysis revealed 296 differentially expressed genes (DEGs) between precancerous and
early-stage cancer tissues in Lynch Syndrome (LS) patients. The volcano plot (Figure 2A)
showed widespread changes in gene expression, highlighting genes that were significantly
upregulated or downregulated during the transition to malignancy. A Venn diagram (Figure 2B)
demonstrated that 128 DEGs were common between tissue stages, showing shared molecular
features that could serve as early biomarkers of cancer progression. From these, the top 50 DEGs
with the most significant log2 fold changes were selected for deeper analysis.

GO enrichment (Figure 3A) demonstrated that the DEGs were involved in biological processes
such as collagen fibril organization and immune-related components like the immunoglobulin
complex, implying that extracellular matrix remodeling and increased immune responses are



central to lesion progression in LS. The bar graph in Figure 3b underscored statistically
significant MF terms including protein binding and transaminase activity. The CNet plot (Figure
4a) further emphasized the functional importance of genes like COL1A2, COL3Al, and
SERPINE1, which showed strong connections to molecular functions such as growth factor
binding and oxygen carrier activity, which are functions that suggest roles in tissue invasion and
abnormal signaling. Additionally, KEGG pathway mapping (Figure 4B) visualized the
dysregulation of the Hedgehog signaling pathway, with several genes upregulated (in red) or
downregulated (in green), highlighting altered cellular proliferation and differentiation. The
Hedgehog pathway, supporting controlled tissue growth and development, is often involved in
cancer to govern unchecked cell division, resistance to apoptosis, and changes in the tissue
microenvironment [11]. Collectively, these results suggest that LS progression involves
structural gene changes, immune modulation, and disruption of key developmental signaling
pathways.

Table 1. Summary of Key Names Identified Genes in this Study

Gene ID | Gene Name | Function and Connection to Lynch Syndrome

653808 7G16 Protein involved in innate defense mechanisms. In LS, altered
ZG16 expression can weaken innate intestinal immune
mechanisms, resulting in increased susceptibility to tumor
development.

55083 KIF26B Protein that regulates cellular transport. Dysregulation of KIF26B
can impair intracellular transport processes, possibly impacting cell
growth and signaling in colorectal tissue.

6236 RRAD Inhibits glucose uptake. Abnormal RRAD activity in LS can disrupt
glucose metabolism, which can ultimately promote the proliferation
of cancer cells.

57126 CD177 Regulates neutrophil activity. Changes in CD177 regulation in LS
can alter immune responses, impacting inflammation and tumor
progression.

54860 MS4A12 Signaling protein in epithelial cells. Altered MS4A12 signaling in
LS may affect epithelial cell communication, potentially
encouraging malignant transformation in the colon.

Comparison with Previous Studies

The results of this study align with previous research that has identified critical gene expression
changes involved in early colorectal cancer development, particularly in Lynch Syndrome (LS).
The involvement of genes related to DNA mismatch repair, cell cycle regulation, and immune
response has been consistently reported in LS pathogenesis [2,3,5]. Other studies have noted that



inflammation-related pathways, including cytokine signaling, are often dysregulated in early
colorectal tumorigenesis and may contribute to a pro-tumorigenic microenvironment [12]. The
differentially expressed genes identified in this study, particularly those involved in DNA
replication and cell proliferation, are consistent with genes highlighted in prior colorectal cancer
datasets [8]. Furthermore, previous research has emphasized the importance of early gene
expression shifts in predicting cancer progression, a concept supported by the presence of
overlapping DEGs in both precancerous and early-stage cancer tissues in our study [6,8].
Together, these similarities validate the reliability of the analysis in this study and reinforce the
relevance of the identified DEGs.

Implications

The identification of key genes involved in the transition from precancerous tissue to early-stage
colorectal cancer in LS holds important clinical and scientific significance. These genes may
serve as potential biomarkers for early detection, allowing for more precise screening protocols
in high-risk LS patients. Understanding the specific genes and pathways involved in early tumor
development can also inform the design of targeted therapies that interrupt or reverse cancer
progression at its earliest stages.

Additionally, downregulated tumor suppressor genes may inform gene therapy strategies to
restore normal cellular regulation. Overall, these findings contribute to the growing field of
personalized medicine and could eventually lead to the development of more effective,
stage-specific interventions for colorectal cancer in LS patients.

Limitations

Limitations in this study are caused by its reliance on publicly available bioinformatics datasets
created by microarray experiments conducted by other researchers. Although these datasets
supply useful information, the findings may not truly demonstrate the intricacies of LS as there
was no experimentation on human samples. The identified DEGs and pathways will require more
verification in laboratory or clinical settings to properly assess their roles and potential for
treatment.

Future Directions

Laboratory and clinical studies are needed to validate the differentially expressed genes
identified in this analysis, confirming their relevance across larger, more diverse Lynch
Syndrome patient cohorts. Further investigation into how these genes contribute to the
progression from precancerous lesions to malignancy, particularly in processes like DNA repair,
cell proliferation, and immune evasion could clarify their biological roles. These insights may
also support the development of diagnostic tools or immunopreventive strategies that leverage



gene expression and neoantigen signatures to improve early detection and treatment for high-risk
individuals.
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