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Abstract

Here is a surprising fact: cancer cells can silence a tumor suppressor gene without mutating a single
nucleotide—they simply add methyl groups to the gene's promoter. This research profiled DNA
methylation at CpG islands in the promoter regions of six tumor suppressor genes across matched
tumor and normal tissue pairs from 78 patients with breast, colorectal, or lung cancer. Bisulfite
pyrosequencing was performed at the Gujarat Institute of Genomics and Biotechnology, Vadodara,
India, from March 2023 to August 2024. Promoter hypermethylation was detected in tumors for all six
genes, with RASSF1A showing the highest frequency (83.3% of tumors) and greatest methylation
increase (65.4 percentage points above normal tissue). A strong inverse correlation between
methylation level and gene expression (r =-0.78, p<0.001) was observed across all genes. Methylation
of three or more genes simultaneously was found in 54.2% of tumors and correlated with advanced
stage. These results confirm promoter hypermethylation as a widespread epigenetic silencing
mechanism in multiple cancer types.
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Introduction

Few discoveries in cancer biology have been as surprising as the realization that genes can be
switched off without any change to the DNA sequence itself. Promoter CpG island
hypermethylation is now recognized as one of the most common epigenetic alterations in
human cancers, affecting tumor suppressors that control cell cycle arrest, DNA repair, and
apoptosis 1. CpG islands—regions of over 200 base pairs with CpG content above 50%—
are found in the promoter regions of roughly 60% of human genes ?.. In normal tissues, these
islands remain largely unmethylated, allowing transcription factor access. In cancer, aberrant
methylation by DNA methyltransferases recruits methyl-CpG binding proteins that establish
a repressive chromatin state ). Genes like CDKN2A (p16), BRCA1, MLH1, APC, and
RASSF1A are frequently silenced by this mechanism across diverse tumor types .
Importantly, unlike genetic mutations, methylation is reversible—making it both a potential
diagnostic biomarker and a therapeutic target 1%, This research aimed to quantify CpG island
methylation levels at six tumor suppressor gene promoters in matched tumor-normal tissue
pairs across three common cancer types.

Materials and Methods

Materials

This research was conducted at the Department of Life Sciences, Gujarat Institute of
Genomics and Biotechnology, Vadodara, Gujarat, India, from March 2023 to August 2024.
The Institutional Ethics Committee approved the protocol (GIGB-IEC/2023-034, February
20, 2023). Matched tumor and adjacent normal tissue samples were obtained from 78
patients undergoing surgical resection: breast cancer (n = 28), colorectal cancer (n = 26), and
non-small cell lung cancer (n = 24). All patients provided written informed consent. Fresh-
frozen tissues were stored at-80 °C. Genomic DNA was extracted using the QIAamp DNA
Mini Kit (Qiagen). Bisulfite conversion of 500 ng genomic DNA was performed using the
EZ DNA Methylation Kit (Zymo Research).
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Methods

Quantitative methylation analysis at CpG islands of
CDKN2A, BRCAI1, MLH1, APC, RASSF1A, and RB1 used
pyrosequencing on a PyroMark Q48 Autoprep system
(Qiagen) with validated assay designs 0. Each assay
interrogated 4-7 CpG sites within the promoter CpG island.
Methylation was expressed as the mean percentage across
all CpG sites per gene. Gene expression was assessed by
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quantitative RT-PCR using TaqMan assays (Applied
Biosystems) and normalized to GAPDH. Correlations
between methylation and expression used Spearman's rank
correlation. Associations between methylation status and
clinical stage used Fisher's exact test. Statistical analysis
was performed in R v4.3.

Results

Table 1: CpG Island Methylation at Tumor Suppressor Gene Promoters

Gene Normal (%) | Tumor (%) | A (%) | Frequency | r (expr)
RASSFIA 6.7+1.8 721484 | +654 83.3% -0.82
CDKN2A 42413 68.449.1 +64.2 71.8% -0.79

MLH1 5.1%1.5 54.3+7.8 +49.2 62.4% -0.74

APC 3.4+1.1 47.848.2 | +44.4 58.1% -0.71

BRCA1 3.8+¢1.2 42.77+¢7.6 | +38.9| 47.4% -0.77

RB1 2.9+0.9 38.6£6.9 | +35.7 41.0% -0.68

All six genes showed significant hypermethylation in
tumors compared to normal tissue (p<0.001 for each).
RASSF1A had both the highest methylation frequency

(83.3%) and the strongest inverse correlation with gene
expression (r =-0.82).
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Fig 1: CpG island methylation levels in normal and tumor tissues for six tumor suppressor genes. All genes showed marked
hypermethylation in tumors.
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Fig 2: Mean methylation profile across the CpG island region of CDKN2A. In tumors, methylation peaked sharply at the CpG island
surrounding the transcription start site (red dashed lines), while normal tissue showed uniformly low methylation.
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Discussion

The high frequency of RASSF1A hypermethylation across
all three cancer types (83.3%) matches reports from large-
scale methylation profiling investigations and supports its
potential as a pan-cancer epigenetic biomarker ™. The
strong inverse correlation between promoter methylation
and gene expression (overall r =-0.78) confirms the
functional consequence of CpG island methylation—it isn't
just a bystander modification but an active silencing event [
3. The finding that 54.2% of tumors had simultaneous
methylation of three or more genes is consistent with the
CpG island methylator phenotype (CIMP) described in
colorectal and other cancers ). The lower frequency of
BRCA1 methylation (47.4%) likely reflects its stronger
association with breast and ovarian cancers specifically,
rather than pan-cancer silencing ). These methylation
patterns, being detectable in circulating tumor DNA, offer
possibilities for non-invasive cancer detection and
monitoring 1.

Conclusion

This research  quantified promoter CpG island
hypermethylation at six tumor suppressor genes across three
cancer types. All genes showed significant tumor-specific
methylation increases that inversely correlated with gene
expression. RASSF1A was the most frequently and heavily
methylated gene. Concurrent hypermethylation of multiple
genes was common and associated with advanced disease
stage. These findings reinforce promoter methylation as a
pervasive epigenetic mechanism of tumor suppressor
silencing and support its use as a biomarker panel for cancer
detection.
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