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Abstract: Colorectal cancer (CRC) is a leading cause of cancer-associated fatalities globally. 

Despite the notable progress in diagnostics and patient care, challenges persist in areas such 

as early detection, prognostic variable identification, metastatic disease treatment, and 

personalised treatment options. In CRC, microRNAs, a type of short non-coding RNA, are 

found to be deregulated and can significantly influence its onset and progression. However, 

previous microRNA research primarily focused on expression levels to ascertain their 

biological significance, leaving the microRNA methylation landscapes in CRC patients 

largely unexplored. This study aims to investigate the genome-wide methylome profiles of 

microRNA and clarify their roles in CRC. We will analyse the microRNA methylation 

profiles from our in-house data of more than 100 CRCs and correlate the differentially 

methylated microRNAs with clinicopathological features. To understand the biological 

significance of methylated microRNAs, we will perform pathway enrichment analysis and 
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molecular dynamics simulations to examine the binding of argonaut protein to the 

differentially methylated microRNAs and the structural changes involved. Furthermore, we 

will conduct functional studies to determine the roles of selected microRNAs. CRC cell lines 

with hypermethylated microRNA of interest will be treated with a demethylating agent, 

followed by cell-based assays. Subsequent transcriptome-wide microRNA gene target 

identification and protein profiling will be performed to interrogate the molecular pathways 

affected by demethylation of the microRNA of interest. Methylation signifies a major 

transformation in cancer detection, as widespread epigenetic changes could potentially 

provide superior early-stage cancer detection and classification compared to somatic 

mutations. Effective CRC diagnosis ensures timely and appropriate treatment for patients, 

thereby improving their quality of life. The insights gained from this study could be applied 

to individualized health diagnostics, disease prognostication, and treatment monitoring. 

Keywords: Colorectal cancer; microRNAs; methylation profiles; differential methylation; 

personalized health diagnostics; precision medicine; SDG 3 Good health and well-being 

 

1. Introduction 

Colorectal cancer (CRC) stands as one of the most prevalent cancer diagnoses around 

the world. The impact of this issue is not limited to individuals, as it also puts a significant 

economic burden on healthcare systems. The cost of managing new CRC cases is estimated 

at RM62 million annually [1]. While there have been considerable improvements in diagnostic 

procedures and patient care, numerous obstacles remain. These involve early diagnosis, 

pinpointing prognostic factors, devising effective treatments for metastatic conditions, and 

tailoring treatment strategies to individual patients [1, 2]. A local study highlighted the high 

cost of CRC, indicating that provider costs range from RM13,672 for stage I to RM27,972 

for stage IV [3]. 

Cancer poses a significant health challenge globally, with over 18.1 million new cases 

identified in 2018, and this number is anticipated to grow in the forthcoming decade, 

especially in less developed and developing countries [4]. In Malaysia, CRC is the most 

frequently diagnosed cancer, and the prevalence is 21.3 cases for every 100,000 individuals 
[5]. Despite numerous studies revealing molecular changes involved in the development of 

CRC [6-12], the prognosis for advanced stages of this disease remains poor. The search for 

biomarkers that could offer precise guidance in managing and treating CRC remains ongoing 

within the medical community. Therefore, there is a significant demand for reliable 

prognostic and predictive biomarkers, and one potential source of these biomarkers could be 

the tumor’s epigenome [13]. Researchers aim to unlock the full potential of the tumor 

epigenome by employing a diverse array of techniques, ranging from the simplicity of 

molecular assays like RT-PCR [14] to the complexity of multi-omic analyses [15-17]. This 

comprehensive approach is anticipated to significant contribute to the ongoing pursuit of 

more effective and innovative cancer diagnostics and therapies [18-23]. 
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MicroRNAs are small, non-coding RNAs, approximately 22 nucleotides in length, 

that regulate gene expression in a variety of eukaryotic organisms [24]. These single-stranded 

RNAs function by associating with specific target mRNAs, predominantly through partial 

correspondence with sequences located in the 3’ untranslated region (UTR). This interaction 

leads to either mRNA degradation or inhibition of translation [24]. MicroRNAs are crucial in 

regulating numerous cellular processes, such as cell proliferation, metabolism [25], apoptosis, 

angiogenesis [26], cell cycle and differentiation, by simultaneously modulating the expression 

of several genes [24, 27, 28]. In human cancers, it has been observed that microRNA expression 

profiles can vary significantly between tumors and the normal tissues, among various tumor 

types, and even within the same tumor exhibiting different phenotypes [17, 29-32]. MicroRNAs 

play a crucial role in tumorigenesis, acting oncogenes or tumor suppressors that function to 

promote or inhibit cancer development, respectively [33-35]. 

The precise mechanism that leads to microRNA deregulation in cancer remains 

unclear. However, numerous studies have indicated that epigenetic mechanisms [36-38], 

particularly DNA methylation, play a vital role in regulating the expression of microRNAs 
[39, 40]. DNA methylation, a biological process, attaches methyl groups (CH3) to the cytosine 

ring, creating 5-methylcytosine (5mC) [41]. This process may epigenetically control the 

expression of microRNAs through the methylation of DNA in CpG islands located within 

promoter regions, and disturbances in these mechanisms could lead to changes in microRNA 

expression, which could then modify gene and protein expression, ultimately contributing to 

the progression of cancer [42]. 

Despite the established research into microRNA gene methylation, with scholarly 

articles on this subject having been published approximately a decade ago, there is still a 

knowledge gap, especially in CRC. The majority of the existing data is derived from CRC 

cell lines instead of patient specimens [43, 44]. To the best of our understanding, only a small 

number of studies have conducted comprehensive profiling of microRNA methylation across 

the entire genome in cancer. The main research focus in this area has been centered around a 

specific group of microRNAs that are known to exhibit hypermethylation in CRC. Some of 

these microRNAs are miR-34b/c, miR-124, miR-133b, and miR-324, among others  [45-47]. 

Although epigenome-wide microRNA methylation profiles exist for other cancers [48-50], only 

one study has been conducted in the context of CRC thus far [51]. A recapitulation of 

microRNA methylation's role in CRC was already delineated in our previous work [52]. The 

fact that only one study has conducted global microRNA methylation profiling in CRC using 

high-throughput methods such as microarray amplifies the significance of our study and 

highlights the need for more comprehensive research in this area.  

The objective of this research is to delve into the genome-wide methylome profiles 

of microRNA and their roles in CRC. We aim to identify the distinctive pattern of methylated 

microRNAs in CRC and establish a correlation between the significantly differentially 

methylated microRNAs and clinicopathological features such as stage, lymph node or distant 

organ metastasis, age, gender, and histological subtype. Furthermore, we seek to elucidate 

the pathways regulated by the differentially methylated microRNAs and the mechanisms 
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involved. Lastly, we plan to interrogate the roles of selected differentially methylated 

microRNAs in the development and progression of CRC. Through these objectives, we hope 

to gain a deeper understanding of the role of microRNA methylation in CRC. 

Our research is guided by several hypotheses. We hypothesize that the microRNAs 

in CRC differ from those in the normal colon due to a distinct methylation signature. We also 

postulate that the significantly differentially methylated microRNAs are associated with 

clinicopathological features such as stage, lymph node or distant organ metastasis, age, 

gender, and histological subtype. Furthermore, we believe that various cancer-related genes 

and pathways are regulated by the differentially methylated microRNAs via altered target 

inhibitory effects and structural changes in the argonaut (AGO) protein complex. Lastly, we 

propose that the differentially methylated microRNA plays significant roles in CRC 

development and progression, influencing cancer cells’ viability, migration, invasion, and 

colony-forming ability. 

To validate these hypotheses, our research will seek to answer several key questions. 

Why does the signature of the microRNA methylome in CRC differ from the normal colon? 

How do the significant differentially methylated microRNAs correlate with the 

clinicopathological features? How do the differentially methylated microRNAs influence the 

cancer pathways? And finally, how significant are the roles of the methylated microRNAs in 

CRC development and progression? Through these inquiries, we aim to shed light on the role 

of microRNA methylation in CRC. 

2. Materials and Methods  

2.1. Data Acquisition 

Methylation microarray data from 104 CRCs based on Illumina Infinium Human 

Methylation 450K will be retrieved from our internal database. The inclusion and exclusion 

criteria are as follows: 

• Inclusion criteria: Malaysian patients diagnosed with CRC, consented to specimen 

collection and future research, histological subtypes include the most frequently identified, 

for example, adenocarcinoma and mucinous carcinoma of the colon, and patients with 

methylation microarray datasets already available in our laboratory. 

• Exclusion criteria: Malaysian patients diagnosed with cancer(s) other than CRC, did not 

consent for specimen collection and future research, histological subtypes other than 

adenocarcinoma and mucinous carcinoma of the colon, and patients without in-house 

methylation microarray datasets. 

The clinicopathological data will be retrieved manually from various reports and 

records available at the Record Unit (UKM Medical Center) upon obtaining ethical approval. 
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2.2. Cell Lines and Culture Condition 

Eight CRC cell lines (SW 480, SW 48, COLO 320DM, COLO 205, HCT 116, HT 29, 

SW 1463 and SW 1116) and three normal colon cell lines (CCD 33 Co, CCD 112 CoN and 

CCD 841 CoN) will be obtained from UMBI's cell bank and will be maintained in McCoy’s 

5A (Gibco) or DMEM (Gibco) at 37◦C and 5% CO2 in the incubator (Galaxy 170R, Eppendorf). 

All culture media will be supplemented with 10% fetal bovine serum (FBS) (Gibco) and 1% 

Penicillin-Streptomycin. 

2.3. Nucleic Acid Extraction and Determination of Nucleic Acid Purity 

The DNA and total RNA will be extracted using the AllPrep DNA/RNA/microRNA 

Universal Kit (Qiagen) [53]. The purified DNA and RNA will be stored at -20°C and -80°C in 

aliquots to avoid repeated freezing and thawing. The purity of nucleic acid yield will be 

determined by using a NanoDrop ND-2000 Spectrophotometer (Thermo Fisher) at 260 nm 

(A260) and 280 nm (A280) absorbance, using the A260/A280 ratio, with a sample volume of 

1.5 μL. The acceptable range of purity for DNA and RNA is 1.8 to 2.0 and 2.0 to 2.2, 

respectively. 

2.4. MicroRNAs Expression Study 

For microRNA expression profiling, cDNA will be synthesized using miRCURY LNA 

RT Kit (Qiagen). qPCR will be performed on the Biorad CFX96 Real-Time PCR System 

(Biorad). Primers will be selected from miRCURY LNA microRNA PCR Assay lists and 

qPCR will be performed using miRCURY LNA SYBR Green PCR Kit (both from Qiagen). 

U6 snRNA and SNORD38B will be used as the housekeeping controls. The fold change will 

be calculated using the 2−ΔΔCT Method [54]. 

2.5. Bisulfite Sequencing 

The bisulfite conversion process will be carried out on a DNA sample of 250 ng using 

the EZ DNA Methylation-Gold™ Kit from ZYMO Research. This will be conducted following 

the instructions provided by the manufacturer. Following this, bisulfite PCR amplification will 

be performed, followed by direct sequencing and cloning. This method is particularly effective 

for detecting methylation at multiple CpG sites, even in cases where only partial methylation 

is present on a CpG island. To elaborate, primers that target specific regions of interest will be 

designed using the Methyl Primer Express Software v1.0 from Thermo Scientific. Methylation 

PCR will then be carried out using the EpiMark Hot Start Taq DNA Polymerase and 

Deoxynucleotide Solution Mix from New England Biolabs. This will be followed by standard 

agarose gel electrophoresis. 

The unpurified PCR products will then be cloned into the pJET1.2/Blunt vector from 

Promega and transformed into competent cells. The cells containing the ligated vectors will 

then be selected on agar plates containing ampicillin/X-gal/IPTG using blue/white screening 

selection. In this process, blue colonies represent an empty vector, while white colonies indicate 



PMMB 2023, 6, 1; a0000389 6 of 13 

 

vectors that have been inserted with the target PCR product. The white colonies will be selected 

and cultured in an LB medium. Plasmids containing the target DNA will be purified and 

subjected to standard sequencing analysis [55]. This comprehensive approach allows for a 

detailed examination of methylation patterns, contributing to our understanding of the role of 

methylation in various biological processes. 

2.6. Data Analysis 

2.6.1. Microarray Methylation Data Analysis 

Microarray methylation data analysis will be performed using the CHAMP 

Bioconductor packages [56]. The raw intensities will undergo normalization using the Subset-

quantile Within Array Normalization (SWAN) method. This step is crucial to mitigate the 

technical biases inherent in the probe design before proceeding with further statistical analysis. 

Following normalization, we will extract the β values. We will then conduct a statistical 

analysis on these β values using t statistics from the limma Bioconductor package. From the 

significant differentially methylated loci, we will manually extract the list of microRNAs. We 

have set a threshold for statistical significance at a delta beta of |0.2| and an adjusted P-value of 

less than 0.05. 

2.6.2. Pathway Enrichment Analysis 

Pathway enrichment analysis will be carried out using DAVID [57]. DAVID is a 

comprehensive tool that enables researchers to decipher the biological significance of extensive 

miRNA lists through the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 

enrichment analysis in a systematic and integrated manner. The threshold for statistical 

significance will be set at P < 0.05. 

2.6.3. Molecular Dynamics Simulations 

To explain the biological significance of methylated microRNAs, molecular 

simulations will be performed to investigate the binding of argonaut protein to the differentially 

methylated microRNAs and determine the effect on the protein structure caused by the 

methylation. The simulation was adapted from Konno et al. [58]. The X-ray structure of the 

AGO2/RNA complex will serve as the reference for investigating the binding of methylated 

and non-methylated microRNAs to the human Argonaut2 (AGO2) protein (PDB ID: 4OLB 

and 4W5N). Both structures will be retrieved from the Protein Data Bank 

(https://www.rcsb.org) [59]. Firstly, we will replace the RNA-binding bases with the 

corresponding bases found in each microRNA. Molecular dynamics simulations will, 

therefore, be conducted under organic conditions (1 atm and ~37 ° C) for each complex 

microRNA structure. The energy minimisations will be carried out after thermodynamic 

experimentation to estimate the docking of the structures. Both computations will be conducted 

with AMBER 99 force field using the AmberTools19 program (http://ambermd.org/) [60]. 

 

https://www.rcsb.org/
http://ambermd.org/
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2.6.4. General Statistical Analyses 

In addition, the statistical significance of qPCR experiments will be analysed using the 

t-test for p-values of less than 0.05. The test will be performed on GraphPad Prism (GraphPad 

Software, Inc.). For correlation analysis with clinicopathological features and functional 

analyses, all statistical analyses will be performed using the same software. Experimental data 

will be presented as mean ± standard deviation (SD). Correlation analysis with 

clinicopathological features will be analysed using the chi-square or Fisher Exact tests. The 

statistical analysis for cell viability will be analysed by a two-way ANOVA test, whereas the 

t-test will be used to analyse the remaining cell-based assays. The threshold for statistical 

significance is established as P < 0.05. To ensure the reproducibility of the results, all cell-

based assay experiments for cell-based assays will be conducted in triplicates. 

2.6.5. Bisulfite Sequencing Analysis 

Bisulfite sequencing data will be analysed using Bioedit [61] and BISMA [62]. 

2.7. Drug Sensitivity Assay 

The cells will be placed in 96-well plates at a density of 1x104 cells per well and treated 

with the demethylating agent 5-Aza-2′-Deoxycytidine (Sigma) for 72 hours. The concentration 

of the agent will vary, ranging from 10 to 100 mM. To ensure optimal conditions, the culture 

media will be refreshed every 24 hours, with a renewal of 5-Aza-2′-Deoxycytidine. All agents 

will be initially dissolved in dimethyl sulfoxide (DMSO) (Nacalai Tesque) and subsequently 

diluted in the culture media for the experiment. Cells that are not treated will serve as a control 

group. For these control cells, DMSO (Nacalai Tesque) will be added to the cell preparation at 

a final concentration of 0.2%. 

2.8. Over-expression Study of MicroRNA 

Selected microRNA and empty vector will be purchased from Origene. Cells will be 

cultured in 6-well plates, transfected using 5 μL of TurboFectin Transfection Reagent 

(Origene) and 2 μg of target plasmid per well. After 4 hours, the transfection medium will be 

replaced with a normal medium, and the cells will be cultured for an additional 20 - 42 hours 

for various assays as indicated [63]. 

2.9. Cell-based Assays 

The first step in our functional experiments will be to determine cell viability using the 

XTT assay from Biotium. This will be done 72 hours after treatment or transfection, following 

the instructions provided by the manufacturer. The fluorescence of the samples will be 

measured using a microplate reader, specifically the SkanIt RE for Varioskan Flash 2.4 

(Thermo Fisher Scientific) [64]. The excitation and emission wavelengths used for this 

measurement will be 560 nm and 590 nm, respectively. This part of the experiment will be 

performed six times to ensure the accuracy of our results. 
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Following the viability assay, we will conduct a colony-forming or clonogenic assay. 

This is a quantitative technique used in vitro to assess the ability of a single cell to grow into a 

large colony through clonal expansion. This measure of clonogenic activity is particularly 

important when studying stem cells, which can give rise to undifferentiated cancer cells. In the 

colony formation assay, 500 cells will be plated in a 6-well plate with complete media after 72 

hours post-treatment. The plate will be gently swirled to ensure an even distribution of cells. 

These cells will then be incubated at 37°C with 5% CO2 for 10 days, during which the media 

will be replaced every three days. On the tenth day, the media will be removed and the cells 

will be washed twice with PBS. The colonies will then be fixed with 50% cold methanol for 

10 minutes, air-dried, and stained with a 0.5% crystal violet solution for 30 minutes. To remove 

any excess stain, the plate will be washed three times with tap water. Images of the stained 

plates will be captured for further analysis. Any cell colonies containing more than 50 cells will 

be counted. This procedure will be repeated three times for each treatment to ensure the 

reliability of our findings. 

Cell migration is a fundamental process in development and physiological repair, and 

it is also implicated in various pathological conditions, including cancer invasion, metastasis, 

and angiogenesis. Evaluating the migration potential is essential for understanding the 

molecular mechanisms involved in cancer. In this experiment, cells that have been treated will 

be collected 72 hours post-treatment and seeded at a density of approximately 3 to 7 × 105 

cells/mL in each well. Cells that have yet to be treated will serve as controls. The cells will be 

incubated at 37°C with 5% CO2 to allow them to attach. A monolayer of cells that is 

approximately 70-80% confluent should be formed after 24 hours. At this point, a small linear 

scratch will be made in the monolayer of cells by gently scraping the surface with a sterile 

pipette tip. The dish will then be examined under an inverted microscope, and images will be 

captured. Observations will be made by taking images at several time points over the next few 

hours (0h, 24h, 48h, and 72h). The percentage of wound healing will be measured using the T 

scratch software. 

The ability of malignant tumour cells to invade normal surrounding tissue contributes 

significantly to cancer morbidity and mortality. Invasiveness includes many distinctive cellular 

functions involving adhesion, motility, detachment, and proteolysis of the extracellular matrix. 

Metastatic cells produce several proteolytic enzymes with increasing expression of certain cell 

surface protease receptors. To assess the invasive potentials of selected microRNA, the 

CytoSelect™ 24-Well Cell Invasion Assay (CellBiolabs) with an insert polycarbonate 

membrane of 8 µm pore size will be used. The assay will be carried out according to the 

manufacturer’s protocol [64]. 

2.10. Transcriptome-wide microRNA Target Identification 

MISSION Target ID Library (Sigma) containing 16,922 cDNA targets will be 

purchased from Sigma Aldrich to identify transcriptome-wide human microRNA gene 

functional targets. It is a pool of plasmids, each with a single human cDNA inserted into the 

3′-UTR of a thymidine kinase-zeocin fusion protein (TKzeo) [65]. Zeocin will be used to select 
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stably transfected cells. A kill curve experiment, for example, exposing untransfected cells to 

increasing amounts of zeocin to determine the minimum lethal dose of the cancer cell lines, 

will be performed. The minimum concentration of zeocin that causes complete cell death after 

the desired time will be used for that cell type in the subsequent experiments. A total of 2x107 

stable cells obtained from the kill curve experiment will be transfected with the MISSION 

Target ID Library and allowed to recover for 3-5 days [65]. After selection for stable integration 

and cell expansion, the cells will be treated with Ganciclovir and cells that survive this selection 

will be used for the subsequent experiment. Subsequently, genomic DNA will be isolated from 

the cell lines after transfection and PCR will be performed with primers provided (Forward 5΄ 

ACGACGTGACCCTGTTCATC 3΄ and Reverse 5΄ TAAAACGACGGCCAGTGAAT 3΄). 

These primers flank the cDNA insert sites and only inserts are amplified. The PCR products 

will be sequenced for identification. Gene targets will be identified by BLAST alignment of 

sequences with the human transcriptome (for known transcripts) and the human genome (for 

novel transcripts). 

2.11. Targeted Antibody Array 

The cells that have been treated or transfected for 72 hours will be lysed in Pierce RIPA 

buffer (Thermo Fisher Scientific) with Halt Protease Inhibitor Cocktail (100X) (Thermo Fisher 

Scientific) at 1:100 concentration. Protein concentrations will be determined by Bradford assay 

(Bio-rad) [66]. To parallelly determine the relative levels of selected human cancer-related 

proteins using the Human XL Oncology Array (R&D Systems, USA), 200 µg protein extracts 

will be incubated with the membranes according to the manufacturer’s instructions [67]. HRP-

conjugated streptavidin antibodies and chemiluminescent detection reagents provided by the 

manufacturer will be used to visualize the protein. The significant proteins identified will be 

further validated using Jess Simple Westerns™ System (R&D Systems). 

3. Conclusions 

This research is set to make a significant contribution to the understanding of 

microRNA methylome in CRC, with the potential of unveiling new biomarkers that could be 

harnessed for the development of novel drugs. This could, in the long run, pave the way for 

more effective treatments and enhanced patient care. This research stands out for several 

reasons. Firstly, it will be the first to describe the methylation landscape of microRNAs in 

Malaysian CRC patients. Secondly, unlike previous CRC studies that focused on specific 

microRNAs, this research will cover a wide range of microRNAs at a genome-wide level. 

Lastly, it aims to extensively investigate the functional roles of various methylated 

microRNAs, an area that has yet to be thoroughly explored. The expected impact of this 

research on society, economy, and nation is substantial. It will lead to a deeper understanding 

of microRNA methylome in CRC, thereby revealing potential biomarkers that could be 

utilised for the creation of new drugs. This aligns with the Sustainable Development Goal 3 

(SDG 3). In the longer term, this research could lead to more effective treatments and 

improved patient care, thereby enhancing the quality of life for CRC patients. 
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