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Abstract-
Mobile genetic elements (MGEs) represent a significant portion of the

Article History human genome, contributing to evolutionary processes through their

Volume 6, Issue 12, 2024 mobility. This mobility, however, also introduces mutations. Some
Received: June 10, 2024 mutations induce exon skipping or premature truncation, resulting in
g;ic:epted: July 5, 2024 non-functional or impaired proteins that contribute to various human
10.48047/AFIBS.6.12.2024.4902-4913 diseases, including cancer. This study aims to explore MGE prevalence

within cancer-associated genes in comparison to non-cancer-associated
genes. We compiled gene lists for both categories, retrieved nucleotide
sequences, and employed RepeatMasker analysis for MGE
identification. Our analysis revealed a notable difference: cancer-
associated genes exhibit higher MGE counts and greater sequence
coverage by MGEs compared to non-cancer-associated genes. This
heightened MGE presence may correlate with an increased
susceptibility to significant DNA segment deletions/insertions,
potentially elevating the risk of cancer initiation. Further investigation
is essential to unveil the precise nature of these associations and their
implications comprehensively.
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1. Introduction

Mobile genetic elements (MGEs) are the DNA segments that can change their location
within the genome. MGEs are commonly called Transposable Elements (TEs) or jumping
genes due to their ability to move. MGEs are powerful enough to create genetic innovation or
evolution as they can create gene modifications due to mutation [1], [2]. They are present in
the genomes of prokaryotes as well as eukaryotes.In humans, they occupy a large fraction
(>50 %) of the genome [3]. MGEs can be broadly classified into retrotransposons class (Class
I) and DNA transposons (Class II), based on their mode of transmission. Out of two classes,
the retrotransposon is widely spread MGEs in mammals. Retrotransposons can be further
categorized into Long Terminal Repeats (LTRs) and Non-Long Terminal Repeats (non-LTRs)
[4]. Autonomous non-long terminal repeat retrotransposons are commonly referred to as long
interspersed nuclear elements (LINEs). Short non-autonomous elements that borrow the LINE
machinery are called short interspersed nuclear elements (SINES) [5].

The distinguishing characteristic of cancer cells is their dedifferentiation, which results
from genetic and epigenetic modifications. Furthermore, the epigenetic changes that occur
during dedifferentiation may promote increased expression of developmental TE, leading to
even more dedifferentiation [6]. In 2019, Jang and colleagues examined how TEs might
contribute to the activation of cancer associated genes in human cancers. Their research
showed that TEs could impact cancer associated gene expression in approximately 50% of
tumours [7].

Numerous types of cancer have been extensively researched, revealing a lack of effective
surveillance mechanisms for TE repressions, such as DNA methylation and histone
modification [4]. One example of this is the occurrence of LINE-1 promoter hypomethylation
and subsequent retrotransposition across various malignancies [8]. Such transposition has been
specifically observed in ovarian cancer patients[9], breast cancer [10], non-small cell lung
cancer [11], hepatocellular carcinoma [12], and colon cancer [13], and has been correlated
with unfavourable outcomes.

TEs are recognized instigators of genome instability within cancer cells due to their
insertion into the genome and subsequent reintegration, along with homologous recombination
between TEs. A notable instance is the insertion of LINE-1 into the adenomatous polyposis
coli (APC) gene, a pivotal tumour suppressor in colon cancer [14]. Notably, colon cancers
display susceptibility to somatic LINE-1 activity, harbouring up to 106 LINE-1 copies in
individual cases [15], [16]. LINE-1 somatic insertion is also observed across other cancer
types such as hepatocellular carcinoma [17], gastric and small intestine tumours [18], head and
neck cancers [19], non-small cell lung cancer [14], and adenocarcinomas [20].

Furthermore, investigations have indicated a link between the expression of other TE
families like SVA, SINE, and HERV families and reduced survival rates among patients with
colorectal cancer [21], [22].

According to the studies conducted by Nguyen et al. and Sin et al., TE mobilization leads to
a reorganization of sequences, changes in gene structure, and modifications in gene expression
[23], [24]. This process is responsible for the formation of structural variations that contribute
to individual differences and can initiate certain serious diseases, such as CHARGE syndrome,
neurofibromatosis, colon cancer, breast cancer, and microdeletion or microduplication
disorders [25], [26], [27], [28]. Though the majority of the MGEs are inactive in the human
genome, except non-LTRs (like LINEs and SINEs) are capable of generating mutations. These
active MGEs have the potential to disrupt genes and play a role in chromosomal
rearrangements [4]. In humans, MGE-generated mutations found to be associated with
diseases such as Mankes syndrome, X-linked agammaglobulinemia, Dent disease,
haemophilia, cholinesterase deficiency, hereditary nonpolyposis colorectal cancer, familial
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adenomatous polyposis, leukaemia, and cystic fibrosis [29]. In a study performed by Wimmer
K. et al., on neurofibromatosis type 1, 18 unrelated patients were identified with MGE
insertions in the NF1 gene in the exonic or intronic region [30]. Studies have also shown that
the insertion of mobile DNA in genes might promote exon skipping, resulting in either
reduced or no expression of the affected gene(s) [31], [32], [33]. In 1988, Kazazian H. H. et
al. discovered that MGE insertion was responsible for the causation of haemophilia A [34].
Large-scale genomic projects, such as the Functional Annotation of Mouse (FANTOM) and
ENCyclopedia Of DNA Elements (ENCODE) projects, as well as independent studies, have
indicated that MGEs exhibit pronounced activity that is intricately tailored to specific cell
types. They intricately regulate not only their own cell-specific transcription but also exert
control over the transcription of adjacent genes [35], [36], [37].Newer studies indicate that
changes in the regulation of TE and the resulting cellular and immune response to this
disruption are linked to several human illnesses, such as age-related conditions and cancer [1],
[21], [38], [39].

Previously, our group has developed an integrated system for the analysis and de novo
detection of MGEs. ELAN 1is an efficient suite that detects different MGEs and their
distribution on the genome. It was observed that signals present in exonic regions are different
from the intronic regions of the genes. All those studies indicated the important role of MGE
insertions in human genes[40]. Understanding TEs in human genes is important because they
have the potential to disrupt gene function and regulation, leading to genetic diseases.
Studying TEs can help improve our understanding of disease mechanisms and aid in the
development of new diagnostic and therapeutic approaches targeting TE-related diseases. The
objective of this study is to investigate the distribution of MGEs (including the number of
MGE:s and sequence covered by MGEs) in cancer associated genes which have the potential to
cause cancer. The experiment will help us in understanding the distribution of MGEs on
cancer associated genes compared to non-cancer genes. This study may shed light on the role
of MGEs in the development of cancer and provide insights into the molecular mechanisms
underlying cancer pathogenesis and thus may help in the identification of potential therapeutic
targets for cancer treatment.

2. Material and Method
A flowchart is given in Fig. 1, summarizing the workflow to achieve the goal.
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Figure 1: Flow Diagram of the Process of Gene Extraction and MGE Detection in
Dataset T and Dataset N

A. Preparation of Gene Dataset

The cancer associated genes were collected and curated from publicly available databases
namely OMIM [41], Genetics-MedlinePlus [42] and Cancer Genetics Web [43]. There are
1,164 cancer associated genes collected and this is called the positive dataset (Dataset T).
Further, We extracted a complete list of genes from homo sapiens from the NCBI database
(Dataset W) [44]. Now, to obtain the negative dataset we compared the dataset T with dataset
W and filtered out the non-matching genes thus resulting in a non-cancerous associated genes
dataset (Dataset N).
B. Sequence Retrieval of Positive and Negative Dataset

We have used Entrez direct (E-direct) [45] utility which provides access to NCBI allowing
the user to get detailed information on that particular gene. Since the E-direct takes the input
as a single gene at a time so we developed a bash script to download the nucleotide sequence
collectively provided in the gene list. The script is helpful in retrieving all the necessary gene
details like NCBI chromosome ID, start and end position, sense/antisense information etc.
C. Detection of Mobile Genetic Elements

To 1identify and characterize the MGEs in each nucleotide sequence we have
usedRepeatMasker version 4.1.2 [46]. RepeatMasker is a widely used open-source application
written in Perl language, used for the identification of MGEs in genomic sequences[47], [48],
[49], [50]. RepeatMasker identify all the repeat region in a given nucleotide sequence and
characterise these repeats into different categories, including, SINEs (subtypes - ALU and
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MIRs), LINEs (subtypes - LINE1, L3/CR1 and LINE2), LTRs (subtypes of LTR - ERVL,
ERV_Classl, ERVL-MalLRs and ERV_ClassIl), DNA elements (subtypes of DNA elements -
TcMar-Tigger and hAT-Charlie), terminal inverted repeats, unclassified repeats, Satellites,
Small RNA, simple repeats, and low complexity. The execution of RepeatMasker broadly
involves the following steps: 1) evaluating the input sequence; ii) checking of RepeatMasker
library or user-defined TE library; iii) splitting the sequence into fragments; iv) performing
alignment on the fragments; and v) merging of identified TEs in the fragments. RepeatMasker
supports four search engine software, AB-BLAST, RMBLAST, CROSS_MATCH and
HMMER. Since the RepeatMasker RMBLAST is optimized for TE search, we employed it for
our analytical investigation[51]. We used the default parameters to run RepeatMasker. Since
we required the MGE results of each gene individually, we developed a BASH script which
runs on the Linux platform via the command line interface. This script takes a directory as
input that has all the nucleotide sequences in fasta format and an output directory where the
output files will be saved. Then each nucleotide sequence saved in the input directory is
sequentially run. The resultant files of each run are directed to save in an output folder.
Further, we parsed RepeatMasker output files of each sequence of the respective dataset to
further perform statistical analysis.
D. MGE Distribution in Well-known Cancer/Non-cancer Associated Genes

We conducted a batch comparative analysis of widely recognized genes categorized as
cancer associated genes and non-cancer associated genes. Among the non-cancer associated
genes, we identified three well-known genes that have no association with cancer: SLC26A5
(prestin protein, found in hair cells of the inner ear), PRPH2 (peripherin 2 protein, found in
light-sensitive cells of the retina), and CRYZ (quinone reductase protein, found in the lens of
the eye)[52]. As for the cancer associated genes, some commonly known ones include BRAF,
APC,ATM, BRCAI, BRCA2, BRIP1, CDHI, MSH2, PMS2 and TP53 [53], [54].
E. Statistical Analysis

We computed standard statistical measures such as mean and standard deviations for the
data obtained from Repeatmasker. Next, we compared these values in different datasets
(namely T and N) using the independent T-test (P values <0.05).
3. Results
A. Data Collection

Under Dataset T, we curated a list of 1,164 genes from different databases that have been
previously reported to be associated with cancer (see Supplementary Table 1). We then
extracted the complete list of human genes, consisting of 61,746 genes in Dataset W (see
Supplementary Table 2). To obtain Dataset N, a list of genes not associated with cancer, we
removed all genes present in Dataset T from Dataset W. Further we removed genes without
RefSeq IDs from Dataset N. The resulting dataset N, comprised 9,994 genes (see
Supplementary Table 3). This dataset represents a comprehensive list of non-cancer-
associated genes and was used for further analysis.
B. Nucleotide Sequence Retrieval

Out of the 1,164 genes in dataset T, we were able to extract the nucleotide sequences for
1,150 genes. The unavailability of nucleotide sequences for a few genes or the use of an alias
gene name in E-direct may have contributed to the failure to obtain nucleotide sequences for
the remaining 14 genes. Similarly, we were able to download 9,989 nucleotide sequences out
of the 9,994 genes present in dataset N. Nucleotide sequences in datasets T and N were further
used for the identification of mobile genetic elements.
C. MGE Detection

To identify and characterize MGEs in datasets T and N, all extracted nucleotide sequences
were subjected to RepeatMasker analysis. The RMBLAST algorithm was employed to process
all the genes. Of the 1,150 genes in dataset T, MGEs were detected in 1,117 genes, given in
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Supplementary Table 4. However, RepeatMasker did not detect any MGEs in the remaining
33 sequences. Similarly, in dataset N, MGEs were identified in 9,466 out of 9,989 total
sequences, presented in Supplementary Table 5.

We compared the occurrence of MGEs in both datasets. The findings revealed a higher
prevalence of MGEs in cancer-associated genes compared to non-cancer-associated genes. In
dataset T, the average length of the total interspersed repeats was 41,920.68 bp, which was
significantly higher than the 32,603.68 bp observed in dataset N. Nex, we analyzed different
classes of MGEs, including SINEs, LINEs, LTRs, and DNA elements, in both datasets. The
number of each MGE type was significantly higher in dataset T compared to dataset N, as
depicted in Fig. 2. Additionally, the sequence coverage by these MGEs was also notably
greater, as shown in Table 1.

In our investigation, we delved into subclasses of SINEs, LINEs, and LTRs within datasets
T and N. The results demonstrated a significant difference, indicating a higher abundance of
the number of MGEs and the sequence region covered by MGEs in cancer associated genes
compared to non-cancer associated genes, as depicted in Supplementary Fig. 1-4 and Table
1.

D. MGE Distribution in Well-known Cancer/Non-cancer Associated Genes

Upon comparison of a few well-known cancer associated genes (BRAF, APC, ATM,
BRCAI, BRCA2, BRIPI, CDHI, MSH2, PMS2 and TP53) and non-cancer associated genes
(SLC26A5, PRPH2 and CRYZ), we found that the sequence covered by MGEs (all subclass
combined) are comparatively higher in cancer associated genes (Fig. 3).

| | Dataset T
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Figure 2. Distribution of the Average Count of Various MGE Classes in Genes Derived
from Datasets T and N.
Table 1.The Average Sequence Length (In Base Pairs) Covered by Different MGE
Classes in Genes from Datasets T and N

MGE CLASS/DATASETS Dataset T Dataset N
Total Sequence Length 1,07,552.28 76,954.21
SINEs 16,571.53 11,385.79
ALUs 13,338.29 8,915.54
MIRs 3,181.14 2,439.51
LINEs 16,031.46 13,827.02
LINE1 11,793.91 10,384.24
LINE2 3,643.37 2,983.38
L3/CR1 441.25 334.02
LTR 4,902.54 4,263.75
ERVL 1,021.04 880.55
ERVL-MalLRs 2,300.86 1,963.76
ERV_classl 1,298.28 1,174.58
ERV_classll 131.87 118.28
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Figure 3. Distribution of the Percentage of Sequence Covered by MGEs in Non-cancer
Associated Genes and Cancer Associated Genes
4. Discussion

Mobile genetic elements (MGEs) are prevalent across diverse life forms, spanning bacteria,
archaea, and eukaryotes. They often bear the label "selfish genetic elements" due to their
inherent lack of advantage to their host organism. In reality, their presence can occasionally
yield detrimental effects on the host [55]. Numerous studies reported instances where MGE-
induced insertions or deletions contributed to human diseases. For instance, Brooks et al.
identified an insertion of LINE1 within the factor IX gene, resulting in hemophilia B in an
affected individual [56]. Similarly, Ishihara et al. detailed a 382 bp insertion of the AluY
element (a subclass of SINE) in the ZFHX1B gene, associated with Mowat-Wilson syndrome
[57]. Another study by Taskesen et al. highlighted a 333 bp AluY insertion in the coding
region of the ALMSI1 gene, causative of Alstromsyndrome[58]. Notably, certain human
cancers have also been ascribed to MGE-triggered insertions or deletions within cancer
associated genes. Wang et al. identified a deletion/insertion mutation within the BRCA?2 gene,
linked to breast and/or ovarian cancer. This event led to a frameshift and untimely truncation
of the BRCA?2 protein[59]. Furthermore, van der Klift et al. reported a LINE-1-mediated
retrotranspositional insertion within the PMS2 gene, identified in a patient diagnosed with
Lynch syndrome [60]. To date, several such studies have been published indicating the role of
MGE:s in cancer development [61], [62], [63], [64], [65].

Active mobile genetic elements (MGEs) frequently underlie insertion and duplication
mutations within the genome. A notable investigation documented 810 somatic MGE
insertions across diverse cancer types-such as lung squamous, head and neck, colorectal, and
endometrial carcinomas. The researchers postulated a connection between elevated somatic
retrotransposition rates in tumours and heightened occurrences of genomic rearrangements and
somatic mutations [19].

The focus of this study was to assess the prevalence of MGEs within genes associated with
cancer and those unrelated to cancer. Through rigorous comparative analysis, a notable
disparity was unveiled. Specifically, within cancer associated genes, genes that exhibit a
propensity to contribute to cancer development, the presence of MGEs was strikingly more
pronounced when contrasted with their presence within non-cancer associated genes.
Moreover, MGEs exhibit a relatively expanded coverage of sequence regions within cancer
associated genes. This heightened coverage suggests a potentially pivotal role of MGEs in
sculpting the functional and regulatory aspects of cancer associated genes, possibly
implicating them in various stages of cancer initiation and progression. These findings
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underscore the intricate interplay between MGEs and cancer development, shedding light on
their potential contribution to the complex landscape of cancer-associated genes.

SINEs and LINEs constitute a significant portion of many genomes, including human
genomes. In humans, Alu elements are the most common SINEs and LINE-1 (L1) elements
are the most well-known and active LINEs. Research has shown that active Alu and L1
elements can contribute to somatic genomic alterations in cancer cells, promoting
tumorigenesis[19], [61], [62], [64], [66]. While comparing the occurrence of MGEs between
cancer associated genes and non-cancer associated genes we identified that there is a
significant abundance of Alu and L1 elements in cancer associated genes. Altogether, the
findings of this study provided a comprehensive comparison of MGE distribution between
cancer and non-cancer-associated genes.Further studies should be performed to determine the
contribution of such an abundance of MGEs in cancer development.

5. Conclusion and Future Perspective

In this investigation, we undertook a comparative analysis of the distribution of mobile
genetic elements (MGEs) within genes associated with cancer and those unrelated to cancer.
The findings have distinctly highlighted a prevalence of MGEs within cancer-associated
genes. Though the reason for this abundance is not known, it can be hypothesized that the
presence of these MGEs can make these genes amenable to large deletions or
duplications/insertions that could lead to pathogenic mutations in the gene, resulting in cancer.
further comprehensive research is imperative to elucidate the precise role of MGEs in cancer
genomics. These enigmatic elements could potentially serve as therapeutic targets, warranting
further exploration. To delve into MGEs' significance within cancer genomics, we have also
devised a meticulous pipeline aimed at identifying these mobile genetic elements within
genomic datasets[67]. This intriguing avenue holds the promise of therapeutic manipulation,
thereby warranting an in-depth investigation of its potential.
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