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Until now, various oncogenic pathways were idenfied. The accumulation of DNA mutation induces
genomic instability in the cell, and it makes cancer. The development of bioinformatics and genomics,
to find the precise and reliable biomarker is available. This biomarker could be applied the early-dig-
nosis, prediction and convalescence of cancer. Recently, Transposable elements (TEs) have been at-
tracted as the regulator of genes, because they occupy a half of human genome, and the cause of vari-
ous diseases. TEs induce DNA mutation, as well as the regulation of gene expression, that makes to
cancer development. So, we confirmed the relationship between TEs and colon cancer, and provided
the clue for colon cancer biomarker. First, we confirmed long interspersed nuclear element-1 (LINE-1),
Alu, and long terminal repeats (LTRs) and their relationship to colon cancer. Because these elements
have large composition and enormous effect to the human genome. Interestingly, colon cancer specific
patterns were detected, such as the hypomethylation of LINE-1, LINE-1 insertion in the APC gene,
hypo- or hypermethylation of Alu, and isoform derived from LTR insertion. Moreover, hypo-
methylation of LINE-1 in proto-oncogene is used as the biomarker of colon cancer metastasis, and
MLH1 mutation induced by Alu is detected in familial or hereditary colon cancer. The genes, effected
by TEs, were analyzed their expression patterns by in silico analysis. Then, we provided tissue- and
gender-specific expression patterns. This information can provide reliable cancer biomarker, and apply

to prediction and diagnosis of colon cancer.
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Fig. 1. (A) The structure of LINE-1. LINE-1 have two ORFs, and an ORF2 harbors endonuclease (EN), and reverse transcriptase
(RT). In each flanking region, target site duplication sequences were detected. Each LTR sequences have bidirectional promoter
activity. (B) The recognization sequence of isoschizomers based on DNA methylation patterns. Mspl and Hpall recognize
non-methylated CCGG sequence, but only Mspl recognizes methylated CG sequences. Only Hpall can be sensitive to sin-
gle-strand methylated sequence. Both Mspl and Hpall cannot recognize methylated CCGG sequences. We modified the figure

in previous study [32].



Table 1. Transposable elements and their roles in colon cancer
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Transposable Related genes Mechanisms References
elements
MET Hypomethylation, alternative promotor [9]
LINE-1 APC Insertion [22]
TFPI-2 Antisense promotor [5]
- Hypomethylation [31]
Alu Mismatch repair gene Recombination, deletion, insertion, rearrangement [13, 16, 21, 25]
BMPRIA duplication [46]
LTR12C CHM Insertion, exonization [11]
HERV-H - Up-regulation [18, 29]
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Fig. 2. (A) The structure of a consensus Alu element. Alu elements had been derived from 7SLRNA, which makes free left Alu
monomer (FLAM) and free right Alu monomer (FRAM). FLAM-derived left monomer has A box and B box, and target
site duplication (TSD) were located in each flanking regions. (B) AluY elements are youngest, and AluS elements are most
frequently detected in human genome. (C) Smual restriction site is more detected in younger family. (D) Younger Alu family

is more methylated.
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CHM gene chrX:85,861,180-86,047,565 (-)(hg38)
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Fig. 3. Structure of the CHM isoform b and the loci of LTR12C (Modified in [11]). The insertion of LTR12C induces alternative
splicing, because splicing donor site (AG) is located on LTR12C. The LTR12C-derived sequence contains the six-added amino

acid residues (RSTLLL), and the new stop codon (TGA).
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