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Functional repetitive sequences on 5’ and 3' regulartory region controls gene expression by

methylation in cancer
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Functional repetitive sequences on 5’ and 3' regulartory region controls gene expression by

methylation in cancer
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ABSTRACTS

Project Code: TRG5380018
Project Title: Functional repetitive sequences on 5’ and 3' regulartory region controls gene

expression by methylation in cancer

Investigator: Chupong lttiwut, Ph.D.
Faculty of Medicine, Chulalongkorn University

E-mail Address: chupongi@gmail.com
Project period: 2 years

A descriptive study of correlation between methylation level of the interspersed repetitive
sequences (IRS) and cancer was studied in long interspersed elements 1 (LINE-1 or L1), the most
prevalent (approximately 17%) in the human genome. In spite of various studies of global
methylation status of L1s CpG dinucleotides at 5 promoter, interestingly, previous comprehensive
analysis has shown that predictive transcription start sites (TSSs) of expressed mRNAs were globally
mapped to the 3UTR sequences of full-length and 5'-truncated (fragmented) L1s. To address
whether this L1s 3’promoter plays role in genes regulation and carcinogenesis via methylation, in this
study, we developed a pyrosequencing-based analysis to evaluate methylation level of the CpGs at
3'UTR of the full-length L1s sequences. Bisulfite-converted genomic DNA derived from microdisscted
formalin-fixed paraffin-embedded (FFPE) tissues of 23 cases matched tumors and normal adjacent
tissues (10 colonic and 13 lung adenocarcinoms) were amplified by 2 separated primer pairs flanking
2 CpGs, which are located 67-bp apart, then pyro-sequenced in 2 separated reactions. Though, in
this study, no significance was found between normal and tumor of lung and colonic
adenocarcinoma, we have developed a new pyrosequencing-based method to measure methylation
of the 2 CpG dinucleotides in L1s 3'UTR sequences in addition to the two widely used methylation
detections at 5-L1s; combined bisulfite restriction analysis of LINE-1 (COBRA-LINE1) and

commercially-available kits.

Keywords: LINE-1, Methylation, 3’UTR, Adenocarcinoma
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SESSSO55555555555>>>
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ANARWIN o) gi|307102]|gb|L19092.1 sequence’’

(A) d2u 5'UTR (lunaesdivasuie CpG island)

GGGGGAGGAGCCAAGATGGCCGAATAGGAACAGCTCCGGTCTACAGCTKCCAGCGTGAGCGACGCAGAAGACGGTGATTTCTGCATTTCCATCTGAGGTACCGGGTTCATCTq
MCTAGGGAGTGCCAGACAGTGGGCGCAGGCCAGTGTGTGTGCGCACCGTGCGCGAGCCGAAGCAGGGCGAGGCATTGCCTCACCTGGGAAGCGCAAGGGGTCAGGGAGTTCCd
|TTTCTGAGTCAAAGAAAGGGGTGACGGTCGCACCTGGAAAATCGGGTCACTCCCACCCGAATATTGCGCTTTTCAGACCGGCTTAAGAAACGGCGCACCACGAGACTATATCC
KACACCTGGCTCGGAGGGTCCTACGCCCACGGAATCTCGCTGATTGCTAGCACAGCAGTCTGAGATCAAACTGCAAGGCG@CAACGAGGCTGGGGGAGGGGCGCCCGCCATTG
CCCAGGCTTGCTTAGGTAAACAAAGCAGCCGGGAAGCTCGAACTGGGTGGAGCCCACCACAGCTCAAGGAGGCCTGCCTGCCTCTGTAGGCTCCACCTCTGGGGGCAGGGCAC
AGACAAACAAAAAGGCAGCAGTAACCTCTGCAGACTTAAGTGTCCCTGTCTGACAGCTTTGAAGAGAGCAGTGGTTCTCCCAGCACGCAGCTGGAGATCTGAGAACGGGCAGA
CAGACTGCCTCCTCAAGTGGGTCCCTGACTCCTGACCCCCGAGCAGCCTAACTGGGAGGCACCCCCCAGCAGGGGCACACTGACACCTCACACGGCAGGGTATTCCAACAGAC
CTGCAGCTGAGGGTCCTGTCTGTTAGAAGGAAAACTAACAACCAGAAAGGACATCTACACCGAAAACCCATCTGTACATCACCATCATCAAAGACCAAAAGTAGATAAAACCA
CARAG

~

(B) @214 ORF1

ATGGGGAAAAAACAGAACAGAAAAACTGGAAACTCTAAAACGCAGAGCGCCTCTCCTCCTCCAAAGGAACGCAGTTCCTCACCAGCAACAGAACAAAGCTGGATGGAGAATGA
TTTTGACGAGCTGAGAGAAGAAGGCTTCAGACGATCAAATTACTCTGAGCTACGGGAGGACATTCAAACCAAAGGCAAAGAAGTTGAAAACTTTGAAAAAAATTTAGAAGAAT
GTATAACTAGAATAACCAATACAGAGAAGTGCTTAAAGGAGCTGATGGAGCTGAAAACCAAGGCTCGAGAACTACGTGAAGAATGCAGAAGCCTCAGGAGCCGATGCGATCAA
CTGGAAGAAAGGGTATCAGCAATGGAAGATGAAATGAATGAAATGAAGCGAGAAGGGAAGTTTAGAGAAAAAAGAATAAAAAGAAATGAGCAAAGCCTCCAAGAAATATGGGA
CTATGTGAAAAGACCAAATCTACGTCTGATTGGTGTACCTGAAAGTGATGTGGAGAATGGAACCAAGTTGGAAAACACTCTGCAGGATATTATCCAGGAGAACTTCCCCAATC
TAGCAAGGCAGGCCAACGTTCAGATTCAGGARAATACAGAGAACGCCACAAAGATACTCCTCGAGAAGAGCAACTCCAAGACACATAATTGTCAGATTCACCAAAGTTGARATG
AAGGAAAAAATGTTAAGGGCAGCCAGAGAGAAAGGTCGGGTTACCCTCAAAGGAAAGCCCATCAGACTAACAGTGGATCTCTCGGCAGAAACCCTACAAGCCAGAAGAGAGTG
GGGGCCAATATTCAACATTCTTAAAGAAAAGAATTTTCAACCCAGAATTTCATATCCAGCCAAACTAAGCTTCATAAGTGAAGGAGAAATAAAATACTTTATAGACAAGCAAA
TGTTGAGAGATTTTGTCACCACCAGGCCTGCCCTAAAAGAGCTCCTGAAGGAAGCGCTAAACATGGAAAGGAACAACCGGTACCAGCCGCTGCAAAATCATGCCAAAATG

(C) dousassiaszudnea ORF1 uaz ORF2

TAAAGACCATTGAGACTAGGAAGAAACTGCATCAACTAATGAGCAAAATCACCAGCTAACATCATA

(D) 491 ORF2

ATGACAGGATCAAATTCACACATAACAATATTAACTTTAAATATAAATGGACTAAATTCTGCAATTAAAAGACACAGACTGGCAAGTTGGATAAAGAGTCAAGACCCATCAGT
GTGCTGTATTCAGGAAACCCATCTCACGTGCAGAGACACACATAGGCTCAAAATAAAAGGATGGAGGAAGATCTACCAAGCCAATGGARAACAAAAAAAGGCAGGGGTTGCAA
TCCTAGTCTCTGATAAAACAGACTTTAAACCAACAAAGATCAAAAGAGACAAAGAAGGCCATTACATAATGGTAAAGGGATCAATTCAACAAGAGGAGCTAACTATCCTAAAT
ATTTATGCACCCAATACAGGAGCACCCAGATTCATAAAGCAAGTCCTGAGTGACCTACAAAGAGACTTAGACTCCCACACATTAATAATGGGAGACTTTAACACCCCACTGTC
AACATTAGACAGATCAACGAGACAGAAAGTCAACAAGGATACCCAGGAATTGAACTCAGCTCTGCACCAAGCAGACCTAATAGACATCTACAGAACTCTCCACCCCAAATCAA
CAGAATATACCTTTTTTTCAGCACCACACCACACCTATTCCAAAATTGACCACATAGTTGGAAGTAAAGCTCTCCTCAGCAAATGTAAAAGAACAGAAATTATAACAAACTAT
CTCTCAGACCACAGTGCAATCAAACTAGAACTCAGGATTAAGAATCTCACTCAAAGCCGCTCAACTACATGGAAACTGAACAACCTGCTCCTGAATGACTACTGGGTACATAA
CGAAATGAAGGCAGAAATAAAGATGTTCTTTGAAACCAACGAGAACAAAGACACCACATACCAGAATCTCTGGGACGCATTCAAAGCAGTGTGTAGAGGGAAATTTATAGCAC
TAAATGCCTACAAGAGAAAGCAGGAAAGATCCAAAATTGACACCCTAACATCACAATTAAAAGAACTAGAAAAGCAAGAGCAAACACATTCAAAAGCTAGCAGAAGGCAAGAA
ATAACTAAAATCAGAGCAGAACTGAAGGAAATAGAGACACAAAAAACCCTTCAAAAAATCAATGAATCCAGGAGCTGGTTTTTTGAAAGGATCAACAAAATTGATAGACCGCT
AGCAAGACTAATAAAGAAAAAAAGAGAGAAGAATCAAATAGACACAATAAAAAATGATAAAGGGGATATCACCACCGATCCCACAGAAATACAAACTACCATCAGAGAATACT
ACAAACACCTCTACGCAAATAAACTAGAAAATCTAGAAGAAATGGATACATTCCTCGACACATACACTCTCCCAAGACTAAACCAGGAAGAAGTTGAATCTCTGAATAGACCA
ATAACAGGCTCTGAAATTGTGGCAATAATCAATAGTTTACCAACCAAAAAGAGTCCAGGACCAGATGGATTCACAGCCGAATTCTACCAGAGGTACATGGAGGAACTGGTACC
ATTCCTTCTGAAACTATTCCAATCAATAGAAAAAGAGGGAATCCTCCCTAACTCATTTTATGAGGCCAGCATCATTCTGATACCAAAGCCGGGCAGAGACACAACCAAAAAAG
AGAATTTTAGACCAATATCCTTGATGAACATTGATGCAAAAATCCTCAATAAAATACTGGCAAACCGAATCCATTAGCACATCAAAAAGCTTATCCACCATGATCAAGTGGGC
TTCATCCCTGGGATGCAAGGCTGGTTCAATATACGCAAATCAATAAATGTAATCCAGCATATAAACAGAGCCAAAGACAAAAACCACATGATTATCTCAATAGATGCAGAARAA
AGCCTTTGACAAAATTCAACAACCCTTCATGCTAAAAACTCTCAATAAATTAGGTATTGATGGGACGTATTTCAAAATAATAAGAGCTATCTATGACAAACCCACAGCCAATA
TCATACTGAATGGGCAAAAACTGGAAGCATTCCCTTTGAAAACCGGCACAAGACAGGGATGCCCTCTCTCACCGCTCCTATTCAACATAGTGTTGGAAGTTCTGGCCAGGGCA
ATCAGGCAGGAGAAGGAAATAAAGGGTATTCAATTAGGAAAAGAGGAAGTCAAATTGTCCCTGTTTGCAGACGACATGATTGTATATCTAGARAACCCCATCGTCTCAGCCCA
AAATCTCCTTAAGCTGATAAGCAACTTCAGCAAAGTCTCAGGATACAAAATCAATGTACAAAAATCACAAGCATTCTTATACACCAACAACAGACAAACAGAGAGCCAAATCA
TGGGTGAACTCCCATTCGTAATTGCTTCAAAGAGAATAAAATACCTAGGAATCCAACTTACAAGGGATGTGAAGGACCTCTTCAAGGAGAACTACAAACCACTGCTCAAGGAA
ATAAAAGAGGACACAAACAAATGGAAGAACATTCCATGCTCATGGGTAGGAAGAATCAATATCGTGAAAATGGCCATACTGCCCAAGGTAATTTACAGATTCAATGCCATCCC
CATCAAGCTACCAATGACTTTCTTCACAGAATTGGAAAAAACTACTTTAAAGTTCATATGGAACCAAAAAAGAGCCCGCATTGCCAAGTCAATCCTAAGCCAAAAGAACAAAG
CTGGAGGCATCACACTACCTGACTTCAAACTATACTACAAGGCTACAGTAACCAAAACAGCATGGTACTGGTACCAAAACAGAGATATAGATCAATGGAACAGAACAGAGCCC
TCAGAAATAATGCCGCATATCTACAACTATCTGATCTTTGACAAACCTGAGAARAAACAAGCAATGGGGAAAGGATTCCCTATTTAATAAATGGTGCTGGGAAAACTGGCTAGC
CATATGTAGAAAGCTGAAACTGGATCCCTTCCTTACACCTTATACAAAAATCAATTCAAGATGGATTAAAGATTTAAACGTTAAACCTAAAACCATAAAAACCCTAGAAGARAA
ACCTAGGCATTACCATTCAGGACATAGGCGTGGGCAAGGACTTCATGTCCAAAACACCAAAAGCAATGGCAACAAAAGACAAAATTGACAAATGGGATCTAATTAAACTAAAG
AGCTTCTGCACAGCAAAAGAAACTACCATCAGAGTGAACAGGCAACCTACAACATGGGAGAAAATTTTCGCAACCTACTCATCTGACAAAGGGCTAATATCCAGAATCTACAA
TGAACTCAAACAAATTTACAAGAAAAAAACAAACAACCCCATCAAAAAGTGGGTGAAGGACATGAACAGACACTTCTCAARAGAAGACATTTATGCAGCCAAAAAACACATGA
AGAAATGCTCATCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACTATGAGATATCATCTCACACCAGTTAGAATGGCAATCATTAAARAGTCAGGAAACAACAGGTGC
TGGAGAGGATGCGGAGAAATAGGAACACTTTTACACTGTTGGTGGGACTGTAAACTAGTTCAACCATTGTGGAAGTCAGTGTGGCGATTCCTCAGGGATCTAGAACTAGAAAT
ACCATTTGACCCAGCCATCCCATTACTGGGTATATACCCAAATGAGTATAAATCATGCTGCTATAAAGACACATGCACACGTATGTTTATTGCGGCACTATTCACAATAGCAA
AGACTTGGAACCAACCCAAATGTCCAACAATGATAGACTGGATTAAGAAAATGTGGCACATATACACCATGGAATACTATGCAGCCATAAAAAATGATGAGTTCATATCCTTT
GTAGGGACATGGATGAAATTGGAAACCATCATTCTCAGTAAACTATCGCAAGAACAAAAAACCAAACACCGCATATTCTCACTCATAGGTGGGAATT

(D) @21 3'UTR

GAACAATGAGATCACATGGACACAGGAAGGGGAATATCACACTCTGGGGACTGTGGTGGGGTCGGGGGAGGGGGGAGGGATAGCATTGGGAGATATACCTAATGCTAGATGAC
ACATTAGTGGGTGCAGCGCACCAGCATGGCACATGTATACATATGTAACTAACCTGCACAATGTGCACATGTACCCTARAAACTTAGAGTATAATAAAAAARAAAAAAAAAAARA
AAAAAAAAAAAA
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GAACAATGAGATCACATGGACACAGGAAGGGGAATATCACACTCTGGGG
ACTGTGGTGGGGTCGEGGGGGAGGGGGGAGGGATAGCATTGGGAGATATAC
CTAATGCTAGATGACACATTAGTGGGTGCAGCGCACCAGCATGGCACAT
GTATACATATGTAACTAACCTGCACAATGTGCACATGTACCCTAAAACT
TAGAGTATAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Ind CpG Favzdasdiniaaudasdaudiananaula dromaduasluda iWdlasdatuauim
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GAAtAATGAGATtALATGGALAtAGGAAGGGGAATATLALALT tTGGGG
AtTGTGGTGGGGTCEGGGGAGGGGGGAGGGATAGEATTGGGAGATATAL
tTAATGETAGATGALALATTAGTGGGTGEAGCGLALtAGLATGGLALAT



GTATAtATATGTAALTAALtTGLAtAATGTGLALATGTALLETAARALT
TAGAGTATAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAARA
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GAAtAATGAGATtAtATGGALALAGGAAGGGGAATATHALALTtTGGGG
AtTGTGGTGGGGTCGGGGGAGGGGGGAGGGATAGLATTGGGAGATATAL
tTAATGETAGATGALALATTAGTGGGTGEAGCGEALHAGEATGGLALAT
GTATAtATATGTAALTAAttTGtALAATGTGLALATGTALELTAAAALT

TAGAGTATAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAA

OLIGO start len tm gc% any 3! seq
LEFT PRIMER 39 20 57.13 40.00 4.00 0.00 AtAtTtTGGGGAtTGTGGIG
RIGHT PRIMER 169 34 53.94 17.65 10.00 6.00 CAaaTTAaTTACATATAaTATACATaTaCCATaCT

PRODUCT SIZE: 131, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 3.00

1 GAAtAATGAGATtAtATGGAtAtAGGAAGGGGAATATthtAtTtTGGGGAtTGTGGTGGG

SEESS555555555555>>>

61 GTCGGGGGAGGGGGGAGGGATAGtATTGGGAGATATAttTAATGtTAGATGAtALATTAG

121 TGGGTGtAGCGtAttBGtATGGtAtATGTATAtATATGTAAtTAAttTGtAtAATGTGtA

<L LLLLLL L L L L L

181 tATGTAtttTAAAAtTTAGAGTATAAT

Note: >>>>>> |eft primer <<<<<< right primer
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ATCAGTGTGOGTCAGTCAG EBDRIJWGYTLCTYG
alflf€ a G TGGT G IE a2 GET/C a GTTTtTTEﬁ&Giﬁ{iICEGG
(http://www.pyrosequencing.com/DynPage.aspx?id=14600#line)

A a a &a [l ' o @ A a a A a 2 o 1
alae t ﬂamm‘[a‘lmmﬂuﬂsmgaglum@mLaul,aﬁal,l,a:wmaavlﬂLwamuquazyzyﬂm TIGLAUS

s 3 [l L &/ . .
@Nﬂmwzvluﬂﬁﬂgmytyﬁumu (negative signal control)

RV str bisulfite  aTT/CaGTGGTGT/CaGET/CaGTTTtTTLAAGET/CLtGG Rev+comp (5' to 3')
RV str bisulfite TC/T GTGGTGC/T GtC/T GTTTtTT AAGtC/T GG Rev+comp (5' to 3'")
RV str TC  GIGGTGC  GcC  GTTITcTT AAGcC GG Rev+comp (5' to 3')
Ref str (L19092.1) AG CACCACG CGG  CAAAGAA TTCGG CC (3" to 5")
Ref str (L19092.1) CCG GCT TAA GAA ACG GCG CAC CAC GA (5" to 3")

Note: RV str = reverse strand
Ref str = reference strand
Rev = reverse direction

comp = complementary sequences

PyroMark Q24 CpG LINE-1 Handbook
(http://www.giagen.com/resources/Download.aspx?id={D8398084-4746-4EB3-BCA3-

04AE6CB28429}&lang=en&ver=1)



o
@ A Aaa o

maunwn ¢) lanas ARHEEY Y "uﬂ’Jﬁ]EJS%I‘M&MUL%JFJ%EIE]’]’;\I& §N." AN oo 12RINIUN eo-

9

a & a 6 a & A v 6 A o o o =
ol @Jﬂﬁﬂ&l bede Iimmaaamﬂ AUl IRDIN ILIUN UT TBEaN '-i]dﬁ’)@]LW“]ﬁ‘qui

Methylation status of LINE-1 3' UTR sequences A
in colon and lung adenocarcinoma '

Genome-wide hypomethylation in many types of In addition to detection ¢
“human cancers can be assessed by detecting combined bisulfite restriction a
methylation status of the CpG dinucleotides at 5° (COBRA-L1) or the commerciall
promoter of the long interspersed elements | (LINE- developed a new pyrosequencing-b
1 or LI) retrotransposons, the most prevalent measure methylation of the 2 CpG di
(approximately 17%) in the human genome. L1 3 UTR sequences (figure 2). No
restingly. previous comprehensive analysis has observed between tumor and adjacent normal
start sites (TSSs) of colon and lung adenocarcinoma (figure 3).
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