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CHAPTER |
INTRODUCTION

Background and rationale

Oral cancer is an aggr ase occurs in oral cavity and causes
morbidity and mortality. Th : iginate from any normal cells in the
mouth, including epitheli octive tiss one, muscle, salivary gland,
nerve, and vascula . ca wnva%ures and metastasis to
distant organs. Th - 4;, stage es are still complicated
and leave miser. sh y of life due to difficulties
in eating, chewin ifle ] hetic looking. Moreover, second
primary tumors or re ' I.: juen e 5-year survival rate is still
low, approximat : the i stage. Early detection
and diagnosis are very i m , De : 7. > of the treatment and lesser the
physical and mental i ‘;ZE?; : ) ogical mechanisms of this
disease are still unc
genes. Smoking, alc 4 _. _,! o5 ing are well-documented
~develop oral cancers. The genetic

aberrations in.oral can and epigenetic mechanisms

controlling mm—:{, ges in nucleotide
s i ' ) .
sequences, foreéxamy > malignant transformation.

Epigenetic modification is a mecha 0 sion without affecting

olling gene ex
the DNA sequencis.ﬁ recent years, DNA methylation has become intensive
investi on of netl [ terat f thylation, local
hyperﬂ%\yﬁaeﬁ ﬂﬁmmeﬁe‘-xﬂmahylaﬁon, are
reported in some cancers such as fepatocellular caﬂoma and urothelialﬁs\rcinoma.
WARNTUIRII AN
qthe role of global hypomethylation, the decreased methylation levels of the entire

genome, is less documented. The DNA hypomethylation may induce genomic instability

and lead to malignant transformation.
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Generally, methylation in genome locates in CpG dinucleotides, which are
dispersed throughout the whole genome, in both noncoding repetitive sequences and
genes (2-5). However, it seems that methylation in repetitive elements constitute the

major part for the reason that repetitive elements comprise about 45% of the human

I clear element-1s) are the most abundant
re highly repetitive mobile DNA
dy demonstrated that LINE-

Hypomethylahon of LINE-

genome (6, 7). LINE-1s (long interspe
retrotransposons in the .\j‘h“ﬂ
sequences distributed across.the enti

1 hypomethylation?n
1s has been repo [

carcinoma of t

oendocrine tumors (12),

prostate, and hea ), 13-19). | \ omethylation levels of LINE-

counterparts excep ‘ )h node (10). These data

implied that methylatio sellular function. Surprisingly,

methylation levels of each LIN 1- . -_ Tr- varied in the same tissue type (23).
g'r!'l i .r‘ o -
Nevertheless, head and nec a’h'cé'r"ceﬁ"'l‘r‘\'e S reveale ositive correlations of specific

LINE-1s met '

a ml.lvmul—-ﬁ:mmmmamammnr‘ |@E |eve|S but differed

from normal © Al epithelium (23) oba pomethylation can

each location can be

generally depletd‘ NE-1 mehya evels, LINE-1 methylatio

influenced different#. However, global methylation in normal oral tissues and

“FUENAININS.....

evaluate gIobaI hypomethylation @' oral squamous&ell carcinomas s. The

j 5 ) was used. Moreover, IL ation levels of —Es in some specific loci

were also studied, using COBRA unique to LINE-1 (CU-L1) technique which the primers

were designed for amplifying specific LINE-1s.



Research questions

1. Whether LINE-1 methylation levels in normal oral epithelium differ from those
of normal blood leukocytes.

2. Do OSCCs possess genome-wide LINE-1 hypomethylation?

3. Whether the genome-wide ypomethylation correlates with clinico-
4. Whether the [ afi -1s can be detected in oral

5. Whether OS s is locus specific.
Objectives

1. To inv ethylation 1€ ‘ jenome-wide and specific

2. To ¢ ions ofdad) V[ ation levels in various

Hypothesis

1. Norma esse of LINE-1 methylation from

normal white blodd cells. 1."'

2 oscLEe latfe
3. Gen -wide LINE-1 hypomethlation in OSCCs ’.*I elates with the clinico-
pathological feature‘ ="

FL A BRI ARG e

osccC Fq.ents

aw:d}a%ﬁ“‘“fﬁ.iiﬁﬁﬁmaa

oral squamous cell carcinomas (OSCCs), oral rinses, global hypomethylation,

methylation, long intersperse nuclear element-1s (LINE-1s), combined bisulphite

restriction analysis (COBRA)



Definition

Hypomethylation is methylation levels that lower than methylation levels found

in specimens collected from normal individuals.

tion levels that higher than methyaltion levels

1. Cs and/or relates to

OSCC patients i ' /€ technigue for deteetion of OSCCs can be
developed. 2 ¥ \

3. Th dind of the molecular pothogenesis of OSCCs may
leads to earlier a L idiagnosi e treatment and prevention of

OSCCs.

Research methodology Vi -

l. Studied O—-h=--=-"-mEl arle Jinormal oral epithelium

ad cells (WBC),

thylation levels of genome-wide LINE-1s (COBRALINE-1}

than normal oral epithelium.

| l

ARIANNIWEEIING 18 Y

The relationship between Investigated
levels of LINE-1 hypomethylation and LINE-1 hypomethylation in
clinico-pathalogical features of O5CCs oral rinses of O5CC patients

was investigated.




Research methodology framework (continued)

. Investigated specific LINE-1s which are full length and insert in genes.

l

Methylation levels of s = | I E-1s (CU-L1) were measured.

ﬂﬂEl’J'ﬂEWl‘iWEl’]ﬂ‘i
QW’]Mﬂ'ﬁﬂJﬂJ‘IﬂT}ﬂB’lﬁﬂ



CHAPTER I
REVIEWS AND RELATED LITERATURES

Oral cancers

Introduction

Oral cancers, assification of Diseases, ninth
revision (ICD9), refer t [ rét the lip (ICD9 140), tongue
(ICD9 141), gum (IC - outh ek mucosa, vestibule of
mouth, palate, uvula 7 'lg“. arynx (ICD9 146). Oral
cancers can be classi cancer originating from
epithelium, whil enchymal erigi u n le, connective tissue,

o Cer in the oral cavity is
\ :

neurovascular sys
) is an aggressive
disease; it can i structures smetastases ., ant organs and cause

el
éﬂ*-ra,_ te and second primary lesion can be frequently

WA

lethality. It also has

detected.

Epidemiology

Commoa . 0 years of age, but
—

»J increasing (25). In

red in about 274 000 patients, not only in

also in the developgcﬁms (26). The incidence of oral cancers has demographic

R RRR WEARS e

4% of ﬁcancers diagnosed and appro><|mate|y 30,000 cases occur annually in the

QAR L AT Tatp L ilgrax

Desp|te arrival of molecular biology leading to effective treatment in many types of

currently, the fw; e

2002, cancers o among global cancers

by site. They oc veloping countries but

cancers, the treatment results of oral cancers are still not satisfactory. The standard
treatment, surgery, not only causes facial disfiguration and difficulty in eating and

speaking, but also achieve a low five-year survival rate, which improved by only 5%



(from 54% in 1974-1976 to 59% in 1995-2000) (28). Although OSCCs are easily seen,
most patients were detected in advanced stages which results in poor survival rates
(30). Early detection and diagnosis is important and results in better outcome of

treatment (31).

Table 2.1 Incidence of oral ca

Registry (per 100,000)

Male
Bangkok 4.4
Chiang Mai 7.3
Khon Kaen —e7.3 3.6
Songkhla 8.4
Etiology II' ’
i‘i.ﬂi F,
The development £ q’“ : - , Wever it is a multifactorial

process influenced by environment well .11 t's genetic predisposition

(32). Carcinogenesis environ @?"’-’ iT‘. fection such as Epstein-Barr virus

(EBV), human paplllomawrus l.-"=?:=-“--“-‘f 1lemical agents such as paint fumes,
ot e -r"r"!**""" :

plastic by products, w gasol ethyl.isocyanate (35) and

|.

formaldehyde. (36)__

Y) Nave peen consiaerea —as-— po

= factors. Chronic
LY
and poor oral hygiene also

have been impligd (37). Smoking, the use of tobacco pr

consumption and bﬁtel chewing have been eII documented as major risk factors in

A PUi1 ) iph Vi i1 iuklen

epigenetic mechanisms. Genetic mgchanism mﬂuenc&gene expression tﬁjequence

AR TN TR AT

genes results transformation,

inﬂammations

cts, excessive alcohol

uncontrollable proliferation and invasion of tumor cells (39-41). Epigenetic mechanism
controls gene activity in the absence of DNA sequence change. Over the recent years,

DNA methylation is one of the extensive studied epigenetic alterations in cancers.



Paradoxically aberrant methylation in cancers, promoter hypermethylation and global
hypomethylation occurred in the same cancer. In OSCCs, hypermethylation of tumor
suppressor genes such as p16, O6-methylguanine-DNA methyltransferase (MGMT) (42)
(43), E-cadherin (44), p14 (45), adenomatous polyposis coli (APC) (46) has been

both histological subtype
(grade) and clinica or. The ing O mor is the microscopic
histological features of
OSCC cells are w Nd- ¥ erentia WNell-differentiated lesions
generally have a le (elelle] ic ‘course ¢ L"'-: prognosis than poorly
differentiated lesions. ging ¢ CCs is kna %' e TNM system (table
2.2). T is a measur 8 nor'size AN € .ﬁ ion of the regional lymph
node metastasis, stermination, \ l’i"; tases. As the clinical stage

AUINENINYINg
ARIANTUNRIINYINY



Table 2.2 TNM staging system for OSCC (47)

Stage | Stage I Stage Il Stage IV
TINOMO T2NOMO T3NOMO All N2
TINTMO All N3
2N1MO All T4
All M1
Description and abbre
astasis
_' ;
%.————; N, '
Unfortugely, most of OSCCs were found in advad stages even if they

located in easily see‘ry area, which result in hl% morbidity and mortality rate. The 5-year

S“”'ﬂu;ﬂﬁﬂmﬁﬂ TN e o
unde re.t de. The gold
standar of diagnosis is hlstologw‘rl study of scalpgjlopsued tissue threqulres

VLD TANLIIREL,

blue ), tolonium chloride (49) or toluidine blue staining (50-52); chemiluminescence
(53); exfoliative cytology using brush biopsy (54-56) or oral scraping (57); studies of

salivary biochemistry (58, 59); and also molecular biology including tumor markers (60-
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63). But none can replace surgical biopsy, only adjunctive screening tools. Therefore, it
is important to further explore and to improve non-invasive methods for reliable early

detection oral malignancies.

Treatment

r load, maintenance of quality of

treatment involves surgical

removal the primary tui nd the metds asizq while non-metastasized
lymph nodes are ' 2meved e \ mor spreading (64, 65). Pre-operative

and/or post-oper \prove success rate of

treatment (66). Ch 5 - . as adjuvan rapy in advanced cases.

ifter tumor ablation and

suffer from difficulties i | ale eaki : 1 facial disfigurement (67).

The radiotherapy resulg al caries,; | SS, xerostomia, poor intra-
oral wound healing ‘& ecros jaw bones (68-70). Though the
innovations in cancer treatmgnt r - C _ inc imn notherapy and gene therapy

have progressed and been ableto ) atment outcomes in many kinds of
S

cancers, but in oral.c y Nowagdays, researchers are

try|ng hard ,;mm.:h ter understand the

L -
pathological cha uceess. Unfortunately, the

a mystery. However, .u!

molecular biolog 1[ oral cancers i global alteration may

give more informatioi-for oral cancer patholog&ﬂ processes.

--AHEINUNINEINT

Generally, expression of.ﬁenes is Controlllﬁby genetic and/ogspigenetic

Q nﬁaﬁwﬁ;qﬁtiﬂﬁamrem %e{q-u}(ca %eﬂcﬁiﬁ iﬂding
qadenme A), thymine (T), cytosine (C), and guanine (G). Epigenetics refers to heritable
phenotypic alterations in the absence of DNA sequence changes. DNA methylation is

one of the most commonly occurring epigenetic events taking place in the mammalian

genome (71). Aberrant DNA methylation, including promoter hypermethylation of tumor
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suppressor genes and paradoxically, genome-wide (global) hypomethylation has been

reported in many kinds of cancers including head and neck cancers (17).

DNA methylation in cancers

DNA methylation is an evo allyi conserved mechanism to regulate gene
expression in mammals. In orate Jitic hyl group at 5-carbon position of
cytosine (72) usually occ 1;_' ytosine uﬁeotides (73, 74) (Figure 2.1).
It has shown to be associated with transcri ing of the genes in normal
development (75). \ heritability after DNA

R

replication (76, \\ opmentally and tissue

specific, both in o ine ¢ \\5\~.\;ﬁk s at specific genes (78-

\

Figure 2.1 Methyl cytosine. Addition

81).

methyl group at 5-carbon position
ytosine usually occurs at the

n GpG dinucleotides (82).

Cetpes 2

Cytosiﬂnethylation has a nmeer of functions, auding X chromosome
inactivation, genomi;irﬁnting, immobilization.of mammalian transposons, suppression

R R

inactivaﬂone or both alleles of the tumor suppressor genes in sporadic cancers and

c tially act.as a.second hit during th Vi t of hereditary ca Figure
QZﬁ(DB?), hﬁoﬁh C in genegdeficient r gﬁ]s ch as in
qpericentromeric heterochromatin, appears crucial for maintaining the conformation and

integrity of the chromosome (4, 5). Methylation has also been proposed as a genome

defence against surreptitious mobile genetic elements (89).
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—F—
—b—l’

Mutation

ib_, 7 F'::t _ -?—b—f

Secondhit  Bdir  Methylation

lb—v

LOH o Second hit LI Methylation:

Biallelic

methylation

Figure 2.2 Diagra lethylati \ > igenetic and genetic

tion of gene during the

bR
o, 1o

iﬁf‘. 3

s [P ¥

in cytosine methylat ' :.-  Gancess. It | ablished that two kinds of
changes in the DN N, pafter o many cancers, regional
hypermethylation of specific g enes-and glok 7

LA A

I-hypomethylation. These imbalances can
present together in a &ngl‘"hﬁfb‘ﬂhoudlfrﬂt Stef is_usually a decrease in total

methylation ’ s (89-91). This paradoxical of jlobal decrease in

methylation with" regional hyperm 61"'“ dent and different

processes are re|s| onsible for f /I3 and hypermethylation. If these defects

precede mallgnancy‘mdlcatlng that they are not S|mply a consequence of the malignant

foiﬁuﬂ"l 1120 1R ) 130 R

directly to tumor progression, methylation defects shﬂj increase in frequwy and/or

ARTIIIATRANINEIRE

While hypermethylation inactivates tumor suppressor genes, global losses of
methylation in cancer may lead to the alterations in the expression of proto-oncogenes

critical to carcinogenesis (75, 92). It may also facilitate chromosomal instability (4, 5, 93-
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97) and may activate the latent retrotransposons (16, 98-101). The extent of genome
wide hypomethylation in tumors parallels closely to the degree of malignancy, though it
is tumor type dependent. In breast, ovarian, cervical, brain and prostate tumors, for

example, hypomethylation increases progressively with increasing malignancy grade

(90, 102-105). Thus hypomethylatioi e as a biological marker with prognostic

value. The human geno iformly and contains regions of

unmethylated segments Genome-wide

hypomethylation P qn of methylated CpG
dinucleotides, wh IS g es both in noncoding

repetitive seque

glons

repetitive sequences,

such as LINE see ypomethylation of the

retrotransposons (F transposase activity and
generally move through aste mechanism utilizing the
transposase. Although rough Auman genome is composed of DNA
transposons, ty are remna 3 nts and.it is unlikely that any

remain transpes ally active. Re 3 S le a reverse-transcriptase activity

and move by a‘cop { mediate thus the original
retrotransposon H maintained in Situ v S transoribemThe transcript is then

reverse transcnbed i’nd integrated into a new genom|c location. Approximately 42% of

are in Ct e, oft retro osition. Retrotrans able elements

can be c assmed as autonomous r,“trotransposons WE’] they encode cer‘ﬂg proteins
I8 ﬁﬁ;}{ Erunhl
qprocessed pseudogenes and elements which do not encode any protein. There are
two classes of autonomous retrotransposons, LTR (long terminal repeat) and non-LTR

retrotransposons. LINEs (long interspersed nucleotide elements) are non-LTR
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retrotransposons and comprise 21% of the human genome. There are inactive LINE

elements such as LINE-2 and active LINE elements, such as LINE-1 (107).

Mammalian transposable elements (45%)

DNA transposons (3% Retrotranspgsons (42%)

>

ONOMOoUS \ Nonautonomous

(long terminal repe //

-mouse intracisternal A-part

SINEs (13%)

(11%)
-human endogenous retrg

\ —Prorcessed pseudogenes

ad J \"‘ }

Figure 2.3 Mammalian tr :Af.}..x- cmen fransposable elements comprise about

; r . -a-
45% of human gen .{... Ad an;

ransposons and retrotransposons.

LINE-1 is a kind o _;;- '}s, :_ otransposons and comprise about

170 |.

LINE-1 : u%s in human genomes
are self-replicati uman transposable elements. Over evolutiohary time, they have not

only expanded grejynnumber but also havé other roles. Some of which are quite

B T T

species hey are estimated 600,000 coples and comprise of at least 17% of the human

o kR Tkl TSRy

3 UTR sequences (108). Most LINE-1 elements are retrotransposition defective because

they are 5' truncated; contain internal rearrangement and harbor mutations within their

open reading frames (6). Full-length LINE-1s are about 2,000 copies, but only 30-60
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copies may be competent for transposition (89, 109). When the full length, non-mutated
LINE-1 is transcribed and then reverse transcribed, it might integrate in and disrupt
important gene functions (8, 108). Germline mutations where LINE-1 retrotranspositions

impair the functional gene are known in several hereditary disorders, including the factor

VIl in hemophilia A, the dystrophin ge Juchenne muscular dystrophy, the fukutin
gene in Fukuyama-type cong .‘\} hy, the cytochorme b, heavy
chain gene in X-linked chro lomatou the type IV collagen genes
thyl&m at in LINE-1 promoter is the
%ansposing activity in the

LINE-1 promoter can

in Alport syndro

normal mechanis

enes such as APC in
colon cancer or by a i y ) : 56 reast cancer (113, 114)

1 cause chromosome

malignancies, including ne 03“03’33115 ors. sarcinoma of the breast, lung,
liver, esophagus, st oIoE,ﬁfgaé y blade nd head and neck (8, 10,

13-19). Moreover, hyp

marker for epithelial ovarian caneers (20) vical cancers (21) and hepatocellular
“Tﬁ-,,f.-"‘:ﬂ-' g

carcinoma (ZﬁFuII length NE=T |sﬁé“R nd untranslated region

(5'UTR), a 0 OR encode a 4 kb ORF2 which

encodes a pro € nuc : tase activities, allowing their
mobilization in g “ mes through an RNA intermediate, a 3" untranslated region (3'UTR),

a poly(A) tail ( Flgur‘?ﬁ Within LINE-1 5' UTR; they contain not only a sense strand

AL e L e e T A

ASP ha@een shown to provide an alternative transcription start site for a number of

human genes including c-MET, a rd‘e tor tyrosine kifdse whose actlvatlon% lead to
ARAN Pra e TR ol

Qelements are const|tuted most of the human genome and distributed across the entire

genome, LINE-1 sequences are well suited to study changes in genome methylation.
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.—lmn ORF 1 |-|'_Fl~ Gll!t:? i C_I-ﬁ

S'UTR MUTR

L1 Element (6 kb)

Figure 2.4 Diagram illustrated full-length LINE-1 element. Full length LINE-1 is 6 kb and

contains a 5" untranslated regio 5'UTR), a 1 kb ORF1 that encodes a nucleic

acid binding protein, codes a protein with endonuclease

(EN) and reverse ' ), C represents a conserved

cytosine-rich %ﬁ!\ tran&ted 4 RL, and a poly(A) tail. LINE-1
—

elements ar by 7:20 b i ications (TSD) (107)

In previous ) : 1 could efficiently evaluate
the genome-wi s of LINE- ; i and it represents the
7 methylation levels of
genome-wide L [ : V{elek i and also had variation in

ranges but did no | ger d ! es such as thyroid and

arts exc pt cancers of kidney, thyroid

and lymph mode (Figure 2.5). This* > supports that LINE-1 methylation level is
ymp (Figure 23 ﬂ__ﬁgﬁwd,e Faeppr y

specific to tis,lé types and the hypomethyl also specific to types of

cancers. Ho -v-"_—"'—"'"”"“ZZ“'—‘—”“"'"T‘ -1“' ancers; mostly are
OSCCs, the m:@an umor ¢ : . stim
order to study ylation levels of LINE-1s in OSCCs, the sé

be compared. Ther&rﬂormal oral epitheliufi.should be used.

T 3V VR O e

methyla@ levels of individual LINE-1at each locus are different. The study of 17

A RSSO

qbetween normal oral epithelium and normal WBC. However, HNSCCs occupied lower

ot well established. In

type of tissues should

methylation levels than normal oral epithelium almost all studied loci, except LINE-1 at
SPOCKS3 locus (Figure 2.6) (23). Therefore it was interesting to clarify the methylation

character of specific LINE-1s in OSCCs in an attempt to seek for molecular markers.
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from normal, malignant, and
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PKP4
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COL24A1

EPHA3_5 EPHA3_15
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Figure 2.6 Mean of hypomethylation compared among each cell type within all 17
specific LINE-1s (CU-L1) and COBRALINE-1 (COBRAL1). Vertical axis
represents levels of hypomethylation. Each bar represents hypomethylation

levels of each cell type, including HNSCC cell lines, leukemic cell lines,

epithelial cell lines, HNSCC microdissected cells, normal oral rinse cells and
. '__ I

normal white blood Cl ;" methAylation varied in levels and ranges

among loci anc ssue types: COBRALINE-1 had narrower range of

methylatio an CU-L1 Inte died malignancies have
)C E’-"‘l’: al cells (23).

genome-wic

]

4¥
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CHAPTER Il
MATERIALS AND METHODS

Samples

Normal oral epithelium

Because of th % ium, the normal oral epithelial
cells can be collecte of h ers who have no intra-oral
lesions (55, 122, 123) - illili e 0.¢ 9% sodium chloride solution were

rinsed and gargled fon S ds/ the "-2""1'. rlle 50-ml sterile closed

‘0‘ A
A
-\

ologic I confirmed to be

1 hour.

OSCC w ime '- i 1g surgical excision. The

specimens were kept in stel e Pre ( ) at -30°C until processed

Twht' oldtion were rinsed and

gargled for hf____¥ 1.,§ the rinsed solution

.

was spitted into\ﬂer € d kmat 4°C until processed
to collect DNA in 1 hour.

UETTENINGINS

eIIs in oral rinses (from normal individuals or OSCC patients) were pelleted

AL ANIngaaY:

SDS/protelnase K 0.5 mg/ml DNA extraction buffer and incubated at 50°C overnight.

OSCC tissues were thawed on ice. After the thawed tissues were washed twice in sterile
PBS, they were chopped into small pieces and placed in 1% SDS/proteinase K 0.5

mg/ml DNA extraction buffer, incubated at 50°C overnight. The digested cell pellets or
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tissues and fluids were then subjected to phenol-chloroform extraction and ethanol

precipitation. The precipitated DNA was resuspended in Tris-EDTA treated water.

COBRA

This quantitative techniq to determine methylation level in small

amounts of DNA. COBRA ium bisulphite treatment followed

by polymerase chain rea ion and quantitation.

Principle

Bisulph s and converts them to uracils,

but leaving met or bisulphite treatment,

the methylated se f 4.,,,; ed sequence by further
analysis, such iction enzyme analysis.

Alkali
Desulphonation Uracil
Iphonate

NN, ...

(step 1) addition of blsulﬂhlte to the 5-6 %ble bond of CytOSIw step 2)

ARTRINFRINTINEAR Y-

uraci nd (step 3) removal of the sulphonate group by a

subsequent alkaline treatment, to give uracil (124).
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(5')a --GAGTCAC-—---~ B GCTTCAG---

(3')b --CTCAGTG-------GC~~---GC~-~~----CGAAGTC- -~
Denaturation

(5') & ~~GAGTCAC-~———---CG==~-CG=n====~ GCTTCAG———

Figure 3.2 Compleme INAsti a Ifite ‘reaction. After the bisulphite
reaction, the two DNA"strands are iger complementary and therefore can

T
r J.r"'
be amplified. ir penc ently. The -

eled as (a) and (b). Cytosine residues- :'_J eir corresponding

nentary strands in the original

N
bola'type (124).
T

4

Technique

¢ o, LY
minutesan en incubated with 30 pl of M hydroquinone and 520 pl of 3 M

sodium bisulphite at 50°C, 16-20 hdlrs. After that, bistlphite-treated DNA was'desalted

ARARE AT MR LI L b
qby 0.3 M NaOH and precipitated with ethanol. Finally the DNA was resuspended in 20 pl
of water (125).
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PCR and specific restriction enzyme digestion

Principle
After DNA is treated with sodium bisulphite, PCR is performed to amplify LINE-

1 sequences. In this step the bisulphite converted uracils in DNA sequence will be

amplified as thymines, whereas u cytosines will be amplify as cytosines.

Thus after PCR, the DNA in unmethylated cytosines will be
changed from their origi tContaln methylated cytosines

will retain their origi

restriction enzyme )

ts will be digested with

sequence (Figure 3.3).

Methylated DNA ceg ini ) ylated DNA nce losing Taql
Taql recognition site

CC"GA

IRy E

Al

.
i

Figure 3.3 Example of restriGiic 1: site of /Tag his enzyme recognizes TCGA
sequence. After PCR amplifying sodium bisulphite* jtreated DNA; the

A ————— ™
met V_ 1 ated DNA loses the

cuuingﬁ i
F'W%J’J NRBFIRARG

COBRA E-1 (10) and specific LINE 1s were selected by blat using L1.2 sequence to

TR STh b1 Yo m

1s were selected (22). All selected LINE-1 were listed in table 3.1. Bisulphite-treated

DNA 0.2 ug were subjected to 35 cycles of PCR with a couple of primers, as listed in
table 3.2 (23). These DNA were denatured at 95 °C, 1 minute, annealed at of 53 °C, 1


http://genome.ucsc.edu/
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minute and extended at 72 °C, 1 minute. The PCR amplicon sizes were 160 bp and
approximately 300-500 bp for COBRALINE-1 and CU-L1, respectively. Then the PCR
amplicons were digested in 10 pl reaction volume with 2 U of Tagl and 8 U of Tasl in 1X

Tagl buffer (MBI fermentas, Flamborough, Ontario, Canada) at 65°C overnight, then

Taql restriclionsenzyme. recogili: T@ which C was protected
from bisulphite co atio > . enzyme recognize AATT

sequence which thesle 2 ‘ ted CpC before treated with bisulphite. For
COBRALINE-1, the g aql and yielded two 80
bp fragments, whereas thylatec pli > o *‘- ed by Tasl and yielded
62 bp and 98 .bp frag : ig 4> amplicons contain both
representative CpG J nal Tagl site(s) and Tasl
site(s). Therefore, ther met ) lated and also control bands
Jo

which has no candid ) and Table 3.2). However,

methylation levels of eac ds have linear correlations in

the same sample (23).

ﬂuEJ’WIEJ'VI‘ﬁWEJ’]ﬂ‘i
ammmmumqwmaa



Table 3.1 General characteristics of the selected specific LINE-1s (23).
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Gene Gene location LINE-1 location LINE-1 orientation
COL24A1 1p22.3 intron 24 Antisense

FAMA49A 2p24.3-2p24.2 intron 2 Sense

CNTNAPS 2014.3 Antisense
PKP4 Sense
LRP2 Antisense

MGC42174 Antisense
EPHAS3 Antisense
EPHAS3 Antisense

ANTXR2 Antisense
SPOCK3 Antisense

LOC133993 Antisense

PPP2R2B Antisense

LOC286094 Sense
PRKG1 Sense

ADAMTS20 1 Antisense

CDH8 Antisense
LOC28439J \ Antisense

! "
o

|

AUINENINYINg
ARIAINTUNNINGA Y
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Table 3.2 Oligonucleotide sequences and amplicon sizes for CU-L1 and COBRALINE1

(23)

Gene COBRA unique and Methylated Unmethylated
LINE-1 sequence oligoes Size(bp) bands (bp) bands (bp)

COL24A1  GTTAAAGGGTTAAGAATGTG . 336 47,151,60,54,80 294,98
GTAAAACCCTCCGA \5 TATA

FAM49A  GTTTTAAAAAAAAATAAAG Am 151,113,80 287,98
GTAAAACCCTCGE A

CNTNAP5 GATTAAAT 3,151,60,53,80 289,98
GTAAAACCG .

PKP4 GGTA AANAAAAGAGAT! &) 9 48,211,53,80 294,98
GTAAAA

LRP2 GGTATATAATTT 14,150,60,53,80 289,98
GTAAAACCCTCCG

MGC42174 ATTGAGGTGTATTAAGAGAT .ﬂ!': ' 558 181,60,53,80 276, 98
GTAAAACCCTECGAACCARATATA

EPHA3- TGTTATTGGAATA' _, 42,151,60,53,80 288,98

VS5 GTAAA/ £

EPHA3-  TAAGCAI “(5 50,53,80 305,98

IVS15 GTAAA@:CTC AAC LIJ

ANTXR2 273,98

TATTGAGTé;I' TAATTATGTATTTAGTAT 416 28,150,60,53,80

@m’;mmﬁ N ...

TAAAACCCTCCGAACCAAA

B Yok s M3 neNag.

GTAAAACCCTCCGAACCAAATATAAA
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Table 3.2 Oligonucleotide sequences and amplicon sizes for CU-L1 and COBRALINE1
(continued) (23).

Gene COBRA unique and Methylated bands ~ Unmethylated

LINE-1 sequence oligoes Size(bp) (bp) bands (bp)

PPP2R2B 8,24,151,60,53,80 270,98
LOC286094 43,151,60,53,80 290,98
e —

GTAAAACCC

PRKG1 AAAATTTTTAGH \ \ 374 152,60,53,80 247,98
GTAAAACC |

ADAMTS20  AAGTT 1,151,60,36,17,80 328,98
GTAAAAG

CDH8 GGATTTGGGAGT, 11,53,38 276,56

GTAAAACCCTGCGAACCAA;
LOC284395 GAGAAATAGAAT .Ari"’; 151,60,53,80 270,98

GTAAAACCCTOCGAAGCAAATATAA

Genomewide CCGTAAGGGGTTA : 62, 98

(COBRA LINE-1) RTAAAACC

|
AUINENINYINg
ARIANTUNRIINYINY

-
£
e
[
1
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Methylated PCR

m amplicon (160

BP)

// Taql digested products,
e 80 bp - - -

two 80-bp fragments

Figure 3.4 COBRALINE Riempli ognition site (TCGA nucleotide
sequences). Al ite_ ethylated CCGA will be

converted tgQ amplicon of COBRALINE-

L 0

1 yields Wo 80

e 16— Unmethylated PCR

amplicon (160 bp)

Tasl digested products,

___________________ 98 b 98 bp and 62 bp fragments

q m MR IUNRIINYIAE-

sequences). After bisulfite treatment and PCR, unmethylated AACCG will be
converted to AATTG (Tasl site). An unmethylated 160-bp amplicon of
COBRALINE-1 yields a 98-bp and a 62-bp Tasl-digested fragment.
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Intronic sequence of LINE-1’s host gene AATCG CC G A LINE-1
Methylated condition AATCG T'Caqu A LINE-1
Unmethylated condition rATRS-FTG TTG A LINE-1

COBRA unique to LINE-1(~300-500 bp) ﬁ COBRA LINE-1 (160 bp)
Unmethylated band 98 bp G "'i" 1 ‘ I" lated band 98 bp AATTG

]
“‘3}1 [0}

9 asij. 50% 51; HH31NH 61 112 O M5 % HN31 HN26 HN!!MG M4 M12 Or8 Or2 Or1
- ] g -

****** il

et \\
Figure 3.6 The schematicirep / t|o d \ o U left) and COBRALINE-
E. N

1 (right). -‘* atiol \ > »n\ sequence is shown.
AACCG and/CCGA are LII\{E"‘I eQ \ ] eated with bisulfite and

-\f\ plicon sizes of CU-L1 are

Methylated band 80 bp 1 80 bp TCGA

PCR, unmethylated '“A.!- e CO \ AATTG (Tasl site) and

methylated CCGA dﬁ@f aql site
»a .1_:_1 i |
approximately 300 to_d;i#hfp. whil

digestion, COB L-l (E _:rr!eided' 98-bp Tasl-digested unmethylated

of ’i RALINE-1 are 160 bp. After

LINE-1 sequences an sted methylated LINE-1 sequences.

CU-Ltus Taql Tuences. Therefore,
there are more methylated and unme s. A typical example of
Vo X

results fram C 0
betweensmethylated and unmethylated bands ofvm—l—

e ranges of intensity

L1 were wider than

COBRALII\EH\/I is standard sizegmarker, O is negative control. Several

HE AR RN RS~

qiemons

QWWNW\W]EH@EI

Intensities of DNA fragments in the electrophoresed gel were measured by
Phosphorimager, using Image Quant Software (Molecular Dynamics, Pharmacia
Amersham). LINE-1 methylation level was calculated as a percentage of the intensity of

the methylated LINE-1 digested by Taql, devided by the sum of unmethylated LINE-1
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digested by Tasl and the Tagl- positive amplicons (Figure 3.7) (10). The same
preparation of genomic DNA from Hela, Daudi, and K562 cell lines was used as

positive controls in all the experiments and to adjust for interassay variations.

10 bp . %

A
marker "‘-,.,.!:1.,

‘ - <« Tasl 98 bp (bandl)

_-- - — . -

E _?,,p-':/,-/ . e : Tagl 80 bp (band2)
‘;’,«/f‘f J"Ir LAY _ < Tas! 62 bp (band3)

Figure 3.7 Schemati€ illustrations "¢ igested PCR s and methylation level
quantitation. gDiggsted - =t ) C n the electrophoresed

nondenaturing polyz ° ge e quantit for methylation levels. The

LINE-1 methylatio ] ‘: alculat > ercentage (the intensity of
methylated” (Tac iti 0™ bp) Jan plic divided by the sum of the
unmethylated (Tasl aQ& bp bp) amplicons and the methylated

amplicons) (10).

Statistical'analys

Statistical a alyses were performed usmg SPSS software for Windows 11.5

L EE ?mwmﬂ:m W

<0.05 wﬂ considered significant.

q RO KTl ey iR 1T pale

to have equal variances. The null hypothesis was rejected if p-value is less than 0.05.
One-way ANOVA was used to test the null hypothesis that the means among

three populations or more are equal. This analysis was used under the assumption of (1)
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population is independent, (2) the distributions in each population are normal and (3)
the variance should be the same (equal variances). The null hypothesis was rejected if
p-value is less than 0.05.

The Kruskal-Wallis test is a nonparametric analysis. This method was used to

]

4¥
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CHAPTER IV
RESULTS

Methylation status of genome-wide LINE-1s in normal oral epithelium

Even though males and f sess different sets of sex chromosome

and aging may influence t ); previous study exhibited that
levels of LINE-1 methylat 1 ﬁgender or age (10). In order to
clarify this pheno i issue m@s between genders and
rIy (older than 40 years

between the young
of age) were studie r / ; ormal ora es were collected from 37
volunteers (13 malesie 24 female P ) atior evels + SD were 42.61% =*
| nese 37 volunteers, 22
were classified a , rage was 3( ange 20-40 years) and
15 as the elderly group AN age Wa 3,61 3 years, ge 42-75 years). Mean
methylation levels 42.13% ‘-7 0 .37 in the young and the
f mean methylation levels
between males and fe s (p-value i tween the young and the elderly

(p-value = 0.37) using Student’s-=test (table 4 owever, when compared with normal

T

WBCs (mean methylation leVet£.SD 41.'. = 12, (23) ); methylation levels

of normal oral-efithelium (mean methylation level + SD = 41.77% _‘ 2.83, N = 37) was

lower than of V_k P J

Table 4.1 Methylﬂan status of genome-wide LINE-1s in norma@ral epithelium

i = N tbg methylation of LINE-1s p-value

Total q 37 41.77 2.83 36.83 49.46

Between genders " 0.191

FTAININHNITNY S Y

Between age groups 0.37
40 years old or younger 22 42.13 3.12 36.83 49.46
Older than 40 years old 15 41.26 2.37 37.69 48.07
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g & & 8

% Methylation

h group of samples. The
\ els. Normal oral rinses
38)

(n=37), i n269 .&‘; ”, rinses , OSCC microdissected
#
tissues (n=9) norHiak-W -_f_ had mean methylation levels + SD of

.ff"'r i d'.l!"

2.61, 30.95% + 6.03, and 46.15% +
ver methylation level than normal
s had lower methylation

WB _ﬁ.
- — = o

ii’ A ﬁ but no difference

from eaﬁ others m

Genome-wide LINE# shypomethylation in primary OSCC tissues and oral rinses of

=AU INUNITNLINT

rlmary OSCC tissues wer;?obtalned from 69 OSCC patients (32 males and 37

LIRS AN AN

14 females); mean methylation levels + SD were 37.87% + 2.98 and 39.95% + 1.75 in
males and females, respectively. There was also no difference of LINE-1s methylation

levels between genders in OSCC oral rinses and OSCC tissues (p-value = 0.297 and
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0.862, respectively using Student’s t-test). Therefore, LINE-1 methylation levels in normal
and malignant oral tissues have no difference between genders. However, methylation
levels of LINE-1s in primary OSCC tissues and in oral rinses of OSCC patients (mean

methylation levels + SD were 35.88% + 6.6 and 37.53% + 2.61, respectively) were lower

than those of normal oral rinses | -value < 0.001, Figure 4.1, Table 4.2,

4.3). Surprisingly, methylatio ls of ( imary lesions and from oral rinses

were not different (p-value .518). Cons Ws possessed genome-wide
hypomethylation of L i this alteration @d in oral rinses of OSCC
patients. \ " .

normal cells in OSCC tissues
ic DNA from 9 OSCC

microdissected s ‘more_homogeneity ancerous cells were also

included in this analy : atior vels SCC microdissected samples

(mean methylatio 30. 4 , than others, but it was not

statistically different fi issues 5CC oral rinses (p-value > 0.05,
o "

Figure 4.1, Table 4.2, 4.3 S hat normal cells had little or no effect

P ol

on hypomethylation levels of caficerc

Table 4.2 Metfiylatic . aniple group

Types of .y

.

Maximum
| — 1
normal oral rins 37 41.78 2.84 u.83 49.46
OSCC primary tissUesis 69 35860  6.60 7.62 4713
<] T VRRI A WIS =
OSCC q,crodissected 9 30.95 6.03 20.51 37.96
¢ 4 8 74
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Table 4.3 Comparisons of methylation levels among groups

OSCC microdissected

p-value normal OSCC OSCC 0OSCC normal WBCs
oral rinses tissues oralrinses  microdissected
normal oral rinses 0.00000005*  0.000000032* 0.00547* 0.00000037*
OSCC tissues 0.00000005* 1; 7 0.518 0.361 0.000000000*
OSCC oral rinses 0.00000003 "k \1\\ / { ¢ 0.106 0.000000000*

0.00547* ‘ 0.00048206*

normal WBCs 0.000000 0.000000000* 0.000000000* 0.00048206*

* The mean difference is si

Genome-wide LINE- methylation i ende ico-pathological features
of OSCCs

Mean methylation i e | (86.62% + 6.81), Il (37.47% + 3.84), llI
(35.40% + 7.78) and IV ( ; others, p-value = 0.681
(one-way ANOVA, Figure 4. o ) had histological features of well-
differentiated, moderately-different .!fi.-""i,‘: ! orly-d 1\ entiated cells had no different
levels of methylation, p- ‘_gl;r_.ﬁe i E ka test), mean methylation levels were

36.19% £ 6.06, 37.05% = 4. .86, respectively (Figure 4.3). OSCCs

occurred at tongue, g h, pal te, lip, or oropharynx
had no differe bm: (Kruskal-Wallis test),
mean methylatioh ley + 442, 35.67% +
Ejo, 37.30% + 5.74,and 43.11, respeotiv Patients, who did not

smoke, drink alcoh(*or chew betel quid ha&jo significant difference of methylation

fli'ﬁuﬂ"? %ﬁﬂ’ﬁ LA L (i R
9 RIAINTUNAINYINY

5.74, 39.07% =



36

g & & 8

% Methylation

nean  methylation levels did not
\ p-value = 0.681). Normal oral rinses
and_lV (n=53) had mean
6.62% L1681, 37.47% * 3.84,

AUINENINYINg
RINNTNUNINIAY
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: £ & 8

%Methylation

Figure 4.3 Methylation lev Yome-w in each histological grade. All

three grades of ant iis ha ylation. There was no statistical

difference in methy -,,..,.._._ grades (Kruskal-Wallis test p-value =

— —
0.924). Means_me ﬁﬁr}' Jevels;

differentiated  (n=75), moderately-differentiated (A=2 8), and poorly-

e 7.05% + 4.28, and

normal oral rinses (n=37), well-

36.50% £[3.86, respe
iF

¥

AUINENINYINg
RINNTNUNINIAY
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Table 4.4 Genome-wide LINE-1 methylation levels in different clinical stages,
histological grades, tumor locations and risk factors
N (%) % Methylation
Mean SD 95% ClI p-value
OSCC samples* 107 (100

Stage 0.681
| Lol (31.75 - 41.49)

I 3747 884 (35.81-39.13)
I (31.85-38.94)
v 5.07 - 37.80)

Histological grading 0.924
Well-differentiated 34.87 - 37.63)
Moderately-differentiated 28 (264 ] L AR 8 5.39 - 38.71)
Poorly-differentiated (26.91 - 46.10)

Location 0.464

Tongue .88 - 38.78)
Gum (33.40 - 38.37)
Buccal mucosa (34.35 - 38.38)
Floor of mouth (32.61 -38.73)
Palate 8(-7.48) : . (37.40 -40.73)
Lip -"5?3’:& (31.99 - 42.61)
Oropharynx | : e

Riskfactors & "0 Y | 0.427
No " (33.54 - 40.13)

Betel 30 (28.04) 35.54 4.60 33.82 - 37.25)
Smoking (12.15) 4.62 (35.98 - 41.57)
A|COH
0k VlEi‘VIﬁWEJ’IIZI‘i
Smoklngbetel 39.70 2.95 (36.03 - 43.36)
=9

q*Data was not available in one case

1 Data could not obtained due to n< 2 and were excluded from the statistical analysis
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Methylation levels of specific LINE-1s vary among location and individuals

Methylation levels of the same normal oral epithelium sample differed among
17 studied loci. There were methylation level variations, for example LINE-1s at PKP4,

EPHA3, COL24A1 introns were nearly completely methylated, whereas LINE-1s at

PPP2R2B and PKG1 owned ation. In addition, the ranges of

methylation levels were most of specific LINE-1 had

about 5% range, LIN ’84395 and Loci286094 had

wider range, about 20-

Characteristics

Specifi "J_' _ \ the informative 14 loci were
g} 1 N

selected. We fou

normal oral epit de ns ated lower methylation

levels from norm s which OSCCs were

1ypomethylation and some

Iocu igure 4.4).

h locus were compared between

normal oral epithelium and 08 » 4 loci had significant differences

e L e’ e’

o 2 loci which were

(Student t-test,

hypermethylat %f'!,__—‘—'_“;’ M ;I' 42174, respectively

.

had no statistical'differenc Emm
Althou ach OSCC did not show alteration of LIN ethylation levels in all

loci, surprisingly; ea‘hﬂividual possessed @tJeast 1 aberrant methylation-level locus

LI TR, S

clinico- mhologlcal features of OSCCS (ANOVA, p-value >0.05).

Q‘W’]ﬂ\‘iﬂ‘im UAIINYIAY
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Table 4.5 Compare means of methylation levels of specific LINE-1 in each locus

Mean of
methylation

Loci Type N levels (%) S.D. p-value

CNTNAP5 normal 73.79 4.33 0.223

0Sce
ANTXR2 Norma) - RS ) | : . 0.000

FAM49 0.003
COL24A1 0.000
ADAMTS20 0.000
LOC 0.002
284395
LOC 0.000
286094
LRP2 norma 0.000
oscc
CDH8 normal . 0.000
. 22.0
T —_— -
LOC y— ) “ 0.000
133993 ~OSC 1450
MGC42174 ;i ormal 86.14 - .3.90 0.694
OéCC 67 85 23 16.48
“fl YEIN ﬂﬂﬁﬂﬂ’]ﬂ‘i
EPHAS— normal 95. 02 4.01 0 000

Qﬁ?ﬁ\iﬁ‘immﬂﬁl NENA

'q VS5 0OSCC 81.54 18.03




CHAPTER V
CONCLUSION AND DISCUSSION

Conclusion

Methylation levels of g NE-1s in normal oral epithelium differed

from those of normal bloo pend on age and genders. The

dﬂenders had no influence to

qepigenetic mechanisms
ylatic Is i ypes of normal tissues;

ent. OSCCs, like most

results from this study n
methylation levels o
was specific to ti
normal oral epit
of other malig S ge Vi E-1  hypomethylation.
Interestingly, the hy 3 .genor ome-wide L an be detected in oral
rinses of OSCC ' level ¢ ected in OSCC primary tissues.

does not depen . histolegieal grades, sites of tumor or the well-

A
documented risk fac i udln -jf AoKi Ii a‘i: leohol ab. ed and betel chewing.

F i,

E_. __SLU ed - 1| epithelium showed different

methylation levels of spemﬂc INE-=1 am ong individ als and loci. Some loci owned high
e = _.ﬁi"i‘l 4|- el

.,
€

3 lower Te s-finding.revealed that not all

methylation Ie. els, whi
LINE-1s we -t‘mmm_..ﬁ

A ; A,
occupied differe 't | ) it-also differed from other

mal oral epithelium

loci. Although the entire genome methylation levels were de _! sed in OSCCs but this
alteration did not dlsiﬁbute equally in every LINE 1s. In OSCCs, alteration of methylation

had a e tion-levelsiin“different lociran f gnitudes. Although most

of OSCCS lost methylated CpG, some gained methy&d CpG. Thus the ﬁgptlons of
Wﬂ@ 15 N%W’;%Et‘iﬂ%l“
qaberrant LI methylations were not influenced by clinical stages, histological grades,
tumor sites and risk factors. However, methylation levels of specific LINE-1s were

significantly different between normal oral epithelium and OSCCs tissues.



43

Discussion

The efficiency of current treatment modalities for OSCCs depends strongly on
the time of diagnosis, with better chance of survival and less morbidity if a tumor has
been detected at an early stage. Thus, there is an urgent need for rapid and efficient

early detection methods. Detection f rs in the oral cavity still requires expertise.

Up till now, the accurate di epends on surgical biopsy and

histological studies whic opulations. However, there are
this decade, the alignancy detection has
been a focus o ells in saliva provide

suitable materials ' as (HNSCCs) genetic

hypermethylation (129). Loss 0

.i*:rs

OSCC patients but not def H'f-t'he*se,"'d%' ealthy indivi 30). Comprehensive

also an increas ker S polypeptide antigen,

CA125, and |L-8@ 61). Three

in OSCC patients ( 131 Sallvary transcrlptome study revealed elevation of 7 transcripts

Accor |n ly, es e screening.tool capable to

apply |n assive population to |der]afy high risk mdw%ls instead of ourreﬁ}:reenmg

AR ﬂﬁﬁH A0 TSI IR,

development is a multistep process; the use of specific markers may be insufficient for

detection. Thus, this study was performed in order to seek for a biomarker which can
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detect malignant change at any steps, whether early or late stage; and the global
hypomethylation might be a good candidate.
Epigenetic alterations including global (genome-wide) hypomethylation were

reported in many types of cancers (134-137). Although there were evidences that

supported the epigenetic involvem alignancies, global hypomethylation has

not been reported yet (13 ,,_:_ aled global hypomethylation in
HNSCCs which included muses pharynx, and larynx
(18, 19). But previou I of LINE-1s, which reflect
global methylation inds of tissue from the
same organ sys tance esophagus and
stomach, or blad rynx/hypopharynx and
oral cavity had differ 2 ¥ A as the incidence of LOH
(142). Accordin - -
may have different
head and neck region I;i",,_‘ N W 1 hypomethylation in OSCC
patients by using o [ | :“ indivi s controls. The easiest and
noninvasive way to coll _—1 n.is from ses. From this study, LINE-1
hypomethylations could dete :

_..l.,ir,. ,-".l"l-..-a" . =
hidden site of.the oral“cavify and in any histolos . as independent of

15
. k
smoking, alcoh

Smith et al., '

suggested that OSCE?S may have different n%t.u;es from HNSCCs and the methylation

B w21 030

tumor progressmn is another p@Ssibility contnbuﬁ to the reason a LINE-1

RSN ANIN Y
rlnses of patients consist of few shed cancerous cells and contaminated with
normal epithelium and some immune cells; surprisingly, the hypomethylation could be
detected in oral rinses of OSCC patients and did not statistically differ from those found

in primary OSCC tissues and OSCC microdissected samples. Thus, COBRALINE-1 of
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OSCC oral rinses could reflect the majority of OSCC methylation levels. Consequently,
COBRALINE-1 of oral rinse appears to have a role in oral cancers screening. However,
the sensitivity and specificity of this technique in identification of OSCCs are to be

proved.

In contrast to general INE-1 should have been completely

methylated, the results fr oral epithelium revealed partial
methylation levels of gen Iower methylation levels of
some CU-L1s in n | LINE-1s are completely
methylated. Anot e methylation levels of
genome-wide LI t, the methylation did
not loss evenly in ecific LINE-1s in OSCCs,
some loci were hype ated and some were within
normal range. T ame in every OSCCs.
Each individual OS n different degrees. These
findings suggested th LINE-1 had randomly
changed in OSCCs. Eve it ' roportion of specific LINE-1s was studied, in
OSCCs we found tha t;r re u ed aberrant methylation. These
aberrations also had no correlation with clinice-pathological features. Then CU-L1 may
_;; A} . BE7

a\
=3

e ueell In AGbCSS ivity power of the test from
COBRALINE4 w

In condlusic ethylation of LINE-1s

and this aberrati ould be found in ora es of the patient ur findings suggested

the potential use o&COBRALINE1 of oral r&}es as a non invasive tool for OSCCs

oo 7SI 113N 13 e

specificity, eventually becomes a reliable mveshgahorﬁchmque

ARIANNIE 1A1INY1A Y
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Future study

Since CU-L1 is a very interesting technique for detection aberrant methylation
of specific LINE-1s and oral rinse can be used as a source of oral cancer cells

collection. Further study of CU-L1 in oral rinses of OSCC patients may give some more

accuracy and reliability for develt imple and non-invasive screening or
diagnostic tool. Howeve ; plifies st [ -1 which has less copy than
be needed. The amount of
cancerous DNA colle jrom patient’s ses-depend on shed cancerous cells
and aberrant methylati > masked rmal cells, therefore CU-
L1 in oral rinses may give sitivelres The wumbers of OSCC oral rinse
samples may be i G ant the, sensitivity a { ity of this test before

'%,ﬁ
ition levels of leukocytes of

cancerous patients; si con st defense mechanisms against
malignant cells. Also the - - recancerous lesions is not
reported. Moreover, e > ‘\‘\L ss or gain methylated CpG
dinucleotides of specifi .j.?.{ > in-mal gd still needed elucidation.

ﬂuEJ’JVIEJ'VI‘iWEJ’lﬂ‘i
Qmmmmumwmaa



REFERENCES

[1] Lotti T, Parish L, lll RR. Oral diseases : textbook and atlas. Berlin Heidelberg,
Germany: Springer-Verlag; 1999.

[2] Feinberg AP, Tycko B. The history of cancer epigenetics. Nat Rev Cancer. 2004

Feb;4(2):143-53.

[3] Takai D, Jones PA. islands in human chromosomes

omp
21 and 22. Proc :99(6):3740-5.
[4] Ehrlich M. DNA Iso too little. Oncogene. 2002

[56] Ehrlich M. DN anc e immunodeficiency, centromeric

\ ( and chromosomal

(6] C, Baldwin J, et al. Initial
Nature. 2001 Feb
[7] Jordan IK, Rogozin 0" C "’1 “EV. Origin of a substantial fraction of

posable elements. Trends Genet.
2003 Feb;19(2):6*_.in_*" A 7N

[8] Kazazia ,!‘ ! i 1sposons on the human

c@"— \.‘
9] Welsenberg J, Ca ods C,

la E, et al. Analysis of

repetiti element DNA methylahon by Methyngﬁ Nucleic Acids Res.

o S TR IWEAR G

hong ngam D, et al. Dlstlnotlve pattern of LINE-1 methylation level in normal

QR T ety

[11] Sugimura T, Ushijima T. Genetic and epigenetic alterations in carcinogenesis.

Mutat Res. 2000 Apr;462(2-3):235-46.



[12]

[13]

[14]

(18]

[16]

[17]

(18]

(19]

48

Choi IS, Estecio MR, Nagano Y, Kim do H, White JA, Yao JC, et al.
Hypomethylation of LINE-1 and Alu in well-differentiated neuroendocrine

tumors (pancreatic endocrine tumors and carcinoid tumors). Mod Pathol. 2007

Jul;20(7):802-10.

L1 retrotransposons in

3 yormal ti J Colorectal Dis. 2004

Santourlidis fmann lz WA. High frequency of

1a of the prostate. Prostate.

N

Florl AR, Lo itz-Brz il A DNA methylation and

ces in urothelial and renal

Jurgens B, Sch ; . pomethylation of L1 LINE
al.carcinoma. Cancer Res. 1996 Dec
15;56(24):5698-7C

Smith M Dm-uﬁ?i.';ﬁiﬁmx.—-rmm._ loBa C hypomethylat|on in
squa ou 1 it smoking, alcohol
consu on and stage. ancer. 2007 Oct 15;1 ):1724-8.

Hsiung DT, MiESI’[ CJ, Houseman EA, ddy K, Furniss CS, McClean MD, et al.

ﬂfﬁﬂﬁﬁﬂ.ﬂﬂﬁﬂﬁﬂ”ﬂ@i‘:’?" -

Jan;16(1):108-14.

reguLosol , et ypom 1'1 Iallon evel as a potent prognostlc

factor for epithelial ovarian cancer. Int J Gynecol Cancer. 2007 Oct 18.




49

[21] Shuangshoti S, Hourpai N, Pumsuk U, Mutirangura A. Line-1 hypomethylation in

multistage carcinogenesis of the uterine cervix. Asian Pac J Cancer Prev.

2007 Apr-Jun;8(2):307-9.

[22] Tangkijvanich P, Hourpai N, Rattanatanyong P, Wisedopas N, Mahachai V,

Mutirangura A. Serum ethylation as a potential prognostic

marker for hepat ' im Acta. 2007 Apr;379(1-2):127-

L

.thlated LINE-1 map.
0 =, .

: \;\ survival and treatment

\v\\b"
s ‘ aryngeal tongue cancers
> 0-8

C

33.
[23] Phokaew C.
Bangkok:
[24] Lam L, Log

pattern in 0

from 1987 1980044 O Orical. 200
[25] Conway CFStogiongDIE WatnakgEs \ -‘.eo- G, Macpherson LM.

Incidence @f oralland oropharynge I

ol
r =

recent trends and &_ al variations Qral 2006 Jul:42(6):586-92.

nited Kingdom (1990-1999) --

.

[26] Parkin DM, Bra: tistics, 2002. CA Cancer J

f ay J, ! f
Clin. 2005 Mar o__f,'i_r”;"' '(Efr ;
[27] Black RJ, Bray F, Ferlay J,-Park ] ancer incidence and mortality in the

European Union: cahcer registry date ates of pational incidence for

1996 Bur S Cancer, 1997 jun-33(7)-1075-107
—_— »

Ghaféor A, et al. Cancer

[28] Jemal A M

an-Feb;55(1):10-30.

statisticOOS. CA Cance lin. 200

[29] Vatanasapt V, Sriamporn S, Vatanasapt P. Cancer control in Thailand. Jpn J Clin
¢a (Y, R

. SUEAMENINAING.......

The outcomes, the trendsj the challenge. ﬁm Dent Assoc. ZOW\IOV;']?)Z

diagnosis of cancer of the oral cavity. Br J Oral Maxillofac Surg. 2008

Apr;46(3):187-91.



(32]

[33]

[34]

(35]

[36]

(37]

(38]

(39]

50

Nagpal JK, Patnaik S, Das BR. Prevalence of high-risk human papilloma virus
types and its association with P53 codon 72 polymorphism in tobacco

addicted oral squamous cell carcinoma (OSCC) patients of Eastern India. Int J

Cancer. 2002 Feb 10;97(5):649-53.

ennerberg J, Schildt EB, Bladstrom A,
ith human papillomavirus and oral

a population-based case-

A@OO5 Dec;125(12):1337-
m‘ on BG, Bladstrom A, et

aryngeal squamous  cell

carcinoma: omavirls “ar > tors. Acta_Otolaryngol.

Dikshit RP, Ka 4 ; ‘ 2 lung, orophze rynXx and oral cavity cancer

)\

.i- Causes Control. 1999

Merletti F, Boffetta -'G, Pisani P; i B. Occupation and cancer of the

Oral CaV|ty or OrOph fyaxX=m-—1u -“!_7,
e ""-::"r"!**' i
(4):248 : b

L

cand J Work Environ Health. 1991

Aug;

ROSGn _-_p-.‘ k factors in oral a ARVARL 5-? Ce” CarCinoma: a
N

popUlafior
En-ae.

2005(1
Dikshit RP, Ka&here S. Tobacco habﬁs&}d risk of lung, oropharyngeal and oral

Avtiwhiedilinlir e

Hassan NM, Tada M, Hamada' JI, KashlwazaklaKameyama T, AkI'WR et al.

eden Swed Dent J Suppl.

ARTRSAIRHE TR Y

[40]

Sathyan KM, Nalinakumari KR, Kannan S. H-Ras mutation modulates the
expression of major cell cycle regulatory proteins and disease prognosis in

oral carcinoma. Mod Pathol. 2007 Nov;20(11):1141-8.



[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

51

Sartor M, Steingrimsdottir H, Elamin F, Gaken J, Warnakulasuriya S, Partridge M,
et al. Role of p16/MTS1, cyclin D1 and RB in primary oral cancer and oral
cancer cell lines. Br J Cancer. 1999 Apr;80(1-2):79-86.

Kato K, Hara A, Kuno T, Mori H, Yamashita T, Toida M, et al. Aberrant promoter

hypermethylation of p1 T genes in oral squamous cell carcinomas

ﬁcancer Res Clin_Oncol. 2006
qrmethylanon of multiple
Am J Otolaryngol. 2005

Nakayama S ' 1, A R, s ura T. The E-cadherin

and the surroundi

Nov;132(11):
Puri SK, Si L,

nan oral squamous cell

Ishida E, Nak , 3 'S, Kirita T, et al. Promotor

or progression of oral

squamous _ C ):614-22.

Uesugi H, Uzawa '_ Morlya T, Tada A, et al. Status of
reduced expressmn 7. ...-

A J_.i".ul','k ,.r'.n"
Al il BT, lol Med. 2005 Apr:15(4):597-

on of the APC tumor suppressor gene

in human o

6025 = = -

Yfm 4-1"-
Regezi J#Sciu 0gic “correlations. 2nd ed.

USA: WE Saunders Company; 1993. m

Chen YW, LmiS Fong JH, Wang IK, u SJ, Wu CH, et al. Use of methylene

AU AN INEIN T

Epsteln JB, Feldman R, Dolor RJ, Porter SR. Theﬂlty of tolonium Chlo@ rinse in

R TSR R

[50]

Epstein JB, Sciubba J, Silverman S, Jr., Sroussi HY. Utility of toluidine blue in oral
premalignant lesions and squamous cell carcinoma: continuing research and

implications for clinical practice. Head Neck. 2007 Oct;29(10):948-58.



(51]

[52]

(53]

(54]

(58]

(56]

(57]

(58]

(59]

52

Epstein JB, Oakley C, Millner A, Emerton S, van der Meij E, Le N. The utility of
toluidine blue application as a diagnostic aid in patients previously treated for

upper oropharyngeal carcinoma. Oral Surg Oral Med Oral Pathol Oral Radiol

Endod. 1997 May;83(5):537-47.

Zhang L, Williams M, Poh CF, pstein JB, Durham S, et al. Toluidine

blue staining ide | premalignant lesions with poor
outcome. Canc

Ram S, Siar C id in the detection of oral

cancer a i z D - ions.’Int J Oral Maxillofac Surg.
2005 J
Poate TW, Bueha ofe | ig rett AW, Moles DR, et al.

An audit of the effit i'l ral brush biopsy te ique in a specialist Oral
Medicine unit

Spafford MF, Koch | - > [ Eisenberger CF, et al.

Svirsky JA, Burns JC, C penter W ‘..' n. DM, Bhattacharyya |, Fantasia JE, et

al. i mp! r assiste iopsy re ults with follow up
zen Dent 20020 Dec#0(6):500-3.
LS 4,"-.
Acha A, Ruesc ancorbo MA, Aguirre JM.

in oral cancer and

ApplicaEws of the ora aped (exfoliative) cyt
precancer. eA ed Oral Patol Oral Cir B CaI 2005 Mar-Apr;10(2):95-102.

P Wl Jﬂﬁﬂaﬁ W e

Bahar G, Feinmesser R, Shpitzer T, Popovtzer Hlagler RM. Sallvaryﬂelyss in

AR TSRS TR -

[60]

Nagler R, Bahar G, Shpitzer T, Feinmesser R. Concomitant analysis of salivary

tumor markers--a new diagnostic tool for oral cancer. Clin Cancer Res. 2006

Jul 1;12(13):3979-84.



(61]

[62]

(63]

(64]

(65]

(66]

(67]

(68]

(69]

53

St John MA, Li Y, Zhou X, Denny P, Ho CM, Montemagno C, et al. Interleukin 6
and interleukin 8 as potential biomarkers for oral cavity and oropharyngeal

squamous cell carcinoma. Arch Otolaryngol Head Neck Surg. 2004

Aug;130(8):929-35.

Franzmann EJ, Reategui EP F, Pernas FG, Karakullukcu BM, Carraway
KL, et al. Soluble 14 is a { arker for the early detection of head

and neck cancer. Cancer Epi 1 ev. 2007 Jul;16(7):1348-55.

Righini CA, de Fr - i a E, Reyt E, et al. Tumor-

specific r for early detection of

head 16 h&'\}{;\\ 007 Feb 15;13(4):1179-

Shah JP, Gil Z C I cancer - Surgery. Oral

Gonzalez-Gar 3 an o FJ, Sastre-Perez J, Munoz-
Guerra i Use ‘, teral lymph neck node
o e oral cavity: a retrospective

analytic study | Fé_gli_{:‘._li.ﬁ- bfac Surg. 2008 Jul;66(7):1390-8.

Rogers SN, Brown JS, olem Magennis P, Shaw RJ, et al. Survival
= .!_.i- ,.r' :

__-

following primary sufc ol. 2008 Jul 30.
Villaret AB#Cappiello ), _Piazza C P 1B Nicol Quality of life in patients
treated -'-Ia istriiction: a prospective

study. ‘E!J: Otorhinolaryngol Ital. 2008 Jun;28(3):120

Teng MS, Futrin ND. Osteoradlonecrosgjf the mandible. Curr Opin Otolaryngol

Eﬁiﬂﬁ VLTSN EL )TN ‘i

Complloatlons Cancer Tregt Rev. 2002 Feb; ﬂ} ):65-74.

modulated radiation therapy (IMRT). Strahlenther Onkol. 2006 May;182(5):283-

8.



54

[71] Das PM, Singal R. DNA methylation and cancer. J Clin _Oncol. 2004 Nov
15;22(22):4632-42.
[72] Doerfler W. DNA methylation and gene activity. Annu Rev Biochem. 1983;52:93-

I

124.

[73] Riggs AD, Jones PA. 5-me ene regulation, and cancer. Adv Cancer

&Fthylation. Nature. 1986 May
L .

mechani “and gene activity during

Res. 1983;40:1-3
[74] Bird AP. CpG-rich i

15-21;321(
[75] Holliday R,

\ _
[76] Wigler M, L e somatic re 's- DNA methylation. Cell.

[77] Wigler M i ethylatior rtebrates. Cell. 1981
yarlous Genes s gontrellediby DNA methylation during

\
APF 1;88(5):899-910.

[79] Walsh CP, Bestor TH. C l.r‘rP ri )ammalian development. Genes

Dev. 1999 Jan 1;13(1):26-34

=10 ORIk | |
[80] Monk Boube “Lehnert 8. T egiona \ changes in DNA
methylation in the embryonic, extraembryonic and gemn-Cell lineages during
mouSe'emb or-99(3):371-82.
[81] Kafri T, Ari , Brandeis M, Shemer R, Urven L, McCarr , et al. Developmental

pattern of iene-specific DNA methylation in the mouse embryo and germ line.
F=N o/

methylation and DNA .‘\ethyltransferasehOsaka: http://wwwi.osaka-

AN IRANII IR R
q[8] Jones Laird PW. ncer epigenetics comes of age. Nat Genet. 1999

Feb;21(2):163-7.

[84] Bird AP, Wolffe AP. Methylation-induced repression--belts, braces, and chromatin.
Cell. 1999 Nov 24;99(5):451-4.



(85]

[86]

(87]

(88]

(89]
(90]

[91]

[92]

(93]

[94]

55

Reik W, Dean W, Walter J. Epigenetic reprogramming in mammalian development.

Science. 2001 Aug 10;293(5532):1089-93.

Shiota K, Kogo Y, Ohgane J, Imamura T, Urano A, Nishino K, et al. Epigenetic

marks by DNA methylation specific to stem, germ and somatic cells in mice.

Genes Cells. 2002 Sep;

Rizwana R, Hahn PJ genomic instability. J Cell Sci.

. y uma T, Umemura T, et al.
- L

Two-hit i \ \ (o] and hypermethylation in
breast canc es \"Lu 8(9):28

Costello JF, P n na ers h%ﬂ 01 May;38(5):285-303.

1999 Dec;112
Yang Q, Naka

Florl AR, Steinheff C Muller "- 2 i'- : -- £ C, Engers R, et al. Coordinate
hyper ylation ¢ CIfI o ate carcinoma precedes LINE-1
hypomethylatio -.A )2 1(5):985-94.

(F gihara K, Sakamoto H, et al.

Nishigaki M, Aoyagi %@f ' Yans
Discovery fof ¢ erra@ f‘ ). of \ AS by cancer-linked DNA
hypomethylation in 'lgui"i gnpq; jicroarrays. Cancer Res. 2005 Mar

15;65(6):2115-24. - =
LZHTI T,

Feinberg P, Vog {ypomethylatio ishes ge 1es of some human

ca from their normal counterparts Natire ~4983-4, 301(5895):89-92.

,'v_,,

Kondo T,"Bobe an. _— et al. Whole-genome

methyla scan in yndrome: hypomethylation of non-satellite DNA

repeats D4E4 and NBL2. Hum Mol Genet. 2000 Mar 1;9(4):597-604.

P! 23 130 1k 101

patlents with the ICF chromiosome mstab”ﬁwndrome Mutat Re 00 Nov

VR IFSTLIMAN)LANELI AL

hypomethylation and unusual chromosome instability in cell lines from ICF

syndrome patients. Cytogenet Cell Genet. 2000;89(1-2):121-8.




56

[96] Dunn BK. Hypomethylation: one side of a larger picture. Ann N Y Acad Sci. 2003

Mar;983:28-42.
[97] Gaudet F, Hodgson JG, Eden A, Jackson-Grusby L, Dausman J, Gray JW, et al.

Induction of tumors in mice by genomic hypomethylation. Science. 2003 Apr

18;300(5618):489-92.
[98] Singer MF, Krek V, , Thayer RE. LINE-1: a human

transposable el ) ):183-8.
nning TG. Undermethylation of specific LINE-1

ed protein. Gene. 1993

lation of human LINE-1

[99] Thayer RE,

[100] Alves G, - 6
ne. \ 171761 (1-2):39-44.
ion of geno Yi la .. erns. Nat Genet. 1996

[101]

[102] L’! R, Kuo KC, Gehrke CW, et
al. The 5 NAf wuman tumors. Nucleic Acids
Res. 1983 O 3

[103] Kim YI, Giuliano A, Ha m.-...!.“.'.'.'.'.“* A, Nour MA, Dallal GE, et al. Global

= .M-,r' b

A hypomethylafic S

D

in cepvical dysplasia and

A

car ﬁm-m.mtz_m-._.m-m.m
[104] Naraya Baylin SB, et al.
Hypo thylation of pericentromeric DNA in brea enocarcinomas. Int J

Cancer. 1998 Sep 11;77(6):833- 8

R 100 1D 1130 Vi o
| genomic hylati epithel ors of different

mallgnant potential. Mutaf Res. 1999 Jan 2&23 (1-2):91-101.

MR REUHIANHAR

islands is associated with global hypomethylation, but not with frequent

promoter hypermethylation. Cancer Sci. 2004 Jan;95(1):58-64.



57

[107] Ostertag EM, Kazazian HH, Jr. Biology of mammalian L1 retrotransposons. Annu
Rev Genet. 2001;35:501-38.
[108] Han JS, Boeke JD. LINE-1 retrotransposons: modulators of quantity and quality

of mammalian gene expression? Bioessays. 2005 Aug;27(8):775-84.

[109] Sassaman DM, Dombroski n JV, Kimberland ML, Naas TP,

elements are capable of

[110] E 1 in malignancy. Jpn J
[111] and the ecology of

intragen
[112] Yu F, Zingle CpG binding protein 2
represses L ositio t not Alu transcription.

Nucleic A

[113] Morse B, Rotherg %&@}_ﬁ;

mutagenesis of the m y > seguence in a human breast

JM, Astrin  SM. Insertional

carcinoma. 7988 T . 3):87-90.

[114] MikiY, Nishisho I, Hor| Ac-:_‘ nomiya J, Kinzler KW, et al. Disruption
= .-"j'."-".-t#.r +
of the AP g7z (ranspose

n.of L1.sequence in a colon

: LY
[115] Kazazia H , ansposition and genome

insta.@.ZO Aug 9;110(3):277-80.
[116] Symer DE, Eonnelly C, Szak ST, C uto EM, Cost GJ, Parmigiani G, et al.

Fl 1) ANE LT

[117] Roman Gomez J, Jimenez- \Elasoo A, Agirre )ﬂervantes F, Sanchw Garate
AR IRTHNNIT AR
tivates sense/antisense transcription and marks the progression of

chronic myeloid leukemia. Oncogene. 2005 Nov 3;24(48):7213-23.
[118] Speek M. Antisense promoter of human L1 retrotransposon drives transcription

of adjacent cellular genes. Mol Cell Biol. 2001 Mar;21(6):1973-85.



[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

58

Birchmeier C, Birchmeier W, Gherardi E, Vande Woude GF. Met, metastasis,

motility and more. Nat Rev Mol Cell Biol. 2003 Dec;4(12):915-25.

Ma PC, Maulik G, Christensen J, Salgia R. c-Met: structure, functions and

potential for therapeutic inhibition. Cancer Metastasis Rev. 2003

Dec;22(4):309-25.

Mutirangura A. Qu r methylation level of genome:

clinical implic cine. 2007;1(2):121-8.

Califano J, eininger G, Westra"WH, Koch WM, Sidransky D.
Detecti Pl i ; ad and neck squamous

cell 4):5720-2.

El-Naggar A cker SL, Luna MA, et al.

Genetic s with oral squamous

carcipomas; : 0l ar diagnesis and screening. J Mol
Diagn. 20 ;3(4): e s \
Clark SJ, Harrison :ﬁt | ;_ mer M. h sensitivity mapping of

methylated cytesines. Nuole o Acids

Res. Bt‘ Aug 11;22(15):2990-7.

Xiong Z, Laird PW. C '&,_5? gf juantitative DNA methylation assay.

Nucleic Acids Res n-“ ):2532-4.
_,.,..l- - J..-‘f-ll'l.-_#f L
Issa JP. Cp "n-“- on in- ancer...Curr Top Microbiol

I YNON-ODAO-A4NA4 40O -

ﬁl.l:"l'l"‘.h-l'lnl-
X )

Yoo

Rosas 'SL, Ko =. 0 J, Westra W, et al.

Prom@r hypermethylation  pattel of p16, -methylguanine-DNA-

methyltraesferase and death- asso&gted protein kinase in tumors and saliva

fl NI

aI Increased mitochondrial DNA content |ﬁallva associated wmgead and

1& Carvglho A Jeromi iﬂ QEJM ﬂ nnqug !hangj Hoqt@/‘(ﬂat al.

Evaluation of promoter hypermethylation detection in body fluids as a
screening/diagnosis tool for head and neck squamous cell carcinoma. Clin

Cancer Res. 2008 Jan 1;14(1):97-107.



59

[130] Nunes DN, Kowalski LP, Simpson AJ. Detection of oral and oropharyngeal
cancer by microsatellite analysis in mouth washes and lesion brushings.
Oral Oncol. 2000 Nov;36(6):525-8.

[131] Mager DL, Haffajee AD, Devlin PM, Norris CM, Posner MR, Goodson JM. The

indicator of oral cancer: A descriptive,

oral squamous cell carcinoma

vary m@amer diagnostics. Oral

[132]

[133]. RC, et al. Salivary

ion. Clin Cancer Res. 2004

[134] ' i W o|schlage Veiss H, Johanning GL, et al.

[135] antelta, RM, Bl Desai M, Berdasco M, Fraga M.

Global DNA hypometh on-in- ancer cases and controls: a phase |
preclinical iomarker pigenetics. 2007 Oct-
D kl‘:,.'_ P00 asp——————————————————————]
f A
[136] de Capoa A, ani*LZ, Del Nonno F, et al.
DNAEmethylation is directly related to tumour mgression: evidence in

normal, ire-malignant and maligEant cells from uterine cervix samples.

in human cancer. Biochem Cell Biol. 2005&;83(3):296-321. Qs
p

ARIINIRHN ISR

island
lation phenotype in oral cancer: associated with a marked
inflammatory response and less aggressive tumour biology. Oral Oncaol.

2007 Oct;43(9):878-86.



[139]

[140]

[141]

[142]

60

Ha PK, Califano JA. Promoter methylation and inactivation of tumour-suppressor
genes in oral squamous-cell carcinoma. Lancet Oncol. 2006 Jan;7(1):77-82.

Shaw R. The epigenetics of oral cancer. Int J Oral Maxillofac Surg. 2006

Feb;35(2):101-8.

Nakagawa T, Pimkhaokham 'I Suzuki E, Omura K, Inazawa J, Imoto |. Genetic
or epigenetic si =. ||| GRSty P Of otein receptor-related protein 1B
expressio - uamu C Ui T ﬁo ma. Cancer Sci. 2006
Oct;97(10):107 ——

Ng 10, Xiao I, Lam.K "f alterations in squamous
cell OMao / = ss of heterozygosity in

f

a distingt subse

ﬂuEJ’JVIEWIﬁWEJ’]ﬂ‘i

Q‘Iﬂ']ﬁ\‘iﬂ‘immﬂ']?ﬂﬁl’]ﬁﬂ



61

VITA

[, Mrs. Keskanya Subbalekha was born on 7" May 1970 in Chonburi Province,

Thailand. | got married to Dr. Sissanu Subbalekha and have 2 sons, Surawish and

Panuwach. | received the degree’ ¢
University, Thailand in 1994. |
Training program fro Fr ( [ ‘ ) niversity in 1997 and was a
diplomate in Thai Board"of Oral and Maxillofacial SUrgery in 1998. After working as a

C N.r ent of Oral and Makxillofacial

1996, then | started

teacher and an oral' g
Surgery, Facult
studying for the de of | ) Oral Biolegy at Faculty of Dentistry,
Chulalongkorn Unive \: ﬂ"x ts of this degree were

performed at the'Rese Ini Aineraliz le, Fa u f Dentistry and at the

Center of Excelle \ - and Human Diseases,
Department of Anato aculty .of iV 55 y \ rn niversity. At present, |
continue my work as'a teacher iﬁ oral maxillofacial surgeon in Department of

- -

Oral and Maxillofacial Surge fir?;ijmﬁ:s hulalongkorn University.

ﬂuEJ’JVIEJ'VI‘iWEJ’lﬂ‘i
Qmmmmumwmaa



	Cover (Thai) 
	Cover (English) 
	Accepted 
	Abstract (Thai)
	Abstract (English) 
	Acknowledgements 
	Contents
	CHAPTER I INTRODUCTION
	Background and rationale
	Research questions, Objectives, Hypothesis, Keywords
	Definition
	Expected benefit
	Research methodology framework

	CHAPTER II REVIEWS AND RELATED LITERATURES
	Oral cancers
	Epigenetics in cancers
	LINE-1 retrotransposons

	CHAPTER III MATERIALS AND METHODS
	Samples
	COBRA
	Methylation levels of LINE-1
	Statistical analysis

	CHAPTER IV RESULTS
	Methylation status of genome-wide LINE-1s in normal oral epithelium
	Genome-wide LINE-1 hypomethylation in primary OSCC tissues andoral rinses of OSCCs patients
	Genome-wide LINE-1 hypomethylation is independent from clinico-pathological features of OSCCs
	Methylation levels of specific LINE-1s vary among location andIndividuals
	Characteristics of LINE-1 hypomethylation in OSCCs

	CHAPTER V CONCLUSION AND DISCUSSION
	Conclusion
	Discussion
	Future study

	References 
	Vita



