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INTERSPERSED NUCLEAR ELEMENT-1 (LINE-1) / METHYLATION / COMPLETE
UNMETHYLATION / PERIPHERAL BLOOD COMPONENTS / ORAL RINSE

TUANGTONG POBSOOK : INTRA-INDIVIDUAL COMPARISON OF LINE-1
METHYLATION LEVELS IN PERIPHERAI. BLOOD COMPONETS WITH
ORAL RINSE OF ORAL SQUAMOUSH CELL. CARCINOMA PATIENTS.
THESIS ADVISOR : KESKANYA SUBBALEKHA, D.D.S., Ph.D., THESIS
CO-ADVISOR : PROE APIWAT MUTIRANGURA, M.D., Ph.D., 152 pp.

Oral squamous cell carcinoma(OSCC), an aggressive epithelial malignancy, is the
most common oral cancer, ageounting tor at least 90% of total cases. Survival has
remained at less than 50%and quality of life has been poor. This outlook is due to delayed
diagnosis when the discase has already reaclied anadvance stage. Thus, early detection and
non-invasive screening ool can be crucial for ;each patient, Many studies have shown
significant decreased methylation levelsiof long i‘n!ters'persed nuclear element-1s (LINE-1s)

in many types of cancergus tissite, including oral rinse of oral squamous cell carcinoma.

This study aimed 1@ explore the methylation levels of LINE-1s in the buffy coat
and plasma of OSCC patients. Moreover; the level of buffy coat, plasma, and oral rinse
within an individual were also investigaied: - J

Here, LINE-1 hypomethylation fevel in oralT;inse of OSCC patients (N= 37) was
confirmed. In buffysgoat and plasma of the cancer patlen-ts, the levels were insignificantly
increased when theys were compared to those of controls—(N=45) .Moreover, new
information of partial’ methylation pattern of LINE-1s was also reported, suggesting the
different gaining and losing methylation processes between nommal and cancer. By
including this important knowledge with overall methylation level, it was found that the
levels of complete unmethylatéd (98 bp product) LINE-1s were significantly higher in all
three DN A'sources of OSCC patients. Neot only that, completesunmethylated LINE-1s was
an improvedgbiomarker for distinguishing cancer from normal DNA, in the presence of
other contaminated DNA types. With simply and non-invasively obtained oral rinsefsample,
the level of LINE-I+complete unmethylated sequence was  a distinctive candidate for
detecting early'stage OSCC and provided sensitivity as well as'specificityreaching 80-90%.
Therefore, a better survival and quality of life of OSCC patients might be achieved.
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CHAPTER I
INTRODUCTION

Backqground and Rationale

Oral squamous cell carcinoma (OSCC), an aggressive epithelial malignancy, is
the most common oral cancer.""” Each year, moze than 500,000 people worldwide are
diagnosed with the squamous cell carcinetna ofshead and neck, the sixth most
common neoplasm in_the world, in which over 90% arising in the oral cavity." >
Despite numerous..advances .in treatment utilizing reeent protocols for surgery,
radiation, and chemotherapys the long-térm survival has remained at less than 50% for
the past 50 years." ” Jhis outlook is duelto the fact that oral cancer is often diagnosed
when the diseasé has already reached an_.ladvance stage; 56.2% reached stage IV
disease when theyswere first diagnosedl’f) The 5-year survival of early-stage oral
cancer is approximately 80%, while it -‘t}rop's to 19% for late-stage disease.”) In
Thailand, this rate@stimated from availablle_ data is about 20-40% mainly due to the
lack of knowledge about malignancy:, cultﬁfaﬁl and sogioeconomic background, patient
referral, and the fear of surgery including‘{sealpel biopsy to obtain diagnosis. In
addition, a number of patients-chose to havé’ '}ré{iitional herbal treatment rather than
surgical procedure. These may be. the reasons for delayed diagnosis or treatment,
resulting in poor surv1val( ) Moreover, 0SCC is partlcularly dangerous because its
association to Seeond-primary tumor-is-higher than-othermalignancies; 35% chances
of developing new tumor after the first one is treated."” Until now, to obtain
diagnosis, the gold standard still histopathological examination of suspicious tissue
from surgical biopsy:' > However, surgical manipulation including incisional biopsy
increasés, risk of ‘eancer cell /disséminatiofi-inte blood circulation™ ' Thus, early
detection, by" non-ifivasive Screening ‘tool ¢an ‘be’ crucial ‘and persuasive for each
patient. Though many studies triedifo develop simplestechniques for earlyzdetection of
precancerous=and “cancerous lesions, including clinical’ examination with "toluidine

i4 14
' ), chemiluminescence!! ) tissue fluorescence' )

(16)

blue or methylene blue staining

exfoliative cyotology by brush biopsy (17, 18)’

, and studies of saliva biochemistry
none of these techniques provides consistently high accuracy or significantly impact
routine protocol.' " Additionally, the standard treatment of oral malignancy is surgical

ablation with or without adjunctive radiation and chemotherapy. This also results in



miserable quality of life from facial disfiguration, compromised mastication
efficiency, impotent pronunciation, swallowing difficulty, and also emotional

instability.

Epigenetics, which was first introduced in 1942, came to our interest
increasingly in the topic of pathological development. This term, epigenetics,
contemporarily refers to the modification of the'ecnome that are heritable during cell
division but do not involve a change in the DNA sequence. In other words, it
describes heritable changes in gene ¢Xpression that are not simply attributable to
nucleotide sequence variation'’”#" These days, it is accepted that epigenetics is one
of the important featurcs® of-development and, possibly, progression of several
pathological conditions and disgases, such as atherosclerosis, autoimmune diseases,
hereditary disorders, sand/ espegially cancer. Currently, roles of epigenetics in
carcinogenesis argieoncerned as etiological'and predictive factors, which lead us to the
new page of molecular studies in determir:riné'- diagnosis, pathogenesis, and prognosis

of many types of canger’?

, -including QEmg:e}r_ of colon, breast, lung, esophagus,
stomach, liver, kidney, prostate, ovarian, an(} head and neck.® By using molecular
makers which contain (@ither genetic orj J:éﬁigqnetic information concerning the
malignancies, many benefits can be achievef(i; DJ{\IA methylation, a modification of
DNA in which the methyl group ‘was tl'ansfefrgd;;o DNA sequence, has critical roles
in controlling gene activities and architecture of the nucleus' of the cell. In normal
condition, it isr important for maintaining health and preventing diseases. Today, DNA
methylation is the best-known epigenetic marker in cancer Which both increase and
decrease of its level played an important part in initiation and progression of benign
cell transforming fo 4n. invasive cancer®? The cancer genome is frequently
characterized by hypermethylation of specific gene promotors concurrently with an
overall decrease in the level of 5-methyl cytosine. This hypomethylation of the
genome largely affects the intergénic (non-gene) fegions of the DNA] particularly

repetitive sequences, and transposable elements.**®

LINE-1s, long interspersed nuclear element-1s, methylation was investigated

and concluded to have a representative value of genome-wide methylation.'" % 2%

Normal tissues from different organs showed a variety of DNA methylation levels®"

D and the difference in LINE-1 methylation from several tissue origins was
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accounted for this phenomenon.*® Therefore, it can be inferred that methylation levels
of LINE-1s are tissue specific. Many studies have shown significant difference
between LINE-1 methylation levels from many types of cancerous tissue and their
normal tissue counterparts.’ #* 3239 Interestingly, the hypomethylation of LINE-1s

was found not only in the representative cancerous tissue but also the bodily fluid

a.%® Moreover, this phenomenon
rcinoma patients.(“) Although
previous data revealed : i LINE-1 methylation levels,

—
those methodologies used.a of samples (o esent the specific group. There is

no data comparing methylatie relli '\  those in two components of
g0 \f v1dua1 Furthermore, the

methylation levels ell carcinoma patients

This study aime ' G 1ethylation le ol of LINE-1s in the two
components of pe ' 7 d plasma of oral squamous
cell carcinoma patients. NE-IF.me 1 els in oral rinse, buffy coat

and plasma of the same '7 ual in bot h-non-ca ibjects and oral squamous cell
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Research Questions

1. Whether LINE-1 methylation in the two components of peripheral blood,
buffy coat and plasma, of OSCC patients differ from those of control

subjects.
2. Whether LINE-1 ti0 ach control subject differs among
different D at and plasma.

3. Whether LINE-1Lmethylation within C patient differs among
different DNAssamples, inse, buffy coat and plasma.

Objectives
1. To inves gatg buffy coat and plasma,
of OSCC patients
2. To stud dif reng ation levels in oral
rinse, buf
Hypothesis I i, .._,.a- =
Hypothesis 1 LA .: i)

Ho : - rm.{; d’'components, which

s were not significantly

vere bu

y!
di i-i! ent from those of control subjects.

GRERDIEie ate

different from those of control subj ects
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Ho: Methylation levels of LINE-1s in oral rinse, buffy coat, and plasma

were relatively the same when compared intra-individually.

Ha: Methylation levels of LINE-1s in oral rinse, buffy coat, and plasma

were significantly different when compared intra-individually.



Methodology Framework Proposed

Study of LINE-1 methylation in OSCC patients

l

Comparing the methylation

y

mparing the methylation levels

LINE-1s in buffy coat a -1s in oral rinse, buffy coat,

with those of controls a within an individual

7
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Methodology Frame

Determining all product om C....n ﬁg 0 'Comparing conventional

: . . T .

introducing partial methylate L LINE f C E-1 methylation levels
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Investigating ri &f’ ; 1" ‘ I
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Determining 98 bpgproduct as
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here, for cancer detection l

[ Investigating other associated factors as well as disease progression ]
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Time Schedule and Administration

Table 1 Schedule and administration

of study year 2008

Study year 2008

Activities N | ol 2 2| 5| =
A zl &l £ £ 5| <
1. Preliminary
1.1 Review literatures
1.2 Research planning
1.3 Proposal de t : _ >
1.4 Proposal Pr 10,
1.5 Ethics commi
2. Data collection and proc ,.g e
3. Data analysis =
T b+ i
4. Data report ) : v )
il
4.1 Publication devel A
= e
4.2 Thesis development and 3R
defense I e
J*jf" .Vrl- v ‘71.""
St
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1.5 Ethics committee - F .
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e
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4. Data report

4.1 Publication development

4.2 Thesis development and

defense




Table 3 Schedule and administration of study year 2010

Study year 2010

Activities
a
O

wnn

May
Jun
Jul

Aug
Oct

Nov
Dec
Jan
Feb
Mar

Apr

1. Preliminary

1.1 Review literatures

1.2 Research planning

1.3 Proposal develo

1.4 Proposal Pre

1.5 Ethics commi

2. Data collection an e

A\

3. Data analysi ' ol 70

4. Data report

4.1 Publication Deyelopment - - T4 ' &

4.2 Thesis Development a : ‘;:
defense - '

&
/N
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Budget sabridis
DNA extracti ) LRy 8,00

Pla
Bisulfite-tre 465500
PCR reagents Baht 13,000
&
N H]
ql1 ﬂes

Blood collection devices Baht 1,000
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Total Baht 152,500




CHAPTER Il
LITERATURE REVIEW

Oral Squamous Cell Carcinoma (OSCC)

Oral squamous cell carcinoma (OSCC) is defined as an invasive epithelial
neoplasm with varying degiees of squamous differentiation and a propensity to early
and extensive lymph node metastasis. Although eancer of the oral cavity includes one
that extends from the"lips to the paldfoglossal folds and may be either epithelial,
mesenchymal, or haematolymphoid, more than 90% of malignant neoplasms of the

oral cavity is squamous cell'carcinoma of the lining mucosa.
|

Incidence and Epidemiology

OSCC oceurs ptedominantly in tﬁé fifth and sixth decades of life. Mostly,
males are affected more often than femaiés Jbecause of their heavier habits of both
tobacco and alcohol. However, this ratio i;'_§hiﬁing to the opposite direction due to
increasing number of female smokeérs. The;rei_,.is a significant increase in incidence in
younger population, particularly males in Iﬁlar;y gigveloped and developing countries
especially those in the west.""n-Thailand, tﬁﬁés!fimated incidence rate of oral cancer
is 5.2 and 4.6 per 100,000 pepulation in males and females respectively. Such high
incidence rate-is' observed in Songkhla, Khon Kaen, and imergasingly in Rayong
where industrial c;peration has been started later than others. In' northern and north-
eastern part of Thailand, such as Chiang Mai and Khon Kaen, betel quid chewing
which is a known contributing factor is common in female villagers. In the south,
such as Songkhla, a relationship of radium contaminated well water consumption was
found associated with upper digestive tract including oral cavity neoplasm.®® At the
global level, the estimates of worldwide incidence, new cases and mortality are varied
among different global regions.as, well .as, the international organizations collecting
cumulative data. Higher ingidence of-oral and pharyngeal cancer, compared to other
types of cancer, is in Indian and African countries, especially the male population.©”

According to World Health Organization (WHO) report in 2005, oral and

oropharyngeal cancer is the eleventh most common cancer worldwide. Several studies
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reported head and neck cancer as the sixth most common cancer, in which more than

90% is squamous cell carcinoma of the oral cavity.* **

Etiology

The cause of OSCC is not exactly known, however, it is proposed to be
multifactorial. It is likely that more than a gingle contributing factor is needed to
produce such a malignancy. Both extrinsic faetors,«including as tobacco smoking,
alcohol consumption, and betel quid chewing,“as well as intrinsic factors, such as

systemic conditions and.genefic disorders, may play different roles in pathogenesis. *"

Tobacco smoking-and smekelgss tobacco

Of all factors bglicved to contribute;to oral cancer, tobacco is regarded as the
most important. About 80% of OSCC éatients are smokers.“*? Furthermore, it is
found that smokers who continue smoking*laft‘ér the diagnosis of this disease have two
to six times greater risk in developing séc_ond primary carcinoma of aerodigestive
tract than smokers who quit srhoking.“” Not dﬁly that it is dose dependent, OSCC
development also depends on types of smok'i’ng. Pipe. cigar smoking, and smokeless
tobacco carry a greater risk than do¢s cigarettlé;sr-rféiking. The habit of reverse smoking
which the burning end is held inside the mp_litl} i;gnsiderably elevates one’s risk for

oral cancer.“?

Alcohol consumption

Alcohol, although not believed to be a carcinogen itself, appears to add to the

@L 4D 1t is well-

risk of oral cancer’ development when consumed excessively.
established that/the combination of alcohol and tobacco abusejover long periods may
increase misk by a factor of 15 or more.*" It 1s found that smoking together with
alcohol consumption were responsible for rising in€idence of oral cancer in young
peoplé in northetn Thailand.® In addition, nutritional déficiencies, asSociated with

heavy alcohol consumption, contribute to an increased risk of cancer development.“"

Betel quid/ betel nut chewing

Betel quid is a compound of natural substances, areca palm nuts, betel leaf,

staked lime, and tobacco leaf, which is chewed for psychostimulating effect. Betel
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quid or betel nut chewing is most common in Asia and found associated with
significant development of precancerous lesions. Beyond our awareness, more than
600 million persons worldwide chew these quids on a regular basis.*" Reactive
oxygen species in the betel nut can be involved in tumor initiation process by
compromising oral mucosa and salivary fluid. Thus other toxic chemical can penetrate
and damage normal biological process.'” Fiftypercent of oral cancers are attributable
to betel chewing, in high chewing-populated areas.“*. The use of betel quid together
with smoking increase tisk of oral cancer by-8=15 times, when betel quid habit

without smoking reach about1=4 fimes.**

Iron deficiency

|

Iron defieiency sespecially the severe and chronic form is associated with
elevated risk of OSCC of the posterior;rilouth and oropharynx. People who are
deficient in iron tend to have impairedcell mediated immunity. Further, iron is
essential to the normal fun¢tioning: of e}';ithelial cells of the upper digestive tract
which includes oral cavity. In-deficiency states, these epithelial cells turn over more

rapidly and produce an atrophic or immature.(")ral mucosa. "

do 2 Ao

Vitamin-A deficiency —"

iy

Excessive keratinizati;n of the mucous membrafie. isfone of the results of
vitamin-A deficieficy-"Many researchers-have suggested-aproductive and preventive
role in oral precancer and cancer. Long-term therapy -with retinoic acid and
betacarotene is found associated with regression in the severity of dysplasia within

such lesions.“"

Candidal infection

Oral candidiasis is frequently cited as @fw oral precancerotislesion,

especially| hyperplastic type: Certain strains | have | been~ shown' to produce
nitrosamines, chemicals that implicate in carcinogenesis, however, to this date, the

evidence to suggest this role is largely circumstantial.
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Oncogenic viruses: Human papillomaviruses (HPVs)

Viral agents capable of integration into the host’s genome may be particularly
dangerous and potentially could commandeer the host’s ability to regulate normal
growth and proliferation of infected cell. The oncogenic viruses may immortalize the
host cell or disrupt genetic material thereby facilitating malignant transformation."
In recent meta-analysis, HPV genomic DNA" was detected in approximately 26% of
all head and neck squamous eell carcinoma (HNSCC) by sensitive polymerase chain
reaction (PCR)-base method:“** HP Vs not only contribute to oral cancer development,
but also to carcinoma of thespharyngeal tonsil, larynx, csophagus, and genital organs

as well. HPV subtypes 16,418,311 and 33 are the strains most closely associated with
dysplasia and Nee I

Oncogenes and tumer suppressor genes

Oncogenes and tumor suppressor:’ ge:hes can be acted on by a variety of
causative agents. Normal genes ot proto;,ggcogenes are transformed into activated
oncogenes through the actions of wiruses, iﬁpdiation, or chemical carcinogens. Once
activated, they may stimulate production 0;.': ée;r}ejtic material through amplification
and overexpression of the invelved genes. zécsra _'Jresult, a wide range of neoplasms,
including OSCC are initiated. Tumor suppféééoi' genes, on the other hand, allow
tumor production indirectly when they become inactivated or mutated. Genetic
aberrations comm;)nly identified in OSCC include abnormalities'of the ras, myc, and
epidermal growth factor (EGER) oncogenes, and the p53, pRb, p16 and E-cadherin

tumor suppressor genes.">*)

Pathogenesis

Oral cancer, like most of other malignancies, arises from the change of normal
cell geycle, controlmaffected=mainly from genctie, events; JConceptuallysoral cancer
progress through two biologic: stages.«The first stage is loss_of cell cycle_control
through increased proliferation and decreased apoptosis. This appears in form of
carcinoma in situ where an increased number of dividing cells can be seen in all levels
of the epithelium. The second stage is increased tumor cell motility, leading to

invasion and metastasis. In this process, neoplastic epithelial cells penetrate the
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basement membrane and invade underlying tissues and further reach regional lymph
nodes.*? Each etiological factor including genetic, epigenetic, and environmental
factors play parts in different roles from normal transformation to precancerous lesion
and eventually cancer development.“” In 1953, Slaughter et al proposed the changed
epithelial cells of upper aerodigestive tract, including oral mucosa, as a model of
“field cancerization”. In this term, oral muc@sa can sustain initial injury from repeated
exposure to carcinogen but it contains acctumulation the affected genetic alteration.
When large area is exposed, the risk gf developing multiple tumors from separate
clones is high.“® Braakhuiset al proposed progression model in 2004 to further
explain cellular processes; alse relating with the clinical appearances. The basal cells
with genetic defects divide, accumulate more changes from carcinogenic insult, and
push normal cellgtasided®” Unfortunate_ly,'_existing abnormalities are macroscopic
invisible and probably micrgscopic undétébtable. These facts result in incomplete

tumor resection as wellias o€currence/of cancer at another site. 47

4

o

Clinical Features

The most common site..for intraoi*ai carcinoma 1s the tongue, usually the
posterior lateral and ventralisurfaces. Floor of ‘the mouth is affected almost as
frequently in men but is involved much légcoynmonly in women. Other sites of
frequent involvement inclurdrété(r)ft palate, ginéii/:a-l_: -bl-lccal mucgsa, labial mucosa, and
hard palate respeetively=—OSEE—ecan—preseit=i-a-vaiious. clinical presentation,
including exophytic, endophytic, indurated, ulcerative, lcukoplakic (white lesion),
erythroplakic (red /lesion), and erythroleukoplakic (red-and-white lesion) mass.“)
Symptoms associated: with the lesions include pain, referred pain to the ear, malodor
from the motith, bleedingy neck swelliig, difficulty, in Speaking; opening of the mouth,
chewing, !swallowing, “and weight "loss.“'Small ©OSCC" usually’ presents with
asymptomatic minimal findings, therefore in suspicious lesions, high,attention is
needed especially if the patients have ‘tobacco and alcohol habits. Extretucly advanced
cancers present as' ulceroproliferative growth with "necrosis“area and’exteénsion to

surrounding structures, such as bone, muscle, and skin @739

OSCC of the tongue is more common in younger patients. It is typically

asymptomatic but when deep invasion occurs, pain and dysphagia may be the chief
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complaints of the patients. Most erythroplakic patches that appear on the tongue are
either in situ or invasive OSCC. The most common location of cancer of the tongue is
posterior-lateral border, accounting for as many as 45% tongue lesions. In contrast, it
is hardly occurs on dorsum or tip of the tongue. The lesions of the tongue are more
troublesome than the others because of their silent progression in the area that is
difficult to visualize. As a result, the lesions are more often advanced or have
metastasized regionally by the time of discoverysOSCC of the floor of mouth usually
presents as a painless, non-healing, a_r}d indurated ulcer. The lesion occasionally
infiltrates surrounding soft-tissue and limits temgue mobility. In the palate, it
commonly occurs on thessoft.,palate whereas hard palate carcinoma is relatively rare.
Lesion on this arca gemerally presents as asymptomatic red and white plaque or
ulcerated and keratotic gmass. [ esions _of’_the buccal mucosa and lesions on the
gingival each account fox approximately"l.(')%.m) In betel quid chewers, the buccal
indurated margin or yerrucous. growth ;vill. be seen upon the preferred side of

. J
chewing.

o

Radiographic Features {
ol

Abnormal radiographi¢ findings are evident when neoplastic cells invade and
destroy underlying bone. However, the le;féx_h may be either severely painful or
completely painless. Bone Virrli;i)rlvement 1s cléér-é;:-t_éiiz-ed by.an irregular, “moth-eaten”
radiolucency with-ill-defined-oi-ragged-maiginsywhich-must-0¢ differential diagnosed
from osteomyelitis of the jaw bone.“" The invasion of OSCC fo alveolar ridge may
cause destruction of the teeth-supporting bone producing ‘‘teeth floating in space”

appearance.
Histopatholagic Features

OSCC arises from dysplastic epithelium and is characterized
histopathologically by invasive islands and cords of imalignant| squameus €pithelial
cells. Invasion 1s represented by irregular projection of pathologic epithelium through
the basement membrane and into subepithelial connective tissue. Individual squamous
cells and sheets or islands of cells are seen to be thriving as independent entities
within the connective tissues, without attachment to the surface epithelium.

Characteristics of the cancerous cells are shown as hyperchromatic nuclei, increased
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nuclear-cytoplasmic ratio, cellular and nuclear polymorphism as well as mitotic
figures. The product of epithelial cells, keratin, is found as keratin pearls within the
epithelium.“? The neoplastic cells may surround and destroy blood vessels and
invade into the lumina of veins or lymphatics. A significant inflammatory host
response is usually found surrounding the nests of invading tumor cells.

Lymphocytes, plasma cells, and macrophages may be seen in large numbers.*?

Histopathological degree 1s ranged i grading from low grade (well
differentiated OSCC or grade T) to high grade (poorly differentiated OSCC or grade
III or IV). In low-grade OSEE, timor cells are mature enough to closely resemble its
tissue of origin while in high-grade OSCC, the cells present with more pleomorphism
but less or no keratn production. Beeatise of most OSCC are moderately or well-
differentiated lesions gherefore Keratin pearls and individual cell keratinization are

usually evident. —
Metastasis

Normally, OSCC ‘will metastasize -_10 .regional lymph nodes, however it
sometimes spread through bloodborne rou;e::s‘ t?__ lungs, liver, or bone. Like other
malignancies, metastasis of OSEEC requires basic steps of biologic events which are
invasion through the basement membrane, entrance into lymphatics or blood vessels,
survival of cells'in the vessels against numerous immune -cells, escape from the
circulation to neW tissue, as well as implantation and establishment of self-staining
colony. OSCC in the anterior floor of the mouth, anterior alveolar ridge, anterior
buccal mucosa, and lower lip will metastasize firstly to submental triangle lymph
node of the same side (level I), OSCC located‘more posterior in the floor of mouth, in
the tongue, posterior buccal mucosa, and pesterior alveéolar ridge will spread to the
submandibular triangle (level II). OSCC that appears in the retromolar trigone,
tonsillar fossa, and.pharyngeal tongue will.often.firstaffect.the jugulodigastric lymph
node(level HI)."" Maxillary and/oropharyngeal OSCC fend: to metastasize through

jugulodigastric or retropharyngeal node group.

In South Asia, more than two-thirds of the patients with buccal mucosa or
gingival cancers present with submandibular lymph node enlargement and more than

three-fourths of the patients with tongue, floor of mouth cancers present with neck
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swelling, implying clinically obvious lymph node metastasis.®” It is unfortunately
that such distant metastasis is often occult at the time of discovery of the primary
lesion.® In stage I, II, and III, incidence of distant metastasis of oral cancer is

approximately 3% whereas it reaches 10% in stage IV patients. Further examinations

////
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Superficial erosion alone of bone or tooth socket by gingival primary is not

sufficient to classify a tumor as T4.
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¢ Regional Lymph Node Involvement (N Stage)

NX: Regional lymph nodes cannot be assessed
NO: No regional lymph node metastasis
N1: Metastasis in a single ipsilateral node, 3 cm or less in greatest
dimension
N2:
N2a: 3 c¢cm but not more than 6
——
N2b: : m than 6 cm in greatest
NZ2c: ore than 6 cm in
N3: cm in greatest dimension
o Distant Me
Mx: canno sessed
MO:
M1:
e TNMCI

Table
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Stage T N M
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firm the diagnosis.

Diagnostic Procedur. l';es
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Inc151on 1opsy without breaking marginal biological border of tumor spread is

recommended. In patients \gth both obviou lesion in the-6ral cavity
UG G o B PR

‘Special studies that use monoclonal antibodies directed against cytokeratins may be

needed to distinguish high-grade OSCC from other malignancies.

Additionally, chemiluminescence and tissue fluorescence are reported as

potential diagnostic tool in detection of oral cancer.!* ' Tissue staining and
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exfoliative cytology from brush biopsy are also used as diagnostic aids. The
molecular changes which are observable in circulating plasma or serum, and body
fluids" ", can be representatives or markers for oral cancer. These are simple and non-
invasive or minimally invasive procedures for early detection and tumor
surveillance.?* ** 3 More information regarding tumor marker development as well
as potential markers in clinical practice is further reviewed in the next section.
Although various biological markers have becarproposed, their accuracies are still
doubted. So far, none has high impa_s:t on routine clinical care. Comprehensive
histopathological staging efpathological specimens.is still an important determinant
of postoperative managemengand prognosis prediction.”) TNM staging, grade, and
depth of tumor invasion rémain important factors in predicting the course of

disease.?

Treatment and Prognosis il
)"

Today, surgery, radiotherapy, and chemotherapy are still the mainstays of
cancer treatment. Not only that, imimunotherapy, gene therapy, and antiangiogenic
therapy with high hope are becoming more;uﬁnd more popular these days. However,
they have not been routinelyused:"") Surgery fehl_'ains the most successful therapeutic
modality for OSCC. Extension of excision éi;ﬁ;_én'gls on invasion pattern of the tumor
to surrounding structure. Nérﬁaélly wide exci.si'c;r-l_!i-s recommended. As a result, facial
disfiguration and less-ef-impoitani-stiuctures-in-oi-the-imasticatory system are the
primary post-operative complications. In case of lymph node¢ involvement, several
types of neck dissection should be concerned. Nevertheless, indication for neck
dissection and the type of neck dissection, especially in the NO neck is still a
controversy./In generdl)y @SCC 'that' locates (anterior| to jcitcumvallate papilla, a
supraomohyoid neek dissection 'should ‘be’considered. For oropharyngeal lesions,
either level I to IV or level II to/IV lymph node_should be dissected in case of
involvement..here was'a‘report that occult node métastasis is'about 20-30%/though it
1s found megative" clinically "and" radiographically.” However, some™ investigation
yielded lower percent and therefore, they suggested that only primary tumor with high
chance of metastasis should undergo an elective neck dissection in clinically NO

casces.
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The clinical stage of the disease guides the treatment of OSCC. Post-surgical
radiotherapy is indicated when tumor is too large to be included in the best surgical
margin, or there is evidence of palpable lymph nodes.*" Chemotherapy is used in
combined drug protocol to help kill tumor cell in a greater proliferative rate than
tumor cell population. These adjuctive therapies produce significant side effect, such
as mucositis, xerostomia, and trismus, leading to pain, difficulty in speaking,
dysphagia, dental caries, and osteoradionectosiss In most of the cases, the patients’

quality of life is certainly compromised.J

A statistically signifieant telationship among histologic grading, tumor size,
and locoregional involvement.and survival rates were reported whereas gender and
risk factors were found wnrelated.” I\IIonetheless, it was reported that the most
important factor in thefprognosis of OSCC is the status of the cervical lymph nodes.
The cure rates deep to meagly half with régional lymph node involvement. Clinical
staging seems to corgelate much better wit:h p?ognosis than microscopic grading, thus

early detection of the pathology gives a betfer stage and improve overall prognosis.

. /
o Y

Cancer Biomarkers

e, 2!1:3
Definition and Classification of €ancer Biomarkers
A biomatker 1s defined as “A characteristic that 1s objectively measured as an
indicator of norrmtal biological processes, pathogenic processes, or pharmacological
response to a therapeutic intervention”, according to the US National Institute of

Health’s  (NIH)® Working Group and the Biomarkers Consortium

(http://www.biomarkersconsortium.org). In terms of cancer, NIH’s National Cancer

Institute (NCI) describes it ‘as “A biglogical molecule found in blood, other body
fluids, of tissue that is a sign of a normal or abnormal process, or of a condition or
disease”. Generally speaking, cancer biomarker is any substance that can be measured
in the body/or bedy’s product and can identify the presence, process or status of
¢ancer. It can be released from the cancer itself or it can be a response of the body to

the cancer, such as antibody.

One of the goals in cancer research nowadays includes finding markers that

can be used to detect, predict, monitor the disease and eventually improve overall
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quality of life. Not only that, cancer biomarker study is an approach to understand
carcinogenesis®” and probably lead to prevention and personalized treatment for each

cancer patient.

Table 5 Classification of cancer biomarker

e s :ﬁ Besed on Ot Creri
*Screening ! *Genetic Biomarkers S s Pathogenic Biomarkers
R B

Biomarkers . DNA - Viral
. . ~RNA | - Bacterial
*Diagnostic [

Biomarkers I | *Epigenetic Biomarkers ! l Imaging Biomarkers
*Prognostic ! Vil i | *Biochemical Markers
Biomarkers l * Proteomic-Biomarkers I I« Oncofetal antigens

*Predictive " °G1yco Biomarkers B\, SR oM igons
| - Hormones
Biomarkers » - = ! ' - Tissue receptors
*Monitoring or | I\ Enzymes
Surveillance l I - Serum/tissue protein
Biomarkers I ]
Y iV %> W)\

Modified from Mishra,*® Malati,*”) _agd Amencar_r ancer Society (http://www.cancer.org)

e
'.JJ

Until now, no uniform classification has been established. However, many
consensuses, institutes, and reviews -have elassified cancer markers by several

grounds. For instance, based on purpose, screening biomarkeiis used for identifying

cancer in peopj_gjizvith no symptoms of disease or finding can_?_e_l_: in its earliest stage.
However, predictive biomarker is the determinant of cancer -'treatment effectiveness.
Moreover, these Signature molecules can be classified based on their nature, for
example, DNA, RNA fprotein, and carbohydrate. Viral agents associated with the
lesion ‘ar¢ also ecounted, such as Epstein-Bart Virus (EBV) as a marker of
nasopharynigeal carcinoma and Human Papillomavirus (HPV) as a marker of cervical
as_well as oral cancers. Some authors have “suggested imaging, “Sometimes
conjunctively. ‘to ‘othér information, as a marker of cancer.;For example, prostate
specific antigen (PSA) in correlation with bio-imaging data might be used to detect
prostate cancer. Furthermore, a well-known mammogram is extensively used for
routine breast cancer screening. It must be remembered that carcinogenesis is multi-
step process with many factors involved therefore some markers in these categories

are overlapping (Table 5).
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Characteristics of Cancer Biomarkers

An ideal cancer marker should be, first, highly sensitive and specific for
particular type of cancer. If not, it should be universal for all type of malignancies.
Second, it should serve its primary purpose. In other words, it should be able to detect
cancer at early stage as well as transforming premalignant lesion (screening marker)
or accurately correlate with advancement of ¢limical tumor status (prognostic marker).
Third, it is best to obtain from simple and non-invasive intervention. Moreover, its
benefits should be applicable to both men and women of all ages and races. Further,
marker test should be easilv reproducible and standardize among laboratories.
Additionally, small" mecasurement errof or biological variation should not affect
capability of the markers Last, éxamination method ought to be cost-effective.*>>”

Although no such maker has achieved all prerequisites, several markers met certain

qualifications. i
: Fr ol .
Examples of Cancer Markers in Clinical Practlce

From the earliest days of human chquonlc gonadotropin (HCG) identifying
pregnancy as well as gestational trophoblastlc dlﬁease (cancer of the placenta), or the
discovery of Bence Jones profein and tumor _spemﬁc antigen carcinoembryonic
antigen (CEA) relating to-colon carcinoma;,ifli."'-l965, to this present day, substantial
number of studies were dedicated to bringing the cancer markers to clinical practice.
Although there :;)V;ls no marker definitively for routine usage,in the global picture,
many of them are teliable and widely used for sereening, detecting, predicting, and

monitoring the malignancy.

A, few examples of regularly mentioned and ‘commonly used, cancer markers

are raised below. 33859

o' Prostate specificiantigen*(PSA)

PSA‘is small glycoproteinivith protease activity which.is specific for.prostate
tissue. In 60-70% of males with prostate cancer, PSA highly increased compared to
the minimal level in normal adults. However, recent report showed that PSA was not
found in every patient with prostate cancer. More molecular markers regarding this

cancer are currently investigated and validated.
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e Alpha-fetoprotein (AFP)

In healthy adults, who are not pregnant, rarely have detectable AFP in blood.
Increased AFP level is often associated with liver cancer and its roles of early
detection, diagnosis, and monitoring were demonstrated. Additionally, AFP has been
approved by US Food and Drugs Administration (FDA) for diagnosis and monitoring
of testicular cancer.

e Carcinoembryonic antigen (CEA)

CEA is a part of cell membrane It is shed into blood of over 50% of patients
with breast, colon, lung, gastric, ovarian, pancreatie; and uterine cancer. The increased
level of CEA is tended.to'be used for prognostic prediction of colorectal cancer.

e Cancer antigen(CA <125 |

This FDAs=approved ds qused for diagnosis and monitoring of women with
ovarian cancer. Theglevated serum is deté_qtled in over 75% of the patients. Therefore,
CA-125 was proposed to be useful for primary and recurrence tumor detection and
therapy. However, CA-125 test is affected f)dy pregnancy and menstruation cycle.

e Estrogen receptor (ER)~
Normally, ER is found.in:the nucj].e';.lsrof breast and ovary tissues. It was

reported with uses of identifying the patients th’_fesponded to the treatment of breast

cancer. i

These mentioned méﬁééfs, as well as the -t:c_;lio-wing examples: CA 19-9, B-type
natriuretic peptide-(BNP);-transferrin-recepiors-insulin-like- growth factor (IGF-II),
troponin T, interleukin-2 receptor, and insulin-like growth factor-binding protein

(IGFBP), have been approved the US food and drug administration (FDA).®>
Oral Squamous Cell Carcinoma Markers

Significance of ‘oral'squamous cell'carcinoma markers

Althowgh definitive~diagnosisrofi caneers+is determined by~histepathelegy of
the obtained OSCC-suspected tissue sample, surgical intervention in biopsy procedure
may promote dissemination of cancer cells into circulation, increasing chances of
metastasis. Incisional biopsy, though believed to be a proper manipulation for cancer
tissue sampling, Kusukawa et al demonstrated that 20% of OSCC patients, who went

through incisional biopsy procedure, had transient detectable cytokeratin 19 (CK19),
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which is important filament making up cytoskeleton of normal and malignant cells of
epithelial origin, in their blood stream. On the contrary, CK19 was not detected in any
patient undergone excisional biopsy.'” However, in clinical practice, choosing
incisional or excisional does not rely on only this fact. Tumor size, location as well as
further treatment are the main considerations. Dyavanagoudar et al also reported RT-
PCR detecting CK19 in blood of 16 % of OSCC patients (4 in 25 patients), 15
minutes after incisional biopsy was dones CK19.was not found in controls,
submucosal fibrosis and leukoplakia. Despitc CK19 Wwas detected after incisional
biopsy in only stage Il and TV OSCC, this does-not change the fact that surgical
intervention disrupts cemnnective fissue and basement membrane, major physical

barriers to migration oftimor cells,")

and possibly inereases risk of cancer spread at
any stage. Moreover, asiminimally invasive as it was performed without anesthesia,
fine needle aspiration for ecytology te’st.' may not prevent risk of tumor cell
dissemination and second /fumor develo;g;ne,nt.(m) Additionally, a study in animal
model (29 rats) shewed that althotigh co‘ipplete tumor resection was done beyond
clinical margin of the lesion, it might not' be able to prevent spread of cancer,
determined by detection of cancer DNA i blood during the operation.®” Simple and
least invasive procedures, such as saliva or'.o'reil.f_rinse collection, mucosal swab, as

well as blood drawn, to obtain-OSCC-speeific information are more attractive for

OSCC patients. —E Jpd=i

Moreover; with biopsy process, choosing and manipulaﬁng tissue site from
part of the lesion dare subjective to operator and assessing the Specimen is subjective to
pathologist. It is definitive if biopsy result is positive. HoWever, missed invading
cancer cells left in"th€wintraoral remaining.lesion results in misinterpretation as
dysplasi@ or other potentially malignant lesion."" Therefore, treatment'as planned may
not be sufficient. Slaughter et al also reported an incidence of OSCC together with
cancer elsewhere (11% of total OSCC cases).*” In a@dition, oral cancer i particularly
dangerous because of |its. high risk of developing the second | pfimary” tumor.
According to The Oral Cancer Foundation, patients who survive the first encounter
have up to a twenty-fold increased risk of second cancer development
(www.oralcancerfoundation.org). Close investigation as well as monitoring are very

important.
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Further, although oral cavity is simply accessible and oral lesion is easily
noticed. Most of the OSCC cases have reached stage IV at the time of diagnosis. One
of the reasons is patient ignorance or effortless to seek proper treatment. Also, in
small health care services where facilities and resources are not readily equipped,
surgical biopsy may not be performed in the first detection visit. Patient referral as
well as impression of surgery obtaining tissueSample can discourage the patients and

even delay diagnosis.

Survival of the'patients depends on locoregional and distant metastasis.> ¥

However, occult node investigation is difficult. Traditionally, staging of the neck is
performed by _physicals” examination and imaging.  Sentinel node biopsy
(lymphoscintigraphy), though/coming of interests, had no evidence of superiorly to
conventional imagingg#in occult node idé_ntiﬁcation.(4) Correct evaluation of lymph
node status and tieatment plan, espeeially'in T1 and T2, may help eliminate cancer
spread or spare thespatients {rom unne:eesé'éry neck dissection procedure which
certainly improve quality of life. Morcovéf,- rs_inJc_e TNM staging is not individualized
and its improvement i§ needed, relying on aicine does not provide proper treatment for
every patient. The seventh edition of new TﬁM staging by American Joint Committee
on Cancer (AJCC), launchéd in 2010, haéfﬁ;niéi;tioned a misunderstanding in M
category of the old version (2002) and pfopbéed new modifications for several
cancers. This edition also emphasized on the new direction of personalized
medicine.®? Dertatils in genetic or epigenetic level may be useful for a tailor-made
treatment of each patient. In these mentioned circumstances, routine blood drawn and
saliva-based sample collection method to achieve suppotted information would

become more persuasivefor both the patients and health care providers.

Sources of DNA for-Oral-Squamous'Cell Carcinoma Markers

To determine the presence of OSCC,. source-0of DNA representing genetic or
epigenetic alterations of the malignaney is bodily fluid in direct contaet, draining or

bathing the tumor lesion.

e QOral rinse and saliva

Exfoliated cancerous oral epithelia especially from ulcerative surface of the

lesion or naked DNA can be obtained in saliva or by rinsing oral cavity with normal
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isotonic saline solution. Directly onto the lesion, mucosal swab can pick up cells
representing cancer. Apart from the cells themselves, changes resulting from cell
transformation can also be found in saliva as well as salivary rinse. These saliva-based
fluids contain not only DNA but also RNA, and many macromolecules, especially

proteins, such as enzymes, cytokines, and growth factors, resulting from

carcinogenesis. Some examp! eomic marker candidates in saliva

included cancer antige embryonic antigen (CEA),
squamous cell carcin "matrix metalloproteinase-2
(MMP-2), MMP-11, 8 (IL-8), Cyfra 21-1, p53
antibodies, telomera ' " facto (TNF-a)), transferrin, o-

amylase.(©%)

Saliva and sali

equipments requir

as it has direct conta; lesio ;pﬁ }en Y

Ji:’*

. Circulf blood

Plasma (55%) ———

AU ANEYIEEN
amammmgﬁﬂmaa

anticoagulant will be seen in 3 separate layers, plasma, buffy
coat containing white cells and platelets, and packed red blood

cells. (picture from http://www.pennmedicine.org)
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Blood circulating throughout the body contains plasma as liquid component
and formed elements consisting of red blood cells, white blood cells, and platelets.
After blood collection with anticoagulant and centrifugation, blood components are
separated into 3 layers; plasma (top layer), buffy coat (middle layer), and red blood
cells (bottom layer).

The buffy coat layer is composed with platelet and white blood cells.
Mononuclear leukocytes such as lymphocytes can be mixed with the platelet. Since
granulocytes have a little higher density, they reside in the bottom of the buffy layer,
next to the below red cellsAs.the density of carcinoma cells were lighter than red
cells and most of.them were Jdighter the_ln polymorphonuclear cells, the majority of
cancer cells spreadiag into'the blood layl‘above or in lymphocyte/platelet layer of the
buffy coat.® i

=

il

Circulating tumor cells (€TClor CTCs), dislodging from the lesion, could be
detected in severalitypes of solid malignapcy. Despite a few different names were
used to describe metastatic cells in periphér'al’-'blood, the terminology “CTC” was
mostly used in general. Additionally, tumd:ri"c:el_ls in bone marrow, reservoir of cells
from which they might re-circulate nto c'ir"cfﬂ'gtion were specifically named as
disseminated tumor cells (DTC IR AR (69>_In head and neck cancer, detection of
preoperative CEC as well as DTC and intra- operatlve CTC, by immunohistochemistry
and RT-PCT, weie-significantly-related-to-duiation-oi-disease-free period (disease-
free survival) and metastasis-free period (metastasis-free survival). These findings
suggested that, before surgical treatment, the presence of CLC and DTC could predict
development of locaregional recurrence and, distant metastasis.”” An important leap
of CTCQ knowledge was the rélationship of CTC and/breasticancermetastasis, which
benefited in real-life application. In"68patients receiving chemotherapy and endocrine
therapy, Liu et al reported a stronggcorrelation between CTC number and,progression
ofimetastatic.Dreast cancer;»which was routinely monitored by radiographiciimaging.
More" importantly,” CTC results” were “obtained " many "weeks™ before” disease was
radiographically detectable and the number of CTC more than or equal to five cells

could predict shorter survival.""
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Not only CTC, but the white blood cells, residing in buffy coat component,
also carry cancer DNA in blood. Generally, “vertical transfer” (from parental to
daughter cells) of oncogenic information, such as oncogene transmission, is well-
known. Additionally, there is “horizontal transfer” which carcinogenic information is
transmitted from eukaryotic cell fragments to other eukaryotic cells. This mechanism
can be involved with virus because of its integration ability. More importantly,
without viral agent playing parts, this horizontal iransfer can occur by direct uptake of
cancer DNA in apoptotic bodies particu}arly by phagocytic cells such as white blood
cells, fibroblasts, and endothelial cells. Normally, as.an immune defense of the body,
abnormal DNA would _be"dcstroyed. However, in malfunction of body check point,
the cancer DNA can sutvive and results in higher rate of mutation and metastasis.
This oncogenic .transfection from disse'r_nination in_the blood is known as

“genometastasis” hypothegis.

Several reviews explained circulétinJg- nucleic acids in plasma and serum
(CNAPS) and the rcleage mechanism into!éirr.cualation, which may responsible for the
horizontal transfer and metastasis.s Not 01;1}2I cancer cell apoptosis or necrosis that
plays some parts,”> " ‘but_active Viablé J:fq—ir_lo_r cell shedding also can produce
detectable amount of cancer in piasma and sgmrjl{(75 ) In OSCC study, Hamana et al
demonstrated the possible role of alleic imbalér_léc_.s-in serum DNA as a predictive tool
for OSCC prognesis. From 64 OSCC patients, alleic imbalances were found in 59%
of tissue safnplés and 52% of serum samples, preopefatively. Four-week
postoperatively, the patients who were negative for all€ic imbalances had no
recurrence. However, six patients who were still positive died from distant metastasis
within less than a year=follow-up.”® Deteclion of human papillomavirus (HPV) in
serum was shown with role in monitoring metastasis of head and neck squamous cell

carcinomiapatients.”””

Garcia-Olmo ‘et al*was' the first to'study CTC at'the same‘time,with cell-free
tumor DNA "in"plasma. In this“animal'model, tumor progression was associated with
the increased free DNA in plasma as well as CTC. However, after cancer cells had
been inoculated into the rats, DNA in plasma could be detected earlier than CTC.
Though cancer DNA in blood indicates risk of metastasis, in this study, there was no

significant relationship between detected DNA in blood and metastasis.””® Apart from
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its benefits in cancers, CNAPS is also useful for prenatal diagnosis, monitoring organ

transplant and in acute medicine practice.””¥

Only few comparative studies between plasma and serum, in terms of DNA

sources, have been done.”” Nonetheless, the results usually suggested that serum was

(8

more labile than plasma,® most likely due to the release of cellular constituents upon

inclusion of blood cells into the clot. For quantitative estimation of DNA, the use of

plasma, obtained by centrifugation of whole blood®With EDTA, was recommended.®"

o

Development and Validation oi Efficient Markers

Obtainingrefficicat markers requires many well-strategized studies. For early
|

detection, Pepe et.al hasiproposed five-phase guideline as systematic approach to

develop, evaluate, and'validate the screenin'g;" markers:®?

Table 6 Phases of scigening marker devei?prh'ent

o

Phase oy ~ " Objectives

r

Phase | ‘i
Preclinical exploratory phase +|-Promising directions identified

Phase 11 -
Clinical assay and validation phase -| Ability of assay established

Phase 111
Retrospective/longitudinal phase = Ability to detect preclinical®discase determined
. - “Screen positive rule” identified
Phase IV | 7
Prospective screening phase - Extent and characteristics of disease detected
by the test'identified
- Kalse positive rate'identified
Phase V.
Prospective randomized trial phase |+ Impact of screening on reducing burden of

disease determined

Adapted from Pepe, 2001

Briefly, in phase I, suspected markers are compared between normal and
cancer tissues. In phase I, a clinical protocol, such as non-invasive clinical sample
collection, is developed and tested. In phase III of longitudinal study, suspected

markers are constantly evaluated in healthy people monitoring for occurrence of



30

cancer. In phase IV, asymptomatic and high risk individuals are screened and those
who have positive test are followed if cancer really develops. Finally, in phase V, the
test is applied to large population to see whether the markers have an impact on

disease-related morbidity and mortality (Table 6).%%

Biomarker assays for cancer detection should have certain characteristics.
Sensitivity and specificity, usually referred as accuracy in clinical term, are the most
important performance. “Sensitivity” or “true‘positive rate” refers to the proportion of
cases with confirmed diseased (by goTcFl standard) who test positive for biomarker
among total confirmed cases. df tells us how good a marker test is at correctly
identifying people.who have discase. “Sl?eciﬁcity” or “true negative rate” refers to the
proportion of contrels subjects (conﬁrnl'led without disease) who test negative for
biomarker among total‘confirmed itormal controls. It tells us how good a marker test
is at correctly identifying people who arc‘ well. Additionally, positive and negative
predictive values refer o the’ chance,.lthat posifive and negative test result,
s, 831 84)

respectively, will be courect (Table

4

Table 7 Contingency table of aceuracy detéx:t'*nj.r_lation

.--_:lj.ll

Coﬁbn
*+(as determined by “Gold Standard”)

-'7 Positive Neoatrve
1 Positive
Positive True Positive False Positive I:> predictive
Test ¢ - value
Outcome .
Negative

Negative" | False Negative™| True Negative E‘) predictive

. . v

Sensitivity Specificity

To determine sensitivity and specificity from the continuous raw data,
receiver-operating characteristic (ROC) curve is widely and reliably used.®* ) It
provides a statistical method to assess diagnostic accuracy and gives not only these

two characteristics, but also area under the curve (AUC) to be easily compared with
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other marker tests. The closer AUC is approaching 1, the higher accuracy the test
provides. In addition, cut-off values are also generated from ranges of data. The
optimal one is conjugated with the optimal sensitivity and specificity as well as

maximum AUC (Fig. 2).®
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Figure 2 Receiver-gperating Eflara_lcteristic (ROC) curve. Red dot
indigates the optimal sénsiiivity and specificity as well as cut-

off'value o_f th_e test:

In addition, the requiren_l‘gnt for Vﬁ%{ormance of the test varies with the
intended uses. High sensitivity is crucial for. @iégposis and monitoring diseases. For
screening, specificity is extre;nely required. jFﬁt_h;:r, since carcinogenesis is multistep
process in which many factors and mech'ai;{igr'rfs‘ involved, single marker usually

cannot provide Chough accuracy or information. A panel-or Set.of multiple markers,

used together,»may be developed and proved. An improvement of sensitivity and
specificity was repbrted for head and neck squamous cell carcrinoma.(%’ ) A group of
markers compleménting the accuracy of each other may be used in two ways. In a
series testing, one.marker is.tested,after the previous marker.gives positive or negative
result. In a parallel testing, all markers are tested’at the same timesand the result is
interpreted according to criteria. For instance, the cancer patient must have positive

resultfrom alltestsiortwo.out ofthree:"Y

Despite cancer biomarkers are gaining enormous interest and becoming more
popular now, it is not the purpose of marker to replace standard biopsy procedure.
Biomarkers should be selected carefully and used wisely to help with screening,
diagnosis, and monitor recurrence of the disease. For example, at the first detection of

abnormal or premalignant lesion, biomarker test may be performed. The patients with
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positive result should further have biopsy. Moreover, biomarker tests are suitable for
routine screening in people without symptoms or monitoring recurrence. There are
risks of incorrect result from marker test. In case of false-positive result, a normal
individual whose test confirms as cancer, the person would encounter great anxiety
and unnecessary invasive procedures. In case of false-negative result, a cancer patient
whose test confirms as normal, the proper tieatment will be delayed and probably

results in cancer metastasis.

Genetics and Epigenetics of Cancer

The term ‘‘genetics™ generally refers to status in which DNA base-pair
sequence is concerned: Today it is well-known that the underlying basis of cancer is a
cumulative serics offgenetic alterations leading to dercgulated cell growth,
particularly alterations that /provide-a selective growth advantage to tumor cells.
Genetic alterations, the changes of DNA -:§eq¢1'ience, happen in many ways including
deletion, insertion, recombination, and amplification of some parts of certain genes.
For example, proto-oncogenés, ; genes iif_\x-:};ll()liéed in regulations of normal cell
proliferation, become ongogenes and lead tt.)‘i:a‘t?no.rmal cell growth and differentiation
in carcinogenesis. In addition; alterations of 111@011:i suppressor genes, genes that block

abnormal cell proliferation, were related to cancg’:_r.deyelopment.

HoweVers natural_events_of embryogenesis and-drff€rentiation, which are
controlled by “specific patterns of gene expression in specifi¢ tissues and organs,
proceed without any changes in DNA sequences. Also, the transformation of normal
cells to precancerous, or cancerous cells was thought to act the similar way. These
ideas gave rise to the modern epigenetic.concepty Theterm~“epigeneties”, contrarily to
genetics, deseribes.modifications.of DNA that are not involved in. DNA sequence
changes. The forms of epigenetic modification, occurring in every normal human cell
and finfluencing  On «gene=expression, lafe [known "as{IDNA} iméthyldtion)) Histone
deacetylation’and RNA' interference. In the complex molecular basis, chromatin, a
bead-on-string of double stranded DNA and histone core (Fig. 3), may be activated or
silenced in each part of it. In other words, every cell in human organism has the same
instruction manual, but different cell types are using different chapters. Any error of

epigenetic modifications, which makes cells read the wrong chapters, may affect
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normal gene expression and cause pathological conditions. Recently, it is accepted
that not only genetic, but epigenetic changes also play an important role in

development of several diseases especially cancer.®**”

Furthermore, epigenetic epidemiology and markers may have some benefits
over genetic markers. Since genetics is sequence-concerned, finding the specific
sequences involving in carcinogenesis is mofe*"ﬁke “finding needle in a haystack”.
Flanagan also pointed out that epigenetic charficier§ had greater variability across the
genome, cell types and individuals. Also with continuous variable, such as DNA
methylation range from 0-.100%. a better statistic analysis as well as disease risk

assessment are allowed.

i-tionally, th'lassociation between epigenetics and level of

gene expression previdessmore understanding in biological mechanism, especially

carcinogenesis.”” As @pposedito iI:I'eYersi_bI'é state of genetics, epigenetic alteration in

normal cell process of homegstasis and' development i1s reversible. This finding

f

' § ¥ ; i . o, .
benefits in pharmacological study for treat-k;en% of pathological conditions.®"

A £

Chremosome ' 4 i Cell
F cyloplasm

nucleus with
46 chromosomes

DNA sequence of a gene
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Figure 3 From DNA to-cell. DNA, a unit of pentose sugar, phosphate
group, and nitrogenous base, is arranged in double stranded
helix, wound “around histonesi~to form nucleosomes.
Nucleosomes are organized into solenoids,;s which ifiyturn
make up the long chromatin loops. These loops are tightly
packed and become chromosome. Genes, the basic unit of
inheritance, are contained in chromosomes and consist of

DNA. (picture from http://www.sciencemuseum.org.uk)
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DNA Methylation

DNA methylation is a modification of DNA molecule itself in which methyl
groups are transferred from the methyl donor, S-adenosylmethionine, to the 5’ carbon
of cytosine ring in cytosine nucleotides by enzyme DNA methyltransferase (DNMT)
(Fig. 4A and 4B).

FiguredA DNA methylation. Methyl group
methyl donor, S-

" carbon of cytosine ring of

transferase (DNMT).

Y

U
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Figure4B  DNA methylation of CpG dinucleotides.®® DNA
methylation mostly occurs in CpG dinucleotides where

cytosine base precedes guanine.
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Mainly, the methylated cytosines are in “CpG or CG dinucleotides” where
cytosine (C) precedes guanine (G). In normal cells, about 70% of the CpG
dinucleotides in the mammalian genome are methylated and most of them are found
primarily in repetitive sequences, the sequences that occur repeatedly and generally in

non-gene regions of the genome. In fact, 45% of all CpG dinucleotides in the whole

iy

genome are in repetitive elem, in CpQG islands, which are clusters

of CpG dinucleotides fi and these CpGs are usually

i

unmethylated.®> 92
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methylation condenses chromatin structure, inhibiting histone
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(picture from http://mww.med.ufl.edu/biochem/keithr/research.html)

Function of DNA methylation

The change from cytosine to 5-methylcytosine by DNA methylation is associated

with transcriptional silencing (switching off) of some genes, in concert with alteration
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in chromatin structure. This process is important in development,®® protection against
intragenomic parasites,(97) X—inactivation,(gg) mental health,(gg) and cancer. One
important example of regulatory role of DNA methylation is genomic imprinting
which control the expression of some genes during development. For instance, most
of the cases, both the paternal and maternal alleles of a gene are expressed however,
some gene expressions depend on only one allele: This is where methylation plays a
part; inactive another allele that it is nof nceded ! Since methylation directly
switches off gene expression by deacegzlating lastones or preventing the binding of
transcription factors, deacetylated histones bind DNA. very tightly resulting in loss of

transcription capacity gigenc.expression control (Fig. 5).

De Novo methylatioa'and inheritance of II-DNA methylation pattern
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Figure 6 Inheritance ofgthe DNA methylation pattern. The PNA
methylatransferasel (DNMT1) ‘can methylate only|thtc. CpG
sequence paired with the methylated CpG. It=takes aciion in
daughter cells. Hence, the original pattern can be maintained

after DNA replication. (picture from http://www.web-books.com)

During early development, germ cell methylation patterns are erased by an

initial wave of global demethylation near the eight-cell stage of blastocyst formation.
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During the implantation stage, methylation patterns are rapidly re-established
following a wave of de novo methylation, a new methylation at the beginning, by
enzyme DNMT3a and DNMT3b. The amount and pattern of methylation are tissue
and cell specific which are relatively stable afterwards."”'"'®® In addition, any type of
cells has its own methylation pattern so that a unique set of proteins may be expressed
to perform functions specific for this cell fype. Thus, during cell division, the
methylation pattern should also pass over 0 daughter cells. This process is achieved
by DNMTI, which can methylate onlx the CpGrsequence paired with methylated
CpG (Fig.6).

DNA methylation.and cancer

|

The methylation® pathway - is. directly related to major chronic conditions
including heart disgase, diabetes rnellitus:_‘Alzheimer’s disease, Parkinson’s disease,
Down’s syndrome, aufism, and -eertainly’ cancer. Also, it was recognized for more
than twenty years that DNA methylation in'J tumor cells are altered from that of normal

cells. 104 109

In thig® case, methylation “changes can exhibit in two ways,
hypermethylation of specific regions and gln)fbal (genome-wide) hypomethylation.!*
24, 87, 95, 99, 104, 106-108) Thece imbalances can be br_'ﬁsented together in a single tumor,
though the net effect is usually a decreaseﬁ total methylation level.®” Upon our
basic knowledge, if methylrartigrrl imbalances C.oil-t-r_i'k;u-te directly to tumor initiation, the
alterations should eeceui-in-early-stages-of-cancer-oi-in-premalignant cells. Also, if the
imbalances confribute to tumor progression, methylation defects should increase in
frequency and/or severity coordinately with increasing malignancy grades. It is found
that methylation defects are present in cells before the onset of obvious malignancy,
sometimes months ot years,lis' ¢liniically/detectable, therefore it'icannot be explained as
only consequénce~of a-deregulated cancer cells.®% 2 Asl a fresult, usage of
methylation as biomarkers will be useful for detecting cancer earlier, and less
invasively than curréntly “available methods, and thereby enhancing the success of
treatment.” Further,” in breast, ‘ovarian, cervical, ‘and brain tumor, hypomethylation

! . . . . . 109-112
increases  progressively ~ with increasing malignancy grade."”''?  Thus,

hypomethylation may serve as a prognostic indicator as well.
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Figure 7 and diseases.

a switch-on and

Promoter at a common event in the
development of mai S of an er_a. ‘} udlng and neck squamous cell
carcinoma (HNSCC)."’ }iloF h_l_yﬂf , global:genomic hypomethylation in tumor

tissue is also a signature in a widé variety of i’
such as breast, colon, ofﬁf S g's""'; er, t0 cancer of the blood.** ''* ¥
Moreover, it may evolve &MM-‘ ----- 10genesis.! ¢ Normally,

1 "‘! promoter region of
genes, and NA%)air genes.(lg’m) In the

past, Knudson’s two hit hypothes1s of tumor suppressor gene inactivation by

methyl ti alleles of the
tumor H ﬁ g “spor % mg ij m ntially act as a

second during the develop ent of “hereditary” cancer.''® 119) Global

R e

e genes, such as promoter, but importantly also in non-coding repetitive sequences

alignancies, ranging from solid tumors,

hypermethylation occurs chiefly in

tumor suppressor genes, metasts

such as retrotransposons.** ***> One of the causal roles of this hypomethylated event
is believed to be the decrease in methyltransferase activity. The consequence of

genome-wide hypomethylation of chromosome, which is mostly occurs in repetitive



39

DNA that normally heavily methylated,"*” is an induction of chromosmal instabilbity
in carcinogenesis.®> '*" As a result, the formation of abnormal chromosomal
structures is likely to happen.?* '*? A link between hypomethylation and the stability
of whole chromosome arms was reported in several conditions including the human

Facial Anomalies (ICF) syndrome(123 ) and

/rcmoma (124, 125)

ormai' DNA

Immunodeficiency-Centromeric Insta

cancers such as hepatocellular as

ylated CpG site

Figure 8 BD \ Aﬂancer cells are
characterized by hypermethylation of CpG-islands and general

?NAhypomethylation B Ej)ermethylation of specific region,

ﬂ U TSI WEL T T e

modification of Igf:nome have dramatlc effect on the stablhty of
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In addition, not only does DNA in nucleus carry the valuable information for
functioning of the human body, mitochondrial DNA, RNA, and proteins are gaining

interests. However, despite the similar biological information provided by RNA and



40

proteins, more chemical and biological stability as a source for molecular diagnosis is

obtained via nuclear methylation profiles.®”

Apart from epigenetic, specifically DNA methylation, genetic abnormalities,

certainly play some parts. As mentioned earlier, these genetic alterations include

ncer, frequently investigated genetic
f sity (LOH) or allelic loss on

SI) which is an increased

frequency of deleti Genetic and epigenetic
mechanisms can ra _ ' er. For example, direct

cooperation incl

several types of mutations. In h
characters are point mutati

chromosome arms,

genes by methylation

of one allele and eith irectly, aberrant loss of

methylation in the p ¢’ regions and 16 is associated
with abnormaliti ' . ,: s, includi d gain of the whole
chromosome arm (Fig. ISy ) eration affects multiple

cellular pathways,’ poptosis, angiogenesis,

(126, 127)

and cell-to-cell adhesi and progression.

_..I I.a"l

AuUsQEIs;

hjrpurrnuﬂ\]rluﬂun
Genomic
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pathogenesis. 90-95% of all cancers, uniformly exhibit both

genetic and epigenetic defects genome-wide, and these

mechanism show substantial interaction.!"*®
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Long interspersed nuclear element-1s (LINE-1s) and genome-wide

hypomethylation

A human genome contains the repeats of nucleotides and the unique sequences

or single-copy DNA which primarily are genes, specific regions of nucleotides that

UMIQUE

. Human genome has
3 -7 - 53% of repetitive seqguences. - Almost-half o “;‘jﬁ' epeats are the

oA v 21% of whole

D

Repetitive se‘uges, the same sequenees that present in many copies, often

thousa tinmes, a‘?;?ﬂiﬁ Wﬁ,mﬁd interspersed
repeats. Satelli atsvare c together in ‘ce chromosome' location, where

they occur in tandem; the repeat ginits are placed &mediately next t(‘glch other.

RIQGOIUURIINHR Y

retrotransposons, sequences of DNA that can move in the genome by being
transcribed to RNA and then back to DNA by reverse transcriptase, and DNA
transposons which do not necessarily require RNA intermediate for transposition.

When a DNA copy of retroviral RNA is synthesized by viral reverse transcription,
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there will be repetitive sequences of hundreds nucleotides at both ends of the proviral

DNA. They are called long terminal repeats, LTR, and involved in integration and

subsequent transcription of proviral DNA (Fig. 11).!%"

Genes and gene-related

Genes E Related

In ergenic DNA

: 7 < 70
Figure 11 The organization of hus e, (100.117)

Long "E@m‘r st common subfamily
of retrotransposon, genome in approximately
850,000 copies 1[ 10).1%" Among 2
nuclear element-1s I‘LINE Is, takes the ma(}rlty of more than 516,000 copies or

i GU"ET“?WJ NINEING

length of LINE-1 retrotransposon have two open reading frames, one

TR STank ik faa ke b i

enomes through an RNA intermediate. LINE-1 retrotransposon present at target site

i
of the Es dis ered, long interspersed

of chromosomal DNA is transcribed into mRNA by RNA polymerase and maturation
process. The opening frame of LINE-1, ORF2 protein, cleaves the one DNA strand at
the target site which is AT-rich and usually similar to consensus TTAAAA (Fig. 12).
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The cleaved strand dissociates and binds to polyA tail of LINE-1 mRNA. With DNA
primer, LINE-1 is then converted back into DNA by reverse transcription. Cleavage
of another DNA strand occurs then the whole process of new LINE-1 copy formation
and integration into target site are completed (Fig. 13). Though it is not completely

understood, it becomes more and m cepted that the evolution of transposable

elements interact in a complex w

LINE-1 and other transpo

ct of the whole genome dynamics.

/ 1 obably provide a variety of
&sposable elements integrate

) kb). The ORF2
contains endonuclease (en), reverse transcriptase (rvt) domain

§"well as a cysteine-rich’ domain ] C-rich). 5° untranslated

ﬂ I I regr n% %a ter | for RNA

polymerase II (in a usual gene, promoter 1S upstream 5’UTR).

Figure 1qj

3’ untranslated region (3’WER) contains cafiodical

QRN et

added to mRNA by action of polyA polymerase). LINE-1 is
flanked by target site duplication that arises during the target

primed reverse transcription.
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and retrotransposition cause transcriptional deregulation, insertional mutation,
DNAbreaks, and an increased frequency of recombinations, contributing to genomic

instability.*?

target site

IIIIIIIIIIIIIIIIIIIIIIII'lII'IIHIHIIIIIIIIIIIIIIIHIIIIIIIIHI .
ny

it

STITTT T T TR " ¥
aksaal L LTI ,: ...mﬂl'" al 11111,

Figure 13 ' \E-Liretrot \ on. A new LINE-1
copy is ormedﬁi ogrt 1nto t e.
et 5
In the transposable elements, in cluding E NE-1s, DNA methylation commonly
AT AT
occurs and plays a key roledn-suppressing the's nent of the elements. Since such

LINE-1 transpesition mentioned above can have negative impact on genome, it might
therefore be ‘jf i i : h J ms for limiting the

movement of theﬂrans osat sue,ﬁa, and plasma studies,
hypomethylaiton of LINE-1s was reported to be associated wi

ith incidence of many
types o carcinomas_of ur er lun prostate gland,
stomach, ]u % gia 36) Moreover,

progress of eplthehal ovarian cancer™ and prostate adenocarcrnoma were

SHTA raﬁmﬁﬁmﬁ

artlcularly LINE-1s, as a marker of the global genomic hypomethylation, in these

malignancies. > 2% 81 133135 Thyg examination of methylation at LINE-1 regions has

served as a proxy for measuring global methylation levels.'"-2* ¥
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In the past few decades, many studies have been conducted to investigate the
association between methylation level with various factors, for instance, age, sex,
smoking habit, alcohol consumption, folate, and HPV infection. The results were still
controversial and inconclusive due to a variety of methodology, sample size,
laboratory technique, and the fact that it was almost impossible to evaluate such factor
independently from others. Since aging i the .most common risk factor for the
development of most adult malignancies; it has been assumed that an age- and
mutagen-related mutations account chr increased cancer incidence in the older
populations."*® Evidences.sugeest that jaging is aceompanied by the accumulation of
cells with aberrant CpG#island methylation in normal-appearing tissues.!*® 7 In
colorectal cancer, thissage-dependent 'methylation aceounts for the majority of
aberrantly methylated genes; and this process 1s active 1n multiple other tissues as
well.*® A longitudinal study comparin'g.'intra-individually with 12 and 16-year
follow up indicated that methylation char-;:ged. over time."*” However, some reports

284 138*“%’: Additionally, the cross sectional and

had contradictory #indings "
longitudinal studies inyestigating' nermal DNA ‘extracted from peripheral leukocytes
revealed no difference in the level of LINE- 1l methylation between the elderly and the
young.""* *® An interesting report of repetiti"v;q,:sequences has shown that, though
insignificantly, LINE-1 methylation in peripffc?aﬂ l;)lood mononuclear cells (PBMC) of
normal people was gaining accordinglyto tﬁe: increased age. More importantly, at the
specific age "of=40_to 59 T INE-1s sionificantly increased, -Suggesting different

mechanisms of#dsing or gaining methylation at different age ranges.'*’

Further, scveral studied have shown that LINE-1 methylation was independent
on gender.®® ' If' was. also reported thab.by using the same protocol, LINE-1
methylation levels=in OSCC tissue and oral rinse from both normal subjects and
OSCC patients were not different between male and female."'” Folate is known to
play an essential role in one-carbon transfer involving remethylation of homocysteine
to methionine; which i§ a_precursor of S-adenosylmethionin€, the ptimary” methyl
group donor for most biological methylations."** A diet deficient in B12 and folate

(139 which links to carcinogenesis.®> However, the

(142, 144,

can results in hypomethylation
studies in colorectal cancer and hepatocellular carcinoma suggested otherwise.

4 LINE hypomethylation in head and neck cancer was reported with more
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pronounced in HPV-negative than HPV-positive tumors.*® Nevertheless, this

finding needed to be repeatedly validated.

Cell type specific of LINE-1 methylation

Not only there are differences in methylation level among individuals, but
analysis of the total base composition of DNA: from various types of tissue also
revealed considerable tissue specific and cell.specific in the extend of methylated
cytosine residues within the same normal individial ®” °» The data also showed a
greater relationship between tissues and cell types that had the same development
pathways or similar_phenotype: For instance, two skeletal tissues sampled from
different part of the bedy showed similarity to each other while their methylation
levels differ from otheg'tissue types.(lm): This might be due to the fact that though
methylation of CpG dinu¢leotides 1s heriigt;le from parent to daughter cells, it alters

with mammalian development and differentiation.”®

Resembling methylation from whc!).ie,__geg_nome analysis, the levels of LINE-1
methylation were significantly different an'igng various tissue types, both in normal
and malignant groups. However, the dlStI‘lbU.thl’L Qf LINE-1 hypomethylation within a
normal tissue type between 1nd1v1duals was ecns15tently clustered within 5% range.*
Considering the distribution—of LINE-1 hypomethylatlon level, each malignancy

displays a certamn degree of correlatlon w1th the methylatlon status of its normal

tissue. Similar findlngs were also found in hlghly repeated sequences including EcoRI
and Alu families."!" However, the levels of methylation among tissue types in the

same individual are still needed to be clarified.

Quantitative -analysis of DNAand:LINE-1 methyiation

Quantitative methylation profiling is gaining momentum in various disease
statesysueh aswinflammations eardiovascularpdisease~angd; diabetess~andsimpontantly,
cancer.®V|Among techniques studying methylation, the sodium bisulfité method was
mtroduced in 1992 and proven to be beneficial in analyzing 5-methyl-cytosine content
in clinical DNA samples. With reliability, it can be used as a part of diagnostic
technology."'”” To productively determine methylation level of DNA, these days,

many protocols are based on the same key procedure of modifying DNA with sodium
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bisulfite as the first step and subsequently amplifying DNA by polymerase chain
reaction (PCR) with specific primers. Examples of these techniques include combined
bisulfite restriction analysis (COBRA), methylation-specific PCR (MSP), bisulfite
genomic sequencing PCR (BSP), and methylation-sensitive single nucleotide primer

extension (MS-SNuPE).! #7149

COBRA is widely used for obtaining methylation content in DNA with high
accuracy and reliability. "**°" Not only that,.it"is casy to be performed, simply
reproducible, applicable to small aount “of "DNA} compatible with paraffin-
embedded section @8'well ag-cost-effective.®” The modified protocol of PCR-based
COBRA for quantitativelyand effectivelﬂy evaluating LINE-1, called COBRA LINE-
1, was reported.*® There afe thrée main i)rocesses of COBRA LINE-1; determination
of methylated loci by bisulfite/treatment, product amplification by PCR and followed
by restriction enzyme digesgion, speeific 1o different methylation statuses of the two
cytosines. Although /mutation at thosc l,'?cyte:sines would cause miscalculation of
methylation, this Kind of ergor does not af:fect the mvestigated level due to the large
number of LINE-1s in the genome Therefore desplte relying on only two loci in each
LINE-1 sequence, COBRA LINE t-can present methylatlon level of thousands LINE-
Is as well as represent genome—wxde methyla_u.on. Incomplete conversion and minor
DNA degradation in bisulfite treatment may ;i;lapéir.the measured methylation.®! '*®

Still, an appllcatlon of LINE-1 methylation level from COBRA LINE 1 as a surrogate

for global methylatlon level was also proved. ™ D In addltlon many studies have
confirmed the us¢ and efficiency of COBRA LINE-1 in deteffnining methylation level
of LINE-1s in tisstes as well as body fluids of normal and ¢ancer patients.'!- 2% 32>
106, 143. 147, 131 139 principles and details of dach step of COBRA LINE-1 are further

elaborated injthe next chapter.



CHAPTER I
RESEARCH METHODOLOGY

Cases and Controls

Patients who were histopathological-confirmed with oral squamous cell
carcinoma (OSCC) and had not undergone any treatment were included in “OSCC
group” of this study. Patients with prior chemotherapy or radiation were excluded. In
this group, cases were obtained from thre¢ centers: Otolaryngology Institute of
Thailand, Rajavithi Hospitals Department of Surgery, Buddhachinaraj Hospital and
Department of Ozal'and Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn

University, during June to December, 2000.

At Rajavithi Hospital, whereamostof OSCC cases in this study were obtained,
approximately 40 cases of head and neck é:guéinous cell carcinoma were examined on
the collecting dates (Monday, Tuesday, and Thursday morning clinic hour). However,
lesions in some of the €ases oriéinéted in ndﬁéi)};érynx, oropharynx, or outer lower lip,
not oral cavity. Thus, those paticits wefé‘i'gfot _included. Moreover, some of the
patients already had blood mvestigation from ﬂerC referring centers therefore those
cases were discarded due to-ethieal concerm. j&s é_r@sult, there were 22 OSCC cases
from this collaboration. Nine more cases canﬁe from Buddhachinaraj Hospital and six

more cases werefrom Faculty of Dentistry, Chulalongkorn Univérsity (Table 8).

Healthy wolunteers and patients, who had no pathology concerning cell
proliferation and celli,changes, with similar general backgrounds to OSCC patients, were
included-as “control group”’ (non-cancer or normal group). All of 45 nonscancer people in

this study.were from Faculty of Dentistry, ChulalongkornUniversity (Table 8).

For ‘all ,participants,’ ~demographic. data; history "of “smoking,’ alcohol
consumption;, betel nut chewing, medical condition, familial history of cancer-and oral
examination were recorded. Additionally, for OSCC group, neck examination,
histopathological study and stage of disease were documented. Every subject was
provided with research information, risks, benefits, and protocols approved by the

Ethics Committee, Faculty of Dentistry, Chulalongkorn University, Bangkok. After
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receiving consent forms, which had been completed by each participant, sample

collection process was begun.

Table 8 Centers for sample collection

Department Control (N) | OSCC (N)
Department of oral surgery, Faculty of dentistry. 45 .
Chulalongkorn University

Otolaryngology Institute of Thailand, Raj a-:/ithi Hospital - 22
Department of surgery,Buddhachinaraj Hospital - 9

OSCC = Oral squamous celifearcinema

The data.eollection process inclu(ﬁngg ‘history review, extraoral and intraoral
examination, data record,sample collecti(;‘il as well as information and consent form
presentation were performed. by . the aufl{é:_; of this study, for most participants.
However, two of twenty two OSCC patienﬁg_;from Rajavithi Hospital were processed
by one resident colleague at the Department o} nglaryngology. For all nine patients
from Buddhachinaraj Hospital;this processrtzsj !\_jvell as sample transportation were
performed by one staff of the-Department of Surgery For all samples collected, every

step of laboratery procedures and data analysis was completed only by the author.

Sample Collection

Two types of clinical sample, oral rinse and peripheral blood, were collected
from bothfOSCC and centrel groups.Fremeeach peripheralibloed sample, bufty coat

and plasma components fvere separated and studied as two different DNA sources.

Blood samples of OSCC patients were drawn*during hematologic-laboratory
investigation . approximately 2 weeks prior to surgical treatment. Those 'of other
subjects were collected according to his or her consent. Each of 9-ml CBC tube with
EDTA as an anticoagulative agent was filled with 6 milliliters of whole blood sample

drawn from median cubital vein. It was stored at 4°C until processed within 24 hours.
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On the same day as the blood collection, oral rinse samples were also
obtained. In each participant, 10 milliliters of sterile 0.9% normal saline solution was
gargled for 20 seconds then transferred into a sterile 15-ml closed container. It was

also kept at 4°C until processed within 24 hours.""

Genomic DNA Extraction

Eleven head and neck squamous cell carcinoma (HNSCC) cell lines (WSU-
HN), including WSU-HN 476, 8. 12, 13317, 19,2226, 30 and 31, were also included
in this study. Before DNArextraction, each blood samples were centrifuged at 1600 g
for 10 minutes at 4°C.and the plasma portion was separated from the whole blood.
Then, genomic DNA was extracted from three clinical sources; oral rinse, buffy coat
and plasma, as well'as WSU-HNs, Next; all extracted DNA samples were subjected to
polymerase chain reaction (PCR) based te:qlllnique, quantitatively investigating LINE-
1 methylation, called combined bisulfite restriction analysis of LINE-1 (COBRA
LINE-1).

e Oral Rinse )

Cells in the oral rinses from non—canértéljﬁd OSCC patients were pelleted by
centrifuging at 2500 rounds per mmute (rpm)-ff(_); ’_1’07 minutes at 4°C. The supernatant
was discarded and cell pelletsr were washed twi-ce—in sterile PBS. The cell pellets were
placed in a mixtufe of extraction butfer (Lysis ) afid 10% SDS. Proteinase K was
added and the mixfure was incubated at 50°C for two nights—Ihe digested cell pellets
were then subjected to phenol-chloroform-1soamyl alcohol ‘and centrifuged at 14000
rpm for 15 minutes#Only the upper phase was added with ammonium acetate with
cold abselute ethanol and centrifuged at 14000 rpm for ‘15 minutes. After that, the
DNA precipitate was washed with 70% ethanol, dried, suspended in Tris-EDTA

treated water and stored at -20°C.
o | Buffy Coat

After plasma was separated, extraction buffer (Lysis I) was added to the
remaining portion of buffy coat and red blood cells. The mixture was centrifuged at
1000 g for 8 minutes at 4°C and the supernatant was discarded. These processes were

repeated. The cell pellets were placed in a mixture of extraction buffer (Lysis II) and
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10% SDS. Proteinase K was added and the mixture was incubated at 50°C for two
nights. The digested cell pellets were then subjected to phenol-chloroform-isoamyl
alcohol and centrifuged at 4000 rpm for 5 minutes. Further processes were done in the

same protocol as oral rinse.
e Plasma

The transferred plasma was processedswitheQIAamp DNA blood mini kit
(Valencia, CA) following manufacturer’s protocol. The plasma was added with
protease and AL buffersAftci-incubation at 56°C fer 10 minutes, cold absolute
ethanol was added. Aspartsof mixtureé was transferred to spin column inside the
collection tube and centrifuged at 15700 g at 16°C for 1 minute. This step was
repeated until total original mixture was centrifuged and the solution in collection
tube was discardedsafterseach centrifuga’f_iplrl. AW1 buffer was added and the same
spinning was repeatediagain. Afier AW2 was added, the mixture was centrifuged at
13000 rpm for 3 minutes and Tris-EDTA in_eated water was finally used to dilute the
plasma DNA left in spin ¢olumn: 1f DN/&: extraction of plasma was not applicable

after plasma separation from theiblood, the separated fresh plasma samples were

stored immediately at -20°C (3% 2 0

e WSU-HN Cell Lines

Suspensior; of cell pellets in PBS was centrifuged at 3000 rpm for 10 minutes.
The supernatant was discarded and the pellets were placed in a mixture of extraction
buffer (Lysis II) and 10% SDS. RNase was added and the mixture was incubated at
37°C for 1 hour. Proteinase K was then added“and 3 hours of incubation at 50°C was
begun. | Precipitation by phenol-chloroform-isoamyl" alcohol 'was performed as

described for oral rinse until DNA was suspended in Tris-EDTA treated water.

COBRA LINE-1

PCR-based combined bisulfite restriction analysis (COBRA) of LINE-I,
COBRA LINE-1, consists of three main steps; sodium bisulfite treatment, LINE-1
amplification by PCR and specific restriction enzyme digestion by Taql and Tasl

enzymes. The overall process is described in Figure 14.
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Figure 14  COBRA LINE-1. The main three steps are bisulfite treatment,

PCR amplification, and specific enzyme digestion.
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e Bisulfite Treatment

Principle of bisulfite treatment

Sodium bisulfite method is ideal for mapping the normal and aberrant pattern

of methylation thus it will be used he
(11, 28)

Vi luate the methylation status of LINE-1s

in the whole genome. isulfite deaminates unmethylated

cytosines and converts | leaves methylated cytosines
unchanged. s epigenetic event into
detectable genetic atment, the methylated

sequence can be dif’ il ated sequence by further analysis, such

Cytosin Uracil

Figure 15 Schema;u;%::a g-—,:’ Ifite conversion reaction. The
e A T A, , '

[h deamination of - cyfosine by n._bisulfite involves the

I. .

. of cytosine, h , ;."h.,g. cytosine-

E s -bis_‘jli

removal of the sulphonate group by a Subsequent alkaline

oW1 eps: addition of bisulfite to t e 6 double bond

te derivative and

'ftrﬂnent to give uracil. &7
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UTATIIL ATy

0nvers1on reagent (130 pl) was added to 20 pg of DNA. The DNA mixtures were
incubated at 98°C for 10 minutes, and 64°C for 2.5 hours, then held at 4°C. M-
Binding buffer (600 pl) was added to each Zymo-Spin™ Column and then DNA

mixture was added. After inverting several times, the columns were centrifuged at full
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speed for 30 seconds then the flow-through was discarded. M-Wash buffer (100 pul)
was added to each column then spinning process began again. M-Desulphonation
buffer (200 pl) was added and the mixture was left at room temperature for 15-20
minutes. All mixtures were spun for 30 seconds then flow-through was discarded. M-
Wash buffer (200 ul) was added in the column then spinning process was repeated.
The column matrix was placed in appendorf then 10 pl of M-Elution buffer was
added directly into the column matrix. After a beief spinning, eluted DNA was ready

for amplification.
e Polymerase Chain.Reagtion (PCR)

Principle of PCR

Polymerase chain reaction (PCRj, i$'a mean of replicating a short, specific
DNA sequence $0 thatdmillions of copics ot: the sequence are made within a short
period of time. The primary advantage of:"PCR 1s that it can be used with extremely
small quantities of DNA. This process con‘;a__i,nsa_three basic steps: DNA denaturing at
high temperature, primer hybridization. at _al_,low temperature, and primer extension
(DNA replication) at an intermediate tempe;ét:ltq- and requires four components: two
primers, DNA polymerase, a targe number of free DNA nucleotides, and genomic
DNA sample. Genomic DNA-1s-first heated'tﬁ'-'ésféiatively high temperature so that it
denatures and-becomes single-stranded. It is then exposed“to a large quantity of
primers, which anneal to the complementary bases as it is coeled down. The DNA is
then heated to an intermediate temperature and with the presence of large number of
free DNA bases, a new DNA strand is synthesized by DNA polymerase. When the
heating-cooling-heating cycle_is repeated, the newly synthesized DNA serves as a
template for further synthesis and the primer-bounded DNA produets are amplified
geometrically (Fig. 16).*” In PCR, after bisulfite treatment, the bisulfite converted
uracils will .be amplified..as..thymines, .whereas .unconverted eytosines..will be

amplified as/eytosines.

PCR technique

After bisulfite treatment, 1 ul DNA was subjected to 35-cycle PCR with two
LINE-1 primers, LINE-1-F (5’-CCGTAAGGGGTTAGGGAGTTTTT-3") and LINE-
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1-R (5’-RTAAAACCCTCCRAACCA AATATAAA-3’). In 24 pl of master mixture
with the primers, there were also magnesium chloride, ANTP and Hotstart Taq. PCR
cycling condition was 1 minute of 95°C denaturation, 1 minute of 50°C annealing of
primers, and 1 minute of 72°C extension."'"?® Then the PCR product amplicons, 160

bp of full length LINE-1, were digested in restriction enzyme digestion.

" - —— '

d to DNA
i as

Figure 16EAmplificatlon of DNA by PCR. The -jj'! o double-stranded

E.NA is heated to separat&'t}le strands (denaturation) and then

AU o YIRS

polymerase from Thermus aquaticus (Tag polymerase) is used to

ARIAY P C IR IL ate kL bl s

repeated for multiple cycles, resulting in the exponentially

amplified of target DNA.
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e Specific Restriction Enzyme Digestion

Principle of specific restriction enzyme digestion

Specific restriction enzyme digestion allows fragmentation of DNA by using

T was unmethylated Ohi-u-um.. reated with b’ 1fite en digesting the LINE-1
amplicons (160 bp nethylated amplicons, Taq I
positive, yield two & whereas the unmethylated
amplicons, Tas I positi ig. 18). The intensities of

these amplicons will be ealculate " /lation level of LINE-1s.

11111

%
Y R ib 3N (1310 i

PCR, methylatéd CCGA will be converted to TCGAA

amammnmmmﬂ

demonstrated by blue oval marks.
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' Unmethylated

UC llc Gz-bﬂ CpG
? ? LINE-1

AACCPG  CCpGA
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Figure 18 OB / '|. - ! as[ recognition site

1&

PER, un ﬁte ‘* CG will be ,.» ed to AATTG (Tasl
site)s A nme -m- 60-bp 2 Ao f COBRA LINE-1

yields a .; ested fragment.'" 2®

Unmeth lateAMsf* & own by hollow oval marks.
f; PR

-. - » te treatment and

The 2 (ilof P licons werb dige 2 iixture of Taq I, Tas I,
NE buffer 3 a ,a;':f-—————— ! —- ‘J

e

A Anamiveng.. ..

products were then electrophorese‘ in 8% nondenatusing polyacrylamide gel, at 130
T AR A SRS
qroducts.

e LINE-1 Methylation Calculation

Intensities of DNA fragments in the gel which had been stained with SYBR

green nucleic acid gel stain were measured by Phospholmager using Image Quant
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Software. LINE-1 methylation was calculated as a percentage of the intensity of
methylated LINE-1s digested by Tagl (80 bp) divided by the sum of the unmethylated
LINE-1s digested by Tasl (98 and 62 bp) and Taqgl positive amplicons. Then,

statistical analysis was performed as indicated.

Statistical Analysis

Statistical analyses : isons were performed by SPSS

in each DNA source @ : vith those of controls by
independent t-test. Studies of'c ogression of the cancer were
completed by t-test g gfway FANO ndica Repeated measurement in

SigmaStat” for Windows vefs {SPSS It hicago, IL) was used for intra-
individual comparis

0.05.
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CHAPTER IV
RESULTS

Part I: Demographic Information, History and Examination

Table 9 Group frequencies

Control OSCC

(N) (N)
Total 45 37
Oral rinse 45 37
Bufty coat 44 35
Plasma 45 35
Gender 12 17
33 20
Age 27-82 39-82
49 62.5
History of smoking 7 14
36 23

- ;—-“‘IL‘k‘llll-llllll-lllﬁi—u. 2 -

History of dri i’;— .10 18
i Never drink A 33 19
Missing from total 2 -
¢ o (V] ,
nsfopubtiied [Pt Voo bl 11103 |
“ Never chew 42 18
=~




Table 10 OSCC sub-group

frequencies

0SCC (N)

Location of lesion

Tumor size

Lymph node involve

Metastasis

Stage

Aut?
AN

Tongue, floor of mouth

Gingiva

Stage 111

MUNI N

Poorly-differentiated

Missing from total

ahnEang

18

Whn = W o

60
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Part 11: New Knowledge of Methylation Pattern to Improve OSCC Detection

1. Discovering Partial Methylation by COBRA LINE-1

e Methylated

80-bp CpG
LINE-1
} 80 bp }— sobp |

cY

Lt atad
=MEI Y Iaed

cﬁ) 4 62-bp CpG
LINE-1
{62 bp—— 98 bp |
Figure 19 Specifie” gnzymatic restrictions by “Tagl and Tasl

|
enzymes. /Taql is specific to methylated cytosine (black
ovaldmark ) ai'80 bp loeation of 160 bp full length LINE-
Ls. Tasl is speeific to'unmethylated cytosine (hollow oval

magk) af 62 bp locatié}n. &

COBRA LINE:I techniguesused in-this study, was benefited from specific
enzyme digestion by Tagland Tasl restricfizt)_}i;,x_e!nzymes. As mentioned earlier, LINE-1
amplicon for COBRA was ,1_60 bp. with.2 sp‘f:(;_ij}c sites for Tagl and Tasl. Taql is
specific for methylated CpG ;11; 80-bp and Ta]lsi-_fiérspeciﬁc for unmethylated CpG at 62
bp in full length LINE-1s (Fig. 1 95. Originalié,-'-i'ﬁitfems of LINE-1 methylation were

considered in. Q(LRA LINE-1"concept, _compictemethwdalion which was the
methylation at*beth 62-bp and 80-bp CpG, and complete unmethylation which was the
loss of methylation' at both 62-bp and 80-bp CpG. Therefore, it was understood that
the product from ﬁTan cutting LINE-1s were two 80 bp ar;lplicons (Fig. 20A) and
from Taslicutting JuINE=ls were 98 and b2 bp-amplicens;(Fig. 20B).

[1:2008, Phokaew reported that methylation of LINE-1s at different loci were
distinctive. Complete unmethylation pattern was méreé: common in cancets In normal
genome, compléte and partially. methylated sequences  were more | frequent.®?
Moreover, in this study, it was also found that there was the product size of 160 bp
from COBRA LINE-1 as well. Although this product size might be noticed before, it
has not been taken into consideration. As a result of 160 bp, it was likely that there

were 4 possible patterns including partial methylation of each LINE-1 sequence to be

cut. Partial methylated LINE-1 sequence could present in 2 forms, resulting in
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different product amplicons. In case of unmethylated 62-bp CpG with methylated 80-
bp CpG sequences, the cut products were 62, 18, and 80 bp (Fig. 20C). Sequence with
methylated 62-bp CpG and unmethylated 80-bp CpG sequences yielded 160 bp uncut
amplicon (Fig. 20D). All products from COBRA LINE-1, in this proposed concept,
were 160, 98, 80, 62 and 18 bp. However, in reality, the size of 18 bp product was very
small and contributing only insignificant percentage to the total intensity. The short

sequence of 18 bp also made it difficult to beaceusately identified from electrophoresed.

200
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"c "c "c c
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Figure 20 Four different methylation patterns yielding different
= ___cut products-from.-specific-cuts-by-Tagl-and Tasl. The
pattern of LINE-1 methylation is detérmined by
methylation status of 2 CpG locations (at 62 and 80 bp).
Methylated cytosines are shown by black oval marks and
unmethylated cytosine by_the hollow_ones. Originally,
only pattern” A and B_were ‘considered on the basis of
COBRA LINE-1. Complete methylation pattern (A)
yielded 80 "bp product. Complete unmethylation “(B)
yielded 62 and 98 bp. However, i/ fact,=there | wete 2
forms of partial methylation pattern (C and D) as well.
Pattern C could be cut by both enzymes, giving 62, 18 and
80 bp. Pattern D could not be split by any enzymes,
providing 160 bp uncut product.
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As a result, 18 bp was discarded, leaving 4 sizes of amplicon, 160, 98, 80 and 62 bp,
as the counted COBRA LINE-1 products. The level of each fragment was calculated
by the intensity of that product divided by sum of all product intensities (Fig. 21).
COBRA LINE-1 technique could provide not only methylation level, but also

additional information regarding methylation pattern.

: Sp— Newly-introduced
Conventiona g ., .1 |  Methylation
Methylation 1 Analysis
Calculatior

x 100
Figure 21 Iy;l LrFO0 nethylation  calculation  which
..:.'?' l-m l'li!. = 4
included from partial methylation pattern.

Jual.to that product intensity

Per@iﬂgé}“” :g"‘l .-” L‘I'

divided by sum of e 7 ies: Conventional

Q

2. Correlatiomf Methylation,

T ‘('1 INE- i lation i nd cancer, oral
rinses ﬂom al 1 ﬁnﬁlﬁ head and neck

squamouil:ell carcinoma cell hnes WSU-HN) were compared in terms of correlation

A Lol T St et

equence Interestingly, not only correlations between normal and cancer were

different, but each of them was also statistically significant.



64

A NOR B WSU-HN
40+ 16+
160bp | . 160 bp
| |
304 . . 144 -
J .$~ ‘t ‘.. ° | [
204 é- . 12+ . "
] (R ) "

Figure Zﬂ Correlations between 160 bp and 98 tﬂA and B), 160

bp and 80 bp (C and D), as well as 98 bp and 80 bp

ﬂ‘u&l% ST

(WSU-HN). Correlatlons among the three products 160

ARIAY AR HEARY

normal and cancer cells were different.

In NOR, the level of 160 bp was directly correlated with the level of 98 bp
(p = 0.0003, r = 0.519) (Fig. 22A). In contrast, these two fragments were inversely
correlated in WSU-HN (p = 0.0002, r = -0.898) (Fig. 22B). Moreover, the levels of
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160 bp and 80 bp of NOR were inversely correlated (p = 4.56 x 10, r=-0.624) (Fig.
22C), whereas, in WSU-HN, these two fragments were directly correlated (p =
0.0004, r = 0.874) (Fig. 22D). In addition, the correlation of 98 bp and 80 bp was
inverse in both NOR and WSU-HN (p =9.48 x 10®, r =-0.699 and p = 6.69 x 107,
r=-0.989, respectively) (Fig. 22E and 2;

Figure 23 Aypothesized  LINE-1
comparing normal and cancer
7 on between 2 patterns

ed the ch Sta etween those patterns

one-way arrow

The direct ccﬂeﬁl’ons suggested thaf partial methylation (160 bp) represented

loss ofﬁﬁh%i(%]%{g))w %@F wZ%)})ﬂeﬂt%nethylation (80
bp) in cmmer (Fig. 22D). The inverse correlations between two patterns might suggest
that one pattern, with decreasin gethylation, lost“methylation to anotlﬁ!“'one, with
CL RV (T e e
'status was found between partial loss of methylation and methylation (Fig. 22C and
Fig. 23, green arrow) and between methylation and unmethylation (Fig. 22E and Fig.
23, blue arrow). In cancer, processes of losing or gaining methylation were different
from normal cells. Additionally, since the reversible process in carcinogenesis was

hugely doubted and never been supported, here, methylation loss was shown as one-
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way flow in cancer. In other words, from inverse correlations in cancer, unmethylated
sequences were derived from partially methylated (Fig. 22B and Fig. 23, orange
arrow) and methylated LINE-1 sequences (Fig. 22F and Fig. 23, red arrow).

3. Differences of COBRA LINE-1 Products between Normal and Cancer

C
#1
|
1
|
D ""J"'I 1
‘ _..I i ..'1
25b N #
N0
p~+— 80 bp —]

[=

75 bp

I —— 160 bp ———]

ﬁfﬁﬂ s Ty stk ae

same methylation level of 50%. However, patterns in
those cells a£ different result@n different enzym

VWA e

methylation level, methylation pattern is also important.

Moreover, LINE-1 methylation level is average value of LINE-1s across whole
genome. As a result, different cells having different methylation patterns may result in

the same methylation level. In Figure 24A, regardless of methylation pattern, methylation
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level, conventionally calculated by percentage of 80 bp/(98 bp+80 bp+62 bp), in cell #1
and #2 were approximately 50%. However, the cut products from both cells were
different (Fig. 24B and 24C). Thus LINE-1 methylation alone might be not highly
sufficient for cancer representation. Using oral rinse of OSCC patients as the model,
percentage of 160, 98, 80, and 62 bp product amplicons, as well as overall

methylation level were further compared between normal and cancer.

% Methylation 160 bp (%) 98 bp (%) 80 bp (%) 62 bp (%)
*
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Figure 25 Methylation level arrd--;allfCOBRA LINE-1 products in
normal oral rinse (NOJE?)_! head and neck squamous cell
carcinema cell -lines (W-SH-JHN) and OSCCR (OSCC
oral rinse). Regarding clinical samples, NOR was
significanthy-different frérn—jb_oth-WSU—HN and OSCCR in
conventional methylation, 98 and 80 bp levels. Stars

indicate statistical significance.

Similar to_previous report, LINE-1 methylation level in normal oral rinse,
NOR, (mean + SD #37.65% =+ 2.50) was significantly higher than in head and neck
squamaus| cell [carcinoma ‘eell lines;) WSU-HN;| (23.18% '+ 12.04) (p = 0.0026).
Interestingly, the percentage of 160 bp from partial methylation in NOR (23.83% +
3.46) was also significantly higher than in WSU-HN (1.1.77% =+ 1.60) (p =4.07 x 107).
Therefore, neimal’ DNA had "more” partially methylated ' LINE-1' sequences than
squamous cell carcinoma DNA. Moreover, the levels of 80 bp in NOR (29.88% + 2.31)
was higher than in WSU-HN (20.23% + 10.55) as well (p = 0.013). On the contrary, the
level of 98 bp from complete unmethylation of WSU-HN (37.13% + 7.66) increased
significantly when compared with NOR (14.42 + 1.16%), p = 1.75 x 10 (Fig. 25).
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Comparing oral rinse of OSCC patients (OSCC rinse, OSCCR) with NOR, the
results were similar to those in WSU-HN. Methylation level of LINE-1s in OSCCR
(35.69% + 2.36) was significantly lower than that of NOR (37.65% + 2.50), p = 0.001.
Level of 80 bp in OSCCR (28.71% =+ 1.77) were also significantly lower than that in
NOR (29.88% + 2.31), p = 0.014. On the other hand, 98 bp in OSCCR (15.50% +
1.37) was significantly higher than that in /NOR (14.42% =+ 1.16), p = 0.0002.
However, 160 bp level, from partial methylation, did not provide significant
difference between NOR and OSCCR  (23.83%"=" 3.46 and 23.30% =+ 2.17,
respectively), p = 0.404. Additionally, bercentage of 62 bp in NOR (33.27% =+ 2.97)
was not different from those in"both WSU-HN (30.87% + 4.48) and OSCCR (33.49%
+ 1.68), p = 0.116 and 0689 respectively. Conclusively, only LINE-1 methylation, 98
and 80 bp levels gave significance between ;I_\IOR and both types of cancer DNA (Fig.
25).
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Figure 26 Methylation level and all COBRA LINE-1 products in
normal buffy coat (NBC) and OSCC buffy coat (OSCC
BC).mDifferences rbetweeny NB@; and+OSEC BE were
found'in 98 and 62 bp.

Information in normal buffy coat (NBC) anid, buffy coat of OSCC patients
(OSLC BC)were further studied. It was found that the level-of 98/ and 62 bp were
able to distinguish OSCC BC (15.65% + 1.08 and 34.55% =+ 2.15, respectively) from
NBC (14.64% + 2.11 and 35.70% =+ 2.92, respectively), p = 0.0073 and 0.047,
respectively. In NBC, LINE-1 methylation (34.97% + 2.45), 160 bp (19.85% =+ 3.80),
and 80 bp (30.50% + 4.19) were not different from those of OSCC BC (35.37% + 2.23,
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20.93% £ 2.25, and 29.14% =+ 2.00, respectively), p = 0.458, 0.139, and 0.06,
respectively (Fig. 26).

All COBRA LINE-1 products were then analyzed in the plasma samples as well.
In normal plasma (NPM), the level of 98 bp (14.83% + 1.93), 80 bp (29.83% + 2.25),
and 62 bp (35.11% + 3.38) differed significantly from those of OSCC (16.07% + 1.39,
28.49% =+ 1.44, and 33.39% + 1.89, respectively), p = 0.0018, 0.0018, and 0.0051,
respectively. On the other hand, methylation devel (35.39% + 2.73) and 160 bp
(21.46% + 3.50) in NPM were not sfatistically different from those in OSCC PM
(35.56% = 1.91 and 22.48% = 2:52, respectively), p = 0.761 and 0.130, respectively

(Fig. 27). |
1
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Figure 27 Methylation level and all COBRA LINE-% products in
v, normal plasma (NPM) and OSCC blasma (oéscc
PM). Differences between NPM and OSCC PM were

found in 98, 80 and 62 bp.

4. Differencerofi COBRA LINE: 1#Produets betweeniMatched Pairs

Pfevious studies reported no association between methylation level and age or
gender."" However, to eliminate methylation infofmiation possibly influenced from
these 2 factors, normal subjects and OSCC patients were matched by identical"age and

gender. Accordingly, 16 pairs were matched.

Analyzed by t-test, in NOR, methylation (38.46% + 2.82), 98 bp (14.30% =+
1.26) and 80 bp (30.15% =+ 2.75) were significantly different from those of matched
OSCCR (35.14% £ 2.51, 15.82% + 1.01 and 28.15% = 1.31, respectively), p = 0.0013,
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0.0002, and 0.0085, respectively (Fig. 28A, 28C, and 28D). Level of 160 bp and 62 bp
provided insignificance between normal (24.19% + 2.61 and 32.56% =+ 1.60,
respectively) and OSCCR (23.43% + 1.51 and 33.60% =+ 1.31, respectively), p =
0.2621 and 0.0510, respectively (Fig. 28B and 28E). Significances found when cases
were matched were also found in methylation level, 98 bp, and 80 bp in total

population analysis (cases unmatched) (Fig. 25).

In NBC, only 98 bp (14.87% =+ 1.25),.and 80 bp (29.94% =+ 1.79) differed
significantly from those of matched OSCC BC (16.06% + 0.78, and 28.24% = 1.19),
p = 0.0026, and"0.0012,.respectively (Fig. 28C and 28D). On the contrary,
methylation (36.04%= 2.30), 460 bp (20.55% + 2.68) and 62 bp (35.17% + 1.69) in
NBC were not diffegeft from those of-OSCC BC (34.42% + 2.02, 22.01% + 1.68 and
34.13% + 1.51, respectively), p = 0.0541, 0.1253, and 0.1135, respectively (Fig. 28A,
28B and 28E). When cases were unmatehed, 98 bp level also showed significance
(Fig. 26). However. 80 bp which providéd fﬁsigniﬁcant difference before (Fig. 26)
could differentiate NBC from OSCC BC'_VTV__h.el}_age and gender were matched (Fig.
28D). On the contrary, 62:bp in buftfy coat.x \-;Yhiéh provided significance in total-case
comparison (Fig. 26) was unable to separa:tg_ normal and cancer upon matched cases

e g i’j‘.,l

(Fig. 28E). ‘ =

In NPMionly-1ével of 160 bp (20.64% + 2.69)198:bp (15:09% + 2.22), and 80
bp (30.65% = L:8l)-weie-signiticantly-ditierent-fiom-those 0f matched OSCC PM
(23.11% £ 2.06,"16.35% =+ 0.73, and 28.29% =+ 1.34, respectively), p = 0.0224, 0.0417,
and 0.001, respectively (Fig. 28B, 28C, and 28D). Insignificantly, in NPM,
methylation level (36.81% + 3.29) and 62 bp_ (34.19% + 3.59) were different from
those of OSCC PM (35.63% £ 11 42 ‘anid 32:68% £ 1.15, [respectively), p = 0.2496 and
0.1694, respectively (Fig: 28Aand-28E). When ‘cases-were unmatched, 98 and 80 bp
level also showed significance (Fig: 27). However, 160 bp which gave insignificant
difference in.(otal-casSe analysis (Fig.'27) provided Significance when agc and gender
were matched (Fig. 28). On the ‘other hand, 62 bp in plasma-could not differentiate
normal from OSCC when cases were matched (Fig. 28E), unlike when age and gender

were discarded (Fig.27).
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Table 11 Levels and changed levels of COBRA LINE-1 products in normal and

cancer DNA
All Obtained Cases 16 Matched Cases
Types of Levels © :\3 Q ;\; 87 Paired
Sample £ £1Q ¢ =
z 210 £ S | ttest
6 | 3514 | § | 00013
419 | 2343 l 0.2621
OR 430 | 15.82 T 0.0002
0.5 | 2815 | | | 00085
Nk
2556 3.66 T 0.0510
4 3442 l 0.0541
0558, 22.01 T 0.1253
BC mv 16.06 T 0.0026
9.9 28.24 l 0.0012
17 | 34.13 l 0.1135
Meth | 3539 | 3556 | .j.‘LT _ 36.81 | 35.63 l 0.2496
e D LA ‘
4 t | 00224
PM T 14. T 0.0417
;;§3- } | 00010
62 bp 35 11 | 33.39 00051 34.19 | 32.68 l 0.1694
Arrow: l?q Iﬁ {Iﬁl
Meth = hylatlon level
OR = Oral rinse
%%ﬂ\iﬂim mﬂ’]’l 1 ma t)

At this point, the level of 98 bp, from complete unmethylation pattern,
demonstrated the most reliable result, capability of distinguishing between normal and

OSCC by all three types of DNA and by matched-cases analysis as well as when age
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and gender were not considered. The level of 80 bp also provided good potential in
depicting OSCC from normal by all three DNA types in 16 matched cases.
Methylation level, originally calculated, showed detecting ability only by oral rinse

sample.
5. Improving Accuracy in DNA-contaminated Oral Rinse Samples

Though previous study, investigating'LINE-l-methylation level in oral rinse,
suggested that methylation level in OSCCR was significantly lower than that in NOR,
about 64% of OSCCR.samples-had LINE-1 methylation level overlapping with the
range of NOR values ™ The same situation was also found in this study. LINE-1
methylation, in more than three quarter of OSCCR, was within NOR range. Therefore,
sensitivity of methylation leyvel from COBRA LINE-1, conventionally analyzing only
2 patterns of total methylation and unmé_ﬁldlgflation, in oral rinse for detecting OSCC
was still limited. This incidence:might be due to the contamination of other DNA
types, particularly ffom normal white blodii_cells (NWBC) and possibly OSCC white
blood cells (OSCC WBC), in-oral rinses of OSCC patients. Also, NWBC could be
found in normal saliva. Unfortunately, sincje.i'iINE-l methylation level in each tissue

(28)

varies,*® the levels in contaminated cancer samples were deviated and unable to

represent OSCC accurately.

Using buffy coat as a model of white blood cells, intra<individual comparisons
by paired t-test beiween buffy coat and oral rinse DNA were performed in each person
in normal and OSCC population. Interestingly, 98 bp in NBC (14.64% + 2.11) was
not different from NOR (14.41% =+ 1.17) within a normal individual (p = 0.454) and
98 bp in OSCC BC (15.72% + 1.05) was almost the same as OSCCR (15.50% + 1.40),
p = 0.452 (Fig. 29C). The same phenomenon was found in 80 bp as.well (Fig. 29D).
Individually, 80 bp level in NBC (30.51% + 4.19) and NOR (29.92% =+ 2.32) were not
different.(p =.0.444) and neither. as, OSCC.BC (29.14% + 2.00) and.OSCCR (28.68%
+ 1.82), p = 0.332(Fig. 29D). These suggested that, with 98 and 80 bp, there would be
no discrepancy when using oral rinse sample contaminated with different DNA types.
Despite LINE-1 methylation in OSCC BC (35.37% + 2.23) was relatively the same as
in OSCCR (35.71% =+ 2.39), p = 0.565, methylation in NBC (34.97% =+ 2.45) was
significantly different from NOR (37.63% + 2.52), p=1.24 x 10~ (Fig. 29A).
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On the other hand, 160 bp and 62 bp had intra-individual discrepancy among
different DNA types in oral rinse. The level of 160 bp in NBC (19.85% + 3.80) and
NOR (23.69% =+ 3.37) as well as OSCC BC (20.93% =+ 2.45) and OSCCR (23.37% =+
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2.20), were different within the same individual, p = 1.16 x 10° and 0.0001,
respectively (Fig. 29B). Additionally, the level of 62 bp in NBC (35.70% + 2.92) and
NOR (33.35% + 2.96) as well as OSCC BC (34.55% + 2.15) and OSCCR (33.45% =+
1.72), were also different in the same person, p = 1.86 x 10~ and 0.0281, respectively

(Fig. 29E), resulting in decreased sensitivity of using oral rinse samples.

It was striking that the level of 98 /bp.and 80 bp provided significant
differences between normal and cancer DNA;NOR and OSCCR, NOR and WSU-HN,
NBC and OSCC BCras well as NPM ‘and QSCC PM, but presented the same level
among DNA from diffcrentssources in both normal and OSCC individual. Thus, 98
and 80 bp amplicons fromeCOBRA LINE-1 had the highest potential detecting OSCC

especially by oral rinse contaminated by several other DNA types.
6. Sensitivity and Specificity of OSCQ rlnarker candidates

Receiver-operating characteristic (IiOé) curve is favorably used to determined
important information regarding accuracyr,;)'_f_ _ thg tests; area under the curve (AUC),
sensitivity, and specificity. The more AUC jsi_,approaching 1, the higher sensitivity and
specificity the test provides. Here, sincéJ.i;IIQ .Jgroducts that provided significant
differences between normal and-OSCC by elinically-obtained samples; oral rinse,
buffy coat, and plasma, ~they werie furthef'."énaiyzed with the ROC. Therefore,
conventional LINE-1 methylation level, 98 bp, 80 bp, and 62°bp, product levels were
examined. To detérmine sensitivity and specificity of the tests, OSCCR was evaluated
against NOR. Additionally, OSCC BC and OSCC PM were also evaluated against
NBC and NPM, respectively. Analysis of WSU-HN countering NOR were shown as
well (Fig.,30).

Among ‘these analyses, 98 bp level revealed“the most ‘promising result. It
provided AUC of 1 with remarkable sensitivity andsspecificity of 100% (p = 0) in
distinguishing, WSU-HN from"NOR" Further, when comparing normal and cancer
DNA by clinically-obtained samples; oral rinse, buffy coat, and plasma, 98 bp showed
the highest AUC (0.763, 0.713, and 0.744 respectively). Sensitivity and specificity
provided by oral rinse sample were 72.97% and 75.56% respectively, by buffy coat
sample were 67.65% and 74.42% respectively, and by plasma sample were 75.00%
and 75.56%, respectively (Table 12).



Table 12 Receiver-operating characteristic (ROC) curve of measurements among

various types of sample
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<29.7017

>33.38

OsccC BC® >35.11

N =35 >15.50

<30.30

621 <33.94

oscc PMY o — ------------ >34.19

N=35 >15.55

0bp 0.673 0.0041 77.78 57.78 <29.12

62 bp-™ <36.36

n ke

:

o ata was obtained fro as‘iltr'son oup (N =
ol e iiabvalkitiaiat ETgTY]
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Table 13 Receiver-operating characteristic (ROC) curve of measurements among

oral rinse samples and biopsied tissues from the previous cohort

ROC

Samples | Level (%0)

Sensitivity Specificity = Cut-off
(%)

AUC

(%)
OSCCR® | Methylation | “" ﬁ <42.7815
N =27 98 bp —m.,. 0.0001 ﬁ >15.5175

Value®

>31.561
<32.52
Biopsied <31.982
Tissue” >15.5175
N=21 <26.9659
>34.73

Gray band indicated statistical significance ,.P-Hj depe
; ‘ et
 Cut-off value indicated cancer —

® ROC data was obtained from a 1!-;? vith otal rin ol group (N = 45)

Z 7

OSCCR gms, yin the previous study

were re-analyzed )8 bp level also gave the

highest AUC in LII h OSCCR (0.926
sensitivity of 92. 59%and 95.24% respectlve and specificity of 88.73% and 88.37%

% TTET’WIEW]‘?WEHI‘]?
9 RIAINTUNAINYINY

|I
biopsied L,l sues (0.967) providing
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A Methylation (%)

WSU-HN
100
ol
2 I Z
£ OH 2
& af | 3
i
i
o4 Sensitivity=90.91%
| Specificity=100%
°_'T'“J.I...I.. | —— | . |
0 20 40 60 B0 100
100 - Specificity
WSU-HN 0SCC PM
100 100 |-
wH 0 RS, T s N 80 A
= I ElNi
2 eof] e uitt Z el |
2 N | ‘B i
g Fl | 5 i
ool | B 40 _i-
N ! 7
i H |
“H Sensitivity=10 vl | Sensiivity=75.00%
. Speclfl Ly ’n‘ .+ Specificity=75.56%
M ey obfrrt 1 ] 1
20 ] 20 40 80 80 100
100 Specmclty 100 - Specificity
WSU-HN 0SCC PM
100 100
a0 80
Z Z
2 s[5 2 o[
‘@ @
c =
d'% 40 | r_.[ % 40 -
20H I Sensitivity=90.91% 2l g sitivity=77.78%
Specificity=95.56% cificity=57.78%
oH 1 1 1 1 1 SHEEY e L L)
0 20 40 60 80 100 o 20 40 60 80 100
100 - Specificity

100 - Specificity

ﬂuﬂ

OSCC PM

Sensitivity

INYN S

100 - Specificity

q W*f“a” ﬁfimwvfm wm ]

level (A), 98 bp level (B), 80 bp level (C) and 62 level

(D). Only curves of levels providing significances by t-
test and ROC, which were depicted in Table 12, were

shown here.
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Part 111: Comparison between Original LINE-1 Methylation Level and
Newly-introduced LINE-1 Complete Unmethylation (98 bp)

1. Methylation Levels and 98 bp Levels in Oral Rinse, Buffy Coat and Plasma, of
OSCC Patients

1.1 Normal Controls S /

Ay RarisTuiEd ki ba i o

buffy coat and plasma. Significant higher level of 98 bp

ARIAY Al AYTsy

confirmed.

As reported in Part IT and Table 11, the level of 98 bp product amplicon in
OSCCR was significantly higher than that in NOR, on the contrary to conventional

methylation level which was significantly lower. However, while methylation level
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did not provide significance in buffy coat and plasma, 98 bp in OSCC BC as well as

OSCC PM were significantly increased, compared to NBC and NPM, respectively
(Fig. 31).

1.2 Normal Controls VS Stage I OSCCs

A Methylation (%) -

Figurem Methylation levels (A) and completm.mmethylation
Fi gﬁ:ls (B) between no&r:}al and only stage 1 OSCC in

ﬂ UY TN WE TS

significantly ?fferentlate OSCC from normal.

8 W) 84 I8kt i ) b o

etect OSCC in its early stage, only stage I OSCC was compared with controls.
Methylatlon level of stage I OSCC decreased significantly only in oral rinse sample
(NOR = 37.65% =+ 2.50, OSCCR = 34.81% + 2.20, p = 0.0066). Nonetheless,
methylation level stage I OSCC BC (35.18% + 2.17) and stage I OSCC PM (36.25% +
1.89) were insignificantly higher than their normal controls (34.97% + 2.45 and
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35.39% + 2.73, respectively), p = 0.8382 and 0.4282, respectively (Fig. 32A). These
findings were the same as comparison between normal and all-stage OSCC (Fig. 31A).
In oral rinse, 98 bp of stage I patient group (16.01% + 0.81) was
significantly higher than that of NOR (14.42% + 1.16), p = 0.0011. However, despite
age., 98 bp in stage I OSCC BC (15.60% =+

ot differ significantly from those of
2.2459 and 0.0502, respectively
..J
— | S
2. Intra-Individual €Gomparison of LI /E- Methyilation and 98 bp Levels in Oral

Rinse, Bu M{f _

Only subjects vhose mréb types of could be obtained were

giving significant result regardless o

1.25) and stage I OSCC PM (1

NBC (14.64% +2.11) a
(Fig. 32B). & '

analyzed for int diyidual di el LINE-I ion and 98 bp level.

Unlike one-way ANOV

, ‘ i aiddd
measurement was performed to de.t?fr}m d dif
f :'*L‘ q - - it "

oha J

LA 3 VL
AR TR U

controls (A) and OSCC (B). In normal subjects,
methylation level in oral rinse was significantly higher
than those of buffy coat and plasma. There was no

difference between methylation in the 3 OSCC samples.
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Within 44 normal individuals, the level in oral rinse (37.64% + 2.52) was
significantly higher than that in both buffy coat (34.97% + 2.45), p = 0.001, and
plasma (35.35% + 2.74), p = 0.001. The level in buffy coat was not significantly
lower than that in plasma (p = 0.754) (Fig. 33A). Within 35 OSCC individuals,

i 35.71% + 2.39) was the highest and
and buffy coat (35.37% + 2.23),
‘ )ng three types of sample (Fig.

.-J

LINE-1 methylation level in oral

gradually decreased in plas

respectively. There was
33B).

i ower than that in NBC

differences among all
were not significanty p =4/0.448 (Fig: - In O ividuals, 98 bp level in
OSCCR (15.50° ag 10wer than‘that in OSCO.BC (15.72% = 1.05), and
OSCC PM (16.07% ). tespe I .‘ ‘ -i ¢ was no significance among three

9\"’9@

.
§

AUEY NSAENAS

ure 34 Intra—indivi%yal comparison between 98 bp in oral

QA AT TR

different DNA sources had similar levels of 98 bp.
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3. Analyses of Possible Relating Factors

3.1 Gender

Considering gender, t-test was performed to determine if LINE-I

methylation and complete unmet

evels were different among the group of

ITX . ale (34.75% +1.72) was
significantly lowe alc (36.49% *+ 2157); 0233 (Fig. 35A).

no significant differ u _- | bety f.' 1 98 evel in male (15.60% £1.11) and
female (15.42% + 1.58)

N G(,

R o & ®
ot S 60@ O c.,o

A saaTaniNAs

normal and OSCC male and female. Conventional
methylation level in oral rinse of OSCC male was

significantly lower than that of OSCC female.
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3.1.2 Bufty Coat

A Methylation (%) B 98 bp (%)
45+ *
40+ o8 0’
2 S
35+ [ 0.’
[ ‘Q.
30+
25- T T
N \& \&
W N
SR &
*0‘ (o]
Figure 36 A) and‘98 bp leve in buffy coat of
SCE* mal \'L d female. Conventional

! buffy coat of normal female was

er tha thatcly jormal male.
24\ N
el - - N \
groupy e hylation level of LINE-1s in buffy coat of male
(36.78% = 2.03) was si at of female (34.30% + 2.27), p =

+2.39) and female (35.24% =+ " 14) wete relative ame, p = 0.701 (Fig. 36A).

. “Ahelevel ot 95 bp m buil C kmale (14.41% =+ 2.82)
was not signiﬁca diff ¢ (14:72% + 1.82), p = 0.378.
Also in OSCC gre

same as that of female (15.77% + 1.14), p = 0.969 (Fig. 36B).

AMEdNENINEINT

LINE-1 meth latSn in plasma of Hormal male (36.83% %2.97) was

R GG o 1100} b
‘group, the level in plasma of male (.34.-91% + 2.07) was lower than that of female
(36.10% + 1.63). Nevertheless, the difference between OSCC subgroups did not reach
significance, p = 0.066 (Fig. 37A).

p, the level in buffy coat of male (15.67% + 0.96) was almost the
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A Methylation (%) B 98 bp (%)
45+ 25+
*
—
40+ 204 . S
AA "
354 154 - 3 %
at "
30+
25- v :
G\‘@\G é{\'b\o
<
& O
W o o®
R\
Figure in plasma of

mal female had

y a than normal

e (15.44% + 2.27) was
\.5 77), p = 0.205. There was

slightly higher than t otmal female (1461 %
significant difference b -1 16.63% + 1.21) and OSCC female

3.2 Age

e

rrelation of LINE-1
methylation and EI S

{
B 1 ) SR BR G D) By v

both norﬁl p = 0.3 (Fig. 38A) and OSCC group, p = 0.987 (Fig. 38B). The level of

PRI
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A Normal controls B OSCC
Methylation (%) Methylation (%)

45 - 45
n

40 - En
.l‘ ™

sd " "'i;
p=0.987

30 - T > 1

80 100

Figure% twee \ on level in oral rinse
Me :\\x al'l0

O SCC (B). There

~oral rinse and

Figurew Correlations between 98 bp level in oﬂ rinse and age
¢ dnsnormal controls (A).and OSCC (B). The level of 98

AUET ’lﬂﬂ%ﬁ%ﬁﬂﬁﬁw
9 RFITIUNAINYIAY

There was no correlation between LINE-1 methylation level and age
in normal (p = 0.78) and OSCC group (p = 0.295) (Fig. 40). Similar to oral rinse, in
normal controls, 98 bp in buffy coat was correlated with age (p = 0.005, r = 0.418,
respectively). However, no correlation was found in buffy coat of OSCC (p = 0.625)
(Fig. 41).



A Normal controls B OSCC
Methylation (%) Methylation (%)
45 45

el in buffy coat
OSCC (B). Neither
of OSCC was

Figure 4ﬂ Correlations between 98 bp level in bﬂ/ coat and age
@ inynormal controls (A)and OSCC (B). The level of 98

AU ‘ﬂ‘“%%‘ﬁ NEIn%

3 2.3 Plasma

) DA REHRD Rt e

1, r = 0.391). However, in OSCC patients, there was no

qorrelated with age (p=20

such correlation, p = 0.872 (Fig. 42). There was no correlation between 98 bp in

plasma and age in both normal and OSCC samples, p = 0.114 and 0.113, respectively

(Fig. 43).

87
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A Normal controls B OSCC
Methylation (%) Methylation (%)
45 - 45
n
| ]
40 < L] L™ " 40

'}.IH"I-

Figure 4ﬂ Correlations between 98 bp level in pﬂma and age in
¢ Jormal controls (A)fand OSCC (B). There was no

fu ‘Mm WANBING =
QWT‘ETW*?W URIANYIAY

As smoking is a well-known contributing factor, t-test was used to
determme significant differences between subjects with history of smoking (smoker
group) and without history of smoking (non-smoker group) in both normal and OSCC
groups separately. Subjects who previously smoked but currently abstain from the

habit were categorized in smoker group.
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3.3.1 Oral Rinse
In oral rinse, LINE-1 methylation level of normal non-smoker

(37.82% = 2.40) was higher than normal smoker (37.60% + 2.99). Among OSCC
patients, non-smoker group (36.17% + 2.40) had higher methylation than smoker

group (34.90% = 2.17). There was F’?}\ce between subgroups, p = 0.826 and

0.116, respectively (Fig. 4
8 bp (%)

A Methylation
4 .

N
e"—“&o

Figure 44 ls (B) in oral rinse of

-and non-smoker. There was

non-smoker in both

Lo 1 e

groups, regarding-methylation as well

L

me levels of 98 bp in smoker subgroups m)oth normal (15.13% =+
1.90) and OSCC (15 J0% + 1.11) were higher than the non-smoker subgroups

(14.18ﬂ ﬂﬂlfiwlﬁ ﬁﬁeng 1151 ﬁpﬁ unmethylation
levels ]i]b h ps provided insignificant difference, p = 0.239 and 0.495,
¢

RIAINIUNRIINYAY

In buffy coat, unlike in oral rinse, LINE-1 methylation level
increased in normal smoker (35.71% + 2.80), compared to normal non-smoker

(34.72% + 2.39). In OSCC, the patients who smoked had (35.68% + 2.09) higher
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methylation level than patients who did not (35.19% + 2.34). There was no
significance between subgroups (p = 0.336 and 0.531) (Fig. 45A).

A Methylation (%) B 98 bp (%)

Figure 4 thyla K bp | ve (B) in buffy coat of
moker. There was
smoker in both

methylation as well

Similar to 11 orat rinse, the'level of 98 bp in buffy coat increased in
smokers (Normal = o= 2291, QSCE= 8% + 0.89), compared to non-
smokers (Normal Uhe differences were

not significan ?l{

ol
LV 00 10 ik 1 Yim e e

methylation of smokers (35.71% ﬂel .33) was also close to the level of non-smoker

LIRS, v (/MM 13D
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A Methylation (%) B 98 bp (%)
45+ 25+
40- 204 3 s
354 15+ — 3’ 0"
oS *
e e
: %6\3#
o(\
&
@O
Figure in plasma of
er. There was
-smoker in both
lation as well
oker (14.78% + 1.92) and
OSCC non-smoker (16. 64) wered aln same as in normal smoker

(14.87% + 2.38) and
0.870) (Fig. 46B).

, respectively (p = 0.915 and

Indeﬂi
subjects with an l ithout history of alcohol consumption.

significance between
control group, subjects

with previous and cﬂrﬁ history of alcoholyconsumption were classified in “normal
drinke ﬂﬁeﬁ%ﬂsﬂ %l?jlgrujﬁire classified in
“normal men-drinker”. nts who previously an ently drank alcohol
were classified in “OSCC drinkef” group and thespatients who neveridfank were

ARTERIAFU ANINYTR Y

3.4.1 Oral Rinse

Methylation level of LINE-1s in oral rinse of normal non-drinker
(37.79% + 2.21) and normal drinker (37.77% + 3.33) were the same, p = 0.982. The
decreased methylation level was found in OSCC drinker (35.05% + 2.37), compared
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with OSCC non-drinker (36.31% + 2.25). However, there was no significance in
OSCC group, p=0.107 (Fig. 47A).

A Methylation (%) B 98 bp (%)
45-
40- ) < 253
".i o"
u
35+ 3
o ¥y
L
*
L) L)
08 2
‘g ‘g'
'&\0 0(\(\
c’(’
&
2 O
e°‘@
Figure oral rinse of

[ rinse of normal non-drinker (14.20% =+

0.82) was lower than___t_he—lcvfepf{ﬁg’élgm 4.75% + 1.70). In cancer, the level

of 98 bp of OSEE non-drinker (15.61% = 1.35) was slightly:moge than that in OSCC
drinker (15.38%.4

at ""‘-‘.' normal group (p =
0.163) or OSCC @up (p=10.6

[1]

0
3.4.2 Buffy,€o

AU SN T LIS

+ 3.08) a OSCC drinker (35. 85°/ + 2.38) were 1n51gn1ﬁcantly higher than those of

TRTNNLIANTTINY T e

In buffy coat, 98 bp of normal non-drinker was averagely 14.45% +
2.05. In normal drinker, the level increased to 15.12% =+ 2.50. OSCC non-drinker
(15.73% =+ 1.18) also had lower level of 98 bp, compared to OSCC drinker (15.72% +
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0.93). The differences did not reach significance, p = 0.396 and 0.766, respectively
(Fig. 48B).

A Methylation (%) B 98 bp (%)

A X
‘9 ‘9
A &
&
> o
QO
Figure 4¢ ' 2 : s vels (B) in buffy coat of

inker. There was
-drinker in both
ethylation as well

as
3.4.3 Plasma

3 10rmal non-drinker was
35.55% =+ “:ﬁ-— “decreased ir {-gi + 1.85) without
significance, p =+0.28 OSCC drinker (35.67% =+
1.47) and OSCC-non-drinker (35.45% =+ 2.29) were almostthe same, p = 0.732 (Fig.

49A). ﬂ u ﬂiin&] n‘s’m &Jl;v]l ﬂ;ip in plasma of

normal dﬂlker (15.34% + 2.14) Wa‘s higher than normal non-drinker (14. 63% +1.92).

Qe AFARTOE MR 1m0

both normal and OSCC groups, p =0.326 and 0.093 (Fig. 49B).
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A Methylation (%) B 98 bp (%)

in plasma of
<er. There was
n- drmker in both

lation as well

d by t-test. In control group, no
one had previous or current history of betel ehewing. Therefore, influence of betel
chewing on methylation E d not be generated. OSCC
patients who ; d previous and cur rent hi ,,..-_,_,,,,E,.,,.,Eg,,»‘, were classified in

“OSCC chewer 4 ssified in “OSCC non-

chewer”. m m

3510ri’

A U BANINIT YD T i

2.50) wagllngmﬁcantly higher than i gn OSCC non- chewer (34.86% £ 1.94), p = 0.0341

’4 TSN TA I FR O 1SS

=0.510 (Fig. 50B).
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A Methylation (%) B 98 bp (%)

45+ 201
—

Figure oral rinse of

v 1\\\"‘-. lation level in

ntly higher than

Audanamineana..

OSCC chewer and non- CheW&Regardlng methylaw

RANIUARIINSTEY

Methylation level of LNE-1 in buffy coat of OSCC chewer (35.27%
+ 2.29) was almost the same as the level of OSCC non-chewer (35.49% + 2.23), p =
0.773 (Fig. 51). Similarly, the level of 98 bp in OSCC chewer (15.79% =+ 1.19) was
not different from that of OSCC non-chewer (15.65% =+ 0.89), p = 0.947 (Fig. 51B).
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3.5.3 Plasma

A Methylation (%) B 98 bp (%)

45-

40+

.\ In plasma of
‘Regardi g methylation
was no difference

: n-chewer, neither LINE-1
methylation level nor 9 ig“#’ significant difference, p = 0.175 and 0.458,
respectively. LINE-1 methylation—in non-¢ was 35.07% =+ 2.12 and slightly
increased in the patients with-history ol ’ ing (35.96% + 1.67) (Fig. 52A).
The level of 984bp in OSCC non-chewer was 16.27% £ 1.03 and it reduced in
OSCC chewe ﬁ’o’i

3.6 Tumomze (T)
ifference of LINE-1

OSCC patie

9 W’Wﬁﬁﬂnﬁm UAIINYIAY

Methylation level of LINE-1s in oral rinse of OSCC patients
declined respectively from T3 (36.02% =+ 2.47), T4 (35.93% +2.49), T2 (35.72% +
2.55) to T1 (34.81% + 2.20). There was no significance among different sizes of the
lesion, p = 0.775 (Fig. 53A). The level of 98 bp in oral rinse increased respectively
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from T4 (15.17% + 1.66), T2 (15.39% =+ 1.42), T3 (15.90% =+ 1.25) to T1 (16.01% +
0.81). Like found in methylation level, 98 bp among different tumor sizes did not
provide significance, p = 0.562 (Fig. 53B).

A Methylation (%) B 98 bp (%)
45+
40+ - . *
L} - L
[ ] —_— . .’
35+ : LH .® g
e

30+

25-

Figure 53 vie |n oral rinse of

QSCg ' e ﬂ\ \ ] tumor sizes
4 ‘4 a \ s in oral rinse were

erent. --# erent fi

\& \\

404, J *

S T A M %
0]

ﬂUﬂ’I'ﬂ’ﬂ'ﬂ‘ﬁWﬂTﬂ'ﬁ "

|gure 54 Methylatlon (A) and 98 bp levels (B) in buffy coat of
ccC patl ts with differentclassified tumor sizes

ARIANT A TR Lo

not different among different tumor sizes.

3.6.2 Buity C¢

A Methylation (%)

45 i

In bufty coat, methylation level of LINE-1s in T1 (35.18% + 2.17),
T2 (34.35% =+ 2.26), T3 (37.75% =+ 1.88), and T4 (35.56% = 1.99) were not
significantly different, p = 0.071 (Fig. 54A). Similarly, 98 bp levels in T1 (15.44% +



98

1.29), T2 (15.91% + 0.91), T3 (15.40% + 0.99), and T4 (15.90% =+ 1.12) were not
statistical significant, p=0.711 (Fig. 54B).

3.6.3 Plasma

plasma of T1 was 36.25% =+ 1.89 and
declined in T2 (35.78% + 2. 1.01), and T3 (34.14% + 1.89),
respectively. The differences were not = 0.368 (Fig. 55A). LINE-1

complete unmethylatior bp:-in plas ﬁl 79 + 2.13% and gradually
nd T2 (15.70% + 1.25),

respectively. Again, 7 . Ot Si .570 (Fig. 55B).
A Methyl w B 8 bp (%
I L]

»
35+ " &
L) *
*
30- .
25- r .
TS T4

(B) in plasma of
fied «tumor sizes

D f’! a were not

7es. m
3.7 Lymph Nede Involvement (N)

AR NUATHE AR oo

the abse (N 0) or presence (N1- 3) of 1nvolvement

’Q‘mﬂﬁﬂ’im UAIINYIA Y

In oral rinse, LINE-1 methylation levels in NO and N1-3 group were
35.42% + 2.48 and 36.09% +2.24, respectively (Fig. 56A). The level of 98 bp in NO
and N1-3 group were 15.56% =+ 1.51 and 15.40% =+ 1.14, respectively (Fig. 56B).
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There was no statistical significance in methylation (p = 0.423) and 98 bp level (p =
0.735) between patients with and without lymph node involvement (Fig. 56).

A Methylation (%) B 98 bp (%)
45+

40+

1 oral rinse of
out (NO) lymph

Figure 56

levels in oral

"'-; and absence of

3.7.2 Bufty Cq

A Methylatlon %

!f_—_ ——

.L‘I.

Hl’ A

ﬂ‘lJEl’WIEJ’V]‘ﬁWET']ﬂ‘i

|gure 57  Methylation (A) and 98 bp levels (B) buffy coat of

CURIRe= iy telatisTiakoad

coat were not different between presence and absence of

lymph node enlargement.

In buffy coat, LINE-1 methylation in NO and N1-3 were 35.24% =+
1.79 and 35.53% + 3.02, respectively (Fig. 57A). The levels of 98 bp in both
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subgroups were 15.87% + 1.11 and 15.50% =+ 0.95, respectively (Fig. 57B). No
significance was found in either methylation (p = 0.765) or complete unmethylation (p
=0.341).

3.7.3 Plasma

Figure 58 ----- and 98 bp.levels (B) plasma of OSCC
1 (N1-3) NO) lymph node

>3 ' -
¢ dition were

3.8 MetastaSJi-

Pl ST ST TTaboL S

no metastasis (MO). In MO, LINE- 1 methylation levels in oral rinse, buffy coat, and

PRI AV RI iR 1 (ap Lt

6 27% =+ 1.63, respectively. The status could not be assessed in 14 patients (Mx). In

plasma of

Mx, methylation of LINE-1s in oral rinse, buffy coat, and plasma were 34.60% +
2.94, 34.87% + 2.34, and 35.28% =+ 2.38, respectively. The levels of 98 bp in these
sample sources of Mx were 15.32% + 1.67, 16.28% =+ 0.39, and 15.77% =+ 0.95,
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respectively. Secondary tumor was not found in any of the patient in this study

therefore methylation level of LINE-1s was not analyzed according to the presence or

W

LINE-®metivlition lcv

absence of metastasis.

3.9 Stage

3.9.1 Oral Rinse

I‘lHSC of OSCC patients was

rog“f disease. In stage I, stage
59% +2.92, 35.88% +

increasing respective
II, stage III, and st
1.61, 35.98% =+

were not statistically

, increasing respectively
according to the progressed s ' iscase, 98 svel was lowest stage IV (15.06%
+ 1.45) and increasgg y i tage (1 L .65), stage 1 (16.01% + 0.81)
and stage IIT (16.23% & 1. ) “diffe es'we tatistically significant, p =

+*
* e
*

-
.
2

ﬂﬁﬂﬂﬂﬁﬂﬁ%ﬂﬂ?

|gure 59  Methylation (A) and 98 bp levels (B) in oral rinse of

SRRt Tnta i diekoed

rinse were not different among different stages.
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3.9.2 Bufty Coat
In stage III, methylation level of LINE-1s was 37.01% + 2.94. It

reduced respectively in stage I (35.31% + 1.80), stage I (35.18% + 2.17), and stage
IV (34.88% + 2.21). The differences did not reach significance, p = 0.346 (Fig. 60A).
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ong different stages.

¢ oe 1V, 98 bp in buffy coat was
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The level of 98 bp in plasma of stage I (16.36% + 1.48), stage III
(16.17% =+ 0.58), stage II (16.00% =+ 0.96), and stage IV (15.95% + 1.79) were
relatively the same, p = 0.940 (Fig. 61B).
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oral rinse of patients with different grading were not

statistically different.

LINE-1 methylation level in oral rinse of moderately differentiated

group was highest (36.10% + 2.35). In well differentiated and poorly differentiated,
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the levels were lower (35.40% =+ 2.45 and 33.45% =+ 2.69, respectively). The
differences were not significant, p = 0.155 (Fig. 62A).

In oral rinse, the level of 98 bp of the most advanced histological
change, poorly differentiated, was the highest (16.12% =+ 0.87). It reduced accordingly
in moderately differentiated (15.31 and well differentiated cases (15.20% =+
1.37). Like methylation level

0.499 (Fig. 62B).

ifferences were not significant, p =

ing according to the
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poorly differentiated . Ir evels o+ 2.11, 35.92% + 2.36,
and 34.21% + 1. '
(Fig. 63A).
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The level of 98 bp in buffy coat of OSCC patients was increasing
accordingly to the advancement of disease. In well differentiated, moderately

differentiated, and poorly differentiated group, these levels were 15.57% + 1.11,
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15.78% + 0.94, and 16.41% + 0.61, respectively. Significance was also not found, p =
0.398 (Fig. 63B).

3.10.3 Plasma

In plasma, LIN thylation levels were relatively the same

cases (15.65% =+ 1.66),
moderately diffe tiated (16.02% + 0.77)

were not significani

Flgureﬂ s (B) in plasma of
OSCC patients with different histopathological
grading. Conventionalgmethylation and 98 bp levels in

AU ] ?‘ﬂﬁf;ﬂ‘?‘i‘iﬁ?ﬂ T
’Q’W'Tﬁﬁﬂ‘ifu UAIINYA Y



CHAPTER V
DISCUSSION

A certain part of cancer research was dedicated to biomarker development for
screening and early detection. Though cancer, OSCC especially, status relies solidly
on histopathological examination, minor stirgical manipulation by incisional biopsy
may not prevent dissemimation of cancer cells imto the circulation, resulting in
micrometastasis.'? Morcover, especially in the arcas where medical and dental
facilities are not wellvequipped, surgical biopsy as well as cytology investigation,
which need special skills,s#may not be performed at once. Patient referral and
impression of up-coming surgery. may discourage the patients and delay proper
treatments. Occult node and second primarly tumor cvaluation are also difficult." ¥
Missing information of lymph node and cépcer cells unintentionally left in other parts
of biopsied speciment can result in misé}liagnosis as well as inadequate treatment
modalities. To alleviate this issue, markers from circulatory blood, plasma, and serum
became more attractiye because “disease -i:n'fbrﬁlation, from circulating tumor cells

o,
escaping from primary site as wellias cell-free DNA or RNA, could be obtained.*” In

oral cavity, saliva and salivary riise have gz;“i’-r-léd;‘enormous attention due to its least
invasiveness, direct contact to joral canc_e;;’,? _entire-lesion coverage, high patient
compliance, simple collecti(;h- and storage,:rép-rqoducibility by everyone, and cost-
effectiveness. " -Surprisingly;-safivasbased-markers-were-associated with not only
cancer of oral cavity, but also breast®” as well as ovarian cancer.®” Additionally,
self-collected oral/rinses from 3,377 women could serve.as a source of DNA
representing breast eancer.®® Moreover, biemarkers may provide more information
regarding suitable treatment options “for eaeh patient. TNM “staging is not the best
treatment, indicator-for all. New improvement of it'by*American ' Joint Committee on
Cancer (AJCC), launched in 20104 has discussed flaws of the old versiony proposed
solutions jand, new ideas “for “several canger types, and supported the "‘trend of

personalized medicine.*

Genome-wide or global hypomethylation in many types of cancer cells was
confirmed. 28 3335 106, 15D Thiq alteration was detected in DNA derived from

peripheral blood components of cancer patients as well.®” Since LINE-1s is the
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majority of repetitive sequence, methylation level of LINE-1s can be used as surrogate

for the global level.'** 2% Also, the decrease of LINE-1 methylation was detected in

many types of malignancies(“’ 25,28, 32-34, 81, 152)

some cancers,”® ** 1% suggesting the potential role of LINE-1 sequence for cancer

and correlated with progressiveness of

detection. Though this phenomenon was additionally reported in oral rinse of OSCC
patients,") LINE-1 methylation in circulatory blood of OSCC has not been
demonstrated. Normally, buffy coat containsplatelct.and leukocytes. In cancer, since
tumor cells have almost the same density as white blood cells, small amount of them
also resided in the buffyslayer of blood. Several studies have demonstrated detection
of circulating tumor _eells (€TC) i buffy coat layer and implication of CTC for
predicting prognosis agswellias adjusting treatment modalities. Moreover, some of the
white blood cells™ of she /paticnts .may carry cancerous DNA from horizontal
transfection as welld® 7 The plasma pé;{ion of blood has circulating free cancer
DNA (known as circulating nucleic acid il:l plasma and serum, CNAPS) from cancer

(75)

cell apoptosis or agtive pprogess of ithe cancer” which might also be targeted for

OSCC.

The primary purpose.of this study _\Ix__-/a:s; to elucidate LINE-1 methylation in
peripheral blood components, buffy coat and plasma, of OSCC patients and further
investigate the difference~ofLINE-1 methﬁéﬁén in_three types of sample intra-
individually. Meteover, this study also discovered that theré was another product,
uncut 160 bp ampiicon, from COBRA LINE-1. This size of product could result from
partial methylation which was never previously included in methylation calculation.
Therefore COBRA LINE-1 products and analysis of methylation patterns were further
studied and clarified,

Whereas most quantitative methylation techniques cannot distinguish specific
LINE-1 methylation pattern, here, COBRA LINE-1 eould classify LINE+l sequences,
depending onymethylation status of 62- and 80-CpG, into’ the followingyfour. classes;
methylation at both locations (complete methylation) (Fig. 65A), unmethylation at
both locations (complete unmethylation) represented by “98 bp” (Fig. 65B),
unmethylation at 62-CpG and methylation at 80-CpG (partial methylation) (Fig. 65C),
and methylation at 62-CpG and unmethylation at 80-CpG (uncut partial methylation)
represented by “160 bp” (Fig. 65D).
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Figure 65 Four eth);ﬂ;i . patterns N LINE-1 sequence
MJ&" oducts from COBRA LINE-1.

Complete Jﬂﬁﬂyl"’tﬁ LINE-1 pattern is demonstrated in

; ern is shown in B. Partial

Ice cal ound in two switching forms

-------------- INE-1 sequences were | ' noticed in both cancer
and normal genoii akeie into consideration and
calculation formula: Interestingly, when the levels of uncut pmal methylation (160 bp)

were investigated w‘h&ethylated (80 bp) nmethylated sequences (98 bp), their

partiall sequence ersel unmethylated

sequences but directly correlated ilth methylated sequences. Simply explained, in
0\ ‘ﬁ'ﬁﬁ‘% K] N%ﬂﬂ %ﬂﬂ']“ﬂij‘
sulted in gaining level of unmethylated sequences (Fig 5). In
addltlon, cancer cells had less partially methylated sequences than normal cells.
Therefore, in cancer, hypomethylated LINE-1 sequences were possibly derived by
methylation loss from both partially methylated and methylated LINE-1s. In normal
genomes, both partially methylated and unmethylated LINE-1 sequences were
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inversely correlated with methylated sequences. The inversed correlation might be due
to the interchanging of methylated forms of LINE-1s with partially methylated LINE-
Is in normal genomes (Fig. 22-23, p. 64-65). These data suggested that mechanism of
losing or gaining methylation in normal cells was likely to be different from

carcinogenesis.

Moreover, along with conventional ETNE-lsmethylation, in this study, all four
sizes of COBRA LINE-1 product were analyzedbetween normal and OSCC samples.
While LINE-1 methylation in oral rinse of OSCC patients was significantly decreased,
LINE-1 methylation leyels im buffyl coat and plasma were gained, however,
insignificantly. Oral rinses containing exfoliated epithelial cells directly from the
lesion could be a better presenter than DlNA in buffy coat and plasma. Interestingly,
LINE-1 complete unmethylation; 98 .bp’;' in all sample types were increased
significantly in OSCC gcompared to theif normal counterparts. The same escalation
happened in all types of sample iﬁdicated éhat"the level of 98 bp corresponded greatly

with the presence of cancer, €ven in circulatory blood drawn from remote area.

When gender was considered, théf‘é “was no difference between LINE-1
methylation in oral rinse of male and female-“_’-i-'rxlj:"é"ontrol group. This result supported
the previous study.'” However, unlike-it W_a_; found before,'" methylation in OSCC
males differed from OSCC fe;r-lales. This ﬁndirig-;night result from different history of
smoking and alegholconsumption-between male and female patients. Among 20
OSCC females, 19-of them had no history of smoking and 6 of them had no history
of alcohol consumption, while the majority of OSCC male smoked and drank. Though
it was shown here that there was no significange between methylation in oral rinse of

the patients with and without these contributing factors, apparently,-the patients who

smoked or drank had lower methylation level'in oral rifiSe.

Imoralkringe of normaleentrols, the levels of*98bpywere correlated with age.
In spite of this ing¢idence, the degree ‘of correlation was low.. To reassure that the
ability of 98 bp in differentiating OSCC from normal group was not influenced from
age, 16 pairs of normal and OSCC were matched by identical age and gender. Among
all values investigated, 98 and 80 bp levels were capable of significantly

differentiating normal and cancer by all types of DNA sources.
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The recent study revealed that, in normal subjects, LINE-1 methylation in
peripheral blood mononuclear cells (PBMC) was not associated with age."'*” Here,
similar finding was also found in the buffy coat of controls. Interestingly, it was
shown that, in OSCC group, both methylation and 98 bp in all types of sample were

not correlated with age.

Varying degrees of sensitivity and specificity in oral cancer tests especially by
saliva-based and oral sinse sample were reported. la.a proteomic study, mammary
serine protease inhibitor (Maspin) andJCyclin D1 (CycDl) in saliva were reported
with sensitivity and specifieity.reaching 100% in detecting OSCC. However, only 19
tongue cancer was included. Tn the study, cut-off value was calculated by mean
plus/minus SD of healthy controls. Senslitivity and specificity of markers were then
calculated by fraction ofi positive or ﬁeéétive test that correctly classified each

(156)

patient. When senSitivityl and, specificity are involved, receiver-operating

characteristic (ROC)€urve is a reliable tool™ " and must be generated.®>

i

A prediction model constructed by i"s'alai'-vary mRNA showed sensitivity and
v -J
specificity of 91% for oral caneer detection."”® Though probably protected by

association with macromoléetles in sali\?a,@—’?) RNA is susceptible to rapid

degradation outside the body if net immed_i_;jcg_ly_ stabilized after sampling. DNA is
more stable and easily exf;acted from bioiog;cal fluids a§ well as tissues."®”
Moreover, diffienltyforficquent usage of salivasistthecolleciion step, especially for
proteomics. It was-suggested that saliva collection should be sirictly followed standard
protocols; in terms of food or drink refraining, current medicines, hormonal status,
timing, repeat samplifig,.duration or even seating position."'®" '*? Salivary rinse with

sterile hermal saline or distill water, targeted for molecular study, can be performed

more conyeniently and spontancotsly.

Genetie, and epigeneticqalterations ineluding/DNA methylation available from
exfoliated|cell in orallrinse Of head and neck squamous cell carcinoma (HNSCC) were
also reported. However, only few have discussed sensitivity and specificity for clinical
setting. In which demonstrated, mostly were in moderate levels. For instance, in the
study of nine genes, while MMPI from tissue sample could identify HNSCC with

sensitivity and specificity slightly above 90%, in salivary rinse, sensitivity of this gene
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decreased to 20%."°® Hypomethylation of LINE-1s in oral rinse of OSCC patients
was demonstrated."" However, sensitivity and specificity for using it as cancer

detection tool were still not high.

One major obstacle when using oral rinse of OSCC patients as a source for
biomarker was the fact that oral rinse harbored not only cancerous cells but also white
blood cells as well as normal epithelial cell from other parts of oral cavity. Moreover,
oral rinse of the controls also contained small.amount.ef normal white blood cells as
cellular component of saliva. The preV-iJous study has shown wide-range and varied
LINE-1 methylation in different cell types, possessing cell-type specific character.*
Unfortunately, sueh contamination in oral rinse samples could distract the represented
methylation level and decrease accura::y of the test. Collection method such as
mucosal swab directly onto the lesion r.nzf}'/ increase cancer-normal ratio in OSCC
samples. Howevet, from study of microsﬁtell_ite alterations in HNSCC, tumor DNA

was detected in swab samples slightly more than in the rinses, without statistical

significance."® Additionally, mucosal swab 1§ also subjeetive to operator.

Strikingly, confirmed by intra-individ{ia-l comparisons, 98 bp levels in different
DNA types within each individual-were relaﬁji;’/;’the same. This phenomenon highly
suggested that 98 bp was not enly speciﬁﬁ_c_,_*_t('_)_qancer, it also represented each
individual as ay whole, no;[{ cell-type spebi-t“lcf Therefore, falthough the sample
contained various typesof DNAT 98 bp-level could stillprovide high accuracy of the
test (Fig. 34, p. 82). Within normal individuals, LINE-1 iaethylation in oral rinse
was significantly higher than those in blood components.: While methylation in
blood components barely changed between normal and cancer, the level in oral rinse
of OSCE was apparently decreased, ‘compared to its level in normal controls. This
might result"in relatively the same ‘methylation"1evels between three sources in

OSCC (Fig. 33, p. 81).

The "level “of 98 bp shewed*more potential than methylation level in
differentiating cancer from normal controls even though these samples were
contaminated with other DNA types. Exceptionally, the level of 98 bp was the only
value independent from various age and sex and provided significance between 16

matched cases in all three sources of DNA. Not only that, 98 bp only in oral rinse was
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also capable of detecting OSCC in early stage (Fig. 32, p. 80). When sensitivity and
specificity was measured, as expected, the oral rinse sample provided higher
percentage than buffy coat and plasma. Compared with methylation level, the test
using 98 bp for cancer detection gave higher optimal sensitivity and specificity up to
70-80% by oral rinse of this sample set and reaching 90% by oral rinse of the last
cohort. Indisputably, the level of 98 bp demonstrated outstanding performance as

marker for early detection.of OSCC by casily=collected oral rinse samples.

Tangkijvanich reported. that ser-;lm LINE-T hypomethylation was positively
correlated with not only tissuc/LINE-1 hypomethylation but also with the increased
tumor size, resulting in peorer sutvival of hepatocellular careinoma.®® In this study
of OSCC, neither LINE- Limethylation nolr level of 98 bp in any type of sample related
to progression or adyancement of the lési&n, determined by tumor size (T), lymph
node involvement (N), Stage, and histopa:tholpgical grading. They might not predict
OSCC aggressiveness or serve as prognojdtic{markers. These findings supported the

study by Subbalekha et al, in 2009,

This study showed no significant dlfférence between subjects with and without
smoking or drinking. Howgver; in oral rinse, ﬁlethylatlon level in smokers was
reduced and 98 bp was gamed suggestmg the possible role of smoking in
carcinogenesis by methylation alteration. In buffy coat, both methylation and 98 bp
were increased - SHoKersas well-as drinkers; corresponding with the increased levels
in buffy coat of @SCC patients, compared to controls. Thus, changes in methylation
and complete unimethylation level from these contributing factors might be found in
buffy coat as well. ;Unexpectedly, the patients with history of betel nut chewing,
which was one of the ‘risks factor for oral cancer especially in ASian countries, had
significantly "high€t oral rinse “tethylation than "the patients without chewing
experience. Previous studies regarding methylation of LINE-1s and chewing habit are
still limited. sarger sample size'in well-designed studies may help clarify, the effect of
these etiological factors. From this study, the roles of smoking, alcohol, and betel

were still undetermined.

In biomarker research, determining controls and cases is crucial. Malignancy

change in high risk individual may be missed and results in false positive result. In
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addition, contributing factors which have influence on the marker can deflect result of
non-cancer population. In this study, none of the controls developed premalignant
lesion or OSCC during 1-year follow-up. Also, influence of risk factor such as
smoking on 98 bp did not diminish its ability for detection. Nevertheless, more study

should be performed on 98 bp, espec in oral rinse, for example, matched pair test

|
with large sample size and d uble blinded experiment categorizing unknown cases

dies 0 fferent levels of conventional LINE-1
methylation between premaligna emigtu and cancer of colon,*
ovary,®” and uterine cenvi ) The level o g 8 bp inpotentially malignant lesions of
the oral cavity and in.ether types of cance \ oul 1'* 0 ** vestigated. Evaluation of
98 bp complete unmethylation before, afte tumor resection and during followed-up
period is also challenging. Additionally, -‘-_ ly 98 bp as a marker may not serve

| . bp. st R. also be considered and
developed. Lastly ep methyls on analysis of COBRA LINE-1 protocol also

highest accuracy, p

needs to be standaxd ANg ralized s simply and correctly managed every
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CHAPTER VI
SUMMARY

In conclusion, this study demonstrated LINE-1 hypermethylation in buffy coat
and plasma of OSCC patients, contrarily to LINE-1s in oral rinse which was
hypomethylated. Intra-individually, in normalpopulation, LINE-1 methylation in oral
rinse was higher than in blood components. InOSCE, LINE-1 methylation level was
relatively the same, regardless of DNA sources. Moreover, in this study, partial
methylation patterns.were first taken into consideration and calculation. Correlation of
partial methylation .of LINE-1 sequences with methylated and unmethylated
sequences in cancer and nermal genorrr'es were inversed. Thus, methylation loss of
LINE-1 sequences in cancer and normal cells may result from different processes. In
addition to overall leyel, ‘the pattern of methylation was crucial for better
understanding mechanisms ©of. global ‘-;Ihyp'omethylatron m cancer. With this
information, the percentage of complete unmethylated LINE-1, represented by 98 bp,
was a highly improved biomatker for disti'ri@hié‘iring OSCC from normal DNA, both
from cancerous oral epithelial cell§ as weli: d%-b_lood components drawn from remote
area. Strikingly, levels of 98.bp from different iBjNA sources in one individual were

not different, no cell-spec1ﬁc character Therefore here, LINE-1 complete

unmethylation was the best candldate for detectmg the presence OSCC in its early

stage by easily-collected oral rinse sampie contaminated with-a pool of mixed-DNA,
with sensitivit}./ and specificity from ROC curve reaching 80-90%.

These ﬁndfrrgs are important for OSCC marker discox;ery. Nonetheless, further
effort should be made.to yerify.ability, of.98.bp. Double blinded. experiment and
prospective study/on bigger sample size of healthy individuals monitoring for cancer
development should be performed. LINE-1 complete unmethylation levels between
potentially malignant.lesion-and-OSCE alse needed to,besinyestigated. Additionally, it

is recommended that the levels and ranges in other types of ¢ancer be clarified.
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Appendix A

e Data collection sheet for OSCC patients
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Data collection sheet for normal controls
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¢ Informed consent sheet for all participants (in Thai)
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e Consent Form form for all participants (in Thai)

LNANFEULANLTNTINNITIAE (Consent Form)
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e Withdrawal form in case drop-out is demanded (in Thai)

BNANTENANNNIEUANEINFINAAY (Withdrawal Form)
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e Sample collection protocol for Rajavithi and Buddhachinaraj hospital
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Statistics Output

Appendix B

Table 1 Descriptive analysis of all COBRA LINE-1 products

Descriptive Statistics

139

Std.

Type N Minimum _4*Maximum Mean Deviation

NOR Meth 45 33.14 42.78 37.6487 2.49534
bp160 45 15.99 34.03 23.8317 3.46387
bp98 45 12.61 17.68 14.4218 1.16128
bp8o 435 25.31 3565 29.8770 2.31006
bp62 45 24.99 42.63 33.2739 2.97358
Valid N 45 7

OSCC OR Meth 37 30.17,. 40.18 35.6934 2.36542
bpa60 37 1818 30.27 23.3055 2.16603
bp98 37 11.48— : T4 15.5011 1.36971
bp80 87 25.86 ' 35.60 28.7132 1.77458
bp62 37 2T A=y, 36.18 33.4944 1.68025
Valid N 37 ’

WSU-HN Meth 11 8.5 == 50.73 23.1773 12.04337
bp160 14! 9.65 14.34 137718 1.59870
bp9s8 11 20.17 45.54 37.1282 7.66013
bp80 11 7.77 44.69 20.2291 10.55012
bp62 11 20.80 37.43 30.8673 4.48093
Valid N 11

NWBC Meth 44 29.23 40:98 34.9736 2.45156
bp160 44 6.22 29.85 19.8457 3.79518
bp98 44 8.31 20:30 14.6357 2:10709
bp80 44 24.40 48131 30.5061 4.18834
bp62 44 27.60 42.42 35.7011 2.92439
Valid N 44

OSCC WBC Meth 35 31.02 40.49 35.3720 2.22915
bp160 35 16.08 24.59 20.9298 2.24804
bp98 35 13.66 17.77 15.6492 1.07746
bp80 35 2591 35.90 29.1358 2.00356
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bp62 35 30.82 38.69 34.5462 2.15104
Valid N 35
N PM Meth 45 31.36 43.07 35.3929 2.72740
bp160 45 14.17 27.56 21.4558 3.49517
bp98 45 10.59 20.78 14.8264 1.92642
bp80 45 24478 34.38 29.8333 2.24963
bp62 45 28:81 41.:58 35.1142 3.37761
Valid N 45
OSCC PM Meth 35 30.40 39.62 35.5583 1.91158
bp160 G5 18.39 291 22.4849 2.51987
bp98 53 12.74 T3 16.0743 1.39305
bp80 £5 26.14 31.96 28.4909 1.44005
bp62 35 29.:9.1 37.91 33.3917 1.89378
Valid N 35
Table 2 Correlations between 460.bp and 98 bp.innormal and cancer
Correlations Ja
Type : 5p160 bp98
NOR bpl60  Pearson Gerrelation, * 1 519™
Sig. (2-tailed) .00025909
N 45 45
bp 98  Pearson Correlation 519" 1
Sig. (2-tailed) .000
N 45 45
OSCC OR bpl60 ' Pearson Correlation 1 .240
Sig. (2-tailed) 152
N 37 37
bpog Pearson Carrelation .240 1
Sig. (2-tailed) 152
N 37 37




WSU-HN bp160  Pearson Correlation 1 -.898™
Sig. (2-tailed) .00017546
N 11 11
bp9s Pearson Correlation -.898™ 1
Sig. (2-tailed) .000
- WAL : 11 11
Bx Tissue ';\:gﬂﬁ ,!"'.“-‘!-r ? 1 -.629”
I 002
21
1
21
OR (last cohort) -.403"
.037
27
1
27
NWBC 590"
.000
44
1
N 44 44
OSCC WBC bpﬁQaPearson Correlation @} 1 6377
FUEIRENINGINT ~
35
bp98 Pearson Cérrelation 6377 Q7

RIANNFMUN TN U1/

**_Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0.05 level (2-tailed).
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Table 3 Correlations between 160 bp and 80 bp in normal and cancer

Correlations

Type bp160 bp80
NOR bpl60  Pearson Correlation 1 -.624™
Sig. (2-tailed) .0000045602
N 45 45
bp80 Pearson Correlation 62, 1
Sig. (2-tailed) .000
N 45 45
OSCC OR bpa60 _Reéarsen Correlation 1 -528"
Sig. (2-tailed) .001
N o 74 37
bpB0 4 Pearsof Cogalatial 528" 1
Sig. (2-tailed) 001
N %, 1 37
WSU-HN bpl6@° Rearson Correlation % 875"
Sig. (2-tailéd) 00042526
N : i 11
bp80  Pearson Correlation 875" 1
Sig. (2-tailed) - .000
N 11 11
Bx Tissue bpl60  Pearson Correlation 1 -.291
Sig. (2-tailed) .201
N 21 21
bp80 Pearson Correlation -29% 1
Sig. (2-tailed) 201
N 21 21
ORy(last cohort)=  bp160+ Pearson,Correlation 1 -504"
Sig. (2-tailed) .007.
N 27 27
bp80  Pearson Correlation -.504™ 1
Sig. (2-tailed) .007
N 27 27
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NWBC bpl60  Pearson Correlation 1 -.8197
Sig. (2-tailed) .000
N 44 44
bp80  Pearson Correlation -.8197 1
Sig. (2-tailed) .000
N 44 44
OSCC WBC bp160 - Pearson Correlation 1 -.667"
Sig. (2-tailed) .000
N a, 35
bp80 Peaison Correlation = OB 1
Sig#(2-tailed) .000
N 35 35
**_Correlation is significant at the 0.01 level (2—tailéa).
Table 4 Correlations between 98 bp and:80 bp'in normal and cancer
Type | “bpog bp80
NOR bp98  Pearson.Cofrelation i -.699
Sig/(b-tailed) 4 000000094819
N 45 45
bp80  Pearson Correlation -.699** 1
Sig-(2-tailed) .000
N 45 45
OSCC OR bp98  Pearson Correlation 1 -718"
Sig. (2-tailed) 000
N 37 37
bp80 "“Pearson Correlation -718= 1
Sig. (2-tailed) 000
N 37 37
WSU-HN bp98 ! Pearson' Correlation 1 -990™
Sig. (2-tailed) .0000000066887
N 11 11
bp80  Pearson Correlation -.990™ 1
Sig. (2-tailed) 000
N 11 11
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Bx Tissue bpo8

Pearson Correlation
Sig. (2-tailed)
N

21

-.397

.075
21

bp80

Pearson Correlation

Sig. (2-tailed)

OR (last cohort) bp98

NWBC

OSCC WBC

-.397

.075

21

404"

.037
27

27

-.743

.000
44

44

Hk

-.687

.000
35

35

**_Correlation is signifiﬁrﬂthe 0.01 level (2-tailed).

~FUHINERINYINT
RN TUNRINYINY
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Table 5 Independent sample test of NOR and WSU-HN
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Levene's Test
for Equality of

Variances t-test for Equality of Means
95% Confidence Interval
Mean

= Sig. | 'Si0.(2-tailed) | Difference Lower Upper

Meth  Equal variances 29.734]  .000 .000 14.47141| 10.66073 18.28209
assumed

Equal variances not .002560 14.47141] 6.36091 22.58190
assumed

160 bp Equal variances 3.465| | .068| 1.066389x10™ 12.05986| 9.90094 14.21878
assumed

Equal variances‘not .000 12.05986| 10.62653 13.49318
assumed

98 bp  Equal variances 39.866| .+.000 .000] -22.70636| -25.03894| -20.37378

assumed .

Equal variances not 0000017477 -22.70636( -27.85916| -17.55356
assumed

80 bp  Equal variances 26.6541=""-.000 - .000 9.64788 6.27886 13.01691
assumed

Equal variances not 013 9.64788| 2.54097 16.75480
assumed

62 bp Equal variances 2.463| 122 116 2.40667 17797 4.63536
assumed

Equal varianees not 116 2140667 -.68478 5.49811
assumed




Table 6 Independent sample test of NOR and OSCCR
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Levene's Test
for Equality of

t-test for Equality of Means

Variances 95% Confidence Interval
Mean
F Sig. | Sig. (2-tailed) | Difference Lower Upper

Meth  Equal variances .001 .981 .001 1.95526 .87867 3.03186
assumed
Equal variances not .000 1.95526 .88399 3.02654
assumed

160 bp Equal variances 5.608 .020 424 .52621 - 77721 1.82963
assumed
Equal variances not 404 .52621 -.72330 1.77573
assumed

98 bp Equal variances 1.289 260 .00022731 -1.07927| -1.63544 -.52309
assumed "
Equal variances not .000 -1.07927| -1.64563 -.51291
assumed

80 bp Equal variances 2.290 134} Flda .014 1.16376 24243 2.08510
assumed I
Equal variances not .012 1.16376 .26553 2.06199
assumed

62 bp Equal variances 3.685 .058 .689 -.22044) -1.31421 .87333
assumed
Equal variances not .674 =22044 -1.26172 .82084
assumed




Table 7 Independent sample test of NBC and OSCC BC
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Levene's Test
for Equality of

t-test for Equality of Means

Variances 95% Confidence Interval
Sig. Mean
= Sig. (2-tailed)=| Difference Lower Upper

Meth  Equal variances A15]  .736 458 -.39836[ -1.46090 .66417
assumed
Equal variances not 453 -.39836| -1.44965 .65293
assumed

160 bp Equal variances 2.363 128 43D -1.08414( -2.52981 .36154
assumed
Equal varianceginot oAk 8 -1.08414( -2.45342 .28515
assumed

98 bp Equal variances 4.816 .03% 012 -1.01353| -1.79365 -.23341
assumed
Equal variances not .00729176 -1.01353( -1.74444 -.28263
assumed &

80 bp Equal variances 51237 025 1.0,.79 1.37031 -.16369 2.90430
assumed :
Equal variances not 106025 1.37031}.  -.06084 2.80146
assumed

62 bp Equal variances 1.591] 211 .047 1.15498 -.02273 2.33269
assumed
Equal varianees not .047 1.15498 .01696 2.29300
assumed




Table 8 Independent sample test of NPM and OSCC PM
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Levene's Test
for Equality of

t-test for Equality of Means

Variances 95% Confidence Interval
Sig. Mean
F Sig. (2-tailed)=| Difference Lower Upper

Meth  Equal variances 3518 .064 7612 -.16540| -1.24495 .91416
assumed
Equal variances not WiE1 -16540] -1.19947 .86868
assumed

160 bp Equal variances S .019 .146 -1.02908| -2.42355 .36539
assumed
Equal varianceginot .13029 -1.02908 -2.36897 .31081
assumed

98 bp  Equal variances 2.741 .X02 .00182 -1.24784( -2.01709 -.47859
assumed
Equal variances not 001 -1.24784( -1.98723 -.50845
assumed ¥ |

80 bp  Equal variances N 258122003 003 1.34248 47258 2.21237
assumed .
Equal variances not 100178 1.34248 51707 2.16788
assumed

62 bp Equal variances 20.036 .000 .008 1.72251 45353 2.99148
assumed
Equal varianees not .00514 1.72251 53301 2.91201
assumed
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Table 9 Descriptive analysis of 16 matched pairs by identical age and gender

Descriptive Statistics

N Minimum | Maximum Mean Std. Deviation

ORmeth 16 33.37 42.78 38.4575 2.82183
ORmethOSCC 16 B0 1y 38.77 35.1387 2.50534
BCmeth 16 8287 40.98 36.0394 2.30295
BCmethOSCC 16 ST 3847 34.4200 2.01896
PMmeth 16 31,92 43.07|  36.8056 3.28809
PMmethOSCC 16 38.11 37.93[  35.6325 1.42134
OR160 16 19.64 2918 24.1856 2.60911
OR160 OSCC 16 21814 26.38 23.4300 1.50590
BC160 16 16:22 25 ) 20.5500 2.67731
BC160 OSCC 16 19.22|" 24,93 22.0106 1.68139
PM160 16 14787 257 20.6388 2.69248
PM160 OSCC 16 1968 " 2649 23.1088 2.06267
OR98 16 T2:GLI 17825 14.3019 1.25501
OR98 OSCC 16 14.30 . 175K 15.8169 1.00991
BC98 16 13:07 17.62 14.8706 1.24915
BC98 OSCC 16 14,71 17.33 16.0594 78117
PM98 16 12.98 20.78|  15.1563 2.23085
PM98 OSCC 16 15.21 17.16[m.16.3531 72615
OR80 16 26.81 35.95 30.1475 2.75487
OR80 OSC€ 16 25.86 30.22 28.1494 1.31086
BC80 16 26.80 33.22 29.9475 1.79292
BC80 OSCC 16 26.32 30.30] 28.2419 1.19434
PM80 16 27.88 34.38 30.6513 1.80640
PM80 OSCC 16 26.21 30.85 | 28.2925 1.34306
OR62 16 28.32 34.25 32.5613 1.59851
OR62 OSCC 16 31.05 35:62 33.6000 1.30588
BC62 16 32.57 38.59 35.1656 1.68894
BC62 OSCC 16 31.46 35.98| " 34.1263 1.56914
PM62 16 28.81 4158  34.1856 3.58586
PM62 OSCC 16 31.06 35,59 32.6825 1.15065
Valid N (listwise) 16




Table 10 Independent sample test of 16 matched pairs by identical age and gender

95% Confidence Interval of
the Difference Sig. (2-tailed)
Mean |Std. Deviation Lower Upper

Pair 1 ORmeth 3.31875 335 3¢ 1.52919 5.10831 .0013
Pair2  BCmeth | 161938] = 3. 3.27085 0541
Pair 3 PMmeth 11 3.26090 .2496
Pair 4 OR160 2.13789 .2621
Pair 5 BC160 . .45709 1253
Pair 6 PM160 -.40105 .0224
Pair 7 OR98 .0002
Pair 8 BC98 .0026
Pair 9 PM98 .0417
Pair 10 ORS80 .0085
Pair11  BC80 .0012
Pair12  PM80 .0010
Pair 13 OR62 .00503 .0510
Pair14 BC62 2.35745 1135
Pair15 PM62 528 3.72253 .1694

Y

g
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Table 11 LINE-1 methylation of 44 controls and 35 OSCC patients for intra-individual

comparison

type N Mean Std. Deviation Minimum Maximum
ORmeth  normal 44 37.6345 2.522901 33.14 42.78

0osccC 35 30.17 40.18
BCmeth  normal 44 29.23 40.98

0oSscc 31.02 40.49
PMmeth  normal 31.36 43.07

0SccC 30.40 39.62

for intra=individ

Table 12 LINE-1 compliete 'l/ atll \s‘\ ols and 35 OSCC patients

e IJ@_ A M&\\a i
OR98bp  normal vy o 1.4jﬁf 17.68
0SsccC 5 4l 1"??: - 17.77
BC 98bp  normal 144 8.31 20.30
0SCC 13.66 17.77
PM 98bp normal 10.59 20.78
0oSscc 19.93

ﬂumwﬂmwmm
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