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138 pp.

Objective This study aimed to investigate the possibility that smoking may promote cancer
development via LINE-1 hypomethylation.

Material and methods The LINE-1 methylation in clinically normal oral mucosa of current
smokers was compared to that of non-smokers by using combined bisulphite restriction
analysis. Each LINE-1 sequence was categorised into 4 patterns depending on the
methylation status and location of 2 CpG dinucleotides from 5’ to 3’; which included "C"C,
‘c’'c,"C"C and “C"C. Of these, "C and "C represent methylated and unmethylated CpG,
respectively.

Results Despite there was no significant difference in the overall LINE-1 methylation level,
the percentages of some methylation patterns were different. The %"C"C and % 'C"C
increased, while the %"C"C decreased in current smokers (p=0.002, 0.015 and <0.0001,
respectively). Additionally, the lower %" C"C still persisted in persons who had stopped
smoking for over 1 year (p=0.001). The %"C"C also decreased in the higher pack-year
smokers (p=0.028). Interestingly, the “C"C could rise from "C"C to "C"C, while "C"C could
rise from "C"C only. We further analysed expression microarrays from the airway epithelia
of smokers and found that smoking-associated intragenic LINE-1 sporadically repressed or
activated host genes, compared to genes that do not contain LINE-1.

Conclusion The smoking paradoxically increase or decrease LINE1 methylation of
certain loci. Hypomethylated LINE-1 loci induced by smoking led to the same

consequences as those associated with cancer.
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CHAPTER |

INTRODUCTION

Background and Rationale

Tobacco smoking is a predisposing factor of many malignancies [7-4]. The risk
of upper aerodigestive cancers increases with the higher pack-years cigarette smoking
[3, 5, 6]. However, this risk decreases after discontinuation of smoking and reverts to the
non-smoker risk level if smoking is ceased for more than 15 years [3, 6]. Additionally,
smoking increases the number of keratinised cells in the epithelium of the tongue and
hard palate [7]. This effect varied in different regions, depending on the extent of direct
exposure to smoke [8]. Interestingly, oral mucosal lesions resolved after cessation of
smoking for a period of time [9, 70]. The mechanism of smoking causing these change

is still not well declared.

Mutation, promoter methylation and global hypomethylation are three crucial
DNA modification events that lead to cancer development [17-713]. Smoking promotes
mutation and alteration of gene promoter methylation [77, 14, 15]. Moreover, the
evidence suggesting the association between the degree of global hypomethylation and

smoking history of HNSCC patients was shown [76].

Long interspersed nuclear element-1s (LINE-1s) are repetitive transposable
elements which are widely distributed in the genome [77]. There are 500,000 copies of
LINE-1 in the human genome [718]. More than 10,000 LINE-1s contain a 5’'UTR [79]. The
reduction of methylation levels of LINE-1, can reflect global hypomethylation [20]. In most
cancers, LINE-1 methylation levels diminish early and progressively which correlate
significantly with tumour phenotype, including tumour progression and prognosis [712,
16, 21-25]. Hypomethylation of LINE-1 significantly increases the risk for head and neck

squamous cell carcinoma (HNSCC) [26]. Paradoxically, events associating LINE-1



hypermethylation with carcinogenesis have also been found in malignant peripheral
nerve sheath tumour, myelodysplastic syndrome and partial hydatidiform moles [27-29].
In blood samples of HNSCC patients, LINE-1 methylation levels slightly increased with

higher pack-years of smoking [26].

The effects of smoking on LINE-1 methylation levels in non-cancerous cells have
also been reported. No changes were observed in blood cells or in the colonic
epithelium of smokers in vivo [30-32]. However, an in vitro study revealed minimal
reduction of LINE-1 methylation levels in the respiratory epithelium under high dosage
cigarette smoke condensate treatment [33]. Oral mucosa is directly exposed to tobacco
smoke and its chemical agents. Therefore, it is interesting to clarify whether this

epigenetic change occurs before malignant transformation.

Currently, most LINE-1 methylation studies have measured the genome-wide
methylation levels of LINE-1s. However, methylation of LINE-1s can be influenced by
multiple mechanisms. The measurement of the methylation level alone may not be able
to detect LINE-1 methylation changes in certain events, even if such changes can
promote cancer development. In normal cells, some functions of LINE-1 methylation are
to maintain genomic integrity and regulate gene expression in cis [20, 34-36].
Consequently, genomic instability and repression of gene expression can be observed
on chromosomes in which LINE-1s are hypomethylated. Therefore, in theory, certain
conditions that stochastically alter LINE-1 methylation levels will promote carcinogenesis
on chromosomes with LINE-1 hypomethylation, but these hypomethylated LINE-1s will
be encrypted by other hypermethylated LINE-1 loci. Locus-specific mechanisms
causing variations in methylation levels among LINE-1s in different loci has also been

reported [37].

Recently, a wide range of approaches to obtain quantitative information of
genomic DNA methylation have been developed [38]. Most standard techniques
measure several CpGs in each LINE-1. Pyrosequencing often measures 4 CpG

dinucleotides [39], whereas combined bisulfite restriction analysis (COBRA) polymerase



chain reaction often measures 2 CpGs [712]. Compared to previously reported LINE-1
sequences [37], the methylation state of 2 of the CpG dinucleotides detected by
COBRALINE-1 correlated directly with other CpG dinuclectides on 5’LINE-1s. LINE-1alleles
can be classified into four groups depending on the methylation status of 2 CpG
dinucleotides on each strand from 5’ to 3’ detected by COBRALINE-1. The first class
contains 2 unmethylated CpGs (“C’C) and the second class contains 2 methylated
CpGs ("C"C), representing hypomethylated and hypermethylated LINE-1 loci,
respectively. The third and fourth classes are partially methylated LINE-1s including
5’methylated with 3'unmethylated CpGs ("C’C) and 5'unmethylated with 3'methylated
CpGs ('C"C) (Figure 26A). Recently, our group found that % 'C"C is more effective in

determining cancer risk than overall methylation levels [40, 41].

However, studies that evaluate the association between smoking and repetitive
sequence methylation changes in vivo have not yet been conclusive. Herein, we
evaluated the possibility that smoking may promote cancer development via genomic
hypomethylation by evaluating the LINE-1 methylation pattern found in the oral mucosa

of smokers.

Research Question

1. Do the LINE-1 methylation patterns in oral epithelia differ between non-smokers
and current smokers?
2. Do the LINE-1 methylation patterns in oral epithelia differ between the high and

low pack-year groups in current smokers?

Objective

1. To investigate the LINE-1 methylation patterns in oral epithelia of non-smokers
and current smokers.
2. To investigate the LINE-1 methylation patterns in oral epithelia between the high

and low pack-year groups.



Hypothesis

® Hypothesis |

Ho: LINE-1 methylation patterns in oral epithelia of non-smokers are not
significantly different from current smokers.
Ha: LINE-1 methylation patterns in oral epithelia of non-smokers are

significantly different from current smokers.

® Hypothesis Il

Ho: LINE-1 methylation patterns in oral epithelia of current smokers are not
significantly different between the high and low pack-year groups.

Ha: LINE-1 methylation patterns in oral epithelia of current smokers are
significantly different between the high and low pack-year groups.

Research Design

Analytical cross-sectional research

Expected Benefit

Investigating the alteration of LINE-1 methylation patterns in oral epithelial cells

of smokers may benefit the prevention of smoking-associated oral cancer.



Research Methodology Framework

Investigate LINE-1 methylation patterns of oral epithelia collected from oral rinse of
non-smokers and current smokers

by using COBRA LINE-1 technique

I

Investigate LINE-1 methylation patterns of
oral epithelia between

the high and low pack-year groups




CHAPTER I

REVIEWS AND RELATED LITERATURES

Tobacco

The harmful effect of tobacco results in pathology of many organs, including oral
cavity (Table 1), cardiovascular system, respiratory system and gastrointestinal system
[2, 42, 43]. The overall risk of oral cancer among smokers is 7-10 times higher than non-
smokers. In addition, the strong dose-response relationship between smoking rates and
risk of these cancers are reported (Table 2) [44]. Furthermore, the risk of primary,
recurrent and secondary oral cancer is related to continuing smoking after treatment [45].
This finding indicates that smoking induces permanent change of the biological process

of oral epithelium.

Oral leukoplakia was found more frequently in smokers than non-smokers [46].
Moreover, oral premalignant lesions such as leukoplakia and erythroplakia found in
smokers have an annual cancer transformation rate of about 5% [42]. The dose
response relationship remains significant between tobacco smoking-oral leukoplakia
and tobacco smoking-oral epithelial dysplasia [44]. Proliferation of oral epithelium

increases in current smokers and former smokers, both HNSCC and healthy person

[47].

The relationship between conventional smoking and the anatomical site of oral
cancer is less clear. However, carcinogens in tobacco smoke can dissolve in saliva and
collect in the gutter areas where saliva is pooled. These situations increase the risk of
oral cancer developing in the floor of the mouth and ventral or lateral tongue and the soft
palate [48]. However, the risk for OSCC and squamous cell carcinoma of the upper
aerodigestive tract decreases in smoking cessation patients [3, 5, 6]. Moreover, oral

precancerous lesion may be also regress or turn to normal epithelium [44, 46, 49].



Tobacco can be consumed through the mouth in various forms, including
smokeless tobacco chewing on itself or combined with areca nut and tobacco smoking
[42]. The manufactured cigarettes is the most prevalent form of tobacco smokers [44].
Tobacco use, including smoking, reverse smoking and smokeless tobacco increases
the risk of cancers of the upper aerodigestive tract [42] and oral cavity which a
significant number develop at the site of tobacco placement in smokeless tobacco users
[50]. However, the risk of oral precancerous lesion or oral cancer varies with smokeless
tobacco habit. Smokeless tobacco use may provoke a very slow process for cancer
developing [57]. People consuming high smokeless tobacco did not reveal high rate
either verrucous or invasive squamous cell carcinoma. However, the specific

association between tobacco smoking and OSCC was found [52].

Alcohol drinking, a habit commonly goes with smoking, has been established as
a common risk factor for oral carcinogenesis [53-55]. The odds ratio (OR) of oral cancer
for consumption of 6-20 cigarettes/day and for more than 20 cigarettes/day are 3.1 and
7.96, respectively. When more than 50 g of alcohol/day is consumed, the risk results in
an OR of 5.3 [564]. Although drinking and smoking are independent risk factors, they
have a synergistic effect and greatly increase risk together [48, 53]. Heavy smokers (40
cigarettes/ day) and heavy drinkers (30 drinks per week) have 38 times the risk of
developing oral cancer than abstainers from both products [44, 57]. Even some
investigators had attempted to differentiate the combination effects of these two agents,
the nature of the biological interaction between them has not been definitely established
[54]. However, Welbourne JP suggested that only cigarette smoking represented the
true-causing agent [52]. Additionally, epidemiologic studies revealed that up to 80% of
oral cancer cases were smokers [45, 56, 57]. Therefore, tobacco smoking is recognized

as a major risk factor of oral cancer.



Table 1 Oral lesions and conditions associated with tobacco use [42].

Oral precancerous lesions:

Leukoplakia, erythroplakia, smokeless tobacco keratosis

Oral cancers:

Squamous cell carcinomas of the tongue, floor of the mouth, lip and gingiva
Verrucous carcinomas of the buccal mucosa, gingival and alveolar ridge
Periodontal diseases:

Increased plaque and calculus depositions, ischemia, gingival inflammation,

periodontal pockets, gingival recession and alveolar bone loss

Root caries
Peri-implantitis
Halitosis

Taste derangement

Stained teeth and restorations

Table 2 The relationship of smoking and oral/oropharyngeal cancer.

Authar Year Country Habit RR/OR (CI)

Brugere et al.* (mouth) 1986 France Tobacco 10--19g 1.9 2.5-6.3
Tobacco 20-29g 8.6 5.6—13.3
Tobaceo =30g 15.4 9.7 4.4

Blot et al.? (oropharyngeal) 1988 USA Smoking 1- 19720 + year 1.6 (0.9-2.7)
Smoking 20—39/20 +year 2.8 (1.B-4.3)
Smoking 40+ /20 « year 44  (27-7.2)

Talamini et al."™ (oral and pharyngeal) 1990 lealy Cigarette <15/day 3.8 0.2-58.2
=15/ day 12,9 2.3-106.3

Franceschi et al.'’ (oral cavity) 1990 Italy Cigarette smoker 11.1 34-34.6

Cigar and pipe 20.7 5.6-76.3
Boffetta et al."® (oral tangue) 1992 USA Cigarettes 16 25/day 1.8  0.68-42
26—35/day 1.9 0.7-5.3
=35/day 1.1 05-5.1
Cigar and pipe 0.2 0.0-2.0
Hegri et al.” joral and pharyngeal) 1993 Italy Moderate smokers i IS
Heawy smokers 9.4 -

Merletti et al.™ (oral and oropharyngeal) 1989 Italy (M) Tobacco B-15g/day 4.4 1.0-18.3
16—25 5.1 1.2—-H.0
=25 f.2 1.4-28.3

(F) Tobacco E-15+ 0.6 o114

De Stefani et al." (aral) 1998 Uruguay Mon-smaker L =

Past smoker 2.2 1.2-3.9
Current smoker 5.7 3.4-9.5
All smokers 4,2 2.6-6.8
Sehlect et al. '™ (UADT) 1999  Brazil Smoking 8.3 5.3-13.0
Moreno-Lopez et al."” (oral) 2000 Spain Cigarettes/day 0 1 -~
1-20 315  1.53 6.48
=20 12.5 5.68-27.84
Tavras et al.'® (oral) 001 Greece (M) Current smoker 0 12-7
(F} Currenl smoker 0.7 0.7=3.7

* Met adjusted because one habit only: UADT upper aeradigestive tract cancers.




Warnakulasuriya S et al. collected the relative risks (RR) and odds ratio (OR) for
smoking in oral and oropharyngeal cancer from many studies. The evidence suggests
that most studies revealed OR/RR > 1 and the risk of oral and oropharyngeal cancer

are dose-response relationship [44].

® The Mechanisms of Tobacco Smoking Carcinogenesis

Tobacco contains many carcinogenic products. The main agents present in
tobacco, regardless of how it is used, are nitrosamines derived from nicotine [48].
Smokeless tobacco is directly contact to buccal mucosa. They act locally on
keratinocyte stem cells, then absorbed and act in many other tissues in the body [58]. In
addition, chewing of tobacco results in a local exposure of the oral mucosa to tobacco-
specific nitrosamines (TSNA) which are usually present high levels of carcinogenic.
TSNAs such as N-Nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) were found in saliva [44] and suggested to be the most important

factor for smokeless tobacco contribute to oral disease [59].

Tobacco smoke also contains many carcinogenic products which TSNAs
derivatives are generated primarily during pyrolysis [58]. However, the evidences
suggested that polynuclear aromatic hydrocarbons (PAH) predominate as carcinogenic
combustion products [44, 60]. Principally PAH, including benzopyrene and
benzanthracene do not cause carcinogenesis themselves. However, the burning
tobacco transforms them into carcinogens which are primarily contact to tissues. These

epoxides of tobacco tars are the actual DNA damaging [60] (Figure 1).

In addition, there are evidences indicate that smoking are associated with some
of the genetic and epigenetic changes. In genetic changes, p53 mutations are frequent
in tobacco-related cancers and the mutation load is often higher in cancers from
smokers than from non-smokers [77]. Epigenetic mechanisms, such as change in gene
expression via genomic instability and hypermethylation of tumour suppressor gene

promoter, relate to smoking consumption [67].
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feoncaranogen tar Slow combusts
fownd i tobacc

MCINOgen tar
# o tobaccs Guanine in DNA
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Figure 1 Possibility of carcinogenesis mechanism of smoking. This figure is from Marx
RE and Stern D, 20003.

The carcinogens in tobacco are actually carcinogenic when they are partially
oxidise to an epoxide by smoking burning process. Conversion of tobacco into
their free radicals by the combustion of smoking allow them to bind to DNA, then DNA

damage will be processed [60)].

Genetics and Epigenetics in Cancers

Malignancy is a multistep process, which arises through an accumulation of
genetic and epigenetic alterations that disrupt the normal function of human genome
[62] (Figure 2). The notion that cancer is a genetic disease has shaped the cancer
research field for decades from Knudson hypothesis. Following this logic, efforts to
improve the detection and treatment of cancer have focused at the genetic and
expression aspects of cancer cells in the human genome project of cancer. However,
there have been debates as to whether the goals of this program is scientifically sound
and practically feasible, given the mounting evidence that perturbation of epigenetic

regulation [63]. This is mainly due to the accumulation of evidence indicating that
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epigenetic deregulation of cells contributes and cooperates with genetic alterations in all
stages of cancer development and progression [64]. In addition, data from sporadic
cancers which comprise 90-95% of all cancers, almost uniformly exhibit both genetic

and epigenetic defects genome-wide [65].

Paint mutations

Translocations

o Chromosomal
o instability

Deletions ~
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hypermathylation
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Figure 2 lllustration of carcinogenesis of human cancer.
Hereditary and sporadic human cancers suggest genetic and epigenetic
processes are complementary for cancer development and these mechanisms

show substantial interaction [65].

Genetic aberrations change expression by altering the sequence of adenine (A),
thyamine (T), cytosine (C) and guanine (G) bases [66]. These kinds of aberration; known
as mutation, deletion, insertion and rearrangement may change gene and chromosome
structure [67]. Epigenetic mechanism controls gene expression without altering the DNA
sequence. This mechanism is a reversible and heritable modification. Three forms of
epigenetic alteration appearing in host cells are known as: small-interfering RNAs,

histone modification and DNA methylation (Figure 3). These modifications effect
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genomic stability, DNA conformation, position of nucleosome, chromatin structure and
sequenttiallly nuclear organization. Consequently, these processes determine whether a

gene is activated or silenced [38].

Figure 3 Different types of epigenetic regulation [68].

1. Histone modifications refer to covalent post-translational modifications of N-
terminal tails of four core histones (H3, H4, H2A and H2B).

2. RNAs interference, which either in the form microRNA can alter gene
expression states in a heritable manner.

3. DNA methylation is a covalent modification of the cytosine that is located 5’ to a

guanine in a CpG dinucleotide.

Epigenetics in Cancers

Epigenetic changes have associated with cancer-specific expression differences
in human malignancies, including HNSCC. These alterations are known to occur the
earliest and most common events in tumourigenesis [38, 69]. DNA methylation is one of
the most commonly existing epigenetic evidence engaging in the human genome [70]

and also contributes to the carcinogenesis and cancer progression [63].
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® [Environmental Epigenetics

Many scientists are beginning to appreciate the influencing of environment
exposures to progression into malignancy from the alteration of genetic and epigenetic
changes. The two complementary mechanisms are related at every step of
tumourigenesis [771] (Figure 4). Therefore, a complex interaction between genetic and
epigenetic maodifications induced by environmental factors may carry to cancer

development.

Environmental stimuli such as endocrine dietary and chemical substance, affects the
epigenetic event. Although being inheritable, epigenetic modifications are reversible and
can be led to significant cellular dysfunction that impinge on human genomes [72, 73].
These epigenetic aberrations can be distinguished from developmental epigenetics and is

called environmental epigenetics [73].

A mechanistic model suggested HNSCC arised by the contribution of genetic and
epigenetic alterations in oncogenes, tumour suppressor genes and/or DNA stability
genes. Global DNA methylation may precede genetic alterations and molecular
changes associated with exposure to environment carcinogens such as smoking and
drinking in HNSCC [74] (Figure 5). Recently, chemical agents such as benzene causing

global hypomethylation was reported both in vitro [75] and in vivo [76]
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Figure 4 The model suggested cancer progression by the combined of genetic and
epigenetic.
Environmental/Nutritional factors induce unsuitable activation or inactivation of

specific genes leading to tumour development [70].

Loss at 3pl1. 5ql1.9p21.
17p13. 18ql2
Gain/amplification at 11q13

Altered DNMT
activity

External
Environment

Amplification of
CCNDI

Loss of pl6

~

Smoking é Histone ' { DNA
Drinking % modifications j f) hypomethylation

\\\: 7 7 —‘if / \
\\ \\\ i TP53 mutation
et 4
Non-coding
RNA’s

i
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factors

Figure 5 Proposed model of genetic and epigenetic alterations are associated with
environmental factors.
Smoking and drinking are associated at the early carcinogenic stage with allelic
loss at 3p11, 5911, 9p21, 17p13, 18p12 gain at 11913 and ampilification of cyclin
D1 (CCND1) gene, loss of p16 and TP53 mutation [74].

DNA Methylation

The important epigenetic modification found in mammalian is DNA methylation
[77, 78] in which 5mC (5-methyl cytosine) is created in situ by DNA methyltransferase
(DNMT) enzymes. A methyl group is transfered from the universal methyl donor S-
adenosyl methionine (SAM) to position 5’ of the C ring [38, 77, 79, 80] (Figure 6). There
are four methylation processes that can occur within the nucleus: the first is de novo

methylation, where previously unmethylated Cs, usually in the symmetrical sequence
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context CpG, become methylated. The second is maintenance methylation, where the
strand symmetry of hemimethylated DNA is maintained after replication by the
methylation of the newly synthesised strand. The third is passive demethylation, where
the maintenance methylation activity is suppressed, resulting in a 50% decrease in
methylation during each round of DNA replication. The fourth is active demethylation,
where methylation levels are decreased, in the absence of DNA replication, via an

enzymatic process [77].
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S-adenosyl-L-methionine (SAM) S-adenosyl homocysteine (SAH)

Figure 6 DNA Methylation Processes.
DNA methylation is a covalent modification formed by addition of a methyl group
at the 5'carbon of cytosine in the sequence context 5’-CG-3’ of the DNA molecule.
The reaction is catalyzed by enzymes DNMT which catalyze the transfer a methyl

group from the methyl donor S-adenosyl methionine (SAM) [79, 81].

Methylation occurs predominantly at C residues in CpG dinucleotides (CpGs)
[38, 82], although methylation also takes place in non-CpGs such as CpNpG and
nonsymmetrical CpA and CpT at a lower frequency [38]. CpG dinucleotides are
nonrandom [42] and normally under-represented in the genome but are found
concentrated at the expected levels in C+G rich regions termed CpG islands (CGls) in
which the frequency of the CG sequence is higher than other regions, where "p" simply
indicates that "C" and "G" are connected by a phosphodiester bond, that frequently

coincide with promoter or gene regulatory regions which are essential for general cell
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functions or other genes frequently expressed in a cell [79]. However, the majority of
CpG dinucleotides are found within the intergenic and intronic regions of DNA

particularly within repeat sequences and transposable elements [82].

In normal somatic cells of human tissues, between 70 and 90% of CpG
dinucleotides are methylated which constitutes approximately 0.75-1% of the total
number of bases in the genome [82]. In the healthy genome, most CpG islands are not
susceptible to methylation and are often associated with the promoters of both house
keeping genes and genes with tissue specific patterns of expression [79]. Because of
the high susceptibility of 5mC to undergo spontaneous deamination to yield T (Figure 7),
the mammalian genome has become progressively depleted of CpGs through the course
of evolution to protect spontaneous deamination [38]. While the CpGs found dispersed
throughout the rest of the DNA are mostly methylated [82], exceptions to the
unmethylated status of CGls include those that are associated with imprinted genes,
genes subject to X-chromosome inactivation, transposable elements [83] (Figure 8).
However, in specific instances gene promoter regions are methylated as part of normal
developmental processes. Conversely, abnormal gene-specific demethylation and
global hypomethylation (involving repeat sequences throughout the genome) potentially
can lead to overexpression of genes and activation of transposable elements

contributing to disease [82].

Methylation at CpG dinucletode is catalyzed by three major DNMTs namely
DNMT1, DNMT3a and DNMT3b (Table 3). DNMT1 is responsible for maintaining genomic
DNA methylation patterns and employs hemi-methylated-CpG dinucleotides, produced
after DNA replication or repair, as substrate and fully methylates them. DNMT3a and 3b
methylate previously unmodified CpG residues and hence are known as de novo
methylases [82, 84]. Active de novo methylation is known to occur in germ cells, early
embryonic stages and helps to maintain tissue specific gene expression patterns and

they are also reported to aid in maintenance methylation [79] (Figure 9).
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Figure 7 The mechanism of DNA methylation and transcriptional silencing.
The machinary for cytosine methylation, demethylation and mutagenesis of cytosine
and 5-methyl cytosine (5mC) DNA methylation by DNMTs and demethylation is
catalyzed by demethylase. 5mC undergoes hydrolytic deamination to thyamine.
Mutation at CpG occurs because 5mC is more susceptible than cytosine to
deamination and because some of the thyamine-guanine mismatches produced by

deamination are poorly repaired [38].
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Figure 8 The loci of DNA methylation in mammals.
In normal and cancer cells, the target sites of DNA methylation are difference. In

normal cells, DNA methylation inactivation three main types of targets. Cancer
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cells often have an aberrant pattern of DNA methylation where some tumour
suppressor genes are methylated and repressed. Contrarily, some normally
methylated sequences, such as repetitve DNA and imprinted genes can reform

unmethylated [85].

Table 3 A family of enzyme DNMTs [86].

Methyl- Methylase Main expression Disruption Mutations
transferase function pattern in mice in humans
Dnmtl Maintenance  Adult/embryve Die in wtero -
Dnmit3a De novo Embryo Die at 4 weeks —
Dnmt3b De novo Embryo Die in ttero ICF (Box 1)

Abbreviations: ICF, immunodeficiency, centromeric instahility and facial anomalies syndrome.
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Figure 9 De novo methylation pattern.
The DNMT can methylate only the CpG sequence paired with methylated CpG.
The CpG sequence not paired with methylated CpG will not be methylated.

Hence, the original pattern can be maintained after DNA replication [87].
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Roles of DNA Methylation

DNA methylation is the main epigenetic condition that correlated with normal
functions in humans such as X chromosome repression [88-90], genomic imprinting [69,
88, 90], embryogenesis, gametogenesis [88, 90], environmental exposure, aging [89],
silencing of repetitive DNA elements [90] and disease processes including mental

retardation, autoimmune disease [89] and cancer [69, 88, 89].

This heritable epigenetic modification is also associated with transcriptional
repression by three mechanisms. First, the methyl group of the 5mC extends into the
major groove of DNA and inhibits binding of transcription factors (TFs) to their CpG
containing recognition sites. Second, a class of proteins known as methyl-binding
proteins (MBDs) specifically bind methylated CGls and create steric hindrance to access
by TFs to their regulatory elements. Both mechanisms will suppress gene transcription.
Furthermore, the last upon binding to methylated CGls, MBDs recruit histone
deacetylases (HDACs) and histone methyltransferases (HMTs). These enzymes mediate
complex histone modifications and result in the establishment of repressive chromatin

structures that permanently silent gene transcription [83] (Figure 10).

DNA methylation modifications in cancer were first described by Feinberg et al.
1983. They found the overall pattern of hypomethylation in human cancer; specifically, a
10% reduction in genomic 5mC content in pre-cancerous and cancerous colonic polyps
[66]. These can reveal either in the pattern of hypomethylated CpG or hypermethylated
CpG, have been observed in human tumours. Aberration in methylation forms are
expressed to either inactivate via hypermethylation or activate via hypomethylation [25].
DNA methylation can inactivate gene transcription of the target gene and occur as one
of the multi-hits in the Knudson hypothesis by silencing one or both alleles of the tumour
suppressor genes in sporadic cancers. It can efficiently occur as a second hit at the

time of hereditary cancers transformation [97] (Figure 11).
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Figure 10 Suggested mechanisms of transcriptional inactivation induced by DNA
methylation (modified from Singal R and Ginder GD, 1999) [83].
1. Directly inhibition with the binding of specific TFs to their recognition sites in
their respective promoters.
2. Potentially mechanism for methylation imediated silencing is through the direct
binding of specific transcriptional repressors to methylated DNA.
3. Methylation induce transcriptional inactivation is by modifying the structure

formation of chromatin.
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Figure 11 Diagram demonstrated methylation as a second hit.

Epigenetic and genetic mechanisms may act in combination to cause inactivation

of gene during the development of hereditary cancers [97].

DNA Methylation and Cancer

A role for DNA methylation in carcinogenesis has been proposed for a long time.
Many studies have suggested abnormal DNA methylation in DNMTs activity in cancer
cells. Abnormal cells often have raised total DNMTs activity, widespread loss of
methylation from normally methylated sites and more regional areas of hypermethylated
DNA. The potential contribution of DNA methylation to oncogenesis appears to be

mediated by one or more of the following mechanisms [83] (Figure 12).

1. Signature C—» T mutation in cancer cells. The high mutation rate of C
residues within the dinucleotide CpG, the target site of mammalian DNMTs, can be
accounted for by an increased rate of C to T transitions, which are, in turn a
consequence of hydrolytic deamination of 5mC. Unmethylated C can also undergo
deamination to yield U, but the well-characterized U-DNA glycosylase efficiently repairs

G:U but not G:T mismatch [83] (Figure 7, 12).
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2. Induction of chromosomal instability. It was proposed that in mismatch repair
proficient colon cells a methylation defect directly facilitates the gain and loss of whole
chromosomes, leading to the genomic instability necessary for the development and

progression of cancer [83].

3. Hypermethylation of tumour-suppressor genes. Transcriptional repression by
hypermethylation of promoter sequences means for the inactivation of tumour-
suppressor genes in cancer. This may result from the increased DNMTs levels that
have been demonstrated in various cancers or it could occur as a result of some other
transient event that silences tumour-suppressor gene transcription [83]. This notion is
further exemplified by the recent finding that the expression of 20 or more genes
involved in cell immortalization and transformation is affected by methylation of CpG
island of their promoters. The biological roles of these genes can be categorized as cell
cycle regulation (p15 and p16), DNA repair and protection (BRCA1, GSTP1, hMLH1 and
MGMT), cell adherence and metastasis (DAPK, E-cadherin and TIMP3) and the APC/ b-
catenin route. Indeed, aberrant promoter methylation of these genes has been linked to
carcinogenesis in many human cancers, including cancers of the lung, liver, breast,

stomach and head-neck [80].

4. DNA hypomethylation in cancer. DNA methylation of the entire genome is
generally reduced and this condition is known as “global hypomethylation” [37]. Global
methylation reveals to begin early and progressively before cancer formation. From the
overall genomic hypomethylation, specific oncogenes have been observed to be
hypomethylated in human cancers [83]. Global hypomethylation occurs not only in
transcription control regions, such as promoters, but also in repeated sequences, such
as heterochromatic regions and retrotransposons [26] such as LINE-1s [90].
Interestingly, these process have been shown associate with exogenous factors [26]

(Figure 13).
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Figure 13 Potential causes and consequences of DNA hypomethylation [82].

Methylation Analysis

Currently, there is a wide range of approaches to obtaining quantitative and
qualitative information on changes in genomic DNA methylation [38]. The method should
be clinically ideal diagnostic tests are those which can be carried out on readily
accessible body fluids (e.g., serum, urine, saliva, etc.). Such tests should be sensitive,
specific, reproducible, cost-effective and minimal number of steps [84]. Several
methods exist to detect changes in the DNA methylation pattern such as methylation-
specific Polymerase Chain Reaction (MS-PCR), COBRA, methylation-specific single-
strand conformation polymorphism (MS-SSCP) and MethyLight (Figure 14). Most of these
techniques use bisulfite treatment which unmethylated DNA is distinguished from
methylated and used as a standard procedure prior to validation assays. The underlying
principle is based on the ability of sodium bisulfite to deaminate C residues into U in
genomic DNA, whereas the methylation C residues are resistant to this modification. After
PCR amplication, the U residues are amplified as Ts. Cloning and subsequent sequencing
of the DNA fragments containing the CpGs then provide information on the methylation

status of each C within the CpGs [38].
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1. Bisulfite sequencing is a “gold-standard” method used to determine the
methylation status of each C over an amplified region of a given gene. The method is
used routinely in analysing the methylation status of any target or candidate DNA
sequence containing CpGs. It has the advantage of revealing the methylation status of
each CpG dinucleotide within the sequence and also the interrelationship between the
methylation status of multiple CpG sites. DNA integrity that is less than optimal, as is the
case of DNA isolated from microdissected samples or paraffin-embedded tissues,

presents significant challenges for this application [38].

2. MS-PCR, although MSP can determine DNA methylation with exquisite
sensitivity, it is neither quantitative nor can be performed in a high-throughput manner.
Another disadvantage is that it allows screening of only a very small sequence (<40 bp)

of DNA within a CpG island for methylated residues [84].

3. COBRA, sequence changes in DNA that result as a consequence of bisulfite-
conversion are analysed through restriction enzyme digestion of the resulting PCR
product. The main limitation of this approach is that it is only useful for probing DNA

methylation status of those CpGs that are harbored within a restriction enzyme site [84].

4. MS-SSCP provides a fairly quantitative method to access the methylated and
unmethylated allele populations. It uses high-resolution gel electrophoresis to generate
a specific methylation pattern for determining the percentages of methylation in a

targeted sequence [38].

5. Methylight is another method of investigating methyated and unmmethylated
DNA with impressive sensitivity. This amethod may be performed either in a semi-
quantitative or quantitative application and report nucleic acid amplification in real-time

without requiring gel electrophoresis [84].

Epigenetic alterations in DNA methylation change in cancer demonstrate an
interesting treatment point. Because of they are reversible than genetic events.

However, in clinical application, the great advantage of DNA methylations tend to be
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molecular diagnostics and early detection [92]. These assays are particularly interesting
because of the stability of the DNA [92, 93] that present a more clinically and biological
source of molecular diagnostic information than RNA or most protein, can be compare
with absolute reference points, tend to be universal for individual markers [92] and the
potential sensitivity of the assays [93]. However, many methods and technologies are
approachable to investigate changes in methylation of C in DNA sequence; each has
advantages, disadvantages and areas of applicability. Because of various sample size,
the property of the samples, the experience of the examiners and the devices of the
laboratory or the institution, there is no “standard procedure” for determining a DNA

methylation analysis [38].

Unmethylated DNA Methylated DNA
gaa gCg gaCCgC gaa gC"ggacC"gC
Sodium bisulfite modification
4
gaa gUggaU Ugu gaa gC™g gaUC™gu
4
gaagTggaTTgT gaa gC™g gaTC"gT
| Unmethylated / Methylated DNA |
Sequencing MSPCR COBRA MSSSCP MethyLight

Figure 14 Method for determining methylation analysis.

Different methods can be selected to get the information on the overall
interpretation of genes revealing methylation status of DNA in different conditions.
These methods used bisulfite treatment principle before uncover the methylation

status [38].

Repetitive Sequence

Transposable elements were discovered in maize by Barbara McClintock over
50 years ago now they are known to be to the most abundant component of probably

all eukaryotic genomes. These are fragments of DNA that can insert into new
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chromosomal locationsn and often make duplicate copies of themselves in the

process. They account for at least about 45% of the human genome [94] (Figure 15).
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Figure 15 The organization of human genome.
The human genome contains large portion of repeating sequences that constitute

about 45% of the genome [95].

Almost half of the mammalian genome is derived from ancient transposable
elements. The two general types, DNA-transposons and retroelements, often regarded
as selfish DNA parasites or junk DNA, encompass 2.8% and 42.2% of the human
genome, respectively. Whereas DNA-transposons amplify without an RNA intermediate,
retroelements are able to move and integrate into other parts of the genome via a copy
and paste mechanism involving an RNA intermediate. Classification of retroelements
constitute 90% of the 3 million transposable elements present in the human genome.
They are split into two large groups, the non-LTR (long terminal repeat) and LTR
elements (Figure 16). There are three non-LTR members which present in extremely
high copy numbers in the mammalian germ line including processed pseudogenes,
SINE (short interspersed nucleotide elements) and LINE. Processed pseudogenes and
SINEs have no protein coding capacity and depend on LINE elements for their
amplification. LINE containing the autonomous LINE-1 and LINE-2 sequences [96].
Distribution of these elements within mammalian genomes is heterogeneous and non-

random with densities varying across chromosomes [82].
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Figure 16 Classification of transposable elements.

The percentage of each element in the genome and the estimated number of the

elements of the main groups [96].

® LINE-1

Non-LTR retrotransposons are typified by LINE-1 elements of mammals [97].
LINE-1 sequences are a large family of transposable elements found in the human
genomes, constitute about 16.9% of the human genome with up to 600,000 copies
present. Approximately 3000-4000 copies remain in a full-length form and some may be
retrotranspositionally active [37]. Complete elements are 6.0 kb long [25, 82, 98] that
are dispersed throughout their host genome as a result of long-term evolution [99]. They
usually have two open reading frames. The ORF2 contains en (endonuclease), rvt
(reverse transcriptase) domain as well as a C-rich domain. 5°UTR (5" untranslated
region) contains also internal promoter for RNA polymerase Il. 3'UTR contains
canonical polyadenylation signal (AATAAA) and a polyA tail (that is also normally absent
from the ordinary genes and is only added to mRNA by action of polyA polymerase).
LINE-1 is flanked by TSD (target site duplication) that arises during the target primed
reverse transcription [97] (Figure 17). Because these elements possess strong internal
promoters and encode enzymes that enable integration anywhere in the genome [82]

and encode activities necessary for their retrotransposition, they are called autonomous
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even though they probably also require host proteins to complete retrotransposition [97].
These DNA elements were the most studies example in human retrotransposon, which

is the only known LINE active in the human genome [700].

A: LINE-1
e —en rvt C-rich oy
: t .azitaaa...laln .\l.
SUTR oRF1 ORF2 3UTR
6 kb

Figure 17 lllustration full-length of LINE-1 element.
LINE-1 is 6 kb consist of a 5’UTR containing an internal promoter, two ORFs, a
3'UTR and a poly (A) signal followed by a poly (A) tail (a)n. LINE-1s are usually
flanked by 7- to 20-bp TSDs. The rvt activities, en and a conserved C-rich domain

are shown [97].

LINE -1 Methyation and Cancer

A number of LINE subfamilies exist ranging in age. The oldest of these are
mostly degenerate. However, the younger subfamilies of human specific LINE-1 can still
transcribe when activated [82]. The majority of LINEs are defective due to truncation at
the 5" end or internal mutations. Therefore, much smaller than their reported in full length

of LINE-1 [25, 82].

Disruption of genes by insertion of LINE-1 elements has been found in human
cancer and genetic disease. In addition, LINE-1 sequences have been identified at or
near chromosomal translocation sites. Presumably to prevent such accidents, most
elements are highly methylated in normal adult tissues. Methylation of the LINE-1

promoter sequence has been shown to repress its activity [25].

Though it is not completely cleared, it is generally accepted that insertional
mutagenesis events leading to alleles associated with diseases in humans are mostly

caused by transpositionally active LINE examples include hemophilia A caused by the
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disruption of the factor VIII gene on the X-chromosome, insertion into the dystrophin
gene in some muscular dystrophy patients. In addition, insertion into somatic cells is
mostly irrelevant unless proto oncogenes, tumour suppressor genes, or cancer
promoting genes are the targets. Insertion of an LINE-1 element into c-myc was shown
to be implicated in a breast carcinoma case or to cause colon cancer if inserted into the

adenomatous polyposis coli (APC) gene [96] (Table 4).

Table 4 Cases of insertional mutagenesis and recombinations caused by retroelements

[96].

Element Gene Functional role

LINE-1 Factor VI Hemophilia A

LINE-1 Dystrophin Muscular dystrophy
SINE Fukutin Muscular dystrophy

Alu NF1 Neurofibromatosis
LINE-1 myc Breast carcinoma
LINE-1 APC* Colon cancer

LINE-1 Attractin Soluble protein form
HERV-E Amylase Activation of a promoter
HERV-K FGFR1 kinase Myeloproliferative disorder
HERVs AZFa region Male infertility

From previous study, repetitive DNA elements suffer abnormal hypomethylation,
with potential loss of silencing in cancer cells. When used a genome-wide microarray

approach to measure DNA methylation changes in HNSCCs and to compare these
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changes to alterations found in adjacent non-tumour tissues. Loss of DNA methylation is
most pronounced for certain members of the SINE-variable-number tandem repeat-Alu
(SVA), human endogenous retrovirus (HERV), LINE-1P, AluY and mammalian apparent
LTR retrotransposons (MalLR) families. The methylation levels of retrotransposons are
discretely stratified, with younger elements being highly methylated in healthy tissues,
while in tumours, these young elements suffer the most dramatic loss of methylation.
This study suggested that, in non-tumour adjacent tissues, there is generalized and
highly variable disruption of epigenetic control across the repetitive DNA compartment,
while in tumour cells, a specific subset of LINE-1 retrotransposons that arose during
primate evolution suffers the most dramatic DNA methylation alterations [707] (Figure

18).

LINE-1 hypomethylation can arise early in pre-cancerous lesion and has been
affected in many cancers when compare to their normal tissues or unaffected adjacent
tissues including cancers of the colon, prostate, liver, lung, breast, oesophagus,
stomach, urothelial, ovarian, leukemias and head and neck. Moreover, in most cancers
studies such as leukemias, urothelial, ovarian and breast cancers, LINE
hypomethylation raises with the progression of cancer and has been shown to associate

with clinical measurement [82].

LINE-1 methylation levels reflect global methylation status in the whole genome
[26] and in cancerous cells. The methylation levels of most LINE-1 loci demonstrated a
positive correlation with each other and with the genome-wide levels. Therefore, the loss
of genome-wide methylation in cancerous cells occurs as a generalized process [37]. In
previous study demonstrated that COBRA LINE-1 could efficiently evaluate the genome-
wide methylation status of LINE-1s in genomic DNA and it represents the whole genome
methylation status [712, 7102]. It also found in HNSCCs and OSCCs which revealed a
promising trend toward hypomethylation than normal oral epithelia by using COBRA
LINE-1 [12, 37, 102]. By measuring the quantity of LINE-1 methylation found these levels

are varied among type of normal tissues from different organ and was independent of
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age and gender [12, 102-104]. While methylation levels in most tissues were narrow
range distribution, some tissues such as thyroid and esophagus revealed widely
distributed. Generally, cancerous cells revealed a lower percentage of methylation
comparing with their normal tissue counterparts, except cancers of kidney, thyroid and

lymph mode [712] (Figure 19).

In some events, due to the combination of multiple mechanisms, the measurement
of level alone may not be able to detect LINE-1 methylation changes even if the changes
can promote cancer development. In normal cells, some mechanisms of LINE-1 methylation
are to control genomic integrity and regulate gene expression in cis, locating on the same
chromosomes [20, 34-36]. Consequently, genomic instability and repression of gene

expression can be observed on chromosomes in which LINE-1s are hypomethylated.

Recently, there is a wide range of approaches to obtain quantitative information of
genomic DNA methylation [38]. Most standard techniques measured several CpGs of each
LINE-1. Pyrosequencing often measures four CpG dinucleotides [39], whereas COBRA
often measures two CpGs [12]. However, only COBRA is able to demonstrate the pattern
information by distinguishing LINE-1 loci depending on their methylation statuses. For this
reason, we classified the methylation statuses ofLINE-1 loci using COBRA to determine the
methylation pattern of the 2 CpG dinucleotides in each LINE-1 sequence [40, 41]. This
technique differentiated LINE-1 sequences into 4 methylation-status categories:
hypermethylated, hypomethylated and 2 forms of partially methylated loci. We also show
that, unlike the case with conventional LINE-1-methylation levels, the percentage of
hypomethylated loci (% C"C) can be used to significantly distinguish between normal cells
and cancer cells from OSCC and cancers of the nasopharynx, lung, liver and colon

[40, 41].
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Figure 18 Methylation levels of repetitive element categories per experiment.
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Numbers in parenthesis indicate how many probes were averaged per

experiment. Comparing the values across the classes of repetitive elements, that

younger, primate-specific classes of LINE-1 elements; (LINE-1PA3 (L1PA3), LINE-

1PA4 (L1PA4) and LINE-1PA5 (L1PA5) are more strongly methylated in normal

tissue and suffer more dramatic losses in DNA methylation in tumours and

sperm [107].
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Figure 19 LINE-1 hypomethylation levels in several tissue types.
Circles, triangles and squares are levels of COBRA LINE-1 from normal, malignant
of LINE-1 methylation. Sample types are labeled. (a—d) are the hypomethylation
levels of leukocytes, cancers, microdissected colonic tissues and sera,
respectively. Single, double and triple asterisks indicate significant differences in
hypomethylation levels between normal tissues and the tested samples at p<0.05,
<0.01 and <0.001, respectively. HNSC stands for head and neck squamous cell.

N and T are normal and malignant tissues, respectively [12].

Intragenic LINE-1 Methylation

Gene containing LINE-1 (intragenic LINE-1) is controlled by DNA methylation
status and the transcription activity of a LINE- 1 element is directly correlated with its
hypomethylation level. Previously, Aporntewan et al., 2011 proved that lower methylation
of intragenic LINE-1sin cancer resulted in enhancing LINE-1 transcription and

repressing host genes by double stranded RNA and AGO2 complex (Figure 20 ) [36].
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Figure 20 The mechanism of hypomethylation in Intragenic LINE-1s could repress host
gene expression via AGO2 complex (modified from Kitkumthorn N and Mutirangura A,

2011).

The diagram reveals that the same gene from three different cells has different
levels of intragenic LINE-1 methylation. When intragenic LINE-1 hypermethylation,
normal host gene transcription and expression are processed (A). However, in
condition of LINE-1 partially methylation, LINE-1 RNA is produced when the
methylation of the intragenic LINE-1 is reduced. The LINE-1 RNA—pre-mRNA
complex is bound by AGO2 and mRNA production is prevented. Therefore, host
gene transcription and expression are partially inhibited (B). In the last condition
when intragenic LINE-1 hypomethylation. The situations as same as (b) were

found. However, host gene transcription and expression are completely inhibited

(C) [36].

LINE-1 Methylation and Tobacco

One of the main characteristic of oncogenesis is epigenetic aberrations.

Hypermethylation of the promoters of specific tumour suppressor genes [13] and
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genome-wide DNA hypomethylation have been studied in many cancer types [12].

Interestingly, global DNA hypomethylation is influenced by tobacco smoking [26, 31].

HNSCC patients who smoked had lower methylation level of LINE-1s than HNSCC
who did not smoke [76]. In addition, the hypomethylation of LINE-1 significantly increases
the risk for HNSCC. However, LINE-1 methylation levels in blood samples from patients
with HNSCC slightly increased with higher pack-years of smoking [26]. The effects of
smoking on LINE-1 methylation levels to non-cancerous cells both in vivo and in vitro were
also reported. No change was observed in blood cells and colonic epithelium, in vivo [30-
32]. However, a study in vitro revealed a minimal change of respiratory epithelium under

high dosage cigarette smoke condensate treatment [33].

The variation of methylation level of LINE-1s in normal tissues and the hypomethylation
in cancerous cells have been confirmed by several studies. These data indicate that the
epigenetics plays an important function for cellular reactions, not only in cancer cells,
but also in normal cells. In addition, studies that evaluated the association between
smoking which is the high risk to oral cancer and repetitive sequence methylation
changes in vivo have not yet been conclusive. Since oral epithelia directly contact with
chemical gradients of tobacco. Herein, we evaluated the possibility that smoking may
promote cancer development via genomic hypomethylation by evaluating the LINE-1
methylation pattern in non-cancerous persons of smokers in comparison with non-

smokers.
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MATERIALS AND METHODS

Sample

® Sample Selection

Inclusion criteria for non-smokers (NS)

1. No cancer of oral or other organs.

2. No oral mucosal ulcer or lesion.

3. History of never smoking may be with or without alcohol consumption and betel

chewing.

Inclusion criteria for current smokers (CS)

1. No cancer of oral or other organs.

2. No oral mucosal ulcer or lesion.

3. History of smoking may be with or without alcohol consumption and betel

chewing.

Every subject was provided with research information, benefits and protocols
approved by the ethics committee of the Faculty of Dentistry, Chulalongkorn University,
Bangkok (7/2010). After receiving the written consent forms, which had been completed

by each participant, sample collection process was begun.

All participants were given a self-administered questionnaire to collect medical
history including having tumour/cancer of other organs. The demographic information,
as well as information of tobacco, alcohol and betel consumption were also recorded.
Smoking history was ascertained with an instrument that assesses the number of years
smoked, the number of cigarettes smoked daily, age at which an individual started
smoking and the number of years since quitting. Similar information was obtained about

consumption of alcohol and betel chewing habit. The thoroughly oral examination was
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performed in all participants. The volunteers who have no oral mucosal pathology were

asked for sample collection by oral rinses.

These subjects were classified into 2 groups.
Group |: NS, subjects who have no previous history of smoking.

Group II: CS, subjects who are currently smoking

Non-smokers (60 volunteers) were included in control group (35 males and 25
females) and current smokers (96 volunteers) were included in study group (80 males
and 16 females). By coincidence, 17 smoker volunteers had stopped smoking for more
than 1 year, thus they were classified as former smoker (FS) group. Consequently, all of

the subjects were finally classified into 3 groups.

® Sample Size
Calculation of the sample size for hypothesis testing of two populations from CS

and NS were obtained from pilot study.

2 2
_ 2002yt Z )

R 7
(14 — ;)
If n,=n,
0’ =(5°+8))
2

n=sample size by group
O'=standard deviation
0L=0.05 (at 95% confidence interval)

B:O.1 (power of test 80%)

u,=means of methylation levels of LINE-1s in oral epithelium of

smoking subjects

u,=means of methylation levels of LINE-1s in oral epithelium of

non-smoking subjects
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The data was obtained from a pilot of 10 NS (5 males and 5 females) and 10 CS
(5 males and 5 females). Then, determining LINE-1 methylation levels by independent t-
test for hypothesis testing of two population means after the two population means were

normally distribution were calculated as follow.

M s Mz S Zao | Zob| 8|8 | ¢ Zran+Zig) | (- )

34200 | 276071 | 36.8164 | 117486 | 1.96 | 1.282| 7.62 | 1.38 | 4850 10.51 6.80

Calculation from sample size formula
2 2
207 Zant Zig)
] 2
(14 = 1)

H

=13.92

Therefore more than 14 subjects should be included in each group.

Oral Mucosal Cell Collection

NS, FS and CS who had no oral lesion were included in this study. Oral epithelia
were collected from oral rinse. Ten millilitres of sterile 0.9 % normal saline solution was
gargled for 15 seconds. This solution was kept in a sterile tube and stored at 4°C until

the DNA extraction process.

Genomic DNA Extraction

After oral rinses were centrifuged at 4°C, 2500 g for 15 minutes, the supernatant
was discarded. The cell pellets were washed twice in sterile PBS. One millilitre of the
DNA extraction buffer with 10% SDS and proteinase K (0.5 mg/ml) was added to the cell
pellets. The mixtures were then incubated at 50°C for two nights. A phenol-chloroform
extraction was used to purify and desalt the digested cell pellets. After centrifuging at
4°C, 14000 g for 15 minutes, 10 M ammonium acetate and cold absolute ethanol were
added to the upper aqueous phase for DNA precipitation. The precipitated DNA was
washed with 70% ethanol. The air-dried DNA was then resuspended in Tris-EDTA-

treated water.
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COBRA LINE-1

COBRA for LINE-1 was performed as previously described, the 5UTR of LINE-1.2
sequence from NCBI Accession Number M80343 was used [72]. COBRA LINE-1
consists of three main steps; sodium bisulfate treatment, LINE-1 amplification by PCR
and specific restriction enzyme digestion. This quantitative technique is able to
determine LINE-1 methylation levels from small amounts of DNA. The standard
approachs of COBRA technique are

1. Perform a bisulfite reaction on the DNA

2. Amplify the target site by strand-specific PCR with the design primers
3. Perform digestion by specific restriction enzymes

4. ldentify the cut products by gel electrophoresis

5. Measuring the band density (Figure 21)

1. Sodium Bisulfite Treatment

® Principle

The conversion process of DNA sample is performed in the bisulfite reaction
(Figure 22). The DNA samples were converted by a bisulfite reaction such that
unmethylated cytosine ('C) would be converted to uracil (U), whereas methylated

cytosine ("C) would remain as cytosine (C) (Figure 23).

® Technique

Genomic DNA 500 ng in 20 pl water were denatured in 0.2 M NaOH at 37°C for
10 minutes and then incubated with 30 pl of 10 mM hydroquinone and 520 ul of 3 M
sodium bisulfite at 50°C, 16-20 hours. After that, bisulfite-treated DNA was desalted with
DNA Clean-Up system. Subsequently, it was desulfonated by 0.3 M NaOH and

precipitated with ethanol. Finally the DNA was then resuspended in 20 pl of water.
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Genomic DNA

! _

Sodium bisulfite treatment

~~ ™\

Unmethylated cytosine ('C) =% U (T) Methylated cytosine ("C) =% C

TA'CTGT'CGA'CGA’C’CT'CG TA'CTGT"CGA"CGA'C'CT"CG
Step 1
L """ Conversion ========-=- > l
TATTGTTGATGATTTTIG TATTGTCGACGATTTCG
Purification
PCR with CpG sites independent primers Step 2

!

Restriction enzyme digestion Step 3
Gel electrophoresis Step 4
Step 5

Measure the intensity of the interesting bands
Step 1 sodium bisulfite reaction

Step 2 PCR

Step 3 digestion by specific restriction enzymes

Step 4 identify the cut products

Step 5 measuring the band density

Figure 21 Concept of COBRA.

DNA samples were reacted with bisulfate. Briefly, unmethylated cytosines ("C) are
converted to uracils, whereas methylated cytosines ("C) are retained as
Cytosines. The sequence of interest is then amplified by PCR and subjected to
digestion with enzymes. After the products are identified by gel electrophoresis,

the intensity of the interesting size were measured [7105].



42

NH, E] NH, @ o lj-l o)

+ = ~ + 2 H H
HN ‘ HSO3 HN H HO HN H OH' HN |
- o H /L H -
o)\rr o O)\N SOy NHi - N7 Sso, HXs o/krla
a
R sL R R
Cytosine Cytosine sufonate Uracil sulfonate Uracil

Figure 22 Concept of the bisulfite conversion reaction.

The deamination of cytosine by sodium bisulfite treatment from cytosine to give

uracil [106].

Bisulfite treatment

5 _ GAGTYCAYCYCGTT™CGTTAA_ 3

Bisulfite treatment

5 _ GAGTUAUUGTTCGTTAA_ 3’

Figure 23 DNA sequences after bisulfite modification
After treatment with the process of bisulfite, unmethylated cytosine (‘C)
would be converted to uracil (U), whereas methylated cytosine ("C) would

remain as cytosine (C).

2. PCR

® Principle

PCR is the method of choice for DNA amplification, both as analytical and as
diagnostic technique, because it rapidly generates a large number of copies of the
target DNA sequence. Refinement of the PCR technique has allowed the detection of

DNA fragments in samples where the quantity and/or the quality of DNA present is too
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low to permit other types of molecular analysis. In particular, it is now possible to detect
the presence of a target DNA sequence in small samples in which the DNA has been

heavily degraded by aging and/or processing treatment [107].

After DNA is treated with sodium bisulfite, PCR is performed to amplify LINE-1
sequences. The principle is based on the bisulfite converted Us in genomic DNA will be
amplified as Ts, whereas unconverted Cs are resistant to this modification. Thus after
PCR, the DNA sequences which contain unmethylated Cs will be changed from their
original sequences; while the ones that contain methylated Cs will retain their original

sequences (Figure 24).

® Technique

One microlitre of bisulfite DNA was then subjected to 35 cycles of PCR , at a
50°C annealing temperature using the following primer sets: LINE-1-F (5-CCGTAA
GGGGTTAGGGAGTTTTT-3) and LINE-1-R (5-RTAAAACCCTCCRAACCAAATATAAA-
3").These DNA were denatured at 95°C, 15 minute and 95°C, 1 minute, annealed at of

50°C, 1 minute and extended at 72°C, 1 minute. The PCR amplicon sizes were 160 bp.

PCR
5 _ GAGTUCAUC'CGTT™CGTTAA_ 3

Bisulfite treatment

5 _GAGTUAUUGTTCGTTAA_ 3’
PCR
5 _ GAGTTATTGTTCGTTAA __ 3’

Figure 24 The amplified sequence after bisulfite treatment and PCR.
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In PCR, after bisulfite treatment, the biulfite converted uracils (U) will be
amplifies as thymines (T), where as unconverted cytosines will be amplified as

cytosines.

.3. Specific Restriction Enzyme Digestion

The LINE-1 amplicons (160 bp) were digested with 2 U of Tagl and 2 U of Tasl
(Figure 25) in NEB3 buffer (New England Biolabs, Ontario, Canada) at 65°C overnight.
The products were identified by polyacrylamide gel electrophoresis in 8%
nondenaturing and stained with SYBR green nucleic acid gel stain (Sigma-Aldrich, St.

Louis, Missouri).

Specific restriction enzymes
Site 1 Site 2
@ "!Whi‘zﬁm
an ) =
T [s0bp | [80bp |
g [ Pemeiyien 1
oo I
: 'th | [osbp |
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[160bp |
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[ 62p |ﬁam”&uup |

Figure 25 COBRA LINE-1 PCR amplicon with Taqgl and Tasl recognition site.

After bisulfite treatment and PCR, methylated cytosines are demonstrated by
black oval marks and unmethylated cytosines are demonstrated by white oval
marks. Taql restriction enzyme recognizes methylated cytosine site and Tasl
enzyme recognizes unmethylated cytosine site 1. Hypermethylation pattern
yielded two fragments of 80 bp. Hypomethylation pattern yielded 62 and 98 bp.

Partial methylation pattern form | could not be cleaved by any enzyme, providing
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160 bp. Partial methylation pattern form Il could be cut by both enzymes, giving
62, 18 and 80 bp.

Distilled water was used as a negative control. The same preparation of DNA
from 3 cell lines, Hela (cervical cancer), Daudi (Human Burkitt's lymphoma) and Jurkat
(acute T cell leukemia) (ATCC, Manassas, VA, USA) were used as positive controls in all

experiments and for inter-assay variation adjustment.

COBRALINE-1 Product Analysis

Here, we classified LINE-1s into four groups depending on the methylation
status of 2 CpG dinucleotides on each strand from 5’ to 3’ detected by COBRALINE-1
as described previously [47]. These COBRA-detected LINE-1s were categorised into
the following four classes: 2 unmethylated CpGs (‘C°C), 2 methylated CpGs ("C"C),
5’methylated and 3'unmethylated CpGs ("C'C), or 5'unmethylated and 3'methylated
CpGs ('C"C) (Figure 26A). LINE-1 methylation levels and the percentage of loci of each
class were calculated from COBRALINE-1 digested products. Intensities of
COBRALINE-1 bands were measured by a phosphoimager using ImageQuant Software
(Molecular Dynamics, GE Healthcare, Slough, UK). After enzymatic digestion, the
COBRALINE-1 amplicons were separated into 5 DNA strands depending on their length,
160, 98, 80, 62 and 18 bp (Figure 26B). The 18 bp band was not used in the following
calculation. The 160 bp band contains 2 CpGs, in which the 5’CpG is methylated and
the other 3'CpG is unmethylated. The 98 bp band contains 2 unmethylated CpGs. The
80 bp and 62 bp bands each contain 1 methylated and 1 unmethylated CpG. The CpGs
of the 160 bp and 98 bp bands were derived from "C"C and "C’C, respectively. The
CpGs of the 80 bp band were derived from 3’'methylated CpGs of "C"C and “C"C,
respectively, while the CpGs of the 62 bp band were derived from 5’unmethylated CpGs
of “C"C and “C"C (Figure 25). To normalise each band to represent the total number of
CpG dinucleotides present, the intensity of each band was divided by the number of

basepairs of double stranded DNA as follows: %160/160=A, %98/94=B, %80/78=C and
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% 62/62=D. Then, the LINE-1 methylation levels were computed with the following
formula: percentage of LINE-1 methylation level (%"C)=100%(C+A)/(C+A+A+B+D),
percentage number of "C'C loci (%"C'C)=100%(A)/(((C-D+B)/2)+A+D), % 'C"C=
100%(D-B)/(C-D+B)/2)+A+D, % C'C=100xB/(((C-D+B)/2)+A+D) and %"C"C=100x((C-
D+B)/2)/(((C-D+B)/2)+D+A).

Site 1 Site 2

A Taql
i
. U S Hypermethylation
—80bp 4 80 bp | mCcmC
Tasl
{
. O ......... O _______ Hypomethylation
—62 bp t 93 bp | uCuC
. ......... Q _______ Partial methylation form |
160 bp — mcuC
Tasl Tagl
4 }
_________________ Q _________,_______________________________ Partial methylation form |l
I | uCmC
F—e2bp —+18bp ~ 80 bp =
B

marker |f—— samples ———
— 160 bp | MCuC
- - - |

150 bp o

| ——
100bp wee S SNE S S8 — 98bp | UCUC
- ™ — o000 e[ uere |
-..“'—szp ‘“C"C‘

— — ———
SObp

75 bp

ucmC

' or "C = methylated cytosine
Q or “C = unmethylated cytosine

Figure 26 Methylation patterns of amplified LINE-1s.
(A) The LINE-1 amplicons were 160 bp and had 2 CpG dinucleotides. Four
patterns of methylated CpGs were detected, including hypermethylation ("C™C),

hypomethylation (“C"C) and two forms of partial methylation ("C"C and “C"C). The
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Tasl enzyme targets unmethylated cytosine site 1 and Taql targets methylated
cytosine site 2. (B) After restriction digestion with Tasl and Tagl, four sizes of
products (160, 98, 80 and 62 bp) were identified, depending on the methylation

status.

Connection Up- or Down-Regulation Expression Analysis of Microarrays Extension

Program (CU-DREAM-X) for LINE-1s

Recently, the CU-DREAM-X program has been used to observe the association
between the up- or down-regulation of genes containing LINE-1 [708]. Briefly,
“intragenic” and “intergenic” LINE-1s, identified using the NCBI Reference Sequence

(RefSeq) annotation [7108], were cross-referenced with the L1base (http:/I1base.molgen.

mpg.de) [19].

System Requirements of CU-DREAM-X

CU-DREAM-X requires a computer with the following settings.

1) Windows operating system.

2) Microsoft .NET framework 3.5 or higher (download from the link below)

http://www.microsoft.com/downloads/details.aspx?Familyld=333325fd-ae52-4e35-b531

-508d977d32a6&displaylang=en

3) Microsoft Excel 2007 or higher.
4) Microsoft Office system Primary Interop Assemblies or PIA (download from this

link http://www.microsoft.com/downloads/details.aspx?FamilylD= 59daebaa-bed4-4282

-a28cb864d8bfa513&displaylang=en)

An Example of CU-DREAM-X
In this section illustrates how to intersect microarray data sets from the Gene
Expression Omnibus (GEO). Go to NCBI website (http://www.ncbi.nlm.nih.gov) and

search for datasets as below pictures.

1. Create a working directory, for example, C:\1


http://www.microsoft.com/downloads/details.aspx?FamilyID=%2059daebaa?bed4?4282%20?a28cb864d8bfa513&displaylang=en
http://www.microsoft.com/downloads/details.aspx?FamilyID=%2059daebaa?bed4?4282%20?a28cb864d8bfa513&displaylang=en
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2. Go to NCBI website (http://www.ncbi.nlm.nih.gov), select at GEO Datasets and

search for interesting datasets (Figure 27 and Figure 28).
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GEQ DafaSals GED Datasets = | GSE4302-2
Sy peaech

Figure 28 Search for interesting of datasets.

3. Click at the GSE title (Figure 29).
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Figure 29 Click at the GSE title.


http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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4. Scroll down the page, download the series matrix file, save it to the working directory

and uncompress it (Figure 30).

Analyze with GEO2R
Download family

SOFT formatted family file(s)
MINIML formatted family file(s)
Series Matrix File(s)

Format
SOFT
MINIML
TXT

Figure 30 Download the series matrix file.

5. On the same page of the previous step, click at the platform title (Figure 31), then

download full table and save it to the working directory (Figure 32)

GSMS9E8142 01SAGEAZ
G5M98143 D2SAGEAZ

Platfarms (1) GPLS70 [HG-U133_Plus_2] affymetrix Human Genome U133 Plus 2.00
[l .ﬂ.rra:’,l"

Samples (118) GSMO98141 D1SAGEA

H More...

Figure 31 Click at the platform title.

Total number of rows: 54675

Table truncated, full table size 50188 Kbytes.

| Download full table... | M

[ Annotation SOFT table... |

Figure 32 Download the full table.

6. Download “template.xis” from website (the URL below), make the copies, name

GSE4302.xls and save them to the working directory.

URL: http://pioneer.netserv.chula.ac.th/~achatcha/cu-dream/template.xls



http://pioneer.netserv.chula.ac.th/~achatcha/cu?dream/template.xls
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7. In the template.xls, edit GSE4302.xls to set the parameters (Figure 33).

8. Download the executable file from the URL below and save it to the working

directory.

URL: http://pioneer.netserv.chula.ac.th/~achatcha/cu-dream/cu-dream.exe

~ )

Please fill the following boxes.

F
GSE file: 4302.1xt

Annotation file:|GPLS70.annot

T-test parameter (tail):| Two-tailed distribution

T-test parameter (type): 2 Series with unequal standa

Differential expression:| Down

Series matrix file downloaded from www.nebi.nlm.nih.gov
Annotation file downloaded from wwwe.nchi.nlm.nih.gov

J|Parameter for ttest() in Microsoft Excel

Parameter for ttest() in Microsoft Excel
Direction of differential expression

P-value threshold :[G.DS JP-value threshold for t-test
N ————— b

) Warning for paired t-test: subjects in the same row are paired.
|
! Experimental group Note (optional) Control group Note [optional)
} |G5MS8231 3J1SMOKES GSM9B229 22SMOKEH
I {G5SM98232 12SMOKES GSMIB230 38SMOKEH
i |GSM98233 175MQKES G5M98238 20SMOKEH
+|G3MI8237 AEEMOLES GSMI8235 s45mokeH
T iGSMI823E 265MOKES GSM38236 61SMOKEH
b |GSMI8246 47SMOKES GSMIE8239 36SMOKEH
} |GSM98247 485MOKES GSM98240 445MOKEH
) |GSMO8248 S1SMOKES G5MIB241 S7SMOKEH
| |G5MI8249 S6SMOKES G5MI8242 Z4SMOKEH
1 |G5SM98250 105SMOKES GSMS98243 27SMOKEH
} G5SMS8252 465MOKES GSMGE244 33SMOKEH
| {GSMS8253 155MOKES GSMS8245 43SMOKEH
5 (GSM98255 SOSMOKES G5MS8251 255MOKEH
3 |GSMS8256 52SMOKES GSMS8254 40SMOKEH
71G5M38257 S4SMOKES GSMIB2SS §25mokeH

Figure 33 The template.xls for setting the parameters.

9. Start the “Command Prompt” in Programs —> Accessories (Figure 34).

| Ease of Access 3
W Systermn Tools »
|, Tablet PC [

Calculator

Command Prompt

Paint

Fun

Motepad
Connect to a Metwork Projector

Femote Desktop Connection

Snipping Tool
Sound Recorder
Sync Center

Welcome Center

M Windows Explorer
B Windows Sidebar
) WordPad

Figure 34 Open the Programs.
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10. Change path to the working directory by typing “cd c:\1” and pressing enter

(Figure 35).

o« Command Prompt - cu-dreamx 4302d. xls

H.I'.L']‘I.H.HJrl.- Hindows XP [UVersion 5.1.26H81]

(G) Copyright 17852881 Microsolbt Corp.

C:x\Documents and SettingssLab AM>cd c:nd

Figure 35 Change path to the working directory.

11. Start the program by typing “cu-dreamx 4302.xIs” and pressing enter (Figure
36).

¢+ Command Pmmpt - :udrﬁmx 4302d.xls

Microzsoft Windows K P El'l::.t'.:-'.ir.m 5.1.2688]
LGy Copyright 19YB5—2B0H1 Microsoft Corp.

C:sDocuments and Settings\Lab AMX>cd c:n1

Figure 36 Start the program of CU-DREAM-X.

12. If the program succeeds, you will see the following message as picture
(Figure 37).

13. Finally, the file “Intersect_L1_4302d.xlIs” is obtained in the working directory. The
first sheet shows GSE4302 array (Figure 38).



cv Command Prompt

Microsoft Windows XP
(C)> Copyright 1985-2001 Microsoft Corp.

IC:\Documents and Settings\Lab AM>cd c:\1

[Uer

io

:\12cu~dreanx 4302d.x1ls

R R R R R R R R R Rl O R R R R R R R
* Microarray Intep

n 5.1.2608]

tion Software
Written by Chatchawit Aporntewvan

Department of Mathematics
Chulalongkorn University

Email:

chat

chawit

.aPchula.ac.th

L3
-
-
-
~

I D 0 0 0 0 0 2 00 0 0 0 0 0 0 0 D 0 D D 0 - e e o

Loading GSE from file >4382d.x1s<.
Loading annotation from file >GPLS7B8.annot{.

Loading subjects
Loading array from file

fro

m file

5888 probes read.

166608
15860
2808088
25000
38808
35088
44984
45008
50689
54675

Calculating t

prohes
probes
probes
probes
probes
probes
probes
prohes
probes
probes
test.

read.
read.
read.
read.
read.
read.
vead.
read.
read.
read.

5048 probes calculated.

18808
15680
20080
25048
38060
35088
40000
415000
588680
54675

Intersecting.
saving file.

aa N>

probes
probes
probes
prohes
probes
probes
probes
probes
probes
prohes

calculated.
calculated.
calculated.
calculated.
calculated.
calculated.
calculated.
calculated.
calculated.
calculated.

243892 .txt<.
24302 .txt<{.

Figure 37 The message after completing the running programs.
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A B & D E F G H I
; Probe 1D Gene Symbol Mean1|Mean2| Mean1 - Mean2| Pvalue |GSM98231|GSM98232 | GSMI6233
3 1007 s _at DDR1 10.45] 10.64 -0.19] 3.62E-02 10.56 10.61 10.35
4 1053 _at RFC2 GO5[ 614 -0.09] 2 B0E-01 504 621 598
5117 at HSPAG 6.39] 6.24 0.15] 1.46E-02 6.29 6.24 6.63
6 121 at PAXE 730 733 -0.02| 710E-01 719 724 7.30
7 1255 g at GUCAIA 480 4754 0.05] 738E-02 489 477 483
8 1294 at UBAT 8.03[ 7.99 0.04| 7.88E-01 §.24 8.26 5.27

Figure 38 The experimental array sheet.

The columns, from left to right, are probe id, gene symbol, the mean of

experimental group, the mean of control group, differential mean, unadjusted

p-value (f-test), experimental group and control group.
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14. The second sheet shows the intersection table, p-value, OR, confidence

interval and lists of genes in column a, b, ¢ and d (Figure 39)

Simple Count Algorithm in CU-DREAM-X

It is important to address how we count the number of genes for chi-square test
in CU-DREAM-X table (Figure 39). The t-test is performed on all probes. A gene is up-
regulated if “Mean1” (experimental group) is greater than “Mean2” (control group).

Otherwise, the gene is down-regulated (Figure 38).

A B C D E F G H

1

? 43024

3 Down (0.01) Mot down

4 L1] 178] 1.115] 1.293 P-value 9.87E-25
5 Mo L1] 1,232] 15,198] 19.430 Odd Ratio 236
6 1410 19,313 20,723 Upper 95% CI 1.99
7 Lawer 95% Cl 279
8 [ 87.98] 1.205.02]

9 [ 1,322.02] _ 18.107.93]

10

11 'a = L1 and (4302d down)

12 |b = L1 and (4302d not down)
13 |c = no L1 (4302d down)

14 |d = no L1 (4302d not down)

16 a b o d
17 KIF6 WFDC2 CYP2E1 DDRA

18 TMEMET ADAM3Z SLC4EA1 RFC2

19 SLC44A5 SPATA1T FAM122C HSPAR
20 RIMS1 C150f27 PDETA PAXE

21 SCAMPA ADAMTSLY  |WFDCB//SPINGUCATA
22 SNX13 LACE1 WDRI17 UBAT

Figure 39 An example of intersection of CU-DREAM-X table.

In this study, we used the methylation arrays from the gene expression omnibus
(GEO) data sets of the airway epithelia of smokers (GSE4302-2, GSE19667-1,
GSE19667-2, GSE11906-8, GSE11906-5, GSE4498, GSE13933-2, GSE11906-7,
GSE3320, GSE8545-2, GSE13933-1, GSE11906-6, GSE27002, GSE7895-1 and GSE994-
1) (Appendix 1). Independent t-tests and chi-squared tests were used to test the
significance of the gene symbols for each probe. The effect of intragenic LINE-1s on
gene expression or promoter methylation was assessed by this program to verify gene
regulation. The resulting models were considered significant if p<0.05. The status of the

LINE-1 regions was then distinguished from the rest of the genes with a two-way table.
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Statistical Analysis

Statistical analyses were performed using SPSS version 17.0 (SPSS Inc.,
Chicago, IL). All p-values less than 0.05 were considered significant. All the variables
were normally distributed (Kolmogorov-Smirnov Test). We used a two-way analysis of
variance (ANOVA) to determine the effects of two factors, alcohol and smoking, on the
methylation levels of LINE-1. An independent sample f-test was performed to compare
LINE-1 methylation in males and females, NS and CS, and pack-year groups. In
addition, the paired t-test was used for a matched-case analysis. The chi-squared test
and odds ratio (OR) were used to test the association among LINE-1 methylation

variables.



CHAPTER IV

RESULT

Part I: Demographic Information, History and Examination

Table 5 Group frequencies in NS CS and FS.

Non-smokers

Current smokers

Former smokers

Total Subjects

Gender

Age

History of

smoking

History of

alcohol drinking

History of

betel chewing

Male

Female

Mean + SD

Currently smoke
Previously smoke

Never smoke

Currently drink
Previously drink

Never drink

Currently chew
Previously chew

Never chew

60

35
25

44.63 £ 14.19

60

36

24

96

80
16

41.60 £ 4.60

96

86

10

17

46.59 £ 16.39

17
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Part Il: The Percentage of each LINE-1 Methylation Pattern in Males and Females

Oral rinses were collected from 60 NS volunteers (35 males and 25 females), 96
CS volunteers (80 males and 16 females) and 17 FS volunteers (15 males and 2
females). No significant differences in the percentage of LINE-1 products were detected

between the males and females in either group (Table 6).

Table 6 Percentage of LINE-1 products in Males and Females.

All cases
Non-smokers Current smokers Former smokers
Male Male Male Male Female Total Male Female Total
Number of 35 (58.37%) 80 (83.33%) 80 (83.33%) 80 (83.33%) 16 (16.67%) 96 (100%) 15 (88.24%) 2 (11.76%) 17 (100%)
subjects
Age 44.29 + 17.66 | 40.78 + 16.16 | 40.78 % 16.16 | 40.78 + 16.16 | 4229+ 7.68 41.60 £ 4.60 | 48.88 + 1591 | 30.00 * 2.83 46.59 + 16.39
(year + SD)
% "C 4255+ 1.82 | 42.34+ 262 4234+ 262 | 4234262 41.29 + 2.49 4216+ 262 | 41.01+244 | 4222:228 41,16 + 2.38
(mean + SD)
% "Cc"C 16.94 + 4.03 18.21 £ 4.68 18.21+4.68 | 18.21+4.68 15.93 + 5.03 17.82+ 479 | 1547 +4.95 15.49 + 0.38 15.47 + 4.61
(mean + SD)
%'C’C 31.84+232 | 33.53+3.83 33.53+ 383 | 33.531+3.83 33.35+ 3.38 3350+3.74 | 3346+1.35 | 31.07+4.95 33.16 + 1.97
(mean + SD)
% "C'C 2673+ 213 | 23.83%3.61 23.83 + 3.61 23.83 + 3.61 25.03 + 3.74 2403+364 | 2472414 | 23.07+2.89 2451+ 3.97
(mean + SD)
% ‘Cc"C 2449+ 450 | 24.4318.02 2443+802 | 24.43+8.02 25.69 + 6.80 24.64 + 7.81 26.35+ 546 | 30.37 + 822 26.85 + 5.67
(mean + SD)
% "C'C+'C"C | 51.22+548 | 48.26+6.76 48.26 + 6.76 | 48.26 + 6.76 50.72 + 6.98 4868 +6.82 | 51.07+537 | 53441533 51.36 + 5.25
(mean + SD)

Part lll: The Percentage of Loci of each LINE-1 Methylation Pattern in NS and CS

Smoking behaviour is closely related to alcohol consumption. However, the
association between smoking and alcohol consumption and its contribution to malignant
potency has not been completely elucidated. To determine the interaction between
alcohol and smoking on the LINE-1 methylation pattern, we used two-way ANOVA. No
interactions between alcohol and smoking consumption were found for any of the
patterns, including (p>0.05) (Table 7). Therefore, only the possible impact of smoking on
LINE-1 was analysed. The percentages of all the patterns are presented in Table 6. The
CS had significantly higher %"C"C and % C"C and lower %"C'C and %"C'C+"C"C than
the NS (p=0.002, 0.015, <0.0001 and <0.0001, respectively). However, no significant
difference was found in %"C and % 'C"C (p=0.327 and 0.835, respectively) (Figure 40).
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Table 7 The interaction effect of smoking and alcohol in each methylated CpG pattern

DNA methylation Type Il Sum of Mean
pattern Squares df Square F p-value

% "C 13.457 1 13.457 2.227 0.138
% "C"C 44.444 1 44.444 2.317 0.130
%"C'C 0.446 1 0.446 0.038 0.845
% "C'C 23.407 1 23.407 2.015 0.158
% ‘C"C 117.445 1 117.445 2.351 0.127
% "C'c+'C"C 35.998 1 35.998 .960 0.329

[T}

L

T

s

k:

§ 80- * 50,0001

5 1 p=0.835

2 604 —

S p=0.327 Fp=0,015

= 504 — i

o * #pe0, 0001

oA : L

o 40- T Fp=0.002

= 30- -

S 20- + %

a

o 10

[

E 04— | b b ' ' : : ; . ' |

o NS Ccs NS Cs NS CS NS Ccs NS Ccs NS cCs

[}

=

[

%™C %hmCmC YMCHC WmCHC %HUCmMC  YW(MCUC+HCMC)

Figure 40 Percentage of each methylated CpG pattern in the subjects.

"C represents the overall methylation level of the amplified LINE-1s, %"C. "C"C
and ‘C"C represent %"C"C and % C'C, respectively. "C'C and “C"C represent
%"C'C and % 'C"C. "C'C+"C"C is the sum of partially methylated loci of both
forms. The horizontal line within each box indicates the mean of the percentage.
Stars indicate statistical significance at p<0.05. The results demonstrated that the
CS had a significantly higher %"C"C and % C'C and a lower %"C'C and
%"C"'C+% C"C than the NS.
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Part IV: The Percentage of Loci of each LINE-1 Methylation Pattern in matched cases

Although gender and the interaction of alcohol consumption and smoking did
not influence the methylation levels of LINE-1s, no prior study has indicated the impact
of age on this analytical method. Therefore, the NS were matched to the CS based on
age, gender and alcohol drinking behaviour, which produced 29 pairs (males 14 pairs
and females 15 pairs). The same tendency of differences in the LINE-1 methylation
patterns as those found in the total sample was found. However, only %"C"C resulted in
a significant difference at p<0.0001 (Figure 41, Figure 44A and Table 8). Other patterns

of LINE-1 methylation showed no significant differences (Figure 41 and Table 8).

Table 8 Demographic characteristic of subjects and percentage of LINE-1 products in

matched cases.

Matched cases
Non-smokers Current smokers
Male Female Total Male Female Total

Number of subjects 14 15 29 14 15 29

Age (year £ SD) 4429 +17.66 | 46.47 £ 3.34 | 45.41 £+ 533 | 44.07 £ 6.25 [45.07 £12.39| 44.569 + 4.13
% "C 42.55+1.82 | 42.02+2.59 | 42.28 +2.23 | 43.44+2.79 | 41.29+3.14 | 42.32+£3.12
(mean + SD)

% "C"C 16.94 £4.03 | 17.78 £5.07 | 17.38 £4.54 | 18.30+4.69 | 15.81 £5.54 | 17.49 £5.35
(mean + SD)

%'C’C 31.84+232 | 33.74+4.03 | 32.82+3.40 | 32.43+4.88 | 33.23+3.84 | 32.84 +4.31
(mean + SD)

% "C'C 26.73+2.13 | 27.19+3.59 | 26.97 +2.93 | 22.59 + 3.55 | 25.09 + 3.66 | 23.89 + 3.77
(mean + SD)

% ‘C"C 2448 +4.50 | 21.29+6.78 | 22.83+5.92 | 25.68 +9.18 | 25.86 + 7.04 | 25.78 + 7.99
(mean + SD)

% "c'c+'c"c 51.22+548 | 4849+ 7.55 | 49.80+6.66 | 48.28+7.77 | 50.96 + 7.16 | 49.66 + 7.45
(mean + SD)
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Figure 41 Percentage of each methylated CpG pattern in the matched cases.
By comparing the methylation patterns of the NS to the patterns of the CS. The
NS were matched to the CS based on age, gender, smoking and alcohol drinking

behaviour. The %"C’C provided significance, while the other patterns were not.

Part V: Additional studies
The Percentage of Loci of each LINE-1 Methylation Pattern in NS and FS

An additional investigation was performed on 17 FS, 15 males and 2 females,
who had quit smoking for no less than 1 year and who had no mucosal lesions.
Demographic characteristics were shown in Table 6. We found that the FS had a lower
level of %"C"C than the NS; this difference was significant with p=0.001 (Figure 42 and
Figure 44B). Other patterns of LINE-1 methylation did not reveal any significant

differences (Figure 42).
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p=0.523
p=0.142

p=0.344 *
— p=0.167
T + ' #p=0.001
p=0.886

NS FS NS FS NS

FS NS Fs NS FS NS FS

338583838

The percentage of CpG dinucleotides

%mc %mcn‘lc %HE"E 'U‘.fumcuc 'Ulllfoucrnc %{mcuc+ quC}

Figure 42 Percentage of each methylated CpG pattern between NS and FS.
A comparison of the percentages of the LINE-1-methylation patterns in NS and

FS. Only the % "C"C of NS significantly differed from that of FS.

Part VI: The Percentage of Loci of each LINE-1 Methylation Pattern in pack year groups

Based on the intensity of smoking, all of the smoking subjects were categorised
into 2 groups based on the average pack-year (group 1<13.23 and group [1>13.23
pack-years). The %"C'C pattern was observed to be significantly different between the
groups; %" C'C was significantly lower in group II, p=0.028 (Figure 43, Figure 44C and

Table 9), while the other pattern were not (Figure 43 and Table 9).



Table 9 Demographic characteristic of subjects and percentage of LINE-1 products in

and pack-year smoking groups.

Pack-year smoking
<13.23 (group 1) >13.23 (group Il)
Number of subjects 54 42
Toatal= 96 (Current smokes)
Gender
Male 44 36
Female 10 6
Age (year £ SD) 33.34+ 10.26 52.31+ 10.63
% "C (mean + SD) 42.32 £ 2.83 42.09 £ 2.44
% "C"C (mean + SD) 17.69 £ 5.10 18.39 £ 4.65
% C"C (mean + SD) 33.05 + 4.00 34.22 +3.44
% "C"C (mean + SD) 24.30 + 3.43 22.71 £ 3.05
% “C"C (mean + SD) 2497 +8.42 24.69 +7.36
% "C"C+"C"C (mean + SD) 49.27 +7.22 47.39 £ 6.57
80+ p=0.218
704 e
ealllli p=0.150 p=0.871

—_— Jr——

+ * *¥p=0.028
=0 511
oo o

o aml TE

c i i i i n i b i i i I i
T L L 3 T T T T L} T T T

Grl Gr.ll Grl Grll Grl Gr.ll Grl Grll Grl Gr.ll  Grl Grll

The percentage of CpG dinucleotides
=4
&3 8

%mC %mCme %uCHC YmCuC %UC™C  Y(MCUC+UC™C)
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Figure 43 Percentage of LINE-1 products in pack-year smoking groups.
The LINE-1 methylation patterns were compared between the pack-year

smoking groups. Only the "C'C % in the higher pack-year smoking (group II)

was significantly lower than that from the lower pack-year smoking (group I).

~—— Matched cases —, NSvs FS

A B (o

~— Pack year groups —

604
p=0.952

— p=0.344 ey

< - -
) fm e s

p=0.692

g

104

The percentage of CpG dinucleotides

NS €5 NS CS NS FS NS FS Grl Grll Grl Grl
%mC %mCcuC %mC Y%mCuC %mC Y%mCuC

Figure 44 Percentage of "C"C in the matched cases, FS and pack-year groups.
"C"C represented % "'C"C. The LINE-1 methylation level was depicted as "C. (A)
To reduce the effect of other confounding factors, we matched the NS to the CS
based on age, gender and alcohol drinking. The CS showed a significantly lower
% "C'C. (B) The FS also had a significantly lower %"C"C. (C) %"C'C was
significantly lower in the higher pack-year smoking (group Il) than in lower pack-
year group (group |). While the alteration of the overall methylation level in these 3

measurements were not found.

Part VII: Additional studies

The Pattern of LINE-1 Methylation is Interchangeable

Encouraged by the information that the change in "C'C was opposite that of
"C"C and “C’C, we further analysed the possibility of methylation switching between

these forms. The number of NS and CS who had a lower %"C"C and a higher %"C"C than
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the group means were counted and compared with the remainder of the group using the
chi-squared test. A two-way table was created to calculate the continuity correction and
the OR. We found that the OR was 6.90 and the 95% confidential interval (Cl) was 2.53-
18.82 with p<0.0001 (Figure 45A). We performed the same test for the low %"C"C and
the high % C'C set and the OR and 95% CI were 3.71 and 1.43-9.60, respectively with
p=0.009 (Figure 45B). These results implied that a reduction of "C’C in the CS was
associated with an increase in "C"C or “C'C. However, to clarify the possibility that
“C"C is converted to "C"C or “C"C, the same analysis was performed in the group with
low %°C"C and either high %"C"C or %’C'C. We found that while "C"C could not
change to "C"C (OR =1.82, 95% CI=0.92-3.60, p=0.122) (Figure 45C), it could be
converted to the “C"C form (OR=4.26, 95% CI=1.82-9.96, p=0.001) (Figure 45D).
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Figure 45 The interchangeable methylation patterns of the LINE-1s.

"c'c, “c"c, "C™C and “C"C, represented %"C"C, ‘C"C, "C"C and "C"C, respectively.
The graphs were plotted for the percentages of either "C'C or “C"C on the X-axis and
either "C"C or “C"C on the Y-axis. The vertical and horizontal lines indicate the mean
percentages of each axis. The graph is divided into 4 quadrants. The numbers of NS
and CS who fell in the upper left quadrant were counted and compared to the
remainder of the group using the chi-squared test. The results are shown in the tables
below the graphs. (A) The numbers of NS and CS who had high "C"C and low "C"C
were analysed with the remainder of the group. The correlation of these two patterns
showed an OR=6.90 (significantly at p<0.0001). (B) A significant correlation of high
‘C'C and low "C'C was also discovered at OR=3.71, p=0.009. (C) There was no
correlation between high "C"C and low "C"C (OR=1.82, p=0.122). D) However, high
‘C"C was significantly correlated with low ‘C"C (OR=4.26, p=0.001).

Part VIII: Additional studies
The Influence of Smoking on the CU-DREAM-X Analysis in the LINE-1s

Previously, we compared the expression of genes with intragenic LINE-1s in
cancer and demethylated cells. We found that in most cancers, genes with intragenic
LINE-1s were down-regulated (OR>1) or prevented from up-regulation (OR<1) [36]. In
this study, we tested 15 microarray expression experiments from the airway epithelia of
smokers. Eleven experiments demonstrated evidence of LINE-1 regulation (p<0.05)
(Table 10). Five experiments showed down-regulation of gene expression similar to
cancer (OR>1 for the down-regulated genes and OR<1 for the up-regulated group).
Two experiments showed gene up-regulation only (OR<1 for the down-regulated group
and OR>1 for the up-regulated group). Interestingly, four cases showed ORs>1 for both
the down- and up-regulated genes, implying the consequences of hypomethylated and
hypermethylated intragenic LINE-1s. This result confirmed the epigenetic changes of
LINE-1s and, consequently, controlled for the smoking-induced changes in gene

expression.
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Table 10 Connection Up- or Down-Regulation Expression Analysis of Microarrays

Extension program (CU-DREAM-X) for the LINE-1s.

Experiment Cell Down upP
OR p-value OR p-value

GSE4302-2 Airway epithelial brushing 1.9 6.48E-24 0.8 8.99E-04
GSE19667-1 Small airways 1.68 5.53E-16 2.27E-01
GSE19667-2 Small airways 1.74 2.97E-14 0.74 1.82E-02
GSE11906-8 Trachea 1.63 1.05E-11 1.56E-01
GSE11906-5 Small airways 2.37 3.93E-06 1.32 1.79E-0
GSE4498 Small airways 0.74 9.96E-04 1.54 4.85E-05
GSE13933-2 Trachea 1.24 1.00E-03 1.52 2.58E-09
GSE11906-7 Trachea 1.26 5.50E-03 1.21 2.94E-02
GSES3320 Small airway 1.51 6.11E-03 2.15E-01
GSE8545-2 Small airway 0.68 3.84E-02 1.33 3.89E-06
GSE13933-1 Small airway 1.19 4.47E-02 1.63 2.60E-11
GSE11906-6 Small airway 9.70E-02 7.87E-01
GSE27002 Small airway 4.10E-01 9.90E-02
GSE7895-1 Bronchial Epithelium 6.28E-01 5.23E-01
GSE994-1 Bronchial Epithelium 7.37E-01 8.12E-01




CHAPTER V

DISCUSSION

Similar to blood cells and colonic epithelium [30-32], cigarette smoke does not
change LINE-1 methylation level of oral mucosa. However, there are alterations in
patterns of LINE-1 methylation that we found both “C'C and "C"C loci increased. The
unchanged methylation level can be explained by the fact that the LINE-1 methylation
level is a sum of the methylation from all the LINE-1s. Therefore, the increases in both
the “C"C and "C"C loci counterbalance each other, neutralising their effect on the LINE-
1 methylation levels. This evidence supported by the study of Kitkumthorn and
Mutirangura, which revealed that the LINE-1 methylation level measurement was not
sufficiently sensitive or accurate to determine the LINE-1 methylation changes in
pathological conditions [20]. If possible, the re-evaluating LINE-1 methylation pattern of

the previous studies reported unaltered overall methylation level may let some benefits.

Contrary to the reduction of genome-wide methylation levels caused by some
chemical agents [75, 76], smoking could paradoxically promote both an increase and
decrease in  methylation in certain LINE-1s. Interestingly, smoking-induced
hypomethylation originated from both forms of partially methylated LINE-1, "C"C and
“C™C. While the hypermethylated LINE-1s derived from only one form, "C'C. These
observations suggest that the mechanisms that increase or decrease methylation are
different. The hypomethylation mechanism seems to be a generalised process that
affects many LINE-1s regardless of the original methylation patterns and is similar to the
global hypomethylation found in cancer [12, 20]. Accordingly, cancer and smoking may

reduce genome-wide methylation by the same mechanism.

Even though the methylation differences between smokers and non-smokers
are just a few percentage points difference, the alteration should be significant. Global

hypomethylation can cause cancer by promoting genomic instability and by altering
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gene expression in cis [20]. There are evidences suggesting that DNA methylation
maintains genomic integrity in cis. First, a close correlation between the site of the
chromosome translocation and the loss of the methylation of satellite DNA has been
reported [109, 110]. Recently, the study revealed that the repair of the replication of
independent DNA double-strand breaks occurring within hypomethylated regions was
more error prone [35]. For gene expression, the repression of mRNA production by
hypomethylated intragenic LINE-1swas reported [36]. This study also found that
epigenetic changes of intragenic LINE-1s by smoking regulated gene expression.
Therefore, the increasing number of hypomethylated LINE-1s induced by smoking

should promote cancer at certain loci in cis (Figure 46).

Previously, the lower methylation of intragenic LINE-1sin cancer enhanced
LINE-1 transcription and repressed the host genes by double-stranded RNA and the
AGO2 complex were reported [36]. Interestingly, this study revealed three categories of
smoking-induced regulation of genes containing LINE-1. This implied an increase in
LINE-1 methylation in cases of gene up-regulation and LINE-1 hypomethylation when
genes were repressed. However, the lack of changes in gene expression may be due to

a lower dosage of smoke exposure.

This study revealed the deterioration of smoking occurring before detectable
change of oral mucosa. Additionally, this harm is the-dose response relationship. Thus,
it is crucial for educating people about smoking hazard. Also, the encouragement and
counseling in abstinence from smoking provides some global benefits including

reduction of cancer incidence and expense.

Interestingly, second-hand smoke is also known as environmental tobacco
smoke and it is classified as a known human carcinogen by World Health Organization
International Agency for Research and Cancer [777]. In addition, tobacco smoking are
not only affected to the smoker but the stream of carcinogenic matter could have
negative influence to those found to the second-hand smoke exposure [1712]. Prenatal

tobacco smoke exposure was associated with detectable changes in global DNA
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methylation levels which obtained the DNA samples from buccal scrape of children.
However, exposed children had a significantly lower level of methylation for AluYb8 but
not for LINE-1 [7713]. However, additional studies are required to get better information
for supporting about the disadvantage of second-hand smokes to cellular response by

investigating DNA methylation patterns.
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Figure 46 Influence of smoking on the epigenetic progression of multistep

carcinogenesis.
(A) Models of LINE-1 methylation patterns in oral mucosal cells of a NS, the oral
mucosal cells of a CS and in cancer cells (HelLa) are shown. Although the overall
methylation level did not change in the CS, some alterations in the methylation
patterns were detected. While the numbers of "C"C and "C'C were increased,
only one form of partial methylation, "C'C, was decreased. Moreover, the
addition of "C"C and “C"C correlated with the depletion of "C"C. In contrast, a
reduction in the overall methylation level was found in cancer cells. The numbers
of "C"C and "C"C were significantly decreased, while the numbers of “C"'C were

significantly increased. The numbers of “C"C were slightly increased. (B) The
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smoking-induced hypomethylated loci could be derived from both classes of the
partial methylation patterns and could result in genome instability and gene
expression changes. However, the smoking-induced hypermethylated loci were

from "C"C only and, consequently, effected gene expression.



CHAPTER VI

CONCLUSION

In conclusion, smoking paradoxically alters LINE-1 methylation by increasing or
decreasing methylation of certain loci. The mechanisms causing LINE-1 hypomethylation
and hypermethylation are different. Nevertheless, the biological consequences of LINE-
1 hypomethylation in smoking and cancer are similar. In addition, the dose-response
relationship between the intensity of smoking and methylation change was found.
Further exploration of methylation pattern changes of other intersperse repetitive
sequences and gene promoters whether they are related to other smoking-associated
malignancies, as well as other carcinogens, is necessary. Future studies should focus for
a long term follow up on progression from normal to potentially malignant disorders of
oral mucosa in smokers and other environmental risk factors. Moreover, the cumulative
effect of lifetime smoking exposure on oral epithelia is crucial for better understanding
mechanisms of hypomethylation in smokers. Finally, a better understanding of the
causes and mechanisms of genome-wide methylation changes will be crucial for cancer

prevention.
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Statistic Output
The Percentage of Each LINE-1 Methylation Pattern in Males and Females
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1. Normality test in the value of each methylation pattern in male and female of CS,

FS and NS
One-Sample Kolmogorov-Smirnov Test
Smoking Sex "Cc "c"c ‘c’c "c'c ‘c"c | "c'c+'c"c
current  male N 80 80 80 80 80 80
smokers Normal Mean 42.3399| 18.2094|  33.5206| 23.8310| 24.4294 48.2609
Parameters™ o\ peviation | 2.62000| 468380  3.82630| 361408| 802108 6.75634
Most Extreme  Absolute 057 049 .090 084 059 073
Differences o sitive 057 036 075 062 059 070
Negative -043|  -049 -090|  -o084]  -058 -073
Kolmogorov-Smirnov Z .509 436 798 743 528 .647]
Asymp. Sig. (2-tailed) 958 991 547 639 943 797
female N 16 16 16 16 16 16
Normal Mean 412875 15.9263]  33.3500| 25.0306| 25.6919 50.7237
Parameters™ o\ boviation | 2.48876| 502055  3.37988| 373765| 680322 6.97719
Most Extreme  Absolute 134 148 136 181 164 102
Differences  Rositive 134 094 108 124 164 088
Negative -075|  -148 136 -181 -141 -102
Kolmogorov-Smirnov Z 534 593 544 722 .656 410
Asymp. Sig. (2-tailed) 938 874 928 674 782 996
former male N 15 15 15 15 15 15
smokers Normal Mean 41.0050| 154707 33.4621| 24.7193| 26.3457 51.0657,
Parameters™ g\ peviation | 243004 4.95008|  134788| 414319 545561 5.37065,
Most Extreme Absolute 123 116 123 271 135 136
Differences  pogitive 116 109 112 271 135 102
Negative 123 -116 -123) -188|  -134 -136
Kolmogorov-Smirnov Z 460 433 460 1.014 .506 .507
Asymp. Sig. (2-tailed) 984 992 984 255 960 959
female N 2 2 2 2 2 2
Normal Mean 422150 15.4900]  31.0700| 23.0700| 30.3700 53.4400
Parameters™ g\ peviation | 228305| 3s184| 494075 288500| 821658 5.33159




94

Most Extreme Absolute .260 .260 .260 .260 .260 .260
Differences  positive 260 260 260 260 260 260
Negative 260  -.260 -260[  -260]  -.260 -.260

Kolmogorov-Smirnov Z .368 .368 .368 .368 .368 .368
Asymp. Sig. (2-tailed) 999 999 999 999 999 999

never male N 35 35 35 35 35 35

smokers Normal Mean 425500| 16.9407|  31.8414| 26.7300| 24.4886 51.2179
Parameters™ gy peviation | 181819 4.03100| 231908 2.13137| 4.50196 5.48156

Most Extreme Absolute 112 .201 140 .186 145 .241
Differences  pogitive 063 201 129 186 133 119
Negative 112l -a2a 140 -39 145 -241

Kolmogorov-Smirnov Z 418 252 525 .695 541 .902
Asymp. Sig. (2-tailed) 995 623 946 719 931 390

female N 25 25 25 25 25 25

Normal Mean 41.5087| 152164  32.1980| 28.1240| 24.4620 52.5858
Parameters™” g\ peviaiion | 2.32245| 3.61068|  3.03521| 3.33173| 6.30884 4.78752

Most Extreme  Absolute 160 147 148 108 184 209
Differences  pogitive 097] - A12 48] 054 184 209
Negative 160 -147 103 -108]  -110 -138

Kolmogorov-Smirnov Z 1.075 983 992 723 1297 1.402

Asymp. Sig. (2-tailed) 198 288 278 672 094 039

a. Test distribution is Normal.

b. Calculated from data.
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2. Comparison in the value of each methylation pattern between male and female in CS,

FS and NS by independent sample t-test

Group Statistics

Smoking Sex N Mean Std. Deviation Std. Error Mean
current smokers "C male 80 42.3399 2.62229 .29503
female 16 41.2875 2.48876 62219
"c"c male 80 18.2094 468389 52698
female 16 15.9263 5.02955 1.25739
‘c'c male 80 33.5296 3.82630 43049
female 16 33.3500 3.37988 84497
"c'c male 80 23.8310 3.61408 40662
female 16 25.0306 3.73765 93441
‘c"c male 80 24.4294 8.02108 90244
female 16 25.6919 6.80322 1.70081
"c'c+'c"C - male 80 48.2609 6.75634 76015
female 16 50.7237 6.97719 1.74430
former smokers "C male 15 41.0050 2.43994 65210
female 2 42.2150 2.28395 1.61500
"c"c male 15 15.4707 4.95096 1.32320
female 2 15.4900 38184 27000
‘c'c male 15 33.4621 1.34788 36024
female 2 31.0700 4.94975 3.50000
"c'c male 15 24.7193 4.14319 1.10731
female 2 23.0700 2.88500 2.04000
‘c"c male 15 26.3457 5.45561 1.45807
female 2 30.3700 8.21658 5.81000
"c'c+'c"C male 15 51.0657 5.37065 1.43537
female 2 53.4400 533159 3.77000
never smokers "c male 35 42.5500 1.81819 48593
female 25 41,5087 2.32245 34621
"c"c male 35 16.9407 4.03109 1.07735
female 25 15.2164 3.61068 53825
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‘c'c male 35 31.8414 2.31906 61979
female 25 32.1980 3.03521 45246
"c'c male 35 26.7300 2.13137 56963
female 25 28.1240 3.33173 49666
‘c"c male 35 24.4886 4.50196 1.20320
female 25 24.4620 6.32884 94345
"c'c+’c"Cc male 35 51.2179 5.48156 1.46501
female 25 52.5858 478752 71368

Independent Samples Test’

Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence
Interval of the
Difference
Sig. (2- Mean Std. Error
Smoking F | Sig. t df tailed) | Difference | Difference Lower Upper
current  "C  Equal variances | .083| .774| 1.476 93 143 1.05237 71312 -.36375| 2.46849
smokers assumed
Equal variances 1.528| 22.287 141 1.05237 .68859 -.37462| 2.47937
not assumed
"c"C Equal variances | .185| .668| 1.756 93 .082 2.28312 1.29984 -.29811| 4.86434
assumed
Equal variances 1.675| 20.610 109 2.28312 1.36335 -.55540] 5.12164
not assumed
‘c'C Equal variances | .000| .995 174 93 .862 17962 1.03022 -1.86620| 2.22544
assumed
Equal variances 189 23.493 .851 17962 .94831 -1.77984| 2.13908
not assumed
"c'C Equal variances | .268| .606| -1.204 93 232 -1.19961 .99634 -3.17815| .77893
assumed
Equal variances -1.177| 21.073 252 -1.19961 1.01905 -3.31839| .91917
not assumed
‘c"C Equal variances | .121| .728| -.588 93 .558 -1.26251 2.14864 -5.52928| 3.00427
assumed
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Equal variances -.656| 24.265 518 -1.26251 1.92539 -5.23403| 2.70901
not assumed
"c’C Equal variances | .107| .744| -1.323 93 189 -2.46286 1.86215 -6.16072| 1.23499
+ assumed
‘cc Equal variances -1.294| 21.092 210 -2.46286 1.90273 -6.41876| 1.49304
not assumed
former "C Equal variances | .112| .742| -.659 14 521 -1.21000 1.83625 -5.14837| 2.72837
smokers assumed
Equal variances -.695| 1.350 587 -1.21000 1.74168| -13.48731] 11.06731
not assumed
"c"C Equal variances |2.657| .125| -.005 14 .996 -.01929 3.60726 -7.75609| 7.71752
assumed
Equal variances -.014| 13.794 .989 -.01929 1.35047 -2.91981| 2.88124
not assumed
‘c’C Equal variances [15.85| .001| 1.707 14 110 2.39214 1.40143 -61363| 5.39791
assumed
Equal variances .680[ 1.021 618 2.39214 3.51849| -40.17118| 44.95546
not assumed
"c’C Equal variances | .039| .845 537 14 .600 1.64929 3.07380 -4.94335| 8.24192
assumed
Equal variances 711 1.665 .564 1.64929 2.32115| -10.53406| 13.83263
not assumed
‘c™C Equal variances | .460| .509| -.934 14 .366 -4.02429 4.30680| -13.26146| 5.21289
assumed
Equal variances -.672| 1.130 613 -4.02429 5.99016| -62.30983| 54.26126
not assumed
"c’C Equal variances | .009| .925| -.585 14 .568 -2.37429 4.05773| -11.07724| 6.32867
+ assumed
‘c"c Equal variances -589| 1.309 .641 -2.37429 4.03400| -32.28961| 27.54104
not assumed
Inever "C Equal variances |1.220| .274| 1.534 57 130 1.04133 67863 -.31759| 2.40026
smokers assumed
Equal variances 1.745| 27.457 .092 1.04133 .59665 -.18194| 2.26460
not assumed
"c"C Equal variances | .799| .375| 1.518 57 134 1.72427 1.13558 -.54969| 3.99823
assumed
Equal variances 1.432| 19.933 168 1.72427 1.20433 -.78845| 4.23699
not assumed
‘c'C Equal variances | .145| .705| -.404 57 .688 -.35657 .88366 -2.12607| 1.41293
assumed
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Equal variances -.465| 28.183 .646 -.35657 76738 -1.92801| 1.21487

not assumed

"c’C Equal variances [1.822| .182| -1.470 57 147 -1.39400 94842 -3.29318| .50518
assumed
Equal variances -1.845| 34.404 .074 -1.39400 75575 -2.92920 114120

not assumed

‘c"C Equal variances | .133| .717 .015 57 .988 .02657 1.82442 -3.62676| 3.67990
assumed
Equal variances .017| 30.494 .986 .02657 1.52898 -3.09391| 3.14705

not assumed

"Cc'C Equal variances |1.458| .232 -.902 57 371 -1.36792 1.51616| -4.40397| 1.66813
+ assumed
‘c"C Equal variances -.839| 19.577 A1 -1.36792 1.62960| -4.77192| 2.03608

not assumed

a. No statistics are computed for one or more split files
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Statistic Output

The interaction effect of smoking and alcohol by two way ANOVA
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1. Normality test in the value of each methylation pattern in smoking and alcohol
drinking factors.
One-Sample Kolmogorov-Smirmov Test
Smoking  Alcohol "c | "c"c | “c'c | "c'c | ‘c"c | "c'c+'c"c
current current N 89 89 89 89 89 89
smoke drink Normal Mean 42.2293(17.871433.4129| 24.1073| 24.6075 48.7154
Parameters™ Std. Deviation 2.65255|4.73866|3.49497|3.56412|7.71230 6.41809
Most Extreme Absolute 047 062 082|075 066 068
Differences Positive 047 040| 048] .040| 066 068
Negative -030| -062| -082| -075| -056 -.040
Kolmogorov-Smirnov Z 436 570 .758 .689 610 .631
Asymp. Sig. (2-tailed) 91| 901| e14| 720 850 820
never drink N 7 7 7 7 7 7
Normal Mean 40.6600|15.614334.2914|24.2800| 25.8143 50.0957
Parameters™” Std. Deviation 1.00904|4.64411(5.97507|4.88742|9.19665| 1051194
Most Extreme Absolute 96| 220 89| 186|178 186
Differenceg Positive 67| 220 89| 186|136 160
Negative 196 -115| -189| -166| -178 -186
Kolmogorov-Smirnov Z 518 .583 .500 491 472 493
Asymp. Sig. (2-tailed) 951 .886| .9e4| 99| 979 968
never current N 15 15 15 15 15 15
smoke drink Normal Mean 41.5586|14.813631.6971(25.8229| 27 6664 53.4886
Parameters” Std. Deviation 2.98782|5.82908(2.78271|3.71750|8.81023 6.90737,
Most Extreme Absolute 190 191 142 157 261 A77
Differences Positive a03| 32| o0s4| 57| 261 77
Negative 190 91| -42] -aa1| a2 122
Kolmogorov-Smirnov Z 712 713 530 587 977 .661
Asymp. Sig. (2-tailed) 691 689 .941| 81| 205 774
never drink N 45 45 45 45 45 45
Normal Mean 41.8171]15.8782|32.2429 28.4062| 23.4733 51.8793
Parameters” Std. Deviation 1.99496|2.87150{2.910712.68541| 4.34080 418652




101

Most Extreme Absolute A7 106 1568 077 .092 189
Differences Positive 08s| 078 158 .0e4] 092 189
Negative =171 -.106 -114 -.077 -.088 -.149
Kolmogorov-Smirnov Z 1.150 .709] 1.061 515 615 1.266
Asymp. Sig. (2-tailed) 142 .697 210 .954 .844 .081
a. Test distribution is Normal.
b. CAlcoholulated from data.
1. The interaction effect of smoking and alcohol by two way ANOVA
Univariate Analysis of Variance
Between-Subjects Factors
Value Label N
Smoking 1 current smoke 96
3 never smoke 60
Alcohol 1 current drink 99
3 never drink 52
Tests of Between-Subjects Effects
Dependent Variable:"C
Type Ill Sum of
Source Squares df Mean Square F Sig.
Corrected Model 21.149° 3 7.050 1.167 .325
Intercept 111345.504 1 111345.504 18425.973 .000
Smoking .953 1 953 158 .692
Alcohol 6.920 1 6.920 1.145 .286
Smoking * Alcohol 13.457 1 13.457 2.227 138
Error 888.300 147 6.043
Total 266912.371 151
Corrected Total 909.449 150

a. R Squared = .023 (Adjusted R Squared = .003)




Tests of Between-Subjects Effects

Dependent Variable:"C"C

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 199.689° 3 66.563 3.470 .018
Intercept 16589.626 1 16589.626 864.737 .000
Smoking 31.441 1 31.441 1.639 202
Alcohol 5.728 1 5.728 299 .586
Smoking * Alcohol 44.444 1 44.444 2.317 130
Error 2820.136 147 19.185
Total 46092.197 151
Corrected Total 3019.826 150
a. R Squared = .066 (Adjusted R Squared = .047)
Tests of Between-Subjects Effects
Dependent Variable:"C'C
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 75.286° 3 25.095 2.153 .096
Intercept 69803.295 1 69803.295 5987.464 .000
Smoking 57.075 1 57.075 4.896 .028
Alcohol 8.170 1 8.170 701 404
Smoking * Alcohol 446 1 446 .038 .845
Error 1713.761 147 11.658
Total 165689.269 151
Corrected Total 1789.047 150

a. R Squared = .042 (Adjusted R Squared = .023)




Tests of Between-Subjects Effects

Dependent Variable:"C’C

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 556.357" 3 185.452 15.967 .000
Intercept 42413.534 1 42413.534 3651.772 .000
Smoking 137.456 1 137.456 11.835 .001
Alcohol 30.595 1 30.595 2.634 107
Smoking * Alcohol 23.407 1 23.407 2.015 .158
Error 1707.332 147 11.615
Total 100879.285 151
Corrected Total 2263.690 150
a. R Squared = .246 (Adjusted R Squared = .230)
Tests of Between-Subjects Effects
Dependent Variable:’C"C
Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 199.078° <> 66.359 1.329 .267
Intercept 41546.075 1 41546.075 831.839 .000
Smoking 2.076 1 2.076 .042 .839
Alcohol 35.921 1 35.921 719 .398
Smoking * Alcohol 117.445 1 117.445 2.351 A27
Error 7341.891 147 49.945
Total 98987.545 151
Corrected Total 7540.968 150

a. R Squared = .026 (Adjusted R Squared = .007)
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Tests of Between-Subjects Effects

Dependent Variable:"C"C+"C"C

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 465.543° 3 155.181 4.137 .008
Intercept 167916.514 1 167916.514 4476.099 .000
Smoking 173.162 1 173.162 4616 .033
Alcohol 211 1 211 .006 .940
Smoking * Alcohol 35.998 1 35.998 .960 .329
Error 5514.563 147 37.514
Total 385973.208 151
Corrected Total 5980.106 150

a. R Squared = .078 (Adjusted R Squared = .059)
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APPENDIX E

Statistic Output
The Percentage of Loci of Each LINE-1 Methylation Pattern in NS and CS
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1. Normality test in the value of each methylation pattern in CS and NS

One-Sample Kolmogorov-Smimov Test

Smoking "C "c"c ‘c'c "c'c ‘c"c |"c'c+'c"c
current N 96 96 96 96 96 96

SMOKE!S  \ormal Mean 421626|  17.8248]  33.4994|  24.0331 246420 486757

Parameters™ o\ beviation | 261746 47036a| 373846| s64208| 781012] 681048

Most Extreme Absolute 063 055 065 065 068 060

Differences o itive 063 036 062 042 068 060

Negative -033 -055 -.065 -.065 -.052 -.052

Kolmogorov-Smirnov Z .612 532 .632 .636 .662 .584

Asymp. Sig. (2-tailed) 848 940 819 813 772 885

never N 60 60 60 60 60 60

SMOKETS  Normal Mean 417617| 156312 321070 27.8498] 24.4123] 522618

Parameters”™ o peviation | 220468 372061 2.84267| 3.43420| s87578| 490433

Most Extreme Absolute 144 104 127 092 166 A72

Differences  pgitive 078 084 127 042 166 72

Negative -144 -104 -.084 -092 -078 -133

Kolmogorov-Smimov Z 1118 809 984 71 1.289 1.331

Asymp. Sig. (2-tailed) 164 530 288 692 072 058

a. Test distribution is Normal.

b. Calculated from data.



2. Comparison in the value of each methylation pattern between CS and NS by

independent sample t-test

Group Statistics

Smoking Mean Std. Deviation Std. Error Mean
"c current smokers 96 42.1626 2.61746 .26855
never smokers 60 417617 2.22468 28721
"c"c current smokers 96 17.8248 4.79364 49182
never smokers 60 15.6312 3.72061 48033
‘c'c current smokers 96 33.4994 3.73846 38356
never smokers 60 32.1070 2.84267 .36699
"c'c current smokers 96 24.0331 3.64298 37376
never smokers 60 27.8498 3.13420 40462
‘c"C current smokers 96 24.6420 7.81012 80130
never smokers 60 24.4123 5.87578 75856
"c'c+'c"c current smokers 96 48.6757 6.81946 69966
never smokers 60 52.2618 4.90433 63315
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Independent Samples Test

108

Levene's Test
for Equality of
Variances t-test for Equality of Means
95% Confidence
Interval of the
Difference
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference | Lower Upper
"C Equal variances | 2.029| .156 983 153 327 40096 40787 -.40482] 1.20675
assumed
Equal variances 1.020f 140.065 .310 40096 .39320] -.37640] 1.17833
not assumed
"C"C  Equal variances | 8.132| .005| 3.016 153 .003 2.19368 72737 .75669| 3.63066
assumed
Equal variances 3.191| 146.496 .002 2.19368 .68746 .83506| 3.55229
not assumed
‘c'c Equal variances | 3.852| .052| 2.468 153 .015 1.39237 56412 27790| 2.50684
assumed
Equal variances 2.623| 147.688 .010 1.39237 53084 .34334| 2.44140
not assumed
"C'C  Equal variances | 1.698| .194| -6.698 S .000 -3.81678 .56985] -4.94257] -2.69099
assumed
Equal variances -6.929| 139.084 .000 -3.81678 .55083| -4.90587| -2.72769
not assumed
‘C"C  Equal variances | 9.210| .003 195 153 .845 22967 1.17521| -2.09206| 2.55140
assumed
Equal variances .208| 148.263 .835 22967 1.10340| -1.95076| 2.41009
not assumed
"C'C+ Equal variances | 8.913| .003| -3.535 153 .001 -3.58615 1.01448| -5.59035| -1.58195
‘C"C  assumed
Equal variances -3.800| 150.352 .000 -3.58615 .94361| -5.45060] -1.72170
not assumed
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APPENDIX F

Statistic Output

The Percentage of Loci of Each LINE-1 Methylation Pattern in matched cases
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1. Normality test in the value of each methylation pattern in matched cases of CS

and NS
One-Sample Kolmogorov-Smirnov Test

Smoking "C "c"c ‘c'c "c'c ‘c"c "c'c+'c"c
current N 29 29 29 29 29 29
SMOKETS  \ormal Mean 42.3248| 17.4934| 32.8428] 23.8860| 257759 49,6641
Parameters™ o\ Deviation | 312412| 535418| 431378|  a7e678| 790187 7.45065

Most Extreme Absolute 151 118 141 .158 27 122
Differences o itive 151 115 141 158 127 086

Negative =099 -118 -113 -105 -105 122

Kolmogorov-Smirnov Z .814 637 757 .848 .687 .656

Asymp. Sig. (2-tailed) 522 812 615 468 734 .783

never N 29 29 29 29 29 29
SMOKETS  Normal Mean 422762| 17.3759|  32.8234] 26.9666| 22.8345 49.8014
Parameters™ g\ peviation| 220889| 453804| 330886| 293338| 591975 6.66327

Most Extreme  Absolute 151 113 143 135 134 219
Differences  pogitive 071 13 143 094 126 113

Negative -151 -.097 -105 -135 -134 -219

Kolmogorov-Smirnov Z .813 .607 A72 124 721 1.180

Asymp. Sig. (2-tailed) 523 855 590 670 676 124

a. Test distribution is Normal.

b. Calculated from data.
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2. Comparison in the value of each methylation pattern between matched cases of

current smokers and non-smokers by paired t-test

Paired Samples Statistics

Mean N Std. Deviation |Std. Error Mean

Pair 1 "C current smokers 42.3248 29 3.12412 .58013]

"C non- smokers 42.2762 29 2.22889 41389

Pair 2 "C"C current smokers 17.4934 29 5.35418 99425

"C"C non- smokers 17.3759 29 453804 84269

Pair 3 ‘C"C current smokers 32.84276 29 4.313748 801043

“C"C non- smokers 32.8234 29 3.39886 63115

Pair 4 "C"C current smokers 23.8869 29 3.76678 69947

"C"C non- smokers 26.9666 29 2.93338 54472

Pair 5 ‘C"C current smokers 25.7759 29 7.99187 1.48405

“C"C non- smokers 22.8345 29 5.91975 1.09927]

Pair 6 "C"C+C"C current smokers 49.6641 29 7.45065 1.38355

"C"C+"C"C non- smokers 49.8014 29 6.66327 1.23734

Paired Samples Correlations
N Correlation Sig.

Pair 1 "C current smokers & "C non- smokers 29 -.253 .186
Pair 2 "C"C current smokers & "C"C non- smokers 29 219 .253
Pair 3 ‘C"C current smokers & “C"C non- smokers 29 -.169 382
Pair 4 "C"C current smokers & "C"C non- smokers 29 .238 214
Pair 5 ‘C"C current smokers & ‘C"C non- smokers 29 239 213
Pair 6 "C’C+"C"C current smokers & "C"C+"C"C non- smokers 29 257 179




Paired Samples Test
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Paired Differences

95% Confidence

Interval of the

Difference
Std. Std. Error Sig.
Mean | Deviation Mean Lower Upper t df | (2-tailed)

Pair 1 "C current smokers & .04862| 4.27137 79317 -1.57612] 1.67336 .061 28 .952
"C non- smokers

Pair2 "C"C current smokers & 11759 6.21266 1.15366 -2.24558| 2.48076 1021 28 .920
"C"C non- smokers

Pair3 “C"C current smokers & .019310] 5.925247 1.100291] -2.234533] 2.273154 .018] 28 .986
“C"C non- smokers

Pair4 "C"C current smokers & -3.07966| 4.18820 JT7T73 -4.67276| -1.48655] -3.960| 28 .000
"CC non- smokers

Pair5 ‘C"C current smokers & 2.94138| 8.73700|  1.62242 -.38200| 6.26476| 1.813] 28 .081
“C"C non- smokers

Pair6 "C'C+'C"C currentsmokers | -.13724| 8.62572 1.60176| -3.41829| 3.14381| -.086| 28 932
&"C'Cc+°C"C non- smokers




APPENDIX G

Statistics Output
The Percentage of Loci of Each LINE-1 Methylation Pattern in FS and NS
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1. Normality test in the value of each methylation pattern in FS and NS

One-Sample Kolmogorov-Smimov Test

114

Smoking "C "c"c ‘c'c "c'c ‘c"c |"c‘c+'c"c
former N 17 17 17 17 17 17
SMOKETS  \ormal Mean 411563  15.4731|  33.1631| 245131 268488  51.3625
Parameters™ o\ boviation | 238288 a61016|  196863| 3968s6| 567320 524888

Most Extreme Absolute 102 138 .206 .265 113 130
Differences o itive 074 138 137 265 113 092

Negative -102 -103 -206 -153 -.096 -130

Kolmogorov-Smirnov Z 407 .550 .822 1.061 453 521

Asymp. Sig. (2-tailed) 996 923 509 211 986 949

never N 60 60 60 60 60 60
SMOKETS  Normal Mean 417617 15.6312| 321070 27.8498| 24.4123| 52.2618
Parameters™” s\ peviation | 220468| 372061  284267|  313420| s87578|  4.90433

Most Extreme Absolute 144 104 127 092 166 72
Differences  pogitive 078 084 127 042 166 72

Negative -144 -104 -.084 -.092 -078 -133

Kolmogorov-Smirnov Z 1.118 809 984 711 1.289 1.331

Asymp. Sig. (2-tailed) 164 530 288 692 072 058

a. Test distribution is Normal.

b. Calculated from data.
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2. Comparison in the value of each methylation pattern between FS and NS by

independent sample t-test

Group Statistics

Smoking N Mean Std. Deviation Std. Error Mean
"C former smokers 16 41.1563 2.38288 .59572)
never smokers 60 41.7617 2.22468 .28721
"c"c former smokers 16 15.4731 461016 1.15254
never smokers 60 15.6312 3.72061 .48033]
‘c'c former smokers 16 33.1631 1.96863 49216
never smokers 60 32.1070 2.84267 .36699
"c'c former smokers 16 24.5131 3.96856 99214
never smokers 60 27.8498 3.13420 40462
‘c"c former smokers 16 26.8488 5.67322 1.41830)
never smokers 60 24.4123 5.87578 .75856)
"c’c+'c"c former smokers 16 51.3625 5.24888 1.31222
never smokers 60 52.2618 4.90433 .63315




Independent Samples Test
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Levene's Test
for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of
the Difference
Sig. (2- Mean Std. Error
F Sig. t df tailed) | Difference | Difference Lower Upper
"C Equal variances | .217 642 -953 74 344 -.60542 63522 -1.87113 .66030)
assumed
Equal variances -915| 22.475 .370 -.60542 66134 -1.97527 76444
not assumed
"C"C  Equal variances |1.068]  .305| -.143 74 886 -15804 1.10219|  -2.35420 2.03811
assumed
Equal variances -.127| 20.506 1901 -.15804 1.24862 -2.75851 2.44243
not assumed
‘c'c Equal variances |1.764 .188| 1.396 74 167 1.05612 75647 -45117 2.56342
assumed
Equal variances 1.720| 33.672 .095 1.05612 .61392 -.19196 2.30421
not assumed
"C’C  Equal variances | .003 .956| -3.572 74 .001 -3.33671 93422 -5.19819 -1.47523
assumed
Equal variances -3.114| 20.262 .005 -3.33671 1.07148 -5.56991 -1.10350
not assumed
‘C"C  Equal variances | .085 J71 1.484 74 142 2.43642 1.64185 -.83504 5.70788
assumed
Equal variances 1.515| 24.303 143 2.43642 1.60842 -.88100 5.75383
not assumed
"C’C+ Equal variances | .537 466 -.642 74 523 -.89933 1.40010 -3.68910 1.89043
‘C"C  assumed
Equal variances -.617| 22.487 543 -.89933 1.45698 -3.91714 2.11847
not assumed




APPENDIX H

Statistics Output
The Percentage of Loci of Each LINE-1 Methylation Pattern in
Pack-Year Smoking Groups
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1.

groups

One-Sample Kolmogorov-Smimov Test

Normality test in the value of each methylation pattern in pack-year smoking

Pack year group (mean) "c "c"c ‘c’c "c'c ‘c"c |"c'c+'c"c
Group! N 54 54 54 54 54 54
<=13.23
Normal Mean 423193 17.6863| 33.0480| 242070 24.9678|  49.2656
a,b
Parameters 4. Deviation | 2.82850| 5.10220 400100 3.43219] s41840] 721790
Most Extreme Absolute 075 108 082 124 083 084
Differences ”
Positive 075 049 068 064 083 084
Negative -063 -108 -082 -124 -.068 -052
Kolmogorov-Smirnov Z .552 791 .604 910 .607 614
Asymp. Sig. (2-tailed) 921 559 859 379 855 846
Groupll N 42 42 42 42 42 42
>13.23
Normal Mean 42.0877| 18.3931| 34.2166| 227051 24.6851  47.3900
Parameters oy peviation | 2.43684| 4.65204| 3.43592] 3.04518]  7.35800|  6.56707
b
Most Absolute 127 081 161 132 088 088
Extreme  pigitive o 079 161 067 088 054
Differences
Negative -.080 -.081 -079 -132 -.085 -.088
Kolmogorov-Smirnov Z 749 481 952 779 518 .520
Asymp. Sig. (2-tailed) 629 975 325 579 951 950

a. Test distribution is Normal.

b. Calculated from data.
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2.
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Comparison in the value of each methylation pattern between pack-year groups

by independent sample t-test

Group Statistics

Pack year group (mean) N Mean Std. Deviation Std. Error Mean
"C Group | <=13.23 54|  42.3193 2.82850 38491
Group 11 >13.23 42 420877 2.43684 41190
"c"c Group | <=13.23 54 17.6863 5.10220 69432
Group 11 >13.23 42  18.3931 4.65204 78634
‘c'’c Group | <=13.23 54 33.0480 4.00190 54459
Group 11 >13.23 42| 342166 3.43592 58078
"c'c Group | <=13.23 54 24.2970 3.43219 46706
Group 11 >13.23 42 227051 3.04518 51473
‘c"c Group 1 <=13.23 54|  24.9678 8.41840 1.14560
Group Il >13.23 42| 246851 7.35800 1.24373
"c'c+'Cc"C  Group |1 <=13.23 54 49.2656 7.21790 98223
Group 11 >13.23 42 47.3900 6.56707 1.11004




120

Independent Samples Test

Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence
Interval of the
Difference
Sig. (2- Mean Std. Error
F | Sig. t df tailed) Difference Difference | Lower Upper
"C Equal variances | .507| .478 .398 87 .692 23154 .58205| -.92535| 1.38844
assumed
Equal variances 411 80.116 .682 23154 56375] -.89034| 1.35343
not assumed
"c"c Equal variances | .030| .863 -661 87 511 -70685 1.07007| -2.83373| 1.42004
assumed
Equal variances -674| 77.473 502 -.70685 1.04900| -2.79548| 1.38178
not assumed
‘c'C Equal variances | .349| .556 -1.421 87 159 -1.16861 .82261] -2.80363 46642
assumed
Equal variances -1.468| 80.267 146 -1.16861 .79617] -2.75295 41573
not assumed
"c'c Equal variances |1.860| .176 2.232 87 .028 1.59189 71315 17443] 3.00936
assumed
Equal variances 22901 78.778 .025 1.59189 .69505 .20837| 2.97542
not assumed
‘c"c Equal variances | .641| .426 162 87 .871 .28263 1.74051| -3.17682| 3.74209
assumed
Equal variances 167 79.470 .868 .28263 1.69093| -3.08278| 3.64805
not assumed
"c’C+'C"C Equal variances | .114| 737 1.240 87 218 1.87556 1.51268| -1.13105| 4.88217
assumed
Equal variances 1.265| 77.577 210 1.87556 1.48222| -1.07556| 4.82667
not assumed
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APPENDIX |

Microarray Expression Experiments of the Airway Epithelia of Smokers



Experiment 1 GSE 4302-2 (Genome-Wide Profiling of Airway Epithelial Cells in

Asthmatics, Smokers and Healthy Controls) between smokers and non-smokers.

122

Down-regulation

Up-regulation

OR Lower CI Upper CI p-value OR Lower CI Upper CI p-value
1.90 1.67 2.15 6.48E-24 0.80 0.70 0.91 8.99E-04
Case Control
GSM98205 GSM98206
GSM98231 GSM98207
GSM98232 GSM98209
GSM98233 GSM98211
GSM98237 GSM98212
GSM98238 GSM98213
GSM98246 GSM98217
GSM98247 GSM98218
GSM98248 GSM98219
GSM98249 GSM98221
GSM98250 GSM98222
GSM98252 GSM98223
GSM98253 GSM98225
GSM98255 GSM98229
GSM98256 GSM98230
GSM98257 GSM98234
GSM98235
GSM98236
GSM98239
GSM98240
GSM98241
GSM98242
GSM98243
GSM98244
GSM98245
GSM98251
GSM98254

GSM98258




Experiment 2 GSE 19667-1 (Threshold of Biologic Response of the Small Airway

Epithelium to Low Levels of Tobacco Smoke) between smokers and non-smokers.

123

Down-regulation

Up-regulation

OR Lower CI Upper CI p-value OR Lower CI Upper CI p-value
1.68 1.48 1.90 5.53E-16 1.10 0.94 1.28 2.27E-01
Case Control

GSM252871 GSM302396
GSM101115 GSM190155
GSM101116 GSM190156
GSM252876 GSM254149
GSM114089 GSM298220
GSM114090 GSM298221

GSM252879 GSM298222
,GSM252880 GSM298223
GSM252881 GSM298224
GSM252882 GSM254150
GSM252884 GSM298225
GSM298231 GSM302397
GSM252885 GSM254151

GSM254157 GSM298226
GSM254158 GSM298227
GSM254159 GSM254152
GSM298232 GSM298228
GSM298233 GSM298229
GSM298234 GSM300859
GSM298235 GSM469989
GSM298236 GSM350871

GSM298237 GSM350873
GSM298239 GSM434049
GSM298240 GSM350955
GSM254160 ,GSM350956
GSM298241 GSM434050
GSM298242 GSM410161

GSM298243 GSM434051

GSM298244 GSM458579




124

Case

Control

GSM298245

GSM434052

GSM254161

GSM410162

GSM298246

GSM469990

GSM410163

GSM469991

GSM469992

GSM458580

GSM469993

GSM458581

GSM458582

GSM469994

GSM469995

GSM469996

GSM469997

GSM469998

GSM469999

Experiment 3 GSE 19667-2 (Threshold of Biologic Response of the Small Airway

Epithelium to Low Levels of Tobacco Smoke) between smokers and non-smokers.

Down-regulation

Up-regulation

OR Lower CI Upper ClI p-value OR Lower CI Upper CI p-value
1.74 1.51 2.01 2.97E-14 0.74 0.58 0.95 1.82E-02
Case Control

GSM491043 GSM302396

GSM300878 GSM190155

GSM300871 GSM190156

GSM300872 GSM254149

GSM300874 GSM298220

GSM300880 GSM298221

GSM491044 GSM298222

GSM298223

GSM298224

GSM254150

GSM298225
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Case

Control

GSM302397

GSM254151

GSM298226

GSM298227

GSM254152

GSM298228

GSM298229

GSM300859

GSM469989

GSM350871

GSM350873

GSM434049

GSM350955

GSM350956

GSM434050

GSM410161

GSM434051

GSM458579

GSM434052

GSM410162

GSM469990

GSM410163

GSM469991

GSM469992

GSM458580

GSM469993

GSM458581

GSM458582

GSM469994

G SM469995

GSM469996

GSM469997

GSM469998

GSM469999
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Experiment 4 GSE 11906-8 (Quality Control in Microarray Assessment of Gene

Expression in Human Airway Epithelium) between smokers and non-smokers.

Down-regulation Up-regulation

OR Lower CI Upper CI p-value OR Lower CI Upper CI p-value

1.63 1.41 1.87 1.05E-11 1.18 0.94 1.48 1.56E-01

Case Control

GSM300913 GSM300881

GSM300914 GSM300882

GSM300915 GSM300883

GSM300884

GSM300885

GSM300886

GSM300887

GSM300888

GSM300889

GSM300890

GSM300891

GSM300892

,GSM300893

GSM300894

GSM300895

GSM300896

GSM300897

Experiment 5 GSE 11906-5 (Quality Control in Microarray Assessment of Gene

Expression in Human Airway Epithelium) between smokers and non-smokers.

Down-regulation Up-regulation
OR Lower Cl Upper ClI p-value OR Lower CI Upper CI p-value
2.37 1.63 3.46 3.93E-06 1.32 1.16 1.49 1.79E-05
Case Control
GSM101111 GSM101096
GSM101108 GSM101106
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Case Control
GSM101112 GSM101100
GSM101109 GSM101104
GSM101110 GSM190149
GSM252871 GSM101103
GSM101114 GSM101105
GSM101115 GSM101102
GSM101113 GSM101101
GSM101116 GSM190150
GSM252876 GSM190151
GSM114089 GSM190152
GSM114090 GSM190153
GSM252878 GSM298219
GSM252879 GSM190155
GSM298230 GSM190156
GSM252880 GSM254149
,GSM252881 GSM298220
GSM252882 GSM298221
GSM252884 GSM298222
GSM298231 GSM298223
GSM252885 GSM298224
GSM254157 GSM254150
GSM254158 GSM298225
GSM254159 GSM254151
GSM298232 GSM298226
GSM298233 GSM298227
GSM298234 GSM254152
GSM298235 GSM298228
GSM298236 GSM298229
,GSM298237 GSM300859
GSM298238 GSM300860
GSM298239
GSM298240
GSM254160
GSM298241
GSM298242
GSM298243

GSM298244
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Case

Control

G SM298245

GSM254161

,GSM298246

GSM298247

GSM300861

Experiment 6 GSE 4498 (Expression data of small airway epithelium from

phenotypically normal smokers and non-smokers) between smokers and non-smokers.

Down-regulation

Up-regulation

OR Lower CI Upper ClI p-value OR Lower CI Upper CI p-value
0.74 0.62 0.89 9.96E-04 1.54 1.25 1.89 4.85E-05
Case Control

GSM101107 GSM101095

GSM101108 GSM101096

GSM101109 GSM101097

GSM101110 GSM101098

GSM101111 GSM101099

GSM101112 GSM101100

GSM101113 GSM101101

GSM101114 GSM101102

GSM101115 GSM101103

GSM101116 GSM101104

GSM101105

GSM101106




Experiment 7 GSE 13933-2 (Trachea Epithelium as a ??? Canary??? for Cigarette
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Smoking-induced Biologic Phenotype of Small Airway Epithelium) between smokers and

non-smokers.

Down-regulation

Up-regulation

OR Lower Cl Upper Cl p-value OR Lower Cl Upper ClI p-value
1.24 1.09 1.40 1.00E-03 1.52 1.32 1.75 2.58E-09
Case Control

GSM300900 GSM300881
GSM350970 GSM300882
GSM300905 GSM300883
GSM300907 GSM300884
GSM300910 GSM300885
GSM300911 GSM300886
GSM350971 GSM300887
GSM350972 GSM300888
GSM350973 GSM300889
GSM350974 GSM300890
GSM300912 GSM350959
GSM350975 GSM350960
GSM350976 ,GSM300893
GSM350977 GSM300894
GSM350978 GSM300895
GSM350979 GSM300896
GSM350980 GSM350961
GSM350981 GSM350962
GSM350982 GSM350963

GSM350964

GSM350965

GSM300897

GSM350966

GSM350967

GSM350968

GSM350969




Experiment 8 GSE 11906-7 (Quality Control in Microarray Assessment of Gene

Expression in Human Airway Epithelium) between smokers and non-smokers.
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Down-regulation

Up-regulation

OR Lower CI Upper CI p-value OR Lower CI Upper CI p-value
1.26 1.07 1.49 5.50E-03 1.21 1.02 1.44 2.94E-02
Case Control

GSM300898 GSM300881
GSM300899 GSM300882
GSM300900 GSM300883
GSM300901 GSM300884
GSM300902 GSM300885
GSM300903 GSM300886
GSM300904 GSM300887
GSM300905 GSM300888
GSM300906 GSM300889
GSM300907 GSM300890
GSM300908 GSM300891
GSM300909 GSM300892
GSM300910 GSM300893
GSM300911 GSM300894
GSM300912 GSM300895

GSM300896

GSM300897

Experiment 9 GSE 3320 (Gene expression profile of small airway epithelium of normal

non-smokers and normal smokers) between smokers and non-smokers.

Down-regulation

Up-regulation

OR

Lower Cl

Upper ClI

p-value

OR

Lower CI

Upper CI

p-value

1.51

1.12

2.04

6.11E-03

1.21

0.89

1.64

2.15E-01
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Case Control
GSM74802 GSM74797
GSM74819 GSM74798
GSM74820 GSM74799
GSM74821 GSM74800
GSM74822 GSM74801
GSM74823

Experiment 10 GSE 8545-2 (Variability in Small Airway Epithelial Gene Expression

Among Normal Smokers) between smokers and non-smokers.

Down-regulation

Up-regulation

OR Lower CI Upper ClI p-value OR Lower CI Upper ClI p-value
0.68 0.47 0.98 3.84E-02 1.33 1.18 1.51 3.89E-06
Case Control

GSM114089 GSM101095
GSM114090 GSM101097
GSM252879 GSM101098
GSM252882 GSM101096
GSM252884 ,GSM101106
GSM252885 GSM101100
GSM254157 GSM101104
GSM254158 GSM101103
GSM254159 GSM101105
GSM254160 GSM101102
GSM254161 GSM101101

GSM190151

GSM252867

GSM190153

GSM254149

GSM254150

GSM254151

GSM254152




Experiment 11 GSE 13933-1 (Trachea Epithelium as a ??? Canary??? for Cigarette
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Smoking-induced Biologic Phenotype of Small Airway Epithelium) between smokers and

non-smokers.

Down-regulation

Up-regulation

OR Lower Cl Upper Cl p-value OR Lower Cl Upper CI p-value
1.19 1.00 1.42 4.47E-02 1.63 1.41 1.88 2.60E-11
Case Control
GSM252871 GSM252855,
GSM252872 GSM252856,
GSM252874 GSM252857,
GSM252876 GSM252860,
GSM252879 GSM252861,
GSM252881 GSM252863,
GSM252882 GSM252865,
GSM252884 GSM190151,
GSM252885 GSM252867,
GSM254157 GSM190156
GSM298235 GSM298220
GSM298236 GSM298224
GSM298240 GSM254151
GSM298243 GSM298226
GSM298245 GSM298227
GSM350957 GSM254152
GSM410164 GSM298228
GSM350958 GSM300859
GSM410165 GSM350955
GSM350956
GSM410161
GSM410162

GSM410163




Experiment 12 GSE 11906-6 (Quality Control in Microarray Assessment of Gene

Expression in Human Airway Epithelium) between smokers and non-smokers.
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Down-regulation

Up-regulation

OR

Lower Cl Upper Cl

p-value

OR

Lower Cl

Upper Cl

p-value

1.38

0.94 2.03

9.70E-02

0.98

0.88 1.10

7.87E-01

Case

Control

GSM300875

GSM101095

GSM300876

GSM101097

GSM300877

GSM101098

GSM300878

GSM101096

GSM300871

GSM101106

GSM300879

GSM101100

GSM300872

GSM101104

,GSM300873

GSM190149

GSM300874

GSM101103

GSM300880

GSM101105

GSM101102

GSM101101

GSM190150

GSM190151

GSM190152

GSM190153

GSM298219

GSM190155

GSM190156

GSM254149

GSM298220

GSM298221

GSM298222

GSM298223

GSM298224

GSM254150

GSM298225

GSM254151

GSM298226




Case

Control

GSM298227

GSM254152

GSM298228

GSM298229

GSM300859

GSM300860
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Experiment 13 GSE 27002 (Chronic Cigarette Smoke Exposure Results in Coordinated

Methylation and Gene Expression Changes in Human Alveolar Macrophages) between

smokers and non-smokers.

Down-regulation

Up-regulation

OR Lower CI Upper Cl p-value OR Lower CI Upper ClI p-value
1.13 0.85 1.50 4.10E-01 1.28 0.95 1.72 9.90E-02
Case Control

GSM665114 GSM665104

GSM665115 GSM665105

GSM665116 GSM665106

GSM665117 GSM665107

GSM665118 GSM665108

GSM665119 GSM665109

GSM665120 GSM665110

GSM665121 GSM665111

GSM665122 GSM665112

GSM665123 GSM665113

GSM665124

GSM665125

GSM665126




Experiment 14 GSE 7895-1 (Reversible and Permanent effects of Tobacco Smoke

Exposure on Airway Epithelial Gene Expression) between smokers and non-smokers.
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Down-regulation

Up-regulation

OR Lower CI Upper CI p-value OR Lower CI Upper CI p-value
1.07 0.82 1.38 6.28E-01 0.92 0.73 1.18 5.23E-01
Case Control

GSM194224 GSM194203
GSM194225 GSM194204
GSM194226 GSM194205
GSM194227 GSM194206
GSM194228 GSM194207
GSM194229 GSM194208
,GSM 194230 ,GSM 194209
GSM194231 GSM194210
GSM194232 GSM194211
GSM194233 GSM194212
GSM194234 GSM194213
GSM194235 GSM194214
GSM194236 GSM194215
GSM194237 GSM194216
GSM194238 GSM194217
GSM194239 GSM194218
GSM194240 GSM194219
GSM194241 GSM194220
GSM194242 GSM194221
GSM194243 GSM194222
GSM194244 GSM194223
GSM194245

GSM194246

GSM194247

GSM194248

GSM194249

GSM194250

GSM194251

GSM194252
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Case

Control

GSM194253

GSM194254

GSM194255

GSM194255

GSM194256

GSM194257

GSM194258

GSM194259

GSM194260

GSM194261

GSM194262

GSM194263

GSM194264

GSM194265

GSM194266

GSM194267

GSM194268

GSM194269

GSM194270

GSM194271

GSM194272

GSM194273

GSM194274

GSM194275

Experiment 15 GSE 994-1 (Effects of cigarette smoke on the human airway epithelial

cell transcriptome) between smokers and non-smokers.

Down-regulation

Up-regulation

OR Lower Cl Upper ClI p-value OR Lower CI Upper CI p-value
0.96 0.78 1.20 7.37E-01 0.97 0.76 1.23 8.12E-01
Case Control
GSM15684 GSM15729
GSM15686 GSM15736
GSM15709 GSM15737
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Case Control
GSM15711 GSM15738
GSM15712 GSM15739
GSM15714 GSM15740
GSM15717 GSM15718
GSM15713 GSM15720
GSM15715 GSM15721
GSM15716 GSM15725
GSM15687 GSM15719
GSM15685 GSM15728
GSM15688 GSM15731
GSM15689 GSM15732
GSM15690 GSM15733
GSM15691 GSM15734
GSM15692 GSM15735
GSM15696 GSM15722
GSM15695 GSM15723
GSM15697 GSM15724
GSM15698 GSM15726
GSM15699 GSM15727
GSM15700 GSM15730
GSM15701
GSM15702
GSM15703
,GSM15704
GSM15705
GSM15706
GSM15707
GSM15708
GSM15710
GSM15693

GSM15694
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