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CHAPTER |

INTRODUCTION

BACKGROUND AND RATIONALE

The Piwi subfamily genes are essential for germline and stem cell development.
These genes are highly conserved among organisms. In mammals, Piwi genes are

esis in the testes (1, 2). Additionally,

rs and cancer cell lines, whereas no

resulting in degradati eads to gene silencing (4, 5). In

fact, Piwi-piRNAs | repressing expression of
retrotransposons ’ Qf repeﬂ!ne elements such as long

interspersed nuclear nqy.-.u ha&been reported that Piwil2-null

important in cancer developmeﬁ?ﬁﬁ‘f ); i :
44"/' WD &

genomic instability'{12:14) and may b{ammfﬁgenuus DNA double strand
breaks (15, 1E}T e of |

sequences (8). LINEE*} is a retrotre

Aw at interspersed repelitive
cont@s 600,000 copies in a genome
and 3,000 - 5,000 re-&;sent full-length elements (17). OQur previous studies

it 1340 5171110 T g

carcinomas including bladder, hear.:i and neck, ﬂral epithelium, wr lung, prostate,
AR IR AN
the methylation levels of LINE-1 from 17 loci, each located within an intron of a gene. In
addition to a generalized hypomethylation pattern, locus-specific patterns of LINE-1

methylation were demonstrated (23).

Because Piwil? is expressed in different tumors (20) and Piwil2 is required for
LINE-1 methylation in testis (7), it is interesting to evaluate the association between

Piwil2 expression and LINE-1 methylation levels in cancer cells. Furthermore, investigate
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correlation between Piwil2 expression and LINE-1 methylation in cells with the same

genetic background.

Objectives
1. To evaluate the association between Piwil2 expression and methylation levels of

LINE-1 methylation in genome-wide and specific loci in cancer cells.

2. To examine correlation b wil2 expression and LINE-1 methylation in

cells with the same

Concepture Framework

_ | Q ~

-,

1. Is LINE-1 methylati / /B \ ass r-as,;. with the expression of Piwil2?

2. s there corre

Mo Y b
il \
W rideyy, ¥
"\ ""i'(*')l b

TR

%gwwaﬁﬂicdwﬁwmﬁ'ﬂ
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3. s there correlation between Piwil2 expression and LINE-1 methylation in cells
| with the same genetic background?

l

1. Toinhibit Piwil2 expression by siRNAs.

S C -1 after inhibition of Piwil2 expression in
ci %LINEJ and CU-L1

M
PYFPEPY (
s SFT (O =t A
ALK [ ) Bl

Key Words P
..f.é:‘.)ff\{ y s 7
Piwil2; long intersperset 1 (LINE-1); LINE-1 methylation; global

hypemethyiation; COBRA Llng-m .‘,_
Expected Benefit g i
We can uﬁeﬁe

w d and study mechanism of
carcinogenesis.

e RN UUINYUINNG
’aW"Tﬁ”ﬁff‘“’ﬁ%uumm tRE

11 WSU-HN cancer cell lines and down-regulate Piwil2 in Hela cell

lines
® Extract RNA for RT-PCR
® Agarose gel electrophoresis

® Expression analysis



2. To evaluate methylation levels of LINE-1

Extract DNA for COBRALINE-1 PCR
Restriction Fragment Length Polymorphism (RFLP)

Agarose gel electrophoresis

Methylation analysis

AONUUINYUINNS )
ANRIN TN INENAY



CHAPTER I
REVIEW OF RELATED LITERATURES

Small ribonucleic acids (Small RNAs)

Small noncoding RNAs regulate essential processes for cell growth and

differentiation. Moreover, small RNAs included mRNA degradation and translational

‘ isiclassified 2 major classes (4), that is, short
Jicre ﬂms}. siRNAs are derived from 21
re

. whe

repression. Characterization of S
interfere RNAs (siRNAs) and

nucleotides double s are endogenous small RNAs,

-

Furthermore, both si gonaute (Ago) subfamily proteins

and Dicer for induce'mF lez e and translational repression.

Recently, Aravi 3t al, 2006; Grivna et al., 2006 discovered a

R = T

new class of small*R Wi, proteins have been called piwi-

interacting RNAs (piR ides single stranded RNAs, interact

v -3 {;J‘EIG)/ ,
with Piwi subfamily protein a c'rtl;[ﬁ?}d i quire Dicer (1, 4, 5, 24). However,
the importance of piRNAs are- anly dete S, express during spermatogenesis in

mammalian. Therefore, they are’e r. germline and stem cell development

The charattetistics of piF g5 Single stranded RNAs contain
5 uracil end, 3' 2 ; than 50,000 species. They are
found cluster disperse ifldenoms. including exen, intron, intergenic and mapped to

opeat 500 G06) M LHAIAEI LT A oo or repotve

sequences repression, spermatogenesis inhibitionatso (1, 2, 4, 5, 24/

QW’]@ﬁﬂﬁuﬁJﬁﬂ’m el 1N e



Table 1 Difference of small RNAs

siRNAs miRNAs piRNAs
Size = 21 nucleotides ~ 21 nucleotides ~ 30 nucleotides
Endogenous Hairpin-
Exogenous Double Endogenous Single
Origin 4 oop Double strand
strand RNA (ssRNA)
(dsRNA)
Ribonuclease No
Argonaute
il Piwi subfamil
family protein Y e
Hairpin ~22 nt mIRNA
dsRNA 21-28 nt siRNA

| EL

amﬁ'ﬁm@%&mm
waaﬁﬂimuwﬁ’”ﬁ“ﬁiﬁaﬂ

Figure 1 Difference of small RNAs. miRNAs and siRNAs are -22 nucleotides double

strands hairpin structure, whereas piRNAs is 31 nucleotides single strand. Furthermore,
miRNAs and siRNAs use Dicer and Ago subfamily for their activity, in contrast, piRNAs
use Piwi subfamily protein (Figure from Genes Dev. 2006 Aug 1;20(15):1993-7.) (2).



7

RNAI pathway, Small RNAs interact with Argonaute family proteins that highly
conserved among eukaryotes, The small RNAs bind Argonaute proteins at PAZ domain
for guide Argonaute proteins to their target. As a result, lead to gene silencing by Dicer.
On the other hand, activity of Piwi domain is endonuclease. Besides. Argonaute family

proteins are divided to 2 subfamilies based on theirr sequences similarities (26, 27).

1. Argonaute subfamily is ayTiated with siRNAs and miRNAs, expressed in

2. Piwi subfam pre El‘f’d :n‘ﬁs and stem cells. Recent, piRNAs are

ring spermatogenesis in testes. Two

ifferent stage. MIL| is expressed
A S ) %

since spermatogoni mitesis Ul pachyleng spermatocyte stage (Figure 2).

Mevertheless, MI = 1o com ele Spermatogenesis arrest. On the contrary,

MIWI | S id-pachyten

Wi is expressed aifer iram.mid-pachyter

L —— -

MIWI null has not complete s Dgenesis process (28, 29).
e PLEESRETT Y . (28, 29)

@ T N

: Mitosis | * ﬂ

Primary spermatocyte

CRNIETTIT=" 0w (o

early round spermatid. For this reason,

Y4 day

QW’mﬁﬂmMiM Tt Y0

— {8 nay Round spermatid
Spermiogenesis *
Spermatozoa

et Mt r1uill

Figure 2 Schematic illustration of expression of Piwi proteins during spermatogenesis.
MILI is expressed in early stage, whereas, MIWI is expressed in lately (Figure from

Genes Dev. 2006 Aug 1;20(15):1993-7.) (2).



Ping-pong mechanism

Primary piRNAs is produced from transposon piRNAs cluster. First of all, primary
antisense piRNAs are generated secondary sense piRNAs. Antisense piRNAs show
uracil (U) at 5' end, bind Aubergine and Piwi proteins. Hence, Piwi proteins cleave their
transposons targets between position of nucleotides 10 and 11 from §' end of antisense
piRNAs. Therefore, generate new 5' end of sense strand piRNAs-Ago3 complex that

endonuclease cleave ation of these steps can form a

self amplification loop g-P {Figure 3).
/ 4 \\

Illm}:k \
NN

«4

o

Figure 3 Schematic illustration of Ping-pong amplification loop mechanism model:
biogenesis of piRNAs (Figure from Cell, 2007 Apr 6;129(1):37-44.) (32).



Transposable element (Transposons)

45% of the human genome consists of transposable elements; repetitive
sequence DNA. Transposable elements compose of DNA transposons and

Retrotransposon (17, 33).

1. DNA transposons; there are 3% in human genome. They move by “cut and

paste” mechanism using transposase.

2. Retrotransposons; the \g\\t’# an genome. DNA retrotransposons
NN 'Y/
encode reverse | C w“é (RT). by "copy and paste” mechanism.

\;

Moreover, Retrotrar ble‘!eler@be classified to Autonomous
7 S
retrotransposo ; OMOUS NSposons

-

; . -
L Ncmg autonomous retrotransposons; tI'M movement of this depend on

autonomous retrottansposons, such as Short Interspersed Nuclear

NERFEHEINEUINTT

*
AN ]aﬁfiﬁmﬁﬁﬁ eriEgRH
q LINE-1 family is estimated to contain 600,000 copies. There are only about 3,000

— 5,000 represent full-length elements. The most of LINE-1 elements have non-mobile
elements because 5' truncatation, rearrangement or point mutation. On the other hand,
full-length LINE-1 elements; ~6 kb, consists 5" untranslated region (5" UTR) with internal
promoter. Furthermore, the consensus sequences contain 2 open reading frames (ORF1
and ORF2) that separated by intergenic. Besides, the 3' UTR end has AATAAA
polyadenylation signal and poly A tail (17) (Figure 4).
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rsp [Crom_ | . s

Figure 4 Schematic illustration of structure of full-length LINE-1. There are 5 UTR, ORF1,
ORF2, 3' UTR and poly A tail (Fig W Sl 2002 Aug 9:110(3):277-80.) (34).
Abbreviation: TSD, target ficatl [R. 5' untranslated region; ORF1, first

open reading frame; ne; EN, endonuclease domain; RT,
reverse transcriptase i ‘ untransiated region; AATAAA, hexanucleotide

poly(A) signal, and A_ the'p Jlract  exanucleotide signal in human,

ORF1is -1k 40 .‘ teir %ﬁ&f‘&ﬂﬂtainﬁ leucine zipper domain
for RNA binding. The $sentia

ORF2 is ~4 kb, eftoded’ 150 KDa protéin. Besides, there are 3 conserve domain,
A

.

that is, endonuclease (E

cysteine - rich domain (17).

<
DNA mamylatior\\_r—é

DNA methylat iR, reversible change in gene

expression, whereas, DNA sequence alterations don

methyl group to carbon %’pusim f cytosine; 5™ - methyl cytosine, is found within
cwminmuaﬁ&a[uduamu ﬁ@ ;}ﬁnic consists genes and
repetitive sequences (Figure 5), Mobreover, 5 -“methyl cyto ine "8 associated with
cnBL s § OV BALL A A LR L e o
chmmgsnrne. genomic imprinting and tissue-specific silencing of gene expression (11,
35-37).

change. In addition, adding

DNA methyltransferases (DNMTs) is the enzyme responsible for adding methyl
groups to 5'-cytosine. Furthermore, it can be classified to maintenance and de novo

methyltransferases (11, 38, 39),
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DNMT1 is maintenance methyltransferases, During DNA replication, the new

syrnthesis of DNA contains hemimethylated that recruits DNMT1 to transfer methyl

groups to 5-cytosine from its cofactor, S-adenosylmethionine (SAM).

DNMT3A and 3B are de novo methyltransferase, require for adding methyl
groups to CpG dinucleotides of unmethylated DNA (Figure 6).

DNA hypermethylation is responsible for repression of tumor suppressor genes.
In contrast, hypomethylation i -,b%

( 0 apigenetics process in cancer induced
protooncogenes werexp%' ore Mcmathylatiun of retrotransposons
contribute active retrow lead to amene by insertion.

% f ) -

H

L]
|=
S-Methsl-cytidine

+
iﬁ!
M
H T‘HLH?
HO 2
g ,

! !! Hd s H
adenosy| homoey steine (SAH)
W - o
Figure 5 Mmlﬂtﬁ ﬂ%%@%ﬂl@eﬂa’s] %alyze the transfer of the

methyl group from S-adenosylmethiopine to cytosipe, It produces 5methylcytosine and

o PR A



' LSRN
REPLICATION m
> P, _

DNMT1 -y

Figure 6 Classification of DNMT. {A) Maintenance DNA methylation, DNMT1 add methyl
group to the hemimethylated DNA - during replication.-On the other hand, (B) de novo
methlation, DNMT3A and DNMT3B add methyl group to CpG dinucleotides of

unmethylated DNA (Figure from Folia Histochem Cytobiol, 2006;44(3):143-54.) (11).



CHAPTER i

MATERIALS AND METHODS

Cell Culture

WSU-HN cell lines, including WSU-HN 4, 6, 8, 12, 13, 17, 19, 22, 26, 30, 31,
Fibroblast and Hela cells were maintained in Dulbecco’ modified Eagle’s medium

(DMEM) (Sigma-Aldrich, St L{:-L_u_\ M

’ containing 10% fetal bovine serum (FBS)
and 100 unit/ml of antibiotic/ar

-_g |

atmosphere of 5% CO,, =

siRNAs expﬂriments/

The Pwil2 si

I'E cultured at 37°C in a humidified

ligation with pSilence.

ampicillin LB agar
were selected then cu 100 mg/ml ampicillin overnight and
(Qaigen, Valencia, CA). Plasmids were

performed DNA g.\equem;i:ﬁ%ﬂﬁ‘ﬁg  SIRNAS sequence without any mutation.

Hela cells \ﬁéﬁ od for siR 1. Cﬂs were plated at 5.0 x 10° cells

per 25 cm’® flask, Fﬂ[lﬂwmg 24 hr in culture, cells were transfected with 2 pyg Piwil2
siRNAs and s control. FUGENE™ HD
Transfection &mm%a nglu:ms used to transfection

RN R R VIEPTR =
harﬂe for R ﬁﬁ[ﬁl

Harvested cells

WSU-HN cell lines, Fibroblast and Hela cells were washed with PBS and
trypsinized by trypsin. Stop the reaction with DMEM containing 10% fetal bovine serum
(FBS) and 100 unityml| of antibiotic/antimycotic. The pellet of cells was separated by
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centrifuged at 150 g for 5 minutes. Moreover, the pellet was washed twice with PBS

before extracted RNA and DNA,

RNA preparation

The RNA was extracted from fibroblast and Hela cells using 1 ml of Trizol
reagent (Invitrogen, Carlsbad, CA, USA). Separation of RNA with chloroform then

precipitated with 100% Isopropanal, washed the pellet with 70% ethanol and

resuspened with DEPC dH20.

CDNA. _\_ »

Semi quantitative

(MBI Fermentas). T lenafured C " ed for 5 minutes at 70 °C, chilled

on ice. Then, the sam

heating at 70 °C for 5 minutes, ——
‘u;/;‘j:/ )

Clp vy Bl ivrinv el
SRRV e

Final extension 72 °C for 7 minutes

The annealing temperature of Piwil2 and G3PDH were 58 °C and 60 °C.
respectively. The amplicons were electrophoresed in 2% agarose gel. As a result, Piwil2
and G3PDH expression were found at 265 and 151 bp, respectively. The density of

bands was measured with Phosphorimager using Image Quant software (Molecular
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Dynamic). The Piwil2 expression was calculated as the percentage of Piwil2 densities

divided by G3PDH amplicon (13).

DNA extraction

The pellet of cells was resuspended in 950 pl of Lysis Buffer II, 10% SDS and
400 mg/mi of proteinase K. Then, incubate at 50°C overnight. The DNA was purified by

phenol/chloroform extraction, 100% etha

}I and 10 M of NH,OAC precipitation. The

///vas resuspended with dH,0. The DNA
Bisulfite Treatment / N '
Dilute 1 Mg o ith dH.0, 5.5 [1I of 2M NaOH were added,

incubated for 10 minutes a#37/CAg créate single-stranded DNA. Then, 30 LI of 10 mM
hydroquinone and fr : - Wi of sodium bisulfite at pH 5.0 were added
and mixed. The sample |
bisulfite-treated DNA was
Madison, WI). The DNA wa 0
were added and Tcubated‘ Wv? .
precipitated by al:l-;:-;'-' 1l of 10 M Na,OAc, 220 LUl of ethanol and 1 LUl of 20
mg/ml glycogen as s brrie “then in cub

at 95 °C and 5.5 LUl of 3 M NaOH

ature for 5 minutes. The DNA was

<

2 hours. After incubation, DNA

was centrifuged at 14;000 rpm for 10 minutes. The pellet ’ DNA was washed with 70%

ethanol then centrifuged at 947000 £pm for 5 minutessand was resuspended with 20 LI

o0, Bk bid byl okge
RN NIUNIINEIRE

For COBRA LINE-1, a 20 I PCR was carried out in 1X PCR buffer contained
with 1.5 mM MgCL,, 0.2 mM dNTPs mix, 1 unit of HotStarTag, 0.3 UM of B-L1-inward. 0.3

MM of B-L1-outward and 2 LU of bisulfite-modified DNA. There are PCR conditions

following below.
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Initial denaturation a5 “C for 15 minutes

Denaturation 95 °C for 1 minute

Annealing 50 °C for 1 minute »35 cycles
Extension 72 °C for 1 minute

Final extension 72°C for 7 minutes

The amplicons were double-digested in 10 LU reaction volumn with 2 units of

Tagl and 8 units of Tasl in 1X TJagl t | Fermentus) then incubated at 65 "C
W, |
overnight. Moreover, digested products ophoresed in 8% non-denaturing

—— P /
polyacrylamide gel. As w n of | and unmethylated sequences
was found at 80 bp (met 63 2 p (unmethylated). The intensity of DNA

_ZORIN T _

to 35 cycles of PCR:xaith two primers as liste able 4 a?n annealing temperature of
\

53 °C. Then, the amplicons igested. The 5 datection of methylated and

unmethylated saque@s vas fi .w%alculated LINE-1 methylation

levels by methylated sequences at B0 bp and unmethylated at 98 bp. Because, there

b1 011131 41 e
smabibendo) \ N1 T EUL LV IVIEI TN E

cgtatisti-::.f.«l significance was determined according to Pearson's correlation
coefficiant.




Table 2 Sequences of siRNAs of Piwil2
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Primer Name Sequence 5'-3'
SiPiwil2_1 CGTCACTGCGTTTGATGGA
siPiwil2_2 AGGATAGCTTCACGATGTC
siPiwil2_3 TGTTCGAACCATTGGTCAG
Table 3 List of primers in experiments

. 4

Primer Name A T Sequence 5'-3'
B-L1-inward “CG’fMGGGGﬁAGGGAGTI‘ITT
B-L1-outward RTAAAACCCTCCRAACCAAATATAAA
RT_Piwil2_F { CBAGG!?:TTGTCTGQTMTCTG
RT_Piwil2_R GAGGTGGTGGTGATGACAGC
RT_G3PDH_F GMTG‘GQ&E&G%C:A&GGCTGA
RT_G3PDH_R CTCCATGGTGGTGAAGACGC

e

Table 4 List of CU-L4, pririer (23)

COBRA unique sequence

Size

& Methylated | Unmethylated

ene iy
oligonucleotides (5'-3') (bp) | bands (bp) | bands (bp)
GITAAAGGGTTAAGAATGTGTGTAG | _47, 151,

COL24A1 | ‘ . 336 294, 98
RTAAAACCCTCCRAACCAAATATAAA 60, 54, 80
GTTITAAAAAAAAATAAAGTTGG _ 41, 151,

FAM49A 395 , 287, 98
RTAAAACCCTCCRAACCAAATATAAA 113)80
GATTAAATTTTAATTGAATTAGAG 43,151, | 5, 6,5, 289,

CNTNAPS 403
RTAAAACCCTCCRAACCAAATATAAA 60, 53, 80 as
GGTATGATTTTAAAAAAAGAGAT 48, 211,

PKP4 392 294, 98
RTAAAACCCTCCRAACCAAATATAAA 53, 80
GGTATATAATTTTTATGGTGTTG 44, 150, 7,27, 14,

LRP2 435
RTAAAACCCTCCRAACCAAATATAAA 60, 53, 80 289, 98




18

a COBRA unigue sequence Size | Methylated | Unmethylated
ene
oligonucleotides (5'-3') (bp) | bands (bp) | bands (bp)
ATTGAGGTGTATTAAGAGATGGA 181,60, | 25, 154, 276,
MGC42174 553
RTAAAACCCTCCRAACCAAATATAAA 53, 80 98
EPHA3- TGTTATTGGAATATATGGAGATT 42, 151,
386 288, 98
VS5 RTAAAACCCTCCRAACCAAATATAAA 60, 53, 80
il ; 10, 33, 18,
EPHA3- TAAGGATAAAAATTTTTGAAGTT 60, 150,
: 464 305, 98
IVS15 RTAAAACCCTCCRAACCAAATATAAA 60, 53, 80
-
TATTGAGTATTAATTATGTATTTAGTAT 28,150, | 11,34, 273,
ANTXR2 7/ 416
RTAAAACCCICCRAACCAAATATAAA 60, 53, 80 98
GTGTAATTTITITAGATTTTGTAG .| 300,60, |6.22 23 37,
SPOCK3 V. 2 2CA 492
RTAAAACCCTCCRAACCAAATATAAA 36, 17,80 | 46, 262, 98
TTAGGATATITTITATIITGGGA 101, 264,
LOC133993 £ F ] »iia 446 374,98
RTAAAACGCTCCRAACCAAATATAAA 80
W AN 94, 28, 20,
GGGGAAAAAATTGAAAGTT & 8, 24, 151,
PPP2R2B == =3 590 42, 21,9,
RTAAAACCCTCCRAACCAAATATAAA 60, 53, 80
‘ A ﬂj.‘ — - ; 2?0,98
—=+| 43,151, | 16,20, 290,
LOC286094 Vi | 429
RTAAAACCCTCCRAACCAAATATAAA | | 60,53, 80 08
AAAATTTTTAGTTGTTAAATGG ' 152, 60,
PRKG1 374 2, 27, 247, 98
RTAAAACCCTCCRAACCAAATATAAA 53, 80
81, 151,
AAGTTGTGTGGTTTTTIGTAAAT
ADAMTS20 \ 3.0 468, |, 60, 36, 17.,| 22, 328,98
| RTAAAACCCTCCRAACCAAATATAAA B
GGATTTGGGAGTTGGATAGTTAG 21,211, | 30,10, 276,
CDH8 405
RTAAAACCCTCCRAACCAAATATAAA 53, 38 56, 42
GAGAAATAGAATAGGTATGATTGATAA 23,151, | 27,5, 33, 36,
LOC284395 473
RTAAAACCCTCCRAACCAAATATAAA 60, 53, 80 270, 98




CHAPTER IV

RESULTS

Expression of Piwil 2 in different cell lines

Recently, it has been reported that Piwil2 was expressed specifically during
spermatogenesis and different cancer cell line. Therefore, we examine expression of
Piwil2 in fibroblast, HelLa, and 11 WSL x :

(Figure 7). Piwil2 was observed hl@ﬂ‘cg

fibroblast which represents w I[Flgpre -
Nevertheless, expression levels in ea hﬁlﬂ cell lines were different

were subjected to RT-PCR analysis

No expression was detected in

/. I
Technique of COBRALINE-f ana’mﬁ.
LINE-1 methylation I

normal oral epnhehum @reever» i y‘!ﬂfn levels of each locus are

generally directly correlated. Nevertheless some loci possessed differential methylation

e TV 003

Hence, we evaluated the eerrelenene between Piwil2 expresa_gp and LINE-1
R BT I ITEIRE
carrelatio) coefficients (r) (Figure 10-12). There was no statistically significant
association of Piwil2 expression with genome-wide methylation of LINE-1 (Pearson r =
0.027; P = 0.938) (Figure 10). Interestingly, methylation levels of L1-EPHA3-/VS5 and L1-
SPOCK3 were directly correlated with Piwil2 expression (Pearson r = 0.7332; P < 0.01

and Pearson r = 0.6124; P < 0.05, respectively) (Figure 11). In contrast, no association
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was found in other loci (Figure 12). These data provided preliminary evidence that, in

cancer, LINE-1 methylation levels of some loci may be Piwil2 dependent.

A 0 W

L) L

© w 2 2

® ® 5 5

T T i i
— T
- Y

B

WSU-HN 4

WSU-HN 6

WSUHN &

WSUHN 12
WSU-HN 13
WSU-HN 17
WSU-HN 19
WSU-HN 22
WSU-HN 26
WSUHN 30
WSU-HN 34

EET T, .-
- L = = W +— G3PDH

Figure 7 Expression analysis of Pwil2 in (A) fibroblast"and Hela, (B) WSU-HN
Expression analysis was perfermed<Sy semi-quantitative RT-PCR. Expression of Piwil2
was observed in alll cancer cell Jines, whereas,  fibroblast /was no expressed.
Nevertheless, expression levels in eaBh cell lines are different. Furthermore, PiwilZ

expression was calculated as the percentage of Awil2 densities diwded by G3PDH

amplicon.
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m
s AATUG s CDGA mmmm Methylated sequence
| Treat bisulfited + pcw

_— AATCGC weemm TCGA wmmm Bisulfite amplicon
Taql

mmmm AATCGC ssssm COGA = Unmethylated sequence

| Treat pisulfited + Pcr
TasI
 AATTG s 1"TGA s Bisulfite amplicon

Unigque sequence LINE-1

—— AATCG memmm |CGA wmmm Bisulfite amplicon
Tagl
Tasl
— AATTG messm TGA sssm Bisulfite amplicon

Figure 8 Schematics illustration of (A) COBRALINE-1 and (B) CUL-1. Arrows are PCR
primers. When treated DNA with bisulfite and PCR, unmethylaled sequences; AATCG,
converted to AATTG (Tas! site), whereas, methylated sequences; CCGA, converted to

TCGA (Tag! site)
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L] —MUH’I— R

e
— e Unmst
—e Mot
—
s Unmet
GOBRALI‘-IE 1
B M ve —— WSUHN —

cu-L1

Figure 9 The example of result from COBRALINE-1 (A) and L1-PPP2R2B (B) in WSU-HN

cell lines. Met and unmet are fethylated and unmethylated sequences. M is a 25 bp

size marker and -ve is dH,0:
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% Methylation
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Figure 10 Correlation betwean Piwil2 expression and genome-wide LINE-1 methylation

levels. Pearson's correlation c
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L1-EPHA3-IVS5
Pearson r=0.733, P=0.010
w.| - L™ @ :
§ '
& B0+ .
g a
= 9
S 2. \
u( - e HN4
a0 50 50 70 80 + HNB
% Piwil2 expression s HNB
o HN12
e HN13
, * HN17
L1-SPOCK] . HN19
Pearson r=0.612, P= 0.045
A ) | ] s HN22
] - \ o HN26
E o4 - e HN30
g amd * * e HNHM
' . L ]
. W y
- o
' L L L] L
40 50 B0 70 BO
% Piwil2 expression

Figure 11 Correlalion betweer Piwii2' expression and LINE-1dmethylation levels of L1-

EPHAZIVSHand L1-SPOCK3. Pearsan's correlation coefficient was determined.
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Figure 12 Correlation between Piwil2 expression and LINE-1 methylation levels of 15

specific locl. Pearson's correlation coefficient was determined.
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Correlation between Piwil2 down-regulation and LINE-1 methylation

As previous studies reported that down-regulate of Piwil2 in mice testes, showed
loss of LINE-1 methylation levels (6). Consequently, we examined LINE-1 methylation

levels in genome-wide and specific loci after down-regulate of Piwil2 in cancer cell lines,

We inhibited expression of Piwil2 in Hela used 3 siRNAs target sequences, that
15, siPiwil2_1, siPiwil2_2 and siPiwil2

ﬂi all, we establish Piwil2 siRMAs stable cell

line in Hela, We found ax fter transfection Piwil2 siRNAs. As a
result, we change to transien ‘ :-:-ctmn 24 and 48 hr, we observed

expression of Piwil2 by semi-quanti R | g found that expression levels of

specific locus {Figurﬁl

For L1- LOCESAI:?Q%JCR product was not detected in all samples.

FOUUIMNEUINT N
QW’]NQﬂ‘iMNW]'WI el 1N e
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Figure 13 Dawp-regulate, of PiwiZ_expression was performed by using siRNAs in Hela
cell. After siRNAS transfectior for((A; C)i24 and (B, D) 48 hr. mRNA expression was
determinedvby semi-quaqtitative. RT-PCR. Piwil? expression was Talculated as the

percentage of Piwil2 densities-divided by G3PDH amplican.
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A
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Pearson r=0.8632, P=0.1368
100+
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Figure. 15 Gorrelation betweep.down-regulate PiwilZ-expression and-genome-wide LINE-
1 methylation levels after ‘transtection’ TA) 24 and- (B) "48-hr. "Pearson's correlation

coefficient was determined,
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Figure 16 Correlation between down-regulate Piwil2 expression and LINE-1

methylation levels of 15 specific loci, after transfection (A) 24 and (B) 48 hr. Pearson's
correlation coefficient was determined.
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CHAPTER V

DISCUSSION AND CONCLUSION

This study aimed to investigate if there is an association between PiwilZ
expression and LINE-1 methylation. We found that in WSU-HN cancer cell lines, LINE-1

methylation of some loci was directly correlated with the Piwil2 expression level. Under

normal physiological conditions, Piwi

mouse testis. Moreover, whan% s

in the germ cells were hyf Jmans, Pwil2 is not expressed in
A— \J

xpressed and LINE-1s are methylated in

thus preventing expression, LINE-1s

somatic cells but 1s up-
generally hypomethyl

methylation in cance

I
"Q’\‘ >
1

during replication and UNM{'” {
mechanisms have longer mﬂ‘ﬁ?{&gﬁgﬁé
study reported u#e
pathway via Stat3/ Bcf 140), A 2 3 o pt to establish Piwil2 siRNAs

stable cell lines but l'this experiment failed. Therefore, we used transient transfection
instead. After transien rﬁzitiﬁm Tﬁﬁti n Piwil2 expression
and LINE-1 mﬁﬁoﬁn t ﬁ, E. ﬁi;':u-smcxa, Since,
VAR ST e
ecently, we reported that even though cancerous genomes generally have
reduced LINE-1 methylation levels, LINE-1 methylation can be influenced differentially
depending on where the particular sequences are located (23). This also suggests a
specific role of LINE-1 methylation in cis. For example, we reported a striking correlation

between LINE-1 methylation levels within two introns of the same gene (23). The

mechamsm and consequence of locus specific patterns of LINE-1 methylation are



unknown. It will be interesting to explore how Piwil2 selects LINE-1 loci for methylation
and to determine the effects of altered methylation levels.
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BUFFER AND REAGENT

1. Lysis Buffer |
5M NaOH 15 mil
0.5 M EDTA 48 mi
Distilled water to volume 1,000 mi

Sterilize the solution by autoclay m temperature.

2. 10% SDS Solution

Sodium dodecyl st g
Distilled water o v mi
Mix the solution and s €
3. Proteinase K » ‘.;r.f.v'? N
Proteinase K ""‘Q;l:,/;‘: mg
NN

0] - \
Distilled water to va _ mi

i 20 \
Mix the solution and store at ) /?t /&

\/

Disodium etl'Enei o tetraacetate 13& g

Dissolve in distilled water and adjuyst pH to 8.0 with.NaOH

s A J V121 T8 m
AN TR TR IR

5. 10X TBE Buffer

Tris-base 108

Boric acid 55

0.5M EDTA (pH 8.0) 40 ml
Distilled water to volume 1,000 mi

Mix the solution and store at room temperature.
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6. 6X loading dye
Ficoll 400 15 g
Bromphenol blue 0.25 o]
Xylene cyanol 0.25 g
1M Tris (pH 8.0) 1 ull

Distilled water to volume

7. 10 M NH40Ac
NH40AC a
Distilled water \ mi
Sterilize the solution fig and stere al o nperature.
8. 25:24:1 (viv) ph
Saturated phen mi
Chloroform mi
Isoamyl alcohol mi
Mix the reagent vigt y" "'""""""""""‘*-""'-""*-“-" A
9. TE buffer (pH B.ﬂm
1 M Tris-HCI (pH 89Y  — alo mi
o5 uEaTh sl 1)) cVI HUMEINT m

Distilled water to volume 1,000

RN apA RN

10. 20 mg/ml glycogen

Glycogen 200 mg

Distilled water to volume 10 mil

Sterize the solution by filter through 0.2 [lm membrane, aliquot and store at -20°C
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SEQUENCE OF PIWIL2

>gi|24431984 |ref |NM_018068.2| Homo sapiens piwi-like 2 (Drosophila)
(PIWILZ2)}, mRNA

AGCGGGETCTTCCCCTGAGGCCGOGCGEAGCTEGECGACTGGEGECEAGGACTCGCGCACAGGTAATTAAC
CAGAACAGGATCEACACGTETTCTCTACAGCCOGTCCATEGATCCTTTCOGACCATCGTTCAGGGGCCAS
TCTCCTATCCACCCATCCCAGTGCCAGEC TG TACGGATGCCAGECTGTTGECCACARGCTTCTARACCTT
TGGACCCAGCTCTGEGCAGGGEAGCACCTECAGGCAGAGECCATG TATT TEGAARGCCAGAGGARCCAAG
CACACAGAGGEGECCAGCACARAGGAASTCTETGAATT TEGTCTCOATETTCCGAGECOTGAGCATTAAA
ACAGTTTCTAAGACCCCTCTGAAACGGGAAATGCTIECAT CAGGTAGAGGCATTTTAGGTCGAGGCTTGT
CTGCTAATCTGGTACGCAAGGACAGGEAGGAR 1-' [CQCACTTTTTGGGATCCARAAGTGTTGGOGGEE
TGGGGACAGCAAGATOGCAGAGACCTOCETTEE ; ACGCTTGGAAGAGGGAGTTCAGATGCG
TCTTTATTACCACTGGGAAGAGCAGORGGTGETA ?1'.; AGTGGACAAGCCTCCCTGTACCTTCA
Gcacncmmccmmcccqﬁm”cn AGC COCAGTCTCCCCTGCACTCTOD
AGATCGCCCTCTGGTCCTGACTGT GARAARGACCTT TCAAGCARGGATCAARAGGA
ACACCTCAGTCTTTGGGACTGAR GTCARAF ' : CAGTTTATCAATATCATG
TGACTTTCAGCCCCAATGTGEAGTCCAMKAGC? COATCAAGCTGTCAC
CGGCARCGTCACTGCGTTTGATSERTCH I Awm@cmmmmmmmrm
ARAAGTCAARGGAAANACAGATAGTEETGAANTCAGCATTA MMEAMGATCMGCM
GCTCTGACCTETGCATTCCCTRETARAT A '_ )GOTAATGAAACTTTTAGATATGARGCT
TGTGGEGAGRAACTTTTATE L GRAAGTGCT ACTACAGC, CAGATTGCAGATCTGGCCA
GGCTATGCAGCTAGCATECGARSGAZAGATES PCTT CT ATGTCTCCCATAAGGTCA
TTCGGAATGACTGTGTECTS ] %Gt&'frrﬁ;‘éhmﬁnﬂmmmmmm
GTGTACTAAGCTTCTGGTRCGCAATATTET TATCACCCGATATAACAATCBTACCTATCGTATTGATGAT
GTGGATTGGAATAAGACTCCAMRGGATAG [ GGGAAAGAGATCACATTCTTGGAAT
ACTACAGCARRARTTATGS GAGGACCAGCCATT ATTCACAGGCCCAGTGA
GRAGACAGGATAATCATGGS ' Ti CTa :
GGAATCCCAGAGAAGA GGACTTCAGAGCCATEARGGA

CCARGCAACACCATAG clet GOPGOARAGAATTGCAARGAACGAGGCAGCCACCAATGA
ACTGATGCGTTGGGEGCTC SCAARAGGATCTAGATAAGAT CGTGTTCTGCCAATGGAR
AGRATTRACTTARAAAATACTTC PATCACATCT! " .HGGG'FPMGGAAGTAACCAGAG
ACCCTTCCATCTTGACTATCCCCATSEATTTCTEEG! ACCCARACAGAGCAATGGACCAGGC
TCGAGAACTGGTCAACATGTTGGA alalce AT TGOCATECOTATCAGCCCACCEGCCTGE
GTTGAACTAAAGGATGACCGAATAGA PATGTOA ¢ camcmmnmmm
AGATACAGATGGTT ]

Lt GGCKTGCGCTCCGTGGT
TGTTCCAGATGCCGCAT
ATGAGGTGAACCACT

AGGCTGhC‘ITTCAAACTGTGCChEATGTﬁE‘I‘GGMﬂGGCCTGGCACC&TWC CCTTGCA
AGTH AR GC‘THECHTCCTGTCAGGA&CATCITGCATMCC&GCCATC

CC.'TTGTTGCCTGTMAGHGCMGTT&CGGTGGTACTGCCACTCPGC&GGTEG&GCG@GW
CTCTGGGGGACCATTAAGACCTCCAGACCGGETGCGETGETTCACACCTGTAATCCAAGCACTTTGGEAG
GCCGAGGCGGETEGATCATGAGGTCAGGAGATCAAGACCAT CCTGGCCARACATGETGARACCCCGTCTCT
ACTAARATACAARARATTACGCCGEETETGGOGOTGCACGCCTGTAGTCCCAGCTACTCAGGAGGCTAMGG
CAGGAGARATCGCTTGAACCCGGGAGGTOCACGT TGCAGTGAGCCGAGAT CACGCCACTGCACTCCAGCCT
GTTEACAAAGCAAGACTCTGTCTCARAARARARRAAAAAR



SEQUENCE OF LINE-1

>gi|339773|gb|MB80343.1|HUMTNL22 Human transposon L1.2

GGGEEGEAGGAGCCAAGATGGCCGAATAGGAACAGCTCOGGTCTACAGCTCCCAGCGTGAGCGACGCAGAR
GACGGTGATTTCTGCATTTCCATCTGAGGTACCGEGTTCATCTCACTAGGGAGTGCCAGACAGTEGGCGC
AGGCCAGTOTGTETECGCACCETGOGCGAGCCGARGCAGGECGAGGCATTGCCTCACCTGGGARGCECAA
GGGGTCAGGGAGTTCCCTTTCTGAGTCAAAGAAAGGGGTGACGGTCGCACCTGGARAATCGGGTCACTCC
CACCOGAATATTGOGCTT T TCAGACCEGCTTAAGARACGECGCACCACGAGACTATATCCCACACCTREE
TCGGAGGGTCCTACGCOCACGGARTCTCGCTGATTGCTAGCACAGCAGTCTGAGATCARACTGCARGEEG
Gc.uCGAGG::Trssmmmmmccmcmﬂccccmmﬁmmmmmmmm
TCGAACTGGETGGAGCCCACCACAGCT COTE COTCTGTAGGCTCCACCTCTGGEEECA
mm@ncmcmmmcmmmmcﬁﬁ [AAGTGTCCCTGTCTGACAGCTTTGARG
AGAGCAGTGGTTCTCCCAGCACGCAGETGGAGATET BCCAGACAGACTGCCTCCTCARGTGGE
TCCCTGACTCCTGACCCCCGAGCAGECTAACTGGGA ofCoe Gcammmmcmmccrcnc
ACGGCAGGGTATTCCAACAGACCTECAGCTGAGGGTCCTETL IGTTAGAAGGAAR

GGACATCTACACCGAAAACCCATCTGTACATCACCE TC.MMAGTAGRTAMACCACAMG

ATCGEGAAAAAACAGAACAGAARANCTECARACTCTAAR COTCTCCTCCTCCARAGGAAC
GCAGTTCCTCACCAGCARCAGAACAANCCTGGATGCAGE ATGATTTTGACGAGCTGAGAGAAGAAGGCTT
CAGACGATCAAATTACTCTGAGETACE u-- . { GAAGTTGAAAACTTTGAA
AARAATTTAGRAGAATGTAT A A GRAAGTEC GGAGCTGATGGAGCTGA
AAACCAAGGCTCGAGARCTAL fﬂ#’ ;»;5’ CTCAGGAGCOGATGCGATCAACTGGAAGARAG
GETATCAGCAATGGAAGH AT _ i ; TTAGAGAAAMAAGAATARAA
AGAAATGAGCAAAGCCTCCARGAR oo (CTATG GACCARATCTACGTCTGATTGGTGTAC
CTGAAAGTGATGTGGAGAAT .ﬂV : i’? ARAACACTCTGCAGCATAT TATCCAGGAGAACTTCCC
CAATCTAGCAAGGCAGGOCAACGTTO f* AGGE WBGMATECPMCGAGH
AGAGCAACTCCAAGACACATAM r'ﬁ-' ATTCACCARAS ATGAAGGAAAAAATGTTAAGGGCAG
CCAGRGAGAAAGGTCGGGTIACCOTCA AGCC CATCAGACTAACAGTGGATCTCTCGGCAGARAL

CCTACAAGCCAGAAGAGAGTGGGE! MAMGMTTTPCAFLCCCAGMTT

TCATATCCAGCCAAACTAAGCT ATAGACAAGCAAATGTTGA
GAGATTTTGTCACCACCAG (CACTAAACATGGAAAGGAACAA
CCGGTACCAGCCGCTGCAARAT [ . JAGACTAGGAAGARACTGCATCAAC
TAATGAGCRAAATCACCAGCTA Teﬁw CAGH RAATTCACACATAACAATATTAACTTTAR
hTATMTmHmmmWMGmTWTMMCCCATC
AGTGTGCTGTATTCAGEAAACCCATCTCACETECAGAGACACAEATAGGCTCARAATAARAGGATGGAGS

AAGATCTACCAAGCCAR CAARAARAGGOAGGEGTTGCAATCCTA GATAAARCAGACT
TTAARCCAACARAGATCARARGAGACARAGAAGGD TAATGGTAAAGGGATCAATTCAACAAGA
mﬁﬂmmmccr 15 GCACCCANTA (OATAAAGCAAGTCCTCAGT
GACCTACARAGAGACTTAGH J CACECCACTGTCAACATTAG
ACAGATCAACGAGACA CAGGAAT TCAGCTCTGCACCAAGCAGACCT
AATAGACATCTACAGAACT ccp,ccccmm KTATAC CAGCACCACACCACACC
TATTCCAAAATTGACCACATAGTTGGAAGTAAAGCTCTCCTCAGCARATCTARAAGAACAGAAATTATAA
CARACTATCTCTCAGACCACAGTGCAATCARACTAGAACTCAGGATTAAGAATCTCACTCARAGCCGCTC
AACT&CATGGMACTGMWCCT‘E&TCCWTGACT&CTGGMETMCMTGMGGCAGMTA

AARGATGTT 7 e ICGCATTCARAGCAG
TGTGTAGA By cg}mmrmamcccr
AACATCACAATTH CTAGCAGAAGGCAAGAAATA

w%mm Tﬁmﬁﬁwf
‘ GAAGAAATGGATACATFRCCTCS
ncnCAThtACTCTcccnnsn£TnAACCAGGAAGAAGTTGAATCTETGAATAGHCCAnTAACAGGCTCTGA
AATTCTCGCAATAATCAATAGTTTACCAACCAAAARGAGTCCAGGACCAGATGGATTCACAGCCGAATTC
TACCAGAGOTACATCOACGAACTGETACCATTCC T TCTGARACTATTCCAATCAATAGAARRAGAGGGAR
TOCTCCCTAACTCATTT TATGAGGCCAGCATCATTCTGATACCAAAGCCGGGCAGAGACACAACCARARR
AGAGAATTTTAGACCAATATCCTTGATGAACATTGATGCAAAAATCCTCAATARAATACTGECAARCCGA
ATCCAGCAGCACAT CAARAAGC TTATCCACCATGATCAAGTGGGCT TCATCCCTGGGATGCAAGGCTGET
TCAATATACGCAAATCAATARAATGTAATCCAGCATATAAACAGAGCCAAAGACAAAAACCACATGATTAT
CTCAATAGATGCAGAAAARAGCCTTTGACARAATT CAACAACCCTTCATGCTAAAAACT CTCAATAAATTA
GETATTGATGGGACGTATTTCARAATAATAAGAGCTATCTATGACAAACCCACAGCCARTATCATACTGA
ATGGGCAAARACTGGAAGCATTCCCTTTGARRACCGGCACARGACAGGGATGCCCTCTCTCACCGCTCCT
ATTCARCATAGTGTTGGAAGT TCTGGCCAGRGCAATCAGGCAGGAGANGGAAATAAAGGGETATTCGATTA
GOAAAAGAGGAAGTCAAATTETCCCTG T TTGCAGACGACATGATTGTATATCTAGAARACCCCATCGTCT
CAGCCCAMATCTCCTTAAGCTGATARGCAACTTCAGCARAGTCTCAGGATACAAAATCAATGTACARAA
ATCACARGCATTCTTATACACCAACAACAGACAAACAGAGAGCCAAATCATGGGTGAACTCCCATTOGTA

€TACC
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ATTCCTTCAAAGAGAATAAAATACCTAGGARTCCARCTTACAAGGGATGTGAAGGACCTCTTCAAGGAGA
ACTACAARACCACTGOTCAAGGAAATAARAGAGGACACARACARATGGARGRACATTCCATGCTCATGGGET
ACGAACAATCAATATCOTCARAATGECCATACTGCCCARGGTARTTTACAGATTCAATGCCATCCCCATC
AAGCTACCAATGACT T TOTTCACAGAATTGGAAARAACTACTTTARAGT TCATATGGAACCARAARAGAG
COCGCATTGCCAAGTCAATCCTARGCCARAAGAACAAAGC TGGAGGCATCACACTACCTGACTTCARACT
ATACTACAAGGCTACAGTAACCAARACAGCATGGTACTGGTACCAAAACAGAGATATAGATCAATGGAAC
AGAACAGAGCCCTCAGARATAATGCOGCATATCTACAACTATCTGATCTTTGRCAAACCTGAGAARAACA
AGCAATGGGGAAAGGATTCCCTATTTAATAAATGE TGCTEGGARARCTGGCTAGCCATATGTAGRAAGTT
GAAACTGGATCCCTTCCTTACACCTTATACARAAATCAATTCARGATGEATTAMAGATTTARACGTTAAR
COTARARCCATARAAACCCTAGAAGAARACCTAGGCATTACCATTCAGGACATAGECGTGGGCARGGACT
TCATGTCCARAACACCAARAGCARTGGCAACARAAGACAAAATTGACARATGGGATCTAATTARACTAAR
GAGCTTCTGCACAGCAARAGARACTACCAT “ AACAGGCAACCTACAACATGGGAGRAAATTTTC
GCAACCTACTCATCTGACARAGGGCTH ‘ :

AMACAAACAACCCCATCAAAAAGTGEE GGAC

AGCCARARAACACATGAAGARATGE " | : .,; AAATGCARATCARAMCCACTATG
AGATATCATCTCACACCAGTTAGAAT A TTAAARAT GEAAACAACAGETGCTGGAGAGGAT
GCGGAGAAATAGGAACA ACAC TG 7 CCATTGTGGAAGTCAGT
GTGGCGATTCCTCAGGGATCTA LT CAGCCATCCCATTACTGGGTATATAC
CCAAATGAGTATARATCATGCTGC] ; AT ATTGCGGCACTATTCACAR
TAGCAAAGACTTGGAACCAAC "::; ' GRCTGE AAGAAAATGTGGCACATATA
CACCATGGAATACTA -ru-*‘ﬂ' 4'1 SATATCCTTTGTAGGGACATGGATGARATTG
GAAACCATCATTCTCAGTARACT? .“f; ACE ““ ATATTCTCACTCATAGGTG
GGAATTGAACAATGAGATEACATEEAG f"‘- (CGAATATCACACTCTGGGGACTGTGGTGGGETCG
GGGEAGGGECEAGGGATAGTE TP ACATTAGTGGGTGCAGCGCAC
mcammmnm m ﬁ AATG GTACCCTAMAACTTAGAGTAT
MT »

o. v

“‘-Jd‘ ‘

P EO7 ¥

vw;n]

e

AOUUINBUINT
RN TN INENAE

46



AOUUINYUINNS )
ANRIN TN INENAY

47



PLASMID

pSilencer ™ 3.1-H1 hygro

AOUUINBUINT )
ANRIN TN INENAY



49
BIOGRAPHY

Miss Thatchawan Thanasupawat was born on January 24, 1984 in Bangkok,
Thailand. She received her Bachelor degree of Science (Medical Technology), (Second
Class Honors) in 2006 from Faculty of Allied Health Sciences, Chulalongkorn University.
She enrolled Chulalongkorn University in graduate program for Master degree of

breaks. Mucleic Acids Re hanasupawat T, Phokeaw C,

and Mutirangura. The n and LINE-1 methylation in

cancer cells. Asian Big

-

\ 7

e

D

AONUUINBUINT )
ANRIN TN INENAY



	Cover (Thai) 
	Cover (English) 
	Accepted 
	Abstract (Thai)
	Abstract (English) 
	Acknowledgements 
	Contents
	CHAPTER I INTRODUCTION
	Background and Rationale
	Objectives
	Conceptual Framework
	Key Words
	Expected Benefit
	Research Methodology

	CHAPTER II REVIEW OF RELATED LITERATURES (Small RNAs)
	Small ribonucleic acids (Small RNAs)
	Piwi subfamily protein
	Ping-Pong mechanism
	Transposon elements
	DNA methylation

	CHAPTER III MATERAILS AND METHODS
	Cell Culture
	siRNAs experiment
	Harvested cells
	RNA preparation
	Semi quantitative reverse transcriptase PCR(RT-PCR) 
	DNA extraction
	Bisulfite treatment
	COBRA LINE-1 
	CU-L 1
	Statistic analysis

	CHAPTER IV RESULTS
	Expression of Piwil2 in different cell lines
	LINE-1 methulation level and Piwil2 expression in WSU-HN
	Correlation between Piwil2 down-regulation and LINE-1 methylation

	CHPTER V DISSCUSSION AND CONCLUSION
	References 
	Appendix 
	Vita



