(cancer)

Weinberg (2000)

1.
growth signals)

2.
signals)

3.

4,

5
(metastasis)

6.

(oncogene)
(mutation)

1

(multistep process) Hanahan
(hallmark) 6

(self-sufficiency in
(insensitivity to antigrowth
(evading apoptosis)
(limitless replicative potential)

(invasion)

(sustained angiogenesis)

(tumor suppressor gene)

Her-2

TP53
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(cervical cancer)

(uterus)
(birth canal)
(pre-cancer)
cervical intraepithelial neoplasia (CIN) CIN1
(mild dysplasia) CIN2 (moderate dysplasia)
CIN3 (severe dysplasia carcinoma in situ) squamous
intraepithelial lesion (SIL) low-SIL CIN1 high-SIL
CIN2 CIN3 (invasive cervical cancer)
(Yardley, 2001)
3 2008

529,000 85%
275,100  (Ferlay et ai, 2010)

10,000 5,216
15-44
squamous cell carcinoma 69.8-81.8
adenocarcinoma 9.8-22.8 (Attasara et a i, 2010)
( ilailak,
2009) 2
1. papanicolaou (pap) smear
(Banik et at,
2011
2. HPV DNA test
Pap smear pap smear

high-grade dysplasia (Wright

et al, 2000)

(Moutinho,
2011) HPV (Fang
et ai., 2008) adenocarcinoma squamous

cell carcinoma (Lacey et ai., 2003)
APV (Walboomers et a1, 1999)



n

Human papillomavirus

Human papillomavirus (HPV) Popovaviridae HPV ,
55 1 (nonenveloped virus) capsid protein

(icosahedral capsid)

1978 HPV
HPV DNA E6, E7 L1 HPV
HPV open reading frame 10%
HPV (Villiers et ai, 1989) 1995
LI open reading frame 10%
prototypes HPV HPV 100
HPV
40
(ano-genital area)
HPV
HPV
2
1 (high risk type, HR-HPV oncogenic type)
ano-genital HPV 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 68 82 HPV 16
50% squamous cell carcinomas HPV 18 50%
adenocarcinoma (Milde-Langosch ¢ tai1., 1993)
2 (low risk type, LR-HPV)
(genital warts) ano-
genital HPV 6, 11, 40, 42, 43, 44, 54, 61, 72, 73 81
90% HPV 6 11 (Castellsague, 2008)
HPV HPV 2
1 HPV (cutaneous HPV)
skin warts warts HPV 12 5
2. HPV (mucosal HPV)
HPV 6, 11, 16 18 (Gomez and Santos, 2007)
HPV
HPV DNA 8,000 (doubled

stranded circular DNA) coding strand
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(Burd, 2003) HPV
3 Early region 4,000 , Late region
3,000 non coding long control region (LCR)
1,000
1 Long control region (LCR) 850 kb 10% HPV
genome origin of replication control element
HPV binding site transcription factor
RNA polymerase | initiated transcription early late
promoter HPV
2. Late region (L) LI L2 open reading frame (ORF) LI
55 kDa 80% viral protein
capsid major capsid protein receptor
neutralizing antibody L2 70 kDa (Crawford
and Crawford, 1963) capsid minor
capsid protein capsid
L1 L2
capsid (Motoyama et ai, 2004)
3. Early region (E) El, E2, E4, E5, Es E7 ORF
viral DNA replication cell transformation
3.1 El open reading frame El 68 kDa
El ORF papillomavirus
El dependent ATPase DNA helicase
initiation elongation viral DNA synthesis (Clertant and Seif,
1984)
3.2 E2 open reading frames
E2 DNA binding transcription factor ACCN6GGT LCR
(McBride ¢ tat, 1991) E2 DNA helicase El complex
protein HPV (ori)
N-terminal domain E2 El
replication (Chiang et al., 1992)
HPV E2 hallmark
E2 E6 E7 oncogene
HPV 2 1) episome HPV
2) integration APV (host) 5

integration E2

E6 E7 E6 E7
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(apoptosis)
(Sanchez-Perez et ai, 1997)

Integration
L L2 KR g7 E2,
1| | L
| et - | Ll a Ty Srney
| | L
Host £é El |Haost
DA 'DNA
5 HPV 1) episomal form 2) integrated form

(http://www.medscape.com/viewarticle/553264)

3.3 E4 open reading frame E4
cell transformation E4
(maturation) replication (Brown et ai, 1994)
E4 cytoplasm cytokeratin matrix network
(Doorbar et ai, 1991)
3.4 E5 open reading frame cervical carcinoma
BE5 HPV transformation
BE5 transmembrane protein
receptor epidermal growth factor (EGF), platelet-derived growth factor p
colony stimulating factor-1 receptor (Hwang et ai, 1995)
3.5 E6 open reading frame Es 151 amino acid Es
high risk HPV E7 cell immortalization
Es p53 (Werness et ai, 1990)
p53 ubiquitin proteolysis system (Scheffner et ai, 1990)
p53 transcription activator DNA p53
cell cycle arrest Gl (Lechner et ai, 1992)
p53 Gl DNA
genomic instability pre-malignant lesions
3.6 E7 open reading frame E7 98 amino acid
21 kDa nuclear phosphoprotein 3 domain conserved
region (CR)1, CR2 CR3 6 CR1L amino acid 1-20
cellular transformation, CR2 amino acid  21-39
LXCxE motif pRb family member” (Edmonds and Vousden, 1989)

pocket protein pl07 pl30 (Ghittoni et ai., 2010)

hyperplasia (carcinogenesis) (Gulliver et ai,


http://www.medscape.com/viewarticle/553264
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1997) CR3 amino acid  40-98 cullin2 E3
ubiquitin ligase unbiquitination pRb
cell cycle arrest (Todorovic et ai, 2012)

22-LXCXE-26 31-SS-32
' J

E/
CRI
1 98
58-CXXC-61  91-CXXC-94
6 E7 human papillomavirus
(Ghittoni et ai., 2010)
E7
1.
high risk HPV E7 pRb tumor
suppressor gene low risk HPV 10 E7 pRb LXCXE
CR2 Rb family G1-S E2F family
transcription factor E2F family E2F1-E2F8
transcription activator repressor Rb
E2F E2F — chromatin modifier
histone deacetylases (HDACs) late G1
Rb (phosphorylation) cyclin-dependent kinase (CDK)
complex Rb E2F
(Stevaux and Dyson, 2002) E7 high risk HPV
Rb Rb-E2F complex proteasome-mediated pathway
(Berezutskaya and Bagchi, 1998) E2F
E2F cyclin E cyclin A
(Cheng et
ai, 1995)
E7 histone deactylase complex
E7
histone deacetylase 1 (HDAC1) CR3 zinc-finger domain mi2p

NURD histone deacetylase complex
(Brehm et al., 1999)
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2. (genomic instability)
E7 centrosome amplification mouse embryonic fibroblasts
E7 y-tubulin mitotic spindle centrosome
synthesis E7 DNA damage ATM-ATR pathway

(ataxia telangiectasia-mutated-ATM and RAD3-related DNA damage repair pathway)
E7 checkpoint G2-M mitotic
(Nguyen et al., 2007)

HPV E6 E7
HPV
(epigenetics)
CCNA1 HPV integration
(Yanatatsaneejit et ai, 2011) E7 HPV
DNMT1 E-cadherin (Laurson et ai, 2010)
(epigenetics)
Epigenetics
( , 2011)
epigenetics
(development) (cell differentiation)
epigenetics
epigenetics
1 (DNA méthylation) 2.
(histone modification)
1 (DNA méthylation)
DNA méthylation 5
5-methylcytosine (5-mC) DNA
ethyltransferase (DNMT) S-adenosylmethionine (SAM) (CH3
7 DNMT 5'-CG-3’ CpG dinucleotide
CpG islands (Signal and Ginder, 1999) 5-mC
spontaneous deamination Thymine residues (T) CpG
TpG CpG
CpG 21% CpG (Lander et ai, 2001)

CpG 5-mC 60-90%
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SAM-CHs SAM

nh2 nh2
. >N -> H3
oV H
. DNMT )
Cytosine 5-Methylcytosine
7 cytosine 5’-methylcytosine DNMT
S-adenosylmethylonine (SAM) (CH3

(http://lwww.medchem.ch.cam.ac.uk/lab_rotations/murrell.php)

DNA meéthylation (normal development)

genomic imprinting, X-chromosome inactivation,

repetitive  element DNA
méthylation DNA 2
1 DNA transcription
factor
2. methyl binding

protein  (MBD)
(Klose and Bird, 2006)

DNA methyltransferase (DNMT)

DNMT
DNMT1, DNMT3a DNMT3b DNMT 2
1) de novo mMméthylation
2) maintenance méthylation cell generation
(Bird, 2002)
embryonic fertilization

DNMT3a DNMT3b non-methylated
DNA (Okano et at, 1998) DNMT3a DNMT3b de novo

methyltransferase DNMT1 DNMT

somatic cell


http://www.medchem.ch
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(Detich et ai, 2001) DNMT1
hemimethylated CpGs unmethylated CpG site
DNMT1 maintenance methyltransferase (Hermann, 2004)
DNMT1, DNMT3a DNMT3b 8 DNMT1
maintenance méthylation hemimethylated CpG sites
DNMT3a DNMT3b hemi-methylated DNA
DNMT3a DNMT3b
DNMT1
(Jones and Liang, 2009)
Replication
T T
fy S NN
Maintenance
8 DNMT1 DNMT3a DNMT3b
germ cell embryo
DNMT3a DNMT3b ( (
DNA replication DNMT1

(http://vwvvw.nature.eom/nrgjournal/viO/nll/figd:ab/nrg2651_Fl.html#figure-title)

1 DNA methyltransferasel (DNMT1)

DNMT1 1616 amino acid DNMT1
9 N-terminal DNMT1 regulatory domain

1) DNA methyltransferase-associated protein 1 (DMAPI)-binding domain
(residues 12-105) DMAP co-repressor
histone deacetylase2 (HDAC2) (Rountree et ai, 2000)
2) replication foci targeting sequence (RFTS) (residues 350-600)
RFTS , DNMT1
cell cycle (Leonhardt et ai, 1992)

3) CxxC zinc bhinding domain bromo adjacent homology (BAH)
domain (residues 621-698) catalytic activity
unmethylated CpG DNA substrate proteolytic cleavage zinc binding

domain de novo méthylation N-terminal


http://vvvvw.nature.eom/nrgjournal/vlO/nll/figJ:ab/nrg2651_Fl.html%23figure-title
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sequence ' endogenous de novo mMéthylation
C-terminal domain (Bestor, 1992)

DNMT1 proliferating cell nuclear antigen (PCNA)-binding

motif residues 162-171 DNMT1 replication foci
replication (Chuang et ar., 1997) nuclear localization
signals sites (NLS) residues 191-211, 259-378 630-757
nucleocytoplasmic  shuttling
nucleus cytoplasm (Cardoso and Leonhardt, 1999)
N-erminal g C-terminal
|
g 3 s
eI ] = H
DMAP RFTS r nBAH cBAH methyl trantferase
A : .
9 DNMT1

(Dhe-Paganon et ai, 2011)

C-terminal amino acid 1140-1616 C
terminal N-terminal Gly-Lys residues (G-K repeats) C-terminal
catalytic methyltransferase domain catalytic site motif FXFxG
S-Adenosylmethionine (SAM) DNMT1
SAM Michael addition reaction pathway
p-elimination 5-mC (Santi et ai, 1984)

2. DNA ethyltransferase3 (DNMT3) family

DNMT3 family DNMT3a DNMT3b de novo
DNA methyltransferase unmethylated DNA
(Okano et ai, 1998) genotype Dnmt3bx
embryonic lethality mouse embryonic Day 9.5 (E9.5) E135 10
DNMT3a

embryo DNMT3b E9.5

DNMT3a (Watanabe et ai, 2002)
DNMT3b immunodeficiency centromere instability and facial anomalies
(ICF) syndrome (Ueda et al., 2006)
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10 embryonic lethality
null allele Dnmt3b/ wild type (Dnmt3b+/+) ( )
Dnmt3bv" ' ' E135 ( ) (Ueda et a1, 2006)
2. (histone modification)

DNA-protein complex

nucléosome DNA (core histone)
octamer 2 copy H2A, H2B, H3 H4
nucléosome linker DNA histone HI (Luger et
al., 1997) N-terminal histone H3 H4 (tail)
lysine arginine DNA
transcription factor (Luger and Richmond, 1998) H3
H4 histone modification histone acetylation, histone
deacetylation histone méthylation

Histone modification

histone acetylation histone acetylatransferase (HAT)
acetyl acetyl-coenzyme A -NH3+ lysine residue
histone positive charge histone

N-terminal histone negative charge phosphate
group DNA euchromatin
transcription factor (Kuo
and Allis, 1998) histone acetylation

histone acetylation

histone deacetylase (HDAC) acetyl
histone coenzyme A
positive charge histone histone positive charge DNA

negative charge
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heterochromatin
(Vaissiere et ai, 2008)

histone méthylation methyl group
amino acid histone
methyltransferase lysine (K arginine (R histone
méthylation
méthylation histone H3 lysine4 (H3K4), H3K36 H3K79
méthylation H3K9, H3K27 H4K20
(Kouzarides, 2007)
(gene silencing)
epigenetics
1 epigenetics
hyperméthylation CpG histone deacetylation

DNA méthylation

(Cairns, 2001)

Buschhausen (1986)
pre-methylated DNA

DNA
hyperméthylation CpG , histone deacetylation histone
méthylation (Vaissiere et ai, 2008)

histone

acetylation/deacetylation
1 DNA meéthylation

histone deacetylation

2) histone deacetylation
hypoacetylated histone DNMT DNA méthylation



2

1990 CpG meéthylation
methyl-CpG binding
protein (MeCPI MeCP2) (Meehan et ai, 1992) methyl-CpG-binding domain
protein  (MBD) MeCP2 MBD histone
deacetylase histone deacetylation (Jones et
al., 1998) MeCP2 histone methyltransferase
H3K9 (Fuks et ai, 2001)
heterochromatin strunnikova (2005)
RASSF1A histone H3 deacetylation H3K9
méthylation de novo DNA méthylation
Neurospora crassa DNA meéthylation H3K9
méthylation (Tamaru and Selker, 2001)
transgene histone H3 hypoacetylation
H3K9 méthylation
hyperméthylation CpG \ (Mutskov and Felsenfeld, 2004)
méthylation CpG
histone deacetylation
Mutskov (2002) histone
acetylation unmethylated state histone
acetylation methyl-
binding domain (MBD) protein Mi-2 deacetylase complex CpG
transcription factor histone H3
H4  acetylation DNA méthylation histone
deacetylation histone deacetylation inhibitor (HDACI)
valporate (VPA) trichostatin A (TSA) VPA TSA MeCP2
methylated cytosine histone acetyltransferase (HAT)
histone acetylation hyperacetylated histone DNA
demethylases DNA méthylation
HDACI méthylation (Dong et
ai, 2007)
DNA méthylation histone acetylation/deacetylation
transgene endogenous
gene DNA méthylation histone
deacetylation
epigenetics

(Vaissiere et ai, 2008)
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epigenetics DNA meéthylation
CpG island hyperméthylation
hyperméthylation
rb (retinoblastoma tumor suppression gene), nhm LH1 (@ homologue of MULL),
Brca1 (breast-cancer susceptibility genel) vHL (associated with von Hippel-

Lindau disease) (Esteller, 2008) hyperméthylation

(Herman and Baylin, 2003)
histone acetylation

méthylation

histone acetylation

histone méthylation histone tail

hyperméthylation CpG island
histone H3/H4 deacetylation H3K4 trimethylation
H3K9 H3K27 trimethylation (Jones and Baylin, 2007)
hypoacetylation
hyperméthylation histone H3 H4
cell cycle kinase inhibitor p2 Jwari (Richon et a1, 2000)
histone H4 monoacetylation triacetylation

monoacetylation

Lys 16 trimethylation Lys20 histone H4
dimethylation Lys4 acetylation Lysls
histone H3 (marker)

(Seligson et a1, 2005)
DNA meéthylation

DNA méthylation
DNA hyperméthylation marker
Glutathione S-transferase gene
0GSTP1) ' 80-90% benign hyperplastic tissue
hyperméthylation (Jeronimo et ai, 2001)
GSTP1
benign (Cairns et a1, 2001)
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hyperméthylation DNA hypermethylome profile
hyperméthylation
death-associated protein kinase (park), p mJNKM1 epithelial membrane protein
3 {(EMP3)
(Esteller, 2007) hyperméthylation

DNA-repair enzyme 0(6)-

methylguanine-DNA methyltransferase (MemT) gliomas
chemotherapy carmustine (BCNU) (Esteller et ai., 2000)

temozolomide (Hegi et ai, 2005)

nickel, cadmium, arsenic, aflatoxin,

ionizing radiation, HPV Helicobacter pylori
DNA  méthylation
malignant
transformation (Feinberg and Tycko, 2004)
ionizing radiation d-rays
lung adenocarcinoma

p!6 (CDKN2A) (Belinsky et ai, 2004) ultraviolet (UV)
melanoma non-melanoma skin cancer (Miller and Weinstock, 1994)
uv global DNA hypomethylation

(Mittal et ai, 2003)
arsenic cadmium

sodium arsenate genomic hypomethylation
Ha-ras oncogene ras
arsenic tumor formation (Okoji et ai, 2002)

cadmium cadmium
(Waalkes, 2000)

cadmium DNA methyltransferase

hypomethylation (Takiguchi et ai, 2003) hypomethylation
arsenic S-adenosyl-methinonine

DNA méthylation arsenic metabolism (Zhao et ai, 1997)

host
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- hepatitis B virus (HBV) :
tumor suppress gene p i1d NnM ' HBV
' ' (Narimatsu et ai, 2004)

glutathione S-transferase (cstr1)

oxidation damage 65% hepatocellular
carcinoma (HCC) HBV (Zhong et ai, 2002)
- simian virus 40 (SV40) : 4
hyperplastic polyps (Hppr1), Ras-association domain family IA (rRassria), cyclin
D2 Ras-related associated with diabtes (rRraD)
malignant mesothelioma (MM) SV40 MM SV40
human mésothélial cell (HM) SV40 7 RAS5F1A, HPPI,
rRrAD, decoy recoptorlkpcriy, target of méthylation - induced silencing {Tmsi),
cellular retinol binding protein (crer1) hypermethylated in cancer {Hic-p
, HM 50 passages
epigenetic error
Sv40
MM MM (Suzuki et ai, 2005)
- Epstein-barr virus (EBV) : EBV
nasopharyngeal carcinoma (NPC), Burkitt’s lymphoma, Tcell lymphoma
Burkitt's lymphoma BIM B-cell EBV
B-cell (Pachos et ai, 2009) EBV latent
membrane protein 1l (tmr1) DNMT1
' S E-cadherin (Tsai et ai,
2006)
- human papillomavirus (HPV) :
hypomethylation LCR HPV
E6 P7 neoplasia LCR
E6 E7 oncogenic gene HPV
(Park et ai, 2011) HPV
Langerhans cell
E7 HPV DNMT1 E-cadherin
Langerhans cells E-cadherin
DNMT1 E7 E-cadherin
Langerhans cell HPV (Laurson et ai,
2010) HPV integration

ccna1l (Yanatatsaneejit et at, 2011)
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CCNA1 93% (Kitkumthorn et ai,
2006) E7 HPV DNMT1 DNMT1
(Burgers et a1, 2007)
Cyclin Al (ccna1)
CCNA1 cyclin  family family conserve
CCNA1 13 13ql2.3-qgl3 cyclin
activating subunit enzyme complex cyclin-dependent kinase (CDK)
cyclin
cyclin A ccna) CCNA1 CCNA2 , CDK2
CCNA2 somatic cell
CCNA1
(Coverley et al, 2002) in situ hybridization CCNA1
germ cell CCNA1 meiotic
(Sweeney et a1, 1996) Xenopus CCNA1
egg embryo 1 embryo
cultured cell (Hoew et a1, 1995) somatic cell
hematopoietic progenitor cells CCNA1 mitotic catastrophe
mitosis
(Rivera et a1, 2006) Ji (2005) CCNA1
Gl/s
Muller-Tidow (2004) acwv
promoter activity uv y-irradiation cydin/k A
radiosensitivity wild type
CCNA1 yeast triple hybrid screen
CCNA1 non-
homologous end-joining KU70
CCNA1 Weiss (2012)
CCNA1 CCNA1 cervical neoplasia
Kitkumthorn (2006) CCNA1
93% , primary cell culture
CCNA1 100% ( ,
2007) CCNA1 (Yu et a1, 1988)
Rivera (2006) CCNA1 downstream p53
CCNA1 wild type p53
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CCNA1
CCNA1
CCNA1
CCNA1
E7 HPV CCNA1
DNMT1 CCNA1
1 5’-azacytidine
epigenetics DNA méthylation histone modification
mutation epigenetics
demethylating reagents (Yoo and Jones,
2006) DNA demethylating drug
5’-azacytidine 5'-aza-2'deoxycytidine yelodysplastic syndrome
(MDS) leukemia (Mack, 2006)
5’-azacytidine 40 5’-azacytidine
DNA méthylation 5’-azacytidine
5’-azadeoxycytidine ribonucleotide reductase
azacytosine cytosine
cytosine-guanine dinucleotide DNA ethyltransferase
(DNMT) méthylation reaction nucleophilic attack carbon
6 cytosine ring DNMT covalent bond (3
elimination carbon 5 DNMT methyl cytosine
DNMT azacytosine 5 azacytosine carbon ring
nitrogen DNMT DNA covalent bond
DNMT DNA DNMT DNA damage
signaling DNMT 1

5’-azacytidine (Stresemann and Lyko, 2008)



(1) Cytosine (2) 5'-Azacytidine

enzyme release enzyme degradation
1) DNMT-cytosine 2) DNMT-5-azacytidine
DNMT (Stresemann and Lyko, 2008)
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2.
2.1 sodium bisulfite treatment
sodium bisulfite treatment cytosine 5'-
ethylcytosine DNA
1) Sulphonation cytosine cytosine-s-sulphonate
2) Hydrolytic deamination cytosine-s -sulphonate
uracil-s-sulphonate sodium bisulphite
pH 5.0-6.0
3) Alkali desulphonation sulphate uracil-e -
sulphonate uracil (Mills and Ramsahoye, 2002)
sodium bisulfite treatment 3
15 sodium bisulfite treatment cytosine uracil
uracil thymine PCR 1 5’-methylcytosine
cytosine 12

sodium bisulfite treatment
méthylation specific PCR (MSP) combined bisulfite restriction analysis (COBRA)
(Fra8a et al., 2002)

Sulphonation Hydrolytic deamination Alkali desulphonation

NH, tH, ) o)
r;)\] HSO 4 NZ ] H.0 .-m/UE\ o LN)‘Kl'
)\.,/’ OH O)\N S0y ; o)\rq s0; HSO; O)\ 3
H H

N
NHj H

H A vk % i
cytosine s&?pHgﬁgte suuf{n%%lnate uracil

NH

w)\\r/('HB SQs
A ‘;é

fe) N~ OH
H

5-methylcytosine

12 sodium bisulfite treatment
cytosine uracil 5’-methylcytosine cytosine

(http://en.Wikipedia.org/wiki/combined_bisulfite_restriction_analysis)

2.2 méthylation specific PCR (MSP)
MSP

sodium bisulfite treatment


http://en.Wikipedia.org/wiki/combined_bisulfite_restriction_analysis
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MSP cytosine uracil 5’-methylcytosine
cytosine MSP
- unmethylated bisulfite-modified DNA

@ ATGCTCAACGAACTCAG------ OnGTCCATTGCCCTT
sodium bisulfite treatment

) ATGUTUAAUGAAUTCrG—- CGTUUATTGUUUTT

PCR

€] ATGTTTAATGAATTC'G......OnGTTTATTGTTTTI

Methylated primer :
ATGTTTAATGAATTC y --—-p STTTATTGTLITT
FORWARO - REVERSE
(4) FORWARD primer: ATGTTTAATGAATTCG  REVERSE primer  AAAAACAATAAACG
methylated primer :

ATGTTTAATGAATTC' G—-- | GTTTATTGTTTTT
FORWARD * ............ VERSE*™

(5) FORWARD primer: ATGTTTAATGAATTTG  REVERSEprimer  AAAAACAATAAACT

Al
methylated-bisulfite-modified-DNA (Herman et ai., 1996) 13
13 methylated unmethylated primer MSP
(1) sodium bisulfite treatment
C (" (Cm C )
PCR  dNTP T ( (
(3) methylated primer cm
C ( (@) unmethylated primer C
(oY) T( ) 5
MSP PCR reaction
duplex PCR (duplex MSP) PCR product
methylated unmethylated PCR product PCR product 2

100% 14
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MARKER SAMPLE1 SAMPLE2 SAMPLE3

s
BT
i s |y |
[27= ] 100% 70%
=
BN EEE E—
I 0% 30%
EE==0

— UNMETHYLATED PRODUCT

—» METHYLATED PRODUCT

3. Small interfering RNA (siRNA)

SIRNA
SIRNA
(Ago) 2
Ago2
RNA
18

jumping gene

dsRNA

RNA induced silencing complex (RISC)

SIRNA
antisense -guide RNA
mRNA
XXX
siRNA Gene Silencers
siRNA enters the cell via ' II#'

lipid-based transfection

XXX

SiRNA binds RISC
(RNA-induced
silencing complex)

unmethylated PCR product

duplex MSP
{
transposon
SIRNA
posttranscriptional process
21-25
Argonaute
RISC
SIRNA antisense
MRNA

(Whitehead et al1., 2009)

= WL

SiIRNA unwinding

siRNA strands are separated

\ Activated RISC

siRNA/RISC complex
associates with tho target R
mRNA and cleaves it

Association with target mRNA

Target mRNA cleavage

15

SIRNA
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(http://www.scbt.com/gene_silencers.html)

SiRNA transfection, electroporation viral
gene transfer lipid based transfection
SiRNA sugar-phosphate
backbone SiRNA lipid bilayer
SiRNA Lipofectamine 2000
cationic liposome base reagent lipofectamine 2000 SiRNA
SiRNA (Dalby, 2004)
4. Real time-PCR SYBR Green Dye

Real time PCR guantitative PCR (qPCR)

PCR
SYBR green dye real
time PCR SYBR minor
groove (Amax = 488 ) (Amax =
522 ) ! dénaturation SYBR

real time thermocycler (Ali and Ali, 2011)

5. Delta-delta CT method (A A ct method)

real time-PCR 2
1) absolute quantification input copy number PCR

signal standard curve
copy number

treatment gene X
25 treatment gene
X 1000 copies 2500 copies
2) relative quantification
PCR signal target gene treatment (test) 1 treatment
(control) A A ct
A A ct method threshold cycle (et)

amplification curve threshold line target gene


http://www.scbt.com/gene_silencers.html
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reference gene ( housekeeping gene)
et target gene

normalized et reference gene test control
A A ct =(C, target - €t, reference)test - (€t, target - €t, reference)Qd
derivation Livak Schmittgen (2001)

Fold change in gene expression = 2 A~ CT

6. Chromatin immunoprécipitation (Chip)

Chip
formaldehyde crosslink
sonication cross-linked chromatin
200-1000 cross-linked chromatin antibody against
antigen decrosslink
PCR

antibody (Aparicio et ai, 2004)
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