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(Epigenetics)
(DNA
méthylation) (histone modification)
(nucleosome positioning) non-coding RNAs
(transcriptional control)
DNA
méthylation DNA méthylation
2
(16- 18)
(DNA méthylation)
DNA méthylation
DNA CpG
dinucleotide cytosine (0 guanine (G)
CpG CpG island
DNA méthylation
repetitive elements  transposons CpG
promoter unmethylated (1,3)
major groove transcription factor
transcription factor c-Myc/Myn, CREB/ATF, E2F
(transcription)

methyl-CpG binding domain (MBDs)



DNA  MBD protein

euchromatin -~ heterochromatin (19)
DNA méthylation DNA methyltransferase (DNMT)
SAM C 5
(pyrimidine ring) 5-methylcytosine (5-mC) SAM
SAH
NH,
NZ SN
N e
O.__C-S*C-C-CH
H? H? H2 rleg
OH OH '
S-adenosylmethionine (SAM)
NH, NH, .
:CH
N7 DNMT N7 -3
. o
Cytosine 5-Me-Cytosine
NH,
N
T\\/NI N\> OQ(F/O-
O __C-S-C-C-CH
Hy——H W, n'mz
OH OH v
S-adenosylhomocysteine (SAH)
1 DNA méthylation SAM
5 C DNMT 5mC  SAM
SAH (20)
DNMT DNA méthylation 3 isozymes DNMTL,
DNMT3A  DNMT3B Isozymes cytosine
DNMT1
(maintenance DNMT)
DNMT1
(DNA
repairing) DNMT1 DNMT3A

DNMT3B (de novo méthylation)



DNMTL
unmethylated CpG (Km ) DNMT3A  DNMT3B

De Novo Méthylation ~ Maintenance Méthylation

I DNA Replication |

R I o A e}

2 DNA méthylation de novo DNA méthylation
DNMT3A 3B unmethylated CpG
maintenance DNA méthylation DNMTL

hemimethylated CpG (20)

DNA méthylation

DNA méthylation
(aberrant DNA méthylation) molecular hallmark

1) genome-wide hypomethylation
repetitive sequences  transposable elements
genome-wide DNA méthylation  Long interspersed
nuclear elements-1 (LINE-1) LINE-1
LINE-1 hypomethylation 2) regional (site-
specific CpG island promoter) hyperméthylation
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(tumor suppressor gene)  p53, PTEN

(7, 21)
non repeat sequence
repetitive elements repetitive sequence
LINE-1, L2, Mammalian Interspersed Repetitive (MRS) ~ Alu elements  LINE-1
Alu genetic polymorphisms

» DNA repeat, 3.42%

B Simple 0.91%

B Satellite, 0.46%

B Other repeats, 0.83%

e——— 7

B LTR repeat, 9.24%

®12,3.62%

~ MIR, 2.93%

& Non-LTR
retrotransposons

5 11,17.88%

5 Alu, 10.76%
B Non repeat

sequence,
50.24%

3 human genome

Long interspersed nuclear element 1 (LINE-1)

LINE-L  retro viral intragenomic endoparasitic element 5
17%  human genomic DNA LINE-1
full-length LINE-1 6 kb
5'-UTR (untranslated region)  promoter RNA
polymerase llenzyme ( 6)  Open reading frame (ORF) 2 ORFL
nucleic acid-binding protein ~ ORF2  encode 2
domains  endonuclease  reverse transcriptase 3-UTR

! , 1 (polyA) retrotransposon replication
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(chromosome instability)
(chromosomal rearrangement)

LINE-1
global DNA méthylation (1, 3) LINE-1
LINE-1 bisulfite
cytosine cytosine
( 11) PCR
chromatography DNA methyltransferase SAM
(22)
Chalitchagom 2004 LINE-1
méthylation COBRA-PCR LINE-1 hypomethylation
méthylation
méthylation (6)
LINE
4 Long interspersed nuclear element-1 (LINE-1 or LI)
~6 kb 5-UTR RNA polymerase Il promoter, 5-UTR
2 open reading frames (ORF1 and ORF2)  3™-UTR poly(A) tail
(23)
LINE-1 Alu repeats transposon
global méthylation LINE-1
LINE-1 Alu genome-wide

méthylation (3)
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One-carbon metabolism Transsulfuration

méthylation (CH3)
SAM one-carbon metabolism methionine
Adenosine triphosphate (ATP) SAM
methionine adenosyl transferase (MAT) adenosyl
ATP  methionine SAM
ethyltransferase DNA méthylation
DNMT méthylation ~ SAM
SAH hydrolyzed SAH hydrolase (SAHH) Hey
adenosine (reversible reaction) Hey
methionine one-carbon metabolism methionine synthase

vitamin B2 co-factor 5-methyltetrahydrofolate (5-methyl-THF)
@ 9

Hey one-carbon metabolism metabolite

transsulfuration pathway cystathionine-3-synthase (CBS)

cystathionine cysteine (Cys) cystathionine-y-lyase

(CGL) Glutamate (Glu) Cys glutamate cysteine

ligase (GCL) Glycine y-Glutamylcysteine glutathione
synthase Glutathione (GSH)
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Folate Dihydrofolate ATP PPi,Pi One<arbon metabolism
Dfoydrcfolate

reductase

Methionine fMhionine S-adenosylmethionine
mTetrahydrofolate adenosyitramferase I Methyl acceptor
DimEIhy|Q|yCine Me/hyttransferase

5,10-methylene
Tetrahydrofolate Methylated molecule

S-adenosylhomocysteine

5-methyl Adenosing .
Tetrahydrofolate Wmm
Homocysteine hydrolase
Serine Cystathionine p-synthase ~ Transsulfuration
) Cystathionine pathway
a-kfitobutyrafe . _
Cysteine
Glutamate 1 ™ y-siutamyteysteine h§ase
y-Glutamylcysteine
GlyCine 1 Gluthathlone synthase
Glutathione
5 one-carbon metabolism transsuluration one-carbon
metaholism SAM Hey transsulfuration

pathway  Hey glutathione ( Lu SC, 2000X24)

(Oxidative stress)

(endogenous
source) mitochondria ~ peroxisome -

(environmental agent)

(7

genetic mutation ~ chromosome instability
(malignant transformation) (11, 13, 25, 26)
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(aerobic metabolism)
mitochondria metabolism
reactive oxygen species (ROS)
superoxide anion (02") hydrogen peroxide (H202)
superoxide dismutase 2 2 hydroxy! radical
Fenton reaction ( 6)

(antioxidants) glutathione
(GSH), catalase, superoxide dismutase Vitamin E,
Vitamin C (27)

oxidative stress

Flonglertsakul (28) 8-0HdG  malondialdehyde (MDA)
(marker) ~ oxidative damage
Akcay (29) 8-OHdG
oxidative
stress oxidative stress  antioxidants
Liang (30)
a-tocopherol

Reduction of Molecular Oxygen
02+e +02 (Superoxide anion)

02 + HD »H02 (Hydroperoxyl radical)
HOZ + & + Hu*HA 2(Hydrogenperoxide)
HD 2+ ¢'-» OH'+ OH' (Hydroxyl radical)

Fenton Reaction
HD2+ Fe2»OH + OH' + Fe3+

6 one-electron reduction of
molecular oxygen ~ Fenton reaction (12)



Endogenous sources Exogenous sources

Mitochondria uv fight
Peroxisome pharmaceutical
Cytochrome P'150 industrial chemical
Antioxidant ROS SNPs ‘
Enzyme, Gluthatione __ H D\IAFQDBJF
VILE, Vitc Oxidative stress Oridatve enzymes

1

Damage to DNA, RNA Chromosomal instability, Altered gene expression

Protein and lipid Genome mutation
I \
Carcinogenesis
7 ROS (12)

oxidative stress  DNA méthylation

glutathione cellular antioxidant
up-regulation cystathionine-(3-synthase  activity
(31) Hey  methionine cycle cystathionine
cysteine transsulfuration pathway ( 5) glutathione
methionine cycle one-carbon metabolism pathway
homocysteine  methionine cycle glutathione
methionine SAM methyl donor méthylation
DNA méthylation
2012 (14)
LINE-1 hypomethylation Niedzwiecki 2013 (10)
glutathione global
hypomethylation

global hypomethylation



HS

o)
H
HOOC\V/A\V/H\N:l\H/N\v/COOH
: H

NH, o)
8

(http:/lwww.bio.davidson.edu/people/kabernd/berndcvAab/website%20(summer%202009)/Ishhomepa8eAshmain.htm)

lipophilic lipid peroxidation

(carbon-centered radical)
peroxyl radical

(polyunsaturated fatty acids) hydroperoxide 1
resonance

(9

a-tocopherol
a-tocopherol
tocopheryl acetate a-
tocopherol (bioavailability) ~ tocopheryl
acetate tocopheryl acetate

a-tocopherol tocopheryl acetate

a-tocopherol (32-34)


http://www.bio.davidson.edu/people/kabernd/berndcvAab/website%20(summer%202009)/lshhomepa%c2%a7eAshmain.htm
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CH,

CHy

H,C 0
CHy CHy CH, CH,
CH, ; -
1 jocopner
itamin E
(Lipid
R* Free
Radicals)
CH,
*O
HiC [
CH. CHy CH,
CHy Tocopheroxyl Free Radical
Oxidized Vitamin £
9 a-tocopherol

(http:/lwww life-enhancement.com/magazine/artide/2274-break-the-bonds-of-dementia)

N-acetyl cysteine (NAC)
N-Acetyl-L-Cysteine (NAC)

NAC cysteine
glutathione activity glutathione-S-
transferase extracellular NAC
nuclrophile NAC 1
NAC

acetaminophen (35-37)

(Bladder cancer)

(bladder cancer)

34
50 (38-41)
4 1) Transitional cell carcinoma (TCC)
urothelial carcinoma (UC) 90-95
2) Squamous cell carcinoma (SCC) 3) Adenocarcinoma  4) Sarcoma


http://www.life-enhancement.com/magazine/artide/2274-break-the-bonds-of-dementia

(superficial type  non-invasive type)
muscle-invasive type (41, 42)

(transurethral resection of bladder tumor TURBT)
intravesical immunotherapy Bacillus Calmette-Guerin (BCG)
Interferon (intravesicular infusion)

intravesical chemotherapy ~ cisplatin gemcitabine

80 5 (43
Stage 0 (Ta
(non-invasive papillary),Tis (flat non-invasive tumor)
Stage 1 connective tissue stage 2
Stage 3 Stage 4
(44-46)
2-4
(aromatic amine)
(arsenic)
(42) (oxidative
stress) (reactive species)
(ultimate carcinogens) (DNA adduct)
11)
LINE-1
2012 (14)
LINE-1 méthylation LINE-1
hypomethylation
2013 (15) (UM-UC-3 cell)
LINE-1 hypomethylation ROS( 22
(tocopheryl acetate) LINE-1 hypomethylation

LINE-1 hypomethylation
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oxidative stress DNA
méthylation oxidative stress glutathione
glutathione homocysteine
transsulfuration pathway glutathione
homocysteine methionine 5AM
SAM SAM DNA méthylation
genome-wide DNA hypomethylation Niedzwiecki
2013 (10) glutathione
SAM global hypomethylation
ROS LINE-1 hypomethylation one-
carbon metabolism pathway  transsulfuration pathway SAM
DNA méthylation
LINE-1
hypomethylation
2 UM-UC-3 ~ TCCSUP cell lines
(HK-2 cell line) 2 2 LINE-
1 méthylation, SAM, SAH  glutathione supplement
tocopheryl acetate, N-acetylcysteine (NAC), SAM, methionine folate
LINE-1 méthylation 2 2

DNA méthylation
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