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Abstract :Long interspersed nuclear element-1 hypomethylation and 


oxidative stress: correlation and bladder cancer diagnostic potential 


Maturada Petsang 1,*, Chanchai Boonla 1,*, Passakorn Amnattrakul 2, Thasinas 

Dissayabutra1, Apiwat Mutirangura3
, Piyaratana Tosukhowong 1,"* 

Departments of Biochemistry 1, Surgeri, Anatoml, Faculty of Medicine, Chulalongkorn University, 

Bangkok 10330 Thailand 

Purpose: Oxidative stress and genome wide hypomethylation are crucial events in 

carcinogenesis and may have cause and effect relationship. Here, we evaluated 

oxidative stress and hypomethylation of long interspersed nuclear element-1 (LlNE-1 

or L 1) in bladder cancer (BCa) patients and normal individuals. 

Patients and Methods: Sixty-one BCa patients and 45 healthy individuals were 

recruited for the study. To measure methylation level and differentiate LlNE-1 loci 

into 3 classes, hypermethylated, partially methylated and hypomethylated, peripheral 

- -blood cells, urinary exfoliated cells and cancerous tissues were evaluated by 

combined bisulfite restriction analysis PCR. Urinary total antioxidant status (TAS) 

and plasma protein carbonyl, as oxidative stress markers, were determined by 

DPPH and DNPH methods, respectively. 

Results: LlNE-1 methylation levels and patterns in blood and urine cells of BCa 

patients were different from healthy controls, and the percentage number of 

hypomethylated loci in urinary exfoliated cells showed the highest degree of 

differences (P < 0.001). Urinary TAS was decreased, while plasma protein carbonyl 

was increased, in BCa patients compared to the controls. Interestingly, methylation 

of LlNE-1 in blood-derived DNA was positively correlated with urinary TAS in both 

BCa (r =0.618, P < 0.001) and control (r =0.469, P =0.001) groups. Based on 

ROC analysis, urinary hypomethylated LlNE-1 loci and plasma protein carbonyl 

provided the best diagnostic potential with an area under curve of 0.848 and 0.819, 

respectively. Combination test improved the diagnostic power to sensitivity 96% and 

specificity 96%. 

Conclusion: LlNE-1 methylation is inversely associated with enhanced oxidative 

stress both in normal and cancer subjects, implying the cause and effect 
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relationship. The patients had higher LlNE-1 hypomethylation levels and number of 

hypomethylated loci in both blood- and urine-derived cells, and oxidative stress than 

normal. LlNE-1 methylation pattern in urinary exfoliated cells and systemic oxidative 

stress marker are promising biomarkers for future Bea screening and treatment 

monitoring. 

Keywords: Bladder cancer, epigenetics, LlNE-1, methylation, urinary exfoliated 

cells, oxidative stress, global hypomethylation 

,y~Cltll~~~~ : 1l1';l~bri:hJ ~""1ntltln~ b~i'Wbb~~n1nlJ~tJ'WbbU~~ bb1JU b~tltl~'Wfin~~a-J L~tJ';l~tl~ nun1nn ~ 
q q 


~ I 


a-J~L~~n~~L~1~U~~1';l~ b~tJ ~~rortJ 19l~~a-Ja-J~~1'W~1~~~U1l1';l~br11tJ ~""1 ntltln~ L~GJl'W\.h"" ~~a-J~'W€nun1~ 
CjJ dS 

I iI II I 

~~~~entl~~~~uLa-J~~b~GJl'W ~~L!'Wn1~~n1'j'1tl~~~1'~r1lJ~~~~~LYltlU~~Lij'Wr1';l1a-J~a-J~'W€~~~~1~~~~un1~
q 

~ I 

Lfl(?) LI NE1 methylation n1J~~~Ul9l';lU~;1l1 ';l~br11tJ (?)""1 ntl1)n~ b(?)GJl'W1'W~lhtJa-J~ b~~ n~~b~1~,j~~1';l~
CjJ 

~tl~b6Jl~~1'Wu~~1';l~ bb~~~n1'j'1r1rurh'Vn~r1~Un1'Wn1~~U""~tJt~r1a-J~b~~n~~b~1~U~~1';l~
q 

~fin1l~n~1: ~lhtJa-J~b~~ n~~b~1~if~~1';l~~1'W';l'W 61 ~1tJ LL~~r1'WlJn~~1'W';l'W 45 ~1tJ bb~';l1'~~~~U 
CjJ 

~ ~ 

n1nn(?) methylation oyf~~a-J~ ~';la-Joyf~ mCuC (partially methylated loci) bb~~uCuC (hypomethylated) Lew 
~ I 

b6JI~~biJ ~ b~tl(?)~1';l b6Jl~~1'Wif~~1';l~bb~~btltl L~tla-J~b~~ ~';ltJ~fi combined bisulfate restriction analysis 

of LlNE1 (COBRA LlNE1) 1'~~~~u TAS 1'WU~~1';l~ bb~~~~~U protein carbonyI1'W~~1~a-J1 ~';ltJ~fi 

DPPH bL~~ DNPH assay 1?l1a-J~1~U 

w~n1l~n~1: ~thtJa-J~L~~n~~b~1~U~~1';l~~~~~U LlNE1 methylation entl~L6JI~~biJ~b~tl(?)en1';lLb~~ 

bsn~~1'WU~ ~1';l ~~1 n~1 r1'WlJ n~tltJ 1~ ~L!tJ~1 r1ru'Vl1~ ~~ ~ e.J~ n1~~n1'j'1 n 1 ~1'~~~~u~lJ bbUUentl~ n1~Ln (?)
~ CjJ 

LlNE1 methylation ~tl ucuc ~u~1~thtJa-J~b~~n~~b~1~tr~~1';l~~~~~U ucuc 6Btl~b6Jl~~1'Wu~~1';l~~~
CjJ CjJ 

~ I 

n~ln~a-J r1'WlJn ~tltJl~~L!tJ~1 ~ru'Vl1~~~~ e.J~ n1~~n1'j'1~~~Ul9l';lU~;1l1';l~br11tJ ~""1ntltln~ L~GJl'W~U~1 
q ~ 

~thtJa-J~b~~n~~b~1~if~~1';l~~~~~U TAS ~1bb~~~~I?lU protein carbonyl ~~n~1n~a-Jr1'WlJn~tltJl~~
CjJ CjJ q 

,rtJ~1~t1J'Vl1~~~~ L~tJ~~I?lU LI NE1 methylation 1 'Wbsn~~Lij ~b~tl(?)en1';l~ r1';l1a-J~a-J~'Wfib~~U';lnnu~~l?lu 
~ 

TAS oyf~1'W~thtJa-J~b~~n~~b~1~if~~1';l~bb~~r1'W'1.Jn~bb~~ e.J~n1~~br1~1~~ ROC analysis ~1J~1 ucuc 
CjJ 

~tl~b6JI~~1'Wu~~1';l~1~A1 AUC ~~~~~(?) b'Vl1nU 0.848 (sensitivity = 80% bb~~ specificity = 85%)
CjJ q 

~ I 

'Wtln""1n,lLi1tl1~n1~1?l~';l"" ucuc entl~ b6Jl~~1'WU~~1';l~bb~~ protein carbonyl 1 'W~~1~a-J1~';la-Jn'W~11~ d~~a-J 
~ I ~ 

f)';l1a-J\';lbb~~r1';l1a-J~1b~l~entl~n1~1?l~';l""~'Wb~a-J~'W (sensitivity = 96% and specificity = 96%) 

I 
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ft I !iI n'l a n"f Q If' a .c!I !1!J
'It'[lJ: ~ufJtJ~~bJ"InJ'~bOv\n~u~~1fJ~~Jl1fJ~ hypomethylation ~'tl'l b6J!~~ b~ In b~'tlIn~lfJ bb~~b6J!~~ b'W 

tf~~1fJ~bL~~nJl1fJ~L~1tJ ln~ln'tl'tln~Llni'W~'ln~l ~'Wtln ~ Lb~~tJ'l~U~lJ'~~U LI NE1 methylation ~~1~'l 
I I !iI 

~~~'W€riiJJl1fJ~b~1tJ 1n~1fl'tl'tln~ blni'WVl~'l~'WLL~~n1J'I?1J'fJ~tf(91 ucuc ~'tl'l b6J1~~1'Wtf~~lfJ ~ 'tl1~b~ dJ'WlPlfJ 
'IJ 

fl'J13-J btJ'U3-J1 bb~~ fl'J13-Ji1 ~ruen'f)~,jruCVI1 
Q! Q! 

LJ'~~~L~'lnJ'~b~1~tf~~lfJ~ (bladder cancer) btl'WLJ'~J'~UiJ'Vl1'l b~'Wtf~~1fJ~~~ul~ifJ 

L~ n LlntJ~iJU'tltJ LU'W~'W~iJ~'tl'lb'Wn~~~~b~'l'Vl1'l L~'Wtf~~1fJ~ Lb~~bU'W~l ~'J~~ n~1n~~L~'l'Vl nGJ1UIn 
q q 

...... a Q!iI d' d ~!iI a
~iJ I?1n1J'ru1J'~~~bJ''l fl J'~L~ l~tf~ ~1fJ ~~ bL'WfJ L'W~~'l~'WLJ''tltJ 1'VlfJL~ n (1) J''tltJ~~ 90 ~'tl'l ~~LJ''lnJ'~b~1~ 

I !iI 

tf~~lfJ~LU'WGJlUIn urothelial carcinoma (UC) ~'ln~l?1J'ln1J'n~iJLtl'W~1 (recurrence) ~'l~'l~'tltJ~~ 80 
'IJ 

!l1tJb'WLfJ~1 5 tJ (2) Lti'tl'l~ln~lhtJ~~L~'lnJ'~L~1~tf~~lfJ~hJ~'tl1n1J'~lntln~'tlth'l~'W tJnL~'Wn1J'~iJ 
'IJ 

!iI 

tf~~lfJ::;dJ'Wb~'tl1nLlntJl~n'tl1 n1J'b~utlfJ In vl1b~n1J'';jU~'i!tJ~iJ~~L~'lIlJlUlnil~1~1 bL~::;~ll'JtJ~'tlt.J~::; 20-30 
'IJ 

!iI!iI 1!iI 

(3) ~U~l n n1 J'~ n ~ 1~ L~1 ~i'Wn~1~ LU'tl~'tl'l nJ'::; L~1 ~tf~~l'J::;bL~fJ Lij'f) bbJ'n';jU~'i!t.J ~'lU'WbJ'~~::; L~'l 
q 'IJ 

n J'::;iJ fJ 'W n 1 J' b~; ~ ~ b~'l (c~~i nog~e~ is) -- L~~n-J'~~;~n~J'~iu ~;~-~~ fDi'tJ~~ rortJ; fJ ~-

VI~lnVl~1tJ (complex and multifactol"ial process) intnb~bnlnn1J'blJ~tJ'WbblJ~'l~1nb6J!~~lJn~dJ'W 

b6jj~~~::;b~'l tf~rortJ b~tJ'l~~1 ~r~~~InCSB'tl'l~::;b~'lnJ'::;b~l~tf~~lfJ::; ~'tl n1J'~iJl.J~i (4) bb~::;~fJ1~ b~tJ'l~~ 
iI I I iI I 

~'l~'Wbij'tl~'tl1tJ b~~~'W (5) b 'W~tf'WiJVl1n ~lJ''tl~LJ'~l ~n b'tln'W (aromatic amines) LL~~~1 J'ri'tl~::;b~'l
'IJ q q 

(carcinogens) ~'W1 VI~ltJGJl\l1n ~~~nJ'::;~'Wb~bnInJl1fJ~b~1tJln~ln'tl!ln~blni'W (oxidative stress) ~~ 
n1J'~ n~l~ ~1'W~1~h~tJ'W~1 ~ll'Jt.J~~L~'l n J'::;b~1 ::;tf~ ~1fJ::;n[l1fJ::;L~1t.J 1n~1 n'tl'tln~ blni'W~'l (3) !llfJ::;

'IJ 'IJ 

Lr11t.J 1n~1n'tl'tln~ blni'Wl~L~t.J'l bb~bU'W~l LVI ~b~ bn Inn1J'btl~tJ'WbblJ~'l'V11'l~'W~nJ'J'~ (genetic mutation) ~'l 
I !iI I 

Lu'Wn 1J'LlJ~t.J 'WbLtl~'l ~ 1 ~iJ biJ ~~'tl'l ~ L~'Wb'tl (DI\JA) bvl1U'Wbb~tJ'l~ ~ ~b~ bn In n 1J'blJ~t.J'WbblJ~'l LbiJU bVlU'tl 

~'W~nJ'J'~ (epigenetic change) ~n~fJtJ 

n1J'~fJU '1~1 bbiJiJ LVlU'tl~'W~n J'J'~ (epigenetic regulation) biJ'Wn1J'r1fJiJ'1~n1J'bb~ In'l'tl'tln 

~'tl'lu'WJ'::;~un1J'~'tlInJ'~~ (transcriptional control) bcsrl'W nJ'::;iJfJ'Wn1J'b~~~~L~Vi~~'tl'l~h~'Wb'tl (DNA 

methylation) nJ'~iJfJ'Wn1J'b~~~~'tl~~Vi~~'tl'lbtlJ'~'W'5~bl?1'W (histone acetylation) bb~::; nJ'::;UfJ'Wn1J'1Pl1n 

~~'tl::;~Vi~ (histone deacetylation) ~1 n n1J''VliJ'Vl'J'WfJJ'J'runJ'J'~~iJ~1 ~llfJt.J~::; b~'l nJ'~b~l::;tf~~lfJ::;~
'IJ 'IJ 

n1J'btl~ tJ'WbblJ ~'l ~'tl'l Jl1 fJ::; bVltj'tl~'W~n J'J'~ VI~ 1 tJ bbUU bb~~ ~ iJU'tltJ bb~::;~ J'1 t.J'll'W~ 1 n ~ ~ In ~'tl global 

hypomethylation (6-8) 
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n~lnn1n~:W'VI~b:wVi~C5Jj~'1~b'~~n'f) 'f)1~tJ b'f)'Wlen~ DNA methyltransferase (DNMT) 

bb~~1~ s-adenosylmethionine (SAM) biJ'W methyl donor 'VI~b:wVi~~~~nb~:w1~n'lJb'lJ~lent~;'W 

(cytosine) ~~tJ'lJ~b'dru CpG dinucleotides 'VI1~ CpG Islands V!~1tJ'I1'WfjrortJbb~(?l'l1~L~'W~1n1n~:wV!~
~ ~ 

b:WVi~C5J]'f)'1 ~ b~'Wb'f)l:w~'Wfin'lJJl1'd ~b~1tl ~~1 n'f)'f) nen b(?li'W bb~U'l1~Vl~1'lJn~ In bbtli(?l b~~ ben~~bn(?lJl1'd~ 

b~1tJ(?l~1n~~nen L(?li'W'VI1'f)~m:W1 ru~1~~~~~~~~~~'1 b6Jj~~~~~~1'1n~~11Vl t'f)'W (glutathione, GSH) 
, iI , 

b~:W:W1n~'W ~1nn~(?l~~~t'Wen~bVl~'W (cysteine) Vl~~1tJ~1nn~t?l'f)~~t'Wtf]t:wen~LVl~'W (homocysteine) ~1 

1~m:W1rutf]t:wen~ bVl~'W~ (?l~'1 ~'1 b~:W n1~~~1'1teJt:wen~ b'Vl~'W~1 n n~~~~~t'WL:wlVl t'f)tl'W (methionine) 

~'1~'f)'11,~ SAM i'd:W~'dtJ ~1b~m:W1ru SAM 1,'Wben~~~~~'1 bb~~~'1t:J~~~n~~'lJ'd'Wn1~ DNA methylation 

(9) 'W'f)n~1ntf~1~'f)'W:W~~~~~~'1 Lil'W~'WLV!~~1 Aru'fl'W'VI~'1~~1b~~ b~'WL'f) L~tJ'VI1tJ tt?ltJn1~ltl'f)'f)nenl(?l6Jl
q ~ q '" 

bU~n'dtl'W (guanine) Ln(?lbiJ'W 8-hydroxy-2-deoxyguanosine (8-0HdG) Lbii~~bn(?l'fltJ1'11~~1L~1~Lb~ 

n'f)1~ Ln(?l~'Wl~1'W'lJ~b'dru CpG dinucleotides ~'1~ t:J~i(?lC5Jj'd1'1n1~rorUC5Jj'f)'1 b'f)'Wlendf DNMT 1,'Wn1n~:wV!~ 
'lJ 

, I iI iI , 

ba.JVi~b~n'lJL'lJ~l6Jjt~sn'W (cytosine) Vl'f)tJ~(?ln'lJb'lJ~n'dtl'WIPl'dVl~n'f)'f)nenl~6Jl,r'W (10, 11) ~'1,r'W~1nn~ln~
'lJ 'lJ 

iI " iI 

n~1'dtl b~!fl~1l1'd~b~1tJ(?l~1n~'f)nen b(?li'W~'1tl1~~~'1 t:J~1,ihn(?ln1~~ (?l~'1C5J]'f)'1 DNA methylation C5J]'f)'1'Vl'l 

~t'Wa.JV!1'f) global DI\JA hypomethylation ~'1l~.J~'Wfinun1nnt?l:W~b~'1 

Long Interspersed Nuclear Element 1 (LI NE1) ~n,.j1:W11~ L'1J'WIPl'd bb'Vl'WC5J]'f)'1~~~'lJn1~
'lJ 

iI I , 

"'" • IV Q<;' .:!I ..:!I ~I QQ 
---- knl?l -methylatlon rel'lVl~~ -b\ja.JV!~'fl-global -methylatIon - t'W'fl'l~1n -LlNE1--b1J'W retrotransposon - Vla.J - - -- -

, iI 

:W1 n:W1tJ n~~~1tJ'fltJ'Vl'dhJ1'W~t 'W:WC5J]'f)'1 :w'W~tJ (12) ~ ~ biJ'Wlh~:W1ru 17% C5J]'f)'1 ~ b~'Wb'fl'Vl'l'VI:W (?lb'W~t'Wa.J 
'lJ q 

(13) ~1v!~U:W~b~'1n~~b~1~U~~1'd~~'VI~1tJn1~~n~1~~U hypomethylation C5J]'f)'1 LlNE1 (6,8, 14) , 
I rill I 

bll'fl'l~1nL~'flb'f'd1tl~~1tJ'I1'W~1 LI NE1 hypomethylation l:w~'Wfinun1n~:w ~'d1a.J b~tJ'I 

C5J]'f)'1 n1nn ~:W~b'f'l n~~b~1~U~~1'd~ (14) bb~~~lhtJ:W~b~'1n~~b~1~if~~1'd~~Jl1'd ~b~1tJ ~~1 n!fl'flnen bt?li'W 
'lJ 

iI I 

methylation :W1 n!fl'W ~fjrortJ 1Pl'l ~:w:w ~~1'W~1~~~U1l1'd ~b~1tJ ~~1 n'f)'f)nen L~i'Wtl1~~la.J~'Wfin'lJn1~~ (?l~'1
'lJ dB 

iI iI I 

1IJj'f)'1~~~1J LI NE1 methylation ~'1,r'Wn1~~n~1tl~'1~i~~tl~~~'1 rld~'f) ~~'d~i(?l~~~U LIN E1 methylation
q 

iI I 

b'W~'d'f)tJ1'1 b~'f) (?l if~~1'd~ bb~ ~btj!fl b~'f):W~L~'1 n~~b~1~if~ ~1'd~L~tJ1Jn'lJ ~'WU n~~C5J]1l1~~ bb~~U~~b~'W 
q 

~'d1:wla.Jvr'Wfi~~V!~1'1~~~'lJn1nn (?l LI NE1 methylation nU1l1'd ~b~1tJ t?l~1 n'f)~ nen bl?li'Wb'W~lJ'dtJ:W~L~'1 

n~~L~1~if~~1'd~ ~'1t1'f) biJ'Wn1~~n~1 bb~nb'WtI~~LVl fD11 VltJ Lb~~t:J~n1~~n~1~1~~~,.j11t1~
'lJ 

fl'd1a.J b~1b~ 
iI 

n~1nVl1'1 epigenetics 6J.1~'1a.J~b~'1 n~~ L~1 ~if~ ~1'd ~a.J1 n~'WLb~~biJ'WtI~~ttJGJjI1l'l'f)n1~il1 ~'d1a.Jllt11~ biJ'W 

bb'W'dVl1'1b'Wn1~tl'f)'1 n'WLb~ ~t1~1J btl~tJ'W~U bbU1J n1 ~~n~1 ~thtJt~~:w ~b~'1 n~~b~1~if~ ~1'd~1~b'W'f)'W1 fl~ 
'lJ 'lJ 
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1. 	 L~'el~~r;J~~(Pl~~~'lJ LlNE1 methylation bUL6Jj~~Lij~L~t)~an1r;J Lb~~b6Jj~~1utr~~1r;J~an'el~~lJr;JtJ 

~ ~ b'f~ n~~L'Yn ~tr~~ 1r;J ~bmtJU LVl tJU nun~ 
q 
~ rlUU n ti 

, 	 iJ , 

.:!I '" '" 	 6J .:!I.:!I CTi !lIft'l CTi ft"f2. 	 b~'el~~r;J~r;J(Pl~~~'lJ LlNE1 methylation bUbU'elbtJ'el~~b~~an'el~~ur;JtJ~~LNn~~b~1~u~~1r;J~ 

3. 	 L~t) ~n'l11Jl1r;J ~brl1tJ (PlfG(1n'el'el n~ b(Pli'Wbu~thtJ~ ~b~~ n~~L~1~tr~~1r;J ~bmtJU bVltJ'lJn'JJn~~ 
~ 	 q 

rluunti 

4. 	 b~'el~n~1rlr;J1~l~~'Wfi~~'VI~1~~~~Un1nn(Pl LI NE1 methylationn'JJl1r;J~brl1tJ~fG(1n'el'eln~ 

bwf'Wb'W~thtJ~ ~ L~~n~~b~1~if~ ~ 1r;J ~ 
~ 

~CI..' 	 ,,:,.q IV 

b'fl n~1'abb~~-:l1'1J'J~!IV1 bn !I 'JIIJJ 'fl-:l 

1. 	 b'afl3J~b;-:ln'a~b~1~tr~~1'J~ (bladder cancer, BeA) 


L~rl~ ~b~~ n~~L~1~tr~~1r;J ~dj'Wtrru'VI1~1fi1~ru~an~~ul~ir;Jb~ n 

IV q 

II 	 I I I I 

bb'Wr;JL\J~~~~'W~'eltJ1 ~~b~~n~~L~1~tr~~1r;J~~U~1nb1JUtl'W~'LJVl 6 an'el~~~b~~Vl~'LJ'Vlr;JL~n (1) Lb~~b1J'W 

~~L~~~~UU'eltJL1J'W~1~U~ 4 b'WL~~~1tJ LL~~~1~'lJ~ 8 b'WL~~"vH~~ (16) ~~n1~ruLnC9IL~rl~~L~~ 
,iJ , 

n~~L~1~tr~~1r;J~b'Wb~~~1tJ~~n~1b~~'VIru~U~~~1ru 3-4 bYll (17) b~mnrlr;J1~b~tJ~~~~'W~1~t)1tJVl
~ IV 	 ~ q 

iJ 	 iJ 

~1n~'W 	~~h'Wb'VI'1!~ub'Wn~~'fl1t.J 65 tJ~'Wlu (5) b'W1.l~~L'Vl_~1~~~~b~~n~~L~ 1~tr~~1r;J~ul~~!~~~~_ 

4.2 	~1tJb'WL~~~1tJLb~~ 1.3 ~1tJb'Wb~~'VIiQ~ 19lt)u~~~1n~ 100,000 ~1tJ (18) u~~~1ru~'eltJ~~ 90 ant)~ 
, 	 'iJ 

~~L~~n~~L~1~tr~~1r;J~Vl~'lJbUU~il~ urothelial carcinoma (UC) ~~ntl~~1n1~n~ub1J'W~~b~~~1 

Jl1tJ'VI~~n1~~1!?l(Pl ~~~~~'eltJ~~ 80 Jl1tJb'W~~tJ~br;J~1 5 tJ (2) 
I 	 I I I I 

tr~~tJ b~tJ~Vl~1 ~r~an'el~~~b'f~n~~b~1~tr~~1r;J~ ~'eln1~~utJ'VI1 ~r;J'Wtr~~tJ b~tJ~~'W1 L~'W 
iJ 	 , 

n1~1~~'J~1~'VI'W (arsenic) b'W\J1~~bL~~'el1'V11~'Vl~b~U1~~il(Pl (19) n1~Vl1~1'Wb'WL~~~1'We-J~~~bb~~tJ1~ 
~ 

(20) n1~1~~u~1ni'e)~~b~~bb~~~1~~~b'VI~1tf~~Vl1biiLtl~Jl1r;J~brl1tJ(Pl~1n'e)'e)n~b(Pli'W bn(Pl~1~'e)'W~~~~~~
q ~ 

(reactive species) bL~~n1~Yh~1tJ~ L~'WLt) tl'Wb1J'W~1 L'VI ~6nt)~ n1~~~~~n1~n~1tl~'Wfiant)~tl'WfG('Wbn ~ biJ'W 
q 	 q 

L6Jj ~~~~ b~~b'W~ ~ 
q 

(Pl 

b'W~Jl1r;J~iJn ti n~~'lJr;J'Wn1d~~1~~~~~1'W~1 n~1~t)1'V11~~u1bJl rl~1 Lil'W~t)'lb~t)t) n~ L~'W 

Vl1b~nn1d~~1~~1~t)'W~~~~~~ (oxidants) ~L1J'Wt)'W~'Wfian'e)'lt)'e)n~L~'W (reactive oxygen species;
q ~ 	 q 

ROS) l~LLri superoxide anion (021 hydroxyradical (OH-) bb~~ hydrogen peroxide (H20 2) b1J'W~'W 

~~~1~1~bl btl (Pl1.l~mtJ1nU~1~~]hb~ b~ ~~bb~~b6Jj~~1~ Vl1biiL~ b~ ~~hJ b~~tJ~~1~1~bl bn (PliJljmtJ1191'e) btit)~ 



8 

, '!II 

dJ'W~nL6Jlri'UL~1 b~ n~~'WVl1'f) bsn~ ~~1'l b~tJ'll~ 1'W~Jll'J::;tln ~il'l nltJ~ n~::;'U'J'Wnl~Vl~ ::;.yh~l tJ'VI1'f)u'Uu'l
~ q 

f1'J1 ~ dJ'WYh~'''lI'f)'l~ 1~'f)'W:W 'i'l~~~::; b'VI ~1;f1~'f)ti1'W~::; ~1J~ b'VI~ 1::;~lJl~ b~tJ'f)l ~tJ ~ 1~~1'W'f)'W~ ~~ ~~::;
q ~ ~ q ~ 

!II , !II 

(antioxidants) 'VI1'f)~1~nl{~'f)~~~~~~::; (ROS scavengers) 'VI~ltJosnU~Y]'lVlil'l nltJ~~l'l~'Wb'f)'l b6J1'W 

n~[?111'VlL'fl'W (glutathione) bb~::;l~¥'U~lnJlltJ'W'f)n b6J1'W fj[?llijtJ~ fj[?llij'W~ biltJ~'W bb[?]1'WJll'J::;~~~1~ 
!II 

'f)'W~~®~~::;:Wln bn'Wn~1~1 ~~l'W'f)'WlJ~~~ ~::;~ ::;~1'W'VI1'f)U'fl'l ri'Wl~ Jll'J ::;t1~tJ n~l Jll'J::; bf11tJ ~~1nnl~ 
q CIJ q CIJ 

n~ltJLu'W~~~.nrui'f)'f)n~b~i'W (oxidative damage products) b6J1'W malondialdehyde (MDA) ~ln 

1"l1~'W protein carbonyl ~lnLtl~~'W bb~::; 8-hydroxydeoxy guanine (8-0HdG) ~ln~h~'Wb'f) dJ'W~'W 

\H~ltJnl~fj{tJ bb~ ~'l1~ b~'W~l oxidative stress ~'U'Vl'Ul'Vl b~tJ'J~'f)'lri'Unl~bn~b~f1'V1~ltJosnu~ 'f)1~ b6J1'W 

L~f1~'J1~ (21) L~f1b'Ul'V1'Jl'W (22) b~f11[?lbb~::;L~f1ti'Jl[?l (23) dJtJ~tJ bb~::;~'VI~ltJnl~~n~1~bb~~'l1\hihJ 

~1 ~lhtJ~::;b~'l n~::;bYn::;tf~~1'J::;~Jll'J::;bf11tJ ~~1 n'f)'f)n~ b~i'W~'l n~l r1'Wun ~ (3, 15) bb~::;bU'W~tJ'f):w¥'Uri'W
~ CIJ 

, a a d d<::l IV iI <::I a d Q

n~::;'U'J'Wnl ~n'f):W ::;b~'l biJ'Wn lntl~tJ'WbbiJ~'l'Vl~ ~'Jl ~sn'Usn'f)'W:Wl n ~ b'f)tJb'f)'Vl b~tJ'V!ltJ~l n 

Jll'J::; oxidative stress ~1:Wl~Clintn1't~hn~~::;tJ::;~~ri'f)r?l'J"lI'f)'l:W::;b~'l1~ tJnr?l'J'f)til'lb6J1'W 8-0HdG bUtJ 


-- --.---oxidative BNA - damage -prm:::ltlct-bn·~~ln~l~'f)~~ ·~~~~::;YllUnmtJl'f)'f)n~b~i'Wri'Ub'U~ri'J·t!tJ----


(guanine) 'U'W~ltJ~b~'Wb'f)~'lbiltJ oxidative DNA damage product ~~'Ul~tJ'f)tJ~~~ (25, 26) ~llJl~Cl 

!II , 

Yll1~bn~n~::;'U'J'Wnl~n~ltJ~'Wfi (mutation) ~'Wl~ A'f)nlntJ~tJ'Wbbtl~'lb'U~~ln G bil'W T (G-T
q 

!II 

transversions) (27) ~'ll!tJ~l bn (?1Jll'J::; oxidative stress ~'ln~::;Yll1ihn (?1nl~~::;~~6n'f)'lnl~n~ltJ~'Wfil 'W 
CIJ q 

bsn~~m~lru:Wln L~tJb'U~l::;l'Wm'W~l'W:W::;b~'l (tumor suppressor genes) bb~::;m'W~::;b~'l (oncogenes) 

~'WtnltJ~ nlntl~tJ'Wbbtl~'l bil'Wbsn ~~~::;b~'l
~ 

.... a "",.v , a 
2. ~b'fl'IJb'flb3-JV1/GH~~'IJ (DNA methylation) bb~~nl~n'fl3J~b~~ 

nl~~'J'U '1~ bb'U'U bVltl'f)~'W~n~~:w (epigenetic regulation) bu'Wnl~~'J'U '1:wnlnb~ ~'l'f)'f)n 

15]'f)'lm'W~::;~'Unl~Cl'f)~~~~ (transcriptional control) b6J1'W n~::;lJ'J'Wnln~:W'VI~\'lJ~~"lI'f)'l~b~'Wb'f) (DNA 

methylation) n~::;'U'J'Wnl~b~:W'VI~'f)::;~~~"lI'f)'lLtl~~'W~~b[?l'W (histone acetylation) bb~::; n~::;'U'J'Wnl~r?l~ 
1 ~Q Q 0 Q..' I CV 

VI~'f)::;sn'Vl~ (histone deacetylation) n~::;'U'JtJnl~ DNA methylation ~ f1'Jl~~lf1bJJ ~'f)nl~~ W-J'Wl"l1'f)'l 

~::;b~'l bti'f)'l~l n DNA methylation ~ ~~L(?1tJ ~~'l [?]'f)nl~bn ~ transcription 1IJ.1'f)'lm'W n~::;lJ'J'Wnl~ DNA 

methylation btltJnl~~~bbtl~'l ~ b~'Wb'f)~1~Yll1~~1 ~1J b'U~~ nl~btJ~tJ'WbbtJ~'l ~1~1 ~Cl dltJ'Vl'f) ~ltJU'lt'W~n 

1~ L~tJn1n~~'VI~b:W~~ (methyl, CH3) ltlbb'VltJ~'f)::;[?l'f):wle1L~n~tJ1tJb'U~lsnb~~tJ (cytocine, C) ~'f)~~~ 

rilJri'Jt!tJ (guanine, G) ,~1'f) CpG (CpG dinucleotide) n~lnnln~:W'VI~b:W~~ 'f)l~tJ b'f)'Wlsn~ DNA 

methyltransferases (DNMTs) t(?1tJb'f)'Wlsn~ DNMT ~::;d'ltl~mtJlnl~£htJ'VI~b:W~~~ln s
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adenosylmethionine (SAM) ~vl1'V1ib~dJ'W~b~'VI~b~Vl~ (methyl donor) 1'Ll~~1bb'VItJ-:l~ 5 ~!l'l (N 

LL'VI'd'W1~1i1~'W (pyrimidine ring) ~!l-:l L1J~ 1snb[?l~'W 1~ ~~ [?l.nru~bU'W 5-methylcytosine (5-MeC) bb~~ 

SAM LtJ~tl'WbU'W s- adenolylhomocysteine (SAH) (9) 

~1nfl1~~ n'M1~ eJ1'W~1~~J~1~'W'VI~1tl~'Wb'Wbsn~~~~b~-:l~n1 n'Ll~tl'WbbtJ~'l bL'J1J bL~'W~!l'l 

DNA methylation (DNA methylation pattern) Lb(;]n1ntJ~tl'WLbtJ~'l bb'iJ'iJ~~'iJl~i'dltJb'Wb~~~~L~-:lb'W~'W 
~ , 

tr'W~ 2 LL1J'iJl~bbri 1. global hypomethylation ~'l~'l~~n~~~'Wn1nL~~-:l!l!ln~!l'l~'W~~b~-:l (oncogene) 

LL~~ 2. regional hypermethylation ~!l'l CpG island ~vl11~~'W~1'W~~L~-:l (tumor suppressor gene) 
~ 

1~~1~1~tlLL~ ~-:l!l!lnl~(28) 'W!ln~1nilu'l~'iJ~1n1nn~ global hypomethylation Yhb~i'[?l~1n1~n~1tl 

~'Wfb~~~'WtJ11u~ ~'d1 ~1~ b~~ tl J'~!l'l~b'W~ (genome instability) b'W~ ~ ~ (29) ~'l bL~ ~'l~1n1 ~ 
btJ~tl'WLLtJ~'l bb'J'iJ LL~'W~!l-:l DNA methylation ~vl1b~n1~bb~ ~-:l!l!l n"lJ!l'l~'W~ ~tJn ~1tJJ'W~ ~'d1~ L~tl'd~!l'l 

tf~~U'Wb~~~rPi'iJ methylation b'W Long Interspersed Nuclear Element (LlNE1) LU'W 
~ , 

19l'dbb'Vl'W"lJ!l'l~~rPi'iJn1~bn ~ methylation "lJ!l-:l'Vl-:l~b'W~ (global hypo methylation) (7, 8) bU!l-:l~1n LI NE1 
, ~ 

~'Jn~~~1tJ!l~'Vl'd1tJb'W~b'W~ LI NE1 ~ ~ru~~~ bU'W retrotransposon ~!l~1~1~tl~1~!l-:l rK'd b!l-:l~'W 

~1bb~'d1tJbb'Vl~nbb'iJ'iJ~~b'W~J1b'dru~'W"lJ!l'l~b'W~1~ ~-:l1'W~b'W~"lJ!l-:l~UM~~ LlNE1 ~~1~~ ~tlbn;~~~!ln----~----
q q 

~~~1~V!1!l active LlNE1 

(retrotransposition) ~tJ~~~1ru 3000-4000 copy (30) 

~1'V1f'iJ~~b~'ln~:::L~1~tf~~1'd~n1~btJ~tl'WLLtl~'l LLU'iJ epigenetic ~~'iJ~1n~!l global 

hypomethylation b~tJ~'VI~1tln1~~n'M1~~'iJ LlNE1 hypomethylation b~'W n1~~n'MT'n!l-:l Choi LL~~ 

~ru~(6) b~tl~n'M1~~rPi'iJ LlNE1 methylation b'WLti'!lL~!l~~b~'ln~~L~1~tf~~1'd~ (bladder tumor tissue) 
~ , , 

Lmtl'iJL~tl'Lln'JbU!lL~!ln~~b~1~tf~~1'd~tJn~Vl!l~~~n'W (adjacent normal bladder urothlium) "lJ!l'l 

, ~, 

n~~ b~1~tf~ ~1'd ~~1 n~1 LU!l b~!l n~:::b~1:::tf~ ~1'd:::tJ n~ normal tissue !lth-:l ~,rtl ~1 f1'lJ'Vl1'l~?i ~ 

'W'e)n~1ntfn1~rain'MT'1l!l'l Wilhelm bb~~~ru~(14) ~rain'M1~~rPi1J LlNE1 methylation b'W bsn~~bil~b~!l~"lJ1'd 

(peripheral blood cells) "lJ!l'l~thtl~~L~-:ln~:::L~1~tf~~1'd~LmtlULVltl1JnU~'d'iJ'1~~'WtJn~ ~1J~1 ~~rPi1J 

LlNE1 methylation ~~1~~(?)l~~'W€n'iJn1n~~~'d1~L~tl'l"lJ!l'ln1~bn~~~b~-:ln~~L~1~tf~~1'd~~'W 1.8 

, 0 <V n I ~ .c!l , J d a n"1'
b'Vl1 ~1'V1~Uu~~b'VlPl b'Vltln1~Pln'M1"lJ!l'l Mutirangura bb~:::~ru::: (8) ~U'd1b'W!lLtl!l~~b~'ln~:::b~1~u~~1'd::: 
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, i.-' 

~:r~;'lJ LlNE1 hypomethylation 'r)~:r:;'VI~I~ 65.37-70.98% ~~~~n~lbtl'r)b~'r)tJn~ (64.36-65.90%) 

3. ~~8J.I'f).:J oxidative stress ~'f) DNA methylation 

Jll'J~ oxidative stress 1~b~tJ~~I~IH1~~b~1~nlnnl?1~~b~~~I'WVll~nlnu~tJ'WbbU~~ 
, , 

'Vll~i'Wfin:r:r~ (genetic alteration) ~ bntJ'J~'f)~ntJ~l;tJ btJ~"ll'r)~~h~'Wb'r) bbl9l~~iJ t:.J~ 19l'r)n~1n nl:r~'J'lJ~~ 
q q 

bbtJ'lJb'VItl'r)i'W~n:r:r~ (epigenetics) ~n~'JtJ 

Jll'J:; oxidative stress ~~t:.J~19l'r) epigenetic change 'r)th~1:r~~1~btJ'W~Vl:rl'lJbbUil?) 

'r)th~1:rn ~1~ijVl~ltJ nl:r~ n~l~ b~'W'r) n~1n~Ul~:;dJ'W1tJ1~ b~tJ'J ntJt:.J~"ll'r)~~I:r'r)'W~~~~ :r~19l'r) DNA 
q 'IJ 

methylation ul]mtJl'r)'r) n~ b(P)i'W~1 n~I:r'r)~d;;l~~~:r~bU'W~'HVI~~1 f1'1Jrer'W'VI~~~'Vl11~~ b~'WL'r) L~t.JVllt.J ~~ 

~'Jl~ L~t.JVllt.J"ll'r)~ ~ b~'WL'r) (DNA lesions) Ll?1tJ b'U~I~~ ~1 bLVlU~ CpG dinucleotide ~~:rtJn'd'Wnl:rYh 

'VIcWl~ biJ'Wl'lJ~ L~:r~ (substrate) "ll'r)~ ~ L~'Wb'r)~IV1~tJ 1.'f)'W1sn~ DNMT iJ t:.J~1~ bn 1?1 DNA methylation 

cW'r)t.J~~ 'VI1'r)Ln(p) global hypo methylation (31) t.Jn!?l'd'r)th~L~'W 8-0HdG ~biJ't,U:.J~~.nru~~Lnl?1~lnnl:r 
, , i.

'r)'r)n~1(p)~LtJ~n'J1l'W L(P)tJ ROS ~~~tJ1~tJ'r)tJ~~
q 

(P) LbiJ~~bn l?1'r)th~1~~1 b~l~b~I~~~ bbl9ln'f)l~ Ln(p)~'W1~1'W 
, i.- , 

'LJ1L'dru~1 ~'lJ btJ~~ L'1J'W CpG dinucleotide 'Vll b~1tJ~'lJ~~ methylation "ll'r)~ b'lJ~ cytosine ~'r)~~l?1ntJ btJ~ 
, i.

guanine !?l'dYlbln'r)'r)n~1(p)~u'W LI?1t.J~~1ui(p)"ll'dl~nln~lrortJ"ll'r)\l DNMT (10, 11) 'W'f)n~ln 8-0HdG bb~'d 
" i.

06-methylguanine nbu'W DNA damage product ~n~UI?1'V1~,\l~bn(p)~'W~lnt:.J~"ll'r)\lnl:r'r)'r)n~1(p)~"ll'r)~ 

ROS ~~~I~I:rblil?1"ll'dl~nln~lrortJ"ll'r)~ DNMT 1~b~'Wn'W (32,33) Vlln 8-0HdG 1~1~~tJnl:r~'r)~bbsn~~ 

b'VI~I~~~ ~:;'Vllb~bn(p)nl:rn~lt.Ji'Wfibb'lJtJ G-T transversion 1~ ~~'VI1nbnl?)~tJ1b'Jru CpG dinucleotide 
q 

~~'Vllb~iJlli~lru CpG dinucleotide ~(P)~~ ~~t:.J~b~bnl?1nlJ'~(p)~\l"ll'r)~ DNA methylation 1~ (34) 
i.- i.-' 

'W'r)n~ln1l oxidative stress ~~'r)I~Yhb~UI"I ~1~~'r)'f)n~1J'LtJ~~ dJ'Wbbn'Wn~I~"ll'r)~~ltJ~b~'Wb'r)bln'Vll~lt.J
'lJ 

, i.

1~bn(p)nl:rLtJ~t.J'WbbtJ~~lUl.l.tJtJGJJ'r)~ DNA methylation 1~ (35) nlJ'~n~lbVl~I1lbb~l?)~b~b~'W~I~'dl~ 

L~tJVllt.J"ll'r)~ ~ b~'Wb'r)~1 nJll'd~b~1tJ (p)~ln'r)'r)n~ bl?1i'W iJ ~~ 19l'r)bb'lJtJ1Ul.b'lJ'lJ DNA methylation ~~Ul~l~ 

nlnb~(p)~'r)'r)nGJJ'eN~'W~~l?1tJn~ bb~~'r)I~~~b~1~nlnn(p)~~b~~1~b'W~~(P)
q 

.Q,.QI O.Q, .Q, IV 

t;lfi~1b 'W'1J n1~t;I~!J 

1. nlnntJ~IJ'!?l'J'flth~ (Specimen collection) 
i.

1.1. nlnntJtr~~I'J~~~~bbJ'n1'W~'r)'Wb~1 (first morning urine) 
i.

'tJfinl J'l.ntJ ~'r) I.ntJtr~ ~1'd ~1'W~'r)'Wb~1 L(P)t.Jb~tr~~I'd~~'d\l bb:rn~\l1tJri'r)'Wbl.~'d bn~J~j~~I'd~ 
I i,.I I I 

GJ1'J\l n ~1~b~JlI6jj'W~tJl n n~I\l~UJ'1 ~~1 n I.~'r) 19i'd'r)th~tr~~I'J ~~1~Ul~ltr'W 4000 rpm 

http:L(P)t.Jb
http:64.36-65.90
http:65.37-70.98
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I 	 0 
1.:::.1 I """ If"' 

~'JtJ'VI -80 C nlltJn1~'J bf)~1~~ 

1.2. 	n1~bfhJb~1l~ (Heparinized blood) 

b~1~b~1l~ ~1nb~tJb~ll~ ~1u1b'J rucVJ~'1 Lb~tJC~l'JtJ5Jj~~tJ n~nrb~1~b~'fl ~m~-J1ru 5 i1~~~ L9l~1~ 
q q 

I 	 0 I 0 

tJ1Yl bbtJn~'JtJ~ll'l plasma bnUYl -20 C ri'fltJn1~~ bf)~1~~ ~'JtJ buffy coat diuYl 4 C ~'fl 

!II I 
QI ~ ~ 

1.3. 	n1nnUbtJ'flbtJ'fl (Biopsy) 

~~tJ bb~'VItJ~~UU'VI1'1 b~tJ1f~~1'J~ biJtJ~vl1n1~~'fl'ln~'fl'l bb~~t?l~b~'fl b~'fl~~b'f'ln~~L~1~ 
'IJ 

I 0 

.:::.I I """ If"'


'VI -80 C nlltJn1~'JLf)~1~VI 

2. %~ bf)~1~~'VI1'1~1l'liJlJ1j~n1~ 

2.1. 	n1~L9l~'J~~~t?1U protein carbonyl 1tJ~~1~~1 t~tJ~fi spectrophotometric DNPH assay 

(36) 

'Jfi~1~~~'fl~1'1~~1~~1~'JtJ phosphate buffer saline (PBS)20-bYi1-t~~~~~1~~1 30 

1~tf)~~L9l~ 1~~~'fl~~tJ1~ 1.5 i1~~~L9l~ ~~ PBS 'fltJ 
'IJ 

570 1~tf)~~L9l~ b~tJ11ih~1ntJ U1V1~'fl~1iJ~tJLVl~tJ'I 

Vl~'fl~1tJ incubated ~~ruVlJJi1~'fl'l 1tJ~~~ biJtJb'J~1 45 tJ1Yl t~tJb~tJ1bil\,!~~tJ~1 b~~ 20% TCA ~bb~ 

biJ\'!1~ m~1L9l~ 1.2 i1~~~L9l~ ~'11iJ'VlnVl~'fl~ 'J1'1V1~'fl~1~'U\,!,f1bb~'1 bil\'!b'J~1 10 \,!1Yl bb~'JU11iJ~\'!bVl~tJ'I 
q 

I 	 !II 

Yl 3000 ~'flU 19l'fl\,!1Yl biJ\'!b'J~1 15 tJ1Yl ~~~'J\'!1~ ~1\'!'U\'!Vi'l bb~'J~1'1 L9l~n'fl\'!~'JtJ ethanol: ethyl acetate 
!II 	 !II 

3 f)f'l f)f'l~~ 2.5 i1~~~L9l~ bb~'Jb~~ guanidine hydrochloride (GdmCI) m~1L9l~ 1 i1~~~l?I~ bb~~U11tJ 

sonicate LiJ\'!b'J~1 10 \,!1Yl b~'fl~~~1tJL9l~n'fl\'! 111L9l~n'f)\'!~~~1tJ1~Vl~~ 1~u11iJ,:f\'!bVl~tJ'I L~~ 

L9lnL9l~n'fl\'! bb~'Ju1~'JtJl~~1tJu\'!1iJrJ~fhn1~~~n~tJbb~'11~ GdmCI iJf'U~hn1~t)1\'!~~~\JbiJ\Jfdlt!tJ bb~'J 
'IJ 	 'IJ 

rJ~~hn1~~~n~t!bb~'1~f)'J1~tJ1'Jf)~tJ 375 tJ1tt!b~l?I~ (ODtest) t~tJl~ blank ~'fl'lbbl9l~~t?l'J'fltJ1'1tJf'Uf11 

n1~t)1t!~~~t!biJt!~t!tJ m~1 ru protein carbonyl 1 t!~~1~~1~~~1tJ'I1t!1t!Vlt.!'JtJt!1tt!t~~ 19l'fli1~~ nf~ 

~ll'lttJ~~t! (nmol/mg protein) 

n1~~1t!'JruVl1t8-~1ru protein carbonyl 

Protein carbonyl (nmol/ml) = ODtest X 45.45 
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Protein carbonyl (nmol/mg) = protein carbonyl (nmol/ml)/protein (mg/ml) 

2.2. 	n1~r;]~'J~~~~'lJ TAS 1tJU~1'J~ b(?)t.t% spectrophotometric DPPH assay (37) 

7jfh~1~'r] cW1,:r~~1'J~ 20 l~bfl~~~~ [:.J~~n'lJ OJ]'r]\l sodium phosphate buffer 400 

l~bfl~~~~ bb~~ DPPH solution 400 l~bfl~~~~ bl~'J incubate 1~1tJ~n(?) ~'r]ru'VIfln~'r]\l
q 	 '!J 

Antioxidant activity (%) = ((ODb,ank-ODtest)/ODb,ank)x100 

2.3. 	n1~7jbfl~1~'VI1tl~~tJ1tJ~~1~~1 b(?)tJ7j'fi dye binding method (38) 

7jfi~1~'r] cW1 ~~1~~1 50 l~bfl~~~~ [:.J~~n'lJ CBB reagent 2.5 n~~~~~ bb~'J incubate 

~'r]ruv!Jln~'r]\l tJ1tJ 5 tJ1~ bb~'JcW11tlrr(?)n1~(?)(?)n~tJbb~\l~fl'J1~tJ1'Jrl~tJ 595 't.nb'Wb~~~ 
q 	 '!J '!J 

Protein (mg/ml) =(fl'J1~ b~~~tJOJ]'r]\l standard x ODsamp,e)/ODstandard 

2.4. 	n1~~~'J~~~~'lJn1~bn(?) methylation GJ]'r]\l LlNE1b(?)tJ7j'fi combined bisulfite restriction 

analysis of LlNE1 (COBRA-LlNE1) (8) 

7j'fi~1~'r] ~n(?)bbtJn DNA b(?)tJ1~1(?)nl(?) high pure PCR template preparation kit (Roche 

Diagnostics, Indianapolis, USA) ~~'J~~'r]'lJm~1ru DNA ~~n(?)bbtJnl~b(?)tJcW11tJrr(?)~1 

n1~(?)(?)n~tJbb~\l~ fl'J1~tJ1'Jfl~tJ 260 tJ1btJb~ ~~ bb~~ 280 tJ1btJb~ ~~ cW1~1'V11~~~1~'JtJ 
'!J 

~ , 
GJ]'r]\lvl\l~!l\l~1bmt.J'lJb~t.J'lJm~1ru~1~~~1~'J'W~1~ bb~'JbbU\l DNA 250 't.nb'Wn~~ ~~~1tJ 
~ 	 ~ , 
cW11~1~m~1~~ 50 1~bfl~~~~~1n,rtJcW1 DNA ~1~1 bisulfite treatment ~~I~tJb(?)tJb~~ 

2M NaOH 5.51~bfl~~~~ bb~'J incubate ~ 37 0 C bUtJb'J~1 5 tJ1Vl b~!l~11~ DNA f1~1tJ 
bn~t.J'J biJtJ~1t.J b~tJ'J bb~'J b~~ hydroquinone 30 l~bfl~~ ~~ bGJ]thvltJ~~~bn (?)~b'VI~'r]\l 

~ 	 , 0 , 

~1n,rtJb~~ sodium bisulfate 520 l~brl~~~~ incubate Vl50 C tl~~~1ru 16 i'Jb~\l 
~ 

i.I .:! 'i' 8J i.I 	 ~ 0, i.I 

bb~'J~\l purified b(?)tJ b6jj Wizard DNA Clean-up System bb~~~~~1tJ DNA (?)'JtJtJ1~tJ bb~'J 

desulfonated ~'Jt.J 3M NaOH 5.5 l~bfl~~~~ ~1ntftJ~n~~n'r]tJ DNA ~'Jt.J n1n~:w 
glycogen 1 l~bfl~~~~ ~1~~'JtJ ammonium acetate 17 l:Wbfl~~~~ bb~~ absolute 
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isopropanol 

I I I !i/ I 

ethanol 1 ij~~~ ~~b.w'f)~1~ ~~n'f),w DNA 't~nhJU'WbVI~tJ~~n fl¥~Vl14000 ~'f)1J [?]'f)'t.nVl 
~ , 

'W1'W 10 'W1Vl ~!?lVl1tJ~~~1tJn~1J~'dtJt:n 20 1~tfl~~[91~ t!?ltJ bisulfite-treated DNA Vl1~ 
q 

,0 , 
ct.::::l cvO "'" tr IV "'" ' ''''' 21 "'" 

~~tlnbn1JVl -20 C ~'Wn~~Vl~Vl1n1~'dbfl~1~Vl~~~1Jn1n[91~Vl~b~D~C!Jj'f)~ LlNE1 !?l'dtJbVlfl'Wfl 
~ ~ 

~ 

COBRA LlNE1 i'W~'f)'W PCR ~~L~ forward primer ~'f) 5'-CGTAAGGGGTTAGGGAG 
, 

. d ~ 

TTTTT-3' bb~~reverse pnmer fl'f) 5'-RTAAAACCCTCCRAACCAAATATAAA-3' sn~ 

~ruVl.1J~ 50 C, 1 'W1Vl extension Vl~ruVl.1J~ 72 C, 1 'W1Vl ~1'W'J'W 35 ~'f)1J ~1~!?l'JtJ final 

~'J'Wu~~n'f)1JC!Jj'f)\I~1Hfl~L'Wn~Yl1 PCR bb~!?l~L'W~1~1~~ 2 Jl1tJ1~~Jl1'J~ denature ~ 
o ,0 , 

"'" 
~ruVl.1J~ 95 C, 15 

.::::I 21

'W1Vl ~1~!?l'JtJ denature 
.::::I "'" 
Vl~ruVl.1J~ 95 C, 

.::::I
1 'W1'V1 annealing 

.::::I 
'VI 

o ,0 
"'" .::::I .::::I "'" .::::I 0 21 

, 0 

extension Vl'f)ruVlJliJ 72 C, 7 'W1Vl bb~'J ~!?l~'dtJ b'f)'W1sn~~~~1 b'Vn~ 2 GJlU!?l ~'f) Tasl bb~~ 
q ~ 

, 0 , 

Taql GJlU!?l~~ 2 U L'W 1 xNEB3 buffer 1i~~Vl 50 C ~1~~'W Vl1'f)'lJ~~~1ru 16 i'Jt~~ bb~'d 

[91~'J~~'f)1Jt!?ltJ 8% nondenaturing polyacrylamide gel electrophoresis bb~'d~'f)~ SYBR 
, 

cv cv 21 .::::10, m U

Green bb~~~~'J~'J!?l~~!?l1JrI'J1~bC!Jj~ (intensity) SU'f)~ band Vl[?]1bbVl'W~ 160 bp ( C C) 98 

bp (uCuC) 80 bp (mC) bb~::; 62 bp (uC) (Jl1~~ 1) ~'JtJbrli'f)~ Phospholmager t~tJ1~ 

Image Quant software 

25 bp 
~ \a rker 
1

150 bp I:: - .. ...' '6ij;' .... )' : "t'c 
t .~ ,. ,~'.- ' ,-~~~,, ~ :~~t .~ ; 

• ;: • • I 

:75bP~:i .i ,/! i :C 
1 

111CWcV11 ~'J'f)th\lb~~bb~!?l~e.J~n1~[?]~'J~~'f)1Je.J~[?].nrusv1~1~~1nn1~Yl1 LlNE1 methylation t!?ltJ';jfi~b~n 
, 

tVl~t'Vh~~~ ~'f)~bbtl1J~h~'Wb'f) bb~~rr!?l~~~1Jfl'J1~b~~ C!Jj'f)~ band Vl~1bLVltJ~ 160 bp (mCuC) 98 bp 

tcuC) 80 bp CC) bb~~ 62 bp (uC) 

1. tl1r1'J1~b~~C!Jj'f)~ band (%band) ~1Vl1~~'dtJ~1'W'd'Wb'lJ~ ~~r?i'f)1u\1 
~ 

, 
1.1. % band Vl160 Vl1~~'dtJ 160 =A 

, 
1.2. % band Vl 98 Vl1~~'dtJ 94 =B 

http:Vl~ruVl.1J
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I 

1.3. % band Vl 80 Vl1~~r;}tJ 77 ==C 

1.4. % 

I 

band Vl 62 Vl1~~r;}tJ 60 ==0 

2. ihww~1~ band ~ 18 bp == E == 0-8 

3. % methylation 

== 100X(C+A)/(C+A+A+B+0) 

4. % partial methylated loci (mCuC) 

== 100X(A)/(((C-0+B)/2)+A+D) 

== 100XB/(((C-E)/2)+A+E+B) 

106 ~1tJ 

9/ 

~1l1.:J~ 1 bb~ ~\I~'f)~~~'W1ii1'Wan'f)\I n~~ ~r;}'f)th\l ~1Jr;}tJL~f)lJ~b~\ln~~b~1~if~~1r;}~bb~~n~lJ f)'Wun ~L~tJ~ 
'U 0J3 q 'U q 

n~lJ~r;}'f)th\l
q 

iltJ Ci if~ r;}tJd-J~b~\ln~~b~1~ ~~1'J~ 
'U 

f)'Wun~ 
P value 

~1'Wr;}'W (~1tJ) 61 45 

b'W~ 0.678
a 

- GJl1tJ 52 (85.25%) 37 (82.22%) 

- Vl~\I 9 (14.75%) 8 (17.77%) 

'el1tJ (U) (mean±SD)
q 

2
BMI (kg/m ) (mean±SO) 

65.11 ± 12.16 

22.24 ± 3.71 

61.00 ± 13.25 

23.15 ± 2.45 

0. 100b 

0.188
b 

a r1'l P value ~'lnn'l~~brl~'l~~~'ii~L~tJ% Chi-square test 

b r1'l P value ~'lnn'l~~Lf)~1~~~'ii~L~tJ% Independent samples (-test 
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J ~ 

~fl~'l~~~1J LlNE1 methylation ~,:)~~tl':)1J~fl~~~1Jfl'lnn~ methylation GJl~':)vl,:)~t'W~ 

t~~fl'l~~fl~'l1'W~'l~!?l~~tJ'l':)~ b1J'Wb6]~~Lij~L~'e) ~GJl'l~ t:J~fl'l~~LfW'l~oJ'W1J~'l ~'e)~~~fl'lnn~ LI NE1 

methylation GJl'e)':)fl~~~U~rJ~~L'f':)fl~~L'W'l~tf~~'l~~ (n = 60) ~'ln~'lfl~~f)'Wun~ (n = 45) 'e)tJ'l,:)ij
q ~ q 

J 

t!rJ~'lrrf!J'VI'l,:)~ti~ (median(IQR): 40.49 (3.09) vs. 41.79 (3.55)) (P = 0.001) (fl'l'WVl 2A) LL~~~'ln 

methylation GJl'e),:)n~~~U~~~~b'f':)fl~~b'W'l~tf~~'l~~ (n=30) ~1fl~'lfl~~If)'Wun~ (n=14) 'e)tJ'l,:)~t!~~'lrrf!J 
I 

QQ I Q ~ Q 

'VI'N~tl[P]LGJ!'WL~~~fl'W (median(IQR): 37.21 (7.33) vs. 39.61 (4.92)) (P = 0.044) (fl'l'W'VI 28) t:J~ 

~ J "I ~ co J 9.1 ftll a ft"f Q ~ ~ "II Q 

n'l~~n~'l'WLL~~':) b'VILVI'W~'ln~~~1J~tJ~~L~,:)n~~L'W'l~u~~'l~~~~~~'lJn'l~Ln~ LlNE1 methylation 'VI,:) b'W 

L8jj~~Lij~L~'e)~GJl'l~ LL~~L6]~~1'Wtf~~'l~~~'ln~'lfl~~ f)'Wun ~'e)tJ'l,:)~t!~~'l rrru'VI'l,:)~ti~
q .... 

A Urinary exfoliated cells B50 ::'0•Peripheral blood cells 

4~, 
---------I- ----p-=-O.001 ---1- ----I P =0;-044---·- -1----

46 

33 

36 

r:: 41 o 
...... co 

25 

20 

• 
• 

• 
• 

Healthy Bladder cancer Healthy Bladder cancer 

1l1~~ 2 Box-Whisker plot bL~~':)~~t?l1J methylation 1'WL6]~~Lij~L~'e)~GJl'l~bb~~b6]~~1'Wtf~~'l~~GJl'e),:)-~1J~rJ~~L~,:)n~~L'W'l~tf~~'l~~Lm~'lJb~rJ'lJn1Jn~~f)'WiJfl~ A: ~~~u methylation 1'WL6]~~bij~b~'e)~GJl'l~
~ q 

methylation 

t!~~'lrrf!J'VI'l,:)~ti~ 
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~ ~ , 
'W'fln~1n~~~u methylation b(?)tJ~'d~ll~'d b'Wn1~~nM1~¥\lil1~vhn1~rr(?)~~l?l.nrusy]~ 

~ 

bn!?1~'W~n 2 bllJU~'fl partial methylated form (partially methylation, mCuC) bb~~ hypomethylated 

form (hypomethylation, uCuC) b'W~1~~'d'flti1\l~lll'Wlen~~lij!?1l~'fl!?1GJJ1'd ~~n1~7jl~~1~~~U~1 ~'fltJ~~ 

n1nn!?1 hypomethylation 8JJ'fl\l~lhtJ~\ln~1n~~~'Wun~'flti1\l~,rtJ~1~rU'Vl1\l~'tl~ ~'tl~ (median(IOR):
~ ~ q ~ 

34.66 (4.98) vs. 33.59 (2.88)) (P = 0.013) ll~1~~tl~'d1~lbbl?ln~1\lGJJ'fl\l~~~lJ partial methylation 

~1V!¥lJ n 1 ~~n M1b'W~1 ~~'d'fl ti 1\l ~ l1J'W len ~ ~1'W11'~~1 'd ~ ~lJ~1 n ~~ ~ lh tJ ~ ~ l~\l n ~~ b~1~1:r~ ~1 'd ~~~'fl tJ ~ ~ 
q ~ 

, 
"". • 0, • ,.::I

n1nn!?1 partial methylation l?l1n'd1 (medlan(IOR): 19.99 (5.10) vs. 22.64 (14.55)) (P =0.029) bbl?l~ 

~'flrJ~~n1~ln!?1 hypomethyltion ~\ln~1 (median(IOR): 41.42 (11.02) vs. 33.28 (6.85)) (P < 0.001) 
, ~ ~ 

n~~ ~'Wun~'flti1\l~,rtJ~1 ~'1J'Vl1\l~'tl~ (1l1~~ 3) ~\l,r'W~~n1~~nM1ilbb~ !?1\lbih~'W~1 ~lhtJ~~b~\l 
~ 

n~~l~1~U~~1'd~~~~~lJGJJ'fl\l hypomethylation ~\ln~1n~~~'Wun~'flti1\l~,rtJ~1~'1J'Vl1\l~'tl~ 'Vi\lb'W 

ben~~bij!?1b~'fl!?1GJJ1'dbb~~ben~~1'W1:r~~1'd~ (1l1~~ 3 A2 bb~~ 82) bb!?i~lJ~~~lJ partial methylation ~1n~1 

n~~~'Wun~'flti1\l~,rtJ~1~'1Jb~~1~ben~~1'Wu~~1'd~bvh,f'W (1l1~~ 15 B1) 1~~lJ~'d1~lbbl?ln!?i1\l'Vl1\l~'tll?l 
b'Wben~~bij!?1 b~'fl !?1GJJ1'd (1l1~~ 15 A1 ) 
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Peripheral blood cells A 1 Urinary exfoliated cells B 1 40 80 
,> 

I• 

P = 0.133 


P =0.029-ro • 
~30.s= • 
Q) -
E 
.~ 25 

t:: 
 •ro 
a.. 
~ • 
o 20 

15 

Healthy Bladder cancer Healthy Bladder cancer 

Urinary exfoliated cells B2 

P < 0.001 
----------t----+------- 

-~ .s= 
Q) 

•E 
o 
~4C, 
::r: 
~ 

• 

Healthy Bladder cancer 

. 
.0::11, IV " IV , If' f;I 

111CWVl 3 Box-Whisker plot LL~~\l~~~U partial methylation LL~~~~~U hypomethylatlon GJjt)\lL6J!~~Ll-J~ 

L~ t) ~Gjj1'd LL~ ~L6J!~ ~1 'W11~ ~1 'd ~GJj t)\l n ~ l-J ~,~b tJ l-J ~ L~\l n ~~L~1:::11~ ~1'd ~LmtJU L Y1 tJ UflU n~ l-J f)'WU n ~ A: 
q 'lJ q 

LL~~\l~~~U partial methylation LL~::: hypomethylation L'WL6J!~~Lij~L~1J~Gjj1'd ~tf:ltJ~~n1nn~ 

hypomethylation 5jJt)\l ~lhtJ (n= 60) ~\ln~ln~l-J f)'Wun~ (n=45) t)tl1\l~hrtJ~1 ~t1J'Vl1\l~ti~ LL[;]1~~u 

f)'d1~LLl?ln~h\lGJjt)\l~~~U partial methylation B: LL~~\l~~~U partial methylation LL~~ hypomethylation 

Gjjt)\lL6J!~~1'W11~~1'd~ n~~I~1J'dtJ~~b~\ln~~b~l~l1~~l'd~ (n=30) ~~t)tJ~~n1nn~ partial methylation ~1 

n~lLL[;]n~t)t.J~~n1nn ~ hypomethyltion ~\ln~ln~~ f)'Wun~ (n= 14) !)tl1\ln't!t.J~1~'1:!'Vl1'1~ti~ 

Peripheral blood cells A2 

• 

• P = 0.013 

---+----_ro-00 

• 

Healthy Bladder cancer 
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~~nlJ'~n'M1Jll'J~b~1t1~vonn1)1)n~b~i'W (oxidative stress) 

~n'M1Jll'J~ oxidative stress ~lnJ'~~'lJ total antioxidant status 1'W1f~~1'J~~-:ltl-:ltJ1)n 

J'~~tJGJl1)-:l~lJ'~l'W1)1)n~ b~i'Wvi'~\1) ~l'W1)~~~~~J'~b~t1J''J~ bb~~rj~J'~~tJ protein ca rbonyl 1 'W~~1~~1~ 

bihJl9i'Jtl-:liJ'~~tJ~lJ'1)'W~~~~J'~~.yh1JnnhJ1n'LIb1JJ'~'W ~~nlJ'~ b~J'1~v1~'lJ~1J'~~1J TAS GJI1)-:l ~,~htl
q 'lJ d.J 'lJ 

~~b~-:lnJ'~b~l~1f~~l'J~b'Vhn'lJ 1.12 ± 0.20 mM ascorbate equivalence bb~~n~~~'W1Jnr,h'VhntJ 1.33 

± 0.16 mM ascorbate equivalence ~-:lJ'~~'lJ TAS GJI1)-:l~th~~~b~-:lnJ'~b~l~1f~~l'J~~ln~ln~~ ~'W 
'lJ q 

LJn~1)th-:l~,rtl~lrr'1J'Vll-:l~~~ (P < 0.001) (Jll~~ 4A) bb~~~lnnlJ'~b~J'l~v1J'~~tJ protein carbonyl 

~tJ~l n~~~tJ'JtI~rllb'Vhn'lJ 0.52 ± 0.11 nmol/mg bb~~n~~~'WLJn~h'Vhn'lJ 0.39 ± 0.11 nmol/mg ~-:l~-:l 
q 'lJ q 'lJ 

n~l1)th-:l~,rtl~l rr'1J'Vll-:l~~~ (P < 0.001) (Jll~~ 48) ~~nlJ'~n'Mltfbb~~-:l1ih~'W~ln~~I~thtl~~L~-:l 
nJ'~b~l~1f~~l'J~~J'~~'lJ~lJ'~l'W1)'W~~~~J'~~l bL!?l~J'~~'lJ~lJ'1)'W~~~~J'~~Yil1JnmtllntJb1JJ'~'W~-:ln~l

q'IJ q'IJ d.J 'IJ 

I !II I 

~-:ltl-:l~~l ~th~~~b~-:l nJ'~b~1~~Jll'J~b~1t1 ~~1 n1)1)n~ b~i'W~-:l n~lJll'J~ 
'lJ 'lJ 

P < 0.001 
A 

________4______~--~~

• 

Healthy Bladder cancer 

B~ I . 
OBOI ------p -- .00 --------~---------< O---1

i"Boj 
u 
c: 
'Qj 

o 
I.. 

c..lJAO 
lo::l 

E 
/J'I
lo::l 

0: 

Healthy Bladder cancer 

I I 

111~Vi 4 Box-Whisker plot bb~~-:lJ'~~1JJll'J~b~1t1~~ln1)1)n~b~i'W (oxidative stress) 1'Wn~~~thtl 
q 'lJ 

~~b~-:lnJ'~b~1~1f~~1'J~bmtl'lJ bYltl'lJn'lJn~~~'WLJn~ A: bb~~-:lJ'~~tJ TAS 1'W1f~~1'J~GJl1)-:ln~~ ~tJ'J~~ln~l 
q q 'IJ 

n~~~'W1Jn~1)th-:l~,rtl~lrrr~'Vll-:l~~~ B: bb~~-:lJ'~~'lJ protein carbonyI1'W~~1~~lGJ11)-:ln~~~tJ'JtI~-:ln~1 

n~~.J ~'WLJn ~1)t.h-:l~,rtl~l rrru'Vll-:l~~~ 
q QI 

~~nlJ'~ b~J'l~~~'Jl~l~~'WfiJ'~V!~l-:lJ'~~tJ LI NE1 methylation ntJJll'J~b~1tJ ~~ln1)1)n~b~i'W1'W~th~ 

~~ b~-:l nJ'~b~1~1f~ ~1'J ~ 

http:OBOI------p--.00
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IOnnnl~~ b~~l~,rV!1 ~'Jl~~~~'W€~~V!~l~~~!?1tJ LI NE methylation n1JJll'J~b~1tJ~~1 n'f)'f)n~ 

b~i'W1'W~tJ'JtJ~~b~~n~~b~1~tr~~1'J~ b~tJbbtJn~~l~rulbiJ'Wfl[?ll~[?ll~l~~ 8 ~tJ~l~~~tJ methylation l'W 
~ ~ 

b6Jl~~b~~ b~'el~6Jjl'd~ ~'dl~~~~'W€b~~'J'JnntJ~~~tJ TAS 1'Wtr~~1'd~ (r = 0.618, P < 0.001) (Jll~ 5A) 

bb~:::l~~'W€b~~~'JntJ~~!?1tJ protein carbonyl 1'W~~1~~1 (r = -0.327, P = 0.011) (Jll~ 58) 'f)th~~ 

,rtJ~lrltlJ'Vn~~n~ ~~!?1'J methylation C5lJ'f)~btf1lbm'f)~:::b~~n~'dl~-J~~~'W€b~~1J'JnntJ~:::~1J TAS L'W 

U~~l'd~'f)th~~utJ~lrlbk)'Vll~~n~ (r = 0.567, P = 0.034) (Jll~ 5C) bb~1~~tJ~'Jl~l~~'W€'Vll~~n~ntJ 

~:::~tJ protein carbonyl (Jll~~ 50) bb~:::1dJ~tJ~'Jl~l~~'W€~:::V!~1~~~~tJ methylation C5lJ'f)~b6jj~~1'W 

U~~l'd~ntJ~:::~1J TAS V!1'f) protein carbonyl ([?l1~1~~ 2) 

~ J , IV ~ ael ..J'.d a.:ol 

IOnnnl~~n'Ml'Wbb~ ~~'dl~:::~tJ methylation C5lJ'f)~ b6Jl~~ b'Wb~ ~b~'el ~C5lJl'Jbb~~b'W'f)btJ'f)~:::bN~ 

~'Jl~l~~'WfintJ~:::!?1tJJll'J~b~1tJ ~fOnn'f)'f)n~ b~i'WC5lJ'f)~ ~1J'JtJ~~b~~ n~~b~l:::U~~l'J::: b~tl bU'W 
~ 

~'Jl~l~~'Wfib~~1J'JnntJ~~!?1tJ~l~~l'W'el'W~~~~~~ (Jll~~ 5A bb~:::Jll~~ 5C) bbr;ibu'W~'Jl~l~~'W€L~~~tJ
q ~ 

, 
methylation ~1 

%Methylation in urinary TAS 

(mM ascorbate equivalence) 

plasma protein carbonyl 

(nmol/mg protein) 

Peripheral blood cells r = 0.618** 

P < 0.001 

(n = 60) 

r = -0.327* 

P = 0.011 

(n = 60) 

Urinary exfoliated cells r = 0.304 

P=0.102 

(n = 30) 

r = 0.086 

P = 0.102 

(n = 30) 

Cancerous tissue r= 0.567* 

P = 0.034 

(n = 14) 

r = -0.426 

P = 0.168 

(n = 12) 

fll P value ~lnnl~~b~~l~,r~n~b~tJ~fi Pearson's correlation test 
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1(: 'I::: I ~I 'I 6 

urinary TAS (mM) 

38 
1/1 •::J 
o 

~ 36 • • • / 

~ .
. ~
°11) 3~j ~ 
.~ ~ . .~/ .. 
.2',0:: 3 • /' ./
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• 

r-ri _=_0 7 ,_P--,.~_O_._
01) 0.8 1 0 I ~ I A 1.6 

0.30 0.40 050 0.1)0 070 081] 0.90 

plasma protein carbonyl 
(nmol/mg) 

• 

• 
• 

• • 

r =-0.426, P = 0.168 

• 

• 
• 

----------________________~--~~~~----------------20~ --~~~--~=~---~ 040 O ~O O .6O C~17=_____________
urinary TAS (mM) 

plasma protein carbonyl 
(nmollmg) 

..,:. cvcvlS'" , cv Q "" 

111~V1 5 Scatter plot bb~~'lrlr;)1~~~~'Wfi~~VI'd1'l~~~U LlNE1 methylation bb~~.n1'd~brl~t1~~1n'e)'e)n6Jl 

L~i'Wl'W~1Jr;)t1~~L~'ln~~b~1 ~if~~1r;)~ A: bL~ ~'l rlr;)1~l~"r'WfiL~'lU'dn~~VI~1'l~~~1J LI NE1 methylation 

ben~~bij~L~'f)~GJl1r;)bb~~~~~U TAS 1'Wif~~1'd~ 8: LL~~'lrlr;)1~l~vr'WfiL~'l~'LJ~~VI~1'l~~~U LlNE1 

methylation b6Jl~~Lij~L~'e)~csn1r;)LL~~~~~U protein carbonyl 1'W~~1~~1 c: LL~~'l~'d1~~~"r'WfiL~'l'LJr;)n 
'" ,

~~VI~1'l~~~U LI NE1 methylation L'Wbt1'f)L~'f)~~L~'lLb~~~~~'LJ TAS D: bb~ ~'lbb'Wr;)tcW~ ~r;)1~~~"r'Wfi 
'" ,

~~VI~1'1~~~'LJ LlNE1 methylation L'Wbil'e)b~'e)~~L~'lbb~~~~~U protein carbonyIL'W~~1~~1 

ICnnn1~~ b~~1~,xVl1 rl'd1~~~"r'Wfi~~VI~1'l~~~'LJ LI NE methylation nu.n1r;)~b~1t1 ~~1n 

'e)'e)n~L~i'WL'Wn~~~'WiJn~ t~t1LLtln~~1~n1ndJ'Wrlf?l1~f?l1~1'l~ 3 ~U~1~~~'LJ methylation L'WL6Jl~~bij~
q ~ 

.o:!/ Q cv cv IS'" "" cv cv 8] 6"1' .J' 
b~'el~.sn1r;)~~r;)1~~~~'Wfibcsn'lU'dnnU~~t?lU TAS b'Wu~~1'd~ (r =0.469, P = 0.001) (.n1~ 6A) 'W'e)n~1n'W 

~'LJ~1~~~'lJ methylation .sn'e)'lb6Jl~~1'Wif~~1'd~~~'d1~l~"r'Wfib~'l'LJ'dnn'LJ~~~u protein carbonyl L'W 
, 

~~1~~1 (r = 0.593, P = 0.025) (.n1~ 68) 'e)t11'l~t!tJ~1f1~'Vl1'l~n~ (f?l1~1'l~ 3) 
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...:. IV IV .,.."'" !/.I I I IV 

Ul1'i11~'V1 3 bb~~~n1~V!1~fJ1~~~'V'j'Wnb"Jj~L~'W~~~~~v!fJ1~~~v!fJ1~~~~1J LlNE1 methylation Lb~~ 

Jl1'J~L~1~ ~~1n'e)'e)n~L~i'W1'Wn~~ ~'WtJn ~ 
q 

O/oMethylation in urinary TAS 

(mM ascorbate equivalence) 

plasma protein carbonyl 

(nmol/mg) 

Peripheral blood cells r =0.469** 

P =0.001 

(n =45) 

r =0.067 

P =0.660 

(n =45) 

Urinary exfoliated cells r =-0.110 

P =0.708 

(n =14) 

r =0.593* 

P =0.025 

(n =14) 

~1 P value ~1nn1~~b~~1:::~~n~L~~% Pearson's correlation test 

• • A 

• • • 

• r =0.469, P =0.001 
J 

'1 00 1,20 1.40 1.60 

• 
• r = 0.593, P = 0.025 

Urinary TAS (mM) Plasma protein carbonyl 
(nmol/mg) 

111'r4v1 6 Scatter plot bL~ ~~ ~'J1~~~vr'Wfi~~V!~1~~~~'U LI NE1 methylation bb~~Jl1'J~L~1~ ~~1n'e)'e)n~ 

b~i'W1'Wn~~~'Wun~ A: LL~~~~'J1~~~vr'WfiL~~'JfJn~~V!~1~~~~'J LlNE1 methylation b6Jl~~bij~b~'e)~~1'J 
Lb~~~~~'iJ TAS 1'WU~~1'J~ B: LL~~~~'J1~~~vr'WfiL~~tJ'Jn~~V!~1~~:::~tJ LlNE1 methylation ~'e)~b6Jl~~1'W 

U~~1'J~bL~~~~~1J protein carbonyl 1'W'V'j~1~~1 

t:J~n1~~nM1'1ru~l'Vl1~~~Un1'Wn1~~U~'YltJLJ'~~~b~~n~~LYn~U~~1fJ~ (diagnostic values) ~'e)~n1~ 
!/.I I 


IV • cv I -=i -=i "" IV 


~J''J~fJ~ LlNE1 methylation Lb~:::~fJ1J~6JjJl1'J~b~~~~~1n'e)'e)n6J!b~6Jj'W 

~~n1~~b~~1~~ ROC curve LL~~~1 AUC 6Jj'e)~n1~~~'J~~~LL!?i~~GJ1U~ bb~~~1'W~1~1~~ 

10 ~'U~1n1~~~'J~~~~~~lJ hypomethylation (uCuC) (%) 6Jj'e)~b6Jl~~1'Wu~~1'J~ 1~~1 AUC ~~~~~~ 

Lviln'U 0.848 (Jl1~~ 23C) ~ sensitivity LVl1nU 80.00% Lb~~~~~1J specificity bviln'U 85.000/0 1'W6Jjru~ 
I 

LlNE1 methylation Lb'U'U~'W1 1~f11 AUC 
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.c::I I IV • • 

(;lnfJ')n,)~l91~fJlQjfJ(;l total LL~~ partial methylation 
!II I 

~1~~iJn 1~~ Lr\~1~,x~rur1'lV11~ nlJ'~\1~'YltJGJJ'eJ~ t?l'dti~~Il'lfJ :;Lrl1tl (?)~1 n'fl'El n~ L~iu ~'J~'l 
q 

protein carbonyl 1'W~~')~~') l~fi') AUC ~~'l~~~ L'V1'1ri'lJ 0.819 (IlT'y~~ 78) ijfi') sensitivity L'Vhriu 

81.97% bb~~ specificity L'Vhri'lJ 73.33% "lJru~~ AUC "lJt1'ln1~19l~fJlQj~!n TAS l'Wtf~~,)lJ~ L'Vhri1J 0.800 

(1l,)~~ 8A) sensitivity L'Vhri1J 88.52% LL~~ specificity L'Yhriu 60.00% (19l,)~1'l~ 4) 

~1~1~;i 4 Lb~!n'lfi') area under ROC curve (AUC) fi') sensitivity LL~~ specificity "lJt1'ln,)~l9l~fJ~!n 
IV • IV. • IV • .ra .dI 

~:;(;l1J methylation ~:;~1J partial methylation LL~:; ~~!n1J hypomethylatlon "lJ'f)'l b6Jl~~ L~!nL~t1!n"lJfJ,)bL~:; 

L6Jl~~1'Wtf~~,)fJ:; Lb~:;n,)~l9l~fJlQj~!n~:;I?11J TAS b'Wtf~~,)lJ:;bb~:; protein carbonyl l'W~~,)~~,)"1Jt1'l~thtJ 

~:;b~'l n ~:;b~'):;tf~~,)fJ:;bb~:;n~~ rl'WU n ~ 
q 

ROC 

Samples Level Sensitivity Specificity Accuracy 
AUC 

(%) (%) of test 

Peripheral %Methylation 0.684 96.67 40.00 72.38 

ulood -cells eatoff: 4"2137 

(n =105) %Partial methylation 0.585 91.67 37.78 68.57 

m U )( C C Cutoff: 20.96 

%Hypomethylaiton 0.641 50.00 77.78 61.90 

(uCuC)Cutoff: 34.64 

Urinary %Methylation 0.691 100.00 21.43 75.00 

exfoliated cells Cutoff: 42.15 

(n =44) %Partial methylation 0.762 80.00 71.43 77.27 

(mCuC)Cutoff: 22.86 

%Hypomethylation 0.848 80.00 85.00 81.82 

(uCuC)Cutoff: 38.43 

Urine TAS (mM) 0.800 88.52 60.00 76.42 

(n =106) Cutoff: 1.32 

Plasma Protein carbonyl 0.820 81.97 73.33 78.30 

(n =106) (nmol/mg) 

Cutoff: 0.44 
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A 
%Methylation 


Peripheral blood cells Urinary exfoliated cells 

1.00 

1 1/.'.-~ 
.i':'0.75 ! /// 

~//
to.5 -~/
mO.25~/ )//~C= 0.6905oV AUC=0.6B41 

o 0.25 0.50 0.75 1.00 
1-specificity 1-specificity 

o 0.25 0.50 0.75 1.00 

B 
%PartiaJ methylation (mcuc) 

1.0 

1.00 

0.75 
~ .:;: 

~ 0.5 
c 
G) 

(J) 

1.00 

0.75 
~ 
:> 

~ 0.50 
t: 
G) 

(f) 

0.25 

AUC= 0.5859 
0.25 0.50 O. 5 1. 0 

1-specificity 

Peripheral bJood ceJls Urinary exfoliated cells 

,,"/ 

/ U 7- ·'~-77"----A---C-=-0.-6-19-········· ·· -· ····· · ·· ........_.................................... ...... 


o I.,-/--...-----.-------r---r 

o 	 0.25 0.50 0.75 1.00 
1-specificity 

c 
%Hypomethylation (UCUC) 

Urinary exfoliated cellsPeripheral blood cells 
1.00 

0.75 	 // 
~ 	 ~. 

~ .:;: 	 /'.:;: 
~0.50 ,//:E(IJ 
t: 	 /t: G) 	 /"G> (f) /(f) 

0.25 V 
AUG= 0.8476 

O~----~--~----~--~' a 0.25 0.50 0.75 1.00 
1-specificity 

./
,/ 

,,/ 

1.00 

0.75 

05• 

AUC= 0.6417 
0.25 0.50 O. 5 1.00 

1-specificity 

.n1~Yi 7 Lb~~,,:j ROC curve ~'fl,,:j~:;~1J methylation ~:;~'IJ partial methylation bb'~:;~:;~'IJ 

hypomethylation ~1fl,,:jb6Jl~~bij~b~Ifl~~1'd (n=1 05) bb~:;b6Jl~~1'Wu~~1'd:; (n = 44) A: ROC curve ~'fl,,:j 

J':;~1J methylation B: ROC curve ~1fl,,:jJ':;~'U partial methylation C: ROC curve ~1fl,,:j~:;~1J 

hypomethylation ih:;~1J sensitivity bb~:;~:;~1J specificity ~~n~1 %methylation 



0.75 

050• 

0.25 
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A Urinary TAS (mM) B Plasma protein carbonyl (nmol/mg) 

1.00 

£ 
> 
:e(I) 
c: 
Q) 

(J) 

1-speciticity 

. 
1l1~Vi 8 LL~ (PI \I ROC curve 1SJl~\I~~~'lJ urinary TAS LL~~~~~'lJ plasma protein carbonyl (nmol/mg) (n 

= 106) A: ROC curve 1SJl~\I~~~'lJ urinary TAS (mM ascorbate equivalence) (n =106) B: ROC 

curve 1SJl~\I~~~'lJ plasma protein carbonyl (nmol/mg) (n =106) 

I I 21 

specificity ~\I ~\I~'v~1~';)fi'Vl(PI~~'lJ~1~n1~!?1~'dIOj~~1~~~1\1~'d~Jfl'W (test combination) b~~b~d-JYi\l~'d1d-J 

'd bb~~~'d1d-J1Oj1 b'W1~ (PI \I bb~ (PI\lt'W!?11~1\1~ -5~\lIOj~b~'W~1 bn~bojjn1~!?1~'dlOji'dd-Jn'Wbb~'f~1 !?1~'Wn1~bihJ:W:;b~~ ........ -..__ ... .... . . 

n~~b'W1~tr~~1'd~~'dtJ~~~'lJ hypomethylation tcuC) 1SJl'f)\lb6Ji~~1'Wtr~~1'd~~1'f) protein carbonyl btJ 

'W~1~d-J1~tJ1\1b(?1'f)tJ1\1~~\lbil'W!:J~tJ'dn (%hypomethylation or plasma protein carbonyl Positive) 1Oj~ 
I g... I 

~11~ b~d-J ~'d1d-J1'".}1SJl'f)\I n1~!?1~'dIOj~tJb~'f) bYltJtJ n'lJ ~'d1d-J1'd1SJl'f)\I n1~~~'d1Oj bb~~~~'f)th\l 
I 21 

n~~b'W1~tr~~1'd~b~'f)Yi\l~~~'lJ hypomethylation (uCuC) en~\lb6Ji~~1'Wtr~~1'".}~bb~~ protein carbonyl b'W 
g... 

'W~1~d-J1 b~!:J~blJ'W'lJ'dnYi\l~ (%hypomethylation and plasma protein carbonyl Positive) b~ 

~'d1d-J~1b'W1~~'".}~ntJ~\I 96.00% b~n1~~~lJ'dtJ~!:J~'lJ'dnbViIOj (false positive) ~b~tJ\I 4.00% bvhJtJ 
I 

(!?11~1\1Yl 5) 

1.00 

AUC= 0.7995 

0.50 0.75 1.00 
1-speciticity 

sensitivity LL~~ 
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• I I 
.oQJ 0 I " , , , .c!j.:::j I 1.c:Y,Q,Q IV Q; 

19I1'i1-:1CV1 5 e.J~n'1~~'1'W'drw~n sensitivity LL~~ specificity L~!l~n'1~I?l~'d9~'d~~!l'llltJ'1'1L'V'l!l'd'W9'UtJ~~L~'1 

n ~~ L'V'l '1 ~if~ ~ '1 'd ~ 

Test Sensitivety Specificity 

Single test 

%Hypomethylation (uCuC) 80,00 85,00 

Plasma protein carbonyl (nmol/mg) 81.97 73.33 

Combined test 

%Hypomethylation or plasma protein carbonyl Positive 96.39 62.33 

%Hypomethylation and plasma protein carbonyl Positive 65.58 96.00 

e.J~n'1~~nM'1 'V'l'J~"1 ~1J'dtJ~~L~'1n~~L'V'l'1~if~~'1'd~~~~~lJ methylation b'WL6Jl~;Lij ~I L~'f)~ 

6]'1 'd LL~ ~ L6Jl ~ ~1 'W if~ ~ '1'd ~~'1 n~ '1 n ~~ ~'W 1.1 n ~!l~'1'1~cWtJ ~'1 firlJ 'Vl'1'1 ~~ ~ 9'1 n n '1~~ nM'1tfLL~ ~'1~'1 ~ lJ 'd tJ 
q ~ ~ 

I 

Q; ~a.r .c:Y .c:Y .c:Y U u.:!! ~ iI 
d-J~L~'1n~~L'V'l'1~u~~'1'd~~!l hypomethylated form VI~!l unmethylated pattern VI~!l C C 6Jl'l'V'l,J b~~'1 

n~'1n~~~'WtJn~!l~'1'1~cWtJ~'1fitlJ 'W!ln9'1nrl'~'1b~fl'1 AUC ~~'1~~~ Lvi'lnu 0.848 ~ sensitivity Lvi'lnu 

80.00% bb~~~~~lJ specificity LVl'lnlJ 85.00% ~'1~'1~tlb~b'Wn'1~~'1LL'Wn~1J'dtJ~~L~'1n~~L'V'l'1~if~~'1'd~ 

!llln9'1n~'WtJn~t~~n~'1n'1~I?l~'d91'~ total methylation 

Protein carbonyl ~'1n~'1n~~~'W1.1n~!lth'l~cWtJ~'1fiblJ'Vl'1'1~~~ 6]rw~~il~~~lJ total antioxidant status 
~ q ~ 


I ~ 


\ 'Wif~ ~'1'd ~ ~'1 n~ '1 n ~~ ~'W1.1 n ~1l~ '1'1 ~ cWtJ ~'1 fitlJ'Vl '1'1~~ ~ ~ ~ n '1 ~~ nM'1ilLL~ ~'1b~L~'W~ '1 ~ lJ'dtJ ~ ~L~'1 
q ~ ~ 

e.J~ n'1~~ L~~'1~~~'d'1~l~~'W€~~VI~'1'1~~~lJn'1nn ~ LI NE1 methylation nU!l'1'd~b~1tJ ~ 

9'1 n!lll n~ L~i'Wb'W ~ 1J 'd tJ ~ ~ b~'1 n ~~ L'V'l '1 ~if~ ~ '1 'd ~ 'V'llJ~ '1 ~~ ~lJ methylation b'W L6Jl ~;Li1 ~ L~!l ~6] 'I 'd ~ 

~'d'1~l~~'W€L~'1'J'd n nlJ~~~u ~'1 ~~'1 'W!l'W~ ~~~ ~~ !l~ '1'1 ~cWtJ ~'1 fitlJ'Vl '1'1 ~~ ~ LLl9i~ ~'d '1~ l~~'W€L~'1 ~'J 
q ~ ~ 
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It,I iI if I 

b~'f) ~GJI'l'd~ ~'l~\)l~~'WfinuJl'l'd~b'P11tJ ~~'l n'f)'f) n~ b~i'W~ ~'1~'W n'lJ'~n~'ludJ'Wn'lJ'~ n~'l bbJ'n~ bb~ ~'11~ 
'lJ 

I I I I iI 

b~i'W~'1 (6, 21) L~tJJl'l'd~Lf)1tJ~~'ln'f)'f)n~b~i'Wbn~bil'f)'1~'lnn'lJ'~~'l'l ROS GJI'f)\)ben~~1'W~'l'ln'lt.lb~~~'W
'lJ 

Lb~~t~~'lru~'lJ'~'l'W'f)'W~~~~J'~~~~\) ~'l1ihn ~n'lJ'~'l~'ltJ~'lJ';'dL~ b~n~ bGJI'W ~ b~'Wb'f) lGJ1~'Wbb~~LUJ'~'W 
q 'lJ q 

biJ'W~'W b~'f) ~'l J'; 'dL~ b~ n~ L~~hti'bl n~ 'l ~1tJ~ ~~11~~ ru b~ tJWW'l ~ Lb~ ~ Ln ~n 'l J'UI ~ b~UGJI'f)'1 L8jj ~~ ~ 'l~ ~UL'W 
q 'lJ 'lJ '" 

III III , 
~ cv .o:::j CI ~ CJ 'i'n I .o:::j CI CI.o:::j 

n'lJ'l4n~'lf)J'\)'Wb~'f)nl4n~'lnlJ'U'l~b~UGJI'f)\) bUJ'I?l'W~'lnt:J~GJI'f)\) ROS ~J''f) protein oxidation L'W'f)'1~'ln~ 

n1J'~n~'l~J''ltJ\)'l'W~1 oxidative damage ~'f)hJJ'~'W~f)'d1~~'lf1blJ~'lnn~1 oxidative damage ~'ellGJ1~'W 
, III 

(15) b~J'1~b~'f)~n'lJ'U'l ~b~'U.s1l'f)\)L'ih~'W~~~~~'ln~'W~~~'l1~b'f)'Wlen~~ ru b~tJn'lJ'~1'1'l'W ~\) t:J~ 1ih6JI~~ 
'lJ '" 

I I I iI 

~'l'l'l'W~ ~tJn ~~'W~'l1~ L6J!~~I?lltJ'l'W~~~ (40) ~\)~IJ'~UtJ~'l~ btJkUK'd'Ll\);~\)n'lJ'U'l ~L~UGJI'f)'1LtJJ'~'W~'ln
q 

111'd~bf)1tJ ~~ln'f)'f)n:n L~i'W ~'f) protein carbonyl (41-44) ~'1~n'lJ'~n~1~~1tJ'I'l'W";j4'tJ~'U~IJ'::;~'U 
, III 

protein carbonyl b~~~'1~'WL'WL~'f)~GJI'f)\)~lhtJLJ'f)~1'11 bGJI'W LJ'f)~~l6Jlb~'f)f (Alzheimer's disease (AD)) 

(45-48) tJ'f)b'U'l~'d'l'W (diabetes) (49-51) tJ'f)~'ll~~nL~u (inflammatory bowel disease (180)) (52) 
III 

LJ'f)~'f)~nb~U (arthritis) (53, 54) bb~::;LJ'f)~Ub~UcnU~ C (hepatitis C) (55) bU'W~'W ~ni'l~'1~ 

nJ'::;b~'l~lf~~'l'd::;~J'~~UGJI'fl\) protein carbonyl ~'1 n~'l f)'W'iJn ~'f)~'l'l~"L!tJ~'lf1blJ'Vl'l'l~~~ ~'1~'f)~f)~'fl'l 

n'Un'lJ'~n~1~ ~'l'W~'l (15) Lb~ ~\)~rl ~lhtJ~ ::;b~'1 nJ'::;b'Vn::;lf~~'l'd::;nJ'~~']J ROS 1'Wb~'f)~~\)n~'l f)'W'iJn ~ 
'lJ 'lJ 

III , 

'W'f)n~'lnut:J~n'lJ'~n~'lJ'::;~uGJI'f)'1~'lJ'~I'W'f)'f)n~~h~i'W L~tJn'lJ'1'~J'~~'U total antioxidant status (18) 

~U~'l~lhtJ~~b~'1nJ'~b~'l~lf~~'l'd~~J'~~U TAS ~'ln~'l n~~f)'W'iJn~'f)~'l'l~"L!tJ~'lf1ru'Vl'l'l~~~ Lb~V1'1~1 
'lJ q "" , , 

~lhtJ~~b~\) nJ'~ L~'l::;lf~~'l'd~~m~1 ru~'lJ'~'l'W'f)'W~~~~ J'::;~'l ~ 'l n n 'l J'~ ~lJ'd tJ ~::; b~'1 n J'::;b~1~lf~ ~'l'd::;~
'lJ q 'lJ 'lJ 

IV "'" cv!l/ "'" ci ~ ,J, !I/ n'l CJ n"f.o:::j
:i'~V1U'f)'W~ ~'f) ~ J'~~'1 bb~ ::;J'~ V1U ~ 'l J'1?l1 'W1)'W~ ~'f) ~ J'~ I?l'l ~\)U\)cn'd 'l t:J u'dtJ ~::; bJ''1 n J'~ b~ 'l::;u ~ ~1'd ~~ll'l'd::; 

q 'lJ 'lJ q 'lJ 'lJ 

, III 

Lf)1tJ ~~'ln'f)'f) n~ bV1i'W~\) n~'l f)'W'iJ n ~ ~'f) V1 f)~'f)'1 nu t:J ~ n'lJ'~ n~lGJ11)'1 f)ru~~";j4'tJ ri'f)'W~tbtl (3) bb~::;dJ'W
'lJ 'lJ 

n'lJ'm'WtJ'W~'lJl'l'd~bf)1tJ V1~'ln'f)'f)n~ b~i'WnU'Vl'J'l'Vl~'l f1blJ1'W~~b~'1 nJ'::;b~'l::;lf~~'l'd~ (24, 58, 59) 

~'lnn'lJ'~n~l f)'d'l~l~~'WfiJ'~~~1'1J'::;~'U LI NE1 methylation nUJl1'd~bf)1tJ V1~'ln'el!ln 

f)'d1~l~~'Wfin'UJl'l'd~Lf)1tJ V1~'l n'f)'f)n~ b~i'W'f)~'l'ln"L!tJ~1 f1blJ'Vl1'1 ~~ ~ bb~ ~f)'d1~l~~'Wfiif'f)1~ L~tl'd~'f)'1 

n'Jn'lJ'bn ~~::;b~'1 nJ'~b~1 ::;lf~~I'd~ L~t.1 ~";j4'tJ f)1 ~~I'f)'l~ b~tJ'd~'f)\)nun~In ~\) ~'f)1'iJii 1) f)'d'l~ b~tJ~'ltJ 
'lJ 

L~~b'~'Wb'f)b~tJ~'ltJ LV1tJnlJ'1'iJ'f)1)n~1V1sDbU~n'dtl'W (guanine) bnV1bU'W 8-hydroxy-2-deoxyguanosine (8

OHdG) ~\) bn~1)~'l\)1~~'l b~'l~bL~~~L'f)n'l~ bn ~~'W1~1'WU1b'dru CpG dinucleotides ~t:J~1'iJ 6nV1 61l'd'l'l 
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n'wrorU'lJ!l'l~!l'W16J1~ DNMT 1'Wnln~~~~~~Yl~L~nuL'U~16J1b!?l~'W (cytosine) ~!l~~(?)n'JL1J~n'.ltl'WrPi'.l~~n 
~ , 

reJreln~1(?)i-w'W (10, 11) LL~~~lfl 8-0HdG 1~1~~1Jnl~~~~W]j~Vl~V!~I~~~ ~~.yhL~Ln~nl~n~It]~'Wfi
q 

I.I.UU G-T transversion 1~ ~'1V!lnLn~~u1L'Jru CpG dinucleotide ~~.yhL~~m~lru CpG 
, , 

dinucleotide ~~~'1 2) fll~nlror(?)~I~~'W~~~~~~'lJ~'1il'1 nit] Ltlrel'l~ln l.iJ~ 1.6JI~~~n(?)Jll'J~l.fO)1t](?)~lnreJreln
q 'lJ 

I I '" I 

~LV1i'W~1reliJm~1 ru~I~~'W~~~~~~~'1 ~~Vll1~ b6JI~~~rel'l~~I'1 n~ !?l11'V1 b~'W L~~~1 n~'W L~rell~1.~nl~ 
q 'lJ 'lJ 'lJ 

iI cv ~ "" d "" d' ~ a a ~ cv d, iI
tJ~'1n'Wr1'.lI~ L~tJ~It]~ln~I~~'W~~rel~~~V1 bn ~'lJ'W LL~~n~!?l1 bV1 breJ'Wn btl'Wn~ bn~~ nV1~I'1nltJ1.~l'Wnl ~ 

q cu cu 
, ,~ 

rhror(?)~I~rel'W~~~~~~ ~'1b(?)tJUn ~n ~ !?l11V1 brel'W~~~~I'1~ln n~~~~nb'W homocysteine ~'1-W'Wl.iJ!liJJll,):;
q cu 'lJ 

oxidative stress ~'1~'1.yhl~m~lrun~~~~nb'W homocysteine vil~~~I'1 n~!?l11 'V1 b~'W1:l-II.Ylt]'1Yill L6JI~~ 
'lJ 'lJ 

iI • .,,: J.:!IiI d il "" a
1?l~'1nl~ homocysteine L~~~ln'lJ'W ~'1!?lrel'l~~ltJ SAM V1~~I'1~I~lnn~(?)~~~b'W methionine ~ILtI'W 

homocystei ne LL'V1'WbL~~L'W'lJ ru~ L~tJ'Jn'Wn1~iJ homocysteine L~~TJ~~~~~Lu~tJ'Wfl~'UltJ bu'Wn J'~ll~nb'W 

methionine ~'1~'1t!-J~l~J'~~1J'lJrel'l methionine I.L~~ SAM ~~~'1 .yh1~csnl(?) SAM ~~~ltJ1,1'W 

n~~U'J'Wnl~ DNA methylation ~'1th~~~'1t!-J~1.ihn(?) DNA methylation ~(?)~'1 (9) iJ~~ltJnl~~n'El'l~ 

'W1J~lnlJ'~(?)~'1'lJ~'1 glutathione VllL~~~~U'lJ~\l SAM 1'WL6JI~~~(?)~'1bb~~'l:nlu~nlnn(?) genome-wide 

DI\JA hypomethylation (60-62) ~'1l.b~ (?)\l~1 nlntJ~t]'WbbU~'1~~~UVl1~nlJ'~~I'1 glutathione ~1 nJll'J~ 

oxidative stress iJt!-J~n~~'V1Ub(?)tJ!?l~'1~~n~~iJ'.l'Wnl~ DNA methylation b(?)tJnlJ'luLtJ~tJ'WLbtJ~'1m~lru 
----sAM-l'WL-6Jj~ ·~ ------------------ - ------
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