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Suppressor gene) AN dUMLNT Nz IS YAANDaNBLATY (total antioxidant status (TAS) wag protein
carbonyl) luidoauazaanazoesihouzisanszsmzlasiswSeuiisuiunguautn® udatssduanusuius
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mansAn: fihsuziSenszwnzilaanzdsdunisiiumywitali RUNX3 geninaulnfingnedidushéiay (P=0.048)
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and LINE-1 methylation in bladder cancer patients

Wikrom Wongpaiboonwattana®, Srun Limpiwan**, Maturada Patchsung®, Julin Opanuraks**,

Thasinas Dissayabutra*, Chanchai Boonla*, Apiwat Mutirangura***, Piyaratana Tosukhowong*

* Department of Biochemistry, Faculty of Medicine, Chulalongkorn University
** Division of Urology, Department of surgery. King Chulalongkorn Memorial Hospital

*** Department of Anatomy, Faculty of Medicine, Chulalongkorn University

Abstract

Objective: To determine whether methylation level at the RUNX3 promoter, a promoter of tumor-
suppressor gene in peripheral blood-derived DNA was associated with levels of oxidative stress markers
and methylation level at the long interspersed nuclear elements-1 (LINE-1), as a reflective of global DNA
methylation in bladder cancer (BCa) patients.

Material and Methods: Twenty BCa patients and 18 healthy individuals were recruited for the study.
DNA methylation of RUNX3 and LINE-1 in peripheral blood cells was measured by methylation-specific
PCR and combined bisulfite restriction analysis of LINE-1 (COBRA LINE-1). Urinary TAS and plasma
protein carbonyl were determined by DPPH and DNPH methods, respectively.

Results: RUNX3 promoter methylation in peripheral blood cells of BCa patients were significantly higher
than healthy controls (P=0.048). Urinary total antioxidant status (TAS) in BCa patients was significantly
decreased, whereas plasma protein carbonyl was increased, compared to healthy controls (P<0.001 and
P<0.001, respectively). Noticeably, RUNX3 methylation was negatively correlated with urinary TAS, but
positively correlated with plasma protein carbonyl (r=-0.538, P=0.004 and 1=0.479, P=0.014, respectively).
Furthermore, LINE-1 methylation was significantly lower than healthy controls (P=0.012) and RUNX3
methylation was strongly negatively correlated with LINE-1 methylation (r=-0.428, P=0.026).

Conclusion: Patients with BCa demonstrated hypermethylation of RUNX3 promoter associated with
oxidative status, and inversely correlated with LINE-1 hypomethylation. Epigenetic modulation in
bladder carcinogenesis is not universal uniform, supposedly due to multiple mechanisms or variable gene
susceptibility to the oxidative stress.

Keywords: bladder cancer, methylation level at the RUNXS, oxidative stress, LINE-1 methylation
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Uszpnslngdgeiudaiasmuifiafinmssnmndags
Timenalduaznauiuglml nohgifinmsainsiie
uziSanszneilasnazlutszannamg snndimds 3-4
win Senusnaidusuduf 4 anuziSeiome T8
Mg 4 waz 1.1 AUsEsz271n3 100,000 ALluLwe
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uziSanszinzasnazutoaniu 2 3la lown
uzi5erfinlianampgfitBoyfia (non muscle-invasive
bladder cancer) wazuziSewiingnaiudngtundm
e (muscle invasive cancer) w3aMmALLIRNTTn
ousaaLe? sleTinuinniigaAnusiSwaasasiie
ynszinzdaandz (transitional cell 39 urothelial
carcinoma) WUFTNTBEAT 90 VBIULLTNTIINNG
flasnizianan waznuduziSerda non muscle-
invasive transitional cell carcinoma {8%317137
duinifuthgefisfosas 80 meluszuzinan 5 Tndd
A3HNAA (transurethral resection of bladder tumor
(TUR-BT)’

Haduideafidfay (strong risk factors) 7160
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fladunanunanvdenadauiulunisnssduliiinns
Wasuwlansasundlfiduisaduzise fefiing
wWasuulasiiduelasnse wionszduldiAanis
WasuulasiuameiA3unaneandiaty (oxidative
stress)Baiunnizdrduiiiadaeiunisuifiues
wasuaznszAulfiAamshaefidue uiinsw
Auddanuadasendiaduiiuiiadefinszduliian
uziSesufeunfeanspimnnziaanzdauin file
uziSanszinzdaaniziianiziaienaineandiaduge
AAudnd”®  AnAsuneanBnduseanansarinld
AnnsiasunasnsmuaussRumdonugnIsw
(epigenetic regulation) MdNAVDUTAA GWA ALY
Wwfiatatiy (DNA methylation) fifinns@nsniusnn
fignluaqriulunszuiumsifinuzise’

g1 RUNX3 (runt-related transcription
factor 3) wuunidefifiunuimlunisiasayveede
1830 waznuindududunnsiinuziSeidda
(tumor-suppressor gene) JANMUNFUNUSAUNTILAR
wazmsfutrvosuzifenszinnetlasng madumy
wiafilyslamesves RUNXS finavinld RUNX3
andufamsuansosniiunislunalnddqaesns
Wanzismanysiauazinmnusuiusiumaiaugise
%,11510—14

Long interspersed nuclear element 1 (LINE-
1) Wunsualngeu (Retrotransposon) finulgunn
fi9 5 wautnlualunwosuywe LINE-1 finuludlus
uywiiunafivunauaneiuluduiuaszuiuns
SnapsfuazMINANBRUSTAATY LINE-1 fanuaiy
fanupyazanm 6 kb 15¥nausae 5 untranslated
region (UTR) fivsznavsislysluimasvaesasiuwms
Open reading frame (ORF) &%35U RNA-binding
protein Yszu1ad 1 kb § ORF & %30 endonuclease
LAY reverse transcriptase #13yUssaN 4 kb way
fHupps 3 UTR waz poly A Snvdintias wipedae
AasdutRA7 LINE-1 nszansfngunnludlunuywd
dszanudoas 20 a9 luy FelgashanlFidusaunu

luA¥3A5124 global DNA methylation 28 M54
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wazATIAIAIHU LINE-1 methylation Tuiwadtdin
\dan1n AnmAnuduiussznIemIiunywiiad
lslunesvasdu RUNX3 wazszdiumsiia LINE-1
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uziSenszwnzilaan: fedlifimansaudeyatily
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Wednwazdunsifunyufiafify RUNX3
(RUNX3 methylation) Fuiiufudiunisiinuzise
(tumor suppressor gene) ANWITZAUAILNTAL
\ASUAAINDBNTLATY (total antioxidant status
(TAS) W@z protein carbonyl) luidannazilaanig
vaetheuzisnssinslaanzilIsuiisuiungy
AULAR LA TzfiuANNAUNUS I2nINNIAD RUNX3
methylation fUsEAUGILNEANIZREBAANDENT AT
wayIeAu LINE-1 methylation
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urine) anoYENadATINA FelasenTiTadanaala
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273 (buffy coat) anduEsNIAILEIAEaAT)

wanafwelaeldgaadnfiduednsa High Pure
PCR Template Preparation Kit (Roche, Basel,
Switzerland) msdunBUMIERRRBWANIEAEDA
27

mMsaeszinsLunyuiiailuslunadoes
&y RUNX3

ihdidueiiadaldanndfindoauanyiiazen
MU bisulfite Iﬂﬂi‘f{ﬁmﬁ’l \5a31 EZ DNA methylation
gold kit (Zymoresearch, CA, USA) AN RLSUL
Az udsnfindwiusismedin PCR aais
289 Homma'” TnglflnswasaiismnzAu RUNX3 7if
MIiungwiia (5'-ATA ATA GCG GTC GTT AGG
GCG TCG-3’way o’-GCT TCT ACT TTC CCG CTT
CTC GCG-3") uazlnsiuasgfianmnzin RUNX3 il
Lﬁumgmﬁa (5’-ATA ATA GTG GTT GTT AGG GTG
TTG-3" way 5’-ACT TCT ACT TTC CCA CTT CTC
ACA-3") Ufifisentsznausie MgCl2 2.1 mM sy
pilauay 0.2 mM dNTP siinas 0.2 mM Q-solution
20% (v/v) way HotstartTag DNA polymerase 1
U (Qiagen, Hilden, Germany) ufjisen PCR Huld
initial denaturation i 95°C 15 ¥l MuFedunoy
denaturation 94°C 30 3u1#, annealing 59°C (§1%3u
RUNX3 fignifiunyjiuiia) wie 48°C (§1m3u RUNX3
filignifumyiafia) w60 3un7l Extension 72°C 60
Auf A 35 99U wa9i final extension 720C
10 mﬁLLa”’J@N'ﬁmﬁmﬁﬁIﬁﬁw 8% nondenaturing
polyacrylamide gel

YauFanauanudiuves band (@u1e 115 bp) #
WsBanaldannlnsiuesafianmneiy RUNXS 7ifins
Wamglufia (methylated RUNX3, M) wazmdsiidy
299 band (Wu1a 115 bp) Aindsunaldaninsiues
AfiT1NzAD RUNXS 71 lsiifissgjiufia (unmethylated
RUNX3, U) arnduruiadndiuses methylated
RUNX3 #® unmethylated RUNX3 (M/U ratio) Tu
wiazdaeiSwernMTTag 2 AS (duplicate)

AMsaAszinsLAunyfiafi LINE-1

UndiduefivnyfAZendy bisulfite waanm

£

3379du W fiusuiudismaiin PCR anadsang
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Chalitchagorn wazauz™® lasld forward primer
A 5’-CCG TAA GGG GTT AGG GAG TTT
TT-3’ uay reverse primer An 5-RTA AAA CCC
TCC RAA CCA AAT ATA AA -3 lnulwsiuade
faonuuuaingsu 5UTR vesasuwa LINE-1.2
(NCBI Accession Number M80343) Fauranus
ﬂa'naguiiumumaﬂ promoter U84 LINE-1 yfi5en
PCR y52naumiy MgCl 2.5 mM Twswasiduas
0.2 mM dNTP sinay 0.2 mM Way HotstartTaqg
DNA polymerase 1 U Teeld initial denaturation 7
95°C 15 Nl wazdumewNUSINaRSwelsnoy
78 denaturation 95°C, annealing 50°C, extension
72°C Sumouaz 1 W S1u9U 35 90U wdwh final
extension 72°C 7 wndl anndusindazoulside
AW 2 Bliafe Taql way Tasl a¥19ay 2 unit
U 16 Falas wdrquandweif [dannnisiae
wuloddnamzaae 8% nondenaturing acrylamide
gel AU duvRuALRIDUBNIALIMANIZ VRN
WU wala

AN9ILATIZH protein carbonyl

FuATNZ9iU30 protein carbonyl Tuwanasn
#7233 dinitrophenylhydrazine (DNPH) assay'® @«
MHsleudaurtio maauaeanguiing1ewiie
a19 20 wih AsuaztnlUving{A3endu DNPH Tu
fifduiian 45 undi anndurnugAsendy 20%
trichloroacetic acid figaungdl 4°C uran 10 wndl
luiufiunsnauiinanas 3,000 sausawnd dna
ALNOY LAIaTaNYAIY guanidine hydrochloride
nnfuiaihlgdaransganduuasi 3756 wiluins
WisuiisuAunaaunfivindfasendu 2N HCl
WNUTURBUANSAY DNPH el lfunfuiainds
enuduysinavedysiivansvedanayuna
Tshuiannlunanasn

AsAesiuSunallssiu

Tumsiausualdsfiudalaeds dye binding
method® InglFansazane coomassie brilliant blue
G-250 Tu phosphoric acid vufAzendunatasnidu
nan 5 ufitgamgiivies wdhlarnsganauues

#i 595 wluluns

n133nY337a total antioxidant status (TAS)

dndaaazsuindf)isennu 2,2-diphenyl-
1-picryl hydrazyl radical (DPPH) vufjAgensiu
van 30 wiiiluiifin wadhariarnsganduwsed
ANIgIRAY 520 wilwes wisuWeuduaay
snansnluMsiupyyaBaszfisy wivinTu lunias
Twa1$ BSundn vitamin C equivalent antioxidant

capacity (VCEAC)?

NaNISANEN

Twuaaaiasieuzsnszmnsdaag
wazAuUARIILIL 20 WAy 18 FnBauaUFedl
onguazinAlnaAeiy wdaiufiigwesis 15
AU (Sowaz 75.00) wasieinenle 5 AW (Faas
25.00) AU UnRimAzne 17 AU (3puay 94.44) wa
audnfmends 1 Ay (3ewas 5.56) pny@anluNgy
Ahwwiiy 68.71 = 11.91 T wazlunquauun
Wiy 63.83 + 7.79 T Aedevesassslinans
(body mass index: BMI) Tunguithewiiy 21.93
+ 407 wazlunqueaunfviiy 22,73 + 2.68 a1n
NANIINASDUNINERANDIND1Y WA Wae BMI
PpesanngulinanansiuageiitdAynieain
(AN51971 1)

3ua oxidative stress luananasinsuni
wazgie

Wiow3suiisusydy protein carbonyl
waraunvesAuUnALazEdly wudnianuuan
snepeneditfudf (P < 0.001) lawseiu protein
carbonyl lugihefiszdugeninautni fidedes)
i 114 + 024 way 0.38 + 0.12 nmol/mg protein
ANEL (SUR 1A) wazidleiSeuifisusedu TAS

Tuszans 2 ngu wodluddefiszdy TAS s
nhaudnfegelidddisuiy (P < 0.001) Tagly

(7

AihediFnadsegdl 062 + 0.11 mM VCEAC sqwuly
AudnAfiendzegi 1.36 + 0.14 mM VCEAC (Ui
1B) B4 wansliifiuinlugiefisssi oxidative stress

gandnAudni
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A19197 1 TaYAIIUIY WA D8 Lazen BMI vaenguiingeithans sz dasnisuasnguaulng

NaNAIDEY P value
Kiheuzisenszmnzasnae AULNG
U (378) 20 18
LA 0.089
- oY 15 (75.00%) 17 (94.44%)
S 1N 5 (25.00%) 1 (5.56%)
918 (@) (mean + SD) 68.71 £ 11.91 63.83 £ 7.79 0.159
BMI (kg/m?) (mean + SD) 21.93 £ 4.07 22.73 £ 2.68 0.542
A B
<0.
1.50- P < 0.001
P <0.001
5 61.50*
- 1.257 ﬁ
£
s S
c §1 007 =
-g &% £ 1.007
E
ﬁgmn~ 2
E [
a< 2 0.507
& 050 3
0.257
0.007
Healthy BCa Healthy BCa

Ui 1 mawSsuiisuszdu protein carbonyl luwanasn (A) waz3zéiu total antioxidant status (TAS) luilaanag
(B) vesngugihpuziensyimnzilasizuaznguautnd Inempiitheuzisansziwnziaaneiiassi protein
carbonyl §¢ wifiszdy TAS i ninguAudnAnensdifuafay (P < 0.001 waz P < 0.001 muaei)
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asLdunyfiadilusluwadues RUNXS Tu
panadasUndLazHae

diafarnuduassuanfiduededunanis
filfanuFAsen PCR feuffsenidnimnzsie RUNX3
fiduuazlidumyuiia anduhysunadldnaoiu
fmaauszning RUNX3 fifiamyjiuiia fo RUNX3 i
Talipungiafia (M/U ratio) wdaauiisuszning
audnduazdtoy wudrluddasfinnsifunyudia
iluslumpsane RUNX3 snnninautnfisgnedive
dnfia (P=0.048) fiFntadsf 0.24 + 0.31 waz 0.09 +
0.09 Mwaey (U7 2)

AMUFUNUSIININN oxidative stress was
AsLAunyfiadiluslumadues RUNX3

\lath M/U ratio 989 RUNX3 8enAany
FUNUSAVYSU9W protein carbonyl wae TAS WU
RUNX3 fanudunusiBeuiniy protein carbonyl
(r = 0479, P = 0.014) ssfinanslusy 3A uaziiny
SUAUSIBAUAL TAS sgefidudAgyn e 1 =
-0.538, P = 0.004) fefiuansluzl 3B

>

r=0.479,P=0.014

1.004

o
o
S

Plasma Protein Carbonyl
(nmolmg protein)
o o o
N S ]
b S S |

L ]
0001 % ‘S® b

025 050 075 100 125
RUNX3 M/U ratio

0.407

P =0.048

o
w
hrt

0.207

RUNX3 M/U ratio

0.107

0.00
Healthy BCa

MIWIBUNIUITAUDRIIAIWTZRING RUNXS
fiRunylufiasis RUNX3 7 laiifunyiuiia
RUNX3 M/U ratio) 289nguftligsuzise
mazeilasnizuaznauaulng lnawuindihe
uiSenszinzilaanizisedy RUNX3 M/U
ratio geninnguAulnfag1efivadAmnIg
a0 (P = 0.048)

B
51.501

M VCEA
N
@

1.004

Urinary TAS (m
o
'

0.501

T

Ll L] L] L] L]
000 020 040 0.60 o080 1.00
RUNX3 M/U ratio

;a;il*i?'i 3 AnuduRuSIEnINe RUNX3 M/U ratio U protein carbonyl Tuwanasn (A) wazszsiu TAS Tuilaanaey

(B) Gluﬂa;uﬁ’aamﬂﬁ\mm I@m:ﬁummﬁmmjmﬁaﬁ RUNX3 fanudunus Beuiniuseau protein carbonyl

WHAANNTUNUS IBaUAUIEAU TAS (r = 0.479, P = 0.014 waz 1 = -0.538, P = 0.004 M ua1nu)
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msiunydfiadi LINE-1 luenanadinsund 48.0-
wazgilag
dethsedunsiiiungwfiadl LINE-1 sug3ey 46.071 P=0.012

Wigussniaudafvasfiieuzisenssmnziasie

3

wuluaunAdsziumshunyuiiaeay 41.99 +
1.90% snnndmsfunrgiuiavesiededidneis

38.99 # 3.16% »gNildud1AYN1Nana (P=0.012)
auanalugUii 4

'

e

o
1

AANFNAUSISHINNNITLRNRY Lufiaf
Tuslamesvosdiu RUNX3uaz LINE-1 38.07
diew3suifipuszdunsiiunygiufianeadns

LINE-1 Metylation (%)
S
2

o | | ~ PP = o o ¢ 36.07
ALAUST WUINANTLANTRYLNTIAT RUNXS UANNANNUD

Y

Beauiunsiisnywiiai LINE-1 penedideandnms
§87 (1=-0.428, P=0.026) lus1di 5

Healthy BCa

U 4 aswipuidisussiuseiumsiiunguiad

a L3

Callel . LINE-1 2penaugiisuzisanssinizidasng
AN3ANBIATITLASEANBDNTIATUNLNTS wasnguALLNR tnesasazmsiiunyuiiave

AnsfienalnnnsmuaumdeRugnIsuuaznisifia LINE-1 ludthesninaudniingnaioe e

TspuziSeriaalasuanuauladnwifinunnguly s (P = 0.012)

faquiu drsunsAn¥ISEAUYBe protein carbonyl
uaz TAS si,uauﬂﬂﬁLLaz@ﬂwuzL%ﬂﬂizl,wwzﬂam'az

WegszAuaNuAZsnanasndinsulunguiiegng

. r=-0.428, P =0.026

yeapanguveswided wuinlugiheiszduany <
LAIYAANNDDNT Lﬂ‘ﬁl@ﬂﬂ’j’}ﬂui_]ﬂﬁ Taedisysiu protein
carbonyl fige uazszeu TAS fimdlefisuiuaudng
\fipsanneyyadaszanunsayinuiizenesndnduiu
sty Tenandaeiiduniasveiadslfidusiie

221-23

SEAUANUASIANNDNBLATU LS d7UszAy TAS

LINE-1 Methylation (%

A AL

T

Ll L] T T L]
0.00 0.20 040 060 0.80 1.00
RUNX3 M/U ratio

fionlufiheuanddifiuingihefitdnaeyyadaszi 36.0-
g9 ansfusyyadaszasgnidlinn vhldawnsadn
Usinaletaas WiumsBusuldhanue3sean sen
FipdusionunlumsifieuziSanszmnziaaz? uas

dlaulSpuAemaliulfian RUNX3 uss LINE-1 Ui 5 Audiniusszwing RUNX3 M/U ratio Audesaz

wan o udtheasiisziumaiunyuiiail RUNX3 sl LINE-1 Tundudfesheionn
genAuUnf B9 RUNX3 Midudusnumsifinuets TassedunnsBunsifiall RUNX3 a2y
degnifunyluiiaazannisnanseanas uansiHumy ARSI B9aUA U UANS LR LR LT ane
wiiafi LINE-1 Tugihe smnineudnd Senisifiamy LINE-1 ( = -0.428, P = 0.026)

wifiaanas azvilk LINE-1 wassoanleunniy LINE-1
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Faduniualnoeuazananiamasuinauazyliiie
Anuladusrasaludls (genomic instability)” wa
diolSuufsuanuduiussznineiudssne wans
Tifuinsdunnuessaannoendinduiigeduiinny
Fuitusfunisidunylufianinduil RUNX3 vinli
SudnuuziSeiifinnsuanseananas femaiiudui
pranannalnlatudslinguuide uinalanis
figniauslinanadn lemnuiasuaanesndiadu
Wisdu $n31dusenine NAD+#a NADH azifiy
iy danalifinsnsedulysfiunanesialy s
#i CpG island 38A71 polycomb complex Tslisfiu
wanilazin i lasunfuuinaduiasuuaandy
heterochromatin® usnanfigisdanald DNMT fiup
aRRgeiuLazgnmdsathlfidumyufialudum
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