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Introduction; Cervical cancer is the second most cancer found in women worldwide especially in
developing countries including Thailand. Previous reports showed that global DNA hypomethylation is
found in many types of cancer including cervical cancer. We aimed to develop enzyme linked immuno
sorbent assay (ELISA) for detection of global DNA methylation in order to screening of cervical cancer

in low resource countries.

Materials and methods; ELISA assay was developed and the results obtained from ELISA assay were
compared to bisulfite LINE1 methylation by pyrosequencing. DNA extracted from cervical cells with

different lesions severity were used.

Results; ELISA plate was read at 405 nm within 40 min, the percentage of global DNA methylation in
cervical cancer cell lines were 3.72 (Caski), 1.74 (SiHa), 2.42 (HeLa), 4.79 (ME189), 5.09 (MS751),
1.47 (C33A) and 8.20 of white blood cells collected from normal population. Bisulfite LINEI
pyrosequencing were 45% of Caski, 35% of SiHa and 62% of normal white blood cells. Mean of global
DNA methylation by pyrosequencing in 161 cervical samples were as followed; 55.6% of normal, 56.8%
of CIN1, 57.3% of CIN2-3 and 48.8% of cervical cancer, there was significant difference among groups
(p<0.05). By ELISA assay in 100 cervical samples, 4.50% of Normal, 3.83 of CIN1, 2.83% of CIN2-3

and 3.03% of cervical cancer, there was significant difference among groups (p<0.05).

Discussion; Global DNA hypomethylation was significantly found in cervical cancer compared to
normal cervical cells. Problem of ELISA assay is the binding affinity of DNA on ELISA plate leading to
the low percentage of global DNA methylation when compared to LINE1 pyrosequencing assay. ELISA

assay must be further developed and evaluated in clinical samples for reliable results.
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arswugnsuves hiad Tl lumswugnssuveuaaa Teaindounulinmsuianie l)vesdu E2
@ v d [ 1 a a J
ImsAnymanuduiusuazanuynues higuaazrialusoslsnrianeg  laomny
< kS 1 o a {3 ] 1 a {
Tsawzizahnuagnuuwuil hiaull Taunndluaungne Tsnegilszum 30 wia taziasranull
A A v v gy Ao o <
ANUYNUINAgARD HPV-16 nulsznasesas 50 Yoyavediennsunssnuinlsaneia
J 9 A ] 9 I £
1830581 WU HPV-DNA josay 82 lunguathenzizaihnuagn Tasiesas 42.68 1111 HPV-16 308
I 1 ' 1 1 <
az 20.73 (I HPV-18 [12] damlunquiilieszeznounzi5a Cervical intracpithelial neoplasia (CIN)
1,2,3 WU HPV-DNA 30802 33.3, 36.8, 75 mua19y Iagluszey CIN I WU HPV-16 Seeaz 44.44
v
ey HPV-18 300082 16.05 NauUAILANWY HPV-DNA tfigeiooaz 2.7 tmniu [13]
{ o P { < s g .. .
na v I¥iwaadaenarelusaduzi5e1a150 Transforming infection 1M3a319 Early
. @ = v o = 2 J dy < ' <
protein lagmwiz E6 waz E7 luszaugs  daagiiusalisauny 2 értiluansnonwise
o S a 1 1 4 ' . .
(oncoprotein) 1ae E7 d@nsaviliradnsg ldvanaeiiiowuas luae (immortalized cell) Wiz E7

v o R g .. I A J 1
AmN509UNY pRB 1 1W E2F &uilu Transcriptional factor 1iudasy Tiunszduliicesveusadidng

=

a S a A o 3 o
s-phase JULIUNT Transcription UHa ldaadnsguiusiuauld  pRB 11l tumor suppressor Aamil
= a o & a s dy 3 waA v W
Famunavg lUdugsmansyuousaanszer Gl [14] wenvnil E6 NiAMANLAIUAY tumor

suppressor p53 Felavna p53 AN p21 ﬂiz@j'ummumi apoptosis (program cell death) MmN
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v W o o & (% 1 [ s a .
E6 iy ps3 vhlddugsvuaumsainan shldeadnaszuuniuauuagzinans transformation
J md‘ 1 dy 1 d' F) ' o =
vouwad [15] Auanvannanuinyldlungudesge laun HPV-16, 18 auauiiaveslisdu
[ a 2| A 1 1 @ J { o 1 ]
E6 waz E7 vod hiauliTamnInilou q worwanawnull lunquidesdr wua E6 waz E7 lu
Y v
AWNIOIWMNZAY p53 uaz pRB 18 wieu1ensaiu lduavaiuas luansadudiguaninves
= g’/ a 9 U ' =) o v g}z . v g’/
Tsaunsaesriiala @i ES wunuennniiaaauiiadugavuiums apoptosis 1ao lduginis

NIZAUUDY TRAIL H1U death-inducing signal complex 1182 §3ansonszqulntmsmiusiuiuuagll

differentiation ¥®4 keratinocytes de [16, 17]
< < g A g v ow a ¢
TsanziahnuagniluTsavzdsinumniusuduaedluguaianlan Tagmnzlu
o v X Y a 3 A % 4 o
Uszmamasian Fanunsasimsidediasie TsanzGahnuagniingau  [18] eeAnsoun

v A9

Ll a J { < o
Tandszinamsain ludsgiuiiduganoni 2 dweauiduuziahnuagn vazlimsasiany

Q
Y

< 1 = v @ = EA [ [ o 1
wzisahnuagnaelny 470,000 51890l Ay Janudieselhl 1,200 eluuaaziu du
(= < [] 1 ~ 1 ) g
Uszmetlng wuniimsasanuuzisahnuagnaelniluaaziini 6,000 510 wazludmouil

=

) ) Y ]
U5z1NaaTmtaz@eT I 10 lsai Iaamae 7 919907 19]

]
a A

o 9 = a &‘ [ A A ' Y v ¥ da Y I <3
VInTIugHRaRTMsaare hia HPVs Tilssaaudeamnmiuiiimaiaun liiluued
= ' ~ & @ = ' = (= A o Y a 3
hnuagndaaasnmsaaie 15 HR-HPVs tiisaeguden liiisawevzihldinangGshnuagn
a < 9 ~ v 9 @ . A

mananzizanuagnlyna 20-30 1 Jadeamunugnasy (genetics) HAZATTUIUMNTUBNINIID
) . . A 1 o Y a ]
UFNITN (epigenetics) VausmlumsmInnanes
U Y] 1 a L4
ludrunszuiumsuenmiloWusnisy 1UMSINA DNA methylation a59 CpG Ingtou la]
DNA methyltransferase U UANHY methyl 59 cytosine @wnuaf 5 [20] ldinsdnihldsau
histone deacetylases (HDACs) W1A59USN@ANA methylation W lniNan1sAANY acetyl 99NN
a o a [ ] 1 a o v 0/?}
TsAudalau (histone) ¥1ld Insanauiimsdiutalassadnlnivazegluanizia silddudi
v
N1391UUDY host transcription factors LliZ RNA polymerase complex ganalisudimsuanioonuesdu
a { 4
NAMSANEINMTNANMeMsasuaduuy  methylation  luyaguesau  IMssieauny
4 <3 x a ]
hypermethylation Tuaduz 3 Funansa promoter YD tumor suppressor genes (TSGs) WU TSLCI,
INK4a S Y&
RASSF1A, CDHI, RARB, p16"""" DAPK, CADMI wag CCNAI 1iludu Fvz lilargumsuansoon

a J Ao v A .
VD3 TSGs u'f]ﬂi]'lﬂﬂWiﬂi'J%@]i\TUil?miﬂijhlﬁﬂiﬂlﬁ)ﬂguﬂﬂuw'lgl,l,i?h YIUNITANTIVNTIE methylation

'
= [

2 2 a g A 19 1 1 a .. R d a A o a
asausnaUsnuaweN lilygu 1wy U repetitive sequences VA TnFuTlunsnUNTH R
= o'g [ 4 a [ a dyd . =\
0@ Io Indgnunatoya TaglumaalndwnuSnwiilinng  hypermethylation @59 CpG  uazl
] a a e 4 I~ a 1 1
MIANBINUNIMIIAANIL global DNA hypomethylation Aa5aUFnaH lusaaueFarianiee 1wy
<3 9 [~ 1 I~ [~ o I~ [~ A
wziFumuN [21] vziieaeugnrunn(22] ugaenszmzlaag[23] ugEeaul24] vziEudanenun
[~ <
[25] wazuzzahnuagn [26] Fludu
s & o A a . ¥ ~ %
TuradugiahnuagndiaunsanunNuAalnAven12z methylation Melud Tunvod Tadd
dy [ Y [ G dy [ a . vy g}/
vazio hsa HPV lawuny Tunsaid Tunveade lhfaausonunsiia methylation lanaaniie

% a [
productive infection 1% transforming infection ¥IN5IAA methylation U3 Tunveshimilunaln
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Wil lueesFiaves hhimieasweyninlaid (productive infection) 1B 9ZAILANMTUAAIDON

A & . . 1 { a a 4 4 kS
V94 late gene Tuiyaaniy undifferentiated cells [27]ua Iuanzimamsaa¥auuVdaons ouna

= a . a d‘ o o 1 a L&l d‘ o 9 ) a
UNITNA methylation #3539 HPV LCR UiL’Jﬂ!“I/IFﬂHW']ZEJW%%%H'ﬂ‘]JQﬂTJ%ﬂ?ﬁﬂﬂl“ﬂ@ﬂﬂ?iﬁl“ﬁﬁ@ﬂﬂﬂﬂﬁ

(transforming infection) [28] ttazi lgmamaiiuuzi3e1d d1m5un1az Global DNA methylation lu

J < a
waangaeinuagnlagnny Taeas19du LINEI [29] Tagldimalin combined bisulfite restriction

analysis (COBRA) 11a2WU10172 LINE] hypomethylation duviusnumswannlidluaduzSaas

NonmsAny 1935 sden formaline fixed paraffin embedded tissue (FFPE) Taals antibody Ao 5-

methylacytosine 1az2s high-performance capillary electrophoresis (HPCE) WU global DNA

v o Jdo I J <3
hypomethylation FuusnuAIzMaTluraauzizanuagn [26]

1199

1.

Y A o

an < 2
‘]J‘L!’J‘ﬁﬂﬁﬁi’Ji]‘iﬂllzlj\i‘]hﬂilﬂ@]ﬂllﬂﬂu [30, 31]

axy

Jd 1l ¥ [
N1TATIVUFAANN cytology 1aunAmsngam Papanicolaou smear (Pap smear) Tildpe0ndy
A ° A o ~ P '

yaansnuaNus g lumsasisieganyurmsnlasunlasveusaanauaily
. I 4 3 =R 9 1o = a 1
dysplasia  aunaailugadugd e hisungenianudanaialunmseuuazuila
Wa ladne
a FY . R & ax
M139399%1 HPV DNA Tagmatianiaaiuen) Turana (molecular detection) B 1u35013
d‘d o 1 leAdyd 1 Y =
asnlinnusumzieazau 1geanaimsngia Pap smear uadsulm lFn0gwazl
9 v v
VUADUNEGIHIN ApedeyAINI N Ias Mo usuANUF YV UNATANINDY
2 My ¥ o1 A’ s v 2o v o
UoNINUMINTIINY HPV DNA Tuldidludetayinthuwaanzi5a miterdidesonde
MIDIUHANIITASNENTING
e . . . . . v 3 . L, A
159579 19875 Visual Inspection with Acetic acid(VIA) Tael911181 acetic acid 1999149 3-
Y A Y o A = o
5% theasvunsnuthauagn tardunagmanlasuuilasvesdvesthnuagnraann
go’ 1 1 4 { a a {
fhevier 1 wamelduaaldndesans Tasaanianuralnfazilsuallsaun
1 a H . . o I a J 4
wnnInduaziie acetic acid 21U 1R TUsaulumadinamezngu Wonasllan
' 1 a o <3 I . .
asznuaz iansormu il 1dsananmsaztounaari Iimiilufhang (acetowhite) @49
a 2 4 £ 0z Yy ! v ' I a ' a'ulsf 0o q Y ¥
navurInsFunu ldareanlarl Iwauin  uaraalnduasazrsyaa a1 e
< I ~ R~ 1
mudluFuasveuduwasares daimsanuludszmealnenuinmslawa via 1dwau
U ¢ A a ~ 1 1 =\ 1 A A o
vanawnsony Idluwadigoyannuagniieglusiedimsvouuan  wielinmsonidu
o a 3
i ldnadluthanld
M503529 HPV mRNA lagal$nanms target amplication 14U The APTIMA HPV Assay
10A379 E6/E7 mRNA vod hialungquanudesgs 14 wila 1dun HPV 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, LAY 68 UALDN 2 MINAAOY lAUA PreTect HPV-
Proofer 1a¢ NucliSENS Easy Q HPV 1¥ManM3s  nucleic acid sequence-based

amplification (NASBA) Tagldquugiifenilons19 E6/E7 mRNA 11 RNA real-time

A
amplification tazenNioasnye lialungu HR-HPV 14 5 wila (16, 18, 31, 33, uaz
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& an

9 v
45)  FIBUNANNTUNIZNGINIINGATID HPV DNA 1a0g 1 15amnsasin HPV
v 9 =) Y A A
mRNA 309303 1%51A39909511g9 1UN5A529
Y
5. MIATIIMsuaAseenvedlYsau L1 vou¥e Human papillomavirus LALA15ATIY
. o 1%
Tlseuveslaanne pi6 taz Kie7 1A835 immunocyto/histostaining dm5umsiana
= . . . [ tiy 9 = [ v J
1151 Human papillomavirus L1 (Cytoactive) AU DIHINUNITATIINY L1 ISAUNUST
[ L @ [ v o = o ) aqg Y
AUaa Iuseal LSIL/CINI tagdzdunusnumsioasimsmoasaanadnd lvimely
Y =X 9 = ' . ) [ = .
”lm;fﬂmﬁaaaz 72 138071 N1IT spontaneous regression drisumsasin ldsau pl6/Ki67
. 1 =} d%l A A a dy
(CINtec PLUS kit, Roche) Wu111/5au pi6 szwugevulunsaiimsdae HR-HPV
5 o = . Q& w1 A I 1o A o =
waz d@wmsulysaun Kie7 Wuditayinwaalmsuieaanuiuay msasiany Tlsau
. < o 1 A= = Ia a J o 1
pl6/Ki6e7 1HUAILFDINMIEMslraanalnAtazMInuaauzise LATeINISNATOY
Y
nga lunmaihun s luaud sz lulszmallne [32, 33
g).l o o (% 1 g 1 1 4
6. UDONMNUUSILMINAUINTATIVAILIFNNTININUGO  Biomarker a9 uwad1n
uAgNNAMUAALNANITATID methylation YOI tumor suppressor genes %W  TSLCI,
'NK4a Yo ] 9 a
RASSFIA, CDHI, RARB, pl6""" DAPK, CADMI [34-36] lasumswanlaeldinaiia
mmqj@%m U methylation specific conventional PCR 130 real time PCR, sequencing
I a a
uay pyrsequencing WHAY mM3asvnnuialndveslasuley  (aneuploidy %30
] 9
polyploidy) 1¥U MsNNYUYeaIAT In Ty 1p, 1q, 3q, Sp, 5q, 6p, 8q and Sp H3I® M3
' an a = ~
anadvod 1as 1y Tauay 2q, 3p, 4p, 11p, 17p and 19p [37-39] I5N1OYINGUIIANGA
Tumunzaunuilszmamaaiamn Nagdenilnsonsodnanelunguiszang

1 9 g’/
ﬂqmﬂmmﬂmmm

9 H 9
v aA o
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WU 11!'miﬁi?ﬁ]f‘liENQWﬂNV]?Jﬂ’J”I‘JJLﬁENLﬂ‘LﬂJZLN‘]JTﬂ‘JJﬂQﬂﬂﬂ‘l’lﬂﬁnﬂﬂﬁﬁu I5N1IANTIUNDA

g

uRRa R sadu0s Tand (global DNA methylation) HmM3sAnE1luNZZsTiAa1 Az
ANUFURUT luMTIAa global DNA hypomethylation Aua1zmsiiungFa [20] Tasasndulungy
repetitive sequences 1Y LINE1, Alu, Satellite-alpha 1161 Satellite-2 1%3%1/]1@6%13@?1 I¥U real time
methylation specific PCR, bisulfite sequencing PCR, combined bisulfite restriction analysis (COBRA)

. < 9 1as 3 adan o ' o Y
1z pyrosequencing 1IUAY 19I5 N190 Tuana uITNLT AN galdannsovihinlylulszna

a o

mMawiannndsansnlunquilszmnsgnassaunn 35 Enzyme-Linked-Tmmunosorbent Assay

o

3 { @ 4 { o f
(ELISA) Huasmsngniimuuie 14m3192172 global DNA methylation Naggniimnldlumsanuiil

d’ o g’/ 9y d‘ (% 1 Y Aa d’d d' [ d' ; @
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lﬂui]zﬁ\iﬂ']ﬂllﬂ@jﬂ ﬁ')ﬂﬂqﬁlcﬁaaﬂqﬂﬂﬂgﬂﬂ1ﬂﬂq1JWﬂiUuQm1]ﬂ1§L“]f@ HPV !lagﬁlﬂwaaﬂﬁal"ﬁ@ HPV

U

e

Y
o

9
29NNII9 global DNA methylation NI1uA W3 ouNIHILINNTATIVOU LINE] methylation
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Han15m3991A8 global DNA methylation 1835 ELISA dzgnulssumeununa  LINEI

methylation 19835 pyrosequencing (W93t H1NT11NI5ATIV global DNA methylation 3119 1ung

Y a Ao A 3 <
ﬂﬁ’]%ﬂi@\iRjﬁﬂl\i“I/liJﬂ’J']ﬂJLﬁﬂﬂﬁluﬂﬁlﬂuuzlﬂﬂTﬂNﬂgﬂ

9
v

da v Yo U Y a v v a a dJd vy (v
1.5 1.]3318‘1“1»!7]?\16131%3“913‘“ FH AHIBINT ﬂﬂ-ﬁliﬂﬂ'lﬁl AMHIATHGNV/WIUTEY NUAIANIAL
= 1 a Aawv v d' ° av Y d
YHNBH ’i’JNi’IQﬂ15!Nﬂ!!WﬂN’J]5@']5 INANBUANT ‘a4 uazﬁmmmnmwam'i’ms"liﬂ“vﬂ'iﬂﬂ“vu

Yo A 1A a ° Y 9 a ua o A
1835 nsimgnnndsnseyinewazii ldazainlurealfiiansia lieasaenses

2

A Aa = 3 3 ) 1o Ia
WﬂJuQme?JxL’c’fﬂﬂumﬁlﬂuuwﬂ1J1ﬂ3JﬂQﬂ IﬂﬂisﬁwaﬂjﬂﬂﬂuWaﬂ'ﬁﬁﬁjﬂﬂ']\u“]faaqcﬂﬂ'] (Pap
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smear)

2. IBAWHUM5IVe (Materials and method)
2.1 MIPUAIBLIINIAINTID

o g a a I'4 4 a [ g’/
Tl'lﬂﬁiﬁﬂ‘]%l'lfl . ﬂ'lﬂ'J“lﬂi]ﬁ%’)'J‘ﬂﬂ'l AUSHUNNYANTANT i]W'laQﬂimiJW'l'J‘ﬂﬂ'laﬂ aﬂ E]ﬂi ¥U 15

3 = o 1 Aq Y = 3 o 1 s A A
AumsAnuludsznnsyning  dednnldlumsanuiludediusadyailnuagniiiaen

Av A a o a 1 < o o 4 I <
J1UIVULI DN ﬂ'lﬁ@lfl")ﬁ]L!,@uﬁlﬂum@ﬁqjiﬁllﬂﬂiaj\l'l@fl']\ﬁ')@lj’Jﬁ']WTUWfJ'lﬂﬁmﬂ'lﬁlﬂuing,i{l‘]J'lﬂ

o Y] ] 3 [

uagnlagldoyninurTunesd (COA No.242/2012, IRB No.095/55) sieg1agninulugiudon

= A o ' P A A °
NOENAY N.A. 2555 DA ULURIU W.A. 2557 ﬂ?ﬂﬂ?ﬂl“ﬁaaﬂﬂﬂWﬂﬂJﬂQﬂﬂLTTﬁ’E)‘ﬂ']ﬂQWU‘]Ji%’IﬂGUfN
1 v Aa 1 A A 4 =1 a 4 I'4
Wu')ﬂvhﬁﬁ’)ﬂﬂ'l F\hﬂﬁ!ﬁ%’)'ﬂ]fﬂ Ii\TWUT]J'Iﬁi]W'Ia\'lﬂﬁmlmgiiq‘WSWU'laﬁﬁuﬂﬁuﬂi AUSLUNNYATANT

a Y] 1 [ [ 1 % 1 { ) @ 4 Aaa I

HUATINYIAYUBDULLNU INUIAVDULLNU mama‘ﬁgﬂmuuﬂmuaﬂymzmaamﬁ‘wm‘ﬁmmtﬂu normal,
cervical intraepithelial lesion 1 (CIN1), CIN2, CIN3 18 carcinoma in situ (CIS) 130 squamous cell

carcinoma (SCC) TagTnsamstliru95o5350M 390 TUNYBE COA No. 087/2016

22 MsAIENAIBENIAEHIBIALY e Roche 18y QIAGEN
v A g ¢ °
2.2.1 ﬁﬂﬂﬂ!@u!ﬂ%]ﬂ!“ﬂﬁﬂﬁﬂﬂ1ﬂ3~lﬂgﬂIﬂEI‘HRn Roche
o ] J A < ¥ ' Y v 2
@]'J@fJNL%’aﬁ‘]JTﬂllﬂgﬂ‘ﬂLﬂUGlMHTﬂT Sure Path YNUUINITNA DNA Iﬂﬂ(lsb'u”lﬂ”l
High Pure PCR Template Preparation Kit (Roche Diagnostics GmbH, Roche Applied Science,
A

. o s ] Y a o
Mannheim, Germany) lagrusaaihnuagnitunulu PBS 15103 200 pl 71 uaudn $1uou

Y
=1

Binding buffer 1511935 200 pl 1tag Proteinase K U103 40 ul T4 autopipette @,muf‘maw%wﬁuiﬁ’
@ . I a o 1 ¥ o a <3|

19 uA Tag pulse-vortexing 1luran 15 3udi udniliugerarinlsugumngi (water bath) 70°C 11

= [ g o w ] e Y a gy < 9y a .
na1 10 WA vasnnuiuihded1anad ingungiides sevuduuduaw isopropanol Ysu1as 100
o Y Y o oA Y o Y A quw 3 A Ay

ul avlunaeadediwwanldiinuaudni liilwie Idneaihiimzuurhanaunidunass  ge

AIUNANINYADAAIBE1 a1 High pure filter tube N17199EVU collection tube YUIA 2 ml Varh
Y o X A A < ~ o . @ "9

uanhunTuwileah 8000 rpm Wuan 1 w1 1 filter tube 1121904 collection tube 81 11%Ld?

1A Inhibotor Removal Buffer U311013 500 ul 414 filter tube 1d2315131 Tuim38a# 8000 rpm Furian
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1w 90 filter tube 11/9790U collection tube 81 111udUAY Wash Buffer 151105 500 ul aalu
filter tube AN ﬁum’%mﬁ' 8000 rpm a1 1 1w filter tube 119190 collection tube 814
TM3itd AN Wash Buffer 131105 500 pl aqlu filter tube sansaudninn dumieadt 8000 rpm 111
a1 1 mﬁﬁﬁ’qmﬂﬁ’u@@dauﬁw (flow through)Tieg11 collection tube Nada1h filter twbe Ta1any
collection tube /ej"mfhué'aﬁw"lﬂﬂum%mﬁ 14,000 rpm @una 30 i Lﬁﬂﬁ”lﬂwﬂﬁ”lﬂ”l Wash buffer“ﬁ
ANA1DY WA filter tube lnseguunasanaradnouluivuia 1.5 ml 1dudAy Elution
buffer 51105 50 ul Darhugrefigagiites 1w udniwnfumdedt 8,000 rpm Wunan 1
i e 1 18as weiideans thadwed 1§l iALH -20 wie -80°C.

2.2.2 msaf’fﬂﬁaémamnwaé1J1mmgniﬂmiun QIAGEN

155101 AllprepDNA/RNA(QIAGEN) Tagidiys buffer RTL plus $1191 350 ul 19
autopipette @@%u@@awumaﬁazawgndawm wimsilu 3 i ﬁiauqqqﬂ 10,000 rpm &9
aIu supernatant unlalu AllPrep DNA spin column ﬁanuu 2 ml collection tube 4@2 udHarh 1
1T 30 w17 Aseugaga 10,000 rpm d3u flowthrough Hudaniieziillada RNA de I
(@14 Buffer AW1 500 ul lalu AllPrep DNA spin column ﬁanuu 2 ml collection tube 841414 ué’aﬂu
15 3w ﬁ'ﬁauqqqﬂ 10,000 rpm it flowthrough LiaAY Buffer AW2 500 ul lalu AllPrep DNA
spin column 71979U4 2 ml collection twbe S1A1 udaifu 2 w1ft fiseugega 10,000 rpm udni
AllPrep DNA spin column 1140 utaeana1a@nviia 1.5 ml ou1niud @y Buffer EB 100 ul 1187
a3 feamgiives 1 wiiudniundu 1 wii fseugega 10,000 rpm tiledrue A HeeEN
ywdnhasue lifud 20 °c wie -70°C
2.3 N13A333 Global DNA methylation Tae3s Enzyme-Linked-Immunosorbent Assay

(ELISA)

HAUABUD 100 ng A1 5-Mc Coating buffer 11141511035 100 ul Tunasanaassviia
200 ul udniwni ldddumeguendumeterTaend 13 os°c Hunar 5 1 Twese thermal
cycler ndanmiahusaiuisiuna 10 wi 1829 denatured DNAs 11 1d well strip Tadae
UHY foil uazﬁﬂﬂawﬁ 37°C 15lunan 1 sy ﬁ'uﬁauﬁgﬂums coat denatured single stranded DNA i
PYVUNQUINAN m‘"amﬂﬁ’uﬂﬂ buffer PONINKQY LAIA1AIY 5-mC ELISA Buffer awnda afeaz
200 ul n&IMAUAY 5-mC ELISA Buffer 131103 200 pl Tunnvgquudtladas foil 1l
37°C 1ilunal 30 Wi mﬁ"qmmi”ug]ﬂ Buffer 99N91N)NHQN MIMSIATOUHDUALDAADIBUANTUNU
Ao anti-5-Methylacytosine (1:2,000) 11a2 secondary antibody (1:1,000) (1@ anti-5-Methylacytosine
monoclonal antibody 1 pl tta¢ HRP-conjugated secondary antibody 2 pl 1 5-mC ELISA Buffer 2,000
ul) idaRuneudvedfinaudnidesintiues 100 u Tunnnguudadadae foil 1hlned
37°C Huna1 1 vy mﬁmm‘i’u@@ Buffer 90N11NNNHQAULAIA1NAY 5-mC ELISA Buffer awnde

v
A390% 200 pl AAAN HRP Developer Y3110 100 ul Tunnviqu udasenanldinamsinadlszuna
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40 w1t w15 oD 7 405 nm Taeld ELISA plate reader 0802091317 methylation §nATIY
TaorReununsuasgv Taeldaumsae

y = a In(x)+b

y=absorbance

a= slope

b=y-intercept

x= percentage of methylation

{ Absorbance-y-intercept
% 5-mC=e slope }

2.4 M3A35739 Global DNA methylation Tae3s Pyrosequencing

§umsas29 methylation 71 14AuTLZe0az DY methylated CpG ASIFMHUIAADINS
A329 RINMINATOUIZIIN5ATI98U LINE] methylation 10875 Pyrosequencing

¥msnaounlasanmuss DNA Tagiien EZ DNA Methylation-Gold Kit Sudnmsaail
!,‘f'lﬂlail sodium bisulfite Tunsa! unmehylated cytosine %ZLﬂéﬂuL‘l‘:‘Ju uracil “lueumsﬁl methylated
eytosine 3¢ luiAsunilasdansammiiiu cytosine 111 modified DNA 7 1al1hifin 135 -20°C dunez
19 supeumsh polymerase chain reaction (PCR) 1ag1i1 modified DNA wvhmsiinsuau Iag3s
PCR "lwi{ma%ﬁsl%ﬁﬁ’aﬁ forward Q1T reverse primers &R FW: 5- TTTTGAGTTAGGTGTGTGGGA
TATA-3' 1182 RV: Biotin-5- AAAATCAAAAAATTCCCTTTC-3' (150 bp) MUA1AY Sequencing
primer Q¥ sequence to analyze Ao 5-  AGTTAGGTGTGGGATATAGT-3 and
TTYGTGGTGYGTYGTTTTTTAAGTYGGTTTGAAAAGYGTA Muédy [40] 18211 amplified
products 71 181191 electrophoresis 71 1.5% agarose gel TagndaanIMsMuIIUGY LINEL Tae3s
PCR 11821 biotinylated PCR products 51105 20 pl WINE N Streptavidin Sepharose beads 2 pl
@15 binding buffer 40 ul 11z 11 Milli-Q 182 MQem TagnanldSuasgaiene 80 ul 11 96
wells plate 410 200 ul 1&NWUVER 1,400 rpm Fudar 10 wi WInNiINM3 08 vacuum
prep workstation Aaa ¥ Vacuum pump ﬁ@iﬂﬁﬂ filter probe 11 filter probe wanalu high purity
water Ll’gﬁﬁﬁﬂﬁ]ﬂ Biotinylated PCR products/Streptavidin-coated Sepharose beads ﬁ@gj"luwaaﬂ
NARBULIA 200 pl 101K beads gnivAs filter a1 30 Fur udnhlu&ralu 70% ethanol iy
a1 5 3 udnih1Jdel denaturation solution unan 5 3u1M 111 11U&19u washing buffer
Funan 10 3u#t ndenifuen fitter probe %uué”ﬁfniuumagm%qmﬂ 90° iite 1 maih Tnaoenld
Mua 1871 vacuum pump 111 filter probe lalwauny annealing buffer 25 pl ‘ﬁﬁ sequencing primer
1T 0.4 uM UU 96 flat plate ﬁﬁﬁmﬂ‘&uﬁT 96 flat plate 11/ incubate ﬁ 80°C 1A 2 UM Az

A Ay "y A Y o A . = v o
ﬂ@‘mﬁﬂﬂﬁﬂ\?@ﬂT\iuﬂﬂ 5 UIN L!aﬁuTUlﬂjTQiu&ﬂﬁﬂﬁ PyroMarkTM Q96 instrument (hilmmgl,ﬂfnﬂuu']

U
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Cartridge N1 enzyme, substrate 1@z #Inalolng A, T, C uay G a1/ 1unTe PyroMark™ Q96

o g’z ) { a 4
instrument 4a2NA Run Hadniuiman 1a 1inse laeld1dsunsy PyroMark™ Q96 Software

2.5 myyanzvimeaanlaal¥ada
a8 Kruskal wallis test 39 One way ANOVA gANMUANA YDA IRGLS D0AZYBINS
ifin global DNA methylation finulusiediiinnuiadndssduae fszduiodianeada 0.05
maaNuFUTsznInamsasniiuosazueansing global methylation 5¥13193F ELISA
a2 pyrosequencing WEouRIIAANL IATANLTUMEZIIN cut off Meneq 7 1dnTaaeds T

A0 receiver operating characteristic (ROC)

3. HaN15398 (Results)

= o A o a g A o s 2 <
3.1 dnzimunzaylumsianinisganaunal TagihauenananaamIzneINgsy
ﬂWﬂMﬂQﬂ%ﬁﬂ@iNﬂ"lﬁuﬁ Caski(600 copies of HPV16), SiHa(1-2 copy of HPV16), HeLa (HPVI1S8
... . adg A o 3 A
positive), ME180(HPV39), MS751 (HPV45), C33A (HPV negative) LASALUIDNANAININALRDAVI
a 9 Yy ag A . Y a2 g ~
AUUNA WTONAIADUIBAILAUNAVINNTATIL methylation T08A 100 LAZADUBAIVAUNAAUN
1 . o . axy Y
13151917¢ methylation ¥1¥111150379A17¢ global methylation 1a&35 ELISA 1agl% 5-mC DNA ELISA
kit TagIaaIn1sganauas inue1Inan 405 nM Lag 450 nM A1 10, 20, 30, 40, 50, 60, 70 LAY
- v (4 4 \ " 4 A 4
90 UM WanaAAdzUn 1 uag 2 Taggli 1 taaaIMsganauLaInAINeINaY 405 nm tazgii 2
J A A A Y T A ~
HAAIAINIHANAULAINAINGIIAAY 450 nm HANIINABDIAAIIHIHUNAINTGANAULAINAIIY
A Pl A A 1 Y A @ [ .
#19AAU 405 nm 1HAINIYANAUUAINLINAIT 450 nm 1A 1HAINITYANAULETIVDIAIDEN positive
control NTM3INA methylation F08az 100 BglUFI 0.9-1.0 MIA1 30-40 U HAZAIOEI negative
A =) a . S = ° ' U =K o A v
control 7111TiM51AA methylation NAMMIgaNAULEAINI 0.1 Tunnawal Ihimsideniam

MIPANAULAINAINGIINAU 405 nm HAZIAONIAAINITAANAULEAT Bl 1981 40 U1T
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a ' A ~ A
3‘1]7] 1 memmiﬂﬂﬂauuﬁwmmanﬂau 405 nm

~ ' A A A
E‘ll‘ﬂ 2 uﬁmmmi@,@ﬂauuﬁmmmm’mau 450 nm

3.2 MIMUIUNI3 008209 methylation 31AnITMATFIUNE 1F1UNT1IAT global methylation
o Y dAa o v v . Ay
Tagzrhnslinasgiunnaseniinsnadousi1 ELISA Tasldanududuves methylation Ao 300
az 0 $ouny 5 Sevaz 10 ewvay 25 Fouay 50 Sewaz 75 osaz 100 WL A1 R-squared HAIMIAAN
g 4 o A I @ 1 & o Y %
0.9 Tunnasevhmanadeuzl 3 iudrednnsvinasgiu Feawnsahnldlumsmaiosay

YBINMIINANTIT global methylation Tudeeha ldmuaumsnnanluism
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{ o 1 {q Y o Y a .
T]Jﬁ 3 G]’J@EJ’Nﬂi’]WjJ']@ji']ullagfﬁJﬂ15ﬁcl(’]fsl,uﬂ’lﬁﬂ’]ujmﬂ’lﬁaﬂagﬂ’lﬁlﬂﬂﬂ’ljg methylation

U

19875 ELISA

< Y
3.3 1172 global methylation Tutranzi3 um1z@e90 329 1835 ELISA 11a¢ pyrosequencing
any 1 . 4 3 a 1 Y19 [ dy .
Tae3% ELISA WUA1 global methylation luisaauzizarian1e ldadesazasl Caski
10 3.72 SiHa A0 1.74 HeLa A9 2.42 ME180 A0 4.79 MS751 A9 5.09 ag C33A A0 1.47 4azN
< A ay Y = A axy
Wiadeav1naulnd laaunae Ao 8.20 1ae2s ELISA
. = = as . Y1 v g
WanN13A339 global methylation ¥RMTIVYU LINE] JEYET pyrosequencing JEGREEN
.Y . 9 <A ay yr A 9
Caski Y9802 45 SiHa 50802 35 uaziamoavnnnaulnd laane Sovaz 62
3.4 HANIATIVINIZ global methylation 1UAI98191A8IT ELISA 1182 pyrosequencing
f081INTANUAAUAATEAUAIE] 280 @I9E13 TWUNMUANYULLFAGNIIEAAING
I @ [l Aaa o e o [l @ 1
111 Normal 36 @19819 LALNINITINGIAIN CIN 1 115 @29819, CIN 2-CIN 3 39 ¢20819 LA
1 Y ]
CIS/SCC 90 #19819 UAI0819NH 1M pyrosequencing N191NA 161 AI0E1LAZUAIDE1NNIININ

9 v ]
ELISA 19nuA 257 A20819uaa108 199 19Han1591 ELISA Tisenan 0.100 9 lignihwndvom

9
[ Y

U1 NNAAMNAINNTDIINAIUIANA ELISA A9 100 419814

L)

3.4.1 WaN3A3Y global methylation 1835 pyrosequencingludlodiuadinuagn

@ 1 A Qy &‘ a A [ a al Y1 v dy Y
161 @81 NIMANIATIINFUHDIMNENITAUANUAALNAA19 JaA1Adll Normal $88ag 55.6
CINI 5080 56.8 CIN2-3 3p8ag 57.3 uag SCC 30802 48.8 H991NMIMIAMNNADANUIUN TSV

v

< 1 [ [ 4 ] o w aa . [ !
NSLSQﬁﬂTJ”IﬂJLL@]ﬂ@]Nﬂ”UiSﬂﬂﬁu@ﬂ"lﬂﬁuﬂﬁ"lﬂﬂlﬂﬁﬁﬂﬁ (p=0.001, Kruskal wallis) ﬂ\ig‘ﬂﬁ 4

g
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51/#1 4 HAN13AT29 global methylation (LINE1) 1ag3% pyrosequencingludegaadinuagn
161 A8 (p<0.05 (Kruskal wallis))
3.42 WAR13A3ID global methylation 1A% ELISA 1y 257 dredranudiediasas
hnuagniansmhundnumald 100 @019 mdesaz A3l Normal Ao 4.50 (28 @109819)
A % 1 A £ 1 A (% ] é
CIN1 719 3.83 (27 #A10819) CIN2-3 710 2.83 (16 #19819) LAz SCC A 3.03 (29 AIBIN) FININNIT

1 aa 1 { <3 1 o o A ] @
ﬁ?ﬂ']‘ﬂ']\‘]ﬁﬂGIW’]J’J']LT!EEJGIIE]\‘]113Li\iﬁﬂ’ﬂmmfWINﬂ‘UﬁZﬂﬂﬁu@ﬂNﬁuﬂﬁTﬂifgﬂNﬁﬂﬁ (p=0.040,

Kruskal wallis) 9 \‘lg‘ﬂ‘ﬁ 5

Uit 5 WaM3AIIV global methylation 1ae3% ELISA lusiedraadihnuagn 100 fdod1e

Y

(p<0.05, (Kruskal wallis))
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' v o 1
35 NITUIAANUTUNUTUDINANITATIY global  methylation 5ENI19TD

Al v v J

H 9
pyrosequencing NU3B ELISA WUNHaN A Inniaaeddsimaunusnuszauiunaialinn R-square

A 0.4402 A93107 6

10

Methylation level by ELISA

20 30 40 50 60 70 80

Methvlation level by pyrosequencing

Y
an

{ v o 1 1 A @
510 6 nudasaNuANUTYD I global methylation 3£%7199% pyrosequencing N1
19 E

LISA

] o . I [ dy
3.6 mmanyluazanusumzlumsl¥nsagie global DNA methylation 1lua1i9%

@ ~ Ia a @ J A~ A A
Tamsiraanaln@seay CIN3+ Wi laes pyrosequencing 9 global DNA methylation 1 cut off 1

@

9 = o A ] ] 9 = 1 Ao o
TeAUIDYRS 30-45 fﬂgllﬂ’lﬂ\lﬂ?LWT%‘WgQ@QiH%?Qﬁ@ﬂﬁ% 95 94 100 LLﬂ?Jﬂ'NiJ”l'J‘VIQT AT ANAY
d' = Aa' d' 9 [ D% d' o v A 1 d' d' 1Y =
A15190 1 waginunlanslninu 0.72 (E‘IJ‘VI 7) M IUID ELISA WUIN cut off N5LAY 1.5-2.0 ISU
Y

v k4
o =

o d' 1 1 9 = 1= d’ d‘ A d'
ﬂ’NJJ%WLWRWQ\T@QEI,HGH’NS@EJEIZ 78 949 91 Lmumm"hm AWEAININATITINN 2 taziinunlansv

1AL 0.60 (37 8)
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1.0 A1

Sensitivity

—O— Global methylation, A = 0.72

0.0 A1

0.0 2 4 .6 .8 1.0
1 - Specificity
d’ . . “ . ' o dy d' Y
51U 7 0319 Receiver operating characteristic (ROC) 1aa3f1a11u 11 anusuwizuaziuildnsm

UYBINITATIV global methylation Tae75 pyrosequencing

1.0 1
.8 1
> .6
=
‘D
c
5
4 A
=—O=Global methylation, A = 0.60
2 4
0.0 gr'
T T T T T T
0.0 2 4 .6 .8 1.0

1 - Specificity
A . . .. 1 o dy A 9
517 8 N5l Receiver operating characteristic (ROC) taraaa1n1m 1y anwsumizuazunldna o

VDINI5ATIV global methylation 1875 ELISA
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A15197 1 LaAInIAL 1 ANTUNIZVOINITATI global methylation 1A83F pyrosequencing NAN

A9 N1

Cut off

30%

35%

40%

45%

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

%

4.76

100

9.52

100

23.81

97.59

36.9

95.18

Cut off

50%

55%

60%

65%

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

%

50

79.52

67.86

61.45

85.71

24.1

96.43

9.63

M1319% 2 uaaerny 1 AN UNIZUPIN15ATIV global methylation 1A 35 ELISA NA1A199 AU

Cut off 1.5% 2.0% 2.5% 3.0%
Sensitivity | Specificity | Sensitivity | Specificity | Sensitivity | Specificity | Sensitivity | Specificity
% 17.86 91.3 28.57 78.26 42.86 60.87 57.14 56.62
Cut off 3.5% 4.0% 4.5% 5.0%
Sensitivity | Specificity | Sensitivity | Specificity | Sensitivity | Specificity | Sensitivity | Specificity
% 64.29 50.72 75.0 42.03 82.14 39.13 89.29 31.88

4. 9nUs1ewan15I8 (Discussion)
< a = . o 1 <
msnaaouilulmuauuagiuinun1ig global DNA hypomethylation IuA1081912139
U 4 o J a g’/
avnnleonfSeuimsunusaalnd  laguaandnandnsnsav LINE! pyrosequencing 48¢ ELISA
= . A < A 9 7
M3fNYIveAs11A8 LINE] pyrosequencing NwulunzSuhnuagnindsiosay 49.5 uazluswaailn
wagnilnamasdosaz 55.0 FadeaNR0INUNANITNMSANYIVO Stacey N. Akers HAzAME ANY1 LINE]
methylation Tu@29819 ovarian cancer 1A85 bisulfite pyrosequencing W‘]J’J'ﬂuﬂfju epithelial ovarian
cancer WUNIIT hypomethylation Lﬁmﬂ%mﬁﬂuﬁmdu normal ovarian surface epithelia Taonunae
LINE1 methylation 11 ovarian cancer ﬁ’e)%)ﬂﬂﬁz 57.1 uaz 1 normal ovarian A® 72.5 [41]
M3ANEIUOY Omid Fotouhi tazAme WU LINEI methylation 1y Small intestinal
. Ay S a 9 2 '
neuroendocrine tumors ADIVYAL 65.0 !Lﬁ$1ULGﬁﬁﬁﬂﬂ@WUiﬂﬂﬁ$ 75.0 Llﬂgiﬂﬂ ELISA Glull%!‘i\‘iW‘UﬂW
. . 4 9 d o 9 as A v = I
methylation index (RAYIDYDE 1.1 uazsluwaam”lﬁﬂﬂmnmmaﬂiaﬂaz 1.2 FINUL U
4 =) e 1 < [
hypomethylation Tuiwaauzi39811& [42] M3AAYIYOS Jean-Philippe Foy tazame wunluuz§asses
4 [ oA ] I <3 ] I
110712 hypomethylation tiameunungun lulalluuzSarern [43] msAnu1luuei54 bladder,
yp y ]
colon, pancreas, prostate Ilfi¥ stomach cancers WUN1IE hypomethylation Tugu LINE1 Lﬁ@!ﬁﬂuﬁﬂﬂtjm
a o [ < a
Unaf44] dmsumsaneluvziiahnuagniaeldimaiin high-performance capillary electrophoresis
. s g 3 A vy
(HPCE) WUN11% hypomethylation TuaradnzizalasnulunzGahnuagnindesosas 2.81 uazwly

QW normal, LSIL tag HSIL tMAuSeeas 3.26, 3.37 uag 3.22 mudau [26]
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5. agUman1sIvy
o a ~ A Aad ~ [ o = Y
Maw@umAlla ELISA flyminnuasanuenanannsaailinuagnilsunaiies
o Y A Y o Y A Ao Y J o 1
mldammsganauuasnldainmsi ELISA Tdmmsganauuasiidniosnan 0.100 Tudaedig

Y 1

o 1 . % [] § 1 1 < 1 {
1IN 1azA1 global methylation Tud0g19NTAINMIAANAUIAIWINAT 0.100 AiAIATEYN7
1A 3 . . : ) < . . :
A1 189101591 bisulfite LINEI pyrosequencing N1 FanAnA ELISA 11U non amplification assay 9
=S d"o Lﬂ' =) U a . . 1 a =~
lanuhnduleSeufieunumatin  bisulfite LINEl pyrosequencing A1A319190A10Na15 11
. ~Aq Y < A 1 @ aad éj a o A =
elution buffer N1F1UMIINY DNA NUHAADMITIVYDIADUOUUNUAI ELISA plate Faioifsouney
v a g g9 v A o 2 o X a v
vawenugun IFaiensminas giuinnugansnaaeuN @109 UUUNUAY ELISA plate 1@
1 =\ a A 1 A
pg sz aNnTamIasguInAINIsganaue
A d' o 1 dd‘ =) as -d' A a A % =
gansgiee 1 lulnaes  Aevismstzannsamivdszansaimlumssuvesd
< o ] 4 o dy a 9y A 49! 9 . ~ 1
PUPNNAIeaaINUANAUNUAIVEY ELISA plate 1HuduTaeld clution buffer 1lifina
o ¥ o < ¥ a o a
UM ITUVRIRL M UUN Az ITWAUNATA ELISA Taeld3uy signal amplification assay
[ 4 A a g
1Y tyramide signal amplification system meouau llumsasiamatin ELISA. fdlu non
. . @ ' Y ' Yy J ~ s
amplification assay ttavzWLIMIoUHalddNTneuNa Iddrean)arTasgmisnlasumlasimau
< 4 ' ' Y v .
nnamaes Wuaih Tasldimalulad glod particle tioanuazalnuazdrelumssiunaluiung lu

A A Al A
UINTDAIAAINITAANAULLA
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