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# # 5674012730 : MAJOR MEDICINE

KEYWORDS: EPIGENETICS / GENOME-WIDE HYPOMETHYLATION / GLOBAL DNA HYPOMETHYLATION

/ HIGH-GRADE GLIOMA / METHYLGUANINEMETHYLTRANSFERASE
JARIN CHINDAPRASIRT: CORRELATION BETWEEN GLOBAL DNA METHYLATION AND LOCAL
PROMOTERHYPERMETHYLATION OF METHYLGUANINEMETHYLTRANSFERASE (MGMT)GENE
IN GLIOBLASTOMA MULTIFORME. ADVISOR: ASSOC. PROF. VIROTE SRIURANPONG, M.D.,
Ph.D., CO-ADVISOR: IYAVUT THAIPISUTTIKUL, M.D., 53 pp.

Background: Genome-wide hypomethylation is one of the cancer characteristics. In
glioblastoma multiforme (GBM), hypermethylation of MGMT promoter serves as an important
prognostic and a predictive factor for response to alkylating agents. Recent evidence
demonstrates that level of genome-wide methylation assessed by measuring level of LINE-1

methylation in glioblastomas is lower compared with those of low-grade gliomas.

Objective: To determine the correlation between the localized methylation in the

MGMT promoter and the global DNA methylation in glioblastomas.

Methods: We collected 70 formalin-fixed, paraffin-embedded GBM tissues derived from
patients treated at the King Chulalongkorn Memorial Hospital during year 2008-2013. To define
MGMT promoter methylation status, we used pyrosequencing and methylation specific
polymerase chain reaction (MSP) technique. And pyrosequencing was used to determine the

percentage of methylation of LINE-1.

Results: There were 70 GBMs included in this study. The median level of LINE-1 and
MGMT promoter methylation were 66.6% and 8.2%, respectively. High LINE-1 methylation (>68%)
was found in 41% of the patients. MGMT promoter hypermethylation was described in 30% and
25.7% by MSP and pyrosequencing (>22.7%), respectively. There were 9 patients with discordant
MGMT promoter methylation status between these two techniques. There was no correlation

between LINE-1 methylation and MGMT promoter methylation (r=0.094, p=0.44).

Conclusion: In limit number of glioblastomas, there is no correlation between genome-
wide methylation and MGMT promoter methylation status. Low LINE-1 methylation was

associated with a trend for better survival. Further studies in larger population are warranted.

Department: ~ Medicine Student's Signature

Field of Study: Medicine Advisor's Signature

Academic Year: 2014 Co-Advisor's Signature
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aunsnansnsinsnauiuduarfuindnsnissendinee
Ao o A g Y [ & (%) o [y
gualvnanidunnaspiuludagtulunsinuiiiesenauemanisiidnsauiunis
218598R081 temozolomide Fudugniulungu alkylating agent laen s@nwilu phase Il
WUIINITIAEY temozolomide $amAUN1T21859E wazlensedn 6 seuLisuiun1TAI839a
1 a Y1 . . a v 1 PN A
ag1aiedlugUag glioblastoma  multiforme  @1u13aLfiNdnIIN1T0gs8AN 5 U A 10
N @
Wosidud Wieuiu 2 1Wesifus (HR 0.63, 95% CI 0.53-0.75)
faudlasfianuinmiiunissnelunaies s widhsinissendinvesiienddl
wnin Tugrammsseiiuumuiinisfinyinudainerssauluana (molecular biology)
1y s & = & o . . =% o § wa
LagiugAansvaailosananes lnensnwivisluseAuBulag  epigenetics avinlvidau
W lalRgatuLlosonaussnniu
AMNRAUNRATUSEAU epigenetics Apliin1siUABULUAIRIAULUATDIA1E DNA LAY
Tnsuanseenvesduvdsundasii nsivdsundasinuluiilesen wu in1saaudasiva
cytosine 7198AUUA1Y 5’ ¥84 guanine MM CpG islands agdiny methyl fisumia
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5’ 994 cytosine USHInM CpG islands anad (DNA hypomethylation) #sen1siiumy methyl
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(-CH3) nuskId Promoter Ua48ugUgINITAITNDULLIY Mlnsuaniopnvesduanas
Lﬁmaﬂamaqmilﬁwg methyl 7 promoter ¥8384 methylguaninemethyltransferase
(memt) \Junistladefidananednsin155eaTin (prognostic factor) wazdadeiiusuennis

1 a o w . . (6)
fRUAUDINDYILANUIUA (predictive factor)

Y} ' =

M3iUasuwlases DNA methylation 1Judnvardidyegrmilivasuzsdduuyud

o

Han17z elobal DNA hypomethylation fnaziingauiu hypermethylation fisiunis CpG
islands”” Fadlmnevesmsanuiaetiiefnuifinnuduiussenineniag global  DNA
methylation Wag promoter hypermethylation 93 MGMT8U Iuﬁliﬂaa glioblastoma
SHTNaReN3TenTIn

1.2. ANDNNVDINITIY

A0N3A8NAN: A1 global DNA methylation  fianuduiusiuniag local
promoter hypermethylation W89 methyleuaninemethyltransferase (mgmt) Iulfﬁaﬂaﬂ
194 glioblastomna 11nN71 0.3 wisely

A10113398599:  N17% global DNA  methylation Hazn17g local promoter
hypermethylation ¥89 methylguaninemethyltransferase (mgmt) Wuladenensallsa
ﬁuaﬂﬁaqaﬂamaq glioblastoma w3aly

1.3 InQUsza9AUaIN15IY

1. defnwanuduiussznineniiz slobal DNA methylationfun1ie local
promoter hypermethylation ¥83 methyleuaninemethyltransferase (memt) Twilosen
@194 glioblastoma

2. iefnwinnTie global DNA methylation wazn13e local promoter
hypermethylation 489 methylguaninemethyltransferase (mgmt) Wudadenensallsa

V941Up99NaNs glioblastoma
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Ho: 1uiim5’e]\‘1’e)ﬂamaﬂ glioblastoma A1 local promoter hypermethylation U84
methyleuaninemethyltransferase (mgmt) finuduiusiun1zglobal DNA methylation
Hounin 0.3

Ha: IuiﬁﬂLﬁaﬂaﬂauaﬂ glioblastoma n11¢ local promoter hypermethylation ¥4
methyleuaninemethyltransferase (mgmt) finuduiusiun1zglobal DNA methylation
Tuiiannauinuinndn 0.3

1.5 NSBULUIAIUAATIUNITIVY

WHUQIT 1 WAAINTBULUIAANITIRY

Grading of tumor

Primary/Secondary/
i i MGMT Global DNA

promaoter methylation
methylation

LAE s
itative vs.
guantitative

recurrent GBM

IDH1 mutation

v dy 1%
1.6 YoanadUaenu
U Ay vo aa o A U aa aa & [ 1 < .
o Juilasunsitiadey Aofuniinananesineduduindu slioblastoma
multiforme
o A v Ao U aa A o 1A ] Y
e Juilsagnaiu AeiuninisnsIameSsd@ineguduiniinmsgnaiuvedsasiuiu
ludseianmssnwfiduiininlsngnany

® Primary GBM Ao tilesongduns GBM 7iintulaglifivseifilotenaussnnou



® Secondary GBM falllpsenauss GBM 7iAndulneiiusyifilesonauss low-
grade glioma %30 anaplastic astrocytoma W1u1nau

o fUreifinnsnduilugvedsatuduauas sample unit lnetiuiudilsanduidu

1%
o LY

FraoTuNlAsuN1sITdeNIaneSInendudul uiy
1.7 9931NANIN153¢

® AfilAaNnTI9 LINE-1 methylation Way pyrosequencing 813luifigsnsilaan

(%

Fullaiuldfusedionguruiuly  lesarnAnwanduilenAulu paraffin-embedded

9

specimen

(% [ '
1% o

o FuiloWlaainnisii biopsy oadlvsunatley silnrlinelunisnsiaiuis

[

o Jayaiugiunazdeyanienddneraiulalinsuiiu ilesnnilunisfinwiwuy

e

retrospective analysis

1.8 9Uas3ANDANVUILNIINTINTBUazIATNITUALY
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av A

HeswnauideiilunisifvdeyaiUiedounds anavilbildaiusaiutoyaniy
nasinsItadelsalaasudiu nisunlufie deslinisaeuainyseiRgUieiiuiunowdvi
NNTITYNTDANYILUY prospective study
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1. M51UBIANENRUSTEUINN global DNA methylation wag local promoter
hypermethylation¥®4 methylguaninemethyltransferase (memt) Tu L‘f‘ia IDNENBDY
glioblastoma

3. M57U71 global DNA methylation wag local promoter hypermethylation 294
methylguaninemethyltransferase ~ (mgmt) ﬁmasiamﬁaﬂ%imaq;Eﬂ'amﬁaqaﬂamq
glioblastoma ag4ls 919vzdnUszendldlunsidennissnulugUisudasseldvansay

1%

g93u
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Az 10 ilsuifufosas 2 (HR 0.63, 95%Cl 0.53-0.75)"
faudlasfianuimiiunissnelunaies s widhsinissendinvesfirenddly
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2.2 1BNE1SHAZIUINNYIVD

2.2.1 1a9anduas

Lﬁaaaﬂaum glioma LﬂuLﬁaﬂaﬂamaﬂﬁﬁ%ﬁmmﬂ glial cells U astrocytes
oliogodendrocytes uag ependymal cells Iag glioma Lﬂu%ﬁﬂﬁwuﬁaﬁﬁqm

NITHUIT1IA

NTLUITHa glioma Huuvenny grading ANUANBAEAIUTULIININGTINE ag

WUamy 2007 World Health Organization (WHO) ', 2007 wusléfu

Grade | Pilocytic astrocytoma

Grade |l Oligodendroglioma, Astrocytoma

Grade Il Anaplastic olisodendroglioma/astrocytoma/oligoastrocytoma
Grade IV Glioblastoma multiforme (GBM)

1y high-grade (malignant) gliomas ﬁuﬁg\uwi grade Il %{ulil ADTIU anaplastic
oligodendroglioma, anaplastic astrocytoma wag glioblastoma

Glioblastoma wislédu 2 #iin” fe

1. primary glioblastoma @ ilasen glioblastoma TiAntulaglsifinsiUasundas
undiosennalouwdn low  grade  Snwuluftagonguin daulugvestiae
glioblastoma ndu primary glioblastoma

2. secondary glioblastoma #8 1ilasen slioblastoma 7idnsiasuulasnainiiie
Jonaueanaled grade Il 38 grade Il dnnulugtheanyioy

lngvis 2 viialisuwuunsivaeunlameaiugnssuiiuaneiaiu dagunini 1



sUAMT 1 9llave4 Glioblastoma multiforme wazn1siUfgukUaImnIsiugnIsuitieItes
nulsazuiln (AaLUatan Cancer: Principles & Practice of Oncology: Primer of the

Molecular Biology of Cancer, 2011)
GBM Subclassification Schemes

Primary (de novo, ~90%) Secondary (~10%)

* Elderly (>62) *Younger (<40)

» EGFR amplification * TP53 alteration

* PTEN inactivation * IDH1 mutation

* CDKN2A deletion * Chromosome 19 loss
» Shorter survival * Longer survival
2INILLASDINILLEANY

ansuansivesheilesenaueuiaiuy
a a ) a X Aoy v
¢ gnsiinananusulunglnandsuveauannmsidneuluaues laud Uin
Aswy mauld ondeu seAuauianduuFeuudas
®  31N15NNNINNLLBININANDSTLUUUTZARNILALNUS VTR ARANURAUNG

[

Ju

[y

VAUV IELDY
o ynniflasenoguinaauesiisnuie posterior fossa a19gafuMIlvadsuves

yadutilodunds dswalviAn hydrocephalus dwhliAnenstandsuy o1deu violis
anle

N33

N153n¥1 malignant glioma ﬁﬁﬁqﬂﬁam'i'%’ﬂmLmuwammuﬁamsmﬁm FIUAUNT
UG TG ETG TR
Surgical resection
ns¥nvmdnveaiosenaues glioblastoma Tuiemsrndmieriiasonssnlsuin

NanlaadpsanInnsvinuesssuuUseamile



nsHRRLetenauendloniynusasavan 2 Usens

[

1. nsudLialaTulaiian15IDa9y Tagaiuisalaannn1siAnLe1nauLledIan

DONIIINUA UIBNIAATULLD (Diopsy)

(%
)=

2. MSHIPAMIBUEINBULLBIDNBBNTIINUA (tumor removal) WUINNITHIAANULLD

seneanviauatulanafninIsiiiesensenudu Inglunis@nwinuingureilifineu

(%
v v oA Y

\WasenmdesgnadlasunisiidatuiinissendinginiigUlenudndnilesensanlivun

Y ' I~

1 o w aa [y 9)
pgslitud AN 19EnA naAe 17.9 weuiisuniu 12.9 1hou p<0.001

Radiotherapy

1%
LY [ o

wiigUasfilasunsindndeuilioteneenvisnuaudindilsnsinsnauidugigs ned

¥
o a

nMsAnwImuNIINIIRIESEdInsidnasaannsndudusfisuvdaiusaranunsouia
Sasnssendinld Tun1sdnedauslugaed a.a. 1970-1980 wuinmsaeSednuuiaues
(whole-brain radiotherapy) w&smseidnassaLiinsnsnIsegsonndanissiidalsegnad
Hoddymsadifinanfie 35 dUasi iWieuifu 14.5 et lugadesldfinsiauinaia
Tun13218598 taznuinn1sanesediuuianizdiu (involved-field  radiotherapy:  IFRT)
ansaandnsnsnaudugr LLasmmsaLﬁmé’mwmiagjsamaqs@wLﬁaqaﬂamaa Falat
naneidusnmsgiulunisinwm Tasaweded 60 Gy Tu 30 afs ldszeznanlunsinu 6-8
dUnnii
Chemotherapy

[

nslienlunisihyiilesenanestuiivednianidAyAenisiuvesendngiileanss

ndudeudueniiniu blood-brain barrier ld snuafividadldladefidndna dn1sdnwinisla
wU1Ualun195nE" glioblastoma  AaudYel A.A.1970-1980 Fanuitnisivignlungy
. a o Aa 2(12) & vy - aa PN
nitrosoureas  @1XNI0LININTINTTRATIALA  AntuladinisAnwineedtinssesn 3 lu
AUae gliblastoma tneuuingudtiendu 2 ngu fie nqunldsunisaessdiiiesedufien (2
Gy sofu 5 JusadUnii Wuszeziiai 6 a9 59UVIEY 60 Gy)  waznguiilasuen
temozolomide $3ufUNTANTIENSINTHIGR (75 UN./MT.U.V8INUNHITINY NNTUAIL
TuwsnisTugavineveenisaesed) wavlvien temozolomide #odn 6 58U (150-200 UN./93.

1

wpINuNEITene) 5 Tuly 28 Tulasngunlasuetulissesiiain1ssendIniiuay 2.5



Weoufieain 12.1 Wewdu 14.6 \Wou waniindnsinisedsenil 2 Yanfewar 10 Jufovas
= 9 = 1 (13) o & . = & N o W )
26 nedinatnafsdliann ~ Aaliuel temozolomide Fudugalivntnuinsgiulunissnw
glioblastoma Tutlaqdu
2.2.2 fausrnelaanavediiiasanauanalon
TunenssuiruuiauglangIfune s Inerveaiasenausinalaunlaiiududy
2819110 Tn1sAUNUEUMAEINUNEINUNEITALTANINTL F9a1U15aUIUBNNNSNEINTILSA
LALNITNDUAUDINBNITS N
® ﬂ”]iﬂﬁ’]&lﬁﬂﬁj‘ﬂaﬂ isocitrate dehydrogenase (IDH)
LY 4 =l & 5 < [ = yo’j | a
N1SNAYNURVLY IDH 8u 1 %5e 2 PULTUSNYUETINU AR AT LU S UL NUD
nmsaudu gioma lnsazasianuluilssenanssnalensindus ldussniniesonaues
a . . (14)
YUA primary glioblastoma
nsnateiugues IDH - Builudavavenfenisnensallsafidtlunaleunwida high
(14) o 1 N Y] aa v . . .
grade LLazL"fJumuwmwamsiﬂwmmluamEJ anaplastic  oligodendroglioma &g

anaplastic oligoastrocytoma ﬁlﬁ%Uﬂﬂi§ﬂw1§3881Lﬂﬁﬂﬂﬁmgmi PCV

. . B A19)
(procarbazine/lomustine/vincristine)

° mmJ?iwuﬂmmaﬁuqmiﬂu glioblastoma

nsAunUTid dayues The Cancer Genome Atlas (TCGA) lodnludaaudnlang
W‘lﬁqﬂiimLﬁmﬁUﬂ’J’]@JMa"lﬂ‘MmU%m glioblastoma snna™® mqu?iamuJawwﬁuqmiuﬁ
wuvesldun 1. nsnatewusuarnaifiud uiues epidermal growth factor receptor
(EGFR) 2. m'it,ﬁmaaﬁuﬂﬂmiﬁﬁmusuaamzmumﬂﬁ@mL%qphosphatase and tensin
homolog (PTEN) 3. n15u1amgiagnIsnaeiuguesdiuretinoblastoma 1 (RB1) 4. 115917
#18Ye4 cyclin-dependent kinase inhibitor (CDKN2A/B) &g 5. N13U19%18ULaEN1TNane
WugUesdu neurofibromin (NF1)

mmamaaﬂmaﬁuqﬂsmmaqLﬁaqaﬂ glioblastoma  vilanunsadangui ey
wiingoq lalnednuunnatmnsdnuuenienaiingle Inedadu proneural  classical

proliferative  Wag mesenchymal %di{ﬂwﬂ&jm proneural ﬁﬂ’l'ﬁwa’mﬁaﬂiﬂﬁaﬂ’hmju
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mesenchymal #38 proliferative(m LLaﬂuﬂEjmaﬂ proneural 5145? glioblastoma iadiil
DNA methylation LUURIZT93en T Glioma-CpG island methylator phenotype (G-
CIMP) Faimsnennseflsadinin ™

® N1 methylation Y83 MGMT promoter

MGMT (methylguanine methyltransferase) Aooulssifivihmindideuusy DNA e
fin1sliengy alkylating agent 1y temozolomide d@swalviiinnisiSiaturesiuaianile
Tndlu DNA warsndudeddd MaMT Tunisveuumsalnaamzlusumis O°-methylguanine

¢ ° A i  a . | v v (19) i
Fadudumiafiuuss Weiin alkylation azdwmaliwadneld  (3Uawi 2)

JUAMN 2 wanen1591191ued alkyl guanine transferase: AGT taulaiilunisiing alkyl

A ! dl o ! . ( )
on TunmAeny methyl (-CH3) Misumts 0"- guanine

a
CH NH
o o
</N l SN NH
—
N N/)\NHQ HS 0
08-Alkylguanine COOH
AGT
0 NH,
T
G

NH
¢ 1

N N/)\NHQ
s

/
CH3—S

Guanine COOH

[
Y o LY

ANURAUNRYDIUTAY MGMT  LARlANYSEAU genetics  Aaiin1s mutation  Ue3
methylguaninemethyltransferase Fanulgdosunn wasanuRaunfivesesiu epigenetics
fion1smuANNT methylation K1y promoter gene Taglsifinsiasunlaswesnisdifuiua
lug1e DNA  Uu  methylouaninemethyltransferase Fanudnd MGMT promoter

methylation Uszsnaidosas 30 fsgunmd 3
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SUAMN 3 wanenalnnisdudinisinauyes MGMT BumienssuiunIslefaluAniung

1 a o W (20)
ABUAUBDINDYIANUIUN

Glioma with unmethylated MGMT Chemoresistant tumor
o o ik : : 55 £ e S

Alkyl group removed by

MGMT from the DNA DNA cross-links cut,
base guanine tumor cells unharmed

VININTNINONIN IR
MGMT promoter

Chemosensitive tumor

b ’ - ;“-»Q. 2
el AR ;
Methyl PO
group

JLIDITT IMIIR TP Cormuinecos ks ona ek
TR /\ R \ strande; and there Is no active DNA remains cross-linked,

MGMT promoter Gene inactivation MGMT to repair it and tumor cells die

Twilesenaues malignant glioma Wu3IN158 MGMT promoter hypermethylation
Sudmalfiinnisuanseanvesdu MGMT anas suduladefidmwarenisnevausssios
temozolomide  n&a1Ife Q’ﬂwiuﬂzjmﬁﬁ hypermethylation  wazlasuni1ssneiaaeen
temozolomide 5uﬁwami%’ﬂmﬁﬁﬂdﬁﬂduﬁlﬁwu hypermethylation 483 MGMT
promoter (predictive factor) Tuaziienfunneilidaluladeiidmanenissniulsa
(prognostic factor) ﬁar}gﬂ’wﬁﬁ MGMT promoter hypermethylation aziilen1asondin
wnnnguitlaiil Taglituiunisn Tuduasiiil methylated MGMT promoter filé3uLndl
ﬂwﬂ’m’mﬁ’umima%’a?ﬁé’mwmsagjiamﬁ 2 Ywiiudewaz 13.8 iisuiutesniniesay 2 Tu
ﬂfjuﬁ unmethylated MGMT promoter(é)

ABN19MT9E01ULVO9 methylation U promoter U981 MGMT fivae3situ

1. 7139 MGMT promoter methylation Ineld methylation-specific polymerase

chain reaction (MSP) @70 paraffin-embedded tissue lagsieaunaliy

methylated uag unmethylated MGMT dearagvealsidAoidunisnsiaids

A lanansasenudusinald wazdinunimves DNA Ntwinsialid
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azlaarunsaviila s1unsllausanTIUUULKNUYEINIT methylation 7Ll
° 2/(21)
avauels
2. Pyrosequencing (PSQ) ABN1SATIIARULUANAILAULANIZTABINITATI 1nY
nInTIanI1sUaosuanilaiin1sAN nucleotide Tuane DNA LazaI115051897U
. & s s v .
HaYed methylation lagsiesuanduilesiaus awnsanmalalagld paraffin-
embedded tissue YodnfinfpasanTIAlies 25-30 diua  uazdslaiden
cut-point 7tkuleu
3. Methylation-specific multiplex ligation-dependent probe amplification
(MS-MLPA)
4. MyInszauvedlUsiu MGMT 1ng38 immunohistochemistry
1Menui135 Methylation-specific PCR Wag pyrosequencing mmaaﬁwmamsasﬂi
sondinlaglsalinsu (progression-free survival) lannannislaanwagnisndiinesiall
v o w aa ' ° o(21,22) A Y  ad
WodAny uAas MS-MLPA laasnsaviiungla LU99U191NN1TATIA875 MSP tay PSQ
tuflauaunerdulusuilewes CpG Mhandnwdadusundsnnuind Ay iaalunis
LARIBBNYBY methylsuaninemethyltransferase wazdins@nwuniian luvaennigldis
MS-MLPA  tiusiuuniaues CpG Ndnwnszatgegniluly MGMT CG island @evinlvinas
huensegsentinlaglsalifiisuiesndn
d1m3UN1IATI9ME immunohistochemistry W liwudnduiusiunisegsenves
v (23) = N Y2 o a v (24) = '
AUhe T wazlinsildsunUamddlasumsshwmdndie T n1sfnwiluussvinsinenudn
ANNAYD MGMT overexpression Iurzgﬂ’m malignant  astrocytoma Tulsangruna
FIWNTUAINAY 31%  (R929A28N15803 immunohistochemistry)lagAladen1550aT 3
Wiy 11.9 Wwiau wazdniinisegsend 1 U uag 5 U Wiy 50% uaz 21% mua1su lag
J2de7iinanan1359aTInABLIALUINIIU AURAUNAYNI9TE UUUTE AL TAEE LaynIs
195un135nwAIgTEn1siied U1 MGMT overexpression Wilddinasianisegsendin

v | Y v o o (25)
SU@\TQU'JEJ LLagﬂ']im@‘l]au@ﬂm@ﬂ'ﬁiﬂ@q@jﬂﬂqLﬁﬁ‘U7 2

4 ¥
[ |d‘lil o

n13nsasUmarllagninanidlunisquagUlslasanignisandulalunisiden

Y

masne FsludUaeifianmsresnieudauss onglduniu wnlifinnssnwnanddnisanesd
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59uUA1T temozolomide  wad Aenalddndudasdinsia methylation status 2849
methylguaninemethyltransferase  Mn318 Tunenssiutiy lugUlgasengdaiin1sing
wuInstrgaivntaiiussandniniisulAsslanunisaiesedeg1anen n15nsa MGMT

status  "Huatursauungrelunisandula nanmelieaividndnsuiilesennd

. v A o U dylj Qlld . (26’28)
methylation ¥8¢ MGMT Wara1g39d@a@nsutdoeennid unmethylation Y83 MGMT

2.2.3 Global DNA methylation wazusLSe
NNIRTIANUNITANAIUDI5EAU DNA methylationluitleseniliaisuiuluiioauns
Yos03uazReiutudunsiuasunuadsediu epigenetics gnAunuaiuwsnglun1sfny

uzi5alunywd N13anaswes methylation Wudulngiinainnisiin hypomethylation w81

1%

§16U DNA 7ig19) fu wazn13 demethylation vasane DNA

Tumsimundullosenuziieaiu A1z hypomethylation vesdileutaiinunTudy

[y

° o ' 9 & , & o (29) o =
an UL&J@?@EJIiﬂﬂEJEJG] ‘W@,J'Ll’m’]ﬂL‘L!?N’e)ﬂﬁiiuﬂ’]‘lﬂgLu%NEJﬂN%L%\‘WlﬁJﬂ’ﬁQﬂa’m ﬂﬂg‘d.ﬂ’]‘W‘V]

a

= = Y , . A o 9 & (29)
E‘Uﬂ']‘W‘VI 4 wanensiuagulaIsEau eplgenetICSLiJf'JiJﬂ'ﬁWGNU’]GU’eNLuax‘i@ﬂilﬁlgﬂ

H-ras H-ras mutation p53
mutation duplication mutation

Normal skin Papilloma Epidermoid carcinoma Fusocellular carcinoma

[ | |
| | |

Clonal Malignant
expansion progression

5mC

CpG-island methylation

Altered histone modification pattern
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N1 global DNA hypomethylation WUFIUAU hypermethylation 483 CpG

o

. [y (30) v Aa . PR
islands  lavselulsausiie laeduiedfinnie  hypomethylation lunzisednlduud

Y]

AUFUNUS UmﬁwafmimkﬂmLL&JmmU'ga‘ml (31) luiilosenauesiu dnsdnwinne
global DNA methylation #18n159593 Long interspersed nuclear element-1 (LINE-1)
WU LINE-1 methylation lulilesenaues glioblastoma fiAtieaninlulilosonaues low-

grade glioma uagtileanssun® 59u9901g LINE-1 methylation Tulilesenaues low-grade

[y

glioma tay GBM tuliamnuduiusluiianiauiniu MGMT promoter hypermethylation

1 Y

SRRNWEGE

1Y

n9En@ lneAl r=0.335 uaﬂmﬂﬁé’ aWU31 LINE-1 methylation waaumﬂu
Hadeiidmansenissendin

N13613539 global level of DNA methylation ﬁ?uv‘iﬂﬁwmaﬁ'%wu

1. n9InseAU LINE-1 (Long interspersed nuclear element-1) methylation A2

&

35 pyrosequencing Iag LINE-1 fio DNA finulsvansyanszaneluiluy 4
Ustanal 18% voslusvasunyud Selianusndud 500 diuatuly Svlinsy
wihdiuduau”” nsTnsEsu LINE-1 methylation Tutlagiudadu surrogate
marker d1%3U global genomic methylation

2. M339 In vitro radiolabeled methyl incorporation assay #1%3U 5-
methylcytosine

3. 7% Immunohistochemistry (IHC) Inagfosnae monoclonal antibody Lﬁa@

S¥AU 5mc protein kagaasavilaain paraffin-embedded specimen

PNAITANWINUINNITATIANIYIS methyl incorporating assay Wag IHC @mnsalal

1%
=]

1un1901929 hypomethylation ¥83 DNA Tutilesenaiin squamous cell carcinoma 4 2 35

4) | 2 Y aa Y Ay aa = a | ' &
2619157M11 115919992875 HC UudTofAeausatUSaUgUaASAINLALIIENIT SIUNT
ausagIzdunsuanteenveslusiuluiiiesenansuazilioaussluiuiilainediy
a ~ ) P | Y N oA P = a - v aAa R
Wisusuiulaay  willdawdsfeatadeulusiulidfnnsessaundnlilavsvannis
WaguwUamie  epigenetics  MIWNA39  WARIBUINTFINAIMTUNIIATIT global  DNA

methylation Mdufgensueg1eningwi1e@en1snsaa LINE-1 methylation
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maty Msdnwliunesdudeyaiugiulunsfinwissdvea@iineweuilosenaues
GBM eviliitnlaunnuiigaduiilesenlusyau epigenetics suismNUFuRUSIRaTEAY
nsegsentinuaznsneuauaen TNy dwaunsainanldlunsiiennsinviimangay

dwiudilsudaze



unN 3

A5N15Aiun1sIvY

3.1 3UUUUNISAY

Wunsfnwiwuu descriptive studylae@nwianiuduiussyning MGMT promoter
methylation ae global DNA methylation SuaﬂLﬁJa\‘laﬂanm glioblastoma multiforme
3.2 52108U7599Y

naninulunIsAnaanUszyIng Lazaaeng

UszanseUivang (Target Population)

nnefagUleiiiesanaues glioblastoma multiforme

Usgnnsiildlunisfinw (Study Population)

e fUieiiiasenauss glioblastoma multiforme #ildsunisidadevilsmenua

AN

=Y

nauilunisAnidenyUaedin1sanw (Inclusion criteria)

1. JUaeiengdud 15 U duld vismewasnds
2. lgsunsitaduiilesonausy glioblastorna multiforme (WHO grade IV) 1ng
NANITATIANNNGITIN B UG

nailumsdniienyUieeanainnisany (Exclusion criteria)

Arenldansnsofnnuuileviseduieliaunsathun@nyniiudule

3.3 ANSATUIUTUINAIDEY

Wesndun1sAnwianuduius (correlation) 391935015 UIMIIUIUYTEVINT

lngldans
n= (Zg+ ZB)2
%{loge(ip )}2
(1-p)
n = 3UYTLVING
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MAUA @/2=0.05 Zqg = 1.64
B=02 Zg = 0.84
WUAlUgATINNNITANYIYDY Ohka UavAuy(32) fien spearman’s
correlation U849 global methylation wag MGMT promoter methylation
r=0.335
Fadlounuarlugns
=68

AINUNISANYININUA 68 ALY

3.4 MsliAflenudaliansnidlunsidy

o N57NANeLRIBNANDY GBM DaunNMiveIngnSIngkuaniy WHO 2007

a [ 1 ad S v & ! . = 1 =)
® LINE-1 LUBLaTUATIAE0 pyrosequencing 9ALUUNQH high LipLINNINUTE

WNAUIBYAT 68 I1NN1TANYIVDY Ohka LazAaly

o  MGMT lUslumasiusiatunsianie 2 35 Ae
1. MSP Tnatduuinuazau
. v = | = o v =
2. pyrosequencing Wkaulnilaunnmsewiniuiesay 22.7 21nA1sANYIUD9
L 21)
Christians LLagatly

3.5 N1SAIIUNITIY

3.5.1 Sun3euns

1. numuassanssuientulsa lioblastoma multiforme Hadefildsunisanuily
aunsnensallsa Jadelunisifalsaunsnszatsnazuuamidlunissnwlsnmuuinsgiu
Jaqdiu

2. 1@uslATITNnuiveY LLaS?JEJﬂ'NlILﬁuﬁﬁ@Uf\ﬂﬂﬂm%ﬂiillﬂ?i%%ﬂﬁiill
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3.5.2 Susndunisasiaduile

tiuilevenileenaues slioblastoma thuuen DNA Tagld QAMP DNA Mini kit
(Qiagen, Hilden, Germany) mufuuziIvem1aU3en uaziiield DNA fifiswedaiun
AATITAN epigenomic Aoty

N13¢1593 MGMT promoter methylation ﬁ?u%m';ﬁ]ﬁw 2 3% A® methylation
specific polymerase chain reaction (MSP) Wa¥33 pyrosequencing Tngagsreauandy
YovaruaIAaiuved methylation 7i CpG 5 GTWLLWlJ'\‘i‘ﬁE)ngUu MGMT promoter””

N135Us2LiU global DNA methylation Tuvinlneiansaameis pyrosequencing e
911 LINE-1 methylationm) 1wazdunluniANuIn

< v
3.6 NM3NUIIUIINUDYE

1. Lﬁma‘umm3’186?1@;3’ﬁ1§1’%’Uﬂ'1ﬁﬁ&15&1Lﬁaqaﬂammﬂﬁiﬁmmaimm FAUITUNIS
ShuflsameuIagansel AwusiouNns AN w.a. 2550 fafousuIAY W.A. 2555
I3 % g.J/ =l P2 2 ¥ o a a o v =
2. nudeyanniiawvssilvugUlsuenuaziiielu Tngganliun1sideduiinasly
wuududin (case record form) A YeyaiugiuresyUie, 91n1shaza1nN1shans, Snuay
989l5A, AWIUeFILSA, N1SNYALISU

v o

Aufeyatudetinnsradeunnnedousiugs

4. doyavavuavegidniunsfnuazgniuiinasuuiuuiuiin lneunUave-ana

3.

—

wardniudngsruuneniiumeslagld record number wagllsanisidigeyalaertuiin
Wity
3.7 M3nszidaya

FoyaidudsUsina agudoyalusuvesriade (Mean) mioAsisegiu (Median) way
mLﬁmwummgm (Standard deviation)

ToyarluiBenmunin agudeyalusuvesiovas (Percentage) uay dndiu
(Proportion)

mMswSsuiiisudeyasietiles (continuous data) 1435 Student’s t-test %3 Mann -

Whitney U test
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wlSsuisuteyaludangy (categorical data) 1435 Chi-square v3@ Fisher’s
exact test

LY v 6 ¥ a

nsmANduRusvestayadeUSunaldanduiusiiesdu (Pearson  correlation
coefficient) viyeavduiusssuiiadesuuy (Spearman’s rank correlation)

ﬁﬂw’m’liagﬂiiaﬂ (survival analysis) lags1891uaIY Kaplan-Meier curve e
AATILHANUUANAI9RIY log-rank test

Anwniladefidnasenisneinsallsalaonisld univariate way multivariate survival
analysis 8 Cox-proportional hazard model

Ingldszuy SPSS version 17.0 98¢ window lumsliasigiveya uaglun1siiasien

NINA Lo 1AUDIAMULANFANANTIAT p<0.05

3.8 Msiuauadaya

M1319 (Table) wazununil (Graph)

3.9 Usynimneasesssu

wé’nﬂaﬂmLﬂﬂiwiuQﬂﬂa (respect for person)
A =) a = =] PN /1 = o LY 1 [
ﬁaiﬂmﬂqitﬂﬂLN8%@%39LﬁﬂVﬂiQWﬂ?U?ﬁﬂaﬂaﬂiﬁliﬁuﬂﬂiﬂﬂqﬂﬂqﬂaUﬂaﬂaﬂﬁﬂUUu

dAey ToyarmualunisAnwldansnsadeundulugmssudigUaela

wann1shiuselewyd linaldinndunsie (beneficence/non-maleficence)

v
av a

- I = S & & 1= = A
\Heanmsfeilidunsfinuauiieilesenliiinnude iy
NaNAULATITY (justice)

I IS ¢ LY ¥ o a = ¢ ! !
A dinaunnsAndiuazeantdmau InsnseateanudesasnaUseleviagiai

I U
NYUNU
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NANISANEI

Tumsfnwilldduderniieildfunsidaduduiesenauesnalovaralpunly
Tssmenunagnasnsalsenineiudl 1 unsan w2550 9 31 Su2AL W.A.2555 Hauun 70
Fuangthe 70 9o 1umeme 45 919 (Gosay 64.3) wasinandl 25 518 (Goaz 35.7) Tng
fongadewiniu 54 T fihefilonglesiigauazinnitgalunsnwiviniy 15 O wag 87 U
AMEIRU (597 1)

AUredulvg (Seway 75) danmiranig (Performance status) aglusegsiu 0-1 M
W90 ECOG  (Eastern Cooperative Oncology Group) ﬁaummﬂmmﬁﬁ’lmémi
F0edelsn 3 Suduusnléun vanftswe (Gevax 25.7), ndunilogounss Gevar 21.4) uas
nsAsuuaemgingsu (Gesas 20.0) dmsusuniwesilosenatsnalovanalanny
Jufidiuve frontal lobe 29 518 ($osaz 41.4) uwas temporal lobe 25 518 (Sovay 35.7)
Fauandlupsei 1

$ovay 77 veatrslunsfnwilsiieeiisyfRidosenanesnieou tnefl 12 316

Usz iR low-grade glioma ey 4 5198UseI@ glioblastoma

M5 1 wansdnuaziugunillvesiUleiilesenauss GBM (n=70)

Age, median (min-max), years 54 (15-87)
Characteristics Number of patients (%)

Gender

Male 45 (64.3)

Female 25 (35.7)
ECOG

0-1 53 (75.7)

2-4 17 (24.3)
Clinical presentation

Headache 18 (25.7)

Weakness 15 (21.4)

Seizure 12 (17.1)
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Age, median (min-max), years 54 (15-87)
Characteristics Number of patients (%)
Behavioral change 14 (20.0)
Other 11 (15.7)
Location
Frontal lobe 29 (41.4)
Parietal lobe 16 (22.9)
Temporal lobe 25 (35.7)
Occipital lobe 6 (8.6)
Basal ganglia 6 (8.6)
Cerebellum 3(4.3)
Type of GBM
Primary 54 (77.1)
Secondary 12 (17.1)
Recurrent 4.(5.7)

91gvethelungu primary GBM denadegianiviniu 51.35+16.25 U nqu
secondary GBM fiAwadesvinfiu 49.58+12.84 Yuazlungy recurrent GBM aadueiytiay

Ngawiniu 38.50420.17 Unuaau Aauandlunisnei 2 wagnsini 1

M131 2 uansengvaiisuenmuvilailosenausd GBM

Primary GBM Secondary GBM Recurrent GBM
(n=54) (n=12) (n=4)
Age 51.35+16.25 49.58+12.84 38.50+20.17 p=0.30
Min-Max 15-87 29-67 16-57
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N5 1 uansengvesilsuenauyiiaiiiosenaues GBM

80—

60— .

95%Cl age

207

T T T
Primary GBM Secondary GBM Recurrent GBM

1ne51991 3 wudgUiedlug (fevar 90) lasunmsinwimenisidalagnisii

999N DINUNNAIUNTDODNINUA TEILA 7 S187ALASUNITHIFALRNIZUNTULLDNINGID

AUleeray 74 isunismneSidEnenaainmsiidn lnganatvesUsunnsdnlasuae 60

[
Y

198U 18 579

[

Gy nelu 30 Ass fuielasugualivndn temozolomide $aufiunisaesed
warilithenlasuguaivndn temozolomide vidamsanesad 19 euazgtie 1 eglasuen
wilUdn carmustine fUaenlasugaiivitn temozolomide MasufiuN1saeTadLay s

nsAnesadliee 12 578 Anlusesay 17

a o Y av Yo [ 1 aq
#1519 3 LLﬁVI\‘i"\]']U’JUT’QIJ"LJ'JEJ‘I/IVL@IiUﬂqiiﬂUﬂULLG]a&]ﬁ

Modalities Number of patients (%)

Extent of surgery

Biopsy 7(10)

Subtotal tumor resection 25 (35.7)

Gross tumor resection 38 (54.3)
Adjuvant radiation 52(74.3)

Dosage of radiation (median + IQR, Gy) 60 + 18
Adjuvant chemotherapy 20 (28.5)

IQR=interquartile range
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S¥AU LINE-1 methylation

TunsAnwiinuinAinatses LINE-1 methylation Winiuiesas 66.6 (IQR=9.6) 1y
Tungy primary GBM flAiedessiu LINE-1 methylation Winfudesay 66.0+6.79 na
secondary GBM fidadsiviniusesay 65.145.19 uazlunga recurrent GBM Srnadesedu

LINE-1 methylation WU 65.1246.17 muddiu fauandlumnsedl ¢ wazns i 2

d‘ U a U ! a dﬁl
A9 NN 4 WaRITEAU LINE-1 LUSLAYULUIN NI UAYDILUDIDNENDY

Primary GBM Secondary GBM Recurrent GBM p-value
(n=54) (n=12) (n=4)
%LINE-1
methylation 66.0+6.79 65.1+5.19 65.12+6.17 0.89
Min-Max 45.75-78.75 57.75-75.70 60.00-73.50
High LINE-1 25 (46.3%) 3 (25%) 3 (75%) 0.33
Low LINE-1 29 (53.7%) 9 (75%) 1 (25%)

AN 2 WaA95EAU LINE-1 lSiadunuanusianvedioianduad

&0.00

- 4

60.00—

40.00

95% CI LINE-1 methylation

20.00-

0.00 T T T
Primary GBM Secondary GBM Recurrent GEM
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Tumsfnuidneifeld@nuisedures LNE-L  methylation  Teaglddn LINE-1
methylation fiunniwiawinfudesas 68 (hish LINE-1 group) wazifeanindesas 68 (low
LINE-1 group) suiasldinnsseauuilunisinunouniives Ohka waveme ™ Tng
wuilunsAnuiigaslundy high LINE-1 $euay 41.4 Tnglungu secondary GBM fihe
dwlvey  (Sewaz 75) aglundu low LINE-1  wazlunsesafudnu gurediuluglungy
recurrent GBM (Seeiag 75) aglungy high LINE-1

MGMT promoter methylation

N13ANYY MGMT promoter methylation Tunsnunilld 2 33
- 7% methylation specific polymerase chain reaction (MSP) sreunaduy
methylation %38 unmethylation
- 3% pyrosequencing Y seunatludosazueints methylation fauansly
N5 3 T9pn cut-off value Tunsuszifing methylation MGMT promoter
ARALNNNIMIBLINAUSPBAaY 22.7 (methylation group) kazllouninouas
22.7 (unmethylation group) AMNNISANEIVBY Christians WazAUY ey
Falumsnwninuingd methylation group Alilnsafuannisnsiaviaesianavun 9
578 Tngnumnlgnisudenguaigds MSP dgUaelungu methylated MGMT 21 51¢ @n
Jufosaz 30 wazmnld3s pyrosequencing I§Uaelungu methylated MGMT 18 518 An
Hudesay 25.7 FsanadevonnBiadulungy methylated MGMT WU 46.53+16.1 1y

fungu unmethylated MGMT Wi1iU 7.86+5.9 (p<0.001) fan5197i 5

M1519 5 wanadruaugUlguumid MGMT TsluwmasiuSiatu

Methylated MGMT | Unmethylated MGMT | p-value

Pyrosequencing

N (%) 18/70 (25.7) 52/70 (74.3)
%MGMT promoter methylation 46.53+16.1 7.8645.9 <0.001
Min-Max 1.8-22.4 23.2-80.0

MSP (%) 21/70 (30) 49/70 (70)
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AN 3 LAnI58azYad MGMT TUSluLma5uSatuaINN15RIIAR1835 PSQ

90

80

70

60 H

50

40
MGMT

30

20

%MGMT promoter methylation

10
0 _||||||||||IIIII||||||||||||||||||||||||
1 4 7101316192225283134374043464952555861646770

Case number

lungy primary GBM gftheiiiesseray 20.4 aglungu methylated MGMT #inafiu

Y

Aurwdlngflungu secondary GBM (Seway 66.7) lagaduuansaiiiiyd

[y

ANRNGRE

Inelungu secondary GBM fifadusefiu MGMT promoter methylation qaﬁqm WAy
Jewar 41.01+25.17 lungu recurrent GBM uwaw primary GBM fidadesyiu MGMT
promoter methylation WU 14.60+12.2¢ uay 12.88+14.35 mudsu Jaunnsnseead

LY

Hod 1Ay 9ata p<0.001 ALandlunIs199 6 LaznT Wi 4

AN5197 6 hEARITEAU MGMT TUSIURDS S AT URUIMUIRAYDULLDIDNEUD

Primary GBM Secondary Recurrent p-value
(n=54) GBM GBM
(n=12) (n=4)

Pyrosequencing
%MGMT promoter methylation | 12.88+14.35 41.01+25.17 14.60+12.24 <0.001
Min-Max

MSP 1.8-61.4 1.8-80.0 2.0-29.8
Methylated MGMT
Unmethylated MGMT 11 (20.4%) 8 (66.7%) 2 (50%) 0.03

43 (79.6%) 4 (33.3%) 2 (50%)
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NN 4 wanaseau MGMT TUSlumasiuSiatuainnisnsianieds PSQ wusmusinvadile

NRIAGERN

95% Cl %MGMT methylation

60.00-

S0.007

40.00-

30.00-

20.007

10.00-

0.00-

-10.00

T
Primary GBM

T
Secondary GBEM

T
Recurrent GBEM

ANEUNWS LI LINE-1 methylation uag MGMT promoter methylation

dlothundinszsiauduiussening LINE-1 methylation wag MGMT methylation

o w

wulifiauduiussznineamsaedlagai r=0.094 lufidudAgneads p=0.44 (n31M9 5)

N5IMT 5 AudLRLSSEWIN LINE-1 methylation waz MGMT promoter methylation

20—

=
[=]

1
ol

%LINE1 methylation
i
0
0

S0 o

R2 Linear = 0.001

40

20

40
Y%MGMT methylation

60

a0
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Wekenimszvnurinvesidosonduosnudn Tulllesenauss primary  GBM
AUAUNUSIENING LINE-1 methylation wag MGMT methylation fiismslulunisuan

r=0.189 ualifitud1Agyneads p=0.17 (1519 6) Tunenssdudn Tuiilesonaues

secondary GBM AMu&NRUSTENRINe LINE-1 methylation Wway MGMT methylation &

AaneluTunisau r=-0.245, p=0.44 (N5 7)

N5 6 waRIAUELRLSSEWIN9 LINE-1 methylation wag MGMT promoter methylation

Tuillosenauss primary GBM Wag secondary GBM muanay

Primary GEM

50.007 =
o o
o
& °
o

= 70.00 % ° OO ° °
s S és) °
=
= @ Oo o
£
] o °
£ Co o
- -
Wy 5000 o o o o o
= o o°
= Q
5 2
=

50.00] o

2 -
o R< Linear = 0.024
40.00 T T T T
ulu] 20.00 40.00 60.00

%MGMT promoter methylation



28

A5WT 7 waneALELRLSIEIIN LINE-1 methylation way MGMT promoter methylation

luillosenauss primary GBM Way secondary GBM mIuaay

Secondary GBM

80.00-
_ (o]
75.00-
=
o
E
£
4= 70.00] o
E
= o o
[T] (=
= = o
= - (=]
5 6500
o
50.00] =l
R2 Linear = 0.035
o o
55.00 T T T T T
00 20.00 40.00 50.00 80.00

%MGMT promoter methylation

Soutanguiiaemmen LINE-1 methylation $19iu wuin the 41 519 dmeglu
nau low LINE-1 uag 29 s1gdneglungy high LINE-1 INANTI 3 WU &y high LINE-1
fidaduvosfinedienguinnin 40 wag ECOG performance status 2-4 3nningy low
LINE-1 LLﬁlﬂﬁﬁﬂﬁﬁﬁ@%Nﬂﬁaﬁ p=0.06 ag p=0.27 AIUFIAY

Sloutsnguiaeam MGMT promoter methylation $833 MSP wui1 £ty 49
518 dnoglungu unmethylation wag 21 s18dnoglungy methylation 915187 7 WU
ndu  methylation ﬁﬁmﬁamaﬂﬁﬂwﬁﬁﬂizi’&ﬁuﬁmaﬂammLLaz ECOG performance

o

status 2-4 1NNI1NRY unmethylation agnefifudnAuvneadif p=0.004 uay p=0.018

o w

o v Ao 1 v PN 1 1 1 . UG
AU U @ﬁ’JU?JEJQEUJU’JEJVIEJWQQJWﬂﬂ'JW 40 HINNINN[A unmethylation LLG]VLMMUEJﬁ’IWZUle’N

adff p=0.15
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AT 7 UERIANNFLRUS IS N BalEN9AATtinwe153IMe (clinicopathologic factors)

AUTEAUVDY LINE-1 methylation kag MGMT promoter methylation

LINE-1 methylation MGMT promoter methylation status
Clinical variables Low (<68%) High (>68%) Unmethylation Methy-lation
p-value p-value
n=41 n=29 n=49 n=21
Gender
Male 58.5% 72.4% 0.23 69.4% 52.4% 0.17
Female 41.5% 27.6% 30.6% 47.6%
History of brain tumor
None 70.7% 86.2% 0.13 87.8% 52.4% 0.004*
Low-grade glioma/GBM 29.3% 13.8% 12.2% 47.6%
Clinical presentation
Headache 24.8% 27.6% 0.76 32.7% 9.5% 0.042*
Weakness 19.5% 24.1% 0.64 22.4% 19.0% 1.0
Seizure 19.5% 13.8% 0.75 10.2% 33.3% 0.034*
Behavioral change 17.1% 24.1% 0.47 26.5% 4.8% 0.05
Other 14.6% 17.2% 1.00 12.2% 23.8% 0.29
Age
48.1 585 0.14
Mean 48.5 54.5 0.15
<40 years 34.1% 13.8% 0.06 30.6% 14.3% 0.15
>40 years 65.9% 86.2% 69.4% 85.7%
ECOG
0-1 80.5% 69% 0.27 83.7% 57.1% 0.018*
2-4 19.5% 31% 16.3% 42.9%
Adjuvant chemotherapy
Yes 24.4% 31% 0.54 77.6% 61.9% 0.18
No 75.6% 69% 22.4% 38.1%
Adjuvant radiation
Yes 70.7% 79.3% 0.42 73.5% 76.2% 0.81
No 29.3% 20.7% 26.5 23.8%

*significant, p<0.05

158838730 (Survival)

lugheviamueiia1na1avedlsailsunien1segsendin (progression-free survival)

WU 7.3 1Reu (95%CI 5.45-9.14) UazAINANYBINTTBYTaATIN (overall survival) Wiy
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9.57 Wity (95%CI 6.83-12.30) Inednsmsegsendingl 1 Juay 2 U wirifufesay 42.9 uay
15.4 auany

Tunisinwilaiinszitadensddnuaziadens epigenetics ﬁdamasiamiagui
sontinveUelagldadi logrank test Wui1 ECOG performance status 0-1 M3Asy
n1saeseduarenaiividandinsiidaiinnuduiusiunisedsentinegreildedrfAgymia
adf (p=0.022, p<0.001 ag p=0.04 AIUAIAV)

mawtstheitiesenaussnalovanalmnifunds high LINE-1 uag low LINE-1 Wy
lungu Low LINE-1 fiA1na1an1558a33ngen3ngy high LINE-1 nan3da 9.97 Whsuiilguriu

9.20 WoUMNETU HR 0.97 p-value=0.90 Fauandlunnseil 8 uazns i 8 Taglu 6 Wieu

wag 1 Tusniiu dnsinisegsendinvesrthelungu Low LINE-1 gendtlungy High LINE-1

M3199 8 LARINITBLTONTINUUIMINTEAU LINE-1 uiSiady

LINE-1 methylation

Variable Low (<68%) High (>68%)
n=41 n=29
Median overall survival (mo) 9.97 (7.17-12.76) 9.20 (6.04-12.37)

Overall survival (%)

At 6 months 73.2 62.1
At 12 months 43.9 41.4
At 18 months 20.7 259

At 24 months 14.8 16.2




N5 7 8 uaninisegsentinvesienilovanalaanuuinusyau LINE-1 wiiaduy

Survival Functions

0.5

0.5 T

0.2

Overall survival

0.0

T
0.00 20.00

T T
60.00 G0.00

Months after initial surgery

LIMNE-1 methylation
—Loww
“THigh
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msuuseilesenaueanalovanalaundungy unmethylated uay methylated

MGMT lagd8 MSP wuid1 lungu methylated MGMT iAIna1en135eningeninngy

unmethylated MGMT na1iAe 9.97 wmpuilsuiyu 9.57 aumiuaisiu HR 0.816 p-

value=0.48 Aauandlumsed 9 wasnsiin 9 lagdnsinissentinlungy methylated

MGMT aandbumnyianian

MTNN 9 UERINTOLTOATINLUINNTEAU MGMT TUslamasiusiatusieis MsP

Variable

MGMT promoter methylation

Unmethylated
n=49

Methylated
n=21

Median overall survival (mo)
Overall survival (%)

At 6 months

At 12 months

At 18 months

At 24 months

9.57 (8.06-11.08)

67.3
42.9
19.3
11.6

9.97 (4.93-15.00)

71.4
42.9
30.6
24.5
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N3N 9 uanansegsentinvesthendlovaralauuianusysiu MGMT lUslumesiusia

FUAILIT MSP

Survival Functions

] MGMT promoter
1o 111 methylation

1 — T Unmethylated
1 Methylated
0.8 ) !

0.6

Overall survival

0.2+

T T T T T
0.00 20.00 40.00 60.00 S0.00 100.00

Months after initial surgery

Tunensaffudn doudsfiaeidosenaussnalovatalaundungy unmethylated
wag methylated MGMT 1ng38 pyrosequencing lagld cut-off value fi%ovay 22.7 wu
Tungu methylated MGMT fiAnansnissendininiings unmethylated MGMT na1ide
7.10 Wowfleuiu 9.57 Weunudidu HR 1.10 pvalue=0.74 fawanslumsnadi 10 uas

N5 7 10 lngdnsn1ssentiingeninlu 6 1hew uag 1 Tusn

M13N7 10 wanenisegsentinvasrthendlauatalauiuiamnusedu MGMT lUslumesius

laTuUn83s PSQ

MGMT promoter methylation
Variable Unmethylated Methylated

n=49 n=21

Median overall survival (mo) 9.57(6.43-12.71) 7.10 (1.07-13.13)

Overall survival (%)

At 6 months 71.2 61.1
At 12 months 44.2 38.9
At 18 months 22.2 233
At 24 months 15.2 15.6
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N3N 10 wansnisegsentinvesiUindlauaalauuumusedu MGMT Wslumesiudia

FuAEIs PSQ

Survival Functions

104 MGMT promoter
b methylation status by
1 pyrosequencing

0.8

0.6+

Overall survival

0.27]

0.0

T T
20.00 40.00

T T
50.00 80.00

Meonths after initial surgery

HewdsUheliesenanendlovatalaundu 4

T
100.00

NRUAIYTEAY LINE-1

—Unmethylated MGMT
Methylated MGMT

b

methylation ¥8¢ MGMT fe38 MSP wuin Tungu methylated MGMT wag low LINE-1 3

AINANNNTTRAYINGS

o a 1

OATINAINEN NANIA

9

WAAIIUMISI9T 11

=

Ngn Lhag Ny

9

M5N 11 UARINNTBYTATINANUTEAU LINE-1 Wag methylation 984 MGMT

31 unmethylated MGMT uag high LINE-1 #@A1na19n13

9 11.53 Whoueuiu 8.50 Woumuaau HR 0.34 p-value=0.56 #4

Variable Unmethylated Methylated Unmethylated Methylate
MGMT & low LINE-1 MGMT & low MGMT & high d MGMT &
n=29 LINE-1 LINE-1 high LINE-1
n=12 n=20 n=9
Median overall survival 9.57 11.53 8.50 9.20
(mo) (8.69-10.45) (0.00-24.24) (0.00-18.51) (6.83-12.22)
Overall survival (%)
At 6 months 72.4 75.0 60.0 66.7
At 12 months 41.4 50.0 45.0 33.3
At 18 months 17.2 30.0 233 33.3
At 24 months 8.6 30.0 15.6 16.7
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Fofasanfstadeifinadonisedsentinvesiihedosonanamnilovaralnuilag
multivariable analysis Wu21 low LINE-1 methylation unmethylated MGMT mqﬂﬂ’sﬁl
Woend1 40 Y ECOG  performance status 0-1 Haduduiusiunisegsendinueluill
wadd luvaesfinisldsunisane Ssduazenaiitidandnsiifadinnuduiusiunis

9g59n T Ineg 19l lydAyNeanAn p=0.007 wag p<0.001 MUAWU (1151991 12)

M1397 12 uansladenilnadonissentinvesUieilotonauss GBM

Variables Hazard ratio 95% ClI p-value
LINE1 methylation (low<68%) 0.83 0.48-1.44 0.50
MGMT status (methylated) 1.03 0.52-2.01 0.94
Age (< 40 years) 0.84 0.45-1.58 0.59
ECOG performance status (0-1) 0.51 0.26-1.01 0.05
Adjuvant chemotherapy 0.34 0.15-0.74 0.007*
Adjuvant radiation 0.25 0.13-0.47 <0.001*

*significant, p<0.05



unN 5

2AUTEHa d5UNANTIIRY LazUalauauue

5.1 9AUS18NANT5IY

5.1.1 dnunsiugiuvesUssrnaiifnm

faelunsdnunilusenaudediaeilieeivsy idesenaussundeu 54 e &
Use TR low-grade glioma 12 518uay JUseR glioblastoma 4 518 1Wuwavie 45 518 (58
ar 64.3) wazwevdl 25 18 (Gesay 35.7) lnsflongiadewiiiu 54 U Geaenndosiy

= . (35) = = & v | =
N13ANwIuee Puddhikarant wazauy  @efnwiiesen GBM Tugiielng wuitenywnde

' '
= o A

Wiy 51.9 U feindmaesenulinnnsfinesinelssme angvesdtislungy primary

GBM  fidndugefigauinidy 51.35+16.25 U ngu secondary GBM  fAadeiyiify

L |

14 a - “T_J

19.58+12.84 Yuaylungy recurent  GBM  fdnindserytesiigavinfu 38.50+20.17

q

o v o= Yy o = . 8) « i =
AIUAINU YIFDAAADINUNITANYIVDY Ohgaki LazAady  NWUIN secondary GBM aginng

o

WAedng primary GBM fe 45 U wisufiu 62 J

AUledulng (Seway 75) Tan1msene (performance status, PS) agluszeu 0-1
AALNUTIYBY ECOG (Eastern Cooperative Oncology Group) LWi’lzﬁ’JﬂM@LﬂUﬁﬂ%ﬂﬁ
lasunsenen Lﬁaamﬂmmsﬁlumiﬁﬂmﬁaﬁﬂaaﬁﬁs‘ﬁumﬂlaamm

5.1.2 AuduWUSENINe LINE-1 wiStady waz MGMT TusTumesudiaduluile
30ndUa9 GBM

nnsFnEEnUIliid e duiussEning LINE-1 wiiadunas MGMT Tuslames
wiaduluilosenaues GBM  Tawen r=0.094 liflied fayn1eadi p=0.44 umnsneiy
msAnwluefinues Ohka wavane' AdnwAuduRLSSEndne LINE-1  witaduuas
MGMT  Tdslumeswdiadu wuinluiiesenauenia low-grade glioma way GBM il

AUAUNUYSTEMING LINE-1  wiSiadukas MGMT  TUsluwmasiuSaduluianianeany

(r=0.335, p<0.001)
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wiilouenfinnsaniany primary GBM thinuin Auduiugsening LINE-1 wiSia
Funway MGMT  TuslumesiuSiaduidululuiianisuin waiimauduiusides r=0.189
A9nAABINUNIIANEITD Ohka LazAnE

5.1.3 32dU LINE-1 wiiadu uaz MGMT 1Uslumaslawasiusiatuluguielsa
GBM

mndeyalunsfinuinuisnansres LNE-Lisiaduiuaonadastunisinuves
Ohka uazaniz Aeseuay66.6 Wieuiudasay 67.6 mMuady mniasanmusiaveuie

39NAUDY GBM WUAULANAIIADIUNISANT N UAMULANANGTEAIN952A U9 LINE-1LUS

[
&Y

L@ 5¥1I19 primary secondary %39 recurrent GBM Wsilun15Ane19es Ohka wagAmuztiu
WUITEAUVEY LINE-1 wiadulu primary GBM 1ugindn secondary GBM usiiitadniinse
TunsAnwves Ohka wavAuzty Jillesengduos secondary GBM Lies 3 518 @9013vlA
nsulanadimnuaainndouls

nnsAnwluefanuIilesenduss GBM Hetu1nsi9a1838 MSP Uy 2ginns

Y] s o v (6, 20, 36) = o Y P &
wStatuvesluslumesues MGMT Busesay 22-47.5 FagonnansiunsAnwil e
NUMHANSUSaTUTDIMGMT luslumesdunsesas 30 wavilefarsaunuenauvinueaile
sonaussnuIlulliesenauss secondary GBM finisiusiaduvesluslumesvos MGMT 8u
X . = 1% ) = a (37, 38)

1NNILleIeNaNes primary GBM fsgenndesiun1sdnuiluafn

1ilanT19ME35 pyrosequencing Wunilely cut-point Neway 22.7 lkthednagly
nau methylated MGMT 3Feway 25.7 lagAuafsvesszaudiatulungu methylated
MGMT wag unmethylated MGMT 111U 46.58 Lag 7.86 MUAIAU F9@8AARBINU

~ , (39)

NMSANYIVY Kim Wazany

Wensnamuviinveuilosengusinuiisesumsiaturess MGMT WWslumesduluiile
38NaNed secondary GBM tluganiniilesanaued primary GBM egsilladfgynieaiia
FEAUNGIaTUTRIMGMT  Tuslumesdulunisfnwiidvislu primary wag secondary GBM
TnaiAeaiun1sAnw1ves Ohka wazAeg

5.1.4 AMUFUNUSTENIN9 LINE-1 sStadu waz MGMT Usluwmaslawasiusiatu

san1snensallsalugUaelsn GBM
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LINE-1 wiSiatu

loldricut-off 7 $ovaz 68 ngu LINE-1 wiadumildnarinissendingeniingu
LINE-1 widiafugadnties Ae 9.97 ieuiiiouiiu 9.20 1fiou HR 0.97 p-value=0.90 Fsls]
gonndesiunsinurouniii anmsAnwives Ohka wazaae wuinluiiesenauesiin
primary GBM ifu A1 LINE-1  iwiaduiigadufuilidovsvonnisneinsallsndia uagly
A15ANY meta-analysis 109 Li wazanz " dsdnwmanginaveamouslaluusiaduluie
sonuilnfne Fesuiletenaues GBM fetu naduludnvamiieatu fe Tnaveafowsls
TWuidaduduiussunmssendindishniy

o

Wasnlums@nwlduugUiedesuaziUleneglunay LINE-1 uSiatugadiuy
Ingyfitadonisnensallsadus Augnin e1avinlinaves LINE-1 wSiadusanisneinsallsa
ulddaau

MGMT TUslanasiusiadu

Tun1s@nwrsl MGMT TUsluwasiusiaduluiinananisnensailsaiinsanauss GBM
1 1 % o = . (6) 1 U dill d' Vo
waligenadesiunsfinyives Hegi wagany  nultlugUheiiotonauss GBM #lasuns
Shweienisanesidnazen temozolomide 1w MGMT TusluwmasiuSiatwdutladenuauen
= a1 [ g . < o A = 6
9N19MUAURIARBNNSSNEN (Predictive factor) waziluidadeNuiuandanisneinsailsa
(Prognostic factor) Mg e
= (32) 1 I a [ I [
TunnsAnw1ves Ohka wazAmz  wuidl MGMT TUsluwesiuSatuidudade

° v aa

nen3ailsAfia usiledasedt multivariate analysis liflfaddoynsadn

1ae38 MSP - wud1 lungu methylated MGMT  ANANN1550ATINGINIING
unmethylated MGMT n@12f0 9.97 Lhouiguiy 9.57 1haun1uaIau HR 0.816 p-
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Demographic and clinical data

1. Code NO oo,
2. Age . years
3. Sex 0O 1. Male O 2. Female

4. Underlying disease

O 1. DM O 2. HT O 3. CKD O 4. Other ..o

5. Date of diagnosis .......cccoeeeeeiriiennnnn.
6. ECOG performance status
0o 01 LY O3
7. Presenting symptoms
O 1. Headache O 2. Weakness
O 4. Behavioural change O 5. Other ..

8. Location of tumor

O 1. Frontal O 2. Parietal

O 4. Occipital O 5. Basal ganglia

O 7. Brainstem O 8. Other ..o,
Treatment

9. Extent of surgery

O 1. Biopsy 0O 2. Complete resection

10. Adjuvant radiation

04

O 3. Seizure

0O 3. Temporal

O 6. Cerebellum

O 3. Partial resection

O 1. No O 2.Yes Dosage of radiation .......ccceeue.e.. Gy

Number of fractions .....cccee.......

Duration of radiation ....ccceceeue...... weeks



11. Concurrent Chemotherapy
O 1. No O 2. Temozolomide
11.1 Duration of therapy (TM2)............ days
12. Adjuvant chemotherapy
O 1. No O 2.BCNU O 3. Temozolomide
12.1 Number of cycles .........
13. Salvage therapy
O 1. Surgery O 2. Radiation O 3. Chemotherapy

Molecular study

14. LINE-1 methylation .....cccoceeveeiennee.
15. MGMT hypermethylation .......ccccovevnninene.
Disease status

16. Date of progression .........eoeiveneeenenns

17. Date of death oo
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DNA extraction and bisulfite treatment

To ensure high tumour DNA content, FFPE tissue sections were stained with
H&E and histologically examined by an experienced neuropathologist (S.
Shuangshoti). Sections showing a tumour cell content of more than 80% were
directly subjected to DNA extraction, while on sections with adjacent non-neoplastic
tissue, the tumour portion was microdissected and further processed. Extraction of
genomic DNA was performed using the QlAamp DNA Mini Kit (Qiagen, Hilden,
Germany) and quantified with a NanoDrop ND-1000 (PeglLab, Erlangen, Germany).
Four hundred nanograms of DNA samples were subjected to bisulfite treatment using
the EZ DNA Methylation Kit (Zymo Research). We used Epitect control DNA
Methylated (QIAGEN) and Epitect control DNA Unmethylated (QIAGEN) as controls.
The bisulfite-treated DNA was used for MSP and PSQ. The efficiency of the bisulfite
conversion was checked by analysing the control DNA by pyrosequencing.
MGMT Methylation-specific polymerase chain reaction (MSP)

The two primer sets established by Esteller et al. for MSP of MGMT [2] were
5’-TTTCGACGTTCGTAGGTTTTCGC-3’ (forward primer) and 5’-
GCACTCTTCCGAAAACGAAACG-3’ (reverse primer) for methylated template detection

(Methylation primers, product length 81 bp; Figure 1, purple bars) and 5’-

[TTGTGTTTTGATGTTTGTAGGTTTTTGT-3’ (forward primer) and 5-
AACTCCACACTCTTCCAAAAACAAAACA-3’ (reverse primer) for unmethylated template
detection (Unmethylation primers, product length 93 bp; Figure 1, mint bars). The
PCR was performed in a total volume of 20 ul containing 0.5U of AmpliTag Gold DNA
polymerase (Applied Biosystems), 0.4 uM of the respective forward and reverse

primer (10 uM), and 40 ng bisulfite treated template DNA. The PCR program was
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95°C for 10 min, then 40 cycles of 95°C for 1 min, 65°C for 1 min and 72°C for 1

min, followed by a final step at 72°C for 7 min. PCR reactions with Epitect control
DNA Methylated (QIAGEN), with Epitect control DNA Unmethylated (QIAGEN), and
without any DNA (Contamination control) were included as controls. PCR products
were separated on 8% polyacrylamide gel. For a qualitative assessment, images of
the polyacrylamide gels were analysed with Quantity One software (Bio-Rad). A
visible methylation primer band indicated a positive methylation status, whereas
absence of a methylation primer MSP product was evaluated as a negative
methylation status and visible unmethylation primer band indicated a positive

unmethylation status.
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MGMT Pyrosequencing (PSQ)

PSQ was performed on a PyroMark Q24 (QIAGEN) with a set of primers 5’-
TTTYGGATATGTTGGGATAGTT-3’ (forward primer), 5’-
CCCAAACACTCACCAAATCRCAAAC-3’ (reverse primer) and pyrosequencing primer 5’-
GTTGGGATAGTTYGYGTTTTTAGAA-3" . The primer set covers a region of the MGMT
promoter located at the start of the first exon (Figure 1, dark blue box), which is
adjacent to the region that is covered by the MSP primers. The PCR was performed
by using PyroMark PCR Kit (QIAGEN) in a total volume of 25 pl, containing 0.24 uM of
each PCR primer (10 uM), and 40 ng of bisulfite-treated template DNA. The PCR
cycling program was composed of an initial activation step at 95°C for 10 min,
followed by 45 cycles of denaturation at 95°C for 20 s, annealing at 53°C for 30 s
and elongation at 72°C for 20 s. The program was finished by a final elongation step
at 72°C for 7 min. PCR products were visualized by gel electrophoresis, and were
subjected to the PSQ. DNA was mixed with streptavidin-coated sepharose beads,

followed by strand separation and washing utilising the vacuum prep tool (QIAGEN).
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The single-stranded DNA bound to the sepharose beads was mixed with 25 ul of 0.3

MM sequencing primer solution, heated to 80°C for 2 min and then cooled down
(annealing) to room temperature for 5 min. For the sequencing reaction PyroMark
Gold reagents were used (QIAGEN). The sequencing results were analysed using the
PSQ PyroMark software (QIAGEN). As controls, Epitect control DNA Methylated
(positive methylation control; QIAGEN) and Epitect control DNA Unmethylated
(unmethylation control; QIAGEN) were included in the assay, as well as a reaction
without any template DNA (contamination control). Pyrograms of the control DNA

were analysed to confirm complete bisulfite conversion.

- ° I = = (21
sUN M7 7 wans MGMT Wslumeslasuanssunisves CpG Mldlunisdny

MGMT:

1 2 3 4 5
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5GCTTCTGTAAAGTCCCCATCTCCAAATAAGGTCACATTG GGACACAA

TTCAACTCCTAATAACGTCCACACAACC GGCACC
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LINE-1 PYROSEQUENCING

Methylation analysis of LINE-1 was investigated using a pyrosequencing based
methylation analysis. We used PyroMark PCR Kit with 0.2 uM of the forward primer
(5’-TTTTGAGTTAGGTGTGGGATATA-3’), 0.2 uM of the reverse-biotinylated primer (5’-
AAAATCAAAAAATTCCCTTTC-3’) and 60 ng of bisulfite-treated genomic DNA. PCR
cycling conditions were 95°C for 15 min, followed by 45 cycles of 95°C for 30
sec, 56°C for 30 sec, 72°C for 50 sec and final extension 72°C for 10 min. The
biotinylated PCR products were sequenced by Pyrosequencing PyroMark
Q24 (QIAGEN). The pyrosequencing primer was 5’-AGTTAGGTGTGGGATATAGT-3" and

the nucleotide dispensation order was 5’-ACTCAGTGTGTCAGTCAGTTAGTCTG-3’.
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