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Abstract:
Received :2022/10/2 TWIST2 is a transcription factor that regulates events essential for
Accepted:2023/1/15 embryogenesis, tumor development, and metastasis. Studies have identified

@@@ DNA methylation as one of the epigenetic changes responsible for TWIST2
@ gene expression regulation, so it is important to study TWIST2 methylation

changes in cancer cells. Analyzing DNA methylation by conventional

Copyright: Damascus methods is a time and effort consuming procedure.
Url;]versn){— _Sytrt:a, The In this study, we designed an assay and primers to study the methylation of
authors retain the 14 CpG sites in the TWIST2 gene based on MethylScreen technology. We

copyright under a

CC BY- NC-SA also optimized the detection reaction conditions and tested the validity of

this assay in ovarian cancer SK-OV-3 and A2780 cell lines. Gene expression
changes in the two cell lines were also studied by qPCR.

Our results indicated that the designed primers give a single 151 bp
amplicon. The optimal annealing temperature of these primers is 60 °C.
Tested primers were able to amplify 50ng of DNA in the early gPCR
reaction. The results also showed that the TWIST2 gene was not methylated
in SK-OV-3 cells, While the percentage of methylation of the studied region
increased in A2780 cells, it was 3.7% hypermethylated, 88.5%
intermediately methylated, and 7.8% unmethylated. Increased Methylation
in A2780 cells was associated with a 0.05-fold decrease in gene expression
when compared to SK-OV-3 cells.

We conclude that the designed test can be used to determine the methylation
of the TWIST2 gene, in a relatively short period of time and at a lower cost
compared to the traditional methods.

Key words: DNA Methylation, TWIST2, Methylscreen Assay, Qpcr,
Ovarian Cancer.
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1daadal)

Dl et (1] dugel) Slleal) (e el A S A8 (38 AN aaf (e (DNA methylation) DNA alae s
e Abxdlaally ([4] (imprinting) Aysell auadll ([3] (transposable elements) AdGY) juabiall cilSuly 2] (Jysal
st L [7] (genome stability) asuall Dbl Je &y ([6 5] (X-inactivation) culudill &) (sal X rual) avis
CpG L =35 s (CG-rich regions) oalse— cuisimd) il o € by al) sl 8 Wl DNA Al
d5)0 2335 CpG s &t Lg3sS llysall (0 70% & (promoter regions) sacasdll dikaic iy «(CpG islands)
e el ok ) DNA Aliie 3 <l Sigin sy [8, 9] Lajund (ssiesa s cllysall il Agguligll Allad) ) jad) s Al
o el Ol Uyl ysking Aliall s G (3l Ll V) 138 iy L ualll) e sl el S el
Adholl (s Sad) e IS 3 leahaiad Jal e Alge AAS @) Gubill AW asjus dules Buos CadS il
qualitative ) &) yoaaall e 508 Gyla : M DNA dlie waad 8 dexdiedl GHlal) andy - Y1 aiiy pasiilly
akias . (qualitative and quantitative DNA methylation analysis) las SNy A aaail) e 3308 3,k (analysis
I diph @bl oda e lgiliie 40 e laill Cipen Aliiadll Giliacanal e dliieall e clacasall jua LaS) Gkl
Adiaall Hlgat¥) Jilas Jie (MSP-derived techniques) leie dadall (3yklls [10] (Methylation Specific PCR) MSP
Ao e waas aolioad LSl @)kl Wl L[11] (melting curve analysis based MSP -MCA-MSP) MSP JI
Ll aladiul agiall mws ik o(bisulfite-sequencing) cuilud) salas Aallaall e Aalal) Al Sl (gpne Jedes
methylation ) MS-MLPA I 4z,k [12] (restriction landmark genomic scanning, RLGS) il au_;)ﬁ adlgal WDl
Cutlua) gt e dlidl CaiS Gyl el agiang [13] (specific multiplex ligation-dependent probe amplification
dllug MethyLight 5 MSP—methylation-specific PCR  Jis dliedl e pjgud) SYLAL bisulfite conversion
an g Gaanag dgally cdgll e AN cudland) Jigas didee @rans (Klg [14 ¢10] Bisulfite sequencing cuélued)
151 Coatl ) diee o) Guiysisad) e Jagal Jitb e 3a3l oUadY)

Al gilsall 8 CPG ja Alital (oS ypanilly Gulasal) C23SIL oS PCR g (i Loxie MethylScreen 4l s
B ke amd hlee (3 Lgalasialy Alnal) Loldely Alsall dulea 2 loyl Jle MethylScreen 4 s .[16]
(Methylation Dependent Restriction Enzyme- MDRE) dliall e adiadl auail) w’ﬁ bl el Cus Ldag33ag
sy yaall Aalaiall b Basmsall bl BES Jon Alin) logles pgiy AASH clplagY) sl 3 LAY aea b
Ll oda aaied VY LAl Alle Lopjedl VLl 3 gulall ALy dllady Ay da)la MethylScreen dils i
el 255 o DNA (e AL e e RESH clals zmans oo euslasl) isad e

(EMT- Epithelial = adilnd) ledall Jsailly cabs¥) ol adati (3 age 90 4l o Jale TWIST2 aa
Gslealll adll Gaaliamnl & AUl (S8 guasase At TWIST2 (pall @\ &5 .[17] Mesenchymal Transition)
Gl e paliad) Lasyy LS [19 18] Abluall Aug3 Aaglaall aaat 3 550 aly dlall (golaall) pall (mliagly csajall
Gl Smed o Lyl i L [20] @liwgyll phgl A o) Gasasal Al CPG s b Alie 35a5 ae TWIST2
bai pe g o D) dale gl o uall gl e panall Gl (8 LR Gl saae dale 22y TWIST2
ol Gl lajes daglie ant B caludly aga )50 A TWIST2 of alajs Wang ekl .[21, 22] asdiline (50l
oo Ty bt ey SLasl) #3l agladly C13K sl lajw Ga Gadall ) glall 2l oy Jlaesl
[23] TWIST2 cpall
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réial) Casal

o2 i ad 1Y ddbdal lillyadl 8 TWIST2 cpall dlie CadS dllady dasjes diyh g doedl (au Lae oy
Cuslall cplasll 8 MethylScreen dapkh e slaeYL TWIST2 (pal/ (avase dlie aiS) jladl el ) )
cstiall el CPG 3e Alie Alls dasyy Gianall (lajes (e (el A2780 5 SK-OV-3

) i

:Methylscreen iizuk s AldeY L dlial) (RES jlaay aliall psadis TWIST2 () ‘,.°. CpGs s il _':{i\
il ol i) aadns Jlly Methylscreen danh e alaeYL TWIST2 (s (acasad dlidl dlls cadas
Al salaiel 2w ayils (Ms- Methylation Sensitive) Aol (ulus aui ails acagll a0 4254l DNA S il
0o el zhanuls gl daill CpG 1 o dliie dulpy el Gl e Gl &5 .(Md- Methylation Dependent)
CpG _j» adlsa sl Sy .(National Center for Biotechnology Information, USA) NCBI JI bl sacl
alaaiuls (transcription start site, tss) cuall el edy aBga (10 laxa 1000 bp 25as et Ceall Gaana A sasasall
Lilasladl) agadd £ http://www.ebi.ac.uk/emboss/cpgplot/ <yl 4.4 e (emboss-cpgplot) (oswls zliy
gl asiad) e Ay paal) dilaiall audimil sl asacas &5 - (European Bioinformatics Institute) s s¥) Ll
Blha Ciabis (%59 bl Gada CG s cialis 151bp Jokas -177bp () -328 adsdl) 3 CPG &ild (e 14 o
Lokl Cen LSS (2 dbpras Aliiall dolaely dulea 2l Cilail abd adlse sl & LS 59°C ~ lajlgeail
- (1J<4l) Geneious gabiy aladiuls dug yaall

Adl Hial Hoal Acl
| pr— | | — —

CGEGGCCMTCAGC‘TG&GCCCTAGCTCCTGACMCTATTTAGCMCCCAGCCCAGCTAGAGT

Hial Adl Al Al Ad

ey f—

Y,

OCGAAGHRCOAGRE AACTGAAAGISCE CG'CCGGGGGEGGGU%CCGGCGMGGCCCCAGMCTIWCWCCCCCGGCCAC

)

A

.

"

Methylscreen diyh 3 dardiual) Gl adiga s JS& (1) J<id)
Aasiianal) SlasiY) 48 gdlgag dugtal) CPGS adlsas

abi (1 JSall) MCrBe 2wt adlse 45 Hhal 35 Acil 2w adlse 6 e (177 () 328-) dugpaall dabaiall (ggins
5. sl e Acil sl Capwing 57 .. GCGVC ... 3" Judedll 8 (go9ill (maaall Hhal Abiall Guleanl) il w3l
5"..(G/A) mC (N40-3000) gaisall e ayaing Alaall golaicl il sgd MCrBC sl W ... CYCGC . . . 3

1 Jsanll 2l gBlsay CpG 48l 4S5 Jaaliy dadadl) Jshag liall) Jesdess gmg &3 .(G/A) mC. .. 37
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Methylscreen diyh b dasiival) cilisll) cdluded (1) Jsaall

g jaall dihiall EURECHA CAPRELN]] PETRAPYA
Ol aud T (5'-3") clial) Juidas i
CpGs ey L audl aBlga die g dadilaall
i i 6 Acil F-CCGAAGGGGGAGGCAAAACTGA
328 to -177
TWIST2 3 Hhal 151 bp
14 CpG 4 MCrBc R- ACTCTAGCTGGGCTGGGTTGCT

:Agglal) o3l sl

Loy B dusla del)) Clgie (aua (Sigma, USA) A2780 5 SK-OV-3 (ane Glajm e plisdal) lslall lhall ¢}

2mM 5 (Sigma, USA, FBS, fetal bovine serum) iiall jall Juas 10% e sls (Sigma, USA)RPMI-1640
Byl Ay xie ¢(Gibeo, USA) 1% 5:S5 Galesivsiadly Gabusd) Gugaal) gaaliall asass ¢(Gibco, USA) (pmalisle
.(Binder, USA) CO, dicals 4 5% S5 CO; Sl 353e caby Caal sa9 37°C

:DNA Jje: G

i, (Germany «Qiagen) QlAamp DNA Mini kit S alasiuls A2780 5 SK-OV-3 WAl s> DNA )
-(UK «Bioch Rom) NanoVue Plus jlga aladiul ddign 4k DNA S5 (uid & (g -daieadl 440 Gladail

: asducail) Jag yd Aliafy TWIST2 (puall Abie Caiis! daanaal) ciliold) jLis) e

slay LS e Jyjme DNA e Classic-PCR (sadil Shadoll ludedl delall &y ad delis sl &
(Promega) uS alasls ol slaill s Ay sl e cilioll) 508 ddjeal @lldy Gl 5)6S0al) daskally
i) milsr s o5 WS L2 Jgaadl e tm cilays 23ate mdiial malip oladinls (Eppendorf) ghad) jsadl Sleas
.(Biorad-USA) sMell gise Sl plasials adicaill miles Hlelals %2 Syl S e

Step One Real-Time Sleay il a3l asiaill Liyad b Jie) Glaill) Aoy Jie) asicail) galiy alasial &
100 ng 5 50 ng Jelill e asiall DNA (o oidlise oS aladiuls «(USA <Applied Biosystems) PCR

Thermo ) Maxima™ SYBR Green/ROX 2x qPCR Master MixcuSy <300 nM - Jlgs S cliaby
il Hlgeat) Jadie st & bl el sl Loy 2 Jeaall (4 5sShall maliyll g (USAScientific
sanly lgeail dhaii 3y e sl mdmill o I sanly A8 aiall 8 gda o sy G dedadl)

Al 038 b (Agdal) el audall) ol b paiiunal) alid (2) Jsaad

Sball daa Sl Gy gall 2
95 °C 10 min 1
95 °C 30s 8)90 45
il Glaity gyl da 1 min
60-95 °C 1°C/1s Jlead) s

& TWIST2 ¢pal) dliia ¢ 288U MethylScreen JLial shaly dbiall dulaiely dulua clajib aagh :luals
:A2780 5 SK-OV-3 ¢usladl pudail

138 & auagl) &3 iR tdue gl ddhida aldl deo)f ) A2780 5 SK-OV-3 WAl e Jgjaal) casin DNA i o
& iR deli) «Jied) e DNA ahii Sl (MSRE) diall culead) Hhal + ACilL sl syl daclsy Jo i)
:Rsd Jelal «inddl DNA kit (s3lls (MDRE) Alidll (golicl MCrBC awill ayl dlaulsy Jelall 138 3 auagl
o U delall gean Y :RO Jelill <McerBC 5 Acill s Hhal Alaall dnldicls dubuall cilaii¥) (s5ms 75330 aat Jelis
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100 pg/mL bovine serum «1x CutSmart Buffer Ssall Jolaall (DNA (e 1Ug (gsa Jelis IS .adLall ey
50 % glycerol aladiul g ¢adiioa e_gﬁ J< (= 10 U <3 % glycerol <1 mM guanosine-5'-triphosphate <albumin,
pagdl COlels Lo Lslal) Q) Ciias Laagl) Jelis puilas Glo dlilaall ellyy clayl gsaa ¥ 6 delal) b
4283 20 531 65 °C Blall Aoy o emalls e delill Glay) 5537 °C Blall daps e clelu 6 53 day)Y]
ang) zolsl aaill Jelss (gl .(USA) New England Biolabs i)d (e aagll <ol muje clise auan shyd o
DNA (% 50 ng s Maxima™ SYBR™ Green/ROX 2x qPCR Master Mix Sl aladsaly ga:ﬁal\ Ol r
cladet! Wy 300 MM (Sles 3K @lidly SU dale aladl) cOleln & il ol sty adaid) asiall
(Ct) daad) cysn ad il Sy .(USA Applied Biosystems) Step One Real-Time PCR lea (b daicad) 45,40

(UM) Jiiad) 525 (M) Jiaddl DNA 3 dssiall il Gilan b Lgalazial Jal e

:DNA dhie il sl
bl eDlelis e US 3 DNA LS Gles ol (e RO (Rsd (R (Rs cle il aicas (C) ddiall g0 af cdal
P s S AR Y

CMs = 2 “®9

CRd =2 “®Y

CRsd = 2 “'®
CRO= 2 "

: ) Cin DNA ki Zugial) nsdl a3
(hypermethylated DNA-HM ) sl Jajia —SalS siaa) DNA 1 Lsiall duall o
HM = Rs/(RO-Rsd) x 100

(Unmethylated DNA-UM ) Jseall y¢ DNA J i) duall o
UM = Rd/(RO-Rsd) x 100

(Intermediately methylated DNA-IM )(dlad) Laje pe/alid) bauigig) JalS e <o Jiadl DNA Jdusiall Lol o
IM = 1-HM-UM
i) Lolaiely Lubin 20l oyl podaiill 5068 o
analytical ) Lllail) 83UIL _ecws Lo 2aLal) Jelil) ado milgig mgajall adadll milgs asdaas Ct ad (e ClAY) Jics
ACT [Msd —Mo] >3 :3 (e ST Zaalll CadSll daphl Ziaal) 83 Lad 068 of can o(W-window

:Real Time PCR uiall cralls Shrandsall edeal) Jo Uil Aslihy uad) sl A sl
«Qiagen) RNeasy Mini kit Jall &8l alaisul, SK-OV-35 A2780 wslall ubadll (0 JSI RNA Jie
M-MLV reverse transcriptase wSall gedll S aladiul ¢DNA - ) RNA 3ug disd & . (Germany
phaiul Real Time PCR aaall 0ajllh mdmil)l & Ldaiadll 35480 clalsd s (USA cnvitrogen)
«Thermo) Maxima SYBR Green Master Mix << alaiiuls (USA <Applied Biosystems) StepOne leal)
GAPDH aaiiusis dumaye (aS GAPDH (aall alasials AA® dijlay sl el 6 sl il Cas L (USA
Lshall e daell (& Al Jagydl) ety et Vol adie ued S Gluhall e el (B dxage S
A2780 (gsall Laall DA b iad) el b sl il s .25 24] (o) (U pes Lgiag i) 513
Zall 8 SK-OV-3 Laall oy cllyy SK-OV-3 Laall i 1 (uall o3g] s dad elhael w5 TWIST2 coall cllyg
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Ay cDlelill eha) & [26] Pfaffl s 1 dadll lgd aeil) 330 13 L) Juall uedl) s 2y Ally duasyall
-Real Time PCR Jelé A4 deasicaal) cliald) cBlaliss 3 Jgand) maagng -l Sa

Rl 038 b al) aly piuail) (ol (b dasiicuall cilisll) cSluadeds (3) el

ol 3as (5'-3") cbialal) Joabess Aiaall B aaa
TWIST2 F-CAAGCTGAGCAAGATCCAGACGC
NG_032754.2 R-GGTCATCTTATTGTCCATCTCGTCG 97bp
GAPDH F- ATGACCCCTTCATTGACC 12169
NG_007073.2 R- GAAGATGGTGATGGGATTTC
:@.a‘l;'\ﬂ\

P Shpadtgll Adiad) Jolitl) B dasiioal) clislll et} gLaity) das jLas) s
delds st zilgh dimp &0 cclolll laily Bl 3)hall ds)y desaall Glalll aladiul adaill duegd 48 jadl
Bhall cilayy maes of 2 IS G (605 565 52) saiie Glaill Bl Glas tie gl Shaadsll Ludad) Jolil
S W) IS i B0 °C b i) ol Blaill B days oy (1510 Jshy dms pia @b e Al

ST 8sle il dm sl dulae oY 1S

R

500 bp

400 bp

300 bp

200 bp Tm=52 Tm=56 Tm=60
L e— —

100 bp

‘ﬂﬂj KMJ)JAI\ dakatal) M @"\3.\5 g.ﬂ.yg&“ Oyl 3y sa (2) Jad
daaaal) Glial) Slaill Bl cly e AL

tasdual) dasgi JLEAY lguai¥) Aada Jalaty Methylscreen Jeldi & daxiiuall DNA daaS L) Ll

& 23 @by (DNA (e 50ng (sslad) Jelill 3 25 cuilS Ct adocaill 3)90 &ie of QPCR o adeaill 3 <jelbil
& el 23 Ll DNA (50 500G 43S Oy 53 auiaill 56US of ca 531 5aY) (DNA (30 100ng (gslall e it
.(3 J<all) TWIST2 4li Caist Methylscreen dayh
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Amplification Plot
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.DNA e 4iad) ciluasl) Cidialy dllyy

3939 4 JSE (pw .(Melting Curve) delill gl jlgaty) Jaie diad & QPCR Jelis 8 aduzill doegi ddjady
Loy o Ju L TWIST2-Methylscreen s milys lgaai) Jaia (8 90.77°C Jleeail daps <l Baaly 4
-primer —dimer 3sa5 20 Aoy andznl)

Melt Curve
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Temperature (°C)

g pral) Adlaial) ol @il jlguail (iaia (4) JS&Y
sl Lo gi Ao 0 daly Aad 3gag Jlguall) iaia G

Cnbdll B TWIST2 dlia ducs 420al Methylscreen Jelis sla) ;B4

:A2780 3 SK-OV-3

iy «A2780 5 SK-OV-3 (puslall (aladll a5ual MCrBes Hhal s Acil clayU aabaiill ailsd pdocaill Jelis (52
Caen VL asten S it 88 Jas 5 (TWIST2 Gall dsg paal) i) puial il (5 JSal) gPCR cullalade
& Al 53U caly . sl DD Jelisy « yeal MDRE delis «3))l MSRE delis cagd RO Jeli :lgialles g5
A2780 DAl asial citlis ACT [Msd — Mo] >15 SK-OV-3 DAl asis 3 TWIST2 (pall dlie CaiS 42k
ACT [Msd — M0] >3 oY Lexticedl) cilasiiVl acagll daglea DNA L€ 2568 Yy dulen daplall o Ju Laa 5.7
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ceels AEYL TWIST2 ¢ dlite aaait jLad) AL

S 88.5% 5 A2780 (sslall Laall agin (e Jajie IS Niten (IS 3.7% 4t Lo of TWIST2 (paad dlial) ulai el
Gl (e Ag ) dalaiall cilS 3 SK-OV-3 gslall badll agiad Loy W Slites e oIS 7.8% 5 Alisall Jaussia
(4 Jsaall) dliies 52 TWIST2

A2780 9 SK-OV-3 (bdl) 2 TWIST2 ) dlie yaad ot daxdieal) cliluall (4) Jgaad)

A2780 SK-OV-3
CMs 2727t Not Determined
CRd 2726 228706
CRsd 228 Not Determined
CRO 9223 028943
HM = Rs/(RO-Rsd) x 100 3.7% 0.001%
UM = Rd/(R0-Rsd) x 100 7.8% 99.999%
IM =1-HM-UM 88.5% %0
SK-0OV-3 A2780
N —_— e L
‘/<,-—»/" //:/7»"'/?/» o e
//
0.263105 // 0.263105 / ,./

/ /’/ /

-TWIST2 dlia caést Methylscreen 4agh (5)J<ad)
-A2780 5 SK-OV-3 (uagldll ¢pbaid) A TWIST2 Cuadl (14 duagpal) diaial) pduzail QPCR cillabia JSad) gk

Cycle

:A2780 5 SK-OV-3 (yshall cpdadll & TWIST2 guall (o el Ao

A2780 (golall ladll DA 3 casdilipd) JSEU ) Joadll 8 Jaam lls TWIST2 goall Jad) el dudpy s
el 8 ail) il Al Cuay SK-OV-3 (gl Jadll LA (3 iall puatl) ) inl) el il o G
& il il o8 cialy (Real Time PCR sl @llyg [26] AA™ 528 cawa Relative quantification (Rq) sl
(6 USal) (fold) casa 0.033 A2780(gslal) Jaall LA 5 TWIST2 cpall juall yuual

3k %k
c I mm SK-OV-3
g 1.07 A2780
8
S
S
2
X 0.5
e
<
=2
o
£
0.0 .
& &
{ w
o
TWIST2

dsadll b Jasis gl Basal) TWIST2 cuall o sl dlsa (6) JSial
.GPCR &k SK-OV-3 Jil) s &3lialls A2780 (gt Jadl) (b pasdiilpall JSEI Y
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sAEBLal)

asl) (s Nl gl pal sda (e S s (DNA alfia b dae Va8 Sigan e Glajudl elity esi Gil
sl Wpueat aulass salely @iy Bglad) ol (po maed) e A8L0 (358 ) 35 [27] o) b lgiiS 5
Gl ygally Fiayell Cljsall amdl arasdll dihie DNA dlia 4 s Gigan cluhall e waell cupglil L[28, 29]
Aliie Jajs Alls Jadi cale (Kauy [30] Aglapudl WIAD 6 sl el aSaill 3 SUS Can 3 51 capsll AalS
@isal)l Lol 5ol ALl dgag aae Alls bof Ley o Ladld aliash (hypermethylation) <l)sdl cliacass
Ly sy LS casieall DNA Alie b sle ol Guany Gun cAallayud) LAY 8 ) S (e Alial) Jasi g L [20]
[31,32] CpG s pam b o9 dlia

Olayully allaal) sk b Lalad dalaie diadass ashy cgila Bype Ogila haai g gl dale TWIST2 (igy iin
mesenchymal -EMT-epithelial) aiisal gledall Jsaill e bl 1 3yl e Glajall Bla s2L5 s
algny alaloyl DA e Fla¥) dalse (e A3y peal) DLl (1 el Lalis TWIST2 ok .[34 (33] (transition
I TWIST2 oiiond) oo el 2y ([19] Gidas &Lyl dalse it DS (50 5l LopPligiaad) & aglies & L)
D33 (5358 (931 lillapm b opuas ity o (Sl (e Wiy cayg Ofign s asiig ilillyall (e waall 3 miige
al) SIS Sy el Uy b dunidie TWIST2 Gl ge il ligis o Gsialdl ang . [37-35] aysll als
chronic lymphocytic ) (eylls alall (golaalll aall Glayw (e t‘}"i B (A (pall Gacess Aloe 8abj el
Al dasps TWIST2 cpall e uail) 2L O Sy cuy LS L[19] (acute lymphoblastic leukemiacleukemia
Ge waall 3 TWIST2 gpn b Al @ilpas cilingd L[38] anll Gie lajw b Jlal J€in o 5yally 25l
ot A8 58 sl (055 o (el a5 apally Sall (golhall al lyesy binsg lly oshll My (Sin il ol
nl) el g Lehanyg TWIST2 (sl alie Sy o ol 431 Y] L[39 ¢20] cnd) 13 cio el alaity g 3l A9
‘di e panall Olaje B

S 2l e 5538 2ueS Bylag [10] Gasl) paaill o 5538 Gylat ) DNA dliie maa3 8 Lasiicaal) Gball anidl
«adl 138 G .[12] MethylScreen 4l e ¢opee dodess Aliia e 33 Sl 3yl adiies [11] lea S
s MethylScreen ik <ol .MethylScreen il e adiey TWIST2 coall dliie o caiSl jlas) sk L
Aae 8 daml ol @l & S 4Dy Holemon odalll & e 2007 ale 8 Jg¥ dladl oS Caidl)
oyl o el e MethylScreen dus aaxiy .[16] GSTP1 cpall 4l CadS & Lgauki 29 BioTechniques
Py il Galls aia Jel pingl) Alee o Ansdias Bijhe pd dulee 3 ALl Fliely Alnall ol i
Oe uk lae (Gle i Gluldll by ) daladl (50 cdasagall (551l praend) Gl paes adocaid GlaL e 755
dalaiall (35S0 clgiliia by ahyal) ikl Lamd il lsil) (shlia Jlea) Clall) s ey . andll Ll
2l allgay Jasd Sl ol zg) L) Sy Lagiall JS J8 Baaly A die aag b Judid (e Bl dediadl
SIS (o5l paeal) dlie BES e i) a4y [16] acngdl Dilee b derdieall MDRE s MSRE oyl
2dgl (S .[40] AIGMC gisall (3o cojills Aflsie gilse 3 (sa5ill pmsall ik (53 (MCTBC anp) alasialy el
Al Javsgio DNA 5 Jiies e DNA (o 3y Aliall (e dabiall Jleal) ld WA Cile sena (e off dsyhal
i) o sciaa) awiill aily (MSRE) dlisall (ubuaad) auiil) asil e IS zhal g -[16] S IS iies DNA

16 =10



e A pSan ylaaid) cesle AL TWIST2 s ddde aaadl jLidf 4L

s aag)) G Al SN Slulay) e Jpeand) piass Adlia) Slastes e Jseanll ) asls Jels 3 (MDRE)
[16] s 35n0 58 Lo oo Aliall Lol Calide bl die iy () S Alaulsy 2wl Jib Y Dl (JalSI

okl (A JAD dege Glia saal Al CadSd @) aead & MethylScreen dug e alae VL fiab sac 8
Ge SEU @llg MethylScreen ik e Talael IRX3 dlie caiSl Hlos) gl 25 e . mhyeYly ciliayul) (s
Lad Gl sk [41] §ledl ity 8 dlid) @lpas il human array (OGHA v1.0) dlial 4 gheas i
b A oS sanl) Dlee Jigasis papes Jal e MethylScreen ik e Taciae FXN gpall dliie pandl flasl
oAl ek 8 FXN (pall dliie Jaxw Cus cFriedreich ataxia clywmd mij Gulbas (o Gliey Lsls 73l
ehsls Ostsill Glaye e & MethylScreen ks WWOX cpall dliie Cad€s ol Gsiald) ana WS .[43 42]
Jeska & MethylIScreen 4l slaie) &5 35 .[46-44] Neuroblastoma dusasl dag ¥1 GUayus Wilms' tumor (el
O 2=l Al oSl CadS 8 aadill 1LY Qiagen 45,4 (e EpiTect® Methyl 11 PCR Array System S
Gl Jobs e AN el Yy cnlilayully alell sk 8 deage Lsls e Bae & Jaxm U ol
Sl MK e i) el dae g ey CaESH b Aeadind)

177 N 328 (e dahial) 4wyl MethylScreen il e adiadlly jghaall HLoa¥) clial arewad o3 Aol oda 8
st Cuny ALl dslaiely dalual) Loyl Las) 25 CPG &bl 14 5 clold) ciblal Cum TWIST2 G e bp
CPG (0 6 pdlse & abas (53 ACil plasial & 13 Ldusgynall dkidd) 8 Bagasall CPG (o 230 ST il adlse
caxgl) dilidl (e CPG 4 b sk 2 MCrBe axVls CPG 3 glse 6 adais (s3lls Hhal sy Cangll dakaidl)
Apbe s ) dalall (g9 Basly Lady Aubll 8 dagied) ahid) 3 CpG 14 Alie Auhy JLiaY) 13a gl
ol Baaly Alia e aaill 5 Jonl danslin) CpGs dlie lid) 8 ditide MSRES clasjil 2 aladiad sass . alall
el gl Zdas Hhal 5 ACi] deadicel) Aliall Lusbia cilasiY) ety 250als dady dusgyaal) dahaidl Jals CpGs sac
e 223 s MethyLight asls e sadieally 8yshall cLasV) s 456l MCrBC ada Jelis dag )i pe adlsie a9
CpG) L asly aunse & (gooill (amaeall dlie Guis MethyLight of ass Alaal (2iS 3 legud 2l Gyl S
Lald @bl e cpegh plaaiul adall o)l Shoadsl) Jels A, dediad & ey Cutlunll diallee 2 (82al
(6 ¢ 5) (aSI wasall Jal e dliall dibide Al sl ) g liad Ll LS cdiiaddl e onigialy disaall (sl
phial) asiad) (he dauliall dfad) Laal) lidly TWIST2 dliie Guliis palad) SLadY) Jolis Jagyd Akl o5 Cand) 138 b
On LMY a5l Sy 5ol lgariiad ping daulie 50NQ dueS uilSy dlinall Lnlaicly dubun 2l Cilasyil ddalugs
e LS AL Aalug Tolias) 280 ST 800 Jaad Al 1S5 pracy 531 Y1 Jelin 20 Jisal Likyh 3 DNA
2 2 3 L By Baes elill Aallasg aricatl) Jel ol (Ko gabaiill il e Jgamnl) dind CaiSI) de yon danylall
aphal) Jan Jal (b cdille 2S5 <l3g A8Lay dlighg sagae Dlae 203 Ally Cuilul) Aludus 3yl e 3laal) iy Al
Llany alidl) &5 nadly (8 PCR 5l dasli b ey il dagal dilac a dusgyaall dadadll PCR 2 alidll cang 408
i edallall Abeld) A Casny by a3l Jie & Gag Ag pral) dadadll o (gglad) aandlll LS (6,58 yusas
5 s> Al e pdys Aladdl UL Alaa) sl My Lee die (90 1B Sluedll) (e s 10 il Bale
.[47] MethylScreen dash 4S5 (o Cilaal

Ay GLaS (gial pa3ial (Bi0-COBRA ik 141 bp lelsh TWIST2 (s (e dakdd dlite aaatl cunsal &l i
il el auma @ dbagiouall dxbill PCR o3 Cudla Jasat diles 95al5 3.25 Hg () desi asind) DNA (e 818

16 &= 11



e A pSan ylaaid) cesle AL TWIST2 s ddde aaadl jLidf 4L

RS Jan (A eY) AN Adle dae gl 56 (e 20 535 Bioanalyzer Slea @Sl disi o (eg PCR gl
[47] e 0k 26y Jish () z iy TWIST2 dlia

@Jsall 2l MethylScreen asls & dlid) Loldiels dulen SlasV) esi J8 (e angll aslie DNA 3539 205
b Al 530 il [16] 8ysa duglaall Aldanl 53U canill Jid Jaay Cun oS Abiall (RS 2 1as pll daalud)
A2780 WA agia & cialiy (ACT [Msd — Mo] >15 SK-OV-3 WAl asua 8 TWIST2 (pall dliie CaiS dayyha
Ugsrall Zobllail) 53801 Lad Y deddicedl Slayh aagll doslie DNA L€ 2558 Yy dulea Zaphall o Ju lee 5.7
.ACT [Msd — Mo] >3 .

et asin B CPG s el Lulesll oSl 2iSIL MethylScreen ale e sadiaal) oSl dayjla pislas Ul o
88.5% 5 A2780 (sskal) Ladll agien (8 Jajee (< Siies OIS 3.7% izt Lo of Lang G andl) g WA (e
Cenll (re g yaall dbail) ulS 3 SK-OV-3 (g5lall baall agiad Zowilly W sias e (IS 7.8% 5 dlisall Jawssie oS
Olaye e 8 TWIST2 oaall Alie (RiS) cptlnd) Aludes Bk Aalud) luhydll cunsial LAlies e TWIST2
(e 225 Allg pyrosequencing A3l aladiul 23 WS L[18] pajally aladl (golaalll aall Glaj (ua e 2icy [20] caliesg
el aadies lly COBRA 4k aldiel 5 .[39] (slsd glajs (e e (8 Aliall (i€ aganally A2 bl
L19] azally sladl (golaalll aall Glajes (uiaye e (& TWIST2 Goall dliie 2iS 3 ilawgdll pdie

Galead dmy Cus L all el me Ly Granall Glase 8 8y JsY TWIST2 coall Al a3 dudyall o2 & 5
e Aplaalls Ay call dadipall Aliall dos aa Gilie IS5 A2780 WIAN 8 TWIST2 gall Juall pueil) 3 (55ina
Laglaally Sl (i e o)) 5ag &5l Jasiy TWIST2 e ueill of s3dajs Li Laa¥ a5 .SK-OV-3 WA
cpand) clilaye b Lad e Dhdge i TWIST2 condl puas of Glad) ey 1[38] L) e 6 idesadl
238 .[23-21] L5200 Aaslially Asland) Apapalinll Aacall wiiyall el ary Cas e Ik mityall el Jasiy WS
Alise Sl 8 L5 SK-OV-3 5 A2780 &l el LAY Loglin pa ypoeilly Abiiall Jasyl Linds il

G gl Gal) adsall 3 CPG 14 dlid eleall oSN CadSIb s TWIST2 dlie i€ Ll of lindls ek
ae l Cus Bye I TWIST2 (aall dlid 4aiSy ot 50U lialy caliall) avacaiy dusgyaall dabid) lod) o
ddee 3yaied Al pspgeal) il aladiul (ye0 A28y w3 dejen A5 of e WARykal) 03¢y TWIST2 e ik sl
el (N Jien Jaall Gygid) (e digatll Q8 oo AaTl oladY) (e g Gaaaag dsally Gl e HESH 4 Jagatll
o ARalls B3iaall BgaYly daball (o DESH a3 Y Aaseuss [48] Byl Bl ae dn)laall dlgie 45 3 a [15]
.pyrosequencing il Taaes <Y 3,k

ralalisiay)

2 CpG 14 dlad (uleall oSl 22816 MethylScreen &l e adiaall TWIST2 dlie aaan jlod) pght W e
Candl glaju (e diidl (gslal) Ladl) A 3 Al e TWIST2 Guall 06 2 LalV) ey aise o had) adsdl)
sl A2780 DA b deisyall Alidl culagls LA2780 WIAN 3 dusg pal dahaidl dliie caals)) ety (SK-OV-3
SK-OV-3 s e Apladlly undl el

16 =12



e A pSan ylaaid) cesle AL TWIST2 s ddde aaadl jLidf 4L

tGluagil)
ool WS dilise pabal e clie oy (a0 dilape Glie o gshaall CadSl diph lad) dalie Wal oaas
SK-OV-35 A2780 (iamal) (e DA 3 450U Liglall Aaglaall po yusmilly ALl lpas Jas )l Ayl Al gl
bt Ot GabaY) (e ey Slilajuld) 8 Ald) el dlee g dape CaES Bl 2y sl Ly s WS
Zokal) Alady i) Cpent A agen (U aY) Loga) dagliag duilayedl A5LAYs daiahedld Lign il 2e3 Aiial)
iad]) b

t Jusadl) cilaglea
{(501100020595) Jisall o8y (385 (3esed Aaala (3a Uae ind) 138

16 213



e A pSan ylaaid) cesle AL TWIST2 s ddde aaadl jLidf 4L

.10

A1

12

13

.14

15

.16

17

.18

.19

a2yl
Moore LD, Le T, Fan G: DNA methylation and its basic function. Neuropsychopharmacology 2013,
38:23-38.
Song F, Smith JF, Kimura MT, Morrow AD, Matsuyama T, Nagase H, Held WA: Association of
tissue-specific differentially methylated regions (TDMs) with differential gene expression. Proc Natl
Acad Sci U S A 2005, 102:3336-3341.
Takai D, Yagi Y, Habib N, Sugimura T, Ushijima T: Hypomethylation of LINE1 retrotransposon in
human hepatocellular carcinomas, but not in surrounding liver cirrhosis. Jpn J Clin Oncol 2000,
30:306-3009.
Davis TL, Yang GJ, McCarrey JR, Bartolomei MS: The H19 methylation imprint is erased and re-
established differentially on the parental alleles during male germ cell development. Hum Mol Genet
2000, 9:2885-2894.
Norris DP «Patel D, Kay GF, Penny GD, Brockdorff N, Sheardown SA, Rastan S: Evidence that
random and imprinted Xist expression is controlled by preemptive methylation. Cell 1994, 77:41-51.
Lee JT, Jaenisch R: The (epi)genetic control of mammalian X-chromosome inactivation. Curr Opin
Genet Dev 1997, 7:274-280.
Gisselsson D, Shao C, Tuck-Muller CM, Sogorovic S, Palsson E, Smeets D, Ehrlich M: Interphase
chromosomal abnormalities and mitotic missegregation of hypomethylated sequences in ICF
syndrome cells. Chromosoma 2005, 114:118-126.
Esteller M: CpG island hypermethylation and tumor suppressor genes: a booming present, a brighter
future. Oncogene 2002, 21:5427-5440.
Rauluseviciute I, Drablos F, Rye MB: DNA hypermethylation associated with upregulated gene
expression in prostate cancer demonstrates the diversity of epigenetic regulation. BMC Med
Genomics 2020, 13:6.
Herman JG, Graff JR, Myohanen S, Nelkin BD, Baylin SB: Methylation-specific PCR: a novel PCR
assay for methylation status of CpG islands .Proc Natl Acad Sci U S A 1996, 93:9821-9826.
Lorente A, Mueller W, Urdangarin E, Lazcoz P, von Deimling A, Castresana JS: Detection of
methylation in promoter sequences by melting curve analysis-based semiquantitative real time PCR.
BMC Cancer 2008.8:61 «
Costello JF, Fruhwald MC, Smiraglia DJ, Rush LJ, Robertson GP, Gao X, Wright FA, Feramisco
JD, Peltomaki P, Lang JC, et al: Aberrant CpG-island methylation has non-random and tumour-type-
specific patterns. Nat Genet 2000, 24:132-138.
Jeuken JW, Cornelissen SJ, Vriezen M, Dekkers MM, Errami A, Sijben A, Boots-Sprenger SH,
Wesseling P: MS-MLPA: an attractive alternative laboratory assay for robust, reliable, and
semiquantitative detection of MGMT promoter hypermethylation in gliomas. Lab Invest 2007,
87:1055-1065.
Eads CA, Danenberg KD, Kawakami K, Saltz LB, Blake C, Shibata D, Danenberg PV, Laird PW:
MethyLight: a high-throughput assay to measure DNA methylation. Nucleic Acids Res 2000,
28:E32.
Genereux DP, Johnson WC, Burden AF, Stoger R, Laird CD: Errors in the bisulfite conversion of
DNA: modulating inappropriate- and failed-conversion frequencies. Nucleic Acids Res 2008,
36:e150.
Holemon H, Korshunova Y, Ordway JM, Bedell JA, Citek RW, Lakey N, Leon J, Finney M,
McPherson JD <Jeddeloh JA: MethylScreen: DNA methylation density monitoring using quantitative
PCR. Biotechniques 2007, 43:683-693.
Zhu QQ, Ma C, Wang Q, Song Y, Lv T: The role of TWISTL1 in epithelial-mesenchymal transition
and cancers. Tumour Biol 2016, 37:185-19.7
Raval A, Lucas DM, Matkovic JJ, Bennett KL, Liyanarachchi S, Young DC, Rassenti L, Kipps TJ,
Grever MR, Byrd JC, Plass C: TWIST2 demonstrates differential methylation in immunoglobulin
variable heavy chain mutated and unmutated chronic lymphocytic leukemia. J Clin Oncol 2005,
23:3877-3885.
Thathia SH, Ferguson S, Gautrey HE, van Otterdijk SD, Hili M, Rand V, Moorman AV, Meyer S,
Brown R, Strathdee G: Epigenetic inactivation of TWIST2 in acute lymphoblastic leukemia
modulates proliferation, cell survival and chemosensitivity. Haematologica 2012, 97:371-378.

16 &= 14



e A pSan ylaaid) cesle AL TWIST2 s ddde aaadl jLidf 4L

20

21

22

23

24

25

.26

27

28

.29

.30
31

32

33

34

.35

.36

37

.38

.39

40

41

Zhao C, Zhang W, Zhu X, Xu Y, Yang K, Wei D, Liang S, Zhao F, Zhang Y, Chen X, et al:
TWIST2: A new candidate tumor suppressor in prostate cancer. Prostate 2019, 79:1647-1657.

Li X, Yang J, Wang X, Li X, Liang J, Xing H: Role of TWIST2, E-cadherin and Vimentin in
epithelial ovarian carcinogenesis and prognosis and their interaction in cancer progression. Eur J
Gynaecol Oncol 2016, 37:100-108.

Mao Y, Xu J, Li Z, Zhang N, Yin H, Liu Z: The role of nuclear beta-catenin accumulation in the
Twist2-induced ovarian cancer EMT. PLoS One 2013, 8:e78200.

Wang T, Li Y, Tuerhanjiang A, Wang W, Wu Z, Yuan M, Maitituoheti M, Wang S: Twist2
contributes to cisplatin-resistance of ovarian cancer through the AKT/GSK-3beta signaling pathway.
Oncol Lett 2014, 7:1102-1108.

Liu LL, Zhao H, Ma TF, Ge F, Chen CS, Zhang YP: Identification of valid reference genes for the
normalization of RT-gPCR expression studies in human breast cancer cell lines treated with and
without transient transfection. PLoS One 2015, 10:e0117058.

Shi Y, Ye P, Long X: Differential Expression Profiles of the Transcriptome in Breast Cancer Cell
Lines Revealed by Next Generation Sequencing. Cell Physiol Biochem 2017, 44.816-804:

Pfaffl MW: A new mathematical model for relative quantification in real-time RT-PCR. Nucleic
Acids Res 2001, 29:e45.

Feinberg AP, Vogelstein B: Hypomethylation distinguishes genes of some human cancers from their
normal counterparts. Nature 1983, 301:89-92.

Jaenisch R, Bird A: Epigenetic regulation of gene expression: how the genome integrates intrinsic
and environmental signals. Nat Genet 2003, 33 Suppl:245-254.

Weber M, Schubeler D: Genomic patterns of DNA methylation: targets and function of an epigenetic
mark. Curr Opin Cell Biol 2007, 19:273-280.

Jones PA, Baylin SB: The epigenomics of cancer. Cell 2007, 128:683-692.

Esteller M, Herman JG: Cancer as an epigenetic disease: DNA methylation and chromatin
alterations in human tumours. J Pathol 2002, 196:1-7.

Ehrlich M: DNA hypomethylation in cancer cells. Epigenomics 2009, 1:239-259.

Franco HL, Casasnovas J, Rodriguez-Medina JR, Cadilla CL: Redundant or separate entities?--roles
of Twistl and Twist2 as molecular switches during gene transcription. Nucleic Acids Res 2011,
39:1177-1186.

Soldatov R, Kaucka M, Kastriti ME, Petersen J, Chontorotzea T, Englmaier L, Akkuratova N, Yang
Y, Haring M, Dyachuk V, et al: Spatiotemporal structure of cell fate decisions in murine neural
crest. Science 2019, 364.

Ishikawa T, Shimizu T, Ueki A, Yamaguchi Sl, Onishi N, Sugihara E, Kuninaka S, Miyamoto T,
Morioka H, Nakayama R, et al: Twist2 functions as a tumor suppressor in murine osteosarcoma
cells. Cancer Sci 2013, 104:8.888-80

Zhang X, Ma W, Cui J, Yao H, Zhou H, Ge Y, Xiao L, Hu X, Liu BH, Yang J, et al: Regulation of
p21 by TWIST2 contributes to its tumor-suppressor function in human acute myeloid leukemia.
Oncogene 2015, 34:3000-3010.

Merindol N, Riquet A, Szablewski V, Eliaou JF, Puisieux A, Bonnefoy N: The emerging role of
Twist proteins in hematopoietic cells and hematological malignancies. Blood Cancer J 2014, 4:e206.
Li Y, Wang W, Wang W, Yang R, Wang T, Su T, Weng D, Tao T, Li W, Ma D, Wang S:
Correlation of TWIST2 up-regulation and epithelial-mesenchymal transition during tumorigenesis
and progression of cervical carcinoma. Gynecol Oncol 2012, 124:112-118.

Galvan JA, Helbling M, Koelzer VH, Tschan MP, Berger MD, Hadrich M, Schnuriger B,
Karamitopoulou E, Dawson H, Inderbitzin D, et al: TWIST1 and TWIST2 promoter methylation and
protein expression in tumor stroma influence the epithelial-mesenchymal transition-like tumor
budding phenotype in colorectal cancer. Oncotarget 2015, 6:874-885.

Stewart FJ, Panne D, Bickle TA, Raleigh EA: Methyl-specific DNA binding by McrBC, a
modification-dependent restriction enzyme. J Mol Biol 2000, 298:611-622.

Ordway JM, Bedell JA, Citek RW, Nunberg A, Garrido A, Kendall R, Stevens JR, Cao D, Doerge
RW, Korshunova Y, et al: Comprehensive DNA methylation profiling in a human cancer genome
identifies novel epigenetic targets. Carcinogenesis 2006, 27:2409-2423.

16 = 15



e A pSan ylaaid) cesle AL TWIST2 s ddde aaadl jLidf 4L

42

43

44

45

46

47

48

Al-Mahdawi S, Sandi C, Mouro Pinto R, Pook MA: Friedreich ataxia patient tissues exhibit
increased 5-hydroxymethylcytosine modification and decreased CTCF binding at the FXN locus.
PLo0S One 2013, 8:e74956.

Mikaeili H, Sandi M, Bayot A, Al-Mahdawi S, Pook MA: FAST-1 antisense RNA epigenetically
alters FXN expression. Sci Rep 2018, 8:17217.

Nowakowska M, Pluciennik E, Wujcicka WI, Sitkiewicz A, Kazanowska B, Zielinska E, Bednarek
AK: The correlation analysis of WWOX expression and cancer related genes in neuroblastoma- a
real time RT-PCR study. Acta Biochim Pol 2014, 61:91-97.

Pluciennik E, Nowakowska M, Wujcicka WI, Sitkiewicz A, Kazanowska B, Zielinska E, Bednarek
AK: Genetic alterations of WWOX in Wilms' tumor are involved in its carcinogenesis. Oncol Rep
2012, 28:1417-1422.

Zelazowski MJ, Pluciennik E, Pasz-Walczak G, Potemski P <Kordek R, Bednarek AK: WWOX
expression in colorectal cancer--a real-time quantitative RT-PCR study. Tumour Biol 2011, 32:551-
560.

Brena RM, Auer H, Kornacker K, Hackanson B, Raval A, Byrd JC, Plass C: Accurate quantification
of DNA methylation using combined bisulfite restriction analysis coupled with the Agilent 2100
Bioanalyzer platform. Nucleic Acids Res 2006, 34:e17.

Oakes CC, La Salle S, Robaire B, Trasler JM: Evaluation of a quantitative DNA methylation
analysis technique using methylation-sensitive/dependent restriction enzymes and real-time PCR.
Epigenetics 2006, 1:146-152.

16 &= 16



