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Tk 10:1 WA 1.3:1, 10:1 WA 1.5:1, 10:1 WA 2:1, 10:1 WA 2.5:1, 10:1 WA 3:1,
10:1 WA 3.5:1, 10:1 W A] 4:1, 5:1 WA 1:100, 5:1 WA 1:50, 5:1 HA] 1:20, 5:1 W
A1 1:10, 5:1 WA 1:5,5:1 WA 1:1, 5:1 WA 1:1 99, 5:1 WhA] 1.3:1, 5:1 WA 1.5:1,
5:1 WA 2:1,5:1 WA 2.5:1,5:1 WA 3:1,5:1 WA 3.5:1, 5:1 WA 4:1,4.5:1 WA
1:100, 4.5:1 YA A] 1:50, 4.5:1 W A] 1:20, 4.5:1 WHA] 1:10, 4.5:1 WA 1:5,4.5:1 HA
1:1,4.5:1 A 1:1 92 4.5:1 WA 1.3:1,4.5:1 WA 1.5:1,4.5:1 WA 2:1,4.5:1
=) 2.5:1,4.5:1 WA 3:1,4.5:1 WA 3.5:1, 3= 4.5:1 WA 4:19] 55H 2 E3Hap=
AL 7 Aok

o & 5o, 7] v E 3} ol o] F i, ] wEs) Zetoln 5o
100% ©1 38}, 100% 1| 7F, 99.99% ©| 5}, 99.95% ©| 3}, 99.9% ©] 35}, 99.5% ©] 5}, 99%
o] 3}, 98% ©1 3}, 97% ©13}, 96% ©1 3}, 95% ©] &}, 90% ©] 3}, 85% ©| 3}, 80% ©] &},
75% ©13t, 70% ©l3t, 65% ©138}, 60% ©13t, 55% ©|3t, 50% ©]38}, 40% ©13t, 30%

o] &}, = 25% o8kl A A 4= o, A o &2 50% o8kl A = AUt
Aol E s A o=, 299 o dof & e ay o] A9 o5&
& EgshE, (o] S1EA oS58 7] Eef w3k Aol
Aol o A o=, t Aol A el | A=A ARl A QIgE12W 9
A1 A 2] 21810279 WA 21810792 A A o<, o17F 17H 4 21 A 2] 29298021 Wi

#] 29298631 THA| A Q J <, = AL 199 %&Jxﬂgl 19738547 W #] 19739846
A Ad ool e Ao st CpG Alol E o] WE s}t =38 S48t

=
%
o2k

H
sg
o
=
rlr

rl
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[48]

[49]

[50]

[51]

[52]

TAANCR, F-EU] A oo wpE WS, AESHA] A=l A Q1129 4
AW A 2] 21810279 W A] 21810792 & A F & ool E 35t Aol & shute] CpG A
olEo] wE 3} FEE SA4te dAE £Esta, A z
171 442 2] 29298021 t#] 29298631 A A
CpG Aol E 8] wE 3} & Sk A, R/ A7
F 19 A A 9] 19738547 W A] 19739846 TH A A A o < & u
o] CpG Alel E9] e s} =& At dAE 72 28 sk Ad 5 3t

7] Wld sl =58 S48k @73 PCR, W€ 3} 5-©] PCR(methylation
specific PCR), 2 A] {} v & 3} & 0] PCR(real time methylation specific PCR),
MethyLight PCR, MehtyLight digital PCR, EpiTYPER, ¥ & 3} DNA 50| 2 A%}
ool g o] 8%k PCR, 4 % PCR, MS-HRM (Methylation sensitive high resolution
melting), DNA %, ¥ A} 1] & (molecular beacon), ZHA| o] §3 7] A1 & 524 3} Y (next
generation sequencing(NGS) panel), 3}o| ZA|F ] 2 ufo] dulo] E A4 0 7 o]
Fol Xl el A dEE = HhH o R aiE 4= ik A o 2, AV WEd g
SBHs WA B B ol A SHRIe e sl T efoln] 2 vlu el xetoln) &
-8 AF8- 3 PCR BY/E3= MS-HRM #2419 & o] 8-3fe] =35 4= glr}.,

A% Bol, 7] WElsl & nhol 2Lz ol dlolol o3 A 5 R, 4] v}
olzimolaol s AR Y] AR TEHE o8 4 gT). 4] Eeni
A7) CpG 52 T atehi 10 WA] 100709] 914 175 el 2 E = A ol 4n A9l

o

=,
MdE 23e = Yok

2 EH] A oo i WP, 3] MEs AR E et dAE FUMRE
ghohi= A = ATk A7 AFehe GAl= A7l A= AlE, 2S94 A 4
of & ko] @ wpATE100% HIE SHE A=, R - E10] A ol i vo]l
A 71 100% Bl W e s} ¥ Al 52] 8§ 274 (melting curve)2] AUMC (Area under
the melting curve; &8 =7 o} ¢l HA)& vlarste], 7] &2 A5 f £8
¥ vlol @ w7l o] wE s A B ArFet= AU 7 vk AV &8 A At
3} ¥ (normalized) A Y 4= At}

TAA SR, 7] BEFsts A=, A7 A=A A=l &8 =14 (melt
curve)S = WA W E st Ak} vl v E sl ko] ghEFn| & ¢har = A
=4 A5 G3) &8 214 (normalized melt curve) & A= @A) 2 7] A
EoA AR &8 54 R AV B3l &8 A4S vlalste], ] AESHS
Az Hes Qg Aol GAE ek A 5 o A7 A& 4
Al59] &8 F44-& HRM +4 & &8l 4= 3 5 St ol & 5o, 7] 4t
SAEHE [, 9T 2, E= AEHE 307 T A= ditef] 23ty Hoj
shtel CpG Abel EE 28k, 7 AU E |, MW ® 2, = I 32
2 RAEE ke LA AR MG THA = AL Ak A A2, A
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[53]

[54]

[55]

[56]

[57]
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(Alpha Fetoprotein; AFP)9| 555 A st= @A, 3/
/= ol ARE 8
Y A oo &
A o] F 5 Tb g w2
AR-E AT 5 AUt

L " TpGE 233k Zefolm o] HaFA 3-8 WA stalA} PCRE| Zato] | of
d ¥ (annealing) A1 & &5 5 243t CpGE E§3H Zetolw o] A3 73]l &
S 7HA 7131 TpGE 3E39Hgh stefolm o] ARt 73] & A 7= H & 75383
=

wteha] & o o] & A &F5= circulating tumor DNA £} 7o wl| 9 | 2F & 4] 8} =
A oo E B EAHT [ AMEAHET 2 E= AAHE 307 FA| H = 34t
A o] F17ke 9] PCRE X3S = 9lom, ofd&] £ &% 9 ol o] -5
LA upel 5o g 3 shdol] o gk Wel s} F v w e 3} s ejoln 9
A AEE £Hsto] Al AAE o vt 7IE qMSP, MethyLight 2 MS-
HRM 4] ¥ o] v & W ghsto] Al 23 A4 dFHe AAE 53 5
Ao, MEdHS |, Hd T 2 E= I T 308 A= wEs) np7] &

i
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[58]

[59]

[60]

[61]

[62]

2 %d A% 4 U5, 7IE MSHRM £A g B} o 58 UpED
PHAH v s o] 4EIt b,
AR A 24 glo] Fehel vE st &2 57 7t

S5, FE A W HE TR HE AMSSHA thol AF WA R ok

S o] o AR Aol A v vk vl g el E s 2 S 8] A

WEs R v 5 DNAS] 5% 582 289 5 k.

W 9le] o oo hE 2T P g e Wg s Zeboln g ulu|g sl Eejol

BEE NS S l4 TF AT W] WA 2, Asf 2 @
o1 Fv1% LA A /| PRV ML A Y ek o] A2t

=
+=e ‘?écﬂoﬂw‘hi = ‘;—l‘ﬂoL

S AZA A&, 7Y gl &
A 3H= cfDNA (cell-free DNA) 5 & -2}l Al A A0 2 E A 3= ctDNA
(circulating tumor DNA)2] DNA W€ 3} -5, A a2 IdHE [, AEdHE 2 &

2l 3}
T AEHE 302 FAE= ElAkel] 23y 2 of 1 ko] CpG Alol E 9] wE 3}
Feg AR W E-AZ IH S Sl elste], ol & V|Rte R w2 e W 5
EE YA 5

o & &0, A7 AESA Ala ] Wesld d4te] 5 5= 100 ng/ul ©] 3}, 90
ng/ul ©]3}, 80 ng/ul ©] 3}, 70 ng/ul 13}, 60 ng/ul ©] 3}, 50 ng/ul ©| &}, 40 ng/ul ©] &},
30 ng/ul ©]3}, 20 ng/ul ©]3}, 15 ng/ul ©] 3}, 10 ng/ul ©] 3}, 9 ng/ul ©] &}, 8 ng/ul ©]
3}, 7 ng/ul ©] &}, 6 ng/ul ©] &}, 5 ng/ul ©]3}, 4 ng/ul 13}, 3 ng/ul ©| 3}, 2 ng/ul ©] 3},
1.5 ng/ul ©] &}, 1 ng/ul @13}, 0.5 ng/ul ©] &}, 0.4 ng/ul ©]3}, 0.3 ng/ul ©] &}, 0.2 ng/ul
o] &}, 0.1 ng/ul ©]3}, 0.05 ng/ul ©] &}, 0.04 ng/ul ©]3}, 0.03 ng/ul ©] &}, 0.02 ng/ul ©]
3}, 0.01 ng/ul ©] &}, 0.009 ng/ul ©]3}, 0.008 ng/ul ©] 3}, 0.007 ng/ul ©] &}, 0.006 ng/ul
o138}, 0.005 ng/ul 0] 3, = 0.003 ng/ul 015+l A &= It} 7] HALL o] 2 =
o AT |, AT 2, T = AL 308 FAH = dlitbe E3E 4o
st o] CpG ALl EE E3tatH, 4] *1°ﬂ‘ﬂ§ LAGHE 2, == 7‘1 AWM 3
B2 FA Y= Ak A Ql AR DS THA] = A ¢ AT A ol ®, AT
A MEHE LAEHE 2, B IS 308 A= Ak 4 ok

o & 5o, A7 AESA A ae vdsty ik 2 vie sty aike &
sk, 7] wld st kel =, A HlvE sk ake] 5 5] 75% o]
3}, 70% ©1 3}, 60% ©13t, 50% ©|3}, 40% ©l 3t 30% ©]3t, 25% ©13t, 20% ©| 3,
19% v ", 18% ©| 8}, 15% ©]3}, 10% ©| 38}, 5% ©] 3}, 4.5% ©]3}, 4% ©] 38}, 3.5% ©]

ol

A[o!-rlm

_4

R

3t 3% ©138}, 2.5% ©l3t, 2% ©138}, 1.5% ©]3t, 1.4% ©l 3}, 1.3% ©|3}, 1.2% ©] 38},

1.1% ©l3t, 1% ©1 38}, 0.9% ©13t, 0.8% 138}, 0.7% ©13}, 0.6% ©138}, 0.5% ©]3}, &=

T 0.45% ©13k] A G T} A & Eof, ] Ak EdHE 1 AEHE 2,
EEAEHSE 302 A HE qbel] 85 H o5 3] CpG ARl EE X3
e, 7 AEHE 1L 9T 2, B AT 302 FA ¥ Bt A4
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[63]

[64]

[65]

[66]
[67]

[68]

7A102ﬂ

r ¥
o
e
£
fr
ox
N
&
r>'
rlo
>,
ifiea
(L
fols

=514 Alm= vE e d4k F v e she SAks 25
st 7] v s} g AL A 7 100% 7 EL 2,
7] Wlel gl dAak-S 100% ©]38), 100% v 5, 99% ©]3}, 95% ©]3t, 90% ©] 3},
85% ©]&}, 80% ©13t, 75% 13}, 70% ©13}, 65% ©13F, 60% ©135}, 55% ©]3t, 50%
o] 3}, 45% ©| 3}, 40% ©13}, 35% ©| 3}, 30% ©] &}, 25% ©]3t, 20% 13}, 15% ©] 3},
10% ©1&}, 10% v RF, 5% ©18}, 5% 13, 4.5% ©) &}, 4% ©13}, 3.5% ©1&}, 3% ©] &},
2.5% ©]3}, 2% ©13}, 1.5% ©13}, 1.4% ©]3}, 1.3% ©13}, 1.2% ©13}, 1.1% ©13}, 1%
|3}, 0.9% 13}, 0.8% ©13}, 0.7% ©138}, 0.6% ©13}, 0.5% ©]5}, = 0.4% ©|5F 3£
hsh= A 5= AT o & Eol, AV WA AEHE LAEHE 2, e A
MG 30 7 FA[E = kel 3k Ao shfo] CpG Al EE E3HehH, 4
7] AT [, AEHT 2, = LA HDE 307 FA = 3ake] o142 0] oL
MEE 7HA = D S= ok A o &2, 7] A EHE [, EHET 2, T
T AEME 308 FA = ik 4 Qi

A& Fof, A7 &4 Alme wE st EAkE 20,0007 o] 8t 15,0007F
o] &}, 10,0007} ]38}, 5,0007FEF ©] 8}, 4,0007FE o] 3, 3,0007FEF ] 8}, 2,0007F
o3}, 1,0007F o135, 500715 o] 5t 400715 o] 8, 3007+ o] 8t 2007FE €]
s, 150715 ol 8}, 1007F ] 8}, 90715 o] st, 807 o] &}, 70714 ol 5t 607
ol s}, 507+ o] 8t, 4071 ol 8t 307 ol &}, 207} ol st 10745 o 8t 97
olst, 87F5 ol 8k, 77k ol &, 6715 olst, 574 ol st 47k ol e}, 3715 ol 8, 2
74 ol st = 17hY o] 8t & E9tshi= AW 7 Ut o & 5o, A7) ;A A
AT 1, I T 2, = I T 307 F A= Siqtel] E3He #o] % sht
o]l CpG AP EE 23161, 47 AT 1, EHE 2, = Adds 30z

EAHE G4 A%H QN AR AL b= 9 = ek A o2, 4] o

it ox
e

>

>,

b
oy
N
I
=
i,
o

A,

T2, = NIdHST30E A Y
A oo A, 7] e AR g, I
, O a0 B o] FolX] = ol A A B E 158 o] A

>
rlo
>
12
(1
fols
>
12
i

rr

'J%.—ﬁ

tlo et

EE 9tk U] A BmAE G E Bl (I A =mAY 5 T

7] A7 A = o & E0] o} 9HE] Y (Afatinib), AK105, SFZE]'d (Anlotinib),
o} 5} E] Y (Apatinib), o} 8] Z 2] 55} (Atezolizumab), 1 F5) (Avelumab), ©F
A E] (axitinib), W WFA] =5} (Bevacizumab), B.5E] ' (bosutinib), BSC, 7}
R ZHE] Y] (Cabozantinib), 7FH %HE] H-S- 2 &| o] E (Cabozantinib-S-Malate), 73
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[69]

[70]

[71]

@l 2] 5%} (Camrelizumab), 7} 2 E] Y (canertinib), 7} 2 =2}l (carboplatin),
FFA| A R (capecitabine), 4 2] =4 (celecoxib), CC-122, CF102, A 2] ZEd
(crizotinib), TFA}E] ' (dasatinib), 5= A BF 4l (docetaxel), 513 'H (Donafenib), =
H] E] d (Dovitinib), 54 FH] Al (doxorubicin), Tl 2545 (Durvalumab), EKB-569,
A E = E] Y (entrectinib), ] 3] FH] Al (epirubicin), | & Z E] { (erlotinib), | &
FE A E (etoposide), ol Ml &2 (everollmus), FGF401, FOLFOX 4, 3 2~E} v} E]
' (fostamatinib), 21 Al 2 ¥] (Galunisertib), 7] 3] E] | (gefitinib), A A] EFHI
(gemcitabine), IBI305, ©] .5+ E] ] (ibrutinib), ©| "}E] ' (imatinib), INC280, 21 3]
“12+E] Y (Infigratinib), ©] 2 €] 5% (Ipilimumab), ©] 2] % H| %} (irinotecan), &}3}
E|'d (lapatinib), ¥l & F 7| = (leflunomide), #1H}E] H (Lenvatinib), LY2875358,
| 2 #] o] E (Mesylate), 7] E7}o] Al ¢ (mitomycin ¢), MSC2156119], vl 2+El H
(neratinib), 'd 2 E] ' (nilotinib), Y HI T+ (Nintedanib), Y54} (Nivolumab), <
A2] =219 (oxaliplatin), 2 E.A]E ¥ (Palbociclib), ¥} = H] %= 2~E} E (Panobinostat),
3}z 3}y (pazopanib), PDR001, 3 H & 2] 55} (Pembrolizumab), ¥ 7| 7+HE]| H
(Pemigatinib), 2 A} ] (Pexavec), $14+$3 (Phosphate), 2+ A] 54} (Ramucirumab),
222} 3 (Regorafenib), 542 E]'d (ruxolitinib), Al %A (semaxinib), 2
Z €] (selumetinib), SGO-110, SHR-1210, A &l 2] ¥ (Sintilimab), A&}
(Sorafenib), SU6656, 5= El 1 (sunitinib), 2 & 2] ¥ (sintilimab), 2~ 3} 2 &he] 53¢
(spartalizumab), 5= € E (sutent), TACE, E}2>7] 1 2. (Tasquinimod), B =& 2 n}
o] = (Temozolomide), §1 A] & 2] F 2> (Temsirolimus), ¥l & 2l 2] 525} (Tislelizumab),

EJHHE] | (Tivantinib), £ 2] o] E (Tosylate), & 2] & 2]V} (toripalimab), & 2| 2 ]
b (Tremelimumab), ¥HE EFY (vandetanib), HFEHE}H (vatalanib), X1.888, Y90,
01%94 Okb‘kﬂ =4 31.9_5]‘; oﬂ = o]lé_g/] zrﬂ-o 4*%}61- 2= oh;}

=99 EvE A d+= §9J4 A of o] whe} 3heke] LS 7= A
_E._ AEE A E ‘]LO}E WAE E3 et o A= el #gk Al o]
A7 WA & A mekE @Al= Ak uke) g

u} 19 w7 = ol A A
WHoh o e g
1 FIAA g BAEY EES W

N
%0
fr

g
__).4_1‘1
O::‘

e oY 4‘1
om e
topr
2
=
s
©,
4 ot
O,

g B Rl A diz dof v]Rke] A A e Faf (ke 5ol
7bsdntol e il B o) & 283 B ALY !

|
Do
>
yusl
oL
o
by
ol

2]
E3], gl 5 cell-free DNA (cfDNA)S] DNA W E 3} =5< gH¢l st
Tt A E 29l ofDNAS F55 A& 5 At
= 7 A
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[72] 12 E Ee A ool whE i o] 7 Ao A o] WlE s} S FRIE
W o g 7R Zo] A CGRC_N: Cancer Genome Research Center normal; LIHC_N:
Liver Hepatocellular carcinoma normal, CGRC_T: Cancer Genome Research Center
tumor, ¥ LIHC_T: Liver Hepatocellular carcinoma tumor & 2| 1] gk},

[73] 2= AR A A - EY0 A oo wE o] WE3 REE
e SO R 7ER FHoll A Liver N: A/ 1k NAFLD: Bl &4 Azt
71 8} (Non-alcoholic fatty liver disease); NASH: H] &5 -&4) 7+ (Non-alcoholic
steatohepatitis); LGDN: #] 5% o] &4 24 (low-grade dysplastic nodule); HGDN:
a5 % oA A4 (high-grade dysplastic nodule); HCC: {HA| 3£ ¢k (Hepatocellular
carcinoma); HepG2: {FA| 3£ 4=&(HCC) Al =55 9| v] gttt

[74] 5 3a WA B 3c= B WEE HolH & 594 23 ER AN ¥ &
Ao A ool wpE niol @ v o e e A A E Ui ol

[75] E4= 2 Ee A oo whE mlol e mpA of (b Sold & YEdl e ®,
XF5H2 M-S £3kate] 237 oF & HlolB A ES A R o 24 A&, YHS

JEE 2] A= vEs) =S e T

[76] %= 5a W A] % 5¢= Control DNA (EpiTect PCR Control DNA Set, Qiagen, 59695),
s F 39 gDNA 2 212k Buffy Coat i 2 ©] o}3H4F H ¥l gDNAE A5}

04,—“5:%%4 o) k2 ulol @ v of WE 3} =5 S o] WE s} H A
] 1 74ero] -3 7 A & 18 Aot

[77] =6 Lo ¥ =YY o oo upE wd s 5 54 S o] &5t

=] d o UﬂrE Hpol @ w7 Rl v 1] v E 5} 9 v E 3} DNA 7He

gk & A7 Z 34 (limit of detection)S -4 3 A 3} o]

[78] L 78 thoksl ko] Al A Eok 2 A Ao sl
uko] @ mpA o] v e 3} 4232 BRI boxplot ©] T}

[79] 5% 8a 1 A] & 8ci= 55T 9] A7k Al o 2 e = ¥ Buffy Coat -2 2] o}
AP A 2HE gDNA 7]9He] MS-HRM #41H 235 Uetdl o= & ga Yl &
8b= BE AA S A st wedd A4S YE el A, & 8o A A
7Ike] 7k A& o] A4k (AUMO) 9] 235 LR boxplot ©] .

[80] 5 9av= 817 o] 717k A 2 3197 o] HCC #4F2] AUMCE HHEH boxplot
© 2, 81 2] Healthy2] AUMC k2] 97" Percentile s 7| RFS. & A A gl cut-of 5

FFE—E

[81] 5 9b= F 4207 o] oA AAo] il B Q] A ool ulE vlo] 9 nhA Sl u}
71 19] 7k A ek 8 & 7416 A ol

[82] 102 E E99 A oo wpZ upo] @ npA A npA 18 thFs vlo] @ nlA 9
233813 S u 7 Ak A A o] gl AaE Vel ol

[83] E 112 E E99 A oo b2 Jek npA ] 1k Eol A& geldt o)

[84] T REEE99 A oo s Ak npA ] wE s} -8 Ba 7H ik 2
AA S AESHA of| F6h= 28 Fl3k ot}
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[85]

[86]
[87]
[88]

[89]

[90]

[91]

[92]

[93]

a7l A do] eleto] o & Al Al el

ol & 4
AIBE7] f1gE A Hol, & Fde W7t ol& A el

A1 3T AEAY 58 vA EE

Qo1 A00] 15 119 el S A 58w S R 919, TCGA
(The Cancer Genome Atlas) ] ©] E] H] o] 2~ X CGRC (Cancer Genome Research
Center)©] DNA W13} H ol E| 2 34 3510, 417] Hlo Ej W] 28] 4 1 2%
2 gkt A o] WE 3} dlo) B & WAl EEe], 95% o] 2] A g M E e A= 15%
ol AW B 3, 95% o] 4] o 4130l A 15% ol 32 A W EL5}El
]’D AEZN M= 30% oo 2 e sl¥ CpG siteS A1E 3T

& 420 ool 9P Wil A4, 371 el Elalel =) 2 el A

37] Agtse ddste] TFA R I ATE T % 7 =2 CpG site
A%
§ N Aol 7hs sk kA & dhmety] YA, FHA o= gF ol 9] Vel B

Ao M 15% ol st = A W E st np7| SRS skl

A7 21 B rSete ZloE AAE v o ARE K 1o veRllth A
| A8 ¥ wlo]l @ ulAE B g Ml Aol A “nbA 1 (marker 1)°2 315U}
ESE ZhQbo)] Hol A0l Ao ' yvErd nhA| 285 FUHE AE st 42} «<nbA
2 (marker 2)” 2 “7}A 3 (marker 3)" 2.2 WA, 71 A HE F 19 Ve

[3E1]

mlo 1m

i‘i

N

3y [a (s [z |4 P
Al <
vl 1|Chrl2 (2181027 (2181079 |CGAGGTAAAGATCGTCCAGCCT |1
9 2 TCATAGGCCACCTGGTTCCGTCC

CCCTCCCCCAGCTACTCGGGCA
CGTGTCCCGACTCCCGCCAGCA
GGCCGTGGGGGTGATGTGGCCG
CCATGAACCCACCAAGGACAAG
TAGGGCCTGGTTTTAGCTGCAA
ATGCAACAAGTCTCTCCGCTGA
GCCGCAGCTGCTACCCTCTGCCT
TCTGCTCCTCCGCCAGGGCACG
GCCCCCCCTGCGCCCCAAACTG
AGCGGCAAAGTCAGGGCCCGCG

GCCGGATGCTCAGAGCTAAAGG
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CCGCGGAGGACAGATGTGCTTC
TTCCTCCTTCCCGCGTCTCCCCA
TACAAGTACTACCCCGCACGTC
CCATCAGGCTTGCCTGTGGGCC
AGGATTCAGGGTCCTGAGCCGA
AACCTACCAGGAGAGAGAAGGC
TCTGGAGACCTCTGTAACAGTC
GTGCGGAGAAGACAAAGTCAGC
TGCGTGCGTCTCCTCCGGCGCC
GGCTCTGCAAGGAGGGAGGAGG

GGGCG
ulA 2|Chr 172929802 |2929863 |GGGCGAGGGAGGAGCCTGAGG |2
1 1 AGACTCGCCCGGCTCAACCCCG

ACGTCCGCGCCCCGGCCGCCTG
TTGGCCATGGCGGGCCTGGGCC
TGGGCTCCGCCGTTCCCGTGTG
GCTGGCCGAGGACGACCTCGGC
TGCATCATCTGCCAGGGGCTGC
TGGACTGGCCCGCCACGCTGCC
CTGCGGCCACAGCTTCTGCCGC
CACTGCCTGGAGGCCCTGTGGG
GCGCCCGCGACGCCCGCCGCTG
GGCCTGCCCCACTTGCCGCCAG
GGCGCCGCGCAGCAGCCGCACC
TGCGGAAGAACACGCTACTGCA
GGACCTGGCCGACAAGTACCGC
CGCGCCGCACGCGAGATACAGG
CGGGCTCCGACCCTGCCCACTG
CCCCTGCCCGGGCTCCAGTTCCC
TCTCCAGCGCGGCCGCGAGGCC
CCGGCGCCGCCCGGAACTGCAG
CGGGTAGGGAGGCCGGGCCCGC
AGCTCCCCTGGCTCCCCCGGGCT
GCCCGCCGCCTGACCCTTTCCCA
TGTGGCTCGAACCCCTTTCCTCA
GCCGTTCTACTTTTACGTTCCTT
TTCTCAGTCTAAAAGTCGAGTTC
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CGCTCTTCGGAGGCACTTTGGA

AAGTTCATAAAA
"7 3|Chr 191973854 {1973984 |GGGTGAGGTCACTTGCTAGAAC |3
7 6 CCTGCGAGGGGGCGGTGCCGAG

GCGTGGAGGTGATCGGAGTGGA
CAGAGAGGCGGCCCCAGAAGTT
AGTCGGCGGGATTTGGGCGCGA
GTGCTTCCCAAGCGGGCGGGGC
AATAGGCTGTTCCGGGTGGGAC
GGAGGACACTGGCGGTCTCCGG
GACAAAGACAGCGGTTGGGGAA
GGGATGGATGGCCGGGCCTCCA
GGCGTCTCCAGACTGGGGAAGG
GGTAGGGGGTTAAGGGATCAGA
GGGCGGCGTCCTGGCCCCGCAG
GCACGTGCCGCGCCCTTCCCCC
GGGCCCAGGCCCGCACCCGCCC
GCCTCCCGTCCGTGCAGGCCTC
ACCTGGGCCTCCAGTCACGCCG
CAGACAAGGCGGGCTCGCGGGG
GTTCGGGGCGGGCTCGAGGCCC
ATGGCCCGGCGACTGCGGCGGG
AGCGGTAGAGCGTCCGGGTGCG
CCCTGTGCGGGTTGCTGAGAGG
GCGCGGGAGGCGGGGTCTCCCC
GGCGCCCCGCCCCCACCACCTG
GGGGAGCCCTGCCCCGCCCCGC
CACCTGGGGGAGCCCCGCCTCC
ACGGCCGCGTCGGGGGCGGTGT
CGCCCGGAACCGCAGCCCCCCT
GTTTCCTCCCCGCCTCGCGGCCC
CTCAGTCGCCCCTATTTCCGGCG
CGGGACCCCCACCCCGGTACCT
GCACACCTCATGCGCCCGCAGT
TTCGAGCCTGCGGGGCTGAGTC
ACTCGGCGACCCGAAAATTCCC
GCCGTGACCCCGCGCTGCCCGG
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[94]

[95]

GCGGAGCTCCAGGTGGTCTTGG
GTCCGCGCCCCCGCTCCGGACC
CCCAACCCTCCCAGCCCCACCC
CGCTCTCTTCTTCGTGTCCAATC
GGCCGCCGAGTTACAAGCCACT
CCCTGATCCGACTTGGCTCCCAC
CGCCCGGACCCCCGCCCAGCTT
CGGCTTTGCCAGCTCGCAGTATC
AGCGAGCCGCGGCCTCCTGTGC
GAGGCCCACCTCTGCGGCCCCA
GCTGATCATCGGGCGCACGCTA
GGGTTTTGCAATCCCGCCCCCGT
ACCCCTCACCCTGGGACAGCGC
TGCCCCCTGCAAAGCCCGGCCC
TGCCCTGCCCTGCCCTGTGGCTT
CCTCCCTCGGCCTCCCTGCGGCG
GCCCCGGGCTCCCACGGTCCGG
AGCACACAGCCCCATTGTCCCG
GTTATCGGTACTTTGTTATACTG
TATTTGATTATGCAGGACCGGA
TCGGGGACGCAGAGCTCCGGGA
GGGCCGGGCTGGCGTGACTCAG
CCGGGTGCTGCGACCCAGCTCC
AACTGCCTTTACGTA

o] A Aldol A mhA 19] U o ZA] 1200 A2 A 2] 21810750 WHA] 21810751
) Dol X3 CpG A EE th T 4] 02 Ao AFE3Sar, nhA 29] A 4
229 17 Q217 2] 29208124 W] %] 29208125 A A Aol 9] & CpG Aol EE
E 2 o g Ao AL-g38tar, mh7 32 A o A 19t 2 A 2] 19739407 W
A1 19739408 H A A Aol 2|3 CpG ALl EE 4 o= Aol AR5ttt
¥ 19 Lol A A7l 12 A A 2] 21810750 WA] 21810751 &) A Aol 9] %]
3 CpG AFol E, 4471 17H A4 €] 29298124 W A 29298125 #) A A of] £ %] &
CpG AFol E, 2 47] 19 A A1 A 2] 19739407 W A] 19739408 H #] A A of] $] %] &t
CpG A EE & 24 2 UEE 710 AT

A8 ¥ {1+ vl E Graph pad prism &2 AF-8-3}¢] Box plot2 2 A Z}3} 5}

o] & 19 YEFITE (XF: 41 EFS]; CGRC_N: Cancer Genome Research Center

normal; LIHC_N: Liver Hepatocellular carcinoma normal; CGRC_T: Cancer Genome
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[96]

[97]
[98]
[99]

[100]

[101]
[102]
[103]

[104]

Research Center tumor; LIHC_T: Liver Hepatocellular carcinoma tumor, Y Z;: | &l &}
B-value).

5 10 YER vkef o] B 29l o] A o] mpE vl = HAA d o, AG =
2, 3k ol 9] 7] T(organ)] /g 22 F kol ] 7| He| oF A oA = A v E 3}
Ho] glor, ke A Zo A Bol X oR nEsty 54 Bl A FoeR

—

[x!

]

o

¥ 2 912] o ool uhE oz g A Ee) A W W F Bkl 30% o]0 % v
ehst o, 1 9] Aol A e} o] AA 3] kol 4] vl el el st 5
F¢EH Y NS Soldoz THR S 9

AR 2, 4 4 DA o i E | E 3} ¥ ol

VU9 A oof upE nlo] & wpA o thste], 1kete] W whA o & ”ﬂ
B3} HolE &9l 3]— 2}, GEO(Gene Expression Omnibus) E] ©] E] #] o] 2~ o] &
o] be w0 Sl+= HlolH MEES thiskth ZF vA|of] gl= o 2 ”ﬂ%
3}

|

—l—l

t o] 8 & 3+ 4] Graph pad prism &2 A}-2-3}¢] Box plot& 2 A|Z}3fo] &®
20 YEFICH (X3 A E BF]); Liver N: B4} 7k NAFLD: H] &5 -840 A Hkzk
21 8} (Non-alcoholic fatty liver disease); NASH: H] &5 -&4] 7F¢1 (Non-alcoholic
steatohepatitis); LGDN: 4] 5% ©] 3 4] A4 (low-grade dysplastic nodule); HGDN:
i % o] 3 A A4 (high-grade dysplastic nodule); HCC: 7FA] 3 ¢+ (Hepatocellular
carcinoma); HepG2: FHA| X ¢H&(HCC) Al 37, Y= v € 3} B-value).

L 20f) ypERd uhef o] B Sl o] A oo g nlo] @ A= A o A
A kA A PR A = AW E g E Bolal, Ik o] & A (dysplastic liver)
2 Zkobe]l A Al Bl dysplastic nodule(©] A A4 Ao A B v E 317}
A" oz Frbstel, AL L HCON A ME st o] AA 3] % S
HAATH & 204 X552 AA, Y-S wlE 3} ghS o] gkrh

bl

AA 3 SHE LT EAA "ol wA Y] AGA Hs HF

2 Eo A oo & npol o npAE o] H YA S EA AFEHr] A,
GEO(Gene Expression Omnibus) ] o] | ] o] 2ol A 47)] 7kt W€ &} dlo] g M| E
GSE54503, GSE56588, GSE60753, 2 GSE898525 t}-&-Wlo} 21 g o] AL-&-&F3d T},
AN o 104 mp7] whag o 2 AL-g-3 271 2] d] o] E] Al E (CGRC HCC, TCGA
HCC) 2 371 47} HlolH AlEE A A, & 99 o oo & vto] o miA &
AF-&-3+o] hierarchical clusteringe X1 38} a1, o] & A| 2 &}8ho] & 3a W 4] & 3coll
e T (XZ: ABZ, Y 1171 9] Probe ID, 25 dh2: A A wikz) dlb~: o)
}\ﬂ.‘j_.

E3ayw ¥ Ed9 A ool & wpA 1 @l vpA 9 Sel e Aoy, =
A 1 R w2 25wk o] S 2 E Aol  3e= vk 1 3 ﬂ}ﬂ 3
Z3 ntA ] el g H Aol & 3a W A] & 3coll A 3] E 2] (Heatmap)<2]
Aol = wldsl JuE o] sh, Sl Ao A Wit o ' ZhpE v e stE Ve
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[105]
[106]
[107]

[108]

[109]

[110]
[111]
[112]

[113]

]

h Ll

=

.5 3a WA 5 3bo] LER v} gro] B Eio®
A EE AT 22N o g FAE A A2
B

>

1;]! aArT= g =
2ol TR = AS G 7 ATk £, 2 Fde A ool uhE
ﬁ 13}, vp7 2 B= mbA 3-8 7 4831 hierarchical clustering

Tumor coverage”} T % /g% At}

o
N,
o
e
it
=

A Al o] 4, vpo] @ v}A 9] HF Fol A &2l

v Fde] A ool wpE nio] @ v o] 1hek 5ol A& Flstaral, AA[o] 1 &
= AATe] 20014 AH&-3F TCGA 2 GEO Hl o] EfH] o]
of ¢ TEE Hg vEs} AEE LA

T A A & 2, R software©ll 4 ggplot2 R package= AH-&3te] 2} B o] B A E '8 w}
A 1R A 29] PR3} JI2E heatmap 2 2 2HQ10] 5 4o ERSITE (IF A A
w e}, Wik a ”R s}, X A S, Y 771 9] Probe ID, Z 5 HE2s: A A
=, kb gk 8.

5 4ol e vk} ?—:}O] 7 oF Sl M 2 e o ool whE upo] @ mF| €]
H v} ghe Fle Ao ‘3}74 13 w7 23= b A Ao A g o =2
LhER vl E sk /\3 gl ar, A4 H B & Foll A= sl o ®
Epup A d gbe S Flskgivh whebA, 7] 27] vhol & w25 Zkeke]
MRE 2 wE s =5 Bolal, e o Foll M= w2 vEd e Bl
oF Eo 42 BFol i),

1o,
=
i
=
o
)
|
>
=z
ofo
of

A 5, vlo] @ vlA S HE 3 FF S W &Y

B 25190 o ool G2 vho] o whrle] WEH S ES S el A E e o
gt ol G,

£ Ede A ool whE A 12 ¥eehE S AT R 2T AES &
o} o] FHlsle] A g ALBSFSITE M HE 2,3 F 52 AE5-2 Qiagen©l| A

Tste] ARGt o, ME HE 3 ME HE 29| ¢gDNAE EpiTect Bisulfite
KitZ o &-5fo] o}341 A el sfol Apol 41 2717} 235 E 02 W ae Aol
3L, AE T 55 S WS 29| ¢DNAOK Sssl methylase S AH8&-3He] 100% €
3} ¥ EpiTect Bisulfite KitE ©]-83}¢] o} &4t A 3k A 2] sto] CpG Aol B4 £
Atol Exlo] iRl o = W Eke Aolrh, ME HE 40 A5 075 Algde] deolo
2 HE 2] ¥ buffy coatE ©]-83F¢] peripheral blood mononuclear cells= - E] A
ZAFe] A Al ol u}2} QIAmp DNA Blood Kit (Qiagen, Cat. No. 51104)& A}-8-3}¢]
gDNAE %3181 11, 55 % ¢gDNAT EZ DNA Methylation-Lightning KitE A}-&
3] o} 3FAl A 3L A3 Ele] A F o] Al LEY T AME HS 69 AL 71k A
3Z ¢! Huh-19] ¢gDNAT PBMC#¢} & 3517 QIAmp DNA Blood Kit % EZ DNA
methylation-Lightning KitZ A}-&3Fo] 23] of &85 4= QI w5 =n| ¥ o), 2 Al
Z< Qubits T8l FEE S4% 2, 0.33 ng/uLE 3| A 5ke] F=H] gt

m]u
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[114] [3%2]
AE WAEd AE A e 3} o |5 52 Tref 3 A
S 3 2
1 NTC non-template control |- AX A
2 EpiTect gDNA  |o}SHal m Al g] A& |- 54
3 EpiTect Unmet. D|{100% B W& 3} A& X HaA
NA
4 Buffy Coat gDNA |47 & ol A3z f-2f (X TS
=
5 EpiTect Met. DN|100% &3} & |0 gAY
A
6 Huh-1 gDNA A fEf AE (O kA
[115] & =] & ofof whE nlol @ mpr o] o} Ak A gkl A& & 30 HEFHT
¥ 30| A oF8FAE A 2] & CT conversion®] 2R3 CE A4 t= YEF Az, WE
512 CpG AfOl == B4 0GR Hhepeh 5 3004 24 A1 el A e

2 Aglol AHEH CpG APl EE w2 24 2 W&& 1o FA|EI T
[116] [3£3]

name |Bisulfite converted Sequence A

1171 1 |CGAGGTAAAGATCGTHAGHTTtATAGGttAtTGGTTtCGTttttt
Tttt AGITAITCGGGIACGTGTHCGAITHCGttAGtAGGICGTGG
GGGTGATGTGGICGHATGAAtttAtAAGGAtAAGTAGGGHTG
GTTTTAGITGtAAATGtAAtAAGTITITICGITGAGICGtAGITGt
TAtTITGUTTtTGtTt TtCGttAGGGtACGGttttttt TGCGtitt AAALT
GAGCGGtAAAGTtAGGGHCGCGGICGGATGITtAGAGITAAA
GGICGCGGAGGAtAGATGTGITTITTHTUHTTCGCGTITtittAT
AtAAGTA(TAtCGIACGTATIAGGITTGUHTGTGGGHAGGAT
TtAGGGTUTGAGICGAAAUTAtAGGAGAGAGAAGGITITGG
AGAUTITGTAAtAGTCGTGCGGAGAAGAtAAAGTIAGITGCG
TGCGTITUTICGGCGICGGITITGAAGGAGGGAGGAGGGGG
CG

w7 2| GGGCGAGGGAGGAGHUTGAGGAGAITCGtCGGITtAAMCGA |5
CGTtCGCGttCGGtCGHTGTTGGttATGGCGGGHTGGGtTGGG
tTICGICGTTHCGTGTGGtTGGICGAGGACGAtTCGGtTGtATt
ATtTGHAGGGGITGITGGAITGGHCGHACGtTGttt TGCGGttAtA
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GITTtTGtCGttAtTGttTGGAGGttTGTGGGGCGttCGCGACGHC
GtCGtTGGGH TGttt AtTTGtCGttAGGGCGtCGCGtAGtA GtCGtA
ttTGCGGAAGAAIACGITAtITGtAGGAtTGGtCGAtAAGTALCG
tCGCGtCGtACGCGAGATAtAGGCGGGITtICGALttt TGttt At TGttt
TGUCGGGtTHAGTTtttTtTttAGCGCGGICGCGAGGtttCGGCGt
CGttCGGAATGIAGCGGGTAGGGAGGICGGGttCGtAGtTtttt T
GGtTttttCGGGITGUCGICGUTGATTTtATGTGGtTCGA Attt
TTTUTIAGtICGTTITAITTTTACGTTUTTTT(TtAGTITAAAAGT
CGAGTTICGITITTCGGAGGIAITTTGGAAAGTTIATAAAA

1A 3|GGGTGAGGTIAITTGITAGA At TGCGAGGGGGCGGTGICGA |6
GGCGTGGAGGTGATCGGAGTGGAIAGAGAGGCGGttttAGA
AGTTAGTCGGCGGGATTTGGGCGCGAGTGITTHAAGCGG

GCGGGGtAATAGGITGTTICGGGTGGGACGGAGGAALTGG

CGGTITICGGGAtAAAGAtAGCGGTTGGGGAAGGGATGGAT
GGtCGGGttTttAGGCGTtTHAGAtTGGGGAAGGGGTAGGGG

GTTAAGGGATtAGAGGGCGGCGTHTGGtttCGtAGGtACGTGt
CGCGtttTTttttCGGGttAGGHCGLAttCGttCGttTHCGTICGTGtAG
GttTtAttTGGGttTttAGTIACGtCGtAGAtAAGGCGGGITCGCGG
GGGTTCGGGGCGGGtTCGAGGHATGGUHCGGCGATGCGGC
GGGAGCGGTAGAGCGTICGGGTGCGtTGTGCGGGTTGtTG
AGAGGGCGCGGGAGGCGGGGTHTHCGGCGtttCGtttttAttAttT
GGGGGAGttTGttCGtitCGttAttTGGGGGAGtttCGtt THACGGtC
GCGTCGGGGGCGGTGTCGttCGGAACGtAGtttttt TGTTTetTett
CGttTCGCGGttttTtAGTCGttt TATTTICGGCGCGGGALttttAtttC
GGTAUTGtAtAUTIATGCGttCGtAGTTTCGAGUTGCGGGGtTG
AGTtAtTCGGCGAttCGAAAATTiHCGtCGTGAtttCGCGITGttCG
GGCGGAGITUHAGGTGGTITTGGGTICGCGttttCGtTICGGA ettt

AATHttA Gttt AttCGITITITTITTCGTGTHAATCGGICGtCGAG
TTAtAAGUATITGATICGAITTGGITttAtCGttCGGAtttCGtitA
GITTCGGITTTGttAGITCGtAGTATIAGCGAGICGCGGHUTUTG

TGCGAGGtttAUTITGCGGttttAGITGATIATCGGGCGtACGITA
GGGTTTTGIAATUCGttttCGT Attt TtAttTGGGAtAGCGtTGttttt

TGIAAAGUCGGH TGttt TGttt TGt TGTGGt T T Tttt TCGG Tttt T
GCGGCGGHtCGGGITtACGGTICGGAGIAtATAGtttATTGTtC
GGTTATCGGTAItTTTGTTATA(TGTATTTGATTATGtAGGALt

CGGATCGGGGACGIAGAGITICGGGAGGGICGGGITGGCGT

GAITIAGICGGGTGITGCGAttAGITttAAITGtUTTTACGTA
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[117]
[118]
[119]
[120]

[121]

[122]

[123]
[124]
[125]
[126]
[127]
[128]

*1: o3 2 2] Z CT conversion ©] ¥ C
*CG: ME 3] H CG

1 al
"—l T
= spgich, A i e S §% elolv] o] 3atg 2o v P g}
2 A% 5 Y5 E CpG EETpG AL S
bk o} 841 A 2] F CpG Aol Bl o] Elw
g3} Zefol = CpGE 1U & ¥ sl

T EU LBl 58 kel FH o] Zekolr o Tme FASHA AAT 4= 8l
o vl s} etolw) Bl e s} 2z efol v of who o] efel iz H e 3} 7t
= R u e s vhere] v s} Aelel Aglol Aol 7he @ ol &2 A
shAth B 3=ekol 7} Non-CpG Aol =412 270 o] 4 39tsto] obghat A ¢
DNA 7heell 5ol A o2 A9er 4= g5 sttt & & o] < oo up& vlo]
£ wpAARY vk 1ol thshe] A2 ek metol ] Al E o] | Al A QI M AL 3 40l o
ERshct. 2 2zefoln) A el M nA 19] CpG Hi= Non-CpG Atol E 41l o &5}
=9 E AR TIASEAL, 2L el Y] AR AR VA .
[3£4]

name Seq (5°->3) SEQ ID N
0.
Methylated Forward Primer for marker 1 [aAcCGACGcCGAaAAaAaC |7
G
Methylated Reverse Primer for marker 1  [gaaggTtTtggagaTTtTtgtaaTa (8
g
Unmethylated Forward Primer for marker 1|ttAcaAaAcCAACAcCAAaA (9
AaAaCA

¥ 49] Zg}oln & Al-g-3to] PCR Mixture Z tF&-3 o] A %3t} (1 rxn 7]
):

Master Mix (2X): 12.5 pL (Final Conc. 1X)

EvaGreen (20X): 1.25 uL (Final Conc. 1X)

Methylated Forward Primer (10 uM): 1 uLL (Final Conc. 0.4 uM)

Methylated Reverse Primer (10 uM): 1 pL (Final Conc. 0.4 uM)

Unmethylated Forward Primer (10 uM): 0.5 pL (Final Conc. 0.2 uM)

NFW (nuclease-free water): 5.75 uL

M
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[129]

[130]

[131]

[132]
[133]

[134]

[135]

[136]

[137]
[138]
[139]
[140]

[141]

Total: 22 pL.

Az ¥ PCR Mixture S Z} 96-well plate2] 7} wellol] 22 LA = %, 0.33 ng/ul

s 2t A AR E 3 ul 2 welloll 3130t} o}l o] 27 1} o]
PCR Y& 2 HRM 412 735t}

95°C 5%/ 95°C 203 - 69°C 403 (20 Cycle, 69°CE A 2F . & Cycle T 0.3°C 7
5}o] 63°C=E F3): PCR HHE

95°C 203 - 63°C 407 (40 Cycle, 63°C2 A A3} A 713)): PCR HH-&-

63°C 5%/ 60°C - 95°C (0.2°CH S 7FAI A 1023 vh& F 33k 579) : HRM +
)jl

PCR Z HRM ¥-4]of tf g+ & 333k-S 213} a1, melting curve B=+= peak & &2l
sto] wle s} gl v wE 3} 2 o] S S Slegith & Fdo] o oo &
a7 19 g $k PCR 2 HRM w4 235 & 5a W A] & 5col Ve

% 5a% MS-HRM 4 #14 = PCR @A 9] & F signal & #=53 EH o2
MS-HRM -4 A] Al Z9] v e olskil Ak A A Sof o) 3 signal®t Q15 AT,

T-A A 02 NTC ¥ EpiTect gDNA 2 E F-3f - EQ]A 2 oo EL}E vlo] @
ap7 o) th gk Zefolw = Zefoln gFRkE-E F
ol ghal A Fko] ¥ %] gF2 gDNACI HF-5-514] 931 PCR ~i*¥ge A Akt 1
ATt whebA], AA g s efo] w7 o} 8Hak H 3 A A | RE ol A o 7 vk-E-Eli=
2g gelskgit.

I 5bi= PCR HHS o] & 25 9] F7}o] & PCR TE4HE-9] o] F7hg o] &
& ¥ = A2 YEFH = melt curve©] ™, & Sci= & 5b2] melt curveol] T &l -(1] &
S VER melt peak LE] o)t} W El B} 528 7peke] A4S CpGrF LT =
FAE o], TpGE A& | v d s} T 7R Jof A 0= o] & 2504
PCR 5-F4FE 9] Denaturation©] 2 &} TF. =5, unmethylated DNA®I 2] &) A A
¥ PCR Z &4 ©] methylated DNA®] 9] 3l A4 PCR EE"P%ED} O e
oA o] Tt ol gAdTH o' HafE = Al 1‘% T At whebA, &
10] o oo W& vtolQ miA & FA o' HAAE ol 7} A1 o] w5}

o wet FE AT O] 542 I T 92 % lr,

m-
3o & m°1'

> e 1
M r*o
A1}
4 16

f

o
i

i&

A A4 6. F A7 E3HA (Limit of detection, LoD)

O AXFESA 24 ()

AREE 2t 34 Al & (Buffy Coat 2 Huh-12] o} 321 A 315 ¢gDNA)E Qubit
& T3l sEE 548 %, Ing/ul & 3|4 8to] Fr| gl 1 ng/uLﬂ |2 bl Rl
S 23 20| A4 84 351] 0.016 ng/ul & S 7FA] 2 Al A Z 3 (1 ng/uL,
0.5 ng/uL, 0.25 ng/uL, 0.13 ng/uL, 0.06 ng/uL, 0.03 ng/uL, 2 0.016 ng/uL, & 771 <]

E4wl4ﬂ4)
¥ 49] Zeho| v & AHE-3Ho] PCR Mixture S U3} 2o] #2831t} (1 mxn 7]

By
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[142] Master Mix (2X): 12.5 pL (Final Conc. 1X)

[143] EvaGreen (20X): 1.25 uL (Final Conc. 1X)

[144] Methylated Forward Primer (10 uM): 1 uL (Final Conc. 0.4 uM)

[145] Methylated Reverse Primer (10 uM): 1 pL (Final Conc. 0.4 uM)

[146] Unmethylated Forward Primer (10 uM): 0.5 pL (Final Conc. 0.2 uM)

[147] NFW (nuclease-free water): 5.75 pL

[148] Total: 22 pL

[149] A Z ¥ PCR Mixture & 7} 96-well plate®] 7} wellol] 22 uLA -5+ ¥, 0.33 ng/ul
FE R A A RE 3 uL 2 wellol] ¥ of gl o] 2713 o]
PCR ¥H-§ 2 HRM #24-& 21 83131t

[150] 95°C 534/ 95°C 20% - 69°C 403 (20 Cycle, 69°CE A2} S = Cycle & 0.3°C #4a
ato] 63°CE F5): PCR ¥HE

[151] 95°C 20% - 63°C 407 (40 Cycle, 63°C= A A 5} A % af): PCR HH-&

[152]  63°C 5% /60°C - 95°C (0.2°CH T 7HA1A 1023t Bk F &34k 574) : HRM &
}jl

[153]  Input &%l W& PCR Cqékel A48 18t ar, & 424 & 3 (limit of
detection, LoD)E 2HQ13Ith. & 5% ko A o] A3ty =4 24 7]t
2] AUMC (area under the melting curve)E 53l W€ s} 4 vjw e sy =87} 9]
PCR F-FAt= o] SHl=7] P4 ¥ =~ elst gl

[154] %= 6acl] VFER vEe} o], o}3k4k 2 35l v E $H(Huh-1 gDNA) 2 B] v 5}
(Buffy Coat gDNA)E gDNAoI A 27} 55 7F 715 7HA 5 = Cqals g9l
o AL, w50l whE PCR 5% 2] Gy o] TAIA = Fon| gk g &
At (AHgE AA o] F Tt %855 PCR 5-F0] whe] o] oA 7] wlit-of Cq
ghol whAl BHelgl). o] 24 2 & 1 ng DNA®] 7}ef 523= 304 7}efel v, 47| A3
ol A A Y sE& %] DNAE AFE-30.0625 ng 19 7}EFo] 7] w o)) 19 7}EH7HA]
HgHom AT o Atk A S YEHL

[155] 5 6boll YERd nRe} go] A& A A o PCR F4t= & A rshd =4 =
1 7] ¥k2] AUMC(area under the melting curve) k-2 AF&38191 31, 2 & vE 3} 2
H W€ 3} gDNAS] &5 -{Foll A Z} v el 3} 57 of] 3ki= AUMC7} R-ALSH|
LR 1S Felegit)

[156]

[157] ) #ALAEEA 4 2

[158] Zymo Research A}2] Human Methylated & Non-methylated DNA Set (Cat. #

D5014) Al &2 5 3| A}2] EZ DNA Methylation-Lightning™ Kit (Cat. # D5030)2
g-g-3lo] o} gAF A3HS 4238 3 3 Qubit™ ssDNA Assay Kit (Cat. # Q10212)S
Abgato] Qs a5kt o] -, o &4k 1 $H¥l Methylated & Non-methylated
DNAZE Z+7} 0.1ng/ul 55 2 2 Nuclease-free Water (Cat. # AM9937)% 3] 2] &t
<, Methylated DNAE Non-methylated DNA®] 8|4 3} = WH2] 0 2 444 Serial
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[159]

[160]

[161]

[162]
[163]
[164]
[165]
[166]

[167]

[168]

[169]

[170]

[171]
[172]

Dilution- 4=3) 3} o] Methylated DNA 100%, 25%, 6.25%, 1.56%, 0.39%, 0% <] 7
A S Al 2kl

¥l A ool whE upe] @ mpARl WA 1o]] thste] A &} sZetoln] Al E
o] A ATA QI MAE F 50 vhepslet. 7 Zetolv] M Aol A nh7] 19] CpG =
Non-CpG Atol B4l tf g-at= F9 & thit A= 7] Al star, 71 9] 9] §17]+= A
Az 7] A8kl

[3£5]

name Seq (5°->3) SEQ ID N

Methylated Forward Primer for marker 1 [gagaaggTtTtggagaTTtTtgtaa (10
Tag

Methylated Reverse Primer for marker 1  [ctecttAcaAaAcCGACGeCG (11

Unmethylated Reverse Primer for marker 1|tccttAcaAaAcCAACAcCA |12

2 A% 3 (limit of detection, LoD) 2 ¢l ol] A}-8 % PCR Mixturet™ 3£ 52]
ghol ™ & AL-g-ato] o 23 o] Al£38H T (1 rxn 7] 5):

Master Mix (2X): 12.5 pL (Final Conc. 1X)

LightCycler (20X): 1.25 puL (Final Conc. 1X)

Primer Mixture (ZF Primer2] 5 %=3= 12 uM): 1.25 uL (Final Conc. 0.6 uM)

Total: 15 puL.

Az ¥ PCR Mixture Z 96-well plate2] 7+ well®l] 15 uL# 5= %, 0.1 ng/ul 5%
o] Methylated DNA 100%, 25%, 6.25%, 1.56%, 0.39%, 0% 3 A Z 10 uL® Z+ well
of ¥-F3} ). o}l o] 273} Fo] PCR HE-5 2 HRM ¥-41 & X838} 9 v}

95°C 5%/ 95°C 104 - 63°C 302 - 72°C 15% (39 Cycle): PCR 45

72°C 5%/ 60°C - 95°C (0.2°C¥ Z7HAIA 1051F vhg 3 334k
A1

(&

s

A): HRM ¥

S

AH-&-% Methylated DNA 2] B|&-of] 1} 2 TS-AUMC (Temperature-shifted Area
under the Melting Curve)E }¢138}31, Non-methylated DNA”} Background 2 <& Al
o u % 715 8 Methylated DNAE 578 8F= #4273 5 $H7] (limit of detection,
LoD)E &2lsk3itt.

5= 6coll YR uhef 2ol vl-w " &} 7}Eo] 99.6% & Al 5= 7 ol A & 0%}
Methylation Signal %k<?1 Temperature-shifted AUMC £t¢] 3l =7} €21 =] = 2 7}
E 2 th 44 2= Input DNA Ing2] DNAC A 0.4% 47 Copy = ¥ 3
st 34 7he 1.2 Copy F- & =2 AAFE B2 A A of 504 2§35l ulo] @ n}7]
ol Wz} =5 54 W& oA theke] vl-mE s} 7heto] EA) el e ] Rl
el s} 7te s A5 5 e 235 etk

AA 7. 22 AES 0] TF G
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[173]

[174]

[175]
[176]
[177]
[178]
[179]
[180]
[181]
[182]

[183]

[184]
[185]

[186]

[187]

[188]
[189]
[190]

[191]
[192]
[193]
[194]

ZkSE (LIHC) (3743120, F %;115), ¥ 9 (LUAD) (348, € %:9), -
(COAD) (%474310, & %%;10), 217 (KIRP % KIRC) (878316, & ;15), W3¢
(BLCA) (47410, % %:9), 3341 ¢F (THYM) (87836, &%:6) FAHZ 28] 4
f A W EF 2H O RRE gDNA 2% L ol AL AFS Tk NG
o] A9 A1 -7 Al 3 Y(Kidney renal papillary cell carcinoma, KIRP) (7339, &
%F:5) == 214 5 Al E 2(Kidney renal clear cell carcinoma, KIRC) (877, &
& 1002 T3k Th

TAA R, & 49| o] & ALE8He] PCR Mixture S UF 53} o] Al 28} 3]
U1 rxn 7] 5):

Master Mix (2X): 12.5 pL (Final Conc. 1X)

EvaGreen (20X): 1.25 uL (Final Conc. 1X)

Methylated Forward Primer (10 uM): 1 uLL (Final Conc. 0.4 uM)

Methylated Reverse Primer (10 uM): 1 uL (Final Conc. 0.4 uM)

Unmethylated Forward Primer (10 uM): 0.5 pL (Final Conc. 0.2 uM)

NFW (nuclease-free water): 5.75 pL

Total: 22 pl.

THE A2 E A#ske] 033 ng/uL® 3] A8k, ald A S 3 ul Fol 5 A

o} #f o] =717} Zo] PCR H¥F-E 3 HRM 4] & %188t 3ic}:

95°C 5%/ 95°C 20% - 69°C 403 (20 Cycle, 69°CE A 22 2 Cycle T 0.3°C 4
&te] 63°CE & 5): PCR ¥H&

95°C 20 - 63°C 403 (40 Cycle, 63°C= A A3} 7] 71 3): PCR HH-&-

63°C 5%/ 60°C - 95°C (0.2°CH T 7FAI A 1023 ¥k-& F 3331 Z74) : HRM &
Al

7} Ao A o) 504 2@ MS-HRM 418 &
2 o] 51 AUMC (Area Under the Melting Curve) & =53} U

570 vEbd vk} gho], 2 el o] < ool whE Hfo] @ w7 <= Zhek Aol A
FolstA w2 M st =S el o, oo 7hek ke Asf #-8E 5 9l
t}.

A o] 8. A AL B AE 74
N7 FHE %sﬂ 55%*91 71 7&?‘& A}% B =% ¥ Buffy Coat = %-E gDNA

of A ofjol) upE w7 19] W€ 3}
;}Ofl PCR Mixture & t}5-3} o] Xﬂ—l—
NTH(1 rxn 7] 5°):

Master Mix (2X): 12.5 puL (Final Conc. 1X)

EvaGreen (20X): 1.25 uL (Final Conc. 1X)

Methylated Forward Primer (10 uM): 1 uLL (Final Conc. 0.4 uM)

Methylated Reverse Primer (10 uM): 1 uL (Final Conc. 0.4 uM)
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[195] Unmethylated Forward Primer (10 uM): 0.5 pL (Final Conc. 0.2 uM)

[196] NFW (nuclease-free water): 5.75 pL

[197] Total: 22 pL

[198] 5571 0.33 ng/uL?] Buffy Coat A| &5 3 uL ¥ o] 531, EpiTect Unmethylated
DNA 2 Methylated DNA =3+ 3 uLE PCR Mixture7} 50 1= 7+ wellol] W ol

ol el 2713} o] PCR ¥Hg 2 HRM 41 & 718 o)

[199] 95°C 5%/ 95°C 20% - 69°C 403 (20 Cycle, 69°CE A2} S 2 Cycle & 0.3°C #4a
sto] 63°C= F5): PCR ¥HE

[200] 95°C 20% - 63°C 403 (40 Cycle, 63°CZ A 4314 71 a): PCR HH-§

[201]  63°C 5% /60°C - 95°C (0.2°CH F7FAI A 1033+ vhg F 3331 54) : HRM
}jl

2021 7 @A) A 6] 5ol S8 MS-HRM ¥4 % & 48 afo], 4 51E =4
A0 ol wpet wEste] S5 F & H=4 9 A (Peak) H AUMCE =%
shgick.

[203] %= 89| Wb npef gho], 2173k AL 551 9] Buffy Coat gDNA 257
Unmethylated DNA®} 4ot == 43 5= 317 235 Holy o= A
”014 ol Al Folli= 2 FH] A ool whE nlo] 2 v o g wd 3} 525

S HolA ¢ki= A& Yepd.

[204]

[205]  AAld9. BN BEL o] R A

[206] M) TE G A B (1

[207]  F 819 17e AF T} 31978 9 HCC #A12] Pgoll A 55 ofDNAES o3
2k A ghate] MS-HRM -2 o] 2-8317] 918k A& 248t t). 7 Al 2o A
Y Edo A ool whE w7 19 WE st ES SA ] Hal, 3F 4] Zefol
£ Al-g-3le] PCR MixtureZ tF2-3 o] Al Z 3 th(1 rxn 7] 55):

[208] Master Mix (2X): 12.5 pL (Final Conc. 1X)

[209] EvaGreen (20X): 1.25 uL (Final Conc. 1X)

[210] Methylated Forward Primer (10 uM): 1 uL (Final Conc. 0.4 uM)

[211] Methylated Reverse Primer (10 uM): 1 pL (Final Conc. 0.4 uM)

[212] Unmethylated Forward Primer (10 uM): 0.5 pL (Final Conc. 0.2 uM)

[213] NFW (nuclease-free water): 5.75 pL

[214] Total: 22 pL

[215] 0.33 ng/uLAe] 2+ 4F A2 E 3 ulH 2} wellol] w31 a1, ofeff o =73
o] PCR ®H-g X HRM 4 -& 3] gt}

[216] 95°C 534/ 95°C 20% - 69°C 403 (20 Cycle, 69°CE A2} S =2 Cycle & 0.3°C #H4a
3ho] 63°CE € 3): PCR HH3-

[217] 95°C 20% - 63°C 407 (40 Cycle, 63°CZ A A 5} A % af): PCR HH-$-
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[218] 63°C 5%/ 60°C - 95°C (0.2°CH F7FAl A 10237F v--% 3 8332k =4) : HRM ¥
@1
[219] ZF A A of] AA | 504 &HE MS-HRM _g@l KeR xh@.o}oq A ==

[220]
[221]
[222]
[223]
[224]
[225]
[226]

[227]
[228]
[229]

[230]

[231]

A Z A AUMCE =230} 819 o] A 73 AFghe] AUMC 7] HFo =2 97
Percentile S cut-offE 4 3}5] a1, 7173t AL} (Healthy) 3} 7] (Early), 7] %
7] (Late) 7Y 32H2] AUMC 3 Z boxplot 2 & 1= 9a2] Aol YJEFWTE T3
100% W E std oz A2 2 100% v w e sl o) = A E2] AUMCE 7|3
o8 g3t S o] ok 13 o) Xéakokﬂ %= 9a2] Bell YEFH L. o] ),
Hﬂ‘ﬂﬂ*zﬂwlﬂwﬁ 028 At ar, WlE st = o] 100 o4 7 -5
10022 ATt X 9ao A A4 cut-off g} S Mo = et

[_r.’c'ﬂ—)\] 1]

]FA ﬂ‘ ‘)l:'%‘ = (AUMCsdmple - AUMCunmet.Ctrl)/ (AUMCMet.Cu—l - AUMCUnmet.Ctrl)

AUMC e : M E 2] AUMCHE

AUMC,yecn 1100% B W E 3} o 2 A2 9] AUMCHE

AUMCyec 0 :100% W & 3} o) 22 A E2] AUMCEL

5= 9a9]) YFERE vhe} o), 7173t
7} t-test 7] WF - A 4 0 2 f-2]v] 3k
ks

],
of md s} 52 Ihe o] 919

AL %—ﬂr HCC 34} 7135 7F AUMCS] ¥

tiate], A e 99 (D TAEHHHH o= Zéxﬂ-‘é— FHlta, 3 59 Zelol S
ALg8te] AUMC ¥4 272 & 9b<>ﬂ LERITE = 9bol] YHER BEe} o, Tz
roll vl e A % 7] 2+¢FA(BCLC 0-A) 2 27] 7+eF*(BCLC B-D)oll A %4
2 frov| gk AUMC gk (3l 3 A Ao A vEste d5)e] Z7Hs glst
gk ke Fo A E ko] Q1A dlol B ol A A7 gE vz ell A 58 TS-
AUMC #< 71502 505 95% 39 Cut-off S ARt 11, 0] Z 7|¥k o
7+t 3H412] BCLC stage @ W5 At E 4o Wizt e € So| & A
sbsto] 3 60l YEFITE 3 60l VHERG HE9} 2o, 2 el o] U o
L }71°1U}7%1°%8E01¢ FrollA 27l 2 }
} 2 70% ol IS E HolFE 835 7HA
o

Type Sensitivity Specifity

Stage BCLCO | BCLCA | BCLCB | BCLCC-D | Total Healthy

Positive 8 20 18 41 87 5
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Negative 6 20 7 15 48 84
Total 14 40 25 56 135 89
Se. | Sp. 57.1% 50.0% 72.0% 73.2% 64.4% 94.4%
[232]
[233]  AAA10. FH TG A wkA g H
[234] HCC #2}= BCLC Stage©ll w2} 5-%-3}¢], Early ¥ Late Stage 2 -3} U
(Early; BCLC 0 & A, Late; BCLC B, C & D). &2 ¢] 7+t A 91 AFP 5=%] &9l
e 2 E o)A Aag A H o] HeksS HCC $hAf ¥ 7)o whe) v ashgic),
81 9] 717gk Agholl A &l AUMC %k2] 97" Percentile 2 AFP 20 ©]/3-S 7]
TOE HCC /=] BA dig i E W So| & 3% 74 Yepllth
[235] [327]
Marker Total Early (Sepn, |Late |Sein. |HCC [Serwa |Healthy |Sp
marker 1 Positive |118 [62.4% |101 |77.7% |219 [68.7% |3 96.3%
Negative |71 29 100 78
Total 189 130 319 81
AFP Positive |61 32.3% (83 63.9% (144 |45.1% |- -
Negative |128 47 175 -
Total 189 130 319 81
Combinatio |Positive [137 [72.5% |113 [86.9% |250 |78.4% |- -
n Negative |52 17 69 -
Total 189 130 319 81
[236] 3£ 700 Ve uEe) o), Fel o] gHQF AAE 91 AFP AALRE T - 919 o 4
o w2 ukol 9. v sluke] hek FAPE el Z@ 7k sk 217) 7k $hakol A
°F 23.6% & Al G 7 3l o, 53] 27| (ke ghAtoll M = AFP AALE. U
°F30.1% > WA LT SR AT T 2 SU o] A o] whE nio] L nhA
2 o] &3 19 WAL AFP AP S A2 W) WA g wg st
258 F7hahe AS A91819aL, ol = W 7]uke] o 7] A7 olehi Z o] A
T HAPR I ey o] 1 e =& & 5 Sl
[237]
[238] A A 11. vo] @ vlA 23 o 2 A5 FA
239] @O"A1Z oA 2 2F e o3 g A
[240] HCC $-#}& BCLC Stage®ll whe} -3¢, Early ! Late Stage = -1t

30

(Early; BCLC 0 & A, Late; BCLC B, C & D). ¥ &1 9] ¢ oo u}2 m}A 1 2 v}
71 29] 29 A 29k A dbs& HCC 4 W 710l ke vl aste] 3 8ol Ebsit.
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[241] [3£8]
Marker Total Early |Sep., |Late |Sei,. [HCC |Sern |Healthy |Sp
marker 1 Positive |121  |63.0% (103 |77.4% (224 [68.9% |3 96.3%
Negative |71 30 101 79
Total 192 133 325 82
marker 2 |Positive |71 37.0% |90 167.7% (161 [49.5% |1 98.8%
Negative |121 43 164 81
Total 192 133 325 82
Combinatio [Positive [143 |74.5% |115 |86.5% (258 [79.4% |4 95.1%
n Negative |49 18 67 78
Total 192 133 325 82
[242] SA9] <1 ool HE A 1E o[ &3 AT, 1A 2

[243]
[244]
[245]

[246]

[247]
[248]
[249]

[250]

PAF UAEE FAslga, FoHH o F v}
T 25 SR FhEA T35} 10%0] 4
T7kste], it At e o] e BRS¢ vk Ae Belenh

) "FA 1 2 %3 vol o vtA 23 el 93 g A

99 A oo upE nfo] & mpAQl upA 13} AFP, o], 2 A & th g
ulo] @ wpA S 2§ ste] 1k Hvk 5wt e =4 o 5 ATl o
Zo 2 Fef o MS-HRM W& AFElSI ), A 4 o2 Alakd dolH %,
Lo, A8 U AFP AL 52| 7F B EAl sl A A ES 7|HES 2 RO A glm()
5 ALE g 22 2~ 3] A7 S 7S, TS-AUMC k3 2358e] g
o & Hlg 531 roc() 55 E831e] A AT gl

5 100 YR vlel o], B ER1o] A oo whE nlo] @ mpAQd vk 1L, ¢
5 ARG Al & 9578k 1k Xk S VR o w, AFP AP, Yol AR, 2 A
H Aol 23hE o] 22 28 3| AR V| o R IS o 538 ], # o
AUC7} 0.9524 (0.9309-0.9740) 0. 2 27}l A< A 3-2 Vel

KeN
=

12

AN 12, B A S 919 7HeF Bol 4

- Ede] A ool whE v 1 B 9] e ol S glstaral, A4
4ol A A}-23 TCGA 2 GEO tl o] g Ho] ~2] W& 3} o] g &
23 st AR E A8kl

T-A A S =2 R softwarel| A ggplot2 R packages AF-8-35to] 7} t o] B A E 4
W E 3} A5 5 heatmap o2 &1 A3 E = 119 YEFAT (XF: A&, Y3
LDHB A2} W] 9] Probe ID). & 1104 XZ& 7HehS £3}51o] 237 ¢ 2 o
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[251]

[252]

[253]
[254]
[255]

[256]

[257]

OolE] N ES G L & 22 AME, YEHEE ulo]Q v, v ER] 29 Ael= vE
3} A5 21|51, Probe ID7F 7] 5 A| Aol A Ul A H RES B &

Aol A oo whE A 1o E3HE CGI A F 213129 42 A 2] 21810279
W =] 21810280 7, 21810450 tH A 21810451 %], 21810458 W] 4] 21810459
=, 21810489 tH A 21810490 A, 21810600 H#] 21810601 %], 21810750 H
2] 218107511 A, 21810759 WHA] 21810760 H 7, L 21810791 =] 21810792H
A Dol Y28 CpG APl EE Ve, 59 TAIE -2 21810750 WA
218107519 4 CGI9| B}l F-91 & HEFd T
5 11el vebd upe} o], 1200 A A 2] 21810279 WHA] 21810792 A A A
Aol 3£3t¥ CGI (CpG island) A & of| A= {Het Al Z-of] A 7k 51w & 3} 5] v
Q% B Foll A= AE s o H S Yo, ek B 79
4 uﬂ Q_XJEE EOH =2 7]—0L o]/ﬂ L :@1-561 2, 0114 H]—Uﬂ] 1 ﬂ x]
& 226362257 (121 4 A A4 2] 21788425 W A 21788426 #| A &)5 1} ko]
tiohao] A A o A e E 3} A o, cg03243946 (121 A A 9 21811034 L
A 21811035 H A A1) L cg10195295 (12 221 4] 2] 21809973 W A] 21809974
HA A D) 53 o] @< (Cholangiocarcinoma; CHOL)S E 3815l e] #7444
¢} (Pancreatic adenocarcinoma; PAAD) 2 2 #4 A 9+ (Prostate adenocarcinoma;
PRAD)OI A w3}y = 5, 1 5ol 22l w e 3} Ae) & veh ] eF gttt
upeh A, ZF oF Foll Ao Ht wld 3] ghs ER1g A B o] A o &
a7 1 Fel ARk ke o)A d o] 9= S glskaih

AA - f

O

AAl 4 13, vlo] 2wl A 9 1t X F &<

Z 2109 9] A7g ALgh 176 2] 119 %% 2213
o| 5l F+Z ¥ cfDNAZ o}3H4t A Fsto] MS-HRM 4]
£ ol sl vhA 20)) tiato] A zhgk *E‘r 14 AlE 4 ANA AN M E
o Yebllar, upA 39 thake] Alzhek Zatoln] A E] oA H el I
epR L 7 Zefo] A ol A mhA 39] CpG H=3= Non-CpG ARe] E4l0] T
sk P E e AR 71 A sk ar, 71 9 9] V)= AR 7] Al sl

[3£9]

i)

name Seq (5°->37) SEQ ID NO

Methylated Forward Primer for marker 2 |TTatggCGggTTtggeTTtggg |13
TtT

Methylated Reverse Primer for marker 2 |caAcccctAAcaAatAatAcaA |14
cC

[3£10]
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[258]

[259]

[260]
[261]
[262]
[263]
[264]
[265]
[266]
[267]

[268]
[269]

[270]

[271]

name Seq (57->3) SEQ ID NO

Methylated Forward Primer for marker 3 GgatTagggagtggTttgtaaT (15

Methylated Reverse Primer for marker 3 ccCQGctcetettcttCGtA 16

Unmethylated Reverse Primer for marker 3 |acccCActetcttcttCAtA 17

ZF A sol A B Z5l0] o olo] W vl 20 ME3 S re =45 94, &
79| 2ol & ARE-8ho] A A o] 59} o] PCR Mixtures Al 23131, 5 A 3 231
O & PCR ¥H-& H HRM 4] 7831 ¢l .

G ZF Aol A B E9le A dof whE o] 3] W" st =g SA ] 9
&, 3% 82| Zglo] & AFE-3}o] PCR MixtureS U3 o] A 23 th(1 rxn 7]

):

Master Mix (2X): 12.5 pL (Final Conc. 1X)

EvaGreen (20X): 1.25 uL (Final Conc. 1X)

Methylated Forward Primer (10 uM): 1 uLL (Final Conc. 0.4 uM)

Methylated Reverse Primer (10 uM): 1 uL (Final Conc. 0.4 uM)

Unmethylated Reverse Primer (10 uM): 0.5 pLL (Final Conc. 0.2 uM)

NFW (nuclease-free water): 5.75 uLL

Total: 22 pL.

0.33 ng/ulL®2] 2w 4 A 25 3 ul 7 welloll 58k, o}l o] =13
ZFo] PCR HH-3- 2 HRM 41 72 8 gt}

95°C 5%-/95°C 20 - 61°C 302 - 72°C 30% (50 Cycle): PCR 4§

72°C 5%/ 60°C - 95°C (0.2°CH T 7HAI A 1033F ¥h& = 3341 5744) : HRM i

A
A

M

ZF A A ol A Aol 5014 ¥ MS-HRM #4411 & }Oﬂ, Atste Hi=
A A AUMCE =23t} 2101 o] 773 A} &2 AUMC 7] HH2 2 95th
Percentile-S cut-off & A A sF5) a1, 71 748 Aleh 31918 ;ﬂ_- 2} @ 710} 3Ffol A
°] AUMC 3 E boxplot© 2 & 12¢] VEFSTE = 12014 AAH cut-off 1S
A o2 et

)
O%D
ol

5 120] YER vk} o], A 7gk AL %, a2 AL e Ex 1
Tk t-test 71 HF E A A o 7 F-ol | A 7FeF FAptol A & AUMC ¥ 5 Hof,
%ou el ajof] w}& wlA 2 & npA 3] 1 gl T2 g Uy e

o?i F[-!I

7 ol S5k AL FaA Yk
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379

(738 1] A& a2 Al gl A ¢17F 12 A1 A 9] 21810279 W A] 21810792 ] A
A Aol ¥3tE o] dlte] CpG Aol EL WE s} =S 4T
= A A= Ez‘gg}{_’ rek dh o] 9] A] o =8 A S

2] Agel 2Ll A, 471 CpG AFol Ei= 91kt 12 Oé’ﬂ,‘ﬂ]«] 21810750 W #]
21810751 A A Do)l 9 X8k CpG Al EE E3tali= A, 2AE.

7% 3] A1ae] i, A7 JdAe AN T 12 FAE = AL 7px = Aol

?

I
2=

4] A 18}el] Qo] A, A7) AEFA Aol 4] 17 171 9414 2] 29298021
=] 29298631 A A o ol 3gtH A o] shr}e] CpG Aol E 9]
gl 552 54T 5 AT AA Qs 7] AZ e ARl A Azt

19%1 91 40 4] 2] 19738547 W] 19739846 7 A A & of] E 319 o] =
OMA CpG Aol ES] w3l 58 54T 5 A= AAE F71= 23
sk, A E

[ 73 5] Al4akoll ol A, 271 17 170 32 A 2] 29298021 W A#] 29298631 H

A dof 3y Hojx 3}l CpG Akl Bz, 917 17H A1 A &
29298115 W #] 29298116 &, 29298118 ] %] 29298119 &, 29298124 14
] 29298125 A, 29298136 W <] 29298137 A, 20298142 1] %] 29298143
H A T 29208184 W #] 29208185 A A A ol] 9 %] CpG Aol EE ¥
etahaL,

7] Az 198 A A 2] 19738547 WA 19739846 H A A of Aol 3
3h¥l 2 o] & slulo] CpG Aol Ei=, 217F 191 QA1 2| 2] 19739407 W A]
19739408 1 & A L ol] 9] %] g+ CpG Aol EE E3teh= 411, 24 &,

77 6] Al4ztell oA, 71 1F 179 A1 A 9] 29298021 1 A] 29298631 H

Aqd dde AT 22 FAE = A LS 7FA= Aolar, 437] 17F 19

H ol A A 2] 19738547 WA 19739846 A A J 2 HAME 307 F

AlH = ADs 7HA = AL 244 E.

(37 A7kl Slo A, 7] BESHA A5 el A dateolet el (Alpha
Fetoprotein; AFP)®] %5 543 & Q&= A A& F71= E3tate=, 24
=.

[78-73 8] A1gdell oA, 7] AA = 471 D Do A wEst 9 & 5%
a7 1%k Zefolm el 2A &

[%8-73 9] Aol Al A, 271 Fﬂol‘ﬂ%;ﬁﬂc}@} Zejolw] 9 Ak ZefolH &
Egtat,

47) e seteln 2 g

EERE EEEESINES

)
o

P‘L
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AT A58 7 E.
kA o)A Ee)E Y24 Al g 217k 12 A A 2] 21810279 WY
=] 21810792 7 A <4 <}

| | 323HE A o] & st o] CpG Aol E o] w €l
3l S SAHSE GAE Eokets, I o] A o 52 9% A
HoAF .
163kl QA A7 CpG Alel Ex= 917F 12 144 2] 21810750 W A]
21810751 A CpG Aol EE E st 41¢l

Aledel oA, 47 92 AT 12 A HEALE A= A
1, W,

Al16aell oA, 7] A=A Al sl A QI 1700 21 A] 2] 29298021
WA 29298631 4 A F o] 3¢ o] i 31}e] CpG Aol E L] 1
g3l 58 S48k 9 2/ 7] AET A Al s A <17k 194
A2 A 9] 19738547 W A] 19739846 H A A& d ol 3t Ao & sfv}
o] CpG Atol E 9 W 3} =& S48t DA E F7FE Eesh=, .
A 19kl Qhol A, 371 Iz 179 3 A A 9] 29298021 tH#] 292986311 A
A el £ Aok hite] CpG Al Bz, Q1 171 4 A A 2]
29298115 W =] 29298116 A, 29298118 H A] 29298119 &, 29298124 1}
A] 29298125 1 A, 29298136 W #] 29298137 A, 29298142 W] <] 29298143
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7973 21]

7473 22]

[7d -3 23]

(773} 24]

[7d 73} 26]

7473 27]

WA, = 29298184 U] #] 29298185 4| A Loll Y X138 CpG A EE 3
gtataL,

71 917F 19% A 21 A 2] 19738547 WHA] 19739846 #| A A o o) 3£
gyl Hof & sl o] CpG Alol Bz, 917F 191 4 21 A 2] 19739407 W A]
197394081 % A Aol %] 3 CpG Alo] EE E3F31= Al W,

A 19kl Lol A, 71 Iz 179 324 A4 9] 29298021 tH =] 292986311
AE dqe AT 2= FAH = DL 7HA]= Aolar, A7) 91319
H A A 9] 19738547 WA 19739846 ) A J & AAMFT 302 &
Al¥ = A EE 7hA] = 211, .

Al16atell oA, 7] A=A Aol A datefoldt A (Alpha
Fetoprotein; AFP)2] 5 =& Z 4 3}= &, A7 thdAe] A AR E 4~
Fokz @A, B/ AT A o] vo]l ARE shE GAlE FUEE

sk, .

= 5}7] 1% kol & o] &3] A 3Hz A9, W,

g Ly
is)
Q‘Lr
i)

A

e}
2 H| v e 3} Lol w & Fo}stal,
3 L

71 g s setol iz 4] epA v E st 2915 mahehis 24 Aol A
o 3 CpG A DL A4 BH= CpG 14 #912 Aox 17)] £

N
o
S
=,

MR s o2 Eo2 o2 R op ox Eoox Mt 2

[}
Al163ell Ao A, 71 CpG Atol E ] W€l s} =8 A st dAE 5
7h & EFehE, WL
A253 el oA, 7] st dAlE 7] A=A A8, 7] CpG
ARl E7E100% W E sk Al &, 2 7] CpG ARl E7F 100% B vl 3}
A& o] AeE 88 3 (melting curve)2] AUC (Area under the curve) &
Hlalsko], 7] CpG Abel E o wE 8} A =& AwFat= 2181, W,
Altedell hol A, g7 AETA A5 &§ 4 (meltcurve)ys D= &

Al
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471 CpG Atel E7F vl b M | 371 CpG Abo] E7F vl v 2}l A
Ao] dheFu| & ka1 9= A EEA A 8] F3 -8 34 (normalized

melt curve)s &&= @A, 2

A7l AESHH ARl &g A L A7 A 88 A S v alske],
7] CpG Aol E9] wE 3} A& A= dAE F71E 238, W
H
=

(473281  Alledtel AofA, 7] vlE sl -8 2ot e WEs) =53 v alshi=
GAE FIE E%‘ﬂ .

[d7-829]  All6del A, GV e} e HA 2] vE s} 53 8] al
St WS 1R _ﬂ;%ﬁtﬂ,%ﬂ el 3} =5=0] A7) AAF 279 v
3l TR 5 H9 A A= gk o] 3L ThA = A
O 2 ARE A Fdh= AA, HH

(%4731 30] Al163}el 0101*1,@ 7] AESHA Algi=do d4 I LA 24,
A, H L A0 FE o] Fox|i= ol A Aely 1E o] 4ol M,

(773311 Al6del AofA, A7) DL A E F-2] DNA (cell free DNA; cfDNA)]|
¥ty Aol Wby

78 32]  Al16del A, A7) FES 7HA 3 (Hepatocellular carcinoma, HCC)



