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Tissue type AA

oo g

-> Origin of fiver tissue ss

r',
dy L.
hY e

s MM B g 0o F

¥ fiodder 1

B bt gg B Ghbbehma NNT Pawws RR OB dwmme WV U Mot b
B ot Kk 8 HedadNek 00 Pegwgonss B S ww Bt asa
Do Ll Y Kbe PP ¥ bowe TT 0 dhma XX

AA . Tissue type NN ... Glicblastormna

BB ... Origin of liver tissue 00 ... Head and Neck

CC ... Normal tissue PP ... Kidney

DD ... Cancer fissue QQ ... Lung

EE ... Non-methylated RR ... Pancreas

FF . Methylated S$S ... Paraganglion

GG ... Methylation level TT ... Prostate

HH ... Tissue UU ... Stomach

II.. Bladder W . sarcoma

JJ . Breast WW .. Skin

XX ... Thymus

KK ... Cervix
LL ... Colon
MM ... Esophagus

YY ... Uterine
ZZ ... Whole blood
AAA ... Liver

(57) Abstract: The present invention relates to a method for de-
termining whether or not a biological sample of unknown ori-
gin originates from a liver tissue and a composition comprising a
liver tissue-specific DNA methylation marker for performing the
method. The liver tissue-specific methylation marker can deter-
mine with excellent accuracy if the origin of a biological sample
is from a liver tissue because normal liver tissues and liver cancer
tissues are high in methylation level while tissues other than liver
tissues are low in methylation level.
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sha A 3 x2A 52k 2 AMe HEs FEo
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[7]
[8]

[9]

[10]

[11]

[12]

[13]

2

(a) A (subject) 2] ¥-] ¥ A E8HE] ARl A DNAS ¥l 3h= v, 2
(b) 471 -2l ¥ DNACNAM M s | D AEHE 28 FA == LY CpG
oo wes) sS4 9.
g o] o A el o] oj A, 7] A= 1A = daL, A7) A
A= =<

il
ol
0%
A
=
0%
-_>‘4—"4
>
M
i)
40
BN
M

2 A = 9k T3 A7) DNAYE 24, Al % SollA ¥2] 3 DNAY =
a1, g9, G, A o ol Ff-5h= Al EA-2] DNA(eell free DNA, cfDNA) 1=
{1} 53 &% DNA(circulating tumor DNA, ctDNA)Y =

o2

, "W € 3H(methylation)’= DNAE- 14 3F= 4 7] <l

7] (-CH 5)7F -2 5 = 3l o v]eh, upsk2l 57| += 54 DNAS 54 CpG
oo A B A dojr)= vE s} E ofn] e}, gof, "E s} e 54
DNA 1714 < el EAl8k= CpG -] vl E st & A& o= s 7hsh
2 oulsty, W E 3} 4= DNA 94714 E Wl st o] 4] CpG -9 el A
5-HE- A BRG] EA| B FEAE o] §hr)

B g M| A ol] AFE-H 80, "CpG 9 "= Al EX(cytosine, C)3 -0} (guanine,
G)°] <14H7](phosphate)@Z 1A ¥ A& wWal, T2 WE o, dwiad 3¢
d 9 (open reading frame, ORF) 2 Eluv]o] B 91 =& ¥ 3}&51= DNA A <

of &A1 4= vk CpG -9 o wle gl= w49 kA #A], 7+ Ake]
e 2 sol Bt s om e A Stk

Vg 2HE 2 gF 22 Sol A wd 3} v & ket y] Hal me ek A, A
xR, ek 2 A4 AEo A= wlE st pEo] o, dolE 239 T
ZA o = v e 3} o] e cgl2137206 (A EH T 1), cg03792768(A EH &
2) A S =t vk AV F b o et W EE = A AdHE 1 3
AN T 27 FAE = Lol 61 A 72l LB =0l 9 X8F= CpG
otk ey ] BHA vl E st 9 o] £ o] thE CpG ool A = W E B}
dojud o= E o= 7] B CpG & Zdsto] AEs 1
228 FAH = A Dol EAlskE AA CpG FH el vEst & 54T+
AUTH

Boukrd o] o A of o] 9lo] A, 47| (b)3= PCR, M € 3} & o] PCR(methylation
specific PCR), 2 A| 7} W] €l 8} 5 o] PCR(real time methylation specific PCR),
MethyLight PCR, MehtyLight digital PCR, EpiTYPER, ¥ € 3} DNA &0 2 A3
Al 8- o] 23k PCR, A4 % PCR, DNA %, ¥4} H] & (molecular beacon),
MS-HRM (Methylation-sensitive high resolution melting), H] o % PCR (asymmetric
PCR), H] | % PCR MS-HRMA (asymmetric PCR Methylation-sensitive high

resolution melting analysis), | 23t 8. 4-F 3 &4 5% H (Recombinase
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[32]
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A ARXNAZA, A, 2, DE,
AR E =0 R v = A/l S o] E|
14 0 2 AS E e 5 ek A7) £48 oldlo] 2
S ub = B (o o e d 2

1:—]—1_. (@) = 1. =

i o < )Y
I R

p R

A &8t7] 138 A (labeling)'d 5= 3L, &8 AL FEd LEI el AAE 5 9]
A7 A= a3 A, &F 2 2] Al (fluorescein), I ol 2] EH
(phycoerythrin), 271, 2] ARl (lissamine), Cy3 & Cy5(Pharmacia), 224 &,
spepdgd, A1 A AL WA S 9 P32 B $35), (YA XA EolA]
= s adu s HSAvokAl), 2R0AF Ziel e 714, 545 E 50,
), @A, 2ESTERRH, vho] @ ', v A A ' (digoxigenin) 7 2 ] o] | 7] 2}
e ER AT AEYE 2= PElg 23 o, oo A EE A
oft}.
Vg ol A, 7] Zefolw, R H = Qe[ Al 2~ S 4kH Al 2 DNA Y
EA s A 25, EA 3 R AIF AL, s AdE H ol 52 pH 2
o] 2-A7], & dl =MD, GC AL & 5o vkt
Q1 z}of] o] Este}, A7 A3t E 98 Al g 2271-& Joseph Sambrook, et al.,
MolecularCloning, A LaboratoryManual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y.(2001); 2 M.L.M. Anderson, NucleicAcid Hybridization,
Springer-Verlag New York Inc. N.Y.(1999)& #2734~ Sl ).
71 EAsE R o] 7o, EA 3L HhgE Bkl o= EAs Al S

=
T .

O

%% 5 ok o & 5ol 4v] Zaust mad o) TAY A5 4] el
1A% B S AR WA A B8t ol 1 E H% 5 Yok

A ~N-Hdol et F UEH o E), dlAF Wl o g2, Fr]is,
ghsf el 2 7] = A] ef(10-0} M ©.3,7-1] 30] =2 A 3] 1 AL A, HYR
(p-phenylenediamine-HCIl % pyrocatechol), TMB (tetramethylbenzidine), ABTS
(2,2"-Azine-di[3-ethylbenzthiazoline sulfonate]), o-3 d &l t] o} W1(OPD) %
UZE/vlol 2 A7l X AvlElolA o} HRE R R ZAEY
FE 2P0l E(BCIP), HE R EF H EgZ 2| 2(NBT), Y32 E-AS-Bl-E =70l E
(naphthol-AS-B1-phosphate) & ECF 7] &; &5 3 Q. 2 & A|t}olA| <}
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LI), #|(lung, LU), ©] A} (pancreas, PA), 417 4 <& (paraganglioma, PC), A #4
(prostate, PR), #-d (rectum, RE), <& (sarcoma, SA), 3] (skin, SK), ¢ (stomach,
ST), & (thymus, TH), A-&" (uterine, UC) 2 & <l (blood, B).
o] AXAE 93 FH
[43] ol 3} st} o] el FA ol & A Aol & F5to] B} A AshA A
Al ol 3= skt o] o] A A & A A o2 A etr] 9§ A
|5 AAfolol] g4 ¥ = 21 of

Clas B A S
o

e
22

T
L

o M

o

o

A

-
o

[44]

(45 AN 1 2H Fol4 WEstviA 2F

[46] oF-f- 1 A X %(The Cancer Genome Atlas; ©] 3}, TCGA & 7] A $hH &2 & t} 43t
ol 1 G4} 27 o] o) 8 DNA W E 5} B0 E & th-& 2 =519t} TCGAS) A
che R g dlol B2 E e 22X A1 E0m=379)91 4] W 8td CpG Atel EE
Adsbar, o] Fol A th2 22 o] & A E(n=7.260)°1 3= HlW 31 CpG

o|EE F7tR AEslglt). oW V] &S 50% o1l AEel Al WE sy

= &5}, 90% ol kel A1 Eell A ]l sl 4 9= u v e s

[47] ol 7] F7FAHE CpG Aol EZFE 1HEE A 9] gk ohF
A1 (pan-tumor) & 90%°l A v W & 215 CpG Alol E, 1H& A £ &
(pan-normal)¢]| 90%°l| A HI W& 3} CpG Aol EE F7FE )
Lole) 2 o] 1k x2A Eol A miA o] W B S R 2 2 ARl

o4 vgds A Y Hs HAF
HOo=® 7] AAo] 1o A Whadh gF 222 So] 4 nh7 o] W
(variable importance plot, Varlmp Plot)S 2} 8131, o] & L= 2]

. 52 20014 X 2] MeanDecreaseAccuracy = Kb =2 /7| EF 2] 2]
o] ZF n}A 7 A& % Aol 7)o Ehi= A X, Y 2 MeanDecreaseGinit=
[eF 22 9] ~oll o] 4 w77 B Al 7o st= A s
LS Akl FE L A 224 9 VB 24 S WEE] R E
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B9} 4% dolE & Fistel 3k 24 Kol 4 npA S B2l 11
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83 AIER TR AL FAW 5 YT 1H 2 S04 npA o
g
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[3E1]
3 718} 23 7+ 23
<4 golg 71 eF 24 6345 3
I ZA 7 337
AZ dolH 71 e} 2] 1586 1
I ZA 1 85
[54] LS npA Q] Frof] uE A TS ERISH] Ylele] nbA Y] £ E T2 o]
SHA " A~ESEAL, i ghe G50 2 A0 12 2 5 3o YER vle)
2ol 271 o] de] viAE AREgt A5 A5 0] 0.99990 FHEE A s o g
A AT}
[55] [3£2]
171 270 370 471 570 67N
Accuracy 0.9916 | 0.9976 [0.99736 |0.99784 |0.99796 | 0.9982
Kappa 0.9142  10.97526 [0.97264 0.97762 |0.97886 [0.98142
Sensitivity 0.923036 |0.96968 | 0.96503 [0.96963 | 0.97195 |0.97671
6 4 4 8
Specificity 0.995338 | 0.99911 | 0.99911 |0.99937 |0.99937 [0.99936
8 8 2
Pos Pred Value 0.915048 |0.98376 | 0.98376 | 0.98817 | 0.98831 [0.98842
4 4 2 8 8
Neg Pred Value 0.995844 |0.99836 | 0.99811 | 0.99836 |0.99849 [0.99874
4 2 4 2
Balanced Accuracy | 0.959188 |0.98440 | 0.98207 | 0.9845 |0.98566 |0.98804
2 8 4 8
[56] LI WME L S8 TR ES Ao e 27 vhA (cgl2137206,
cg03792768)9] 3 °5& F7h=E AT stATh 7L A, o 3 300 71 A vpe}
2ol A7 npA7E 3y 2A- 3 7 EF 22 S W Eel A RS A e 4
A3l A5 0.9982, H17HE 0.9647, Eo] & 1, A1 o) g H % (AUC) 0.9939 %

ebste,
[57]
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[23]
3 718 23 g R
9 dlolH 7Iet =4 6340 8
=24 11 333
AF dlolH 7| e} 22| 1587 3
=24 0 82

[58]

[59] A7 AHES Z7E cgl2137206, cg03792768 WA S (F 22 Eol A npA &2

HE AEs ) ob#l 3 4 2 F 59 cgl12137206, cg03792768 mFA 2] A H L
9o oz ]

A& 71 A8k Tk
[60] [34]
Probe I| CGRC_ | Gene I chr start end CGI CGI lo
D ID D ci
cgl2137| CGRC_ | GPAM | chrl0 |1139433 1139433 |chr10:1139432( pCGI
206 LTO.1 97 98 83-113943657
cg03792| CGRC_ | BDH1 chr3 1972819 | 1972819 |chr3:19728160 | pCGI
768 LTO.2 34 35 5-197283128
[61] [3£5]
Probe ID A4

cg12137206 | GGGGACACGACTGCCCCAGCAACTTGCAGGAGTCGCACCAC
CTCCATGCACTTGTCCCGG[CG]CTCCCGGCCCGAGTAGCCTC

CCGCAGCCCACACCTGCCCTGGCAGTTCGCACCCTAGCAG
(AEHZ 1)

¢g03792768 [ TTCCCATTGGTTGAGACAGCACCGCCCAGCCAAAGCCCCCTT
GTCCTCGCGCGGGTGCGC[CG]CCTGGACTCCCACCCTGGCCA
GTCCCGGGCCCACCACCACTCTGGCATCCCCAGCCTGTC

(A3 2)
[62] A7) Foll A [CG1E 2 =2 B o] Bl WE 3} Y= on 3}
[63]
[64] AN 3: HF A3 7 27 Eo|F njA AS
[65] F & A gk cg12137206, cg03792768 1A o] {1+ 22, T E 22 o) A o] W€l 3}
TS gt 1 A3 = 42] Al YR wpe) o] A4t 1k ZF (Liver
N)# 1FgF Z A (Liver T) E7oll A 7 ml7 7t & o & vd sy = 2S¢
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T AL, &= 49 Bol| YHER vk} o] F mbA B Ve oF 2224 2 7| EF A
Ao A= wE s} o] W S o i
[66] TS5 A =70 3 22 7] e 2 A o A ZQ1gE cg12137206, cg03792768

e
whA o RS S5 SAS AL, B 6 WA 83z 4] mhA Sl kA

A5 71 A S

[67]  [3%6]
z7 AET AEE N A= T
3 9l (whole KNIH 400 1 NA
blood, B) | GEO_WBset 107 1 NA
HFF A | GSE48325 79 1 NA
(liver GSE49542 59 1 NA
tumorigenesis)
A EHHCC) | GSE43091 54 1 0.94
GSE54503 132 1 0.9851
GSE56588 234 1 0.9872
GSE60753 66 0.9412 0.9375
TCGA_LIHC 379 1 0.9921
CGRC_HCC 307 1 0.9835
TCGA_CHO 45 1 0.5278
L
e 24 CGRC_CRC 709 1 1
CGRC_lung 42 NA 1

[68]
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7]
%3 TCGA |[BEF (A= N [HEET
w32 (bladder, BL) BLCA | 434 1 1
1 (breast, BR) BRCA 869 1 1
AF3- 744 (cervis, CE) CESC | 312 1 1
4 (colon, CO) COAD 335 1 1
A &} (rectum, RE) READ 106 1 1
2] %= (esophagus, ES) ESCA 202 1 1
1L ¥ A 33 (glioblastoma, GB) GBM 154 1 1
5 2 4 (head and neck, HN) | HNSC 580 1 1
217 (kidney, KI) KIRC 480 1 1
217 (kidney, KI) KIRP 321 1 1
# (lung, LU) LUAD | 492 1 1
# (lung, LU) LUSC | 412 1 1
o] Z} (pancreas, PA) PAAD 195 1 1
AN 74 A E (paraganglioma, PC) | PCPG 187 1 1
A H A (prostate, PR) PRAD | 549 1 1
%] (stomach, ST) STAD 397 1 1
S-<& (sarcoma, SA) SARC 269 1 1
3] (skin, SK) SKCM | 475 1 1
& (thymus, TH) THCA | 574 1 1
&7 (thymus, TH) THYM | 126 1 1
Z}-g- (uterine, UC) UCEC | 466 1 1
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Z3 GEO # =T A=
g (BL) GSE52955 30 1
F (BR) GSE52865 57 1
GSE39451 20 1
GSE60185 285 1
A8 74 (CE) GSE46306 44 1
™4 (colon, CO) GSE39958 45 1
GSE42752 63 1
GSE48684 147 1
21 % (ES) GSE52826 12 1

W R A 3EE (GB) GSE36278 142 0.9787
GSE58298 40 1

GSE60274 77 0.987
T 2 AR (HN) GSE40005 24 1

GSE38266 42 0.9286
212 (KT GSE50874 85 1
GSE61441 92 1
| (LU) GSE39279 444 1
GSE52401 244 1
GSE56044 136 1
o] Z} (PA) GSE49149 196 1
FAAE (PO) GSE43293 24 1
A HA (PR) GSE47915 8 1
GSE55598 48 1

2 (ST) GSE34387 76 0.9867
&7 (TH) GSE55111 11 1
b (UC) GSE45187 9 1

, cg12137206, cg03792768 W} #
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