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https://doi.org/10.1038/nrgastro.2014.143 PMID: 25134511].

A ebell A A A 715 (first-degree relatives, FDRs)©] )& 712 91 ¢+



[4]

WO 2022/010312 PCT/KR2021/008803

A E7F 2 W =] 3 ¥ F 78k} [Choi YT, Kim N. Gastric cancer and family history.
Korean J Intern Med. 2016; 31(6):1042-53. Epub 2016/11/04.
https://doi.org/10.3904/kjim.2016.147 PMID: 27809451; PubMed Central PMCID:
PMC5094936]. 91 &Fell A9 7Foll A 3 S7h= 253 i A 2t
st 2] A 22, fARS B4 agle Fho Ao v|Qlgtt,
el Etshar, fl el A9 ThSel A delmute std 2 e et ek
ke Afolof] R SHA 2 oFgk o 412 [Choi YJ, Kim N, Jang W, Seo B, Oh
S, Shin CM, et al. Familial Clustering of Gastric Cancer: A Retrospective Study Based
on the Number of First-Degree Relatives. Medicine (Baltimore). 2016; 95(20): e3606.
Epub 2016/05/20. https://doi.org/10.1097/MD.0000000000003606 PMID: 27196462;
PubMed Central PMCID: PMC4902404][Sahasrabudhe R, Lott P, Bohorquez M, Toal
T, Estrada AP, Suarez JJ, et al. Germline Mutations in PALB2, BRCA1, and RAD51C,
Which Regulate DNA Recombination Repair, in Patients With Gastric Cancer.
Gastroenterology. 2017; 152(5):983-6 e6. Epub 2016/12/28.
https://doi.org/10.1053/j.gastro. 2016.12.010 PMID: 28024868; PubMed Central
PMCID: PMC5367981] 7} -2 H o] FA % 7] 25 A A 3,

ol b=, Aokt B ¥ ¥ 7R SNP= T E f A4 52 [ean MH,
El-Omar EM. Genetics of gastric cancer. Nat Rev Gastroenterol Hepatol. 2014; 11
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rs771925912, rs745342765, rs148735556, rs11717039 2 rs5477756455 o] F o A
T O 2 RE AEE st} o] o] Ao EARol, HY S e g
ZAEE& Al
b o] o =Wof ubE MUC4 F- A Ak HEd o= v A ¢
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MUC4 = ¢1 9 o]
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[41]

[42]

[43]

[44]

[45]

of 23} 2 g o] Eoju| Bl 23| 2} A, 3 23] 5 9] T o] E | vh A gh A,
BEtERHA] S50l o o] & AhE A =t FFE o= HF A,
ol Bl Alotdlo| E, 2uirl, ] sto el el ¥, ¥] s A[ohd, Ry s o},
o-Z e H T =, S F Qe AT 501 e o] & A3k A oh=t.
gl el =ulo] R 'l {54 So] lom o2 AP H A =t Hd ==
oA HFol ~E 2, FA A EAME}OM 5ol e o] 2 A3y A
%=t Hli%‘x}ﬂ]b FERO|E 7, A gk 5o glon o] 2 A gk A
@itk AkEkgks] Al = d 2 A, FEE A ek =, vhol & 2 A, # =, Ti o+,
Cs ©]<-, H o] ]E 14-% = ﬂi &Fo] Z =2 7] 3=, K, W(CN)®, [Os(bpy)s]*,
[RU(bpy)s]**, [MO(CN)]* -° S1o™ o] & A| 3t %] &=
H]—/\]./HE_ﬂ OJ/\oﬂ 3H, 14C, 2P, 358, 36C1, 5ICr, 57Co, 33Co, ¥Fe, Y, 125], 13]], 186Re
ol o o] Z A gt A o=
v o] A Sl A Y] Bt = ALk A o 2, A e THA
A, A, EABA F ol EFHE L ofof] A A b=t A=A 0
1 A=

73_?40]]{_ §_£\_ :5}%—]2. _%246]—3,: 01&: 7]7&1 ) 1;]].0 qu]

o= 1 o "0

Atk A= 7HEA E A, B HATE AL, 7R A A 2
Hopol A FA | Aejetd o ® 585 = ¢hFl, ol & 50 PBS7}F L, B84
A o] o o 2 FeaEl, %a]oﬂgai,g 2RI, Yol 2H 2,
ZeoladrRYEY, B4 4], 7hl g2 Ed Atk =, 7] e Fol,

frel, T, PR A R Ol%ﬁ 23 5= 9

g o] o S e ek ]U}@(dlffuse type) 4 ¢, “& 3 (intestinal-type)
R =3 (mixed-type) H1 4= ]TOV‘J EQETH dE—u‘-ﬂ Bhi o] b ed
2 %O] }\}\‘—-
o},
of w
?l ek

=
o] =
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o
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o
_Y}i,
g
I
do
o
rlo
é
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A
A
F
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=
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o &

3k o] QmbA = i nke Y Ei= HDGC(%X* 3 Ul +
hereditary diffuse gastric cancer)®ll =7 3t% o] QA A qH, 2 whg o] o =
ZAAES AY Fd o #A S el MUCS -2 =AHo] /-l
Oﬂ? E=AgE = olo], B Y2 {39 AU oS =X

-k 237 9

B.dhy Q] =1 of U?}E 252 9] A eE(stomach adenocarcinoma, STAD),
th 4 9 (colorectal cancer, CRC) 2 Z}-g- U] 2 Y (uterine corpus endometrial cancer,
UCEC)& & o] Fof 3l 7+ o 2 HB| A el s}t o] 49 hell A 3] g 2}ol A
As oS £ 78?_}3}1: AL = Loy, o] A ghy] A eF=1.

g o] o S wE Wz A 7ol = A A A
S HAAY = Aar, A7) A 7S o] YlthkiE A& 3 Al o] ujol] A A)
At AR A ZA Aol A 7S A4 Yol 280 o] A+= A=
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[46]
[47]

[48]

[49]

[50]

[51]

[52]

EAWol, AE AA, A, IlA, AME ol ek AE-e A dh vl e} g,
Houlgo] o 2o W E 7| E Ay E Frbe £33 4= gir).
oy o] 9 == whE Aby] A Aol = A7) MUCY A AF2] 15774527434,

rs534579185, 1577250903, 15868067409, rs531395109, rs754808151, rs1304612772,
15774907241, rs771925912, 15745342765, 5148735556, rs11717039 2
1547775645 o] Fol 7 7 o 21 AEd s o] 4he] o o] A Edwo] 7}
EABHA AR o R of| F iz xl gt slo] 7IAE 4= ghrh.

v g ol A SHel i V1 EE Ao ks E ol v glis I Akl
AL = AL, 71 A 7S o] vz A2 3 Al e ool A A

X

2] .
10 .

S1qkol ZAL A0l $19kel AW 7HE T 9l0] 291 o4k 9= AL
o 3 5= gk,

ol o] o el mE 7| Ef= o)l 4 Aol Al A8== Ad 5
T-A) A 0.2 ¢ A e (stomach adenocarcinoma, STAD), T4 ¢ (colorectal cancer,
CRC) ¥ Az~ 4} 2 (uterine corpus endometrial cancer, UCEC) 2. 2 o] o %]
O 2 RE Al E st} o] ge] ol A- I g At Al A8 = AU 5

EOHE SHoA, 2 8 A MERTEH Alw DNAE F5sh 9|
7] F% 9 A% DNAC] F-41 4 (mucin 4, MUC4) 52 2} 2] 15774527434,
1s534579185, rs77250903, rs868067409, rs531395109, rs754808151, rs1304612772,
rs774907241, rs771925912, rs745342765, rs148735556, rs11717039 %
15547775645 % o] Fol 7l o R E] A el dh} o] 4ko] of o of A <]

Sl & PESE WA TPehiz, A oS mE WAL AP

AR A TS A ekl A7) MUCE §-A 2, MUCH §-A21e] dwol, A%
AA, A Soll thak A2 <3k nfe) g}

o o] A SHld e 4] Ed W ol HE wHAl= A7 MUC4 7 22
A71 g Aol A 9] p.Argl1792His, p.Ser1669Gly, p.Ala2553Val, p.Thr3727Ser,
p-Thr5295Met, p.Ala3558Val, p.Leu2022Phe, p.Pro2550Thr, p.Ser2213Asn,
p.Pro2214Thr & p.Ser1018Cys=E o] Fo] Xl 7 S 2 71H A8l H 3t o] 9]
ofu| Ak Wol S HEdte dAE 23S ), 2ol o So) wE

] =

ol o
A ——
3 4 = AE AAE o] 85}

ol o] o S & A7 AWl A& A= 4] MUCS f- A 21€]
NM_018406.7:¢.5375C>T, NM_018406.7:¢.5005T>C, NM_018406.7:¢.7658G>A,
NM_018406.7:c.11180G>C, NM_018406.7:c.15884G>A,
NM_018406.7:c.10673G>A, NM_018406.7:¢.6064G>A, NM_018406.7:¢.7648G>T,
NM_018406.7:¢.6638C>T, NM_018406.7:¢.6640G>T 4
NM_018406.7:¢.3053G>C & o] Fof A 7o 2L M e ¥ s o] A}o] o o 9
TEALHE AEZ2EE A8y A4 /w2 QB = A do| Eol 4l



12

WO 2022/010312 PCT/KR2021/008803
zepolE HhEA 7= @A 2 Y] BEgE S FEA7] = 9L E 25
ATt

[53] g o] o Zyo) whE 4] HEARo] AE vl E Al gl A = o
AE71ES ol g8t 4 ¥a 2 L 4 Bao o8 =32 4= 2t}
71, DNA A 4] i 2p-5ol 2 wEel ey = 29 34 ¢
o 3 2p-5 ol 4] Zefolm A4 A (& 5o, /A A-50] 4 PCR,

o H{- A 25 ol 4 gho] Alo] A 12 & (LCR) E #-LCR)S H] &3k xZefol
A A HHFAA-Sol 4 Sy EH L= 2431 24 (dE 501,
S| Ed L ol Aol d AR, A AR H o HEE o]&ste] At
ol F A o] v~ V18 AEsh: A9 BE A4 MuSH A 23
WAL Hol A F of A SAF HApe] o] FA S vl alshE AV E WA
Ayl 2 A 7] 9 5(DGGE, ol & 9] 731 [Myers et al. (1985) Nature
313:495]°l) A o} 422); w2 X g 93 7] el M o] RNased o] 4 o el 2

[54]

[55]

[56]

1005
)
q
ol
tol
Px
%
%
Y
o
Mz
>,
Py
ot
4
ol
)V
ox
L
»
il
gy

o] Z 1} DNAQ| 3 23 ) A vl S 5} ,
MALDITOF); f7 % 8| E 41 (GBA); 5' wZdlolA A4 (o & 591,

Bl (TagMan); 2 WA} H] 28 Ag8l= A o072 o] Fojx o7 HE Ae
o= &} o] g2l V&S o] 83 B Ho] HAE A E xS 4= 9l o o] 9

Al ghE] A k=t

Bk o] 9] Zof whE A7 MUC4 F-31A12] &l o=
NM_018406.7:¢.5375C>T, NM_018406.7:¢.5005T>C, NM_018406.7:¢.7658G>A,
NM_018406.7:c.11180G>C, NM_018406.7:c.15884G>A,
NM_018406.7:c.10673G>A, NM_018406.7:¢.6064G>A, NM_018406.7:¢.7648G>T,
NM_018406.7:¢.6638C>T, NM_018406.7:¢.6640G>T 4
NM_018406.7:¢.3053G>C= o] Fof Xl 7 0. 2 ¥ A e ¥ shf o] 49
=AWold = 3l

g o] o S¥e) whE G HA T HH-E 7] MUCS 73 2e] & W o]
AZ DA T, 47 MUC4 A Abe] B o7 AZ W I dd sloz

o]
detis 29 5 9

MJ.z

1
i
4 (intestinal-type) ¢ & 2 -3 (mixed-type) H G o= o] Fozl F o2 HE

£l TS A3 ARATEELD 5 9
o] =

= X 1=
A St ol o] A o5 i o,

:'

1o O 1o

gastric cancer)ll = gFE] o] AR A TE, L AE o] o S| uhE G HA T HHES
] q

= L
sAghe] f-@ol BAGLol MUCH F4 B0l Fito] et 92 o] 5 i
A 9= AREATT 5 Qo] Bt FRE f3o] LS o F E
Ak & gz 53 wrpt ek,
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[58]

[59]

[60]
[61]

[62]

[63]

[64]

[65]

A3, A7) A 7ESE o] k= A& 3 Al ol ujel] A A el AR A
7ol 9] 2ol Z—ii/itj 7HS ol 291 ol Q= A o 4 9

g o] o S wE y @Ak ool A9 9 @At = dan, A A o= 9
A ¢F<&(stomach adenocarcinoma, STAD), ™ % (colorectal cancer, CRC) %
A}-g- W 2} h(uterine corpus endometrial cancer, UCEC). Q.2 o] Fo Xl - 0 2 1F
A ENE 3} o] ale] ool AE ¥ @] 2}l 4= Q)

olst, AAlel| & Eof H- o 74 R 505 Bup 7 A2 o ® Ay gt

el ol AA] el = g ol T gk o] s E w5 7] ] Ao HA o Rt
Asd Ad 2 ag o] vl g7 1o oo Al dhe = A ofY T

[AA e 1] 9 E A EA

Argk Yok /RS AEEH] 18, 2 o) 2] H o Aol Z(case) 7} 3

AT o] ol] A 14711-9] 715:2] 199 o] 9 9F g2t 9} 361 o] 9| qhel] A v A]
%= AA 7HS sl AA-AE A (whole-exome sequencing, WES)S
T ol & e A THEH R FEH IAFAEY EHE e
gag=g

AL AIAANS 9st A 55

2017 447E 2018 3U7HA] LA 2T o] 7k 5 3xﬂﬂ1 ol ol
gk A ag we A7k 2 o] ol iz
relatives, FDRs)S & whd o] el A A] o) mp& A tof] = 3}0:1;} H] H
(ol 8l )& A 6704 o ol] A2 <1 WA E AALE B 50/‘1]
Fao] A2 Ao H vt ek Xe-g e, WA A A (endoscopic biopsy) B
@]} = Al ﬁ(surglcal specimen)® 2] gt ¥ 2] 814 & 7|Hko 2 19l

Aol 7159, &9, &, 2 o] A S (dietary preference), AF2] 7 Al A A El, A
T4 Lol el mute] v 2 At ol HE AEAE T8l Ak A4
A A (Giemsa staining) 2 -3 2] FulE utAd 28] HAE of gk 2% g4
W7k e sty ad 22 2 A E Flskr] #1893 5 AT Choi Y,
Kim N, Jang W, Seo B, Oh S, Shin CM, et al. Familial Clustering of Gastric Cancer: A
Retrospective Study Based on the Number of First-Degree Relatives. Medicine
(Baltimore). 2016; 95(20): €3606. Epub 2016/05/20.
https://doi.org/10.1097/MD.0000000000003606 PMID: 27196462; PubMed Central
PMCID: PMC4902404.1[Kim N, Cho SI, Yim JY, Kim JM, Lee DH, Park JH, et al.
The effects of genetic polymorphisms of IL-1 and TNF-A on Helicobacter

4

pylori-induced gastroduodenal diseases in Korea. Helicobacter. 2006; 11(2):105-12.
Epub 2006/04/04. https://doi.org/10.1111/5.1523-5378.2006.00384.x PMID:
16579840].

At A d BE AaE Va2 oAl 8 e w2 7= 1964
7] Aol mpef AT 2 A= By A Al
AR R3] 9] 5l-& WL TH(B-1610-366-303). - Aol el &k BE 7HS
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TN TARN AR Fol Ao Agsteict.

[66] Azt 54

671 F@AAE 147hTe SYAQ e R 559 el 9941939 A9
#2367 9] B9l ok A7 £E AT 14702 7HS 7 7 TE R e
el ATt A Yok A A A 5\_/\] < 2010(International Gastric Cancer Linkage
Consortium 2010) $17 710l H-3hsh= 37F+-9] HDGC(R 7 w|whad 919,
hereditary diffuse gastric cancer) 7}<5 (No. 7, 8 & 13)¢] 3235 1t} [Fitzgerald RC,
Hardwick R, Huntsman D, Carneiro F, Guilford P, Blair V, et al. Hereditary diffuse
gastric cancer: updated consensus guidelines for clinical management and directions
for future research. J] Med Genet. 2010; 47(7):436-44. Epub 2010/07/02.
https://doi.org/10.1136/jmg.2009.074237 PMID: 20591882; PubMed Central PMCID:
PMC2991043]. ] G #k2] 97 5745 8k7] & 10 HERATHGE

[68] 3 1]
(69] A% A L w91 MRAA Y QATEA T 5
[70] P2 b]-9/9t (n=36) 2 (n=19) Pt
= 12 (33.3) 12 (63.2) 0.034
SE (M) 62.14 (5.1) 59.11 (13.8) 0.331
MUCT (rs4072037)
GG 0 2 (10.5) 0.098
AG 5(13.9) 1(5.3)
AG 31 (86.%) 16 (84.2)
X HE 21 (58.3) 14 (73.7) 0.260
9 10 27.8) 12 (63.2) 0.011
sSF 22 (61.1) 14 (73.7) 0.351
Y HF 2= > 3/week 26 (72.2) 16 (84.2) 0.320
H. pylori 27 (75.0) 11 (57.9) 0.192
B C{EIGTRIZ Qle= HYEH 111 (306) 6(31.6) 0938
MUC4 0] 3(83) 14 (73.7) <0.001
2ol ZEL
CE 13 (63.2)
FEER 4(263)
o 4= el 2 (10.5)
HDGCd 3 (15.8)

BREE HAHRE BA: d¥E olstn HEE e 2oz BAIE.
o

A2 B 84X R4 e,
0= CHEI 28 HI2HGC), gastric cacer; R4 DI8HY 9AY SEF(HDGC), hereditary gastric cancer syndrome.
« EAN 28 710l-MF AB(chi-squared test) £ + AW test)oil ol HHE,

b Lauren & JIE

o1 29d =g

450 Al oIl TEHE A 13]0] DjRHE HAOl U YO 2 HOlA oY A IHF

[71] 371 3 10l vhebd upef o] 9 oF X eh& ke Shxpe] Hok A F S 59.0
AlCH A2 31-84 AT HERA, 91 Skoll AelA] & AR5 H AR 2 624 At
UHE U 99k el HA o] mlEo]l ¥ %2 Aol AAJTHHA S 1 63.2% vs
H]-91 9k o 33.3%, p =0.034). 51 Bl &o] H]-9 &k w- o] v Aol Bl el oF
shfoll A T 3 okel (19 T 63.2% vs. B]-919F i 27.8%, p =0.011). 14t 34212
oF Auh-& H. pylori-F/3 o1 3L, §hell A 2] A] &-& A &9 75.0%= H. pylori

Aot $hxh ol 32wy, 1378 2] 49, 3 A=sgdder

217.
= 37
- o7 o)y gk Bl Eoll A #o gk &}l 7} 131 T . Lauren W7ol W= S 5¥
.l
APHE T QL Aol 9 Fmolut A A 07 S-S A 5§ W ol A
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A5 B4 2Astd falo] )@ AuE 2 YA o] S o] 3 A

[72]
[73]

[74]
[75]

[76]
[77]

=
19] I 2ES o2 At oS = AdE 98k vho] enb
Hhmg ko] shv ok 2 o g ke Al A sk

DNA #2] 2 A A|-d & A A4 (whole-exome sequencing, WES

WA Al AL A Al A o] u}g} Qiagen DNeasy & ¢ 2 22| 7] E (Qiagen,
Hilden, Germany)S AF-&-3Fo] 47| A Ao 19] 931 AHE 9] 735 DNAS
w25t WESE =3 5h7] 9l 8ll, Al oFx} g7 Agilent SureSelect All Exon
V6(Agilent Technologies, Santa Clara, CA)S A @7 glol B elg] & 7= <} 3hA
AFE-3FSITE Al 74 < Tllumina HiSeq 2500 & A % (2x100 bp-paired end; Illumina,
Inc., San Diego, CA)O Al =3 E A1}, 7] A Ao 19] 55 9] 5AE2] A4
ol 8 M E+= 9 Nucleotide Archive (http://www.ebi.ac.uk/ena/data/view)®ll
“=E1 F PRIEB29071 2 7] Er5 91t}

Hol A= 2 A (annotation)

YAl A1 352 Burrows-Wheeler Aligner(BWA v0.7.15) 2~AX E9jo] &
A}-8-3}o] Human Genome Reference Assembly GRCh37/hg199l] A & %] 91 TH[Li H,
Durbin R. Fast and accurate short read alignment with Burrows-Wheeler transform.
Bioinformatics. 2009; 25(14):1754-60. Epub 2009/05/20.
https://doi.org/10.1093/bioinformatics/btp324 PMID: 19451168; PubMed Central
PMCID: PMC2705234]. SAM tools v1.3-2 A}-€35}o] BWA 44 31U(BWA
alignment files)S- BAM filesZ ¥ 3+5}9) 01 HALE-2 Picard
(https://sourceforge.net/projects/picard, v1.96) = A ¥ AT}, H 2] Al o] 2~ (best
case)°ll W&} Genome Analysis Toolkit (GATK v3.5)& AF-8-3}o] 1] ¢l %} 2+z} o] Zh
A Eof tf &l Al+5 Variant Call Format(genomic Variant Call Format, gVCF)

B A o4 AW X (local realignment), &3 7] A4 %= A B4 (base quality
recalibration), & @& (haplotype) & & (calling)& =34 3} ¢ TH[DePristo MA,
Banks E, Poplin R, Garimella KV, Maguire JR, Hartl C, et al. A framework for
variation discovery and genotyping using next-generation DNA sequencing data. Nat
Genet. 2011; 43(5):491-8. Epub 2011/04/12. https://doi.org/10.1038/ng.806 PMID:
21478889; PubMed Central PMCID: PMC3083463]. 7+ VCF(gVCF) 3} &
Zestal GATK S &% 328 & vEE vt f-34 Hol o] 7|54 F4&
e WX 5 ANNOVARS ARE-8te] 288 31tk MUCY 71 #12] ¢} <= 24(Exon
24) 7ol A o] Wol= A A A d (Sanger sequencing)l] 2|38l EHQ1% a1 &
¥ o] 7= Integrative Genomes Viewer= 7 A}%] ¢ TH[Robinson JT,
Thorvaldsdottir H, Winckler W, Guttman M, Lander ES, Getz G, et al. Integrative
genomics viewer. Nat Biotechnol. 2011; 29(1):24-6. Epub 2011/01/12.
https://doi.org/10.1038/nbt.1754 PMID: 21221095; PubMed Central PMCID:
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[78]
[79]

[80]
[81]

[82]
[83]

[84]
[85]

PM(C3346182].

A Al(dinkage) ¥ $ F(association) #-2

A A F AR -1 A2 oci)= A A A Fd 2 g A o]
58 7Hs gk -9 5<% 0.005 Sloll 4] Pedigree Variant Annotation, Analysis, %2
Search Tool (pVAAST)#2] A4 4 F {42710 A R4 Bl ~EE ARg-3to]
Q1 ¥ T Hu H, Roach JC, Coon H, Guthery SL, Voelkerding KV, Margraf RL, et
al. A unified test of linkage analysis and rare-variant association for analysis of
pedigree sequence data. Nat Biotechnol. 2014; 32(7):663-9. Epub 2014/05/20.
https://doi.org/10.1038/nbt.2895 PMID: 24837662; PubMed Central PMCID:
PMC4157619]. 7154 ool o 7t58 Aol =9 o] e F-x12} ol
7]z %t o] &} §-%=(linomial likelihood)®l] T g+ LOD (logarithm of odds) 4 <~ 2
A Z}-7] Z -8 (burden-type) 33 - H] H| 22 E (composite likelihood
ratio test, CLRT)2] p 4k A AF-=5 HHH (gene-drop method)= AF-8-3}o] 100
el Xt MEEFE ANE AT AA Aol M, 7o) Tt 2 E
ko] B2z 197 o] 9 Sl A o Mol 5 147F-9] 7 B0l A
flekol g ahx] 92 3678 o] thEwr 3 Hlask vk, #- Al 7] jke] A A
Aol M, B g 2bi= 197 o] 9 oF ghake] A A ool i A & b=
=¥ H.71 9 (National Institute of Korea)2] gt= =F & nlo] @ Wl Fol| 4 A
39770 ] gt vzt o] AA Aol thd f-AF =9 vlalsk vt F 19,491
ZF 9] §-AAE 4359 21, Bonferroni-= A4 H 0.05 -5 2.57X10¢0] 3 T}
MUC44] 749, 1007] 2] =] gk A Eo A CLRT A =79] p 4kol 1.0X10431 7]
] 3#-ofl, 1087 &f 2| ghel A & o] AR-&H vt

1o I I B A L o= B

gnomAD t] ©] B W] ©] = (http://gnomad.broadinstitute.org/)E A-g-35Fo] A 2
FotAlol iz Hete] 54 WMol NI B aelst it

TCGA(The Cancer Genome Atlas) B o] § #4

TCGA dlol 8= A% o8 &% @ AA(GRCh37/hgl9) o} 7ol B 2 Al 5=
o8 &% dlo|¥ EZH (https://portal.gdc.cancer.gov)2] A| 28l A &8} QF Al
9= & g (Institute for Systems Biology Cancer Genomics Cloud)=-F
U=t qth A 2 5389 9 do] Bl w o] 22 -E (dbGaP) A &
ARE F583A T

53 A7) #4

Bonferroni- =4 ¥ 0.05 72 5ol BE 72 ¢t 7z}l o g+ 1l x}H] (odds
ratio, OR)= 24| ¥ 3] 2 4 = At 71 #7l= GMMAT=Z
F4 ¥ %) 2™ [Chen H, Wang C, Conomos MP, Stilp AM, Li Z, Sofer T, et al.
Control for Population Structure and Relatedness for Binary Traits in Genetic
Association Studies via Logistic Mixed Models. Am J Hum Genet. 2016;
98(4):653-66. Epub 2016/03/29. https://doi.org/10.1016/j.ajhg.2016.02.012
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[86]
[87]

[88]
[89]

[90]
[91]

PMID:27018471; PubMed Central PMCID: PMC4833218], 7} &A1 & AW 3t
WY mahe] Fake 00 & 2AE AT whebA], 7hE Y 7] 9ok A EE
SygAQl Ao m 7P EQlar, BE 2] 2~E 3] 9] H4]-2 Rex Version 2.1
(http://rexsoft.org) S AF&3Fe] A& = A1}, b F-A Aol thel, AH-&-5h=
A AN A st ol kel Bl T A BE s 1A A E A5 (genetic
risk scores) = 12 I, 18 % o oo 2 Iyt AE A8 5o
A 2 HDGCZF BEko 2 2akE o] 5 243k}

et A H AN F A H(germline) A<= Wl A

A7) FAA LA SR IEH 53 WES HlolB = F4] o oM H
%L o](mean depth)7F 96?1 5578 o] 3| A2 FE A H Aot} B %4
FAel "o 97%7F 2 4= 200 7F H Ak A gbell th3t 3 4] ®lo] ¥R Z T
A, A Al AT AA A2 A TE LOD p ghell 7] &8t
Ao #HAH =4 A AE MUC4,MAGECI, 2 RETSATS 21313

A

-

-

o 2S5 =33 f- A A} 718 CLRT ¥-A ol A, MUC4:= Al s-A A F-24 =50
3 hp 3 <9.9X10°, 2 Al A A Bonferroni-Z 4 H 0.05 9] 4+ = 2.6X10¢

<
)& 2a). 5 2b 2 & 2ci= 77 H 1A H-Aof] ol ¢k Manhattan 2 quantile-quantile
(QQ) E%5 HolFH, & FAIEA o] BEZY f9o +5& FAE HolErh
L4733 & AR A7) 2159 LOD p kel tid QQ EX& HoFH,
7] Aol HA A AT S A &8-S gl

MUC4 ¥ o]

371 pVAASTE A-8-31o] A A dolHAEE B33 o, MUC42] 14 & 2]
Hol 7 LOD Aol 7] ofeh= A o2 YE S, o] & 5 10 &2 LOD %kl 0
Zel Ao g HF AUyt MUC42] 10 F2] Woli= 14 779 B2 9l
7FEE Sl A R AT (3 2).

[3% 2]

ATH 147F7-2] 7ol A
XA EALD MUCE H o) 2]
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[92] #xp OE §ER Mg jolojed vzl [lop |w Alola | D MAF AL |75 oiF
HE(Ref) | BEHAIY [ (NM_018406) (X} IDs)e (HHE0FA O}, %)e

chr3:195513076 C T p.Arg1792His | 0.60 |51, 52, 53 0.044/ 0.433 2 o-gElBH3
1774527434 (2O AME|/Y)
chr3:195513446 T C pSer1669Gly |1.20 |34,2, 30 0.262/ 1.460 2 o-2e|Rid%
15534579185 (2T MEFY)
chr3:195510793 G A p.Ala2553Val | 157 [11.19 23 0.062/ 0.028 2 o-g2| 243
1577250903 (Zah A ERLY
chr3:195507271 G C p.Thr3727Ser 090 |51 0017/ 0.226 2 O-2R|AHY
15868067409 (Tt H2]Y)
chr3:195475923 G A p.Thr5295Met | 0.60 |34, 37, 38,39 | 0.001/ 0.011 24 IN-22j324d
15531395109 (HEF MEQYY
chr3:195507778 G A p.Ala3558val | 035 |5 0.016/ 0.000 2 o-ER2H
15754808151 (20 MEJL)
chr3:195512387 G A pleu2022Phe 030 |32.33 0,001/ 0.009 2 O-2E| AN
151304612772 (2 MEQY)
chr3:195510803 G T p.Pro2550Thr | 0.30 |19 0.008/ 0.000 2 o-ga|ais}
15774907241 (2 M2FH)
chr3:195511813 C T p.Ser2213Asn | 0.14 | 15,16 0.001/ 0.009 2 o-Za|AN
15771925912 (R MEQY)
chr3:195511811 G T pPro2214Thr | 0.04 |15,16 0.000/ 0.000 2 O-BBPMG
15745342765 (& MEQL)

[93]

[94]

*HE AlEoMel AN X, GRCh37/hg19.
bolgto® FMets NN Y IDE BE SME UX HAHD UEQ oA WEE 2R HE 4%
< gnomAD (v2.1) A& HOJE{tO[E|Q] TX| U SOHAIO TLHOIA L] MAF (%)

71 3% 200 YERE vlef o], MUCY ol & B8 I P A= Al o] 2 #16, #37
2 #3985 Al eletal B At gatolth. MUCY Wol & 7H 1Y A5 #2235
Al Q] sFaL it A fgkolth (3= 1). f1bell Al A &2 3% 2] 937} (#16,
#37 2 #39)= W o] Aol AL vl F ARG 2 F 9] W o)<l ¢.7658C>T p.A2553V
2 ¢.5005A>G p.S1669G7F T §l= 37F-2] 7hSell A Zl = ). 3] ¢ A 415,
#106, #19, #34 B #5122 747} 2 T UhE Wo| & 7HA UL Folrof 24 J e
Hol AP E 82 o AA fdol A whEE ARG v (3 2).

S, 7] A A 4 14 g2} ol A MUCI 154072037 A tl  F-7324k2] Wl &=
90.9% = 1,124 4 2] T 21 9 ¢k #+2}9} B 523k ¥ [Qiu LX, Hua RX, Cheng L,
He J, Wang MY, Zhou F, et al. Genetic variant rs4072037 of MUCI and gastric cancer
risk in an Eastern Chinese population. Oncotarget. 2016; 7(13):15930-6. Epub
2016/02/26. https://doi.org/10.18632/oncotarget. 7527 PMID: 26910281; PubMed
Central PMCID: PMC4941287] A2 GUHH FAALY HIEE 242 olv 2] 7}
ol A 57.9% X 42.1%, o} 8] 7} el A 49.2% 2 50.8% %A T [Reis CA,
David L, Seixas M, Burchell J, Sobrinho-Simoes M. Expression of fully and
under-glycosylated forms of MUC1 mucin in gastric carcinoma. Int J Cancer. 1998;
79(4):402-10. Epub 1998/08/12.
https://doi.org/10.1002/(sici) 1097-0215(19980821)79:4<402::aid-ijc 16>3.0.c0;2-6
PMID: 9699534]. o] & gt A 3} = FolAlo} o] MUCI Mol & T3l Frd4o=
F ok 7 oS etk A7) B4 AR 2R F1E MUCcs ¥ ol 9]
el W= Mg FA41S 2ok AAA A QD A dkol nlsto] Fopalo}
Aol A fd 2 0 2 t] &4t (3 2). B3 TCGAN A 5 olAlo} 919k ghatol A
MUC49] 1352] W o] (15774527434)7F 1 E Aeh Avbd o g . whd o] A
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[95]

[96]
[97]

[98]
[99]

[100]

[101]

[102]
[103]

AHE MUC4 ¥ oli= MUCI o)} H a3l 9] oF v F o] x| g] & z}olof 7]t

& o] & ¥ ¢l (heterogeneous etiology)= 7FA| 7] wlF-oll, § ¢ 7}Soll A
AR 754 2 3 B Abolo] BAXE R 5 glr). 7]
Aol A, MUCH B0l 7} g1z 5 <] 19k $Az 4 7ol e

5 Alolofl A ol ¥ A T): #20, #28, #43, #45, 2 #46 (5 1). HDGC 7| =&

5 u|wka] 9ok 31} #28-2 CDHION A A3t u] A2 B o]l = AT
(NM_001317184: exon8:c.G1057A:p.E353K). H] & 7} #46°] HDGC 7] &
<85, CDHI B5= CTNNAI9 A &1 ¥ o] = 27 ¥ %] &F F T} [Majewski
1J, Kluijt I, Cats A, Scerri TS, de Jong D, Kluin RJ, et al. An alpha-E-catenin
(CTNNAT1) mutation in hereditary diffuse gastric cancer. J Pathol. 2013; 229(4):621-9.
Epub 2012/12/05. https://doi.org/10.1002/path.4152 PMID: 23208944][ Hansford S,
Kaurah P, Li-Chang H, Woo M, Senz J, Pinheiro H, et al. Hereditary Diffuse Gastric
Cancer Syndrome: CDH1 Mutations and Beyond. JAMA Oncol. 2015; 1(1):23-32.

Epub 2015/07/17. https://doi.org/10.1001/jamaoncol.2014.168 PMID: 26182300].
32} #43 2 #4535 A A A EQ 327 2W Q] FASE 7o £glo o]l= U E

1 A
FHH ST The e AR :TOLMUC4H*°19‘r Ao T2 gl o]
HDGCo] o} a1 9l oF thitwol A - A dvde M wedes g
AT

2lsk wrul o] 4 MUC4 ol el F 3} 57]
Fa 2 87 B4 A, 5 D HDGCE 24 3ol 559 9] B
S92l A A g Hdom, 1 Avk= 8] % 33 2ok

rm

[3E 3]
o] g} A28 3] Ao o gk kol the Sy A 93 QA0 nAFH](odds
ratios)
T2 [reference] log (OR) | OR SE 95% C/ of OR Z-%k Pk
A [0 1.27 3.56 1.05 (0.46 L{X] 27.63) 1.21 225
olo] MUCs B0 =t [BiE 23] | 441 58.08 1.06 (7.33 LiX] 459.97) 385 <.001
HDGC [8lE ¢18] 1.02 2.78 1.04 (0.36 LHX] 21.36) 0.98 .326
29 EM/A) (6l 1.17 3.22 1.00 (045 LHX] 22.80) 1.17 241

OR, 1 X}H](odds, ratio); SE, %f— 2XNKstandard error); 1, 2] T ZHconfidential interval);
HDGC, 7734 0|8t 9| SF T (hereditary gastnc cancer syndrome)
MUC4 H10], 29, ¥ |4 0ok 9|9 7t deo 2 2-E.
FAF AE H4(Pseudo R?) = 0.616
A2 ENE AN R4 Lietd.
371 3E 30l YERd uhe) o], 9ol o] MUuCs WMol & THA| =
F7kel Hd S € Uik
[AAd 3] 2 ZZENA S MUCSHSH 149 |& 53
A7 AR e 22 R 7] A 19 9 A ES Tt
MUCH Rol7} 9l 9198l 4% 915 91957} 3he e
MUC4 ol i¢te] AR S B & 479 I3 E

rr
PR
rlo
do
ks
do
U i
kr

m
X
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[104]

[105]

[106]

[107]

[108]

[109]
[110]

o= AF el

MUC4e] 9IA 8 Wolel Ak A AP
W] ool 9 Ao shan g 9l BoA|o] Al s g Al ol

e’}

Z2 A o2 SR | 32 5977 1} v]-9] & IR =) 9,758 O =
ol S-S ST A7) MEE2827,78371 9] Hlol&2 FA44H

Affymetrix Axiom Korean Chip®ll 2] &l -F-A 2} & o] %74 ¥ At}

o w, 7]l sl gtz I b= A H AT 1) Aol olsf 48 8ol
A AR thE 49, 2) g2 55 4 5(call rates) 7} 97% W 71 7 5-, 3)
ol G A vl ol Holl M HE HAke 30l A5, 4) thE d] G Ao}
IBD(identity-by-descent) 574 X] 7} 0.185 Z3}o] a1 o] 2] & 1] 3§ x}of| H]E}o]

A Z E(missing rate)°o] 1 =& 4 9-

e, Bhr] o] Wol= Al ¥ AT 1) 2 = E (missing rate) 7F 3% F 2ol 7 u; 919
Bt} et gboll 2wl sHA| thE - (p < 1X109), 2) nhol ] th {1 4
11 5 (minor allele frequency)7F 5% | 7FQ1 7 5-, 3) Anderson et al. “5 ©l| A
At =2, str-nplml == g g A Aol A ] p gke] 0.001 ]I
74 $-[ Anderson CA, Pettersson FH, Clarke GM, Cardon LR, Morris AP, Zondervan
KT. Data quality control in genetic case-control association studies. Nat Protoc. 2010;
5(9):1564-73. Epub 2010/11/19. https://doi.org/10.1038/nprot.2010.116 PMID:
21085122; PubMed Central PMCID: PMC3025522].

1% T}, Michigan Imputation ServerE Al-8-38ho] F-3] o] X4 ¥ %] &
¥ o] & tj X] 8} 3 th(impute)[Das S, Forer L, Schonherr S, Sidore C, Locke AE,
Kwong A, et al. Next-generation genotype imputation service and methods. Nat Genet.
2016; 48(10):1284-7. Epub 2016/08/30. https://doi.org/10.1038/ng. 3656 PMID:
27571263; PubMed Central PMCID: PMC5157836]. ™ | (imputation) ¥, MUC42]]
HAXet 4,224 71 2] Wo] X o] 2] 0.5 MB <14 & 9 (flanking region)= A& 7|
MEE o] A, vhol, R A9 10 7HA o] 2 220 JFE G tol
2] 2~ ¥ 3] #(logistic regression) & AF-&-3Fo] #4135t} Bonferroni-Z 74 ¥ 0.05
Frol 52 1.18X1050] 1 .21, PLINK(v1.90b4.5) 2 R (v3.5.2)¢] ¥ o] 2} o] A]
A}-8-%] 9 T Chang CC, Chow CC, Tellier LC, Vattikuti S, Purcell SM, Lee JJ.
Second-generation PLINK: rising to the challenge of larger and richer datasets.
Gigascience. 2015; 4:7. Epub 2015/02/28. https://doi.org/10.1186/s13742-015-0047-8
PMID: 25722852; PubMed Central PMCID: PMC4342193].

Z Aol v IS EAM MUCHS 9o AAA A=

TR R AR A2 Al HE A E s T 3
7H4 & A, SNP of o] 2 3l 2k sk 7] 9] 5977 o] o At B
9,759 o] 117§ v o= A H S IS Eo|A MUC4S] W7t f &t
ol A=A E F7HE E4 63T 0.5 MB| 297 @& 3= MUCA
49 (chr3: 195,473,637-195,539,149)2] &-& SNPE w4315 a1

%

:1
_1
“‘w
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Bonferroni- =4 © 0.05 72 552 1.18X105A tF. MUCY o A 2 F2] 3%

0] (rs148735556 L rs11717039)5 A E38F A IL(3E 4), ol &= MUC4S} H1 2]

A A S AAFSEA T
[111] [3£ 4]
[112] 0.5MB
[113]

=}

7 49 st MUCA 49 (chr3: 194,473,637-195,539,149)

CHR SNP BP P OR L95 U9s | A1 A2 MAF A | MAF.U | MAF DB | HWE [ MISS

3 | rs148735556 | 195052426 | 1.27e-07 | 4343 | 2519 | 7487 | T | A | 0.0235 | 00054 | 0.0113 | 03515 0

3 rs11717039 | 195401737 | 1.071¢-05 | 1.386 | 1198 | 1603 | C | T | 04782 | 04026 | 0.4534 | 0.07002 0

[114]  MUC49] 9= 2 2 dl= 24 ol A, 25 7] 2] SNP7F Q19 aL, o) <= 200 A
18547775645 1] 2~ Al 2= ¥ 0] 7} 0.05/25 = 2X10° &) 5ol A fojdt slo =g
A ATHE 5).

[115] [ 5]

[116]  MUC4 @< (A& 23 A& 24)

[117]

e’}

I8

o SNP BP AA HE =4 P OR L95 U9s | A1| A2 | MAFA | MAFU | HWE | MISS
2 | rs547775645 | 195515398 | p.Ser1018Cys | Ol

A2 | 1.12e-03% | 1775 | 3.148 | 1001 | C | G | 0.0050 0.004 1 0

*0.05 /25 = 2e3

[118]  MUC4) A 7] A4 10 F2] 3]7] ¥l thx] #°2 (imputation quality)>
E%F8Fo](INFO < 0.5), SNP 3 A ol A Al = gladth e, 91¢he] 71
- % (familial aggregation)l] T3t AN 02X MUCS V] =122 Wl ol &
St A& ZH = MUC4N A 35 ol 7F &A1 E&

o

gelstal o, gkt {2
gelstint.

[119] =, 9% & Ao~ 2t T ENA Ads fosHA daE MUcs
Bl 5 WMol & WA =nE, o] E B3l MUC4S el Aol &<

[120] chokst oF -3 9] AN MUCS A A Al X A E (germline) ¥ o] 2] ¥l E

[121]  MUC4= ¥Rt oty A4, A%, 2%, A 2 39 @& & 22 o A &%
e v, H, {5, 2 e e S EEkshE thke §-3 9 ehEel A
H] 4 MUC4 & o] ®.531%] ¢ 7] d]i-ofl [Chaturvedi P, Singh AP, Batra SK.
Structure, evolution, and biology of the MUC4 mucin. FASEB J. 2008; 22(4):966-81.
Epub 2007/11/21. https://doi.org/10.1096/£j.07-9673rev PMID: 18024835; PubMed
Central PMCID: PMC2835492], t} %k oF -7+& of $k2}of A 2] A 3£ 7] & (germline)
AMZNA MUC4 Aol e FAA HIEE AL o, A2 A AL MUCY
Hol 5 74zl Skxp7F vpofg o oho] A S f1d o] v &= FSlskith
E5H 7] A Aol 29 TCGA Hlol Bl o] dol o 2 HE A& AAA AL Hol &
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AbE-8kel MUCS 773 2k9] 10 &9 8|7 Wol 7k of ot A Q=] ol -5
H2Eslon, 919 24 F2 o f8ol MUC2] 3 52] 3|4 Hole} o]
& AT (3 6).

[122]  [3%6]

[123]  TCGAZETE theFgh oF 3o A1<] 3 &2 SNP| W%

[ 124] STAD CRC UCEC LUAD Lusc
1s774527434 0.17% 0% 0% 0% 0%
rs534779185 0% 4% 0.56% 0% 0%
rs77250903 0% 0.13% 0% 0% 0%

STAD, 9 M @& (stomach adenocarcinoma); CRC, [} &2 (colorectal cancer); UCEC, X+ L 2t 2 {uterine corpus endometrial cancer);
LUAD, B H42E(lung adenccarcinoma); LUSC, H HE AT M Z (lung squamous cell cancer)

[125] 7] 3 200 Yebd 7k lobat A dE MUCS fr 2kl 10 € 9] w7 W o]
Zol| A, 2957 2] 9] A ¢F<&(stomach adenocarcinoma) A 2 M| A A A= = g+
g 2] 3L} A (0.17%) ©) 3 % 3 rs774527434 SNP7F &1 B 9131 (3£ 6), °] &=
kA el Pt R} oF 4 ¥ 1 52 Aot} (0.04%, 3E 2). 2F 2] Wolgl
r$534779185 Z 1s77250903+= 37278 ©] 4 ¢H(CRC) Aol A ZQ1 ¥ a1,

W 532 2471 4.0% 2 0.13%<1 ], o] = AvHA 1 Febo| A Kt} t] &2 slo]th
(A7 0.26% 2 0.06%, 3 2). 152] o]l 15534779185+ 0.56% 2] HI %

26571 2] A}-g-] 2 (uterine corpus endometrial cancer) A% 2ol 4] 271 ¥ 9] T}
4088 2] o H 431 M| 3 2k (lung squamous cell cancer) 412} 4951 2] |

{ﬂ?} & (lung adenocarcinoma) Aol A = MUC4 F A AF2] 10 & <] Ho| 7t
1= X eF ottt ol & B3l MUCS Wol7F 974 B v A T o A

P o O P
T AS Y T I

[126]  [H Al 4] H 9 Z3Z 3} 3 (immunohistochemistry, THC) £ & &3 ¢
Ao A9 75 5 g

(1271 371 AAlel 2 2 38 S8 MUC4 W ol7t 3l= 9 2ke] 3 A A =7t
Z7Heh2 Bl gliznl, MUCS Wol 7k A §] 22 oA ol 3t 754 77}
=S Belshy] 98, W o)A BHIHO) ¥4 £ 5719} o] s el.

(28] HloHA 9l A 9 ojot 22 o] Wiz e} 24

[129] WA Aol solgh 15 o] Yot #4388 ] Hl-H oF A= [HCE
AM8-Bhe] § - (antral) B9 A utS A ST 99 Bl A9 o 2w
A A ERA T} IHCO MUC4 A &8 <A (53 8G7) (1:100 8] A, Zeta Corporation,
Arcadia, CA, USA)E AF23F3 o). 7] THCO AF& 3 &4 3= MUC40 9 92
Az Aoty A o] Hold & ol Aol ofal AT At Aade] AA
A2 (F7 4um)-Z BenchMark XT Staining A] 2~ 8! X ultraVIEW Universal DAB
Detection Kit (Ventana Medical Systems, Inc., Tucson, AZ, USA)E 2 =3
G AR QAT MUC 23 78 A 4 ALgato] WAo] e o] F()e
B3l shr1ef ol H7bE AL, o 71 A A2 sl 7] 9 o] 4] M (epithelial glands)
ol 1] 221 Th0 YA 300): & 4 vl -2kl ¥l 0; 5] u] 8 LRk 8] A2 7hs g
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[130]
[131]

[132]

[133]

[134]

[135]
[136]

[137]
[138]

Aol H 1+; oFetAY T1F X o] Aol H 24, 7k I M o] H 34, ¢
M=, A A H Udﬁ% Aglstalct. 7 &S v
S}AL(o] 3l gl o8l WA WA o =2 A = AT

MUC4 B0 & 712 93 Ae] ¢ A4 MUC4EEH

gl Mol o 7|54 aiE ZALe] fal ek 4] o A urol A o
MUC4 @& o] THC +4] A 3= ohe- 3 2

A, MUC4 ¥ 0] (15774527434)9F @A 533 Hola 7Hd B2 9] 94
32 E E3ehE 7HS No. 149] 57 9] 9@ #bo] 4| ¢l A stst4] AxE =
30 YGEFRITE MUC4 W o]-2-73 91 Bl A 1 2H#50, #54)(5 3A 2 & 3D)2
> A 5E YEbd 9hE, MUCY ol & Zh= 378 o] ShAR#51, #52 B #53) 9]
MUC4 ¥ o]-2d vl Aol [HC A= kst AY &4 ol Ath(% 3B, &= 3E
25 3H). o=, 3o ek ZA#HSL, #52 E #53)9] oF 2242 =2 [HC
HEE BolFTHE 3C, & 3F 2 5 3]).

AubA 08 MUCY ol E 7Fx] Bl A ek oAl & 7Hx] vl b A=t R v
MUC4-47d 9 A7 vh& & BolEt (5 3G, T3k (AR5 19
0 [10.0-30.0] vs. 70 [9.5-165.0], p = 0.023). & Z A of| 3=, oF A} & 3} B] 31 &}o]
MUC4 ¥ ol 7}F = 22 ol A THC 4 o] o] F=] A 5= A &l At (&= 3G;
o7k (A5 8 21 (75.0 (0-240.0) vs. 30 (0-105.0), p = 0.287).

7] THC ¥-4] A 3fol] wp 23, MUC4-F A ¥ Al 3= 1]-9hA 9 7 ool A
ZFadtE A Bl on, ol MUCY Mol E 7HA 9@ zle] AN 9 Hupe
ok &S 71 1 gl Apell H]3Fe] MUC4 3 o] 7HA¥ & o|n| 3tk MUC4=
TZA 07 MUCL §-AFSEAL MUC4 ¥ o) S 7FA 3] 8] A= MUC42] 18 o]
A S el =uh MUCY W ol 7F A o Aol A MUCs &
AA st fFalldt A A E FEshS & 5 e, ol gk A -2 MUC4el
¢.5375G>A:p.R1792H &E A ¥ o] & 7kl 745 -4 ol A 71 = 2 & tH(Family
No. 14). T3k, G2 220l v]&te] o Aol A MUC4 &rd o] Z718F3) =1,
ol & T3l & A AM Y MUC4S] HEF LA MUCY AR 7L &4
- ZHoncogene) A o] A Q1 A& g gl

[AAld 5)MUC4 9 E 2 4 F

F2

H
T
=
8

EJE i

Y

7] AN o 2 WA 48 F8) MUCS RO 7} 9194 ol & i Wkal 7] 93
ulo] @ n}] 92 SHelahglizul, MUC4 SR o] 22 o) Z8}7] 914 3179}

ol AFHE LA SR
MUC4 7= ZFH &4
MUC4 1-Z& #4215 918 NCBI & A dlo|E o] 22 HE A2 vl
X1 A (refSeqID:NP_001191215) X mRNA 4| € (refSeqID:NM_018406.6)=-
AL-g-atel RE[Z AA O e = A d(cleavage), = 2] 4 $}(glycosylation), 2
il SRz o] o S5 =8 5 9 THO'Leary NA, Wright MW, Brister JR, Ciufo S,
Haddad D, McVeigh R, et al. Reference sequence (RefSeq) database at NCBI: current
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[139]
[140]

[141]

status, taxonomic expansion, and functional annotation. Nucleic Acids Res. 2016;
44(D1):D733-45. Epub 2015/11/11. https://doi.org/10.1093/nar/gkv1189
PMID:26553804; PubMed Central PMCID: PMC4702849].
GenomeNet(https://www.genome.jp) 2] MotifFinder &2 ©|-8-3}o] FE|3Z A M -&
skt e A Fz A L(NP_001191215) R ¥l o] A d o] MUC4o % & ol 4]
PeptideCutter [Wilkins MR, Gasteiger E, Bairoch A, Sanchez JC, Williams KL, Appel
RD, et al. Protein identification and analysis tools in the ExPASy server. Methods Mol
Biol. 1999; 112:531-52. Epub 1999/02/23. https://doi.org/10.1385/1-59259-584-7:531
PMID: 10027275]& 33t = At o5& 53 3131 T NetOGlyce
[Steentoft C, Vakhrushev SY, Joshi HJ, Kong Y, Vester-Christensen MB, Schjoldager
KT, et al. Precision mapping of the human O-GalNAc glycoproteome through
SimpleCell technology. EMBO J. 2013; 32(10):1478-88. Epub 2013/04/16.
https://doi.org/10.1038/emboj.2013.79 PMID: 23584533; PubMed Central PMCID:
PM(C3655468] 2 NetNGlyc (http://www.cbs.dtu.dk/services/NetNGlyc/)= AF-&35} o]
Z+7k O-GalNAc (N-o}A| & ZEe} EAFRT Y (N-acetylgalactosamine) 2 N-GalNAc
& o] X = o] =3} t}. MODELLER [Eswar N, Webb B, Marti-Renom MA,
Madhusudhan MS, Eramian D, Shen MY, et al. Comparative protein structure
modeling using Modeller. Curr Protoc Bioinformatics. 2006;Chapter 5:Unit-5 6. Epub
2008/04/23. https://doi.org/10.1002/0471250953.bi0506s15 PMID: 18428767,
PubMed Central PMCID: PMC4186674]] Waterhouse A, Bertoni M, Bienert S, Studer
G, Tauriello G, Gumienny R, et al. SWISS-MODEL: homology modelling of protein
structures and complexes. Nucleic Acids Res. 2018; 46(W1):W296-W303. Epub
2018/05/23. https://doi.org/10.1093/nar/gky427 PMID: 29788355; PubMed Central
PMCID: PMC6030848] X SWISS-MODEL®] 754 F A& & AL-8-35to] g
T o5 Sy s

g 7z o= 23

37 A Aol 2 WA 40l 4] FHel ] 10 £ MUCS B0l F 9 F& o 20
HAAskar, o] = ?Y HEE < 9 (tandem repeat region)-S- 3 315} [Chaturvedi P,
Singh AP, Batra SK. Structure, evolution, and biology of the MUC4 mucin. FASEB J.
2008; 22(4):966-81. Epub 2007/11/21. https://doi.org/10.1096/fj.07-9673rev PMID:
18024835;PubMed Central PMCID: PMC2835492], T} W o] = 9l 4= 249])
,L]H Iq_ Iq_tr]- /\]—EA—] =4 1:4113] rl= ;(ﬂl (ab initio) ervJ_le =4 411%] e) ﬂal_e]
MUC1 3= MUC4 B2, 2 O-Z 2] Z A 3}-F 7 9o 3 329 FA = A3
A& A o)A Bkt

=] 743} o Zoll u} 29 [Steentoft C, Vakhrushev SY, Joshi HJ, Kong Y,
Vester-Christensen MB, Schjoldager KT, et al. Precision mapping of the human
O-GalNAc glycoproteome through SimpleCell technology. EMBO J. 2013;
32(10):1478-88. Epub 2013/04/16. https://doi.org/10.1038/embo;j.2013.79 PMID:
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[142]
[143]
[144]

[145]

[146]

23584533; PubMed Central PMCID: PMC3655468][ Gupta R, Brunak S. Prediction of
glycosylation across the human proteome and the correlation to protein function. Pac
Symp Biocomput. 2002:310-22. Epub 2002/04/04. PMID: 11928486], <<= 29]
o] MUC4 ¥l oli= O-2 2] A 3} F- 9 o] 71 o] o =] 4 o & 7}7tol o
ATH(E 7).

[3% 7]
- Yo _
NetOGlyc 2 NetNGlycS o] &3 =8| Z A3} -9 o=
2]%[= ofa| it 5L | B2(site) O] =
chr3:195512387 p.L2022F 14X (2020, 2021, [ ], 2023, 2024)= O-22| 3 H3 Beld Ho= o4t
chr3:195510793 p.A2553V 1Kl (2551, 2553, 2554, 2555)&= O-2 2| H3t 22 Y Aoz o4&

. 9F 20719] N-Z2| 243} 0% 29| 5 MUC4 B-M 239 A2 W A3 EGF =02l AHO]9|
chr3:195475923 p.T5295M OlA S N-S el R A3 9| (N -Xaa-ST->ML)2] 2AO|ALE 25
chr3:195507271 p 137275 R @727 O-22 DM 2L o2 oy E
chr3:195507778 p.A3558V QA (3556, [ ], 3559, 3560)= O Jalqggr Holal Hoz ofAHE
chr3:195513076 p R1792H UKl (1790, 1791, | = O-22|[ 243} 59U 7oz oarg
chr3:195513446 0.51669G K| (1668, 1669, 1670-2y= O-Z2|A YT R Y HOR U4
chr3:195510803 p.P2550T K| (2548, 2549, [ ], 2551, 2552) O-22| A3} B Ao 2 o g
chr3:195511811 0.P2214T SIX| (2212, 2213, [ ], 2215, 2216)= O |i"a§} Held ZHe = oj 4
chr3:195511813 0.52213N A (2212, 2213, 2215, 2216)= O- —;‘EI 3t 29Y AR qYE

» B Az M2 @A 71X, GRCh37/hg1o.
[1£ 7Hs8 o-2a|=ust 23S LiEH

£-3], p.T3727S, p.S1669G & p.S2213N+= O-GalNAc ¥ &l o] 1-& 7Is4d o] T
5% ,\,\E} [Steentoft C, Vakhrushev SY, Joshi HJ, Kong Y, Vester-Christensen MB,
Schjoldager KT, et al. Precision mapping of the human O-GalNAc glycoproteome
through SimpleCell technology. EMBO J. 2013; 32(10):1478-88. Epub 2013/04/16.
https://doi.org/10.1038/emboj.2013.79 PMID: 23584533; PubMed Central PMCID:
PM(C3655468]. o] ] ¢t =4 & At £ 9] GolA AR & =9
H 3}(c.5375G>A:p.R1792H)= T A 78] 2443 FA oz AT 4= 9l
Colld TZ 2] @ F = W3} (c.15884C>T)= MUC4 BA E7-4 o] A2 L A3
3% 9] A %21 A (epidermal growth factor (EGF))-f-A} S=H| Q1 Alo] 2] %z 4
N-=8] Z4 3} F9 o] Edlod 48 wafstgict.

=, MUC4 ol A 28] A k9] 914 2] H(in silico) 9522 FEH A2

BE= MUC4 Holol| olaf st i 92 O-=e] 23t o<l
7hsAd ol =g WEbTE =23 rho] AR -o]F A (glycan
micro-heterogeneity )& Z+ = O-= 8| 22 3= 74l +2 2 7|5l F 235t
TAY 23S 54 - A A3 ARGl Bolsta FHAd S Fold
AL TFFEE iAol @i dof) Agsle], o Il F 25
g 3 A7 4= 91t} [Jayaprakash NG, Surolia A. Role of glycosylation in nucleating
protein folding and stability. Biochem J. 2017; 474(14):2333-47. Epub 2017/07/05.
https://doi.org/10.1042/BCJ20170111 PMID: 28673927]. MUC40. A] B -4l of] 4=
Al O-Fel A3} 297k EA AR, shtel 5 29jo] A o] shpel

ol n] 32} 2ol iz H E Wo] WA o] 7] W E A2 % 21T} [van der Post S,
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[147]

[148]

[149]
[150]

[151]

Thomsson KA, Hansson GC. Multiple enzyme approach for the characterization of
glycan modifications on the C-terminus of the intestinal MUC2mucin. J Proteome Res.
2014; 13(12):6013-23. Epub 2014/11/19. https://doi.org/10.1021/pr500874f PMID:
25406038; PubMed Central PMCID:PMC4261943]. 7] ¢} &2 O-2 8] A4 3
P9 T 9] ofn] -4F 9] X] A & [Thanka Christlet TH, Veluraja K. Database
analysis of O-glycosylation sites in proteins. Biophys J. 2001; 80(2):952-60. Epub
2001/02/13. https://doi.org/10.1016/s0006-3495(01)76074-2 PMID: 11159462;
PubMed Central PMCID: PMC1301293] 3 Al #1 == E ) @ Wl ol 4 o] ¥ 5o
7] Z3}o][Chaturvedi P, Singh AP, Batra SK. Structure, evolution, and biology of the
MUC4 mucin. FASEB J. 2008; 22(4):966-81. Epub 2007/11/21.
https://doi.org/10.1096/{j.07-9673rev PMID: 18024835; PubMed Central PMCID:
PM(C2835492] MUC4 2] =] 24 817} WA ¥ & 5= 9

a9 a9 o= MUC47F Y oke] v 7] E ot ErbB2 £k vhul A S
A A = 58 A9 SITF [Yokoyama A, Shi BH, Kawai T, Konishi H,
Andoh R, Tachikawa H, et al. Muc4 is required for activation of ErbB2 in signet ring
carcinoma cell lines. Biochem Biophys Res Commun. 2007; 355(1):200-3. Epub
2007/02/13. https://doi.org/10.1016/j.bbrc.2007.01.133 PMID: 17292332] [Senapati S,
Chaturvedi P, Sharma P, Venkatraman G, Meza JL, El-Rifai W, et al. Deregulation of
MUCH4 in gastric adenocarcinoma: potential pathobiological implication in poorly
differentiated non-signet ring cell type gastric cancer. Br J Cancer. 2008; 99(6):949-56.
Epub 2008/09/11. https://doi.org/10.1038/sj.bjc.6604632 PMID: 18781152; PubMed
Central PMCID: PMC253875247, 48]. 23}, ¥ 0] 7} EGF--AF 521 15 Alo] ol A
N-= 8] 24 3} 791 o] opw] =2 WSS frbabr] wlitoll, < 2400 4 o] ¥ o],
p.Thr5295Meti= ErbB2 Al & A el e g 4= i},

4 daE FshE, MUC42] F4 4 A3 EGE-frAF =]l el 724 mde
F5300 WA L53629] 2710 A7 o, o= we] 47181 T5295Mel] vl 5-
7R o] F-9 = HEl R H EGF-fAF 122 E 2 A 5 ) 7Rk
ol A A7) witel, of WMol 7F EGE-rAF =9l 2] V] soll G&F& 713 5= 3=
Ao \Rlth,

[2A1d 61MUC4 ol S1¢ke] A8 AF

371 *W o 2 WA 4255 MUC4 ol 7} Q= J =t
& Flst3=nt, A7 MUC4 "ol ok 9l ete] o1 ¢4
A] = E}o] 3 (genotyping) ' H o 2 A 3} 8HIHC) w

()

QA B 0] B4 % F 2889 AHeta, o %
(antrum) @} 9 oF Z 2] o] o %2 3} SHIHC) &4 o]

(A& 3H2p= 1039, - & A=) 134%) 5 .
23794 9] v g =te] 9 AAF(antrum)ef 4 Y FHAFN A F-oll = o H

rﬂziﬁﬁ

o
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[152]

[153
[154
[155
[156
[15
[158
[159
[160
[161
[162
[16
[164

e e e e e b e e b b e

(O8]

[165]
[166]

[167]

ek 2A4 & 458kl o] 24-F genomic DNAE H-¢] 3 553} 3 tH(Qiagen
DNeasy blood and tissue kit(Qiagen, Hilden, Germany).

%471 %% DNAE o] 831 MUC4 15774527434 2 1s5313951099] 27 <]
SNPl| thste] | mEpol g & X et ivt. 71 A3 MUCS w342l & Aol 7t
A= AR F 14 o2, o] T M- o $hAb= 57, A o $hAk= 90l

Fag, A metolFol A& e Zetolm o} 2 B I vt Z

MUC4 rs774527434 SNP =4

- forward primer: CTTTCTTCAGCTTCCACAGATGAC (A€ 5 1)

- reverse primer: TGGATGCCGAGGAAACGT (A€ % 2)

- reporter 1: ACCACCCGTCTTCCT (A2 3 3)

- reporter 2: ACCACCCATCTTCCT (A EH 3 4)

MUC4 rs531395109 SNP =4

- forward primer: GCCATCGCATCTGAAGTAAGC (X € & 5)

- reverse primer: GGTTGCTTTCTGTGTTAATCTGTGT (A @ S 6)

- reporter 1: TTCAGCGTGCTCACG (HEHZ 7)

- reporter 2: CTTCAGCATGCTCACG (A @ < 8)

PCR HF-&- 912 TagMan#| Genotyping Master Mix (Cat No. 4371353) 12.5 ul,
Genotyping Assay Mix (forward primer, reverse primer, reporter 1, reporter 2) 1.25 ul,
DNase-free water 10.25 pl= TH= 1t} o 7] ol genomic DNA 1 ul (10-50ng) %
H7bsto] & 25 pl= "HE3L 10373 95°Cl| A holding §F - 92°Cell A 1533t
denature, 60°Col| 4] 13-%} anneal/extend-s 503] cycling®} ] ViiA 7 Real-Time PCR
System (Applied Biosystems, USA)-S A}-8-3}¢] Real-time PCR BH&-& 2 A 5}
A Eho] 4 2 S a9,

g, 2 A 51 o) A2 A Ao 4ol A &} o] 4= ¥ Rt

=, A o] AA A (7 4um)-2 BenchMark XT Staining A 2= 8l 2
ultraVIEW Universal DAB Detection Kit (Ventana Medical Systems, Inc., Tucson,
AZ,USA)E T3l =3 ¥ vt MUCI B MUC4 232 28t @ n| g & AL-§-she]
Aol whE i 55 (%)s Fl sty fhol HIEE a1, o 7] A2 &) of
ol %33 A (epithelial glands) ol A TZHE THO W A 300): 349 #] 22| H 0,
Bln) et /A 8] A2} The g A Aol | 1+ of e TR e
Aoy 24; 7} Ao H 34 oF Ao M=, 7SHA A A ¥ HA LS

]:1'—]1_ T =
Arstst vt 4 AES @l Wyl skxpol ofsf W vk o 2 A E At
H o zA3)sl Fadof] w2 MUC42] A7) EdW o) 7) 9= 2 99 el
A= shr] & 83 g,
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[168] [3%8]
MUC4 = ol 7} ol = g Aol -4 A
) =9 Ak 3ol | At EALL P4k
Y A H AAE oF x|
(n=5) (n=9) (n=9)
MUC4 3l 2F | 54.80 +53.51 | 26.11 £51.95 | 76.11 + 59.99 0.187
[169] A7

[170]

[171]

3 8ol YEF ule} o], MUC4 B ol 71 1= A A= 91 3412
Z u Shar, 9ok 2o A MUC4 2& o]

SN

oy Ho
o =
iz
=
2
<
c
Q
=~
=
r.%
-
N
M
X
_OH

) o
o

shi= A2 192 FAse

o] B, u] & % AZLA SR A Bh £ ola kel f A BA S
AT 9= A meto] B2 o] §5HoIH K MUCS B Mol 7} 9= A5
AYE S wt ALE - AL E 2L AAY

FHA o, Bourge] o A oo W, A hai o el A FA

73 MUC4 3 Abe] 578313 & 9 (15774527434, 1s534579185, rs77250903,
rs868067409, rs531395109, rs754808151, rs1304612772, 15774907241, rs771925912,
1745342765, rs148735556, rs11717039 2 1s547775645) = 3ti}ol =AW o] 7}
EA8LaL, 53] MUC4 A2 Al A E (germline) V] 224l 2~ & 91 HH 0] (15547775645
] Z:/ﬂl—/: EAWMoNE zh= 9P A= v YA 9 % YH(noncancerous gastric
mucosa)®l| 4] ¥F& o] & A ¥ o (downregulated) MUC42] 7|5 734l 2] 8 ¢S

akslar, A 2 A o] vl o 2A oM o] MUc42] 3l o] Z71Ee =n), ol &
T, MUCY AR &= o] A& AAE ol &5t %S o= e xaS

(@) A
R b+

iQO
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3789
[ 1] H21 4 (mucin 4, MUC4) -4 2} 2] E-d o] A A A S £38)aL,
A7 B AW o= MUC4S -4 AF2] 15774527434, 13534579185, 1577250903,
1s868067409, rs531395109, 5754808151, rs1304612772, rs774907241,
1s771925912, rs745342765, rs148735556, rs11717039 X rs547775645 =2
o] Foxl o 2 RE el E st} o] ko] oA el EdHol]l,
v G ol A o] ek of & = g A E.
[7d 73} 2] A 138}l glo A,
A7 A2 AY 7HS ol = HPAR], A ol S e g
A=

[ 3] A1gkel AofA,

N

[% T3} 4] A 18+l Ao A

7] Bl = A4 9 A o) 8]}l 919 A o] A MUC4 5§ A%<
FAL FAI, 2HE

[ 5] A1gkel AofA,

it o
N
7
&
=
3
3
3
O
>
=
O

2
12
2
2
lo
(E
=)

1
=
>

2,

N
o~~~
=
w2
w
&
S
w
\L)

7% 6] A1ael] oA,
A}7] = o] 3= NM_018406.7:¢.5375C>T, NM_018406.7:¢.5005T>C,
NM_018406.7:c.7658G>A, NM_018406.7:¢.11180G>C,
NM_018406.7:c.15884G>A, NM_018406.7:¢c.10673G>A,
NM_018406.7:c.6064G>A, NM_018406.7:¢.7648G>T,
NM_018406.7:c.6638C>T, NM_018406.7:¢.6640G>T 2
NM_018406.7:¢.3053G>C= o] Fof Xl 7 0. 2 ¥ A e ¥ shf o] 49
Zoldo|Ql, 2AE,

743} 7] A 138}l glo A,

A171 A= xﬂ A= 37] &AW ol

i‘j/] 'L'ﬂoﬂtf*’-— o] Fo Xl w & BB A ElH sl o] Sl 2=
(%1% 8] A1gkel AofA,

271 9 & 1 v (diffuse-type) ¢ &, “4 3] (intestinal-type) ¥ &F 2
<313 (mixed-type) 91O & o] Fo 7 o 2 RE A shit o] 42,
2=,
(713 9] A1kl ol A,

A7 244 =& 9 A & (stomach adenocarcinoma, STAD),
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[7d-7-8F 10]

[7d -8 11]

[7d -8} 12]

[7d -8 13]

[ 14]

[7d7-8F 15]

[7d7-8 16]

PCT/KR2021/00880

3

th“g- ¢F(colorectal cancer, CRC) X Z}-g- U] ¥ Y (uterine corpus endometrial

cancer, UCEC) 2.2 o] Fo{ X 0 2B A ey 3l o] 2] oboll 4%

g Gapell A AGe o5 == Adshs, 24 E.
A8 WA A9g 7 o = & ge
g 7 E,

Al108}] Ao A,

A7) I EE AW E F7RE E8eta,

d

A o) 2 i

A7 A Aol = AEE A7) MUCS 5 A 29 15774527434, 15534579185,

rs77250903, rs868067409, rs531395109, rs754808151, rs1304612772,
rs774907241, rs771925912, rs745342765, rs148735556, rs11717039 %
155477756452 0] 0] 71 7 0 2 E] el shu} o] abe] o oo A

ZdWol7E EAsh Ao o5 = dshis Aol VA, 71 E.

A 108}l Ao A,
A7 FEE 9

A ¢F<&(stomach adenocarcinoma, STAD), ™ % (colorectal

cancer, CRC) & A}-g-u] ¥} (uterine corpus endometrial cancer, UCEC) 2. 2

ol Foizl oz E Ay s} o] el ghol Al 3@ Aol
4893 491, 7 E,
)@ Aol AE RV A% DNAS FEahs w);

7] 229 A% DNA®] B2 4 (mucin 4, MUC4) 53 2} 9] 15774527434,

rs534579185, rs77250903, rs868067409, rs531395109, rs754808151,
rs1304612772, rs774907241, rs771925912, rs745342765, rs148735556,

rs11717039 2 rs547775645% o] Fo] 7l - 0 2 g A el ¥ 3} o] 42

Aol Ao BIMo| & A% WA E Eahas, Sl ol % i
S 913 ARATEY.

T
T =

47 B BAE Sl ThE ol 9l v P, A ol

A8 A A

,4
L

[e}
A138}ol glof A,
A7 wdRol HAE dAl= V] 499 wEEHLEE AR
AEE AS FEP QLEE Aol 5ol A Ql Zefo] & HhEA] 7] =
A 2
A7 RESE S SEA 7= GALE X3etE, R AT,
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).
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filed or does not go beyond the application as filed, as appropriate, were furnished.
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Form PCT/ISA/210 (continuation of first sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2021/008803

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The inventions of groups 1-13 : respectively pertain to a composition for predicting or diagnosing gastric cancer, a
kit comprising the composition, and an information providing method for predicting or diagnosing gastric cancer,
the composition comprising an agent for detecting a mutation at one or more regions from among rs774527434,
18534579185, rs77250903, rs868067409, 1531395109, rs754808151, 151304612772, 13774907241, 15771925912,
18745342765, 15148735556, 1s11717039 and 15547775645 of an MUC 4 gene.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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