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g Al Al

FrHY
A7 1
LRP5 (GenBank accession No. NM_002335, LDL receptor related protein), ADCY3 (GenBank accession No.
NM_004036, adenylate cyclase 3), E2F1 (GenBank accession No. NM_005225, E2F transcription factor 1),
HLA-DRB5 (GenBank accession No. NM_002125, major histocompatibility complex, class II, DR beta 5),

HLA-DRB1 (GenBank accession No. NM_002124, major histocompatibility complex, class I, DR beta 1) %
TGFBr1 (GenBank accession No. NM_004612, transforming growth factor beta receptor 1)o.% JFAIE o2

FH Agye sy oo fHA W Cpc FHE xFete, uAS ikt (nontuberculous mycobacterium)
AALE Ak = oF oS58 vlolentA A=,

AT 2
A1l ojA,

7] wAs Byt A A e HAAER] Ae SHeE gk, vlelevt] 24E.

7% 3
A&l loj A,

A7) CpG H-9+= LRPS T+ E2F1 429l 39 <9 (coding sequence)o] $9Asl= AL EF o2 3t Hfol

Qv 24=.

AT 4
A1l A,

71 CpG 4-9]+= ADCY3, HLA-DRB5, HLA-DRB1 X+ TGFBrl #7A+e JIEE (intron) ¥ A= AS &
How s, velontA 2HE.

A% 5

LRP5 (GenBank accession No. NM_002335, LDL receptor related protein), ADCY3 (GenBank accession No.
NM_004036, adenylate cyclase 3), E2F1 (GenBank accession No. NM_005225, E2F transcription factor 1),
HLA-DRB5 (GenBank accession No. NM_002125, major histocompatibility complex, class II, DR beta 5),

HLA-DRB1 (GenBank accession No. NM_002124, major histocompatibility complex, class I, DR beta 1) %
TGFBr1 (GenBank accession No. NM_004612, transforming growth factor beta receptor 1)o.% JFAE o2

FE AdEs e s o] fAX Wl Cp6 FH9 Wds s 24T 5 dv E2E xdske, vAad gt
¥ (nontuberculous mycobacterium) FAA% Ak L= oF o5& ZAHE

3TE 6

A5l o] A,
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g7 WA P AAATS NAY FAT ALT AL 5O =, 2YE

AT 7
A58l L] A,

A7) CpG F9e] WEst F£ES BAE £ g BAL (p6 S xFele vHes XTI £ e
Zefo]lm; CpG F9E Edehs J9go A E Zalolm; wEstE OpG F-99 EAEE 4 JE ZRH;
Wl Solx Ag dwid, & =i tebd; 2 mddt 974 A dnrEdolAE A" FellA Aes
= o Y o] el AL EHoR Fe, FAE.
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iii) E2F1: Ag¥s 6
iv) HLA-DRB5: M E¥HZ 7 & MEHIT 8;
v) HLA-DRB1: A9¥E 9 @ HEW3E 10; 2

vi) TGFBrl: A¥€¥z 11 % AdIdHE 12,

A7) A RAE nlo)dulo]E AJEA (bisulfite sequencing)?l AS EAOR &=, FAE.

AT% 10

A58 WA A9E F o= 3t o] 2AHES Xel=, WA ikt (nontuberculous mycobacterium) 7FEE
3 AT B o F 58 7E

A7 11

31719l GAS Eatsl=, v A At (nontuberculous mycobacterium) 7GRS gk B o3 o =S 93
ARA T

(a) A8 P 49 B4 B ad A8 fAe 4B ARlM DS Bshe WA

oot

(b) 771 #2¥ DNAoIA LRP5 (GenBank accession No. NM_002335, LDL receptor related protein), ADCY3
(GenBank accession No. NM_004036, adenylate cyclase 3), E2F1 (GenBank accession No. NM_005225, E2F
transcription factor 1), HLA-DRB5 (GenBank accession No. NM_002125, major histocompatibility complex,
class II, DR beta 5), HLA-DRBI (GenBank accession No. NM_002124, major histocompatibility complex,
class II, DR beta 1) % TGFBrl (GenBank accession No. NM_004612, transforming growth factor beta
receptor D Oo® FAHE FomFH MEH = st o] o] FHA Wl CpG 919 HEs S £ sk 9.
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AT 13
118kl Ao A,

A7) West 58 #45E ©Al= PCR, WlE3} Eo] PCR (methylation specific PCR), AAIZF WEs} 5o
PCR (real time methylation specific PCR), WlE€3} DNA Eo]% A3gt b aS o]83F PCR, A% PCR, DNA 3,
ylo] Z AP (pyrosequencing) % HFo]Adulo]E AP (bisulfite sequencing) 22 FAE oA MElE+=

st ol e WS FEl FAHE S SHeR o, ArnATEd.

gige] 41y

Eoawg o njAdd gkt g ESe] A e o G S8 wds) vlo]lenbA W o o]o] B #3 Flow

T-A A o 2= LRP5, ADCY3, E2F1, HLA-DRB5, HLA-DRB1 % TGFBr1o 2 FA%¥ o 2ZHE MeElmi= 3} o)At

AR #AHE CpG F-915 L, WA i AEAFe g BE oA oS58 volontA 2AE

A B dF o8 2AE, A7 2AES E3se 7B, 2 g B5 oF oFS Y3 ArAgiHd

#3t Flolt},

I

DNA wl€l3} (methylation)® DNAo| WlE7]7} F7lEle Ao =R, Alo]EA-Fold YRFIFHLEE (cytosine-
Tt wiglksta, A%, A,

guanine dinucleotide; CpG) F-$lollA == Asith, DNA WE3s)t T2yl UAY
+5, dE Fo 5 e o £ Ui A5 o3 ®istEo] fxte] dESs 3k, DNA # g3}
z2ude Aol MY e Fot wiststnz AWyS AE3 4 9lo], DNA Wdste W 2 Ay zee] ufol

Fol 54 A% BARE Aolol /NE vlolerbAL mRNA Jlwe]l AAM] BASES Helsiok s,

AL didos a5yl §3 Be F2 927 oldy] uRel om @FIA AR B8] oldu. ol

W, DNA WEs ge B laiAe =
H

sequencing; BSP) 59 WS Z&¢) wdsl Ars IAT 5 gleng, 54 A& Jd R dF A5 A
ez fda waA & 5 dnk. o7 olv] Y oAM= B SO AIRESE DNA WYt FFs gl

= = . =
sto] there] ek Ei= ol dSel A&staat sk T1EVF s loy, obA kx| vE Fgkel A= DNA W
g3} Are 7|Rke 71E A 2 owpolempr o] i A7t iAo s g o] Fol A x| g2 dAoln.

(¢3

s, vl Ad At (nontuberculous mycobacterium; NIM)-& A3z UYHHS AQ3F ik o

, rEdl
wel HAS, Hxde, 9F - Az - 239F, 454 ASE 2 7 JAR 90% o)de] HAAZow LE
ol vAS ikt A @3S E4E 1Y AAE 7 AR AN wdd d3tow dAER FaAo] 34
sl F7betar Qlow, oAl AAs HEARE SXAI7] 7] olE AFkoltt. tiFEo] vAd bt AAHS
3t A3y fAbgE A S 9 G 2R JdstER ddAdel e A 27l EE F e 7§
gk wlolQutAZE Hasitt. 71E A ik HAZe] e AGHAL A o] FAEH Sxlo] Ak vj ¢k
Akl 2ebolgt= AZto] AeE|ar A7l Badk A oA or IEEA 7] wite] ol 7| Fw
st Aol Am E Ay oF dAek, Azt g SHAA w- Fasith. B3 v A gk AdSe e
FHlsle kAR Fr|zte] X &7F Hashy v A gabatol] HAE #xle] oF W XNEAAE FH4 4 Wy
g4 gQle wel ez vEhdnr. 45 3AE AdAor AFE7E o W 2~3d 9] X&F Q] A A
Woll &= B stal =eA4s Uehlls s vk, webA HlZd ket eloliho] Al&eh ek 9l A gt
Aol WgE RS AAsta FE A5 ¢ s 5olF niolentF] Y] Aol dAs] Fadt AA e



[0005]

[0006]

[0007]

[0008]

[0009]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

ZIHSd 10-2022-0154337

~

MY eE¥

H] 53] ¢

(B E3)%3 0001) Genes Dis. 2018 Jan 31;5(1):1-8.

gige] g
S dst = HA

gr1sk e w7 el B wyAse A4 W F8 o ol
Wesl vlolazoldo] A Taskel, wAW A7 WA Tk Folg @, 1elw wAs
s gabsh QAT qho] 7 = o

- 3t 5 2 CpG =
# AR A9 EE olF =g AF FAGAA vl onlAR BRI, oo Azald & @

(@]
ko]
[op)
4z
do
2
=
ot
=)
Z.
=
=
i)
o
o2
0%
[o
dot
0,
]
ol _1}
32
rlr
=)
Z.
=

S ool o FaA sk 714 FAlE ol gl AE FAlel ABHA wor, AFEA e ® o
2 IAEE oldle) AAZRE FYRA BHeA ollE F 9 Rolh

B71eh e B oyl BAg dAsly] 9fste], & @we LRPS (GenBank accession No. NM_002335, LDL
receptor related protein), ADCY3 (GenBank accession No. NM_004036, adenylate cyclase 3), E2F1 (GenBank
accession No. NM_005225, E2F transcription factor 1), HLA-DRB5 (GenBank accession No. NM_002125, major
histocompatibility complex, class II, DR beta 5), HLA-DRB1 (GenBank accession No. NM_002124, major
histocompatibility complex, class II, DR beta 1) % TGFBrl (GenBank accession No. NM_004612,
transforming growth factor beta receptor 1)28 FAH o 2XE HaEE= sk} o) 42 Wl CpG -
9= x3sl=, vAY dakdt (nontuberculous mycobacterium) 7FAAZ] Ak e o|F o =8 o] Q7

2 oye] ATAE, 7] N PUT G9ATe wAs P A9 5 duh,

B ougol o2 3R, A7) CpG 9= LRPS EE E2F1 £-34x19 3W A <E (coding sequence)ol] €238t
AL 4 9o,
¥ gy o]

TFAdE, A7) 6 HY= ADCY3, HLA-DRB5, HLA-DRB1 =+ TGFBrl &dzte NEE

ok, E @S [RP5 (GenBank accession No. NM_002335, LDL receptor related protein), ADCY3 (GenBank
accession No. NM_004036, adenylate cyclase 3), E2F1 (GenBank accession No. NM_005225, E2F
transcription factor 1), HLA-DRB5 (GenBank accession No. NM_002125, major histocompatibility complex,
class II, DR beta 5), HLA-DRB1 (GenBank accession No. NM_002124, major histocompatibility complex,
class II, DR beta 1) % TGFBrl (GenBank accession No. NM_004612, transforming growth factor beta

receptor 1) oE FA4H TOoRHE AU sty o] 1 Ul CpG F-9lo] Wdst F5& 24T & Ae
2248 x3sle=, v 23 bt (nontuberculous mycobacterium) 7FAAT Ol gk EE o3 o =8 ZAPES
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t

wa, B oug e Ay 2AHES ¥3etE, v A9 3t (nontuberculous mycobacterium) FraAgke] Ak

e
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p‘h
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%0,
i)

B oayol = g2 JHdR, Ay AFEAL blo]ldaolE AP (bisulfite sequencing) ¥ 4 AT},
L, Boutge r)e a4AE s, v A 32t (nontuberculous mycobacterium) FHAAS A T
d3 =S 9% ARAZTYES ATt

(a) HAS P 49 B4 B g NS4 Fehe A ARelA DAE Rese A o

(b) 771 #2)¥ DNAClA LRP5 (GenBank accession No. NM_002335, LDL receptor related protein), ADCY3
(GenBank accession No. NM_004036, adenylate cyclase 3), E2F1 (GenBank accession No. NM_005225, E2F
transcription factor 1), HLA-DRB5 (GenBank accession No. NM_002125, major histocompatibility complex,
class II, DR beta 5), HLA-DRB1 (GenBank accession No. NM_002124, major histocompatibility complex,
class II, DR beta 1) % TGFBrl (GenBank accession No. NM_004612, transforming growth factor beta
receptor D Oo® FAHE FomFH MEH = st o] e FHA Wl CpG 919 HEs S £ sk 9.
2 dgol ArHA R, Ay WEds $£5S BA45= dAE PCR, "WlE3 5o] PCR (methylation specific
PCR), AAIZF €3} o] PCR (real time methylation specific PCR), WlE3} DNA S04 ZAg wds o] &
3k PCR, A% PCR, DNA #, 9lo]ZA]d4 (pyrosequencing) L ulo]Xdslo]E Al#A (bisulfite sequencing) 2
2 A8 2ol AuEE sh) oldel e B saE vk,

g 73

B ool mE wde gy F9A%e AW E= o o8 velenly ndd i 4 B m
o4 Bl Poluh ge AREHE FARAA BHATE Fol wigrdsls dY g AQe A5
2 27 AVE F 9du, AFE vg dZdel Aue mEYL Folnd F83A o8E 4

12 v 28 gk A4S Sxptol A A5 doldt 1F 7, 2 njds ik HE@s iy GAAgE
NA Welsts slEfoz bl 232, & lax 437 £& 27 (3
(

Awdh ARUET (254 %) o) DNA vEa} w5 WslE wolF Avtelth, SEWelA 2t e fAd
AT 6 FEIE elmlshel, 7 de 7 g L AguET o ABS vt Wk eSS (o

5 ArEatso] glas ov|shs Aot

=
= 2w HZY by Al dakol M d5rt ol 4 ol AsAow widskd g9 (differently
-

2]
methylated regions; DMRs)®] Enriched terms ¥ 7|54 &F UEHIE A3 A=A, & 2a& 37 U
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=

¥ oAl A P-gre] 0.03 mvke® wdst > 0.1 (B EE < 0.1 (2F)9 w4 Hst7l 9l DMRs&
W volcano plot A¥elal, & 2bi= 107019 #™ enriched termsS 2t 557H A2 WeEst S
upset plot AFo|H, & 2c= H]@‘-‘H bt AA Aol wgsty Y (A ARk o el A,
Ao wrEsl 2 2202 AuEstE ou|g) 2 AHE FAA = (enriched terme] ¥ A7V} E4F
A FAAEY] B5S 9rE)E YEE network plot AXpo]t),

= 32 89 WZY ity HAHdd dx

enriched terms % 7]%% &

U
B}

= ri = 0

T 22089 BT el AsHow HEstd g9 (DMRs) <
A3 Av2 A & 3a% 8W 9] Aol A P-Fkel 0.001 nvtoe g
W3 > 0.08 (MW7) T < -0.08 ()] W2 Wa7F 9= DMRsS UFERA volcano plot ZAle]li, %= 3b
1074] # enriched terms& 2 310 UK DI FLE JERD wset plot Bsfol, % st o
b v sixpEe]l SxAb A wEstE kA (2 gAY 9 AA) 2 gdEg §&43F S (enriched term?
1 271)E YeERE= network plot ZAxfo|t).

o
I
~ 1
&y

= JHU il —-—'

e rlr

T 4 o3t Aoldt At 7h, 2 Sty YRS 1H *J%’% 37H e
(DMRs) ©] & vk AH|ZA, % dave Aol A o F7 3
AN H7d2F (TGFBr1, HLA-DRB5 % HLA-DRB1)oll ¢1xgk CpG F-¢lof wist 7k wWdsl S vlws ZAzon, =
db= ShAE R AT ghe] el 378 Ak (LRP5, ADCY3 3 E2F1)ol #1413k C g 3t

_ﬁ
oiN
rlo
AT N
w7
2
ot
N
T
re
i
X
=Y
)

= 5 HZY by Adde] e s odf 58 vd; wpolernty] P A% 2 2] A9 A
% ARE S =R Ao

gigs A7 e AL Y&

& WSS vEd ikt 4, 58] ofol < HAHE 53] Wets)
As syl flsl, DNA #9s) H}ouiﬂ'ﬂﬂ °of & Fgsto] nAdd ikt HAdIe] F7F Fold aF
b, agla v Ad ikt #A4S @ g el wds e B3 =

FHE RGN HEAHoR L W wE 639 volerE wEE it

olof, ¥ Wl [RP5 (GenBank accession No. NM_002335, LDL receptor related protein), ADCY3 (GenBank
accession No. NM_004036, adenylate cyclase 3), E2F1 (GenBank accession No. NM_005225, E2F
transcription factor 1), HLA-DRB5 (GenBank accession No. NM_002125, major histocompatibility complex,
class II, DR beta 5), HLA-DRB1 (GenBank accession No. NM_002124, major histocompatibility complex,
class I, DR beta 1) % TGFBrl (GenBank accession No. NM_004612, transforming growth factor beta
receptor DO FAE TowNFH HAYHE= st o]de FHA Wl Cp6 FHE EFets, HZY
(nontuberculous mycobacterium) G AZ A L= oF =g vlo]ontr] ZAES &3},

o] glolA, WS P A9ATe MAY FUT gl Uo] o] Fud Y= AR BF
0% Qdxd - BPGF, B AEY 28 5 gov, Y ukg

=
A e i EE N E
Asple nAd P A48 5 9

e

oA AREHE &
(phosphate) shvt= AZAH
0%5 A EE ColE wdr
AdE A 7+ ke
st e A .

E odkgol glojx, A7 CpG 9= LRP5 ¥ E2F1 FAAte] =Y A4E (coding sequence)o] 928 &= o1,
ADCY3, HLA-DRB5, HLA-DRB1 %+ TGFBrl -+ 41]'/] QIEE (intron) dYoll $X& 4 Jvt. ulshastA LRPS,
ADCY3, E2F1, HLA-DRB5, HLA-DRB1 % TGFBr1 7=k CpG F91+= Z}2z; HumanEPIC BeadChipol A Illumina IDZ
HEAF = cg01666550, ¢g20227471, ¢g19593285, cgl8424635, cg05383619 % ¢g13431688Y <= AT},

o], “CpG (CpG)" = AFO]EAl(Cytosine; ) ol (Guanine; G)o] <4t
F-&eltk. Izt FAA = CpGEtE olF A7IAEe] o m EAsta, olF
] (-CHs)7} AgtE o] d+=d, o]= DNA WE3} (Methylation)gkar 3}l DNA WE3

ME ol &3] BEEM, o= A HBAE FA SOl vig T 4EE

fo 10 N

w3, X e [RP5 (GenBank accession No. NM_002335, LDL receptor related protein), ADCY3 (GenBank
accession No. NM_004036, adenylate cyclase 3), E2F1 (GenBank accession No. NM_005225, E2F
transcription factor 1), HLA-DRB5 (GenBank accession No. NM_002125, major histocompatibility complex,
class II, DR beta 5), HLA-DRB1 (GenBank accession No. NM_002124, major histocompatibility complex,
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class II, DR beta 1) ® TGFBrl (GenBank accession No. NM_004612, transforming growth factor beta
receptor )02 FAE FoZHE Aulxi= ) o9 §AA U CpG F9o wEs £35S BAT 4 9=

EA4S ¥3sl=, v A At (nontuberculous mycobacterium) 7FAAZE Ak = dF 458 ZAES A
Eacia=s

L, Boutge A 2AES ¥§ske, vAY 32t (nontuberculous mycobacterium) FHAAS A T
d% d58 71EE AFsr

2 o] glojA, A7) CpG F-919 WEs s 24 § e AL 06 FHE XsieE dHs SEE
T U ZHo|wg; CpG FHE XS 999 AEEE ko, wEste CpG F99F A5 4 e
z2y; wdst Sy A3 il A e gEbd; @ ddst v A lEwEEoARE FAE ol
A dEEE o sy o)l Ad 4k

2 ggo A AR EE £ azgtol™” & DNA @49l 7IAA-e] He &S fAX AE=24, 2, DNA Ald
d SOl o] 8% HHow FAHE SYILFEIALEEE Yustt. V] ZEfeHEL FAFeR 15 WA 30 ¢
71789 Zol2 FAdste] AMEE 7 oy, AME HA- wel g2kl ¢ o, FXE WHoew wWash, st
To2 WHIPAA & Q).

2 oo x, 7] AEA ZetoHae e 22 QUIAER o]Fojx Ad 4 vk, LRP5: AEHE 1 ¥
MEHZS 2; ADCY3: AEHs 3 @ AEHZ 4; E2F1: AEHS 5 @ A9 HS 6, HLA-DRBS: AEHS 7 2 A
AH3S 8; HLA-DRBl: AMEWHE 9 ¥ MEWHS 10; 2 TGFBrl: MEWHS 11 @ AHEHs 12.

B odgoa A7) Al EAE vlo]dulo]lE AJAA (bisulfite sequencing)d 4 o}, olHo R AdEE AL
ok

2 U A e oSS58 7ET A Wl A3 3 TR Ev I ol tE FAE 2A4E &
A EE= FAZ FAHE 5 .

2 dye] g2 YJHEA, 2 dEe 379 dAE xgsh=, ulZA3 ikt (nontuberculous mycobacterium)
AALE Ak = oS gS5S 93 ARAFTYHS AT

(a) 9123 ikt 744 32 =5 74d A= Fe AESA AlmoA DNAE #F&3te o, ¥

(b) 771 #2)¥ DNAoIA LRP5 (GenBank accession No. NM_002335, LDL receptor related protein), ADCY3
(GenBank accession No. NM_004036, adenylate cyclase 3), E2F1 (GenBank accession No. NM_005225, E2F
transcription factor 1), HLA-DRB5 (GenBank accession No. NM_002125, major histocompatibility complex,
class II, DR beta 5), HLA-DRB1 (GenBank accession No. NM_002124, major histocompatibility complex,
class II, DR beta 1) % TGFBrl (GenBank accession No. NM_004612, transforming growth factor beta
receptor D Oo® FAHE FomFH MEH = st o] o] FHA Wl CpG 919 HEs S £ sk 9.

B AN AEHE g0 dEE FEel BAY & B4 o4 949 DN U 54 299 o6 o2
orfolme] Wus AuE SHsk BAS omat. TAHoR, 4] Wds s B O ARk DA
o 54 $8lelA s ol (oG So) A 5-WYAEA (5-nethyleytosine) o] £4] Ei FE)
Aelg ofv g,

B BAAA gl “AulE S (hyponethylation)” ¥ Hl<EHE DNA ARe] @714 Wl A st o4kl CpG
el o molA s-MEAEe] Po], HxT (AUET E ol Fow 2HA wde gad
AE) DNA A ZulelAe] dlget Op6 Tl el Qe s B sugA R Gut nashe] i
sl Es deE oma,

AN ALgEE ol Tl D sk (hypernethylation)” & HIAESE DN A& @714D Wl st
Aol O Tirelortel el A s-HR AR o], tEE (FAMET Et dFsh Eoha el mas
Bk 7 BAT) DN AR Wl Al tleal Op6 Ui S EEeA WARE sudA R ¢ b
sho] F7tue] gl Ws FEE omw),

m]I

o

o g 2 o2

B oagel s AHEEE o], AW & §e o 49 Wl HHE RE W] AN ButE AL
gk wmee] e 3w, Wel, 3, 4%, 34 A% o, R $WF FF ol B el
Ave mAs i 7D, wdAslE AN FaF ddde] Wy o 2 QWA 57 5L Bshs
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Zoltt

oo QlolA, 7] CpG F-91ol WEst s AT $Y FhA Ul Y 06 F9e] wEst &
3 wlaek o, LRP5, ADCY3 R E2F1o.% o] Folxl o4 e sht ol el fxxzh Avdste 45 vA
& by g dgow Hue 5 ok,

oo AMgEE g0 “HZY bt A dF oSS 9% ARATHYE & dFd5S A% o]
% 3 Ago] o F dF5S 9 Bod ARHQ VFARE AFEs AL ovsiy,

9] mdst s G5 Fohar S WA ke e dd e A
3 o, HLA-DRBS 3= HLA-DRB1 -7x7} #eldsis] Avy, 2/®E=
37 Y= Row =3 5 Qi

a4 w49 ANBA fA9) 24, A, AW, B9, B, ©
A=
T

A, A, wH4¢ o nEAAE A8 = g
A & glony olFA o R AFHA FEr)

B oo A Ay wEdst £ES BXEE dAl= PCR, WEd Eo] PCR (methylation specific PCR), AA|7+
wElsl Eo] PCR (real time methylation specific PCR), W3} DNA Eo]l% A3 dwAS o] &3k PCR, A&
PCR, DNA %, Jto]ZA|¥A) (pyrosequencing) % Hlo]Mdulo]E AJ@A (bisulfite sequencing) o.& FAH o
oAl dElE = 3ht o] WS F3 Fdd 5 dow, uigAs AT vloldTolE AlAAES 3 -
F o, ojFow AgEE AL oftt

o]z}, & W] ol3E F7] H%te] uEAg HAAAE AT, gy 379 AAldE 2 UEs 2o 4
Al elslelr] f8te] AFE = ALY ¥, 347 Al o) & @] Ulgo] A= AL oYtk

[2A]]]
AAd 1. AAE 9 Ay

1-1. A& 2y

AR o A=
A

dsta FeRg voe] wae @i A48 84
FeRg 79 H

&
99939 492 (2017GR0012)& Wk
A dolHE Agton, nE A3

dlolel= metsta 2o nfo]ou=oA A

g
% 9ol Fo|

AgE AN

wd M o Ly

A ikt (NIM) #ldgke] e 32 ATS/IDSA el wpe} o] Fo] A ). Egk NIM-NET Aol & X
Az Qoo 7)FEete] 7] Ao dFZ FEEIT. AT do] 9XE A= dFsF £ AR B
Har, Hzel g A= dF s e e BREd.

i

1-2. DNA =% 9 w|g3} vlo]FZojg o]

F7] Ao 1-190] 7]AlE 8789 H] A3 ikt #H A X2 87 AMEZH-E BioRobot EZ1 (Qiagen) A]Z~¥l
S o] &3l Az A Hdd wel DNAE sl ol% 7] #2l¥ DNA 1.0pgs w2 =4l (Seoul, South
Korea)Atell Al-&sle] ®WE3} mlo]g&2ojg o] 4 (methylation microarray analysis)< AA&ATH. DNA &4

¥el= Infinium FFPE QC Kit (Illumina, USA)E AR&3to] #Q18k31ar, Infinium HD FFPE DNA Restore Kit
(Il1lumina)& AFgsled B4 s DNA F4S& R3S r;. =g Bisulfite conversion EZ-96 DNA
Methylation Kit (Zymo Research, USA)E AR&ste] Fdstar, wHEst vlojg=2old ol Infinium
MethylationEPIC BeadChip Kit (Illumina, USA)E ©]&3}e] AA]3}4t). iScan System (Illumina)<- BeadChip
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< W=k o] &skgitt.
olgo] dlolge] 7Fg 2 EAE Illumina GenomeStudio B 2011.1 (Methylation Module Bl 1.9.0)
WA 4.0.3& o83t FaqEYL, 7t mEds) doly 2Q1EE wEst (Methylation, M) R mlEs}E A
(unmethylated, U) ¥ Torxd 2] FF A2 FAFES '5} . 7 u"g FHAREE B o= (max (M,
0))/CIul + Ml + 100) 2.2 FF AlE9 v&S AL, 9A -3 865,9187) CpGEF-E FEHH AT, Wl
73 v 2 AdgE A4 i‘% £ RO lumi H71AE AHESE] NS, Beta-mixture AHERIF At
st B4 A4S So17] A8 FAHA A RO BMIQ H7|AE o] &3H3iTt.

50 W2
o =

1-3. Merge public dataset

2 dgaEe S f A G ERARIA -0 ok XA sl dE A5 E (Korean Genome and Epidemiology
study-Anseong Ansan; KoGES-ASAS) <A--ollA] 446

o] AtgFEo] thak Illumina 450k W El3} ojdlo]2RE A&
e DNA Rls dlolE S Abgegh. E A7) ZEECA 209 AAUETS AAaed, ow 4w,
vhel B BNI= WA byt At # Jge mAsu, A9, 8w 2 BIIE

KR o)
= =4
ook, w3k 450k} EPICO] 32% ZgPE=
£35te] vz aE RAsISict.

2]
AAN7Z|aL Z57] Aol gl AR A

1-4. AERFRE B4 9 273

T OF 7HY BEAS BAEa AZEe] 8 R ! 4.0.38 o] &kt IF 7HY] Abole t-7AE ol
o] F<QI8}al volcano plot<s ©]&3ko] YeEFIY. olu |Log2 fold changel ¥ P-#& + 1F 2

[> F}l
Mg T 1o g

Ml ol

Heast 49 (DMRs) Fdel o3 =4E AR Fsiitt. S]ETY (heatmap) B ATH 2=
(hierarchical clustering plot)& R pheatmap ¥7]*]Z o]&33t}l. DMRse] Volcano plotse Re
£ AF&SHAAL Log2 Wi Wst®E BAEglon, 247 x B yHS 247 WEE -loglo (P-hH) o2 3H3lth. R
71#  ‘pathfindR’ > DMRsoll 2]$t enriched terms= A™E3F=dl AFEEASH, enriched termsol 23+ upset
plots¥ UEYIAE Z=AIEIAT. F 259 enriched termsE 7|¥WFo 2 ‘Upset_plot’ ¥ ‘term_gene_graph’
45 AHEste]l 247t upset plot# WIESAE “AEHSITH,

ool o oo
> St o ol

AAd 2. W2 FAF AT B @ AYEE] J4H 54 £

2 Aol tigdez g 8ol A ik (NI #1238 3z} 2 2089 Aoz (HOo st d4d4]
EAE 37 & 1o Agste] vehdidth. FAA SR, AV BAES 42-78419] AW EEE YEAL B
=3 o}3 (Mycobacterium avium complex; MAC)o| 7+d®l AL e, H AHe T 185 T4
FARl e (Shakt 59.1 £ 11.2, AAWET 65.5 + 5.4), 94 H&L SarolA 62.5%, Az atolA
65%5 2HAekivh. ek A7) vdd gabat JAS B2 AAF AeE SAHT A9 3 FXE YHEilen

2 (BMI = 19.7 + 3.7kg/m’). BMIZ} |28 A2 (W 20.5 + 1.0ke/m)S AAse] wmsiair).

# 1
NIM (n = 8) HC (n = 20)
Age 59.1 + 11.2 65.5 + 5.4
Sex, male 5 (62.5) 13 (65)
BT (ke/u) 19.7£3.7 20.5 £ 1.0
Smoker 2 (25) 8 (40)
Alcohol 2 (25) 3 (15
Comorbidities
HTN 1 (12.5) 0 (0)
DM 2 (25) 0 (0
COPD/Asthma 2 (25) 0 (0)
Heart failure 0 (0) 0 (@
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A 3. folF dF AolE Urhie B@d g HA% BAF 7, @ HFe P47 HAF BT
A ET 2] DRs &9

3-1. 37 L2 FAF vs. 37 & FxF 7] DMRs &<l

B a2 =e oAk [Log2 fold change|l > 0.1 2 P-3k < 0.03¢] 7|4ks}le] | ‘pheatmap’ R 7| A= Ao
55 Yeidle HAdd bt #AFEE A (49 g 9 49 ‘Jr%"‘) 7 AeHo=m Wyste o
(differentially methylated regions; DMRs)S #X3}t}. 2 A3}, &= 75470¢] DMRso] 1% Qlar, ]—‘F
v gxiel o 57} £ gkajolA 4 4617 2 293709 FHE3tE o] Qi DMRso] A E AT, Aol A
¥ DMRsS B-#oz Ydate] ® 1a9 JEPOR Yehfglon | = 20 B 5 & npe} o] BE DMRs
< volcano plots© 2 YERATE.

o g

3-2. M| 23 I HAY AL vs. BAAET T2 DRs &<

w3k, AAZE |Log2 fold changel > 0.08 & P-%k <0.001¢] 7)Wka}e] | B]A3] abd #H A A9 A=

o Abelell DMRsS W48 Ay F 1,108707F HAFE Q. FAFoR, Adr] 899 xt H 20 9] HAAHERT

1A Ztz 337709k 771709 el slEl DMRso] HAESlow, nAd ik A@S 2 8o -7k E owiX|

47} HAR 208 AAUzTe B-#S E 1be] JEWo T JERIYOH, BE DRsS % 329 volcano
so 2 e,

F

¢

@ bll 2

3-3. &2l DMRsolA 4 3 CpGs %

o B o

Aoz, A7t Aoldt nAs aby HZAS sxlt k] A9l 3 A5 wWEd CpG 9 F 270 HLA ¥

AR =, HLA-DRB5 (major histocompatibility complex, class II, DR beta 5) 2 HLA-DRBI (major
histocompatibility complex, class II, DR beta 1)o] 9o BEHF A7) FHA] AEE Ao £X]35+
U A 724 =4¢ TGFBrl (transforming growth factor beta receptor 1) 9A] CpG FY7F Fxzte] QEE
of $1A= AL FRlekdtt.

AR

o2 &L

18 -

|

H A ikt #AAS Sty Ao a AtoldlA A2 wWEsty 1" 37FA] GG §-91 FollA, 2
LRP5 (LDL receptor related protein) 2 FE2FI (E2F transcription factor 1)¢ #W A< (CDS)el] A
AL gelskd). w3 x| g 7= ADCYS (adenylate cyclase 3) o] QIER QX8 o,
37kA CpG H-1e BF AFdozam vluste] gl ikt ddE Sl A Audsl S UER

¥ ox O X oot
8N e R

* 2
Class I1lumina |Gene |Gene Acc. Location Directi|Genomi |NTM NIM p-value
CpG ID |symbol |description No. on c good poor
region |prognos |prognos
is is
NTM cg184246 | HLA-DR Major NM_0021| chr6:324904 - Intron|0.279+ | 0.664%x | 0.0001
prognos 35 B5 histocompatib 25 21 0.049 0.051
is ility
complex,
class II, DR
beta 5
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NTM | cg053836 | HLA-DR Major NM_0021| chr6:325539 - Intron| 0.322 |0.673%| 0.0003
prognos 19 Bl histocompatib 24 20 +0.050| ¢ 060
is ility
complex,
class II, DR
beta 1
NTM cgl34316 | 7GFBr1| Transforming |NM_0046|chr9:101869 + Intron| 0.625 |0.151%| 0.0146
prognos 38 growth factor 12 277 +0.160| (. 180
is beta receptor
1
Class |[Illumina |Gene |Gene Acc. Location Directi|Genomi |NTM Healthy [p—value
CoG ID |symbol |description |No. on c eight |20
region |patient |control
s S
NIM vs | cg016665 | LRP5 LDL receptor |NM_0023|chr11:68183 + CDS 0.416 | 0.891+ |7.31E-3
HC 50 related 35 850 +0.000| o 006 8
protein 5 2
NIM vs | cg202274 | ADCY:3 Adenylate NM_0040| chr2:250655 - Intron| 0.388 |0.833%|1.09E-3
HC 71 cyclase 3 36 50 £0.000| . 009 3
1
NIM vs | cg195932 | E2F1 E2F NM_0052| chr20:32267 - CDS 0.361 | 0.772+ [2.09E-2
HC 85 transcription 25 661 $0.000( ¢ 033 2
factor 1 03

NTM, nontuberculous mycobacterium; HC, healthy control; Acc. No., accession number; CDS, coding
sequence

dobh, B wEabEe 47 E 200 Z1AE 2 Al tstel, vholdutelE ARYS Bl P} ARET
DNAZ 2elste] 819 OpG #919) Wb ol%-8 PE3] A% Holx ZeholvE tAsAT. 7 Zejoln)

A 9 mebolvg Fal B4 Fed 06 £ 7] & 30l e,

Z 3
frA A} ik Ad(5'-3") CpG & AEiE
(I1lumina CpG ID)

LRP5 Forward TGTAGTTTTGTTTTTGTTTTTTTTAG 7 1
(cg01666550) Reverse CATCCACCCAATAAATAAACTTATC 2
ADCY3 Forward ATGGTTTTTTTAGAGTAATTGAGGG 11 3
(cg20227471) Reverse TCAAATCAAAACAAAATTTTATAAAC 4
E2F1 Forward ATTTTTTGGTAATGAGTTGGATGTT 11 5
(cg19593285) Reverse CTAACCACACCCCCACAAATATA 6
HLA-DRB5 Forward TTTTAAAGATAATTTTTGTTTTTTTT 5 7
(cg18424635) Reverse ATATTTAATTTTTAACCTCACTTTTACTAC 8
HLA-DRB1 Forward TGTATGAGTAGTTATTATTGTATATAGGGG 4 9
(cg05383619) Reverse TAAAAAAACAAATACTAAATTTAATAAAAT 10
TGFBr1 Forward GATTTTGTTTTTATGATTTGAGTATTAGAT 4 11
(cg13431688) Reverse TCTATATCTTCAACTAAATCCACTACTATT 12

AAld] 4. DMRs®] 7153 % ¥4 (Functional enrichment analysis)
B

W52 WA volcano plots, upset plots 2 7154 5% UEYAE o|&sto] vZds] ikt 3 31
Jddza 7k AolE JERNATE. 32 enriched terms®] frAMgE WEs) A B A bt
3 RS

)

>
©
N

ok

s FAE # Art. " B #wYgES JAddy dF 2R EActe sEd AR enr iched
termsS 13T, FAF R 2709 AR, & MADILI (mitotic arrest deficient 1 Like 1) 2 CIBPZ (C-
terminal binding protein 2)7} 5 7}A] enriched termsollA AWEstHE oz el FAXoZ | MADILI
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3}

ek A, & 2h @ = 2o B 5 e vkek o] HLA #
lEllem, ol#d FHA= Thi? AE ®3 (Thl7 cell

s Th17 Ao #3she} #AEE F44 T 53] TGFBr1<
Uelgt, HEYA B s = 2c0H B ¢ e el gol

AAJIL, Th17 AE Z3et
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2
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rlr
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o
.
r o
ofi
ol
38
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Ze dH enriched termse

ek 8ol H A Ak =

9 E2F1 X7} 7] BA oA AuEstEo] e S sk, 4] v

AT, TS, = 3b = el B F A |

AMPK 2 dd A= 9 Wint Asdgd A2

e)oll 3t enriched terms % oo 4=
N

Aoz Yeygy., 2EZ8olAl2% (spliceosom
B9l enriched terms®} FHA7} A
&l ahakg @3 3xie] Huds f

A7) Q%@ LUy Age dAE 9% Zeln, B wye] Sehi= ek B AL 7 A B
wel 71EH Aol WrAel B4 WA @aA e PAMe FHw A Wyl st A
; TR olgelA 7&d ANAES BE WA dAHel Aoln FHHe] opd A
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Th17 cell differentiation

Whnt signaling pathway

Cell cycle
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CpG methyl level between NTM and control dignosis

LRP5 (cg01666550) E2F1 (cg19593285) ADCY3 (cg05383619)

[T ] Two conditions
‘ : 1. 4 good NTM vs 4 poor NTM
J ’ 2. 8 NTM vs 20 control

4 Good prognosis

Selection and visualization of

@ | i differently methylated regions
I (DMRs)

4 Poor prognosis =

- - T b U E
‘ a! I . g s

20 Healthy

P

<110> Korea University Research and Business Foundation

<120> DNA methylation biomarkers for diagnosis or predicting prognosis
of nontuberculous mycobacterium infection and use thereof

<130>  DHP21-K146

<160> 12

<170> KoPatentIn 3.0

<210> 1
<211> 26
<212> DNA

<213> Artificial Sequence

<220><223> LRP5 (cg01666550)_Forward
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<400> 1

tgtagttttg tttttgtttt ttttag

<210> 2
<211> 25
<212> DNA

<213> Artificial Sequence
<220><223> LRP5 (cg01666550)_Reverse
<400> 2

catccaccca ataaataaac ttatc

<210> 3
<211> 25
<212> DNA

<213> Artificial Sequence
<220><223> ADCY3 (cg20227471)_Forward
<400> 3

atggtttttt tagagtaatt gaggg

<210> 4
<211> 26
<212> DNA

<213> Artificial Sequence
<220><223> ADCY3 (cg20227471)_Reverse
<400> 4

tcaaatcaaa acaaaatttt ataaac

<210> 5
<211> 25
<212> DNA

<213> Artificial Sequence
<220><223> E2F1 (cg19593285)_Forward
<400> 5

attttttggt aatgagttgg atgtt

<210> 6
<211> 23
<212> DNA

_23_
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<213> Artificial Sequence
<220><223> E2F1 (cg19593285)_Reverse
<400> 6

ctaaccacac ccccacaaat ata

<210> 7

<211> 26

<212> DNA

<213> Artificial Sequence

<220><223> HLA-DRB5 (cg18424635)_Forward

<400> 7

ttttaaagat aatttttgtt tttttt

<210> 8

<211> 30

<212> DNA

<213> Artificial Sequence

<220><223> HLA-DRB5 (cg18424635)_Reverse
<400> 8

atatttaatt tttaacctca cttttactac

<210> 9

<211> 30

<212> DNA

<213> Artificial Sequence

<220><223> HLA-DRB1 (cg05383619)_Forward
<400> 9

tgtatgagta gttattattg tatatagggg

<210> 10

<211> 30

<212> DNA

<213> Artificial Sequence

<220><223> HLA-DRB1 (cg05383619)_Reverse
<400> 10
taaaaaaaca aatactaaat ttaataaaat

<210> 11

SIEdl

23

26

30

30

30
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<211> 30

<212> DNA

<213> Artificial Sequence

<220><223> TGFBr1 (cgl3431688)_Forward
<400> 11

gattttgttt ttatgatttg agtattagat

<210> 12
<211> 30
<212> DNA

<213> Artificial Sequence

<220><223> TGFBr1 (cgl13431688)_Reverse

<400> 12

tctatatctt caactaaatc cactactatt

_25_

30

30

ZIHSd 10-2022-0154337



	문서
	서지사항
	요 약
	대 표 도
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용

	도면
	도면1a
	도면1b
	도면2a
	도면2b
	도면2c
	도면3a
	도면3b
	도면3c
	도면4a
	도면4b
	도면5

	서 열 목 록



문서
서지사항 1
요 약 1
대 표 도 1
청구범위 3
발명의 설명 5
 기 술 분 야 5
 배 경 기 술 5
 발명의 내용 6
  해결하려는 과제 6
  과제의 해결 수단 6
  발명의 효과 7
 도면의 간단한 설명 7
 발명을 실시하기 위한 구체적인 내용 8
도면 15
 도면1a 15
 도면1b 16
 도면2a 17
 도면2b 18
 도면2c 19
 도면3a 19
 도면3b 20
 도면3c 21
 도면4a 21
 도면4b 22
 도면5 22
서 열 목 록 22
