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= 1. NZANTNT 72U BAEDY §9E 3ol

Area/Population, Country Study Period Incidence Prevalence Remark
(per 100,000) (per 100,000)
North America
Four integrated health care delivery 1994-2006 e 2004—-2006: 1.4-6.6
systems, USA” e Age =60:
19.6 (1994-1996) —
26.7 (2004-2006)
Medicare beneficiaries, USA* 1997-2007 20 — 47 Age =65
Administrative claims database, USA® 2008-2015 3.13 — 4.73 6.78 — 11.70
New York, USA™ 2000-2003 2.0
Oregon, USA™ 2005-2006 5.6
Oregon, USA' 2007-2012 4.8 > 5.6
British Columbia, Canada'® 1990-2006 8.3 = 6.0
Ontario, Canada® 1998-2010 4.9 — 9.8
Ontario, Canada® 2003-2008 4.35 — 6.81 Mycobacterium
avium complex




pulmonary disease

Europe
National medical database, Denmark'” 1997-2008 1.66 — 1.50
Sentinel site surveillance, France'® 2001-2003 0.74 — 0.72
Central Greece, Greece® 2004-2006 0.67 — 0.94
Health insurance claim database, Germany® 2009-2014 2.3 — 3.3
Health insurance claim database, 2010-2011 1.12 — 1.48
Germany'!
Oceania
Queensland, Australia'® 1999-2005 2.2 — 3.2
New Zealand"’ 2004 1.17
Asia
National Health Insurance Service 2003-2016 1.0 —» 17.9 1.2 — 33.3
database, South Korea®
Health Insurance Review and Assessment 2007-2016 6.0 - 19.0 6.7 — 39.6
Service database, South Korea®
Vital Statistics database, Japan®’ 2005 33-65 Estimated

prevalence from

25 A= 8

vt 7|
s
L



the mortality rate

Nationwide hospital—based survey, Japan®!

2014

14.7

USA: United States of America.
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£ 2. v 29T HAT] g gF FVIAE £ AT
Author Country | Gene Population Findings
Szymanski | USA Exome—wide 69 patients with NTM—PD, 18 | A significantly higher number of patients with NTM—
et al.>” unaffected family members PD than the other individuals had low—frequency,
protein—affecting variants in immune, CF 7R, cilia, and
connective tissue categories (35, 26, 90, and 90%,
respectively).
Becker USA MSTIR 11 patients (2 related) with | Rare missense variant (p.V90OM) in MSTIR was
et al.8 NTM-PD and pectus | found in both related patients and 2 patients with
excavatum and scoliosis (Lady | sporadic disease.
Windermere syndrome)
Chen USA Exome—wide 9 families with NTM—-PD (16 | The genome—wide variant—level analysis identified a
et al.% affected, 20 unaffected), 57 |region on chromosome 6ql2-6ql6; gene—level

patients with sporadic NTM-—
PD

linkage analysis of chromosome 6 found suggestive
linkage of the 77K gene as well as 7PBG, ORCS and

ANKRDG, further genome—wide gene—level

association analysis identified variants in MAPZKA4,

11



RCOR3, KRT83 IFNLRI and SLCZ9A1 associated
with NTM—PD.

ANKRDG: ankyrin repeat domain 6; CFTHK: cystic fibrosis transmembrane conductance regulator; /FNLRI: interferon lambda receptor 1; KR783:
keratin 83; MAPZK4. mitogen—activated protein kinase kinase 4; MSTI1R: macrophage stimulating 1 receptor; NTM—PD: non—tuberculous
mycobacterial pulmonary disease; ORCS3: origin recognition complex subunit 3; 7PBG: trophoblast glycoprotein; 77K: TTK protein kinase; KCORS:

REST corepressor 3; SLCZ29A1: solute carrier family 29 member 1; USA: United States of America.
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I3 E (Healthy Twin Study, Korea)'?olx Aesgict, #%o]

KU

SE= Sk 91 57 A & st 2 AMAFY (Korean Genome and
Epidemiology Study, KoGES)2] Al IIZE F 3sfyolt}. 359]

IZTEE 364 U F  F 1,066 FUEAl &

W FSEA " A 434 (genome—wide) A2
Fou st @72 Elo] =t}E A (single —nucleotide polymorphism,
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Discovery Cohort Replication Cohort

Case Control Case r Control |
NTIM-PD IITK NIM-PD SNUBIIGC NRCD
Called data* 412 participanls 494 participanis 187 parlicipanis 500 participants 1,195 participants
298,930 variants 298,799 variants 338,335 variants 343,735 variants 355,255 varianis
Pooling Control

Only overlapped and unambiguous variants
on autosomal chromosome
1" QC

Parlicipant QC
Discordant sex information
Missing genolype rale > 0,03 -9 participants
Different heterozygosity rate -75.939 variants
1BD > 0.185

Varianl QC
Other than variants on autosomal chromosome
MAF < (.01
Missing genotype rate > 0.05 1

1,695 participants
311,904 variants

-183 participants
-75,808 variants

-3 parlicipanls
-0 variants

-15 participants
-0 variants

!
Replication Cohort
1,864 participants
287,912 varianls

Pooling Discovery Cohort
712 participants
222,991 varlants

1
1
I
I
I
]
I
1
I
]
1
i
i
|
1
1
]
1
1
1
1
1
1
1
1
1
1
1
1
]
1
1

Only overlapped and unambiguous variants :
20 QC :
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1

Participant QC
Missing genolype rate > 0.03
Different helerozygosity rate
1IBD = 0185

Variant QC . -3 participants
p-value of T'isher’s exact test on missing 11247
call counts of case and control < 0.00001
MAF < 0.05
Missing genatype rate > 0.03
p-valuc of ITWE cxact test < 0.001

-0 participants

variants -5,610 variants

Discovery Cohort
QC data 709 participants
211,744 variants

Replication Cohort
1,864 participants
282,302 variants

Imputation
Using Michigan Imputation Server
Reference Panel: HRC r1.1 2016
Phasing: Eagle v2.3
Population: ASN

Imputed data
without variants whose: -
MAF = 0.05 Discovery Cohort
p-value of HWI exact test < 0.001 709 participants
R-square < 0.3 4,877.242 variants

Replieation Cohort
1,864 participants
4,969,381 variants

I9 1. A% &8 (quality control) 8] & B &

Ul 335 E (discovery cohort) W A& F 3 E (replication cohort) o4 25 Fdst
A% #¥ (quality control, QC) 7]l ALHAUT Frizbe] dist A% e

A (participant  QC) |4l o] & A +& (heterozygosity rate)o] TEtE AL

Y HFEO 1 PFOENE EEAA 3nTt Hold AL Jrigdt (¥, AW
SEEY vhu % we) SAAE 4E J1F0R @), AW TEEANA FA4

FA (calling) 2 3FA3 WHol(rare variant) & A A= FAE Eshsla glow,

A2 dHFAA ¥ % (minor allele frequency, MAF) 7} 5% w]wkel ol A A At

o

e wdagaty  HAIAF, B dEd gZ27(SNUBHGO),
FFAMIZSTEATH(NRCD) o] tixaellA 242 459,607, 450,525, 425,8697) 9]
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Hol7h AAHUY, g A ZIES  “called data” olE §AAE EA (calling)

HA M Aw delE T Wolnt Xk gl

HTK: Healthy Twin Study, Korea; HWE: Hardy—-Weinberg equilibrium; IBD:
identity—by—descent; MAF: minor allele frequency; NRCD: National Research
Center for Dementia; NTM—PD: non—tuberculous mycobacterial pulmonary disease;
SNUBHGC: Seoul National University Bundang Hospital Gastric Cancer; QC: quality

control.

(Z*]: Cho J, Park K, et al. Thorax 2021;76:169-177)

T WA AR #YE R F 7099 VR AH
211,744702] Wo|7} ©¥3kal, Michigan Imputation Server (v1.0.2) %
Aulel e Slolzells  o]&d ASA F4 (imputation) =
AAgA. A5 FAS s FE(reference) I €2 Haplotype
Reference Consortium (HRC, r1.1 2016), phasing X% 132 Eagle
(v2.3), A g HAee opAopleow AyZrk® HRC HE>
UK10K % 1000 Genomes Project® X3t 20719 A= &
Aol &2 64976712 haplotype® 32,611712 MEZ T4 5o
ATEY ASA F4 F, A5 diFgSHAA RMESE 5% mwolAY,
Hardy—Weinberg #382 7=38#] ¢ (p for exact test <0.001),

R?7} 0.3Htt # Wole ALk HFT AECe F 7099

=
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i
>
P
s
o,
o)
o
G

NAZFA ¢+ AFAE missForest 7]

package: missForest, v1.4).*"

AHY S Yl ZAAE 3 A4 (logistic regression) =
S, o], o2 ¥, AAHEAFE BAIUC. Ao Y

TEE BAs] S8, AF AEC xgE WolEe F/4% (principal

(v3.4.4)& o] g3 7 WA A= #El 2 AW BAS A ITH

de A S FEl d=ddHe Ndskld (4845-301, 3000—

AR, A ZSEAAE A WA AR e S gix2d s
THEL] Aol @At Aol SHAoR FdHY (L
D. Ad ZIES dwdolex= CEL Y FAox S,
Affymetrix Power Tools (v1.18)3 Axiom Analysis Suite

(v3.1.51) & Agate] A48 ¥4 (calling) 3+31, ©]& PLINK <
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A =7t 5%

(p <0.00001) #1A
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$

¥ & (call rate) Z &4 & (pass rate) ©]
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Fol7F
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SH|

S

g o] E ¢
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=

Al (heterozygous strength offset)©] —0.1 v]wk (o]2] 7]E}

PN

ok 1) dish QC gkol 82% ™

3L

[e)

1
u]"t 3) Fisher' s linear discriminant’} 3.6 ®|%k 4) o]
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HH O ZHE EFHEAY 4urth Hojus= IS A ASE Holuh
s vl § 8649 FUIAIEFE  282,30271¢ wWolr}f

=
Gk, A5A F4 (imputation) & APt Ad5x 4 £, W=

B>

FFEA A& A FA3HA, T U"]FAx ¥R 5%
ko] Ak Hardy-Weinberg 3382 W34 &AW (p for exact test
<0.001), R?7} 0.38 ¢t} Z& wWol= At (18 1). HE AEd+=

F 1,864 (A HAIA 1847, wERL 1,68019),

5. x4 A =9 (multidimensional scaling, MDS)

thxbY &Y (multidimensional  scaling, MDS) E#4&
FaP o,  A=x  F4 (imputation) F 7R 7] 9A

% (Hamming) AE 7|Wlosw ZES qls9th wa 2 Hy)

!

il

FZE Z7FAel 1000 Genomes Phase 3 #71AF 7+e] +4& Ag

vhehz) S8 gl 20 AR Abg sk
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6. A9 E3%(regional plot)

o

ro

A%

AAABEANAT AT

o

b FSEA 53

7IHFS 2 LocusZooms AFE3to] 7R ok wo] Fef fst 2]

)

|

=5S IRt (2 Az 7H dAA] 43.6MbelA 44.0Mb7HA]).

%

o

2
N
2

&

2%

o

HE LocusZoom? 7]# A4S v oA B4

flo

:]1’
(linkage disequilibrium, LD) w2 1000 Genomes (20144 11€

719l Fobrolelow X4yt

7. AAFAA B A EAX(genome—wide complex

trait analysis)

A 5T F2d 4 (genome—wide complex trait
analysis, GCTA) (v1.26.0)= ©o|&3l H|AAGFA @ ko] thsh
SNP—#44 (heritability) & FAAE”  FHA 7]kl Add
HY$E F4H (restricted maximum likelihood) & AFE-31, HF

AEe] A wWol F 2% UHFAA WAl 01wt 2 dolw

¢



8. EZEXA A# TdQl 4 (topologically associating
domain analysis)
ALHAANARLAATE B U How 2P ONP

FHo FEnte AsAES 2dotr ] 9@ 3D Genome Browser

(http://promoter.bx.psu.edu/hi—c/) & o] &} 7|E JFHoE F2

Q17 oJAE Y= hgl9, Hi—C Hlo]E] &A% Donor—LGl—-raw EFY] 2

9. &3 & FA FAHAAE (expression quantitative
trait loci, eQTL) ¢} PrediXcan #4]
94 9 SNPSh mUE FUAS T WA FEE Lol w)

2 & Genotype—Tissue Expression (GTEx) Portal v7

(https://www.gtexportal.org/) E|C|EJHEZS o] &3lo] wal oFx &=

B A2} 2}2] (expression quantitative trait loci, eQTL) 4L 313},
. 2 Y 1)


http://promoter.bx.psu.edu/hi-c/
https://www.gtexportal.org/

=
=

GTEx v7 PredictDB

H o
T'___/}:]f

PrediXcan

s Agslol o

AR Hol

79

7 (imputation)

]

N
_Zfl

10. 2—¥& dd FZAu)A (two—sample Mendelian

randomization) ¥4

g el A

9

[

p—

file)
o7
T

W

L2 v A (two—sample Mendelian randomization,

—_
1o

o

WA GTEx v7 HolEHAEZ]

gt (2™ 2).

)= o O~ =
=45 59

= FIIZEAN TE

~

=]
=

K

K

Hol9le] A (pairwise) HIE %3] A% A7 0.2KT}

T W< (instrument variable, IV)® AFil,

@ WolE

A A .

E A (summary

ok
ol

o
ar

2249

HlolE A E

GTEx

o]
=

]_

file)

&

S|
&

=
=

statistics)

26



F4A+= GTEx HPOIHAIEAXA Ath. FH FAx4 Td FF

pleiotropy residual sum and outlier (MR—PRESSO) HXEE
GRS T WSS e AR BAZ wAE) A4, vAaGE
HAo] el e TR Fax4e B 5o AR JF(causal
effect) & Yetdl= AT g9 AT H {FAFE(D value) >
100,000 9] HEAE (bootstrap)  HANA  FAHEJGY. 7
FEAES] 5= GTEx v7 HolHAIES] H 2o FE 342
W FEH FoT #ATE oA AdEd (3 AV 2 ¥olE
AAsE7] A) 744 Wo]l AEA Hd F29 %P % (random
sampling with replacement) W o2 wEAT}E. 2-2-2] MR—PRESSO

HAEoE FUdst 9] =7 W7 ARRH A
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\ AR
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e e ——— —-—

F2r918) 78 (two—sample Mendelian randomization) ¢

2. A<

A

7+

U A A ke wFQo TR

L
.

o] (genetic variant)

Wol= $H f-H A (candidate gene) 9

.

A4

s

@

4o, njd

=

@ Aage 919

ek}

H4

ol

LOT

B

KX
=

38k (causal effect)

O

2}: Cho J, Park K, et al. Thorax 2021;76:169-177)

Z

(
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11. w|@d&Eitge] #AEE )3 A E (macrophage) &

A (transcriptome) T 23AFH F4

ok

NAoz o]g 73 dHolEAEQ GSE72821°° 4 E-
MTAB—-1101°"% AFg3ko] AARA (transcriptome) ZE23tds EX S

Tt GSE728212 THP-1 3 W2 A X (macrophage) °ll

o

Smooth ¥ Rough W9 Mycobacterium abscessuss 73+ 71
1, 4, 24A%F Fol 2bz 7l i A MaEe A 9] AAL oWIEE HolF=
mRNA 97149 B4 foJgMEo|th®® M abscessus®l 7

HAAE 1870 AEs AT, AAEA o2 dAAE 98 AEs

E-MTAB—-1101 <IZb 2ie] whAAlsel  Mycobacterium
avium= HAANZ F HAAF HbEE RojFE UE wlo|dmo|y o]
dlo]El A Ee k> 692 FARERE JE& CDI4+AES 5d F<
weFatol didAlze AdsEA & F F WS M avium subsp.

hominissuis 2]5 9 stUS] M. avium subsp. avium ¥¥TZ 24

AIZE FF AT AdE dAaAE 97 MES AT, AR EHA
okl thAAE 37 AMEZS gL o® AFkth A t3F(normalization)
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& do]E] BAlo]= limma (v3.36.2) 5 AR&3It) Y

12. Gene Ontology enrichment ¥4

GSE72821 9 E-MTAB-11019] {82 #d A4 false
discovery rate (FDR)7} 0.05 ulwkel F#HAE DEGEZ Aot}
o]#1dt DEGE Gene Ontology (GO) AAXAYA SIXolE
(https://geneontology.org/) &  7FA 2  Fisherd A&st HAL

FHAGY 2020 2€9 21 dolHuwo|A~E Vwow BA AnE

B3

13. 71&e] &R FAdAe] dig &3 WHol(common

variant) 243 A} A E (gene set) £4

NEe AFM wANG T LB

1o
2
i
o/
o
s
K
%

FAAFe] e E AFHe wE FFEA 1 AFAdol AHE A
gRlst7|= FArk. 71EL AFtellA wjA Gt HZ S dEo)
Aot BaE 43709 FHAAES A 2090082 University  of
California Santa Cruz Hlo] & Boh-g-A

(https://genome.ucsc.edu/cgi—bin/hgTables) & o] &3 4371 9]

A2 Zzke] AabAlgh 0.1MB 59 998 9

l-'O
32
s
=
(b
12
o%
r>~
ey

30 A =TH


https://genome.ucsc.edu/cgi-bin/hgTables

K3

A8t vpe] Aol o] (common variant) S &
s Bt HA VMg Ad ARA
3w g ALt

s
A zkut Tk
A} (optimal sequence kernel association test)E ©o]&3 A=A
T3 23
2
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1. AFFAAQBAEACE 42 JFAF FE SNP

Akt AR AW A FAAAR (locus) &
gQlatr] 98, wa I ES] v A G A AR 403 thx=T
3067 4,877,24278¢)  Weolel  diEl  AZFAAABTHATE
TG, I FZIES AT txae A 5EAS % 33 49
ek 3tk MDS 415 F@ ¥= ZEEQ 1000 Genomes Phase 3

A] =

dlojg o] Ht Fd4 o]&AA (genetic heterogeneity)©] EA|sh=

i

Ao GeprAw (18 3A), $# 73E9 AT zE Ao

T4 olAALE gl (7% 3B).
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A

IZE

R 2N 54

Discovery cohort

Replication cohort

Patients Control Patients Control
with (n=306) with (n=1,680)
NTM—-PD NTM—-PD
(n=403) (n=184)
Age, mean (SD), yr 63.5 54.5 65.8 67.3
(10.1) (11.6) (9.9 (11.7)
Women, n (%) 265 175 123 1009
(65.8) (57.2) (66.8) (60.1)
BMI, mean (SD), kg/m** | 20.7 (2.6)  24.4 (3.1) | 20.8 (2.6) ND
Causative organism, n
(%) T
Mycobacterium avium | 304 (75.8) - 146 (79.8) -
complex
Mycobacterium 80 (20.0) - 32 (17.5) -
abscessus complex
Others 17 (4.2) - 5 (2.7) -
Radiological types, n
(%)
Nodular 333 (82.6) - 145 (78.8) -
bronchiectatic
Fibrocavitary 66 (16.4) - 37 (20.1) -
Unclassifiable 4 (1.0) - 2 (1.1) -
History of NTM 190 (47.1) - 101 (54.9) -
treatment, n (%)
No. of variants after 4,877,242 4,969,381
imputation
2rg e nAF G HAdAE ALZFATE & 5 Qo] 25 F4 (imputation) =

33
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fagagay #2484 Z 2@ FZ3EqA 24y Ad FIEA 19e
Hl ikl Fol FEx gtk dF W] @AM Mycobacterium avium
B A 9} Mycobacterium abscessus EBEA7F BE EEd Zo] e sx= G

FAZENA 644 (16.0%), A FIZEA 254 (13.7%) AN

o

. ©]

e

FA4ES M
avium EgA dFste Fol M abscessus HEFA ddse FRU o xF
R A, M oaviem F3A #ASO0Z FRFJ 2 WS B M abscessus
B3 wHAdgozr EREUCY M oaviem HTAC dFEE T3 M abscessus

BgAel AFsts Fol Feln N5k Low, A WAl Felw B /1FOR BHA

falAa gt HAse] X8 P W@ 3FE A9 20179 5€ 18Y, Ad
FFTES AL 20179 119 29U FAFH Q).
BMI: body mass index; ND: not determined; NTM: non—tuberculous mycobacteria;

NTM—-PD: NTM pulmonary disease.

(Z*]: Cho J, Park K, et al. Thorax 2021;76:169-177)
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% 4. 0|29 HAERE FRHEE

Discovery cohort

(n=403)

Replication cohort

(n=184)

Past medical history

Pulmonary tuberculosis

148/390 (38.0%)

77/183 (42.1%)

Measles 79/272 (29.0%) 38/150 (25.3%)
Pertussis 16/238 (6.7%) 10/134 (7.5%)
Comorbidities

Diabetes mellitus

27/403 (6.7%)

10/184 (5.4%)

Malignancy

37/403 (9.2%)

15/184 (8.2%)

Asthma

6/403 (1.5%)

6/184 (3.3%)

Chronic obstructive

. *
pulmonary disease

59/333 (17.7%)

27/115 (23.5%)

Bronchiectasis

383/403 (95.0%)

171/184 (92.9%)

Liver cirrhosis

3/403 (0.7%)

2/184 (1.1%)

Chronic kidney disease

2/403 (0.5%)

2/184 (1.1%)

Solid organ

transplantation

1/403 (0.3%)

0/184 (0.0%)

kA o )4 9 2 & (chronic obstructive pulmonary disease, COPD) 2 A 2J: 713X
474 T F 127 AAlGE% (forced expiratory volume in 1 s) /77 ¥ &3 (forced

vital capacity) <0.7

(3]: Cho J, Park K, et al. Thorax 2021;76:169-177)
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A Discovery + Replication Cohorts + 1000G B Discovery + Replication Cohorts
© 0
S -
S 4 + Discovery NTM-PD
+ Discovery_Control
- - + Repllcatlon,NTN!?D
S r S :
L=
o i w
S - =3
=] <
=
o~ o~
R $ s
E ? E
B8 o s
S | 3
= 8 4
' 4
+ Discovery
= + Replication =)
3 | 2
s 3 -
! 4
+ EAS
& |+ ELR w
Q@ 7|+ sAs S 1
T T T T T T T ¥ T T T T T T T T
-0.04 -0.02 0.00 0.02 0.04 0.06 0.08 -0.025 -0.020 -0015 -0.010 -0005 0000 0.005 0010
Dimension 1 Dimension 1

a3 3. gxY A=Y (multidimensional scaling, MDS) Z%

(A) o= 9 AQPd ZFE 1000 Genomes Phase 3, (B) W& 9 A& IZE
AFR: African; AMR: ad mixed American; EAS: East Asian; EUR: European; NTM—

PD: non—tuberculous mycobacterial pulmonary disease; SAS: South Asian.

(&3]: Cho J, Park K, et al. Thorax 2021:;76:169-177)

7 AAAS 43.6 ~ 43.8MB  WYeld  1x10 79
G99 (significance level) o] &8t shvte] o371 #&FH AT (29

4A). o] g A

=

ol ZF  rs849177 (2AA  7pl3;
chr7:43783788)2 w|AaNg A wHAsky 714 Fo5HA Ay o

A3t (OR, 2.34; 95 % CI, 1.71 ~ 3.21; p=1.36x10""; % 5). ©]

o

AAG L AFAHFAFE  HASHA  Yolm  dTHA  AAFHALH
(p=2.85x10"7; 1% 5). rs849177° 93 UHGFAR(C) ME:=

A+ A9 0.70, T2 A$ 0.570]2t}. rs8491779 42

—t
i

1

.
36 % ;H 2
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197%), 0.42 (CT; 168%), 0.09 (TT;

b
rlr
ot
_>|4_,
=N
1o
o
o
©
I~
©
a
Q

579)olAqt (3 5). 9+ Wl B4 Z3(quantile—quantile
plot) ?l A genomic inflation factor’} 1.039.=%, 1° =% 771t}
(29 4B). WA 1§ 27+ & AoEdves AS & & Stk 19
4C= rs849177 A9 o WolEo] rs8491773 =2 A BATE
Ass  HojFErh  rs849177e  digt  E=HF A (conditional
analysis) ol A rs849177 o]2lo] thE F2l3k SNP+= (It (19 6).
aelar HAdGAE HA-gke] sk SNP-AAS 0.225

(p=0.266) St}
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Discovery B Di

scovery

GIF=1.03

T T
- 6

Expected - logo(p)

2
C)
E_ g‘ 4
2 [l
g 3
[l C
g
8
5
1 2 3 45 6 7 9 11 13 16 19 ?
Chromosome
C 10
8 —
rs849177
- *aien @ ovom %
® o a® ®®
3 6+ @
g ¢ ° o
ilé ' PR VWOIRL, @O o "'!{.“::. e
S [¢)
S 4 CQ oo o
1
o%g@@om oamo o 00 Q%%
© O
P 000

.E!ﬁf:ﬁ- cno-* :..-. 'I '-.. u.

2 |r 100

(QU/N2) 81kl uoneuIqUOodaY

HECW1—> < COA1 BLVRA—> <“MRPS24 UBE2D4—
. " [y
STK17A—> < URGCP-MRPS24
T - [ )
< URGCP
< POLR2J4
-
T T T 1
436 43.7 43.8 43.9 44

Position on chr7 (Mb)

4
uih

(A) WSFE =% (manhattan plot). W7 I HS

1.00x107°2] {94 (significance leve) < LUEMATE  (B)

Z % (quantile—quantile plot). 8% F2&E(p value)ol H3t 95% AF 3¢

gmow  mAPTE (C) rs849177 FHe AHA ZF(regio
rs8491775 Wela, g AAFL rs8491773 dd wo] 7H

38

4, BZ FJFENAN AZRFAAQBENom o

flo
it
2
2
o
4

Z+7k 1.00x1077,

B U B

o

nal plot). XA
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¢



Chr: chromosome; GIF: genomic inflation factor.

(£3]: Cho J, Park K, et al. Thorax 2021;76:169-177)
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E 5 29F 9 AP IFTEA rs849177¢ tidt AZLAAAREA A

Variants | Chr | Base pair Risk/ Discovery cohort Replication cohort Combined
Protective p value
OR Risk allele frequency* D OR Risk allele frequency*
alleles N
value | (95% = NTM-PD Control value' | (95% | NTM-PD Control
CID CD
rs849177| 7 43783788 C/T 1.36 X | 2.34 0.70 0.57 0.017 1.29 0.68 0.63 4.92x10°°
1077 (1.71 | (0.49 [197]/] (0.33 [100]1/ (1.02 |(0.48 [88]/] (0.39 [653]/
to 0.42 [168]/ | 0.49 [149]/ to 0.40 [73]/ | 0.47 [7941/
3.21) 0.09 [38]) 0.19 [5671) 1.62) | 0.13 [23]) | 0.14 [233])

rs849177% ASA F74 (imputation) & Fal ¥ SNPo|ty. =4 & Fall 42 FdAdA A FA49 e +

o

| daAs Al
a9 Ad ZSECA Z2F 0.989 ¢ 0.9020] T

ez 4

o

#2185 (p value).

99 hg5AA (risk allele) 58 A3 (CO), o1& H3 (CT), Lol HHFAA} (protective allele) & A3 (TT) AR, F448 WL 235

o

qrol, B FAAY S hBE ol ek

Jo

Chr: chromosome; NTM—PD: non—tuberculous mycobacterial pulmonary disease.
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(24 Cho J, Park K, et al. Thorax 2021;76:169-177)
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A Discovery without adjusting effect of BMI B oiscovery without adjusting effect of BMI

7 =
' o
6 i - -~
i , /
5 4t 1. "
I .'a _" ] N
pooes sl
§' 1
T34 2
8
2
24
14
GIF=1.03
0 -
1 2 3 45 6 7 9 11 13 16 19 ; ; ;
Chromosome Expected —logalp)
9 5. F FAIECN AAJAFE HASA g1 FAT 2ALH
24

(A) W3E &3 (manhattan plot). WxHAy ek H2 ZbzF 1.00x10-7,
1.00x10-59] {953 (significance level) S ettt B) EI =9
<% (quantile—quantile plot). 4% F&&E(p value)ol g 95% A= FIHE

sow wA.
BMI: body mass index; GIF: genomic inflation factor.

(£3]: Cho J, Park K, et al. Thorax 2021;76:169-177)
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B

Discovery when conditioning effect of rs849177

Discovery when conditioning effect of rs849177

g g
2
g
1 2 3 4 5 6 7 89 1" 13 15 18 21
Chromosome
I8 6. W= FIEA rs849177¢]
analysis)

(A) W3EE Z3 (manhattan plot). & A&

tedt. B) 2494 o

level) &

# (quantile—quantile plot).

GIF =1.03

T T
2 4 6
Expected - logio(p)

Z7AE E4 (conditional

2 ks

1.00 x 107°9 943 (significance

F44

o8& (p value) ol Bk 95% A% 315 3| o= AT

GIF: genomic inflation factor.

(&3]: Cho J, Park K, et al. Thorax 2021:;76:169-177)
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rs8491773} nvlAaNEAik+ H A AAL LS M avium H A
#HA%2 (OR, 2.40; 95% CI, 1.71 ~ 3.37; p=4.30x10 D} M.
abscessus E3tA| H A3kt A=A veRTE (OR, 2.14; 95% CI,

1.27 ~ 3.61; p=4.21x10"% % 6). F9ZE(p value) 2 zfol= F=

e

& A71e] Aolek wdol uvtal FAHHAAL, ¢ IFelAd F

o

=
rs8491773 2z} w|AagA HAHZe] AAAFol+= Fod zpolr}

ARt (p=0.769).

¥ 6. ¥ZF FISEAN rs8491773 Mycobacterium avium E3+A)

H A3 W Mycobacterium abscessus E3A] WAZ 7] dBA

Variants M. avium complex M. abscessus complex
pulmonary disease (n=304) pulmonary disease (n=80)
OR o) Risk allele OR D Risk allele

(95% | value frequency” (95% | value | frequency”

CD CD
rs849177 = 2.40 @ 4.30X 0.70 2.14 | 4.21% 0.68
(1.71 | 1077 | (0.49/0.41/ | (1.27 | 107° | (0.46/0.44/
to 0.10) to 0.10)
3.37) 3.61)

rs849177¢ 938 WH-FH A} (risk allele) & Colth. A4S MTE T35 gl

o
oot

1342 538 Z3 (CO), o8 Hg (CT), #Ho] th 52 (protective allele) &3

A (TT) =M= 7153

(3]: Cho J, Park K, et al. Thorax 2021;76:169-177)



2. ZAZF $H SNPY AF

tsow HAHFA HAZEA 1847 thx 1,6807 9
Ad FZEE o]g3l AAFAAAREA A3xE A AF
FSES AT tEzare] A 54 3 3% 4e dob dth
MDS #42 Ad FIECA AT} djxzdt Abolo] HWbAom

FA4 oldyel fge HelFt (2¥W 3B). AW =

FOI'

E oA
rs8491779 ¥4 +2%%E (nominal p value) < 0.017 (OR, 1.29; 95%
CI, 1.02 ~ 1.62; ¥ 5t 18l % 50 yepd wpep ol
rs8491770] ANt HAZ | wX= P (effect) & WF

e g Ad 2 ECA @tk Fisherd W& ARgste] o=

A

A ZEES AFRE HIPS W, rs8491779 F+9&E (combined p
value) & 4.92x10 %t} Fisherd W& Algste] & 2 43
ISES] AnE HEIE w, rs849177 olge & fFolgt WHol=

AT (G 7).
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¥ 7.Fisher? W& A18% 42 4 AP I3ES A3 ¥

Chr | Region® Variant Location | Combined Risk/ Risk allele frequency
(Mb) (BP) p value |Protective

alleles Discovery | Replication

(NTM-PD | (NTM-PD

/Control) /Control)

1 1239.1—| rs9428778 [239093672| 7.05x 106 G/A 0.10/0.06 0.12/0.07
239.1

3 - rs12487736 | 47459679 | 9.62x10°° C/T 0.56/0.46 0.56/0.49

3 [167.1—| rs2699943 108875914 | 3.44x10 ° C/T 0.07/0.03 0.11/0.06
167.1

7 | 43.6— | rs849177 | 43783788  4.92x108 C/T 0.70/0.57 = 0.68/0.63
43.9

8 - rs28709344 | 143047788| 5.95x10°° G/A 0.38/0.30 0.46/0.38

12 - rs7301800 106481036 8.23x10© G/A 0.60/0.57 0.77/0.67

13 — rs9511572 | 25564326 | 7.62x10 © C/T 0.52/0.42 | 0.49/0.48

13 | 29.0— | rs9508036 | 29015877 | 3.50x10°° G/A 0.42/0.39 0.46/0.35
29.0

15 | 25.1— | rs72693656 | 25106554 | 7.77x10°° T/G 0.38/0.34 0.38/0.48
25.1

16 — rs77953657 | 23825724 | 9.85x10°° C/T 0.83/0.73 0.84/0.76

21 - rs45593631 | 45854740 | 2.11x10 © T/C 0.25/0.19 | 0.15/0.25

*2) 9 (region) S §&E(p  value) <1.00x10 %3 A&  E73 (linkage

disequilibrium, LD) y 2>0.1¢1 ¥Wo]&9] ¢xjo|v, 714 H3HA4 dAae wolo gx=

base pairZ UYEFWTE FoskAl d@E WHol7F syl e, AY (region)S AR

o =] St

BP: base pair;

Chr:

chromosome;

NTM-PD:
46

non—tuberculous mycobacterial

BEGL




pulmonary disease.

(£3]: Cho J, Park K, et al. Thorax 2021;76:169-177)
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3.3xd 7+ 4

STK17A (serine/threonine kinase 17a), COAI (cytochrome ¢
oxidase assembly factor 1 homolog), BLVRA (biliverdin reductase A)

FAA7} rs8491773 HLU3 TADel Utt (29 7).

=3

o7
3L LB (S| B | L
g
C7ort25) HECW1F W COA1 MRPS24] POLA2J4| LM MYL7]
PSMAZ m«uzdn—‘-q ' T LOC 100506895 BLVAAHHHIURGC i SPOYE Azlﬂ!
MA MIA3943] STKI7AR — H CKIH
AX7471824 POLDZH
DQ575764{
HA5A4CV%
PGAMZ|

I¥ 7. rs849177 FHMY EEZZX d#  E=v<Q(topologically

associating domain, TAD)

STKI17A, COAI, BLVRA A5 X3+st 2 7 F4A7F rs849177 (A2 & HA

D FL TAD (FH2 E5) e AUt

(£3]: Cho J, Park K, et al. Thorax 2021:;76:169-177)
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4. WZANFRZ HART ABY T H27

rs849177% GTEx #H XA oA STKI7A F3Ae] HHe o
GOt 9d8S mHT (p=7.1x10""Y; 3 8). H %74 o] GTEx
ZA XN, STKI7A, COAI, BLVRA F+AAe] vd 3L rs8491779

o8l FFS Wtk (E 8). eQTL w4 #H¥, rs8491779) ¥

=
hals
Jdo

AZ(C)E 713 AFEES GTEx #H ZAo|A STKI7A GAA9]

T po] stk (1™ 8).
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* 8.

Genotype-Tissue

(GTEx) Hlo|EH|o] A0 A

Expression

rs849177°) A& FAA FH FFEo] IA IFE e FE FAAY

T =7
Gene p value Tissue
STK17A 3.1x107%° Heart — Left Ventricle

7.1x107%° Lung
2.4 x 10716 Thyroid
1.3x107° Heart — Atrial Appendage
1.2 %x107° Skin — Not Sun Exposed
1.4 %1075 Skin — Sun Exposed
2.0x 1073 Artery — Aorta

COA1 6.8 x 10720 Skin — Sun Exposed
5.8 x 1071° Artery — Tibial
48 x 10718 Skin — Not Sun Exposed
6.1 x 10715 Esophagus — Muscularis
1.6 x 10714 Adipose — Subcutaneous
7.2 x 10714 Nerve — Tibial
2.5x 10713 Artery — Aorta
4.0 x 10712 Esophagus — Mucosa
48 x 10712 Thyroid
2.5x1071° Pancreas
4.4 x 10710 Colon — Sigmoid
6.4 x 10710 Colon — Transverse
5.0 x 107° Esophagus — Gastroesophageal Junction
5.9 x 107° Artery — Coronary
7.4 x 107° Adipose — Visceral
32x107° Muscle — Skeletal
45x107° Cells — Transformed fibroblasts

BLVRA 7.7 x 10710 Whole Blood

:
50 PR,

1

1



1.7 x 1078

Esophagus — Mucosa

1.1x 107 Artery — Tibial

POLR2J4 3.3x107° Artery — Aorta
AC004951.5 1.1 x 1078 Esophagus — Mucosa
AC0049856.12 1.4 x 107° Esophagus — Mucosa

(£3]: Cho J, Park K, et al. Thorax 2021;76:169-177)
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STK17A
7_43783788_C_T_b37
Lung

P=7.1x10"19

-
o

o
(3]

Norm. Expression
S =
o o

L
o

CC CT 1T
(150) (171) (61)

1% 8. Genotype-Tissue Expression(GTEx) Ho]gjH|o]A2g] ¥

A oM rs849177 SAAH WE STKI7A SAAS ad ==

rs8491779 98 g -GAA}(risk allele) = Colar, o] th3]-F4A A} (protective allele)
E Tolt} nvlo]&d Z3o Ul AEZ UE S Yehyar, ke AxE ARG HAS

et FAAde] Fakgtolt

CC, risk allele homozygotes; CT, risk allele heterozygotes; TT, protective allele

homozygotes; STK17A, serine/threonine kinase 17a.

(3]: Cho J, Park K, et al. Thorax 2021;76:169-177)
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O29%, PrediXcanes AFEste]l 2 AGFe {FAAE

dlolEl & o] &3

=

ES

A

o] ARl FH FAAE B FEE A5
O AW, STKI7A §4A7 22 3 ES] njdaadiy #1489}
iz AfolelA 7h fFosiAl A eR BHEEH= A%
(p=5.00x10"", FDR=2.26x10""% 19
AFHAT (p=0.048; 18 9B). T3 STKI7A FAA 3 F5&
M. avium E3A #HAZI M abscessus ESHA| w Ao A AHE
= 4]

okol=t], W= FITE (p=0.829; 1% 9C) ¥ Ad FIIE

(p=0.634; 1% 9D) oA m}zt7}FA] A TY.

53 . H ‘._, 1_'.]| &l



A Discovery Cohort B Replication Cohort

P=5.00x 107 1001

P =0.048
1= 22,255 1) 0. 047 (—0.094,
.150 (—2.208,+-0.092)
0.75- 0.75-
S g
< <
=4 [=
] w
o o
Tos0 Tos0
o K
5 5
§ g
a (=%
X b
W o25- W os.
0.00- 0.00-
NTM-PD Control NTM-PD Control
C Discovery Cohort D Replication Cohort
1.00- 1.00-
P=0.829 P=0.634
0.008 (—0.065,0.0 030 (—0.15]

0.75- 0.75-

Expression level of STK17A
§

Expression level of STK17A
o
@
8

o
o
a

=)

00-

M. avium complex pulmonary disease M. abscessus complex pulmonary disease M. avium complex pulmonary disease M. abscessus complex pulmonary disease

I8 9. PrediXcang o]€d =3 u@AAFIANTF HAIAEH

Y2 TFANA Y STKI7A SRR Bd £F

el Ao STKI7A frdzke] @a
T, B) Ad ZSEQ nAdaby JASAT I izl e STKIZA AR
1y F£FE (CO) WEF FIIES Mycobacterium avium ESA H AR
Mycobacterium abscessus 33 AAZA A STKI7A F3A] &d =&, (D)
A ZFTES M avium E3A HARASATZ M abscessus E3A] H A A}l A2

STKI7A FdAe] e £
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dpel &7l Exo Unls AF WEE vk,

Bt 1 2% A1 SD) 73S yERdTh

3

flo

FDR, false discovery rate; NTM—PD, non—tuberculous mycobacterial pulmonary

disease; STKI17A, serine/threonine kinase 17a.

(£A: Cho J, Park K, et al. Thorax 2021;76:169-177)
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5. F8 FAA7 w@RgAE HAS DA WA

17} & g3k (causal effect)

MR 245 &l GTEx HOlEHAHES ¥ zHA STKI7A
Az Id ey #EE S/ WHolrl ko WeR etk
rs7790685  (chr7:43597398), rs1100407  (chr7:43756898),
rs757859  (chr7:43885849),  rs929380  (chr7:43982139),

rs59505066 (chr7:44108863). A¥E wWo]=o] STKIZA 3¢

N
[:(3{_“

Fxo mA

rlr

&= ol wWojSo] B4

1%

YAt

S

ot

!

¢

g wAE

(o1#)
ofk

3ogog oo AREAT UL ol MR-
Egger HHAE (B, —4.627; 95% CI, —8.768 ~ —0.486; p=0.029; 1
100" MR-PRESSO HXAE (8, —1.780; 95% CI, —2.974 ~ —1.618;

p=0.049) ol B5F vpz71A] )
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* 1559505066
0.0

rs7790685

-0.5-

P=0.029
B =—-4.627

The effect of variants on NTM-PD development

-1.0-

0.0 01 02 03
The effect of variants on the expression level of STKI7A

a9 10. 92 FZ2u]4 (Mendelian randomization, MR) #4& &3
BL Hol|-H| @A HARS] 3A AS of Hol|-STKI7A

FAAY 2R 529 I AS B

X FZ ®¥ol7b STKI7A frazre] & 3ol wA

rr

o

JER®, Y F& wol 7}

MAN G HAH W] WA JTS etk MR-Egger 39 F37(8)+

STKI17A, serine/threonine kinase 17a.

(3]: Cho J, Park K, et al. Thorax 2021;76:169-177)
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6. BlAMg ATl Y DAATANA Fu FH7

A 9 (differential expression)

A M7 wdagakte]  o&l gE"E HS STKIVA,
BLVRA, COAI A 3 o Wyt A7]=A dlstr] 98|
sMAoZ AHE 7hsd T HoHAME(GSE72821 ¥ E-MTAB-—

1I0DE Agslel oAE AxbA Zzsay B4S Sy

2~ E
=1 T O M

Mz

STKI7A A #d FF& FAEA & A2z} vlaste] M
abscessus®| 779 ® AAZ (p=4.24x10°, FDR=7.94x10"% 1¥
11A) 2 M aviemel  FgE dyAE (p=9.50x107,
FDR=3.76x10""; ¥ 11B)°lA =% fFostA S7tgc (33
#2994+ [nominal significance levell 0.05 7]5). 181}, BLVRA

FHd2e] B 2 57 HOHAME(GSE72821 % E-MTAB-

LA

110D oA 25 de i Axsl =] ok tiA AL eA] zto] 7}
AAT (ZY 11C8 D). COAI F4A9 2Hd FF% mRNA
A7IMd BA HOlHAME(GSE72821) 9l M. abscessusol A
A Aol 7FAE A e A AEZAA zol7b Y (1™ 11E).
9y wlo] g2 oeo] HlolHAE(E-MTAB-1101)°l COAI #+3A7}
zhEo] QA Eskr] wliEell, M aviumel FFAE A A oA 9]

COAL A4 Apaa B8 +2& & 5 g9t
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A STK17A - M. abscessus B STK17A - M. avium

_— P=4.24%10"5 - P=9.50 x 1073
1 ‘ FDR=7.94x 107* . FDR=3.76 x 107!
log, FC = 0.887 = log, FC = 0.427
[ = o
§ : :
= H E
= e H k-]
B < — 2 o
g g
2 5
g § .
w o A T )
© g —_—
T T L T
infected uninfected infected uninfected
C BLVRA - M. abscessus D BLVRA - M. avium
P=7.68x 101 -
7 FDR=8.71x 1071 - . .
log, FC = —0.072 =] p——
T oo o _
N 5
s 8
8 g
e g
g o g
i P=7.71x10"!
o ) i FDR=9.83 x 107"
—— log; FC = 0.028
T T L T
infected uninfected infected uninfected
E COA1 - M. abscessus
P=456x10"1
“ FDR=6.44x 107!
log, FC = —0.090
£ v
8' o
g [ ] z
< ‘ =
R — i
B o
8
F4
g
w o - o
o«
T T
infected uninfected

a3 11. Mycobacterium abscessus %=X Mycobacterium aviumOl
AEE = FEEA &2 dAAEZANAN STKI7A (A, B), BLVRA (C,
D), COAI (B)9] 28 =
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A, C, E: GSE72821 (M. abscessus®| 7+ o2 A 3E)

B, D: E-MTAB-1101 (M. avium®l 739 2 A %)

X Fe wAggurel F9R wmt g9s4 2 hAAEE dehii, Y He

FAxe Bd =58 ERATE (log counts per million [logepm] 3t E¥E log2 o &

BLVRA, biliverdin reductase A; FC, fold change; FDR, false discovery rate; S7TKI17A,

serine/threonine kinase 17a.

(Z*]: Cho J, Park K, et al. Thorax 2021;76:169-177)

7. H| 2 Akl #Had & A ol A

M EA}E A} apoptosis) AZ9 733} (enrichment)

GSE7282194 2% DEGS 4+ 2,939/ 1, E-MTAB—

1101914 93 DEGS S+ 143749t GO &4 A3
Hid g rkatell 9 E i MxEA AEAEAL A dAYg FE

& A

hELA

ot

A9E mo} FUTh (E 9



¥ 9. Gene Ontology (GO) A4S T3 92 GSE72821 ¥ E-

MTAB-1101 HIo|HAEoA BF F3t AIEZAEA A=

GO biological process GSE72821 E-MTAB-1101

p value FDR p value FDR
Regulation of apoptotic 1.25 X 2.81 X 1.28 X 3.93 X
process 107" 1071 1077 1077
(GO:0042981)
Positive regulation of 8.80 X 1.20 X 3.87 X 2.88 X
apoptotic process 10t 10t 10°° 1074
(GO:0043065)
Regulation of apoptotic 2.20 X 2.24 X 7.65 X 9.90 X
signaling pathway 101 1077 1078 10°°
(G0:2001233)
Negative regulation of 1.55 X 1.44 X 1.02 X 3.31 X
apoptotic process 101 10°® 1077 1077
(GO:0043066)
Apoptotic process 1.27 X 1.05 X 2.98 X 4.52 X
(GO:0006915) 1077 1077 10°° 10°°
Regulation of extrinsic 1.31 X 7.82 X 3.55 X 3.65 X
apoptotic signaling 1077 10°° 1077 107°
pathway
(GO:2001236)
Regulation of intrinsic 1.64 X 7.89 X 3.42 X 1.23 X
apoptotic signaling 10°° 10°° 104 102
pathway
(G0O:2001242)
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Apoptotic signaling 2.26 X 1.06 X 1.17 X 3.24 X

pathway 10°° 10! 107° 10°?
(GO:0097190)

Regulation of 2.56 X 1.18 X 3.89 X 2.15 X
cysteine—type 10°° 1074 107 1077

endopeptidase activity

involved in apoptotic

process

(GO:0043281)

Negative regulation of 4.26 X 1.86 X 9.56 X 1.19 X
apoptotic signaling 10°° 1074 10°® 107
pathway

(GO:2001234)

Extrinsic apoptotic 4.32 X 1.44 X 2.60 X 9.86 X
signaling pathway 107° 107° 107! 107°
(GO:0097191)

Negative regulation of 1.29 X 3.79 X 3.39 X 1.92 X
extrinsic apoptotic 1074 10°° 10°° 10°°
signaling pathway

(GO:2001237)

Negative regulation of 2.11 X 5.87 X 2.34 X 1.41 X
intrinsic apoptotic 10°* 10°° 10°° 107°
signaling pathway

(G0O:2001243)

Negative regulation of 2.65 X 7.14 X 1.45 X 6.32 X
cysteine—type 10" 1077 104 10°°

endopeptidase activity
involved in apoptotic
process

(GO:0043154)

FDR: false discovery rate.



(%3]: Cho J, Park K, et al. Thorax 2021;76:169-177)
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8. 7|&e € v I HAE B#d [FAR

e de A7

U

A}

Z|Eel dE X nAd A ddd A fARte] o 3

S

¢
rJ

o] (common variant) #2 A, RCORS3 (repressor element—1-—

silencing transcription factor [REST] corepressor 3) %%}9]

Jo
1o
ms

rs3111229 (chr1:211363628) 7} nvlAd At H QA3

(¢

i)
e

Aol Jdrt (family—wise error rate 0.05 7]5). 7] <&
vl A gikat #Hdg B FAAe] gk F82F Al E(gene set) #A]
A M= NFATCZ (nuclear factor of activated T cells 2) A7}
Hda gkt A28y folg Aol st (FDR 0.05 718 (&

10).

3 100 vde Welsel thasl GTEx UIolHAIEE o] &3
eQTL 45 FA Yt RCOR3 FAA A nlA &Ptz oA o]
Aol Zbg 7FE Wol(rs3111229)% eQTL EAolA  RCORS3
Az wd FEy dwAdo] QAT NFATCZ 33kl A

mANGAE HASH] Awao] s e Wol(rs111933191)
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¥ 10. 7180 w2 HAZR FE FHAAE BRa” 43719

Jo

rJ

A3 42 AlE(gene

M

22} ] thd &3+ Ho](common variant)

set) ¥4
Gene Common variant analysis Gene set
analysis
Locus of the most p value FWER | p value FDR

significant variant

(hgl9)

RCORS3 chr1:211363628 @ 5.66 X 10°  0.030 0.684 | 0.865

NFATC2 | chr20:51549716 @ 1.53 x 107" | 0.093 @ 7.47 x | 0.032
10*
SLC29A1 chr6:44212688 2.88 x 107" 0.110 0.072 ] 0.621

1SG15 chr1:920503 493 x 107" | 0.164 0.022 | 0.481
ILI1ZRB1 chr19:17967816 | 1.03 X 10° | 0.445 0.250 | 0.718
ANKRD6 chr6:89624219 1.07 x 1077 | 0.628 0.052 | 0.564

TARP chr7:38332854 1.43 x 1077 | 0.896 0.161 0.709

IFNGRZ chr21:33437648 | 1.83 x 107 | 0.938 0.115 | 0.709

MUCI2 | chr7:101046298 | 2.65 x 10°° 1 0.388 | 0.782
SLCIIAI | chr2:218438843 | 4.88 x 107° 1 0.439 | 0.782
SAMD3 | chr6:130310686 | 5.11 x 10°° 1 1 1
CRTAM | chr11:122811024 | 7.94 x 10°° 1 0.477 | 0.782
MAP2K4 | chr17:12195571 | 8.22 x 10°° 1 0.477 | 0.782
TTK chr6:80117150 | 9.52 x 107 1 0.731 | 0.899
CFTR chr7:117550950 0.0101 1 0.127 | 0.709
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TPBG chr6:82408766 0.0120 0.315 | 0.753
NELLZ | chr12:44966063 0.0120 1 1
PSPH chr7:56096567 0.0134 0.450 | 0.782
KRT83 | chr12:52257245 0.0138 0.052 | 0.564
IRFS chr16:85967604 0.0158 0.545 | 0.782
ILZ2RB | chr22:37143875 0.0206 0.569 | 0.789
GATAZ | chr3:128419054 0.0212 0.232 | 0.713
LDHB | chr12:21536230 0.0214 0.168 | 0.709
GZMK chr5:55127417 0.0219 0.546 | 0.782
AK5 chr1:77312414 0.0221 0.657 | 0.857
IFNLRI | chr1:24054800 0.0222 0.861 1
IENG chr12:68249467 0.0230 0.185 | 0.709
STATI | chr2:190968863 0.0239 0.601 | 0.808
TIGIT | chr3:114233728 0.0285 0.502 | 0.782

PMS2PI | chr7:100347079 0.0296 0.153 | 0.709
ORC3 chr6:87621339 0.0298 0.220 | 0.713
XCL1 chr1:168647094 0.0331 0.198 | 0.709

FLJ45825 | chr6:37576163 0.0337 1 1
XCL2 | chrl:168624717 0.0430 0.285 | 0.753
IFNGRI | chr6:137253162 0.0478 1 1

PZP chr12:9172646 0.0631 0.442 | 0.782
A2M chr12:9172646 0.0631 0.514 | 0.782
FAHD2A | chr2:95485567 0.0653 0.305 | 0.753
66 % A—E —.3— |




PPIH chr1:42576537 0.0814 1 0.397 | 0.782

FCRLS3 chrl:157694755 0.1410 1 1 1
MPEGI chr11:59249666 0.1443 1 0.390 | 0.782
MSTIR chr3:49979727 0.1536 1 0.763 | 0.912
GUSBP14 chr5:70309998 0.3003 1 1 1

AKS5: adenylate kinase 5; AZM: alpha—2—macroglobulin; ANKRDG: ankyrin repeat
domain 6; CFTR: cystic fibrosis transmembrane conductance regulator; CRTAM-:
cytotoxic and regulatory T cell molecule; FAHDZA: fumarylacetoacetate hydrolase
domain containing 2A; FCRLS3: Fc receptor like 3; FDR: false discovery rate;
FLJ45825: uncharacterized LOC100505530; FWER: family —wise error rate; GATAZ:
GATA binding protein 2; GUSBPI4: GUSB pseudogene 14; GZMK: granzyme K;
IFNG: interferon gamma; /FNGRI: interferon gamma receptor 1; /[FNGRZ: interferon
gamma receptor 2; /FNLRI. interferon lambda receptor 1; /LZRB: interleukin 2
receptor subunit beta; /LIZRBI: interleukin 12 receptor subunit beta 1; [RFS:
interferon regulatory factor 8; Z5G15: ISG15 ubiquitin like modifier; KR783: keratin
83; LDHEB: lactate dehydrogenase B; MAPZK4: mitogen—activated protein kinase
kinase 4; MPEGI: macrophage expressed 1; MSTI1R: macrophage stimulating 1
receptor; MUCI1Z: mucin 12, cell surface associated; NELLZ: neural EGFL like 2;
NFATCZ: nuclear factor of activated T cells 2; ORCS: origin recognition complex
subunit 3; PMSZPI. postmeiotic segregation increased 2 pseudogene 1, PPIH.
peptidylprolyl isomerase H; PSPH: phosphoserine phosphatase; PZP. PZP alpha—2—
macroglobulin like; 7ARP. TCR gamma alternate reading frame protein; 7/GI7. T
cell immunoreceptor with Ig and ITIM domains; 7PBG: trophoblast glycoprotein;
TTK:. TTK protein kinase; KCORS3:- REST corepressor 3; SAMDS3: sterile alpha motif

domain containing 3; SLC11A1I: solute carrier family 11 member 1; SLC29A1: solute
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carrier family 29 member 1; STATI: signal transducer and activator of transcription

1; XCL1: X—C motif chemokine ligand 1; XCLZ: X—C motif chemokine ligand 2.

(£A: Cho J, Park K, et al. Thorax 2021;76:169-177)
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Abstract

Genome—wide association study
of non—tuberculous mycobacterial
pulmonary disease

Jaeyoung Cho
Internal Medicine Major
Graduate School of Medicine

Seoul National University

Background The prevalence and incidence of non—tuberculous
mycobacterial pulmonary disease (NTM-—PD) are increasing in
different parts of the world including South Korea. Despite ubiquitous
exposure to NTM, a subset of people develop NTM—PD. Moreover,
the presence of ethnic disparity, familial clustering, and the distinct
phenotype of NTM—-PD indicate the presence of genetic
predispositions to this disease. However, the genetic factors
associated with susceptibility to NTM—PD have been unclear. We
aimed to find genetic variants in individuals with NTM—PD by a

genome—wide association study (GWAS).

Methods We performed a GWAS with Korean patients with NTM—PD
and controls from the Healthy Twin Study, Korea cohort. Candidate
single —nucleotide polymorphisms (SNPs) from this discovery cohort
were then wvalidated in another Korean replication cohort. The
Genotype—Tissue Expression (GTEx) data set was utilized to find
expression quantitative trait loci (eQTL). In addition, we conducted

the PrediXcan analysis to predict the candidate gene eXQres_sion
I i
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levels using our imputed genotype data and the GTEx data set. We
performed a Mendelian randomization (MR) analysis to evaluate the
causal effect related to the expression level of a candidate gene on
the risk of development of NTM—PD. Moreover, we performed a
transcriptome profiling analysis with publicly accessible data sets to
identify differentially expressed genes (DEGs) in NTM-—infected

macrophages.

Results Through the GWAS with 403 patients with NTM—PD and 306

controls, we found rs849177 on chromosome 7pl3 as the candidate

SNP associated with susceptibility to NTM—PD (odds ratio, 2.34; 95%

confidence interval [CI], 1.71 ~ 3.21; p=1.36 X10 7). Its association
was replicated in the independent cohort of 184 individuals with
NTM—-PD and 1,680 controls. When the Fisher’ s method was
applied, the combined p—value for both cohorts was 4.92x 107", The
eQTL analysis revealed that a risk allele (C) at rs849177 was
associated with decreased expression levels of S7KI7A, a
proapoptotic gene. According to the PrediXcan analysis, S7K/7A
was the most significant DEG between individuals with NTM—PD and
controls. A causal effect of S7TK17A on the development of NTM—
PD was found in the MR analysis (8, —4.627; 95% CI, —8.768 ~ —
0.486; p=0.029). According to the transcriptome profiling analysis,
the expression levels of S7KI7A increased significantly in

macrophages infected with NTM.

Conclusions We found rs849177 on chromosome 7pl3 as a
susceptibility marker for NTM—PD in a Korean population. This
genetic variant might be related to susceptibility to NTM—PD by

modifying the expression level of a proapoptotic gene.
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