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Immunopathogenesis of Non-Tuberculous Mycobacteria Lung Disease

Jiwon Lyu

Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Soonchunhyang University Cheonan Hospital,

Soonchunhyang University College of Medicine, Cheonan, Korea

In recent years, the incidence and prevalence of non-tuberculous mycobacteria lung disease (NTM-LD) has been increasing
worldwide. In Korea, Mycobacterium avium complex (MAC) and Mycobacterium abscessus complex account for most common
cause of NTM-LD. It is essential to elucidate the pathophysiology of NTM-LD. The pathophysiology of NTM-LD has not been
fully understood, however, it can be divided into bacterial and host-side factor. Among the host factor, innate immunity plays an es-

sential role in the initial host immune response against intracellular non-tuberculous mycobacteria (NTM), and adaptive immunity

also has a role. However, the role of these immunity in mycobacterial disease has been mainly studied in tuberculosis, but studies on

its role in NTM are limited. In this review, I focus on NTM innate and adaptive immunity, the role of macrophages and neutrophils,
and host interaction in NTM infection. (Korean J Med 2024;99:169-179)
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tor), glycopeptidolipids (GPLs), type III polyketide synthases,
ESX-1 secretion system, GroEL1 chaperone, FabG4, peptidyl-
prolylisomerase, fatty acid synthase (FAS)-II components, pro-
tein kinase PknF 50| 9JTH6]. Biofilm] &AJ-& NTMQ] A=
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(persistent cells) = thefst 7174& 3| biofilm W e
(virulence)o] ZFohd o= Q7] WiE o= A7) g A
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At 28] Z A SKglycosylation), |l SHmethylation), oFAE
SHacetylation) 2] =7} &2t A= the 542 Adul11].
AH Al A2Fto]| A GPLs+= sliding motility, smooth colony
phenotype ™t THIE o] Qlom biofilm /4 522 =9tk &
3+ GPLs7} t)&)A|| o] &A)3}= Toll-like receptor 2 (TLR2)
Q) 78 <=39] el Q] A]4=8-A|(pattern recognition receptor,
PRRs)”} phosphatidylinositol mannosides (PIMs)2} 22 &ALk
F AT T4 84S s e g 4 Q] g
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(mycolic acid, MA)o]2tal E-2]+ long-chain beta-hydroxy fat-
ty acid®} 12 =0} Qltt. ikt A 71 F Q3 PAMPs=
lipomannan (LM), lipoarabinomannan (LAM), manosylated LAM
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1} %= 7]19] core (mannan, arabinan)Z A S Th LAME ara-
binang G2 THRE cap] Fefjofl wet Al 74| oz 2
=g AA, cape| = AraLAM (M. chelonae®l J), &
A, phospho-myo-inositol cap= 7} PILAM (M. fortuitum, M.
smegmatis©l| ), AA]|, mannosylated cap= 72 ManLAM
(MTB, Mycobacterium leprae, M. avium 5°| SO 2
E = tKFig 2) [17). NTM 82} ManLAM, PILAM, AraLAM3}
257 Wl W Alolo] ATAHEL HEAOR ATEl 9]
t}. Maeda 5{18]2 MTB2] ManLAM®©] <:3=2] PRRs¢] den-
dritic cells-specific intercellular adhesion molecule-3-grabbing
nonintegrin (DC-SIGN) 53l A5l Q14 ¥)= vhd o+ vt
=2 Z7|(single mannose residue) S 71 M. avium®] ManLAM,
M. fortuitum®) PILAM, 740| Q= M. chelonae®] AraLAM-2>-
DC-SIGNZ} 2F 7361—3]_7(] oro} ol&lo] dlErtal Ha1slgith
BFA|aF A% gAFo A AA|E PILAML: 53515 THP-1 of
AN 2 HE %ﬂ%ﬂ. %4 Afo] E7}e](pro-inflammatory  cyto-
kines)?] interleukin (IL)-12, TL-83} tumor necrosis factor-o, (TNF-
o) HH|E FEFIC19). £ 04 W vheLe) Hof] Fof
£ M. smegmatisolA] A5 ARLAME M. smegnaris®)] 3}
of 34 95 v % T35 S FEAIZTH20]

NTM A zZe]u] o] th2 A2 9l A|ehzl oA] 2rof i

z @ Glycopeptidolipid(GPL)

Cytoplasm NTM

Figure 1. The cell wall of mycobacteria. Modified from Tran et al. [17]. MTB, Mycobacterium tuberculosis; NTM, non-tuberculous

mycobacteria.
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Figure 2. Structures of the three families of LAM molecules. Modified from Tran et al. [17]. AraLAM, uncapped lipoarabinomannan;
PILAM, phosphoinositol-capped lipoarabinomannan; ManL AM, mannosylated capped lipoarabinomannan.
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Figure 3. Glycopeptidolipid (GPL) composition influences the host cell interactions of Mycobacterium abscessus.
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o] & Hig e g dE FA dETE(inflammasomes)
50] Sk o]27t PRRs@} o] o] A&7t NTMS] PAMPs
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3k TLRs, CF &l =8A, F4 484 5ol 021k NTMo||
M= B4 78419 7]50] oFF] F3IsHA] 2tk o] 5 TLRs
O] A9 FAtY] AFHE FXT Wk ofyet A2 Y Al
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Q124 Aol Ele] HulE SHIFIH3S] Dectin], MR, DCSIGN
= AFEATE H 7P 83 CF dd 84 =
#17] olck Dectin2 54H#2] ManLAME 214]3}e] e}
3ol VIS A= AlE W AAG LA ol =E i
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gordonae®} -2 A1 A7 mannose-capped NTM-2 214]3}

o ro

T

o
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S}A] SRl Dectin-2 A2 M. aviumel ZFFE Fofl Al
8 S7HAIZEH40].
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(2) TLRs
TLRst= EA|2HG0l Tkt GHko] PAVPSE: 14J510]
NIMe| 43 B A0S SN, 5ol &
24 QM= 10749] TLRs Zof TLRI, TLR2, TLR4, TLR6, TLR9O|
aak Al gR A A4S Aom FeiA Sle3s)
TLR2, TLR4, TLROZ} o]E£29] 31| A& ojHHE] ulze
MyDSS.S MTBo] et Ao wkgolA 714 Zagh ol
FITHa1], TLR2E: ChE Tl 8712} AlU7) S ©
B7hE Q1AE 271hch MIB 7ol TLR2 o7} w-gol
A Al 3E(dendritic cell, DC) /d<3 %1, Thl, Th2, Th17 -8
of wbkg- 2], QYA B4} 50| chA2) NIM 21dolA
M. abscessus2} M. aviumo]] ]St TLR2 4317 A= o]
ATH43]. SFR|W M. abscessus smooth colony phenotype?] 3
nsGPLS- 7] &=/ Al Zof| A TLR2 A1 25 = A= Rl

¢
~©

o rr X ol

°ofr E 4

WSS AlARsl= TLR2 2REEQ] PIMSE B 91755 345t

o] TLR29j| &fsff Q12)== Ae Apdstal <5 WY a5

A|AAZICH12]. SHAIRE M. aviumo| 4] ssGPLs= S &0l whe}

Thl | BR3-& Wafiste oA ofz 7HA] AHSA
=]

£ st el Eslet el 2 modiation 2]
ok TLRe kel A A1, ghebal 91 o] vl
2 QAAeH= Ao g 2 A A QITH37]. M. avium subspecies
paratuberculosis Map1305 TN 2.2 TLR49}O] 21 =0l A3}
& 53 DC 4%, AUEA AOLEZRIILG, TNF-g, IL-1B)2]
AALE FEdttH44]. E3 TLR4 A S HAE2 M. abscessus
MAB2560 tHull 2 o] DC 4d<: 7 2493t f=9F 7w of
UTH43].

3) ZA]4X] A<s(phagosome maturation)

SEAM| A 2] PRRs7F NTM 3£ 9] PAMPsE: Q143
O 2N HF Amdgo] AR Il AN 2] Ajzzdfo]
= Felgth o] % AlEERe: thA] AEE o] 241 NTM=
Alzzepol] FepAel 3EA4A|(phagosome)e} &= A
(vesicle)o]] 7}=t}. Phagosome-2- 23| 4~ |(lysosome) @} T
32288} A A|(phagolysosome) S FAJSHH 1 ot 7231 u]AY
=2 A3M]7|A =t} Phagolysosome-2 lipase, hydrolase,
protease®}t -2 The] 548 7bl= AL BAA(H < 50)0.
2 ZANEE AR 43 T ol 48712 59 phag-

olysosome®]| EAsH= AAES BA36t= 4125 W=tk

25

- 174 -



— Jiwon Lyu. Immunopathogenesis of NTM lung disease —

o

| 45 & ZAA|E AFS}E A (phagocyte oxidase)=

= super0x1de 20|y} 2§ 2h)Z(free radicals) 2 t‘dﬁ]-/\]
71w o]2|gt AL Aks} 1< (oxidative burst) = T8 I}
<(respiratory burst)o]2}al it} of 7| A A E A6 i)t
<= ROSzhaL fa2w sAlE njiso] S4do] mf9- Zsict
E o2 542 = A A ¢4 8 A (inducible nitric oxide
synthase, iNOS)7} 1S ©o]= arginine2 NOZ ZHZFHA|7]3L
o] A] =AJo] Zri{34,35]. EAM2S] Ad<3ofl= phag-
osome AFd3SE ROS, NO, &+t ¥ €] =/thdl 2l (antimicrobial
peptides/protein, AMPs) 2] & AJo] "=A o|tH35]. sFA|q &
Age TANES BEHOR AL LER AL
AE W HUAOIT. GRS EAAE YolA] AESL %
A1517] 93l phagosome maturation2 AA|E 4= Utk LAM,
ManLAM, phenolic glycolipid phenolphthiocerol diester (PGL-1),
isoprenoid edaxadiene, TDM 53} ZH-& gFAkt Al x| Z o]
phagosome maturations ZHsl= ZOR Adx QIth37].
M. avium®) GPLs= MR} Z3%}s}lo] P-L fusionS A 4=
NOH[46] o= M. avium®] E7 R Fol| W} 7hs3)
CTH47]. GPLsE 3£3F5}= M. abscessus 2] smooth phenotype-2-
rough phenotype®] H|3l © W& 4=%F9] phagosome A3k,
P-L fusion, autophagyS -3-F3FCH48].

4) A 3ZA}E AN apoptosis)

AN ZE A2 AbE Z223(cell death program)S &
ko] F7HA]] ikl Al ] B4 9 Aokl Akt
O] Hubs uhE 4= Queh A2z Abdoll= =LA 7 7HA] "’ ol
Q)= AM|EZAE AN apoptosis)2} Al 3E 7] A{necrosis)© | TH49].
M ZAPEALS] 14 ofl= DNA A tH(cleavage), 3 -2-Z=(nuclear
condensation) ¥’} £-8(fragmentation), A2t £ & 4J(blebbing)
59 740 Yt AlZZAEAR Z3)E tiAjAE 8l o1
u]Al<: phagosome ¢hofl Z3HE HYA = FHO of= 7
] %] 9FL ) A 4| E(uninfected macrophage)©l 23} EA] % o]
A| A (efferocytosis) = 7] wiZoll FZ W50l Loy o=
[50]. ¥HHol A2 At GBS sk dolele &
rhte Aubald 4= QeH49]. /44 MTB= 49
9] apoptosisS 2} A|SFIL necrosisE sk A H S 3
s gHH51,52]. BFAIEE NTM 2Hol A ShAlAZ9] cell death
of gigt A= WA et} M. avium©] apoptotic macrophage
£ ol-&sto] Al 7+ St B AES PIRE =R ARSI
= 778 BArE UTHS3].

5) " 3]y] 7]Z(immune evasive strategies)

NTMo| thA| A3 oA ABESE] 918l AM-Sl= W §1
W) 718 3 el Sl shek NTMS| wel 33 71
+ P-L fusion 94|, @71/ Al W 2o =9 EH’\P gk
EAE A7l NIM B §44 {52, 53 tiAAE
71%9] 214 A ¢l 94, ROS production blocking 50| =4 =
TH54].

HU

3T

NTMo|| thgh &3 HrojolA] T3
A QA Aok M aviumS E7F Y
tible mouse strain (BALB/c, Bcgs)ol| 4] resistan
(BALC/c, Begr)} H| L8} o) 571 g0
2 Uehgon ol 237 £ e oS s AL
AJARGFEHS5]. E thE ool A= RB6-8C5 anti-neutrophil
antibody= 213} S57F AHE vk-2ollA M avium 7+
9] 7] dAol| Aot H-3Hbacterial burden)”} 57|35}tk
HUSHHEHS6]. TR M. aviumoll ZrFE mhe-Lof A
A2 AF=H2l A (granulocyte colony-stimulating factor, G-CSF)
2 Eojslge o 210 B3R Q8] M. aviumol| T3t
R R S LR LR ER D SRR
SRIFRATHST]. SHATE o] =gt Aake] gt 7112 of4
weslA] o) wlge] A7t o Baw Aow Az

ofake o}z et
o

10 o

FEA1Z] suscep-
t e strain
o]

A —

%

X 2MHA(adaptive immunity)} interferon—gamma
(IFN—y)/IL—12 axisQ| &t

NTM 7oA A3 e] &2 T2 THIZ 9} B
slo] ATEQITE 47 WololH THZTo| oJs) e
WS-8 A2 w7l M ¥k-S{cell-mediated immunity)o]2} 3t
c} CD4+ THZJHEZ T, helper T lymphocyte):= 3
A u S Tl EANEE TSt o]Eo] 4t
S Al A 4= QLA A= AL EFIRIS
HIShe SR s CDSs THEF(IE 54 T,
T lymphocyte [CTL])+= Al 228l G4ikt < 7F
A3 Qi aE AES A AFEAA AZ ) 73D A%
AE 7\1]7461-11]-[34] M. avium 73g2] A CD4+ THEZL 9
o= 3‘414 Ql =4o| 753t} CD4+ THEZG = IFN-y
45}1:}[58]. kA © 22 APC
2 IZI(Thl cell)7} &5}

>~ le
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L (D40 2)7HE(CDAOL E-2 CDI54)7h Ztste] APCE B
dBIAIA IL-12 TAS f=510] Thl BE-S FE3ITH59)].
7] A] IEN=y/IL-12 Z(IFN-y/IL-12 axis)o] o] 223} o3t
= 3t} oA AR IL-12+= CD4+ THZF 5 Thl cell 9
IL-12 =8Aofl Agtsto] IFN-y A/d 2} Thl Al £315 %
AAIZIT Thi cello] ]3] AT [Ny thAIAES} 7]
BAEE BAASAA AE ff S FolaL IL-129
TNF-09] A4k ThA] S8k o]ef 22 IFN-ye} IL-129]
9%t positive feedback WA Y S IFN-y/IL-12 axisz}il 2
th IFN-y/IL-12 axisi= MTB @ NTMx} 7-2 pikgto] o3t
=59 W vkgof w9 $a3k AT JH3]. IL-12= M
aviumol| gk &3¢ Wojo| Hofsh= 4 Afo|E7IRIC R
AAX L Lo IL-129] E8/45= E o A’ M avium
dde 2l =3t IFNy 449 ¥ =2 IFNy %
IL-12 =84 o] AFE NTM, 53] M. avium 7+ 2] &
Az} gredo] ek ke A ILH6061]. ERF IFNAL2 ax-
isoll A AAEE = TNF-o= HAES] ol 34 2 410 &
Q3 92 *A|3}62]. Infliximab, adalimumab, certolizu-
mab, etanercept®} -2 FEOFIT|AFQIAL A A|(anti-TNF-a.
agents)©] ALE-S NTM #93ke] 991 o]cH63]. nfeA]
TNF-a. A] NTM 2 gko] thgt =5 Wolo] Fa3t AT
sk Aoz AzhEr,

SHAIRE MAC |8 gtol A= W& IL-17 2H]9F &2 1L-10
w7 PP S ThI Afo]i=7hl Bl 35 ook
ti{64]. HHHO M abscessus complex H|AZ 3ol A EA
o) Aol EFRRLE BAEh AT Thi Aol E7HRIIEN-,
IL-12)7} Th2 Ato]E7}OI(IL4, IL-13)S 7 o] glolont
Thi7 Afo] E7}RI(ILA17, TL-23)& 2750} 91SicH6s]. ofst
2ol NTMe] E50] e} we] 7]70] the 4 98 Ao
Az Tk T o2 dRollA NTM | g2tk gz, A 73st
, primary ciliary dyskinesia 2+#}, CF 245 tjAto = gt
ol ohah Af| L (peripheral blood mononuclear cells, PBMCs)&
A%t A3} Th1/Th2/Treg AFo]E71}1 AAke] NTM | &gk
fe} oz 7ol Aol7 glol NTM #43 BajolA
IFN-y/IL-12 axis+= ZASIER] o= o2 HGX|TF NTM
| gt ghatoll A Thi7 RE-6-9f fha= SQIE SleH66]. E3F
B Atol A NTM #8gh 2kxto] PBMCsof| A TFN-y A4k
o] 7H=Elo] 918-S BHIFITHGT]. WHA MTB $2-9] PBMCS
oA thewt W NTM 22t SExpE T [FN-y A4to] f-9]
sH w2 Zlez HuEQIeH68]. SHEAE IFN-y/IL-12

BN

Ry

B

e o

axisi= MTB2} NTM 7h¢] ELFof 4] S0 o Hhg-¢lof=
E513L PBMCsol| Al IFN-y AJ4F HE-3-2 MTBL} NTMoj|A]
3] o2 Zlo& Helth3]. MAC H83t Ealof A IFN-y A}
A 2Ha=0] Qlo] MAC A|Zo] THZAE A5 ufzol

= A= AR obF] gEksiA] grot 7F A dadk
Aoz YZIETH69].

CD4+ TYZok= B2 NTM 7hof|A] CD8+ T =t
O] A F5I5kA| vk HE Aol M avium ZHE A
CD8+ THEA7} 54313 [FNwy & £H[5l= A o] #E
O 1} knockout miceE- ©]-8-3+ Aol A CD&+ TH=ZL A
= Aol Autol| FaFE mAA] AQITH70,71]. CD8+ TH=Z
T Ay TR ZAeF 22 2 9] T tfsfiAl= of
2l o d++7F Hasih

I
rhu

NTME 873t chofet 4304 Aot o & 433
sl oIy, 9o} Zo] NTM mjgte] uhg 71 1e 9hs)

& 2] A= oFQFA|HE NTM &} QIXHINTM species, virulence,
biofilm)@} <5+ JUAHAHAY, H-§HH)7} Fag 9

ae}. olejst 7k 4 QA7 NTM w43 Bt} chay

fis o
off thek A4jo] Skl whet 5 v B2l oY 9 3
A A= el dE 5 & AeR VgiEth

S Tof: mgsiethal Hdek we g 7)1
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