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Pathogenesis of Tuberculosis

Sung Hak Park, M.D., Ph.D,

Department of Internal Medicine, Cathdlic University of Korea, Seoul, Korea

M B & ARe WiEshs A el o F& F
ZrlA 8717} k=R o] F=7 Eobdl g
A WAARE dAske T 294 2ee Al AR AR FEHUT e mF
stEA 29 “Koch #”7olgt Bl AR AEhe Zo] oy 9gE ARl oF 10% Tl
(Mycobacterium tuberculosis) o] g¢le|n] &3] uhgsin, 2+ & A 13Ul oF 5% oA @wst
7ol gout A 9] o] F7v 2AHqAME 1 I olF F&3 ZasA T G fPEe HA
He do 5 o). A&, e GFE PAE AEEME 2SE
AYFE $5A0] glon FHA Aol= 2-4 7o % 9 YR 38208 & 5 dAd 2
um, FL 0.3-0.6/m == 7hHrolth #Ale] ¥ ol HAAHe e HaEAH W, 94548 4
e ol vlal] X Ae] eFo] 26% ooz Fo} Agto 23 Yehhs Aol oz, ol 79 W
A Az BFAME 2 Ay gme, 9, o7]14& o|ANR 2 WM FHT F U T
ot AaA € gyt FRAE AFgEE p gy} &30 Heukgo] o) Wy
o} EF o] AH L %3 FAT A 4.
T 9Eg . e AL A4 FEY T &o] Hz|
& AL YA P F Ak daddte
140mmHgol™ QA Wellxe S71@7u|7t 743 HAge welg A¥e 2™ (natural histo-
=& {3 AAEYe] 120-130mmHg 2 =o} ry)o] wel AHrd #Held 274 (Primary)
A o3t Z gy, #AAAI A9 (Reinfection FE  Post-pri-
A8E WA e AT FHR F2 74 mary) #HZZoz rol Fepesty 5AE
o] =, 53] 7]& Wol k= ¥, o] B 718 F At(Fig. 1).
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Fig. 1. Natural history of tuberculosis infection.
1. =2 oAy o8] HA3 FayFe] . sty dyE 8%

28] 3 279 3ERA7E Hold. =EAE o
B, FRIEE 4 HExA 2494 B+ Ut 2
7Y A2 ojdd Ha Ay =2HA ¥
2979 g AGFA7t g AN (RFEANA,
normergic organism)dA] B Aoz A&
o2 =] A7 A¥olgls ol FYo] B
et A diA 2 o] 279 HZL SolilA] Bol
L= 7Y Aold wAYolet ¥ 4 glov, $g
vl Mz 279 HZ29 sh 2oty Ao &
g dofdl] FEsEo] glvkn & 4 vk

ZYFE LT 8L (droplet nucleus) o] 5%
71& B &5 U2 AYskd ARdeE A g
71=9] HE¥A FYHE, 7N ZIFL 39
Age B4 g3 F4T = on HEgaMEd

o] @ 8o “Ghon’s focus”olztn £l WY
< PAEHA Hu, o] AR F9] HZHE w}
w5 fdzdz o) sHed, o Arie ¥
2u =g g (hilar - lymphadenopathy)<}
“Ghon’s focus”& 2719 ®¥a(Primary com-
plex) F= Ghon®¥7(Ghon complex)ojelz $
o} of7ldl Qe ARTES YA 9 g9 gt A
A o JjFe] AXA Hew 53] dxistel ¥
& A3, YR, A4 FEI

279 2R e o IR ¢ga By
o] #&E1 443 X303 Ex =EA S8t A
S8t 259 AHLoA “Ghon's focus”7} AR
ARAAN FAE Hdse] FUHEe fEsA Eoh
2 A7l HEY Y= MR35 el A
7},
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27 28e dFE] AdMe 59 By
oj7|d oz s AP YolAx) F3la 3B
A ot 28U A xAG0] o]F AAE1A] RIA 2
7 H9<1 HdM= 142 # Y (caseation pneu-
monia) & Yo AU £Y4 A == izl
o3l #H oA doyrit gl

2. Mz siEy

A2 HZ2Yo|d 2AEANE A4 F oln] ZF
o s MEAHH A AY AR 53 o] Fol
71 Zloz 2AHZAY = B olr} vt Z
glo] e 92 UeMe dAR Lo} A 27
FAol 4Rl WAL AT A7 Hobrl A
QA HEHLS 25 A2 B¥olgtn AFE sioh. 1
giv Asi#erl 2 @ YeeMe 4 Fe=Id
Fd&o] 20% n|wtolmg A9l HAKS wF A7t
a4 AZY oz s AL upgFsEA] L4 o
Fie A 2oL 82 A9 Al AW e
o o3 HAA AtolH, B M2 BT 3
Wopa] 27+ (superinfection)-& 4o7)= 7
Eria Y74t
AZE d2YE F2 B2 2RSS Znds 9
o] Al wAEt 2 #8F 27 AEHAU
A3 ik #H3 A2 2 (Simon’s lesion)
18402 SAAQ A4 AgAAl, f23TAl
¥ Z4 92 FAFA AgiAE(Langerhan’s giant
cel) 3 2 Afol NE, =T HaF 5o 0|79
2924 JY4& & F Urh "Yo] dAlE dH
o] Fx A= Al ERhgo] AE i MEAEo] A
e vAY A HHEE Ho|o] AdFo] H|wF ol
AZHAd

AZE AZ2ge g 12 5= Jded, 4R
3} BkE A M3siEo] ofEA HAY, T4 U
HESd Hzd, YA e LAY
Azl MYy AAYHEo T He B, Ee U]

Ho o
rlr o
fa

I

f o
M9

#A] 2 Ansie 1@AZYE dodle Bt
& & ok d2e Foof A3ty T Afal,
A4 FUAE doUAY F97 So8 Fo
23 Aslstd 284 $F5E 28I 39, 2
ol X3E Agg AAM FAT 2 Yed =
Qom, A Asde P4 Ee dZA Ag2A
£YAAUL Yo sher 1 3EF9e ), ¥
3, 2, B, AR, B, 3, H9 JEd, A
¢, i, AU, 5, §2ET oI

32

Lol piof

AT WELY =48 2R fong 9A &
Z3Q) vhe-g doyAle ga 39 HYvkgo] vy
ehg w7k 4 AlSsic. Aol ddFdal o
gzAsty Pe AHEA 2] AT =3
W) o3 UYehte Ao] otdzt doll fd 3o
woduhee] Azt dolhs WS ¢ Utk

A 2HAGEEE-o] BE 7P REAQ AL,
dxtH oz FAo] HANEY ZL FAATAE
(antigen presenting cell)ol] &J&)] 249 & A7
9] o] TYET =3HT o] ¥ 843159
clonal expansiong Al&sHA =3, 93 cytokine
& Hulsle] gjAMEE 843 A dAEY e 2
AFS AANEE WHER, WeF Ao Z9d o
AN E7} o]F Y] FYNA XE W AESA
THETI} olE HYMNEE Yo 2N ZAAE Al
¥ vtog fEAl7IH, oA AIX Bo g feld 2
gL B3 IF M E o3 AHlEre A
o] HlojHukg-o2 A= Qirk. FHE A
o] ExAC AZYgA] Z3AFA}(caseous tissue ne-
crosis) = o]k BHRFSo Fulslo] e d
goltk. ey ojAY K39 WHugo] Ao
g Boje} Aolate F MR AdNrE ZAE 2
Aale AlF 71-e disiMe o} F7A] HEs 7
BEol A ¥t
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1. MY XEe

AME ol8) o] AT Wz Sole F& o
ojo] Uojul= Lysosomede| §§oz 7% 23ja
A9} ¥4 AR2318NE(H,0, 0., OH™)o] 2j8)
st e dEo] gk #& diyAxe 1
23 AE71AE B8 AFs FAY £ dEd 2
UG 7)1 o} 7 wEA A Y.

AAgdl tig AFH 2o 13 a9le &
A 93 2AE 59 FHsee =88] A
=4, Comstock(1978)& &4 #BAole] A 7+
Z=Ado} o= AMS ¥EElg T, Motulsky(1960)
= Z¥d g AgYo| AFd we} tara s
31, Stead5(1990, 1992)& H9§ A9 =&
A G2Y AFAE ez uln Zde Y
£ vjus] £ As EQlo] Wlrr} 1.6-1.998 o
wol FEErke AME #FG 23y 2R
2RE 9] whge W(10.6% )3} E21(11.5% )A}o|
o zol7}l gicke AMIE Budlgion, Crowle
(1990)5-2 <1 tiyAE Y] Feo] Wl gj4y
Axde] AAFut v gl FAste AL B3
ek

2. FHY ESHY

AN Ee] 4L THZF oA ol gt
Aoz NXAY (cell-mediated immunity, CMI) ¢]
2} 31 o|MY AT FLol BolshAl vhgsl= T
YET o] F7HE SIAIT AME 218 THER
oA BdEE cytokinedl oJajA] EASHE diAME
F9] Z712 vephe A4S Lgith

1) galelx|

UdR AL dAAFEUA F4E 5 QA
phago-lysosomeioll Al Za5]o] U Fodl o}
polypeptides7} MHC ¢} B3} X EHd AAlE
0. €= ol THETE 49 AXEA &

i MHCERe} 84 dxgt. TYHEF7} 34-
MHCse} 23318 dgAIFME A Interleukin 1
(IL-1)& AAsA gk IL-12 THEETFIA
Interleukin 2 (IL-2)& AAEHA 3lo olE27H
clonal expansion& A3 A7} BojulA .

AFgre] A Yzl olaA gt T
YETFE Hx] F4AA, dHvg 24, AEAA
AESY 4 A9A49] o o8] AEEA ¥
& cytokine #H] T vj§- Fa% 4L . T
HEFE A2 AEE 5 Ue FuNd Fugds
7150l wet o ooz v - Uk

2) Tglz=+2] cytokine

FERHAA Helo] i THEFY H8x} 77|
Mol i A7t &3] AP=glen 1 rHe o
L3 oy AdFe] FEE diaMEete] HE) ¢
A TS Lok TREPo e 24 CD4* T
M, CD8" THM=%, y/6 THE, CD4CD8~ TCR
af” THZS 471 Z/7} Sich.

CD4* TAIEE A4 Y8R cytokined] F5ell
w2} Thl ¢ Th2 o}3og BHH). ojF ANTd
dog A=A F2 Thl M¥e] 487 dojud,
IFN-7¢} TNF-o& 474 Eujgrezs diaixe
28-S GRAA d ol 3t WojH Ao £33
AEE TIP3 AMdol ERIEHUTY. CD4™ TAE=
2ol g WojH®t ofzl AARRINS
T o7ishs 39 Axz geid Yrh(Fig. 2).

CD8* THX+= IFN-yE AAEvsa dadd]
799 dANEE Fole AExs4dadE Jehle
Ao ERIEHGon, Pojuesty Age] 840
thA] 22hE 3 Qi)

7/8 TAHX e olE X7} AR 2Y
7449 el 2 ZIAGSolA 9] HdTo] BE3E
TEEe] YA g 2 FEEod) o] Alxe] &
7 @A Frkeka, EF o2] 7FA] cytokined] A
Aen] 2 AEEEE Jehling ZgEr)d o
H3t 8L FRY Aoz FFsla ot
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Fig. 2. Overview of macrophage-lymphocyte interactions in tuberculosis. Type 1 CD4+ T-lym-
phocytes (Thl) and natural killer T-lymphocytes (NK cells) secrete interferon gamma,
which activates alveolar macrophages to produce a variety of substances, including reac-
tive oxygen and nitrogen species, which are involved in growth inhibition and killing of
mycobacteria. Macrophages can also secrete interleukin-12(IL-12) in a positive feed-
back loop to amplify this pathway. Although interleukin-4 and -10 can inhibit macro-
phage function, there is no convincing evidence that these cytokines are present in great
amounts in the lungs of patients with tuberculosis, perhaps because of interferon-mediat-
ed suppression of Th2 (type 2 CD4+ T-lymphocytes) cell function.

3) gduks

Ao ) A8 (cell-mediated immunity ) 7 A A8
18-S (delayed-type hypersensitivity )& &3]
deukgo2A ZHdo] e Fog AYE v
A EeRAY AHE Folgh &30 ukgo 2 A, tlalA)
Zo oM Aol FUdo =FE TEZ3= IL-
29} gamma-Interferon(IFN-7), alpha, beta
Tumor necrosis factor(TNF-gf) %} & Zg3t
EZE #vjgth IFN-r&= A2 3" diaA
2] FFEE T4 AA FAW dAE=R g
cholecalciferol & calcitriol2 AgA]F]HA calcitriol

o] YANEE A BAH AATY. B4 U4

AEE 5430 37HE1 #84 2 $a8E dX3)
Z7vdr(Fig. 3).

Aol ZEE T 2704 65 Alold] A7l A
AE AR AEaiid H9Ys T4 Aoz
A7, A Ee 2] AR s A4
IYAE dozitt. AAFARIEGA ZFHAE o
27l TNF-o= 238 2N A3 2b33e
Yoyl Ao dEA lor TS BT gy
HEox TFHEE AEe 3¢l Lipoarabino-
mannan®] A=) o] AirEd. ol d¥TE &
ogo] FAAUMES AYAER HPFAA o]FoA
Folg-& FAAATIM KolF T4 AEE APEA)
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Fig. 3. The pathway of macrophage activation. Mycobacterial antigen is presented by the anti-
gen presenting cell to an inducer T cell(CD4+ ). This undergoes clonal expansion and
the resulting cell population secretes gamma interferon and other cytokines that activate
the macrophage. Induction of @l-hydroxylase enables the macrophage to convert inactive
25-0OH Vitamin D3 to the active 1,25(CH)2 Vitamin D3, resulting in further activation.

T alo] Vi ¥ KolF WAL TE 7T
v wn @Y 84¢ el 23208 Heer
A SFE B3sle A8e dvh THET I3l
FEE Sl oM AF ddEs 78 F
olA Bata AE die] gHR3ka QoA #e Ase
ARt AASAE R8p7] g, ol2idt nlds of
A Ee F3 ol o] frejElo] BAste dAA]
X2 g AASA "ot fobF 22 freld
& AaEgte] Yol 4o ofga, W] Rowd
A AREHAT Po] =E AYxHoIs} xets)
2 g5t} 7o Aotg 2 dok(Fig. 4).
aARFog AErAY AR daqEE 843
A A AZle] 2AFE AvEATIE HHolH, Add

RS- WS giAEs FA2F IAE 2
oA Zee] FHo el 20 AAe 4%
& I AR Bee] el & ¥ AAY
kg o Qe 2HEGE A 4o HAE
F= %& Aot

3. Hm|AtolA 2| BH

Hofuhgo] AAIE AR} A9 2 ARGt W
=t o gelwdl, dnklelA A¥e) Azt A8
382 1% ¥hde) HIVERA = a3 AR
&°] 10% 2 &} Jurdd THETFS 715 A3
(FFA=, 1%, BYAAA T, HIVZH) 9} 2
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Fig. 4. The role of tumor necrosis factor (TNF). Macrophages are primed to release TNF and T
cell factors either protect from, or enhance susceptibility of cells to killing by TNF.
Mycobacterial lipoarabinomannan{LLAM) triggers the release of TNF from macrophages.

o] Za7E HAE F Ut ¥Hgo] Az FHA
2% o] JAMEERE proinflammatory cytokine
(IL-1, IL-6, TNF-a)E°] Hz3tA] A4 £u]slof
AN, BE, Y € AL 59 S v
vhe Aoz 2REn. Ade] 29 A o] 7R
Heje] AYrlse] ZHe] Bu=o sted, TFA
H 29 7o CD4* T cell lymphopeniaz} jeh}
71231 A& Fdle o) 33 A o] S5 E = )

- FHEESD XHY oS

ZA8FE 334 Tuberculing slujd] FAlsld g

WA ET} ol 8 F5dte] Hed ohg MHCH =
A Zdol el 2 Aot} v Aol Ao
ZgE At BCGHES wo} Tuberculind] 5o
A Wk TEET o] 47} 2EEo] £83ka g}
om, MY gHe] P4 AR wgs) w3}
7} Eold e EE cytokined ®H|§ro 2y EHaF
B el Yup Fol F&Ho] Role=s Hrh
SR A 27} SR n2A) BEEHo oA go
B2 TuberculinFARE$] WA o|H& H-2stcdof
Fig=
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% s <

24L& Mycobacterium tuberculosise)] oja] s}
€ A A BEA Aol Zdzte] Ao wat
ol vket Ag B dEF Bgd Yol &
F9] Zo% Woly|1A e MEuAA Ho)x, o)ajst
wol7|dez Qs AP APER dojuA|Rt &5
o] Z3dA AFYIARL FF P& FLe

Al AR BCGWAIT #15taA) vho
2 4AT 2¥9 HAe o Roz A4y,
29| Weje} Ao oigk B B 937} Alsy
o] J2& A5yo| Yehirlg 7idig.
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