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e Aol A9 A5 A Bl TEe olET
29 g5 ¥ v

ANE AN (Mycobacterium tuberculosis)ol oa|x] WAYs=
W Al Adelvh. 1993l MARZAZ]F(The World Health
Organization;  WHO)ollA — AL ‘global  emergency’ =
AEeE W AL olA7tA HAHA Fu U= AAAQ
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23] A AA Zito] FAZE Har vk, g AT Agols
acquired immunodeficiency syndrome(AIDS) ZAFEo] WM. avium
complex(MAC)W A3 qtol ZdHo Abdstal glom, o2 <l
A3 o] 715 JA] Sk AT

i)
B
i
L)
A
o
g

2
fuj
Ao

ZHE-71od (latent  infection)©]
10%7F HA &<tel TA] AEste], AyH oz gFid A9
Wkslko}(20) . whEkA] o]l sk A3

o
T —1
Agze] 54 oldsta, A%F WEAL TR P /A

1

XIReEoAN AANE dov|v dES M tuberculosis complex
(MTB  complex)&}aL VW, M. tuberculosis, M. africanum, M.
bovis, M. microti S©°| olo] &I}, o] FoA Aol
A= ANFE ). tuberculosis, M. bovis, ©OFZE|F}olA
W AS = M. africanum ©)TF.

Mycobacteriat® Irdo=Z i AAAAE  zEed, olgdk

rlr

A @MAL mycobacteria  A|EHS]  EAo]  7]Qldtt),

e}

Mycobacteria® AME®L2 2k 60%7} mycolic acid(MA), glycolipid,
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3. A9 e 57

d

2 ge &7l T An7t Atgtol I A EFVIE
3l QA FAEA Hed, o W AL WA He HE
A M Z(alveolar macrophage)® FAg  olAWIL WAAE
ol Al F4S wHEstA ", mep] Adde 55 U=
FHaEol AL TUA HE @4 AAE dolA Aol
WwAsk7] fg Bolrjde 7EAAL oo dnh. A

1AlZ7F Alds dallets W a4y ks 2Hles 713

=50 W] 7Fs oAU HAdwe AdH
=73 (virulence)ol2t  Aolsdlem(10), A FFE o=
549 Aol7t e AHoeE LHAT6). Aol TR
5 odwyom olojxe AL ofyH, #d F 2d <]
Zazte] 5-10%te] Adow WPyHATH UuAE gye

glol =59 WAl s TH"E Aol APEHAY,
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A ATH15)., Y, =229 Z3}, (DC1551L tE Z9Y
S 75 A7, 5759
AEEL O (AT, 354 2494 W54 7592 Erdmano|u}

=
e 9y ®e A% FFEan af B4 g JoE

T 9o mme] Fa'ox g EElE HN8T8 & 19951 ol A
A LA, 3He Fehity o
B3 gow FEAH do & QATH13).  HN878,
CDC15513 Wb =, <ol A4 cytokineo] #H] FE7F FHomA
Aoz YESATHI2). ol&
INg780l gk %9l Thl type WHYWs F=7F Adsi=d
102 ®BTH(16).

AW 2700 gYAEe] A e

H =

9ete A

o 7lHemE o] 7HATE ekAl H e,
I T AMES HY v (cell-mediated immunity)o] ZLR73F
BES At E3] MHC class O (major histocompatibility
complex: FEAAFPAL HIA) &EA o3 AFH= Fd

AR71S QA EE D4+ TAIFE  Jsir]  EH]EE IFN-y



shijoltt, &4 EolAQ (D8+ T MEEL type-1 cytokine?l IFN-

Y & INF-a & AAtets 28-S rH(23).

el A9, A el g W w3 o Thl A2

Whgol sasttta & Advk. webA, IFN-y U IL-129] 232

Add HAAES SIPIIA v dEA $hoh25). 2y

22 Aol g Ho] FEor FEX ¥
d

AAEE IRN-yol g Adlge] ta 3o

=
T
ot

o
ox
>
rd
lo

antigenic target 6(ESAT6)o]
SToME Ao ot

A UTH(28).

o
oy
oL
)
12
[JII,
olo
rlo
o|\
o
o)
e
rlr

A3 AdFo] o FEHE F7] Aol o3 AWoln
2o F Hol AFeAE, A e FE2 2 IFeA
Fote Awolrt. tiRiEe] nAg AbgolA, Aol e W

;é]
uEgo] os oAl Fol A Mol AW, FAL HolA

B AHE AET A (latent infection) AFEfEl gHTH(21).



Ao A latencys= “ojmt A WHWHLS EAsA N, A9

TS, AA BA 7T (WHO) ©| o]stA rifampin(RIF),
isoniazid(INH), pyrazinamide, streptomycin(STR) T
ethambutol (EMB)Ql Wl 7FA]  @AA7} Z¥yA 5] axde=m
deA AN, Aol ool digk iAol yElyY AR&S
golAar W& F7keks @del uEhdal Stk HAAA o

oA kAl WA A F(Multidrug resistant :MDR-TB)e] Z=H Lo
Ade] AAAY2 dHE5 AAL dnk. olYF AFelAd, F H
ofAlel g AFAHE Hols FH O AHCAAY 3} SFF9
WolZ7l e rEste A2 AEAIHS oldst=d =+ol Hee

AzhA e,
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2.

o. Alsg € %4

/\E]
AE FF2= ). tuberculosis H37Rv, K, CDC1551, HN878%
£

O kg

632 specific pathogen-free female C57BL/6 TV}$-2=
(Japan SLC, Inc., Shijuoka, Japan)E T3 F, A
AdATFAE ] BL-3 biohazard animal roomlA barrier

condition A2 A3},

Ay

7h. A e] wie

M. tuberculosis H37Rv, CDC1551, HN878, K strain= Ogawa

Ao 35:3F wi%kElddth. 7S WA sauton potato

media®l ©]2l8lo] 3F7F v SEFATE. Sauton potato mediats
TS o2 AR FolA o] FEFHS FAdste] WSSt
FAlo] sauton potato mediall Bl AF F9 FHO=

f
1
o

THol = dHS FASA Hrp. o] BA FYoA dkS
T2 spatula® WA sauton medial] F o] Ho] =2 &
37C incubatorol A 3F7F w5}, Incubatorol A wiFH

¥ oBS Sorvall tubeol %70 5, 8000 rpm, 4CeolA 30& 7+

12



A4 Fein. 44 9§, B9 &ds] e,
AR met FFegle. ddE PBS(phosphate buffered
saline)S “il, 8000 rpm, 4TeolA 40%F 7+ AAL 3o},
2d T, FR98 WY, 3 m F2 FES 9oA,
oA 42 A% vortexE® AAIETE. Vortex7b £ Fl,
pipette-mang ©]83}o cryotubed] 1 m¥ EF3slo] YF52(-
20C)el 1A17E Jol FAr7}, -80CRE &A EaAT3AT

. A Al FoA o] A= Hla
HA A EE=  mouse  bone marrow-derived macrophagesE
AbgsEEA T, 10%  fetal  bovine serum  (FBS)  (Gibco,
Invitrogen Corp., NY, USA), penicillin (100 units/mf)
123l streptomycin (100 pg/mé)7} E3FE RPMI ¥iA] (Gibco,
NY, USA)ell 1929 AlEo] g hel 10%7F A H53 +,
5% CO,7F 3% = 37C incubatoroll Al A AEE w3ttt
Bone  marrow-derived  macrophages=  C57BL/6  mice]
EFERY Zeslltt. Az 2w A o+ TE
MOT(multiplicity of infection)oll Al FBSZ7} *EgH
iAo slaste] A A Eo] 2 4L, 4XFF EF 37TolA
HieFstel  wA7E dAAE WE F
FAATE EUA & RPN #iA= 31 A& 5 wjFatint.
WAAE W AL & FF S| HAst] WAAZE 0.1%
saponin (w/v) 2.2 A dto] 37ColA 10&3F C07F TH% =

incubatoroll Al ¥HSA|ATE, 108 o] resuspensiondle] 107,

13



102, 10°7k# A 3, M7H11 (Difco, Detroit, MI, USA)
Ao 50 WA Edsle] 37TolA  HlYEte] Y2 colony
FAE Ao 5 EE dAAE Y AEES ¥ s

A7 Z9A7 bone marrow-derived macrophage?
A= NS Holx [L-6Z enzyme-linked immunosorbent assay
(ELISA)Z =43} t}. ELISA plateol capture antibody=

Z+2ko] welloll Wir, 4ColA 18417 Bt FHA AT, FFo]

O

oF @ FAE AASH) YA PBS containing 0.05% tween 20
(PBST)®= Aoj& 3, PBS containing 10% FBSZ 37Tl A
1ANz7F E<eF blockAl#AFtt. Blockinge] &4 %, ZAdg4S

7+ X171 bone marrow-derived macrophageolA = doldl
AS5AS g3 37ColA 2A7F FoF HbgS A7t wESo]
E4 3 PBS containing 0.05% tween 20 (PBST)= Moj& 3,

biotin-conjugated anti-mouse IL-6% Wil 37TCeolA 1At
&9k Wkg-S AlFT. HE§o] EY % PBS containing 0.05%
tween 20(PBST)Z Aoj& tha, avidin horse radish
peroxidase® Wil 1A EF kst 71E &N (o-
phenylene-diamine)& i A-2olA °F 15623 §H3AI7 &
2.5 N S0, ¥ @S AAARAT. dH9] F=E ELISA

=
reader7| 2 =A3}9t}.

14



ddEd # FE v #He HAelA glsdith. ol
AAANZ 3 2 IZREE, vk$2o] isoniazid(IND)E 25
mg/kg/day, pyrazinamide(PZA)E 1000 mg/kg/day= 1253t
Folakolnt. 1253k kAl A& (chemotherapy) 7t €1
Fol #Hef vANAe] #F FE s, w2 ZF oA
ik = o]l gloke s Flsida. 1 ¥, 745 EHE
AEE = e st 48 7 Folm AEHA Fe
A5, 9 dAAQ steroidE FoIste AIAFES AEAIZ

T, #F U2 A9996E A5,

ky
By

O

Beag olAsigaz dehb A F, dAg WAL
sgdor Auste] PBS Pol zAe BNt 24
Agae /1002 9A F45ta, 27e] Mol 50w

S
M7H11 agar wjA]o] Wojrezal 3 37Co|A 3-4F7+ vjd&titt.
Z+7te] plateold A colonyE Al F, AFAE logy, CFU

(colony forming units)® YEFWTE,

vl #l9-2 Mo A 9 mononuclear cell?] g
ool AFS Ea NS AHE ] Ficoll-Paque™PLUS

15



(Amersham  Biosciences, Uppsala. Sweden)<  ©]-83}o]

mononuclear cell& W2 Th. MAEE RPMIE o] &3t F+ ®

A,
AR ER EE
o}

928 os@aR A AW F, A wE
dow Held F, do} W] ARE wWolur. e
collagenase (Sigma, St Louis, MO, USA)2} deoxyribonuclease
(Sigma, St Louis, MO, USA)E #H7}g %, 37C water batholA]
30 3E WA AT, whgo] 2 #Hop nFe ol &, 47 70
m cell strainero] oIAZATH. oF}dE AEE FolA RBCE

lysis AlZ] %, mononuclear cell® <& hemocytometers

Abg-ate] Atk

ob. TFN-y &H] AX 9] 54

[FN-y S &H]3l= AIXE ELISPOT assay® =AsFATE, WA
96 well assay plate (Millipore, Molsheim, France)& anti-
mouse IFN-y antibody® o7 &< 4TeolA coatingdt3itt.
=4 2 #H, W, d4 AEE 72 RPMIO) 10% FBS7F £019)
Aol ¥& & 7} wello] Yo]Fil, antigens 1 mg¥ wh
A ZTE. ol plate® 37T, 5% (0, “dElolA 24A% &
A oFshith. HwleF 3, PBSE plated 4¥ Ao]Flth. Biotin-

conjugated anti-mouse IFN-y 2 i1 2A]7F &< HEZAJF T

to

r

PBS containing 0.05% tween 20 (PBST)Z 4¥ A oj& & avidin

16



horse radish peroxidaseE 4Yil 1A]3F &<F WESAIHTE. HES
& PBST= 4 MolEF 3 3-amino-9-ethylcarbazole (AEC)
substrate (Sigma, St Louis, MO, USA)E ¥ AAZ7 o
T3-S AAE7] HsiA EZ AUl automatic  elispot

reader system (AID, Germany)< ©]&3l4 spot count& ST},

Bone marrow-derived macrophage®¢] A3 7o AELS BEib

21 (ANOVA test)E B3l 4], vlustict.

17



Scheme 1. 239 & 74 =l

I.V.”

|=aa =

T= 249 ¢4

INH+PZA™ (12wks)

treatment

IFN-y ELISPOT assay

CFU count
Histopathology

A 4 A 4

||

* Intravenous infection.

#*+*INH (Isoniazid : 25mg/kg/day) + PZA (Pyrazinamide :

14 16

I

28 34 (weeks)

T

Test for drug treatment
effect by CFU count

Induction of immune
suppression

using steroid treatment to
confirm latent infection

1000mg/kg/day) .



m. 43

1. Bone marrow—-derived macrophage Woll Aol Adlo] A=A

AW 52 H37Rv, K, CDC1551, HN878 %< 0.5 MOI, 5 MOI,
20 MOI= 4A|ZF &<t bone marrow-derived macrophage®l
AAANAAN Grbd dAoz EE AT, A AELE 0.1%

saponin #8 ¥ serial dilutione 3dFar M7H11 A ®fX] o

Lasto] U2 colony =AHE AloA diAAE W AEd A
ZAE B A s T

AAA 7] 4AZE Fol  bone marrow-derived macrophage®
AES AIYHF colony AHE E4HEA (ANOVA test)=E W] ulgh
A3k, 0.5 MOI, 5 MOI, 20 MOI ZEzbol #ol3 AxE d& +
AR (p < 0.01, ANOVA). wzhA, ol2fg Axt= 28 w5

e %3 AE del 271 AF7} nEns A 4' uE 4

Sig=1

—

—|—‘

oz
W AEsdeh. =9 A9 3o EEl" K #5o A,
FEdoz  dEd IN87T8  #FHTE EA|EE, (DC15510]ut

o
K

o

0.5 MOIZ ZHEAA

filo

AMFS 20 MOIZ 7ZaAH

)



o H5E g WA, HolFAL 4Dl HIRY FFH
K #Fnc gol ds5s 2

=)

E Koo (¥ 1).
CDC1551 #F9 AL, 5 MIZ ZEANAS AL, gAAMxz
(

el Aol o] &Aooz Zrlste FAS Bt

Aok (2™ 2).



—&—(CDC1551
—*—HN878

—o—Rv
+K

<+ ™ N
n4o0t807]

Day
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Day
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7 —
6 .
5 .
=) —o—Rv
= |
24 —=—K
?:o 3 r —4&—(CDC1551
= g | —*—HN878
1 .
0
0 2 4 6
Day
B
6 —
5 | .7/4:?
¥ —&
2 40 x\x/i/l ——Rv
Q 3l —a—K
?:" —&—(CDC1551
= 9 L —>—HN878
1 .
0
0 2 4 6
Day

b

H 2 3 w5 A= A EoAM o A=A

9~ EF5 ME FHe da HE (bone marrow-derived
macrophage)oll 4A1%F &<t 23 & 5 MOIZ #HAA H #HE Z
29, 49, 69 Fof AME YolA AEF 7o & SH3)
of 2 ZE YeRddT. A% B 22 A4S e

o
N
H
o
o



2. Bone marrow-derived macrophage #@ Al A3 HFFo| mME
IL-6 &H] 3

Interleukin—6  (IL-6)+= A3 APl izt =59
AAgkgo® U= cytokineolth. IL-6€ ¥F, Z=FAE, T
Ao Fshof T W who] Fofstar rh(34). AMAS
o+ HE bone marrow-derived macrophageol ZTEA F
05 = [L-692] 2 @4 H=Z ELISA assays 53] AT
A3 re] AAHL Azro]l BaREEE tiAAE ol ErEE
IL-69] ol T7tetes 3= BT

EolatA=, K 58 daXZE 45, e 23 w50l Hls|
HAAME7E B 4o IL-68 EHlsiolth. 1 th3o = HNGT8
#F7b 162 Weol EHESal, H37RveF (DC15519] 7%

wHE = ol A (2™ 3).



2500 r
2000 r
= 1500
> 02 day
& M4 day
© T 06 day
2 1000 |
500 r
Rv K CDC1551 HN878

a3 3. A¥dS vk 5 AXE FH9 g ME (bone
marrow—derived macrophage)oll FHAAIZ1 Fof] EH|EH+= [L-69 A

FRA. ANTL FIA D 29, 49, 60 F, B AX 33

4

oo gHE  ELISAE &3 &vd IL-69 42 =AHsE . Error

bar+ standard deviation< YERITEH.
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M.  tuberculosis H37Rv, K, C(DC1551, IN878 ST vul$2=
mMANS Fa 10° cfu FIAAAT. BEA7Ia, 18A1zE el
k2o wep BFS st N7H1L A wiR|el]  w<fste]
Zdd # FE2 #FA% A3 K 37 PF Zol #Hek ujgol
AL 72 FEEATG (R D

7} 131, 25 ¥, FAANEE AFsr] A, #Ht
vl A o] Aol 5 RlEqltt. 1 AF, K #F7F #HellA
A Bol AEste] ZAEa, HN8789 AME # Ut M
ATk, wlgol A= H37RveE HN878E A whezolA #
F7F 7V wol AEHATE (&

A8 A ZAQl  isoniazid®} pyrazinamideE V-2 ALRO]

ZAE AL, H37Rv7E 7HE A&

o
£y
filo
N
N
2
>
Y

A7bstel 12573 Al N5E HAAE F, oA ARE T b
257 Al AEE oA @2 vh2 2FE] cfuE v skl
oAl A2E & 2FO AS, #AY HFS Este] NrH11l
Lbsto] wFE Ad, Ado]l HEEHA F% oAl A8E
b7 42 2§ A9, #E 2FA et vlalste] #Hep Ao A
Aol ¥ A" AHE D& F UAATE. Bl HS HN8789]
B, HAZAA HEHE w9 U #Y 2FAEGT o2
st FFE B Aotk EE IN87T8L HoAE Aol
A= BAR, & g5l vE A o] wol A=HAT
#Heof nvl7gel A H37Rv ool 7Hd &dsiAl S48t (& 1D

12577F2]  isoniazid®} pyrazinamideE o]&3 kA 77}



By, 125F Fof| ZpzZte] #FFo] mE  wmhgzoAe]  #H 9}
Hle A o] ALES Gotr gt (23 4, 5). 1 AT, HolAe
o 42 747 supgl o] mhe- F 2-3vkE] AETE Aol THA
Mg ol el s € Ada (2™ 5), vl E K&
IN8782] 7% 5mbe]l F 3ubelollA, H37Rve} CDC15519] 74-¢- 5vle]
< 2utE]ollA Aol ALe S & 5 AAJT (29 4).

olgigt ZAy= (DC15510]  whg-Z=oA  ZFsk  IFN-y

HkS-S
=8t v Zol A ALEo] Fe A, K= 23 [FN-y ¥F3&
FE=sta v Fo Aol AEEo] TE FFHT 2 A dAALES

Bl



F 1. rpgzo A S ZAAT Foll #H e v oMo wF 573
Log;CFU"
Infection Initial dose Week 2 Week 16

with” Drug treatment Drug non-treatment

Lung Spleen Lung Spleen Lung Spleen Lung Spleen
H37Rv 3.48%£0.07 3.72£0.05 4.44+0.11 4.73£0.05 N.D.° N.D. 5.65+£0.88 5.03%£0.43
K 3.92+£0.24 4.03£0.14 4.55+0.26 4.42+0.11 N.D. N.D. 5.23+£0.54  4.43%£0.22
C(DC1551  3.73£0.05 3.72+0.02 4.25%£0.03 4.57+0.25  N.D. N.D. 5.21+£0.55 4.64%0.54
HN878 3.57£0.03 3.68+£0.02 4.11+£0.03 4.71+£0.19 N.D. N.D. 5.15+£0.72  4.40%£0.23

? Mean log;(CFUzstandard errors. Bacterial numbers are given as log,(CFU of M. tuberculosis isolated from

the lungs and spleens of mice.

" Each group consisted of five mice.

 Not Detectable.
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M. tuberculosis H37Rv, K, C(DC1551, HN878 T wl$29]
AN 25 FHE 12730 FA AEE 3 25T A ARE
A g ZFolA HH, v, das EHeoitt. Zdg =43

Gl TR A0)F AEE AL F, 27| Ado] Sol

?

W 5, v oA A Fhe] A=l o8] IFN-
AE 78 A3t (21 6).

o wEal, K& HN878 el #APE whp-ZolAd EEE #H 9
Ao A A o] AFH IIN-y & #Hlsts d9 AX
T 02 7R vy gyt (1" 7).

Ao gt AEe] A FYPo= AF5E FUAS AT,
H37Rvell A Adt ol ofa IFN-y & #H|ste= WY
BAoH (29 8). mwEbA TR 7R Foll v HoA FrHE



k2ol A Fel gk #Hep v Ao k- JfA] HE positive
As 7 FA ESAT6S} CFPl0LR A4S 9]
T H® ovpele] vhe2aE AY oo ® At

H37RvOl AAE TS0 Z%, suhel F 4vbele] g Aol

o920 A9 sukE]l F 3mbE], (DC15519] A% 5mbe]l 5 4vbg,
HN8789] 739 5wie]l & 4wl n7} AlZolA A3 Fd A=l
ol&] IFN-y #Hl5ol fFE ATt A FAD ESAT6H CFP10°]
A= Wol IFN-y & ®H|sE AEX e dAdez Hr),
SEAIRE, ConAell ©]8l] A= o} IFN-y & #Hlstes AEX
CDC1551= #APH wh-2ol A =A Yepwer. 77 248 7452
#HAAZ T, HelA 2Ed Axe Adg IdY AFE F
T, BT JRACA IFN-y & FH5o] FEHAT (ZE 10).
£3] (DC15517 HN878= T+ H whe-2=olx Add gl o
P =4 dvergs (2" 10). K
TFE A9d whezo ASs, uE g5 M IFN-y =
wH et AlE 7 AA #EESAT. 744 A8 g5 7Y
up-2o X gAS Hol AXE EIS F positive control?l
ConA9} 28] Yol ESAT69F (FP10oZ  A=3&te]  IFN-y &
Aiete AE 5 A A3, HN878¥ (DC1551=2 e d
k2ol A A vEbdtE (Z® 11). wEbA FAAA a9t
glolzl AlFelA 8 e mdolA e w5 3+ AlE wisf

[Ny & Adels del Axe] 57

0l o
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u] CDC1551, HN8780] 7} A= =iz} A
Tt K7 7P aeAdol whgkt).
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(Non-Tx; not drug treatment, Tx; drug treatment).
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a9 9. oAl AR FE 3F Foll vk HFlAM ZEd Alxel
Al TEN-y o gk W 2]

G2 RE S BEste], JiA EE ConA9t
ESAT6, CFPI0E 244 7F &%t A<= & Fo [FN-y <= #H|st= H
g M|X 4 IFN-y ELISPOT assayZE o]&3te] =A%, Error

bar= standard deviationg YERTE.
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a9 10. A A=

[FN-y ol whg |9 wkg 24, Az Z2dgoz gaAR
b2 RE HE EEstel, JHA EE ConAst AT FLY
ESAT6, CFP10Z 24A1%F &<t A5& & Fol IFN-y & #Hlste
me HE FE IFN-y ELISPOT assayE ©]&3t9 FHAsHACE

Error bart standard deviationg YERJTEH.
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o 12, 29 7 5, 1257 A X EF ke OFY AR
1A k2 w2 g ¥ A AR, ¥ ZFE 10% buffered
neutral formalin®® A% F paraffin blocks WEIL,
sectioning 3 %, hematoxylin & eosin staining WS ©]-&3}<]
A 8T, (X 400)

(A; H37Rv, B; K, C; CDC1551, D; HN878)



v. 1 &

Aol AT M. tuberculosist =T
Az Jd, FH8t] ALses Aoz dEAd v, iy Axe
oy 7pA ol 7Fow Ao FAE AAsta, AT
ST o] 7#g 3] BEste] ¥ WA
Adlgol= o8 #F7F SAeH, olEd #FEL HE
BdAdes 7 et Algldrk. H37Rve lab strain®®
HA don, K& gxolA g9 dF aF T M =2
NEZ Yelgs FFolth. (DC15517 IN8782 wl=ollA] a4
Foltk. (C15512 Aol HAol £& #F=2 AdHA
(15), 47 ZA¥ v& A FFEo] vl sFolA ddst ¥
, TS HE Y Y 2Y dFERY =4
% S TH(12). HN8782 3ol F[e o] dofTt
TOoR FuAQ 52 &HA Ark13).
olg st #FE°] AHu HFoe AEQL HAAEAAY HAFET
2 5= cytokineo] #F HEE ojuydh
kol & Hol=A Atz k. 2 Fe S 4r3F F<t
w}-$-2~°] bone marrow-derived macrophage®] ZEAIAS W,
g2 A el oist HFE&S HN878, K, (DC1551, H37Rve] wo&
UERsk . A 24 A3, w5 EE JAFE&o] Fo% AolE
Bolv, mEbs, wud ool A3k do=® AZd HN789]
B, WA AlEe] g JFHo] & dFHEY A A dEhvs
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A, My MEZe HEEo 7 WA yEelst. mEkA, sk
Z3 shzlo|A] Eg"H dAFel K= HNg78H.ThE x| uk H37Rvib
CDC1551K.t} ZatAl tha] A XEo] AFEs= Aoz Hol YA o]

T3 64 7 tAAMEAgA] AEES chuE YEd ARE

2 4o INg78y Hl=d FEoE KT A
AZ WelA AFstes A& & 5 AT mEA, HaAol
stk G dFol A, Ui AExEe AFRHEHI ATE
o Aol FH, HN78Y K& WYMol =& Zolgta
FAHET. Ao #HIAH M FoA EH|EHE cytokined]
el IL-69 ¥& SAE Btk 1 A3, KeF HN8780] TRE

5ol Hlsl t AlEol Ao IL-69 it &Es] st A

ZHE-71) (latent infection)

grheD). Abgel  d: Aase ¥R gde ge

o
Yo
o

TTFANE 7HAAL A

Cornell model d2 ol&5= &5 23 #Ade 494
Edolxrt, of2] WolX EFI7E Zagh dAolnk. vhke mt
el wer, WdAdol dEbAel, ©WE strain® #FAAME
the Hddel vt AzEnt.

B Ago|AE= N tuberculosis H37Rv, K, CDC1551, HN878%
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4<%, H37Rve} CDCIS51RT Ay el Aol IFN-y &
HHgk= Ao 71 ¥ Bol 57k AT o= A8 A=
B8l Adtol 9] culture Folle EASHA AT, Kb HN878
7o A5, %A A5 AAHE HESdE HeA AHHOE

Aug Pl o@ £7Fo WY wgo] Dojua 1&g FHA
o
=

H oA AlxE e 5, ex vivo BolA AT IFAdH
positive control€l ConAZE 24A17F HoF =S &= Ay, AT
Fde] AFel o8] IFN-y & wHlete AlxEe] = AU
aey, (DC15519] A%, ConAZ A=& FAELE wW IFN-y &
Arrete AlES 7 o2 FFol vl =A e o] AL
&3l CDC1551% e whe2o] A, HHolA "y ¥hgo] t&
TFET Fds] dojui S ¢ T AT HeNE T
Ade AAE A3, Ko A5 vET FHolA vE g5l HlEl

o wkgol oFekAl dojua AL, CDC1s51L & H
33 =5 19S RS AFS & T AT A= ¢
A}t w72 CDC1551E #AAHAS Aol A& Ax w7y

Wel whgol fEEAT. ok &HI glojn AHolA e =
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Abstract

Comparison of virulence among Mycobacterium tuberculosis

1solates 1n macrophages and in a latent infection model

Jeong Yeon Kwak
Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Sang-Nae Cho)

Tuberculosis (TB), caused by Mycobacterium tuberculosis,
is one of the world s major infectious diseases. /.
tuberculosis 1s a facultative intracellular pathogen residing
in macrophages of the hosts. There have been many strain
variations observed in M. tuberculosis over the several
continents. Some of these M. tuberculosis strains caused
outbreaks in several endemic and non-endemic areas. The
virulence of these M. tuberculosis strains seemed to be
related to many factors such as hosts’ immune responses,
exposure of hosts to environmental mycobacteria, and strain
variations. However, it has not been well characterized how
different WM. tuberculosis strains respond to the protective

immune system of hosts. In this study, therefore, virulence of



four M. tuberculosis strains (H37Rv, CDC 1551, HN878 and K)
was compared by examining their growth rates in macrophages,
induction of cytokines in macrophages and cell mediated immune
responses in mice, and relapse rate in a latent infection
model .

When mouse bone marrow-derived macrophages were
infected with M. tuberculosis, the HN878 strain was
phagocytized most efficiently by or infected the macrophages,
followed by the K and H37Rv strains in order. The CDC1551
strain was least infectious to macrophages. Number of live
bacilli of these strains maintained at the approximately same
level as the initial infection doses for six days. This may
indicate that the K strain is as virulent as the HN878 strain.

[L-6, a pro-inflammatory cytokine, was detectable in
the highest concentration in the culture supernatant of
macrophages infected with the K strain of M. tuberculosis and
in lower concentration in the macrophages infected with either
H37Rv or CDC1551. This may reflect bacterial load in the
macrophages rather than efficiency of induction of IL-6 by /.
tuberculosis strains.

Lastly, a modified Cornell latent tuberculosis model
was established and employed to compare relapse rate among the
M. tuberculosis strains. When examined at 12 weeks after the

last day of treatment, two to three animals of five animals



per group had re-growth of W tuberculosis in the lungs. In
the spleen, however, both the K and HN878 strains had relapse
in three out of five animals while H37Rv and CDC1551 only one
or two, indicating that there may be a slight difference in
extent of dissemination or relapse rate between /.
tuberculosis strains. Interestingly, the CDC1551 strain
induced strongly IFN-y response while the K strain elicited a
weak IFN-y response, which may explain higher relapse in the
latent infection model.

In summary, there was a clear difference in efficiency
of entering macrophages and in relapse rate in a latent
infection model of TB in mice among M. tuberculosis strains.
Such difference may be due to their ability of inducing cell-
mediated immune response in ex vivo and in vivo models. The
pathogenesis of WM. tuberculosis may be, therefore, affected by
the host factors in addition to the bacterial virulence.
Further characterization of the interaction between /.
tuberculosis and the host will help to develop the effective

vaccine and therapeutic drugs for TB.

Key Words : M. tuberculosis, virulence, macrophage, T cell,
IL-6, IFN-y, latent infection, Cornell latent tuberculosis

model .
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