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Abstract : Five inbred strains of mice were examined for resistance to intravenous
infection with 10° colony-forming units of Mycobacterium tuberculosis H37Rv. Based on the
difference in survival time, five strains were classified into two groups : susceptible (CBA
and DBA/2) and resistant (BALB/c, A/J, C57BL/6) strains. After infection with M.
tuberculosis, mycobacteria rapidly multiplied in the lung with low levels of pulmonary IL-
12 production in CBA mice ; resulting in the progression of necrotic pneumonia. In contrast,
mycobacteria slowly multiplied in association with high levels of IL-12 production in the
lung of C57BL/6 mice ; leading to the development of granulomas. In C57BL/6 mice, the
growth of bacteria was suppressed over a long period (6th-24th weeks) after infection, and
granulbmatous response in the lung was followed by progressive fibrosis capable of prevent-
ing bacterial dissemination. When alveolar macrophages from both strains were infected
wm vitro with M. tuberculosis at a ratio of 1: 10, the degree of phagocytic activity was not
different between two strains, but C57BL/6 cells displayed higher anti-mycobacterial
activity compared to CBA cells. These results suggest that murine natural resistance
against M. tuberculosis depends on the anti-mycobacterial activity of alveolar macrophages,
and the early production of IL-12 in the lung upon infection appears to be associated with
the innate resistance and subsequent induction of M. tuberculosis-specific immunity.
Moreover, vaccination with BCG was effective in reducing bacterial growth in both mouse
strains during the initial phase of infection, while its effect was expressed in only resistant
mice as the retardation of histopathologic progression during the late phase.

(ZTESE. J. Nara Med. Ass. 51, 33~45, 2000)
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lung granuloma, BCG
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FHILNEREE AL SHEEE) R B ie. BREE T M
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M & b Middlebrook 7H9 broth(Difco #, Detroit,
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A v —REAELFETE, BLD T, M. bovis BCG
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BCG Pasteur # 10* CFU o F FHESHIC X 2 EH A E Y
WL, 6 MBI M. tuberculosis H37Rv #k 10° CFU %
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#H, KBO&#HAWTAERKE L, IL-12 JEE TofE
—80C THFERFE L. IL-12 o JlE ik ENDOGEN
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-2-hydroxy ethylpiperazine- N’-2-ethane sulfonic
acid(HEPES), 0.07 % NaHCOs, 0.5 mM 2- mer-
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Viable counts (logio cfu/lung)

Fig. 1.

Table 1. Median survival time (MST)
of five inbred mouse strains

Strain MST (days)
CBA 67
DBA/2 100
A/J >200
C57BL/6 >200
Balb/c >200

Groups of 10 mice were intravenously
inoculated with 10° CFU of M. tuberculosis
H37Rv. The results were expressed as the
mean of two experiments.

DBA/2

BALB/c
C57BL/6

A/)

1 34 9 14

weeks after infection

Growth of M. tuberculosis in the lung of five
inbred strains of mice after infection with 10°
CFU of strain H37Rv. Each group consisted
of 10 mice. Each point represents the mean of
3 different experiments. Bars represent stan-
dard deviation (SD).
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5 C57BL/6 ~ v A IBEXKT L1300 H B
RCEFEL TR, ZoRO~< Y 2IEENES LE
BLTCWBETFABIE I .

OB D Hhg
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1.4 %OHEETE eh oo,

MR~ v 28T 5 BCG OB RN % M S
PETEBIHICHIET B &, £ CBA ~ v A CIRSL 3 E
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Fig. 2. Effect of BCG immunization on mouse survival against infection of M.
tuberculosis. Groups of 20 mice were immunized with subcutaneus
inoculation of 10* CFU of M. bovis (BGG) strain Pasteur six weeks

before challenge with 10° CFU of strain H37Rv. The same experi-

ments were repeated three times, and a representative result is shown.

CBA (Naive)

CBA (Immune)
C57BL/6 (Naive)

C57BL/6 (Immune)

Viable counts (logio cfu/lung)
o

L | 1 1 1 1 1 ]
13 6 9 14 24 29 40
weeks after infection

Fig. 3. Mycobacterial growth in the lung of unimmunized and BCG
-immunized C57BL/6 and CBA mice after infection with 10°
CFU of M. tuberculosis H37Rv. FEach point represents the
mean value from 5 mice. Bars represent SD.
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JEfRE CBA = 7 A DRI 1 8 B it izIsEE T
T MR ERERDE O~ v 7 7 =2 DM
H)ZRD BT TH o I

# X

BRGLtE 3 8 B O CIXESEE DB IR AL TH
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DB L7 98 B IS i3 & e R4S 23R 4% b 304
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FRB M Rk USER AR ©/N & e BRI 2 e L T s
7= (Fig. 6-a,d). 6 BB X Fh bRE(L L, REIFIICEk
1T % BRI ARG RD b iz (Fig. 6-b).

Fig. 4. Photomicrographs of lungs from susceptible CBA mice. (a) The lung was obtained
3 weeks after infection. Sections were stained with Hematoxylin-and eosin (HE),
showing focal necrotizing pneumonia. (original magnefication; X100). (b) The lung
was obtained after 9 weeks of infection, showing a wide spread of necrosis (HE,
original magnification ; X100). (c¢) The lung was obtained after 3 weeks of infection,
showing cellular debris and nuclear fragments in the alveolar space (HE, original
magnification ; X400).
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v AP S 14 WH L 56 %BITE#E L.

JE5HE CSTBL/6 = 7 A TIx, 2L THIRY o> 88 hn 3
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Fig. 5. Ziehl-Neelsen staining for acid-fast bacilli (AFB). (original magnification ; X 1000).
(a) The lung of CBA mouse after 3 weeks of infection, showing many AFB in the
foamy macrophages. (b) The lung of CBA mouse after 9 weeks of infection, showing
high density of AFB observed in the necrotic area. (c) The lung of C57BL/6 mouse
after 24 weeks of infection, showing only few AFB in the lesion.
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DffhhHE RO IL-12 BE 2% L7 (Fig. 9. C57BL
/6 = v A CILEHG: 6 R I 2 BR il A IL-12 BE
R, BE3 AR 8%ET 52, BETH
B IRE e EE AR TSR B hic. Z RIER LT CBA
=¥ AT C57BL/6 = v At L T IL-12 RE KL,

# X

B 7 BRI R THEE EINIRD b o o, KR
e = v A TR~ 7 A (CBA, C57BL/6) & % i fififh
HiE o IL-12 BE B HEE LT €& » 72 (<5 pg/mg
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®fifa~ 7 v 7 7 — o OFEREE ARE & PFUREKREEE
fifa~2 w77 =20 in vitro TOREEROERE
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Fig. 6. Photomicrographs of lungs from resistant C57BL/6 mice . (a) The lung was obtained
3 weeks after infection, showing small focal pneumonia in perivascular area (HE,
original magnification ; X100). (b) The lung was obtained after 6 weeks of infection,
showing that many lymphocytes accumulated at the lesion. (HE, original magnifica-
tion; X100). (c) The lung was obtained after 24 weeks of infection, showing honey-
comb appearance with extensive fibrosis. The fibrosis was interrupted by many cysts
(HE, original magnification; X100). (d) The lung was obtained after 3 weeks of
infection, showing granulomatous response with macrophages and histiocytes (HE,

original magnification ; X400).
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Fig. 7. Photomicrographs of the lung from BCG-im-
munized C57BL/6 mouse after 40 weeks of
infection.

Sections showed squamous cell
metaplasia (HE, original magnification; X
100).

235 72 (P<0.05).

BEVDEHED~s7r 77 =1 EDY OM
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5D~ v ARG O BRI B\ T, ERERYE
DEFHBEDE B CBA, DBA/2 D EEBEES M,
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Fo. BZM~ v ATk~ Y ADBETT % % CHIAERN
BINULEET s, Shiest L bt~ v 2 CTIRkL 6
BHEKE, MAEROHEMAIE S h, ki) sk
B 7oA BB R NI X B S B O SE ©, B HhE
HHIBRE VB e & 2 B e,
FEREESIM BT 5 BEHE R M, bovis BCG Xt
T35~y A0 HRESMRET (begD 13— Lic
ERHE I hTWw5%. BALB/c, C57BL/6 = v &%
BCG @&3#:T5» b, CBA, DBA/2, A/] i3 BCG #HEHitk
THHIY, SEOERICE T~ Y 2 DEKERS
P& BCGRREHIIMER L TwB EFE 2 bhic. EKE

H37Rv BEget% D CBA -C57BL/6 = 7 A TOMHNEL
i, BRI BENOERE B bR, Bt 1 BB L 38
BOMBLIBIRAE LS Kol TDZ Enb, BKYF)
HOBREERMEOE IR~ v 2 0 BREIHOE
HESLEFE bR

<27 w7 7 — o0 in vitro BREEEER T, 24 BRY
BEBEOEBEEARBIER~ Y AR TRV L1 THD
e, T2 RREESES CIXCBL/6 <= v 7y — DD
HREREEEZ CBA =V A LABIEL, <7 =
7 7 — P OB RETR ~ 7 2 ORBREIC R T 5
WEEEBEEOEWEEAL TS EE2bhi. 20
n vitro YR T, C57BL/6 =7 » 7 v — DI HIAZEL
B AbhcZ E0b, BEEORMRNAD =27 —
TR A ERE L LT, MRRZEIFET S LHEX
5. COMBAENRT AL —v A THDHh, BfksF
Thb.

CDinvitro CEIB=I7r T 7 —DDHEHDOER
X, BEERREIBENDER~ Y RADOMREDER
ELTHEIN.CBA= v A Tllifi~s 77—
DOMEERICSEOFRE I FLEL TV DX LT,
C57BL/6 = ¥ A CIIHBEE,E D 72, fild~7s v 7 7 —
T OFFERBEEE S ERE TR 2 & & AR o Tk
BEHREND DRI I

~ v ADRBKEERECBES T RFELT, IL-2,
interferon(IFN)-y, tumor necrosis factor(TNF)-a,
inducible nitric oxide synthase(iNOS) 7¢ & 23 X
T 510010 TL-12 135 < DRREMEMAED O RIBIT X
TR R 77 —IBbELEINDLY A I 4 VT,
natural killer(NK)fiifgDiE#: b= T helper 1(Th 1)
ROGACERET 2—77C, BRPPTEBHE ORFREIRHER
DIgHT BRI & BIEB G OBE LR EZE
5 BB BT, RLRET R TEE L
b T 5.

SE 0P C ISR RERGE 1 BN s
5 HREIED VR THER~ 7 ABICERBD b hic
T Eab, BEMICS\ W CEE RS AR IL-12
DEFBITC BT 2 ELERBE R e, Btk 6 B h
LR~ RO T 5 [L-12 EEBCENAD L
f, IL-12 BEEEOZENWR~ v AR OEKE KT %
TR DR VIS L T B EE 2 bhi. BRI
ZIL-12 ZFEBRRB LI e b CRABE T 5 K
ZUIBD TR BEEORRLXOERITLEIIY, <
7 AADIL-12 DE 5 X - CTRBKE IR T 5 B %
DR T A EPWMEIRTWB, = v 2 IeKIT S
FRBPEE M. avium MACORBZ B\~ TH, MAC
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ZE D Matsui b1k, FEEERET HEOWR~< Y 2D
CRITHEEY A 1Y mRNAOREEY V¥V 7

# XA

my FECHBIL, C57BL/6 ~ ¥ 2Tk CBA =¥ R i
kL, IFN-y mRNA 0 RBEENEBCHEHRL T\ 5
A, IL-2, IL-4 R OIL-10 ® mRNA BB ICITEEE
DN EHRDT 5B Matsui ef al., 2000, F¥FEF).
ZDEFIT, BRI 5 IL-12 oELTTH#E, Th
1 RBHLIENC NK Ml %A 5 & & CIFN-y ©
EERRNPLCOSFREEEZTBR TS0 TH 5.

b b OREBIRE IR AREFMNEAR 2 —v L
T, <7 » 77— FOMRS % X OV S Ofitifg

CBA

Naive 3.3% 25.8% 5.2%
CBA

Immune 1.4% 4.2% 17. 4% 56. 4%
CH7BL/6

Naive

CH7BL/6

2.0% 11.3% 39.4% 63.5%

Immune 0.9% 4.0% 13 1% 26 0% 43. 9%

Fig. 8. Comparison of the affected lung area (%) after infection of M.
tuberculosis H3TRv between CBA and C57BL/6 mice. Lung sections
stained with HE were scanned with a computer-assisted Scan Jet 4C
/T, and the ratio of the affected area was calculated with NIH Image
software. At each time point, lungs from three different mice were
assayed. The experiments was done twice. Results are expressed as
the mean of 6 mice. SD was within 10% of each mean value.
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Fig. 9. Measurement of IL-12 in the lung. Lung extract was prepared
from the lungs of three individual mice at each time point after
infection of M. tuberculosis. Serial dilutions of each extract
were assayed in duplicate for quantity of IL-12 by enzyme
-linked immunosorbent assay (ELISA). The same experi-
ments were repeated three times. Results are expressed as the
mean =SD for 18 determinants. * P <0.01

Table 2. Anti-M. tuberculosis activity of alveolar macrophages obtained from
C57BL/6 and CBA mice

Anti mycobacterial activity

24 Hours 72 Hours
Macrophages .
from: Viable cells Phagocytic Viable cells No. of v1ab¥e
(% control) index (% control) mycobacteria
(CFU) per cell
CBA 100% 5.4+0.4 91.6% 63.3£5.5
C57BL/6 100% 5.0+£1.0 67% 14.9+1.7

Alveolar macrophages of CBA and C57BL/6 mice were incubated with M. tuberculosis
H37Rv at the infection ratio of 10 bacteria per cell. Phagocytic index was expressed as
the number of viable mycobacteria per viable cell at 24h of incubation. Viable cell
counts were expressed as % of control cell culture, the number of which was determined
by culturing macrophages without infection. The mumber of viable mycobacteria was
expressed as the number of CFU per viable cell at 72h of incubation. Results were
obtained from three separate experiments in which culture was done in triplicate.
Results are expressed as the mean +SD.
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