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Growth inhibition of the intracellular mycobacteria such as Mpycobacterium tuberculo-
sis, M. bovis, M. kansasii, M.avium, M. intracellulare, M. fortuitum, and M. chelonae
subsp. abscessus by interferon-y (IFN-y )- or tumor necrosis factor-« (TNF- « )-treated
murine peritoneal macrophages elicited by proteose peptone was studied in vitro. Macro-
phages were infected with slowly growing mycobacteria and the extracellular mycobacteria
were washed out. Then, macrophages were treated with IFN-y or TNF-« at a concentra-
tion of 10 to 1000 U/m! for 2 days. In another experiment, macrophages were pretreated
with these cytokines for 1 day then infected with rapidly growing mycobacteria as be-
fore. Macrophages were cultured with or without IFN-y or TNF-« for additional day.
Mycobacterial growth was assessed by determination of colony-forming units on THI1
agar plates after destruction of the macrophages. Stimulation of macrophages with IFN-y
reduced the growth of mycobacteria. However, except for M. tuberculosis and M. bouts,
growth was not inhibited by macrophages treated with TNF-«. IFN-7 seems to be an
important cytokine for the activation of mycobactericidal mechanisms in murine macro-
phages. Stimulation with IFN-y or TNF-« and subsequent phagocytosis of M. tuberculosis
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or M. intracellulare increased Os production, which was assayed by the method of cytochro-
me C reduction by murine peritoneal macrophages. Phorbol myristate acetate-triggered-
Os production was also elevated by the cytokine pretreatment of the macrophages, sug-

gesting that mycobacterial growth inhibition did not parallel the production of reactive
oxygen intermediates in TNF- « -activated murine peritoneal macrophages. These data sug-
gest that bactericidal mechanisms of murine macrophages against nontuberculous

mycobacteria may not depend on reactive oxygen intermediates.
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AIDS MR EIEL & I D 5\ iE Myco-
bacterium avium complex (MAC) BPEIZEE
R E o TV AEDS, SHEIMMEERKR, RS DHL
BRI L CEEHOE Y MAC 2R LH ET 55K
DOIFERPEE I L 2 BRPEDERIE, o) EETH
b, bUbNOEEBK~ Y A MAC BHEIZDOVTO
BT, NUVUERHY ) 77 <4 UEEEKRM-
16487 ) A0 ALy EQOLBMBENT in
vitro ATEM 2 A T A2 EAEHWZHETH, ML
IEEDFIRITAONZNWT &, E51Z, ThbDEK
EUEHBATY, FHHEGICL D B0 K
REHOBIDBALNDE L DD, ZFDHOE ORI
MR ONBNZ EFHLPICR > TWEY Y

BIETHIS A WE 27077 =Y (Me ) DSHEAT
% IFN-y, TNF-«, GM-CSF, IL-2 % D% A + %
14> (CK) X hiEibshsi: Mo T, MiBEZ &
DOHFBANZF AR T A HRIEESEE SN D 2 & 05H
LNTWADY, Wi - kb 5\ ik Mo OBWRES &
DFENNI LT, LTLDBBLAEEEIBFEONLTES
¥, Ihb CKMHEIZX > T Me DHURIEMIZHEIH X
N7z $THMEDHAL ST, FCHHI Sz T5bD
bHro",

SEOEERTIE, [FN-7 5\ ik TNF- o TR
nizv o A Me OFREBE R MAC % &0 IEERIH
ERUICAT S AHUEIENE L, S CK TRE SN Mo
® reactive oxygen intermediates (ROI) BEEAERE%
BT 5ZL12EoT, TRHEDCKIZE > TAEK
N7z Mo DSHiERHE OBFEIHIH 2 VITEEIZ LD L 9
Wb oTwb0R, T, HEHICHT S Me¢ O
ROIKAMUBE A D = AL OB G EORETH LD
PEMBIEEHPE LTS, EonmAIE, #iE
EHEBHEBRIHEDEEICICHTE R bDLEZ LN,

bzl &

(1) BeaAR

M. tuberculosis H3TRv ¥, M.bovis BCG
Yoken ¥k, M. kansasii ATCC 12478%, M. avium
N-425%k, M. intracellulare N-260#%%k, M. fortu-
itum ATCC6841 %k B & U° M. chelonae subsp.
abscessus ATCCI9TTH A AL 720 WTHOBEKD
TH9 broth 37C T3 ~TH¥EL - DR EHKT
B PEE L, OD (540nm)=0.4~0.812% % & 9 IZ#&HF
KRTHEL,

&6IZ, Of MEHOEMK (H3TRv, N-260) 122w
Ti, TH11 #X¥EH L, 5% CO.BET, 3STCT28
MIRERE L 72 b DR ERKTEROLBEER, OD =1412% %
LG AKTHREL 7z, 2B, HE MAC2EHRITW
ThOFE, B, AEEOau=—FRE2AET 55E
H®TH 5,

(2 ~ruz7y—%

8 ~12:8k> BALB/c R~ 2 (HA SLC, #H)
1210% proteose peptone @ 2m!l # EHEHNSE L, 4
H#%I22 % FBS-/N v 7 ARk (LIF, HBSS) THEE
FHAMKE (PEC) #EXL 72, EOEEHZ, 10mM
HEPES &410% FBS-RPMI 164053 (LU, RPMI)
MR A il (7.6X10%/ml) &4, D 1 ml %Mk
F#H Y )V (24 well ; Cornig Glass Works, NY,
USA) 2z, 5% CO,F, 37C, 3EERE®EL .
RWT, 2% FBS-HBSS T 3 H¥E% L CTIEFTEMAL %
BREL, Mo HgHEEEH,

O WM M¢ OFBTIE, kil L7 PEC ®10%
FBS-RPMI Mg (1X10°/mil) ?2.5mi % H#k
KB Y )V (6well; Corning) iz, kL2
FBDOHET Mo HIEREREZ1G72,

(3) HLEEM

ERBFHEBEEOEA, 10% FBS-RPMI (Zi#iF S €72
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B (3.7~8.5X10° CFU/m!) ® 1ml % M¢ HEh
FEEIEE, 1 EEREE#ER, M¢ % 2 % FBS-HBSS T5H
[H## L, recombinant mouse IFN-7 (Genzyme,
MA, USA) & %\ it recombinant human TNF-«
(KHAHE, KK) #F%10% FBS-RPMI ® 1 m!
RV, 2 HEEEEE, & well 121 mil OZFEZKEM
Z 7212 Handy sonic (Model UR-20P, Tomy
Seiko Co., LTD, Tokyo) % AW T#H15H M OBH
WA T Mo 2BIESE%, By THI1 EREH
LTEHILZ, F72, BBV ED Me % F LAWY
L, BEMETTMe $EHIL .

HERFVBEOEHETIX, F4OHACK # Me
HIER#ICm, 1HEOmMEREZTo72, RV T,
M¢ % 2 % FBS-HBSS T3 ¥t L, ®W# (6.5~7.1
X10° CFU/m/) % &, 1 BHERE#EE, $5I12 Mo
% 2 % FBS-HBSS T 5 HIWE L7z, KiZ, i CK &
EREEREZMRI12EHEREREL 2%, M¢ % 2% FBS-
HBSS T 3 m¥#E#%, #Hiz%i CK #%F10% FBS-RPMI
EMMZTEOICI2RHEEE L2, EBRRTH (BRE1H
%), CKafFEEREREL Mo Z%ER, Fwell
\22ml DERKEMRZ 2o 2L T, LikE R FE
THEILTIZ M BOFHHZIT-72,

4) Os W=

HIBRE Mo ICIFN-7 5 WIETNF- « &F10%
FBS-RPMI ®2.5m/ %2 X, 2 H M5 ##% |2 HBSS
(0.1% glucose &4, phenol red A& : pH=7.2) T
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3MEPEH L7z KT, 80uM cytochrome C &F
HBSS ([F.L£) ®2.5m! @M L 72#%, OD =14 ® M.
tuberculosis & %\ & M. intracellulare ® £ 0.1m/
% 72132.5£g/ml phorbol myristate acetate (PMA)
DI0pl ZFHML, 3TCTIOHHEA v F 2 _X— b+ L7,
M¢ 2260 0, EAERIE, ML -5ELEFEO OD
(550nm) EOETOEAVEHET LI LIZL->TD
L,

L ES

ERBIERIINT 2 M¢ OEEEICKIZT
IFN-y & TNF- o« DEH

Table 1 IZ#H & M. bovis 2% 5 % IFN-7 &
TNF- o« 0¥ M¢ OHEEBE LR Lz, WTho CK
MEIZL o THINOMEAKRICH T2 Mo DHLHETE M
DIEEENH S NT2H, ZDOERIE IFN-y D F 25 TNF-
a &Y HEFHNERIZH > 72,

Table 213 M. kansasii IZ2OWTOFEERLIZD
DTHHDS, IFN-y MEIZ X 1, SEHEAOVTIOH
BIZBWTHITITFEBEE, BIb Mo PIREH D#50%
DOMIEEEIRDO SNz, L2 L, TNF-o 2LE Mo
Tlid Mo WESEOMEIEIEA ST, & LA CK
FEMEIT R Mo I2BIFH LD D, ZOHBEIPESH
B % B,

Table 321X IFN-y B & U TNF- o« LE M¢ O
MAC I3 2HEEREZ R L7z, [FN-y LEIZ LD

(1)

Table 1 Antimicrobial Activity of IFN-7 - or TNF- a -treated Macrophages against
Mycobacterium tuberculosis complex®
M. tuberculosis H37TRv M. bovis BCG Yoken
Concent- Growth Growth
Agent (1]1?;101;) CFU/100 macrophages inhibition CFU/100 macrophages inhibition
T otime  2day  OF OTEANSMSY g yime  pgay  Of organisms
None - 23+0.9 79+3.6 - 14+1.1 5.6+0.6 -
IFN-7 10 NT®) 60=0.8%) 24 NT 4.8%0.1 14
10? NT 53+2.1¢) 33 NT 4.1%0.3 27
10° NT 59+4.09) 25 NT 3.3+0.29) 41
TNF- a 10 NT 63+1.69 20 NT 4.7+0.5 16
10 NT 624,29 22 NT 5.0+0.2 11
10° NT 67+3.6 15 NT 5.2+0.4 7

a) Macrophages were cultured with M. tuberculosis (8.5X10° CFU/ml) or M. bovis (3.7X10° CFU/m/) suspended in 10%
FBS-RPMI 1640 medium for 1 hr, and the extracellular bacteria were washed out. Then, macrophages were cultured in
the medium with or without the addition of IFN-y or TNF-a for 2 days. Intracellular growth of the organisms was
measured by counting colony-forming units (CFU) on 7HI11 agar plates for the macrophage cell lysates.

b) Growth inhibiton (%) = {1— (Ntx/Nto in cytokine-treated macrophages)/(Ntx/Nto in nontreated macrophages) |
X100. Nto and Ntx are numbers of CFU at 0 time and 2-day, respectively. Values are expresed as mear + SE (n=3).

¢) Not tested.

d) Significantly different from nontreated macrophages at p<0.05.
e) Significantly different from nontreated macrophages at p<0.01.
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Table 2 Antimicrobial Activity of IFN-y - or TNF- « -treated
Macrophages against Mycobacterium kansasii®
M. kansasii ATCC 12478
Concent- Growih
Agent (r{;;lorll) CFU/100 macrophages inhibition
m .
0 time 9-day of org(a;/on)lsms
None - 11+0.8 45+2.4 -
IFN-y 10 NT® 23+1.19 49
10° NT 19+0.4° 58
10° NT 23+0.99 49
TNF-a 10 NT 47+4.3 — 4
10° NT 49+5.8 -9
10° NT 50£3.5 —-11
a) Macrophages were infected with M. kansasii (4.8X10° CFU/ml). The other details
are the same as indicated in Table 1.
Table 3 Antimicrobial Activity of IFN-7 - or TNF-a-treated Macrophages against
Mycobacterium avium complexa)
M. avium N-425 M. intracellulare N-260
Concent- Growth Growth
Agent (1«51}10?) CFU/100 macrophages inbibition CFU/100 macrophages inhibition
0 time 2-day of org(a(l);)lsms 0 time 2-day of ortg(;:?mms
None - 14+0.6 12+1.1 - 6.0+0.2 15+0.1 -
IFN-7 10 NT® 10+0.9 17 NT 1140.4¢ 27
10° NT 10+0.4 17 NT 11+1.3 27
10° NT 11+1.2 8 NT 114059 27
TNF- « 10 NT 13+0.7 -8 NT 1940.89 —27
10 NT 12+0.6 0 NT 19+0.89 —27
10° NT 12+1.2 0 NT 14+0.5 7

a) Macrophages were infected with M. avium (5.4X10° CFU/ml) or M. intracellulare (4.3%10° CFU/ml). The other details

are the same as indicated in Table 1.

M @ M. avium E N M. intracellulare D3 1
OBWBRIZH T 5 PUBIEN b B S W2 HAHH L NIZA,
IFN-7 i £10° U/ml L EicmE Ty Mo Ot
BEO & &% ABIIAD L o7z, 1), TNF-«
WMBIZ X o T, M¢ DWwFho MAC BHRICHT 5
PG I DA ST, & LA TNF-o« DREIC
LoTit M¢ WHEARROMIAMEE S 15 EIH % &2
B72,

(2) BAEREHEEICHT 2 Me OHBEIEEICK
129 [FN-7 & TNF- « DIEH

Table 4 & M. fortuitum & M. chelonae subsp.
abscessus IZPWTOREEER LT, M. fortuitum O
Ba, Me OEREINTAERR (0 time) ZAE

M1HMO CKMBIZX ) ETRTT2EEIZD 5
Nn7=hs (FAESR : 7.3~33.4%), M¢ WHAREII
THHEEEZ DL DI IFN-y LEIZ L o TR S 1
LI Ehotz, TNIZHLT, TNF-ZiZZD X
57 Mo MEEMEEEIREBOLNT, 2o T
M¢ DOHETEEAHIH & h @A AFRD iz,

M. chelonae subsp. abscessus DHFEIZHB VT,
EboBA L FRE, [FN-y BILE M¢ TORRE &
HEEOET, LOICHARE T 2 HEEEOTTES
FHLNTS DD, TNF-a TORMLEIZEL > T M@
OHMAFALRILS B INLZ L, SHITHARR
W23t B Mo HEEM TNF- o LEIZEoTH LA
HEIS N EBHLRE RS, B, ThHDCK
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Table 4 Antimicrobial Activity of IFN-7 - or TNF-«-treated Macrophages against
Mycobacterium fortuitum complex®

M. fortuitum ATCC 6841

M. chelonae subsp. abscessus ATCC 19977

A Concont CFU/100 macrophages Growth CFU/100 macrophages Growth
gent (rS}lOI;) phag inhibition _ inhibition
0 time 1-day of org;)r;lsms 0 time l-day of or(gtg?lsms
None - 83+2.5 305411 - 34+2.3 159+1.8 —
IFN-y 10 66+4.4°) 1814194 25 1740.9¢) 4145.09 48
10 63+1.79 167159 28 16+0.8 28+4.14) 63
10° 5611 1624124 21 1540.44) 45+92.94) 36
TNF- a 10 77+10 433+46°) — 53 52+40.79) 279413 —15
10° 69+4.7 435435¢) - 72 644199  281+129) 6
10° 60£7.6°)  459+48°) —108 58+1.04)  337+14%) —24

a) Macrophages were pretreated in 10% FBS-RPMI 1640 medium with or without IFN-7 or TNF-« for 24 h, and then
infected with M. fortuitum (6.5X10° CFU/ml) or M. chelonae subsp. abscessus (7.1X10° CFU/m{) in RPMI medium.
After 1 h incubation, the extracellular bacteria were washed out. Macrophages were then cultured in the medium with
or without IFN-y or TNF-« for additional 24 h. Intracellular growth of the organisms was measured by counting
colony-forming units (CFU) on TH1l agar plates for the macrophage cell lysates.

b) Growth inhibiton (%) = { 1— (Ntx/Nto in cytokine-treated macrophages)/(Ntx/Nto in nontreated macrophages) |
X100. Nto and Ntx are numbers of CFU at 0 time and 1-day, respectively. Values are expresed as mean * SE (n=3).

¢) Significantly different from nontreated macrophages at p<0.05.

d) Significantly different from nontreated macrophages at p<0.01.

Table 5 Effect of Cytokine Pretreatment on the Mycobacteria- or PMA-
triggered Respiratory Burst of Macrophages

- napd) 1ve
Triggering Agent Concentration (pmoloezs/frfilgﬁge cells) &?13;11106

(A)
PMA None - 90 + 19 100
IFN-y 10 U/ml 346 + 8.19) 388
IFN-y 10° U/m! 401 + 129 446
IFN-7 10° U/ml 446 + 16%) 496
TNF- « 10 U/m! 448 + 39b) 498
TNF- a 10 U/ml 567 + 765 630
TNF- « 10° U/ml 641 + 200 712

(B)
PMA None - 60 £ 8.0 100
IFN-y 10? U/m! 379 + 13b) 632
TNF- a 10® U/m! 422 + 159 703
M.tuberculosis None - 133 + 12 100
Ha Rv IFN-y 10* U/ml 296 =+ 220 1223
TNF-« 10° U/ml 259 + 9.5b) 195
M.intracellulare None - 62+ 4.6 100
N-260 IFN-7 10?2 U/ml 271 + 159 437
TNF- « 10% U/ml 335+ 8.1 540

a) Mouse peritoneal macrophages were cultured in 10% FBS-RPMI 1640 medium on 6-well culture dishes in the
presence or absence of IFN-y or TNF-a. After 2-day cultivation, macrophages were rinsed with phenol
red-free HBSS (pH7.2) containing 0.1% glucose, and overlaid with 2.5 mi of HBSS containing 80 #M of
cytochrome C. A 104/ portion of phorbol myristate acetate (PMA) (2.5¢#g/ml) or a 100 xl portion of
mycobacterial suspension (OD s540nm=14) was then added to the medium. After 90-min incubation, the me-
dium was removed, and the extent of reduction of cytochrome C was spectorophotometrically measured
from the OD values at 550 nm. Values are expressed as mean + SE (n=3).

b) Significantly different from nontreated macrophages at p<<0.01.
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TR R L 2R OBARRICHB T 55 E well L
OfFE Mo Mla%ud, MEH (CK RER#H TOHl
HEEEO M) OTNEDOMICERELROLD 272,

(3) M¢ ® O, EAERICKITT IFN-7 L U TNF-

a DENF

IFN-7 BX ' TNF- « L3 M¢ O PMA H BT
B, M. intracellulare BfARIEIC & 5 O, FEAEREIR
Table 5 1CRL72EBYTHD, IFN-v & TNF-a D
WEFRO CK &b, Mg @ PMA #l#f O, LR % &
QK EA, FOMEIZIOU/mi OFETEEL
plateau (2L, ZOHMISIZEHEIEFLZED
TR AW LDGhorz (Table 5—A). F72, #Hi¥
BdH 5 WiE M. intracellulare % £ DRARRIHIZ & %
Mo O, EEDF/, ThbHd CK & A RTALERIC
Lo THBEICHBRE NS Z L% o7z (Table 5—B)o
%8, Me¢ % PMA »5VIZHEATHBML 2 WHED
O; EEFRD LN 272,

% =

—f% 12 IFN-y LB CHEMEILE 7z Mg T,
Listeria, Leishmania % Trypanosoma 7 £% < ®
MRS (FEE) ooh T 28 GRMifa) Eik
WiRT 22 ERHONTNAE YD LZAH, HERE
T HMEERIC OV T, HICT T A Mo DS
T3 [FN-y MLBRIZ X » THHE, M. bovis, MAC 7%
IR LTCEORNENRALNDLLET B L DODE W
AEONW W) VT Jonraemurium X3 B HURTE
BAXoTETFTTAILABME SN TV DEY o SED
bbNOKE T, IFN-7 IIE MR 7 JUBRE I
2M¢ OHBEIERDOEE R WBENRO LN &
5, IFN-7 3 HE 2 MAC OAL 5§45 OIFER
PREH o 577 2 Mg OIBETEEDOHMIZER 2
HboTWndbNDEEZHNDL, Ding % 1T CK
DO H, 0 B NO; EEEZIFEEL LTOD M¢ DILHE
EHEOHEBIERICOWTHRE L, #1120 CK @)
5T IFN-y ORIZZFD &) 2R H 5 2 L %
BWZELTWwa2, 202 ehbd IFN-7 2 M¢ DHL
HEMOMBICRLEELZ CK THI I ENEF SN
%o TNF-a I22WTiX, Leishmania X Trypanoso-
ma % EDQRE & S IZIFRELE R MAC % EOHIBRE
R 5 Mo B (Fiie) REoBIEs RAEE S
TR B W® B

SEObNbNOBRE TIZ, BEHBELHRRALSE
T, IFN-7y BE U TNF-a DWW CK THRE S
N7==wv A M¢ T, ZOVMEHBERDTLENFFBDO LN
B LN ol LA LEDS, MAC 2 EDFEER
PFEEE OBEICI, IFN-7 121k M¢ OHEEEOE &

O ETLE BT

BRI AR SN2 DIZ LT, TNF-a l2iZ%9 L
ERRES ST, G LAREEEORIEERT L9
BEELHLIEVHhol, LIz T, TNF-a i
MBS 5 Mo OMHEEREEZEREEL 00,
FEERELE I3 5 Mo OHEIEMEIZBER L G2
IHicBbns,

L 22T, Table 5IZRT L), IFN-y DA H
F TNF- o WEIZBWTE Me ® O EARRIFEL S
R ENE Z EAGholz, 2O EE, TNF-all&
% M¢ ® ROI EEAEREDOHRIE, FFERIBRREIIN T 5
Mo OHBEIEREDNFER & 1T EH L T & 2R
LbortBEbhs, HAIZ Rook 51, IFN-y L~
v AJERE Mo TRFEMEIINT 5 IUEIEES B ® S
%75, b MHEIKHE M¢ R IFN-y TREL 25
HTRZDL) BRBEBAONENWI EERWELTY
%o ZOBE, WThDO Me TH IFN-y LEIZL D £
@ PMA 2 ROl EA RO TTENBOONTWVE, £
72, Flesch 57 i& IFN-y L% T o 72~ 7 A FHHIR
M¢ OERERICHT 2B FHEEICO W TREL,
R H3TRV BEE M. bovis BCGBETIE Mo I2&£ 5%
HEFEEIEIAS A SN B DK LT, #BE Middelburg
BT IFN-7y LEBIC L & LA Mo WHEBIR S
LEANEDONL T &, T/, [FN-y TREL 7 M¢
® BCG BHl# ROI BELERE L TFN-y FEMLE M¢ DL
NEDBEICIFIZEALERALNZVI EDD, Dk
b by ABBEH% Mo ORMKEE I 2 EE
HORBIE, ROIVEHEESGTE LI B AN =4
BHT VA TERVEREL TS, E561Z, IFN-
y {EWAL< Y A 3% JTT4.16 M HfakkD 5 ik~
ZERE M OFMEHE R MAC 123 A2 HUBIEMEIC DOV
TOBREHNZBWTH, ROI DEE A N = X A DFEHA
OBGIZOVWTIITEN 2B BEON TV, &
Lizbibhid, EMBATORFICL ) HREREIR
ROI O MMEA oM LTkt rm, szl
Xanthin oxidase—acetaldehyde RTHELEENS Oy,
SOH #H.0ETHROITIRIFEAERE SNV
7%, Fe®-EDTA %Mt ¢ 2 H, O, KFE 17 V1L
RSB E VTR O EZEE R L, R, ICRE S
NBEZEEZRVWELTWBEYY Lo T, M¢ @
PUREH, HCIEERIEE N T AMIEIEHORRICE
W, ROIGFHMTIEIBEB L 72275 -, LT
BEELBEFPIIELEZ2VWIDOLEDNS, LIL%
5, SEOERTIE, HEHIE ROl BEEEIET -
T\w2 TNF- o LH M¢ 12 & > TZORFEAHH S h
TEY, vru7 7 — I OFKE T 2 HEEEDOR
BicBwTid, ROIZHLBEEELRRELRZLT
waboktBbhs, BIE, HBHEICHT S Mo OFK
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