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Functional changes in T lymphocytes and macrophages (Mgs) in host mice during the
course of Mycobacterium intracellulare infection were studied. In both strains of mice,
BALB/c or C57BL/6 (susceptible to M. avium complex) and CBA/JN or C3H/He (resistant
to M. avium complex), the smooth, opaque and dome—shaped colonial (SmD) variants of
M. intracellulare were easily eliminated from the sites after week 2 of infection. In
contrast, the smooth, transparent and irregularly shaped colonial (SmT) variants showed
steady growth in the former strains of mice and persisted for long time even in the latter
strains of mice. No difference was found between persistence of the organisms in euthymic
(+/+) and athymic (nu/nu) BALB/c mice during the first 4 weeks after infection.
Thereafter, more rapid growth was seen in the spleens and lungs of nu/nu mice. Thus,
matured T cells may be important for the prevention of the progression of M. intracellulare
infection to the terminal state.

Next, the profiles of generation and characteristics of splenic M¢s which suppress the
Con A mitogenic response of splenic T cells in host CBA/JN or BALB/c mice during the
course of M. intracellulare infection were investigated. In M. intracellulare—infected mice,
reduction in some cellular functions of host splenic T cells, such as the Con A mitogenic
response and mixed leucocyte reaction, were seen around 2 weeks after infection, and this
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was accompanied by appearance of immunosuppressive M¢s in spleen cells (SPCs). In this
phase of the infection, M. intracellulare—induced splenic M¢s showed a markedly increased
ability to produce reactive oxygen radicals in response to phorbol myristate acetate. Thus,
the expression of suppressor activity of M. intracellulare—induced M¢s seems to be closely
linked to their activated state. Indeed, M¢s induced with various stimulants including
thyoglycollate, zymosan A, OK-432, BCG, and live M. intracellulare possessed immuno-
suppressive activity as well as active oxygen producing ability. There was a significant
correlation between them.

A large proportion of the immunosuppressive Megs exhibited suppressor activity
dependent on prostaglandins, long chain fatty acids and their acyl moieties, nitric oxide,
and membrane functions related to microfilaments. It was also found that the generation
of IL-2-reactive T cell populations in response to Con A and the expression of IL—2
receptors on them were markedly inhibited by M. intracellulare—induced splenic Mgs,
whereas they caused no significant reduction in the IL—2—producing ability of normal SPCs.
M. tuberculosis also induced similar types of immunosuppressive Mgs and their activity

was considerably greater than those of M. intracellulare—induced M¢s.
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M. intracellulare 2 EES ¥, 5 Blichic » THEE
Lk 5, BRI (C57BL/6, BALB/c 74 &)
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Fig. 1 Changes in vaible units of SmT variants of M. intracel-

lulare N—260 in visceral organs of +/+ (open symbols) and nu/nu
(closed symbols) BALB/c mice. O, @, Spleen ; A\, A, liver ; [],
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Fig. 2 Changes in Con A mitogenic response of splenic T cells
(O), suppressor activity against spleen cell (SPC) mitogenesis
(@) of splenic M¢s and their phorbol myristate acetate (PMA)—
triggered chemiluminescence (CL) (A) during the course M.
intracellulare infection. &, CFU/spleen.

EHHERBIC BT 5 Mg BEEDQEEMEN S hhibhic,

2) BgEETo THlaiEoZE)

M. intracellulare BRYFEFEICH 1S 5 T HkaMEREOHE
BicoWTKRET L, UTFTOHIR% 2 /2, Fig. 21T/RT
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FeL7ohs, ToBa, B Mg oo LicoVWTH
% &, Con A mitogenesis IMHIEYE & Mo BEEETLEE
D1 >DIEETH BLEFRNEEL 1L, WITLTE BT
B2 ~3ABICHROIEL, LIBRBRIET 2 EVHHR
R EBTEMNPELMICE 5 PP F/, Fig. 31

AT &L, MAC SR (BALB/c) w7 XT3,
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Fig. 3 Changes in immunosuppressive activity of M. intracel-
lulare—induced splenic M¢s of BALB/c and CBA/JN mice during

the course of infection.
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Fig. 4 Correlation between suppressor activity
and active oxygen producing ability, in terms of
PMA-induced chemiluminescence, of various
Mgs : (O) resident Mg¢s ; (A) thioglycollate—
induced M¢s (—4d) ; (V) thioglycollate—induced
Mg¢s (—2w) ; ([J) zymosan A-—induced Mgs
(—4d) ; (O) zymosan A-induced M¢s (—2w) ;
(@) OK—432—induced M¢s (—4d) ; (V) OK-432—
induced M¢gs (—2w) ; (A) BCG-induced Mgs
(—4d) ; (A) BCG-induced Mg¢s (—2w) ; () M.
intracellulare—induced Mg¢s (—4d) ; M.
cellulare—induced M¢gs (—2w). Suppressor
activity index, reciprocal of number of cells
needed for 50% inhibition of T cell Con A mito-
genesis x 10°. Chemiluminescence intensity index,

intra-

peak value of photoemission (10 counts/10°
cells).
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Fig. 5 Effects of plastic adherent and Thy—1, 2~

cell populations of normal (O) and M. intra-

cellulare—induced (@) SPCs on the ConA

mitogenesis of normal SPCs.
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oW Th# s A, Fig. 6127 &£ 51T, BiZE~ND
HEEMRIA NS HREO A MM MEsN, &5
MAC B4 % M¢ 13 Con A #l# T #ifa T o IL-2
receptor OFIEE bIMHIT 5  EMFHSMITE -7,
[ERETSEE] 1E M. tuberculosis &g~ o 2 D Mg,
I 5Tl zymosan A, OK-432 503 BCG &
OFE 2 ORIBH QG IT & v FES MR Mg iI2 b
Bvoht, Lieh->T, TOXIEHRIVDY 3G
AL (B 2VIREED Mg @B LicbDEEZ SN,
INSDRUTEBVTS M. intracellulare &L M.
tuberculosis &G & Tl A B 1 [ERE 7S MR o i
Mg BHFEINEHDEEZ LN,
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D mediator

Table 2 1& M. intracellulare FHEM Mg @ sup-
pressor {5 iC &IEF prostaglandin (PG) &EHE
#|Td % indomethacin BLUIZ o7 452 v M
ERITHB cytochalasin B OFBEA-bDTH B
2, NI BOT OB ESHRBHEBESED Sn
7y Utedi=>T, AMIEITE Mg 13 PG % mediator
ELTHBY, ZOEHFEEICITMIEE DR S oKEEDs
BELBEABRCTVWE LD EEDN B,

R EEERERGER O M T A2 Con A mitogenesis,

Table 1 Summary of M. intracellulare and M. tuberculosis Infections 2 Weeks after
Bacterial Challenge and Immunosuppressive Activity of Splenic M¢s
Organisms Body Spleen No. of No. of Incidence  Suppressor Suppressive
[infection weight weight SPCs per organisms of lung activity Mg units per
dose (g) (mg) mouse per spleen  lesions of Mgs® spleen®
(meantSEM) (meantSEM)
None 19.79 592  5.8x107° 0/5% 0=x4 =0.16+0.01
M. intracell-  23.0 370 2.4x10° 2.5x10° 0/5 66+4 41.2+2.6
ulare 31F093
(2.5x10%
M. tuberculo- 14.8 269 1.2x108 1.8x107 4/5 825 27.6+3.4
sis H37RV
(1.7x107

a) Percent reduction in Con A mitogenesis of normal SPCs (2.5 10° cells/well) in the presence of 4% 10* of splenic M¢ s
from mice with or without M. intracellulare or M. tuberculosis infection is indicated. Con A (2 ¢ g/ml)—induced SPC

mitogenesis without splenic M¢s was 77+ 2x10° cpm.

b) Suppressive M¢ units =(number of SPCs per spleen)+(number of SPCs to prepare the M¢ monolayer which caused
50 % inhibition of Con A blastogenesis of target splenic T cells).

¢) The mean of 3 to 6 mice.
d) Mice with lung lesions/total mice.
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Fig. 6 Effects of M. intracellulare—induced splenic M¢s on
mitogenic response (A), IL-2 production (B), and activation to
IL—2-reactive state (C) of Con A—stimulated splenic T cells.
O, Normal M¢s ; @, M. intracellulare—induced M¢s.

Table 2 Effects of Indomethacin (Indo.) and Cytochalasin B (Cyt B) on the
Activity of M. intracellulare (M. int.)—induced Splenic Mgs®

M. int.—M¢ treatment No.of Con A mitogenesis of SPCs Residual activity
Megs cocultured with M. int.—Mg¢s of suppressive M¢s
Agent Conc’n added (10° cpm*=SEM ; n=3) (%)

- - - 45.6+0.6 -

- - 6x10° 21.3%0.6 100
Indo. 3.2 ug/ml 6x10° 27.7%3.2 74
Indo. 12.5 ug/ml 6x10° 37.6+1.5 33
Indo. 50 ug/ml 6x10° 44.5%+1.4 0.2

- - 1.5%10 1.6£0.8 100
Indo. 3.2 ug/ml  1.5x10* 1.9+0.6 99
Indo. 12.5ug/ml  1.5%10* 3.0£0.7 97
Indo. 50 ug/ml  1.5x10* 29.6+2.5 36

- - - 47.6%1.2 -

- - 6x10° 28.0£3.5 100
Cyt B 1.25 uM 6x10° 19.0+1.9 146
Cyt B 5uM 6x10° 31.2%2.5 84
Cyt B 20 uM 6x10° 43.5+1.0 21

- - 1.5%10* 0.6%0.1 100
Cyt B 1. 25 uM 1.5%10* 0.4%0.1 100
CytB 5uM 1.5x10* 1.0+0.5 99
Cyt B 20 uM 1.5x10* 28.5+2.8 41

a) M. int.—induced Mg s were treated with indicated agent at 37°C for 2h, thoroughly rinsed, and
measured for their suppressor activity against Con A mitogenesis of normal SPCs (1.25><105 cells/

well).

¥ 125
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o, IEHEEFRSFRED mediator & LTHEIVTL
ARV VWL S TH B, 72, L-arginine fRH#
FHE#ITH S N°-monomethyl-L—arginine (0.5
mM) ZEBRICMA & A, M. intracellulare #
BNEIE Mg OIEHERBESAEEICMA SN 5 T &4
note, IRICEREY A A4 v (IL-1, IL-6, TNF—a
BLU IFN-y) O THiIFID Con A mitogenesis i
RIETHEOVWTHIT LIc& T A, Tabled IWRT &
Sz, YA F A A v oVnFhic b BRI R
BN, o122,

VIEDR#E LY, M. intracellulare BT kL 0 FHE
=05 MEIME Mg T3, PG, ##EEIEREE® phospho-
lipid 75 & OfgERK i OIC nitricoxide 7% EAS me-
diater & U CTHEIMEH %8 U T\ 2 ATREMEASRIR S 1

. 16)
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Table 3 Effects of Unsaturated Long—chain Fatty Acids on IL—2 Production and

IL—2 Reactive T cell Generation

during SPC Con A Mitogenesis

Relative
Addition Conc’n Con A

(ug/ml) mitogenesis®, production®

Relative IL—2—reactive

IL-2 T cell

> generation®

(%+SEM)  (%=SEM) (%+ SEM)

None 100£2
Solubilizing buffer 6.25eq. 113+2
12.5 eq. 112+4

25 eq. 116 £2

50 eq. 130+2

Oleic acid 6. 25 120+2
12.5 111£2
25 0.3%0.1
50 0.1£0.0
Linoleic acid 6.25 129+5
12.5 124+2
25 13+5
50 0.1%£0.0
Linolenic acid 6.25 125+2
12.5 126£0.3
25 73+6
50 0.1£0.0
Arachidonic acid 6.25 88£2
12.5 59+2
25 34+2
50 0.1£0.0

100£7 100+3
NT NT
NT NT
63+4 1061
52+8 113+4
NT NT
NT NT
8.4%+4.8 25%+10
1.1£0.1 0.4%0.2
NT NT
NT NT
3.7+1.3 11+5
0.7%+0.1 0.4+0.1 .
NT NT
NT NT
22+4 50+9
6.3%+0.1 0.1%£0.0
NT NT
NT NT
11+1 25%0.1
0.7£0.0 0.3%+2.7

a) SPC Con A mitogenesis in the absence of fatty acid was 68.5+1.2x 10° cpm.
b) IL—2 activity in the 24—h culture fluid of Con A-stimulated SPCs was measured in terms
of IL—2—induced proliferative response of CTLL~2 cells. Control culture gave 8.49+0.62

x10° cpm.

¢) IL-2 induced proliferation of nonadherent cells harvested from the 48—h culture of Con
A-stimulated SPCs was measured. Control culture gave 67.6 + 2.0 X 10° cpm.
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Table 4 Effect of Some Monokines and Interferon—y
on Con A Mitogenesis of SPCs®

Addition (units/ml)

SPC Con A mitogenesis
(10° cpm=SEM ; n=3)

None 79.1%£1.2
TNF-a (156) 84.2+3.7
TNF—-a (625) 78.0%£2.2
TNF—-a (2,500) 75.6+1.0
IFN—7 (156) 77.1£1.2
IFN—7 (625) 73.0+0.4
IFN—7 (2,500) 67.8%£0.5
IFN—7 (500) 75.5%0.7
IFN—7 (500) + TNF—a (20) 72.6%+2.9
IFN—7 (500) + TNF—a (320) 76.3%+0.8
IFN—7 (500) + TNF—a (5,000) 73.1£1.7
None 40.3%1.3
IL-1 (6.25) 39.3+0.4
IL-1 (12.5) 40.4%2.1
IL-1 (100) 40.6+1.1
None 31.2£0.2
IL-6 (156) 32.7%0.8
IL-6 (625) 31.1+1.1
IL-6 (2,500) 25.9%0.2

a) SPCs (2% 10°) were cultured in the medium containing 2
1 g/ml of Con A with or without addition of indicated
cytokines. TNF— a, tumor necrosis factor—a ; IFN-7,
interferon— 7 ; IL—1, interleukin 1 ; IL—6, interleukin 6.
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