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ABSTRACT.
In this contribution, weexamined theinvolvement ofthe cytokine IL-10 in the progression of experimental
murine Mycobacterium avium infections in susceptible BALB/c mice. Addition of anti-IL-10 antibodies in the
supernatants of peritoneal macrophages infected with virulent M. avium resulted in a significantly enhanced mycobacteriostatic activity ofmacrophages. In BALB/c mice infected with the B1 01 or B102 virulent M. avium strains,
examination ofthe cytokine release profile insplenocytes from infected mice showed that infection was associated
with an initial copious release of both IFN-y and IL-10. it-10 production increased as the infection progressed,
whereas IFN-y levels diminished. Infected mice were given repeated infusions of a rat rnAb against mouse IL-10
or rat IgM. Examination of IgM serum levels in anti-IL-IO-treated mice (infected or not) showed that depletion of
endogenous IL-10 resulted in much decreased IgM levels. Results showed that infusions of large dosages of the
monoclonal anti-IL-10 resulted in a very significantly diminished bacterial growth in the spleens. These findings
indicate that IL-10 may have a negative impact onresistance to M. avium infections, due, at leastin part, to decreased
macrophage activity. journal of Immunology, 1993, 151 : 5425.

I

nfections with the opportunistic pathogen Mycobacterium avium intracellulareconstitute an important
health problem for immunosuppressed patients, especially in subjectswith AIDS (1, 2). Suchinfections
constitute an important problem, because many strains of
M . avium are highly resistant to first-line antituberculous
drugs; the patients involved often require the administration of four to five drugs in combinations that can be
quite toxic (2).
Histologic evidence suggests that virulent M. avium infect and replicate within cells of the mononuclear phagocyte series (1, 2). Data obtained in human and mouse cells
suggest that the intramacrophage growthof virulent strains
of M. avium is very difficult to modulate positively (3, 4).
IFN-y is the main lymphokine that has macrophageactivating activity against many microbes, but it does not
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universally enhance bacteriostatic activity against virulent
M. avium strains (4). Moreover, growth of M. avium occurs
in humans with AIDS, despite evidence
of macrophage activation in the blood and infected organs of these patients
as well as cytokine release (5). This raises the question as
to whether some immune processesare actually promoting
mycobacterial growth.
IL-10 is akey cytokine that is secreted primarily by cells
of the macrophage lineage and also by cells of the TH2
subset (6 and references therein). Among its recently discovered functions include mast cell activation (7), macrophage deactivation @), and blocking of IFN-y release by
TH1 cells as well as activation of B cell subsets (9). The
exact role of IL-10 in microbial infections has not been fully
elucidated. It is clear, however,that IL-10 is synthesized in
tissues of susceptible mice infected with intracellular
pathogens (lo), and also that IL-10 diminishes the microbicidal activity of macrophages (1 1).
In this study, we examined the contribution of IL-10 in
experimental
M. avium infections.
of

Materials and Methods
Mice

Female BALB/c mice (Charles River Inc., St. Constant,
Canada) weighing 18 to 20 g were used. They were fed
Purina Chow and acidified tap water ad libitum.
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Peritoneal macrophage".

avium interaction

This in vitro system was recently described in detail elsewhere (12). Briefly, resident peritoneal macrophages were
obtained by lavage of the peritoneal cavity. Two X 106
macrophages/mlwere
resuspended in Neumann-Tytell
medium (GIBCO, Grand Island, NY) supplemented with 4
mM glutamine and 5 X lo5 M 2-ME (Sigma, St. Louis).
Cells wereplated at 100 pl/well in 96-well microtiter plates
(Linbro, McLean, VA). Plates were incubated for 2 h at
37"C/5% COz, and nonadherent cells removed by washings. Medium was then replaced with complete medium
containing lo6 CFU of M. avium. After 6 h, wells were
washed extensively in warm HBSS. Plates were incubated
for indicated periods at 37"C/5% COz. Cells were lysed by
adding 0.2 ml
of medium supplemented with
0.2% saponin.
Lysates were plated on 7H10 agar (Difco, Detroit, MI) as
described elsewhere (12). Supernatants were sampled
at
intervals, and plating of extracellular medium showed the
presence of less than 5% of the M. avium found in the cell
monolayers. In selected experiments, 50 p g of anti-IL-10
mAb or control rat IgM were added to the medium 6 h
before infection and daily afterward.
In vivo infections

Mice were infected with lo5 CFU of M. avium BlOl or
B102, both virulent strains(13). Strains weremaintained in
vitro as described elsewhere (12). The infection was assessed by plating spleen homogenates on 7H10 agar, as
described elsewhere (13). Endogenous IL-10 was depleted
by injecting 2 mg weekly of the SXC.l antibody in PBS
(14),beginning
1 wk before infection. Controlmice
received the same dose of purified rat IgM antibodies
(Immunocorp, Montreal) or boiled SXC.1 antibodies.
Anti-IL-IO

SXC.l and SXC.2 hybridomassecreting rat IgMantimouse IL-10 were obtained from DNAX Institute (Palo
Alto, CA). The antibodies were obtained from serum-free
hybridoma supernatants, purified by two sequential ammoniumsulfate (35%) precipitation steps and affinity
chromatography. Resuspended antibody contained 310
EU endotoxin/ml.Pure rat IgMwas free of detectable
endotoxin.

INFECTIONS

zothiazoline-6-sulfonate] (Sigma) as a substrate. This procedure was adapted from Gazzinelli et al. (15).
IFN-y measurements
IFN-levels were determined by
ELISA. Briefly, plates were
coated with anti-IFN-y R46A2 (ATCC HB 170;
5 pglml),
supernatants or standard added, and bound IFN-y revealed
by adding 0.5 pglml of biotin-labeled XMG1.2, a rat IgGl
anti-mouse IFN-y antibody (16), and aconjugate
of
streptavidin-horseradish peroxidase (Pierce). This procedure was adapted from Muralidhar et al. (17). Results for
both IL-10 and IFN-y are expressed in nglml in reference
to standards provided by DNAX Institute for IL-10and the
Biological Response Modifiers Program (Frederick, MD)
for IFN-y.
Splenocyte supernatants

Splenocyteswere removed and asingle-cellsuspension
prepared. RBC were lysed with NH4Cl. Cells were incubated in 1.0 mlof RPMl 1640 medium with 10% FCSand
antibiotics at 5 X lo5 cells/well in 24-well plates (Linbro).
Con A (5 pg/ml, Sigma) or M. avium-sonicated Ag (15
pglml) were used for stimulation.M. avium was suspended
at 2 mglml in isotonic PBS with BSA (1 mglml) then vigorously sonicated (Heat Systems/Ultrasonics), centrifuged,
filtered (0.22 pm Millipore filter), and stored at -20°C.
After 24 h, supernatants wereremoved and frozen at -70°C
before cytokine measurements.
IgM measurements

SeraIgMlevelswere
assessed bythe radial immunodiffusion technique (18). Antisera and control IgM were
obtained from Sigma.
Determination of anti-IL-10 activity in the sera of
treated mice

Spleen cells from normal animals were obtained and adjusted at 5 X lo6 leukocytes/ml in RPMI 1640 (GIBCO)
with antibiotics, 5% FCS, and Con A(5 pglml) in the presence of increasing concentrations of IL-10 and test sera.
Supernatants were obtained at 24 h and IFN-y levels were
measured by ELISA (see above). This
CSIF3 assay assessed
IL-10 bioactivity and its inhibition by sera from treated
mice.

IL-IO measurements
SXC.l anti-IL-10 (5 pglml) wascoatedovernight
on
Immulon-2 plates(Costar, Toronto). After washing, supernatants or standard IL-10 wereapplied. Captured IL-10 was
detected using abiotinylated SXC.2 anti-IL-10 and avidinconjugated horseradish peroxidase
(Pierce
Chemicals,
Bedford, IL) and 1 mglml of 2,2'-azino-bis [3-ethylben-

Statistical analysis

Differences between groups were analyzed by Student's
t-test or by analysis of variance.

Abbreviations used in this paper: CSIF, cytokine synthesis inhibitory factor.
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FIGURE 1. Endogenous macrophageIL-10 augments intramacrophage growth of M. avium. Macrophages from BALB/c
mice wereinfected
with M. avium 8102and anti-IL-10
antibodies (0)or rat IgM (0)added at 5 ps/ml daily. Results
are means 2 SE of five determinations from three separate
experiments, * p < 0.01, Student’s t-test.
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Results
IL-10 Increases macrophage susceptibility to
M. a v i u m

In a first set of experiments, we examined the ability of
anti-IL-10antibodies to modulate the mycobactericidal/
mycobacteriostatic activity of resident peritoneal macrophages (Fig, 1). Examination of cell supernatants from M.
avium-infected macrophages showed that after 5 days of
infection, supernatants contained 42 2 15 ng/ml of IL-10,
whereas uninfected macrophages released 3 5 1 ng/ml of
IL-10 (both data are means 2 SE of 4 experiments with
triplicate determinations). This establishes that M . avium
infection induces secretion of IL-10, well above control
values. Figure 1 shows that including anti-IL-10 antibodies
(5 p g daily) in the supernatants resulted in significantly
diminished M. avium growth in macrophages (Fig. 1). The
difference in mycobacterial growth was 0.8 to 1.0 log,,
CFU, and was reproducible in three separate experiments.
At all times sampled, macrophage numbers
and cell viability were determined by trypan blue exclusion; these
parameters were similar for all infected cells, whether or
not they were treated with anti-IL-10.
IFN-y and IL-I 0 release by splenocytes from
M. avium-infected mice

Next, we examined the ability of spleen cells to release
IFN-y and IL-10 in the course of M, avium B102 infections
(Fig. 2). Splenocytes were stimulated with5 p d m l of Con
A or with M. avium Ag, and supernatants were sampled and
frozen before cytokine analysis. Data obtained showed that
M . avium infection resulted in a transient increase in Con
A-driven IFN-y production, peaking at day 30 and a significant decrease until day 75, when IFN-y levels were
lower than day 0 values ( p 5 0.05). Conversely,IL-10
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FIGURE 2. IL-10 (0)
and IFN-y (0)
activityin stimulated
spleen cell supernatants from mice infected with M. avium
8102. Data are from cells stimulated with Con A (5 pg; A ) or
from M. avium sonicates ( B ) . Data from three separate experiments are shown; each point represents pooled spleen
cells from six mice. * t p < 0.05 vs day 0 IFN-y and IL-10
values (analysis of variance).

values increased steadily during infections (Fig. 24). Figure 2B shows splenocyte release of IFN-y and IL-10 in
response to M. avium Ag; IFN-y release augmented until
day 30, after which they returned to control values, whereas
IL-10 levels steadily increased.

Depletion of endogenous IL-10 leads t o decreased
serum IgM levels

Next, we examined levels of serum IgM in mice given
anti-IL-10 or a control rat IgM, infected or not with M.
avium. The rationale for this was the recently described
depletion of IgM levels after anti-IL-10 treatment (14).
Figure 3 shows that a 5-wk treatment with anti-IL-10
antibodies resulted in a significant decrease in serum IgM
levels, both in uninfected mice and in mice infected with
M. avium. These data suggest that endogenous IL-10 was
successfully depleted. In separate experiments, we determined the presence of high levels of anti-IL-10activity by
the CSIF assay (see Materials and Methods) in the sera of
treated mice at 75 days, whereasmice that received rat IgM
had no such activity (data not shown).
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Uninfected
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Infected
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Sera IgM levels in the experimental groups.
Mice were left uninfected or were infected with lo5 CFU M .
untreated; 0,treated withrat
avium 6102 for 75 days. 0,
IgM; W, treated with SXC.l. Data are means 2 SE of results
from eight mice. * p < 0.01 vs two other groups (analysis of
variance).
FIGURE 3.

Depletion of endogenous IL-10 leads to decreased
M. avium growth in the spleens

In a last set of experiments, we examined the ability of
anti-IL-10 antibodies to modulate M. avium infections in
vivo (Fig. 4). Data obtained showed that neutralizing endogenous IL-10 led to a significant reduction in M . avium
BlOl growth in the spleens, with a 1.5 loglo reduction in
CFU atday 100 (Fig. 4A). Similarly, B102 growth was very
significantly reduced by IL-10 neutralization (3 loglo reduction in spleen CFU at day10; Fig. 4B). Examination of
sera of M . avium B102-infected mice at day 100 showed
that anti-11-10-treated mice had 8 2 4 ng/mlof IFN-y
(mean -+ SE, n = 8) whereas infected mice given control
rat IgM had 1.2 2 0.6 ng/ml (mean 2 SE, n = 7) ( p 5
0.001, t-test). Repeated injections of boiled SXC.l antibodies failed to modify M. avium infections (data not
shown).

Discussion
This contribution provides evidence that IL-10, a cytokine
produced by activated macrophages andTH2 lymphocytes,
may play a negative role in the progression of M. avium
infections.IL-10 has been shown toexertanumber
of
pleiotropic effects on cells of the immune system (6). IL-10
inhibits macrophage-dependent synthesis of cytokines by
TH1 cells and acts asgrowth factor for mast cells
and B cell
subsets (6, and references therein). It also down-regulates
macrophage production of cytokines such as TNF-a and
IL-1 (19) as well as macrophage release of toxic nitrogen
reactive intermediates (20).
Endogenous IL-10 production by mouse macrophages
wasshown
todiminishmacrophageeffectorfunction
against M. avium (Fig. 1). Recentdatahas
shown that
11-10 could block macrophage killing
of Trypanosoma,
Toxoplasma, and Schistosoma mansonii (10, 20). How-
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FIGURE 4. A, Endogenous IL-10 increases M. avium 81 01
growth in mice. Mice received 1 Os CFU of M . avium 61 01 by
the i.v. route and repeated i.p.infusions of anti-IL-10 antibodies (0)or rat IgM (0).Each point is the mean ? SE of six
mice. * p < 0.05 (Student's t-test). Repeated twice with identical results. B, Endogenous IL-10 increases M . avium 8102
growth in mice. Mice received lo5 CFU of M . avium 61 02 by
the i.v. route and repeated i.p. infusions of anti-IL-10 antibodies (0)or rat IgM (0).Each point is the mean 2 SE of five
mice. * p < 0.05 (Student's t-test). Repeated twice with identicalresults.

ever, in thesemicrobicidalmechanisms,IL-10blocked
IFN-y-mediatedkilling
and the importance of endogenous IL-10 was not examined. Increase of macrophage
susceptibility by depletion of endogenous IL-IO by macrophages may have resulted from an increased synthesis
of reactivemolecules (H202, NO) that kill intracellular
bacteria, or via an'increased monokine synthesis that amplified these antimicrobial systems. M. avium infection in
vitrodeterminedalargerelease
of IL-10 by infected
cells. It remainsto be determinedwhichmicrobicidal
mechanism(s) was enhanced via IL-10 depletion.
The SXC.ladministration resulted in greatly diminished
IgM levels in the seraof control and infected mice,as demonstrated recently (14). The sera of mice infused with antiIL-10 contained significant amountsof anti-IL-10 activity,
based on neutralization of IL-10 bioactivity in a CSIF assay. Also, examination of sera from anti-IL-10 and control
mice showed the presence
of appreciable amountsof IFN-y
in the sera of anti-11-10-treated mice, despite a much larger

Journal of Immunology

5429

growthfactor-&whichenhances
in vivo and in vitro
bacterial load in control mice. These findings suggest a
growth of virulent strainsof M. avium (13). In vitro studies
successful IL-10 neutralization. A negative role for this
have shown that IL-10 and transforming growth factor+
cytokine in M . avium infections was clearly shown in vivo.
synergize with each otherto block macrophage antimicroIt is of some interest to note that high levels of IL-10 were
bial activity (11). Thus, M. avium infections are characgenerated by spleen cells in a mouse model of AIDS (15).
terized by the recruitment of a cytokine profile that augAlso, recent data suggest that B cells from AIDS patients
ments
immunosuppression;
interestingly, these same
constitutively secrete high levels of IL-10 (21). This encytokines are generated in copious amounts in AIDS pahanced IL-10 releasability may be partly associated with
tients (21, 29). It is possible that antagonists of diseasethe increased susceptibility of AIDS patients to systemic
promoting cytokinesmay become useful in enhancinghost
M. avium infections, as well as infectionswithother
resistance.
pathogens.
M. avium infection was associated with a transient increase in splenocyte IFN- y production, which diminished
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as infection progressed (day loo), whereas mitogen- and
We thank E. Shavers for technical assistance.
Ag-driven IL-10 levels progressively increased. These
data
suggest a process wherebyTH1 or THO subsets of cells are
activated in the early stages of the disease, followed by
References
copious IL-10 release,which may be linked to a high level
1. Schnittmann, S., H. C. Lane, F. G. Witebsky, L. L. Gosey,
of macrophage activation.It has been shown that IFN-y and
M. D. Hoggan, and A. S. Fauci. 1988. Host defense against
IL-10block each other’s release (22). IL-10production
Mycobacterium avium complex. J. Clin. Immunol. 8:234.
associated with susceptibility to an infectious agent has
2. Chaisson, R. E., R. D. Moore, D. D. Richman, J. Keruly, T.
already been described for Trypanosoma cruzi (10). This
Creagh, and the Zidovudine Epidemiology Study Group.
1992. Incidence and natural history of Mycobacterium aviumargues for an association between TH1-protective mechacomplex infections in patients with advanced human immunisms and TH2-induced susceptibility, similar to findings
nodeficiency disease treated with zidovudine. Am. Rev.
in infections with Leishmania and Listeria (23, 24). HowRespir. Dis. 146:285.
ever, in contrast to findings with these microbes, we have
3. Crowle, A. J., D. L. Cohn, and P. Poche. 1989. Defects in sera
been unable to increase the resistanceof M. avium-infected
from acquired immunodeficiency syndrome (AIDS) patients
mice with large doses of in vivo anti-IL4 antibodies (unand from non-AIDS patients with Mycobacterium avium inpublished data). Also, IL-4 may also act as a co-factor to
fection which decrease macrophage resistance to M. avium.
Infect. Immunol. 57:1445.
enhance mouse macrophagemycobacteriostatic activity
4. Toba, H., J. T. Crawford, and J. J. Ellner. 1989. Pathogenicity
(13). However, many cells other than CD4+ lymphocytes
of Mycobacterium avium for human monocytes; absence of
release IL-10 and IFN-y, most notably macrophages and
macrophage-activating factor activity of gamma interferon.
NK cells, respectively. The complete picture of host reInfect. Immunol. 57:239.
sistance to such a complex pathogen as M. avium is likely
5 . Agotisni, C., R. Zambello, L. Trentin, S. Garbisa, P. Francia,
to be complicated, because cytokines have so many bioP. Bulian, M. Onisto, V. Paletti, L. Spiga, E. Raise, R. Foa,
logicactivities (25). For example,thegrowth
of some
and G. Semenzato. 1991. Alveolar macrophages from pastrains of M. avium in the organs of T cell-deprived mice
tients with AIDS and AIDS-related complex constitutively
is relatively similar to their growth in the organs of imsynthesize and release tumor necrosis factor alpha. Am. Rev.
Respir. Dis. 144:195.
munocompetent mice (26, 27).
6. Mosmann, T. R., and K. W. Moore. 1991. The role of IL-10
While this manuscript was being revised, Bermudez
and
in cross-regulation of TH1 and TH2 responses. ImmunoparaChampsi (28) reported that injection of a rabbit polyclonal
sitol. Today 2:A49.
antiserum against IL-10 rendered beige mice more suscep7. Thompson-Snipes, L., V. Dhar, M. W. Bond, T. R. Mosmann,
tible to dissemination of an intestinal infectionwith a strain
K. W. Moore, and D.M. Remick. 1991. Interleukin-10; a
of M. avium (4 wk after inoculation). No control was pronovel stimulatory factor for mast cells and their progenitors.
vided to assess the success of the IL-10 neutralization proJ. Exp. Med. 173:507.
cedure. Our results confirmand considerably expand these
8. Bodgan, C., Y. Vodovotz, and C. Nathan. 1991. Macrophage
deactivation by interleukin-10. J. Exp. Med. 174:1549.
observations in a distinct experimental model; we demon9. Moore, K. W., P. Vieira, D. F. Fiorentino, M. L. Trounstine,
strate a role for endogenous IL-10 in macrophage resistance
T. A. Khan, and T. R. Mosmann. 1990. Homology of cytokine
to M. avium nitrocellulare, and provide the growth kinetics
synthesis
inhibitory factor (IL-10) to the Epstein Barr virus
of a systemic infection in mice treated with a rat mAb
gene BCRFl. Science 248:1230.
to IL-10, a reagent potentially more specific than rabbit
10. Silva, J. S., P. J. Morrissey, K. H. Grabstein, K. M. Mohler,
serum.
D. Anderson, and S. G. Reed. 1992. Interleukin-10 and
Other cytokines generated in the course of M . avium
interferon-y regulation of experimental Trypanosoma cruzi
infections favor bacterialgrowth, notably transforming
infection. J. Exp. Med. 175:169.

IL-10 IN Mycobacterium avium INFECTIONS

5430
11. Oswald, I. P., R. T. Gazzinelli, A. Sher, and S. L. James. 1992.
IL-10 synergizes with IL-4 and transforming growth factor
beta to inhibit macrophage cytotoxic activity. J. Immunol.
148:3578.
12. Denis, M., and E. 0. Gregg. 1991. Modulation of Mycobacterium avium growth in murine macrophages; reversal of
unresponsiveness to interferon-y by indomethacin and
interleukin-4. J. Leukocyte Biol. 49:65.
13. Denis, M.,
and E. Ghadirian. 1991. Transforming growth factor beta (TGFP) plays a detrimental role in the progression
of experimental Mycobacterium avium infection. Microb.
Pathog. 1I :367.
14. Ishida, H., R. Hastings, J. Kearney, and M. Howard. 1992.
Continuous anti-interleukin-10 antibody administration
depletes mice of Ly-1B cells but not conventional B cells.
J . Exp. Med. 175:I213.
15. Gazzinelli, R. T., M. Makino, S. K. Chattopadhyay, C. M.
Snapper, A. Sher, A. W. Hiigin, and H. C. Morse 111. 1992.
CD4+ subset regulation in viral infection. Preferential activation of TH2 cells during progression of retrovirus-induced
immunodeficiency in mice. J. Immunol. 148:182.
16. Chenvinski, H. M., J. H. Schumacher, K. D. Brown, and T.
R. Mosmann. 1987. Two types of mouse helper T cell clone
111. Further differences in lymphokine synthesis between TH1
and TH2 clones revealed by RNA hybridization, functionally
monospecific bioassays, and monoclonal antibodies. 1.Exp.
Med. 166:1229.
17. Muralidhar, G., S. Koch, M. Haas, and S. L. Swain. 1992.
CD4 T cells in murine acquired immunodeficiency syndrome; polyclonal progression to anergy. J . Exp. Med.
175:1589.
18. Mancini, G., A. 0. Carbonara, and J. F. Heremans. 1965.
Immunochemical quantitation of antigens by single radial
immunodiffusion. Immunochemistry 2:235.
19. Waal Malefyt, R. D., J. Abrams, B. Bennett, C. G. Figdor, and
J. E. de Vries. 1991. Interleukin-10 inhibits cytokine synthesis by human monocytes. J. Exp. Med. 174:1209.
20. Gazzinelli, R. T., I. P. Oswald, S. L. James, and A. Sher. 1992.

21.

22.

23.

24.

25.

26.

27.

28.

29.

IL-10 inhibits parasite killing and nitrogen oxide production
by IFNy-activated macrophages. J . Immunol, 148.1 792.
Benjamin, D., T. J. Knoblock, and M. A. Dayton. 1992. Human B-cell interleukin-10: B cell lines derived from patients
with acquired immunodeficiency syndrome and Burkitt’s
lymphoma constitutively secrete large quantities of
interleukin-10. Blood 80:1289.
Chomarat, P., M.-C. Rissoan, J. Banchereau, and P. Miossec.
1993.Interferon-y inhibits interleukin-10 production by
monocytes. J . Exp. Med. 177:523.
Heinzel, F. P., M. D. Sadick, B. J. Holaday, R. L. Coffman,
and R. M. Locksley. 1989. Reciprocal expression of
interferon-? or IL-4 during the resolution or progression of
murine leishmaniasis: evidence for expansion of distinct
helper T cell subsets. J. Exp. Med. 169:59.
Haak-Frendscho, M., J. F. Brown, Y. Igawa, R. D. Wagner,
and C. J. Czuprynski. 1992. Administration of anti-IL-4
monoclonal antibody 11B11 increases the resistance of mice
to Listeria monocytogenes. J . Immunol. 148:3978.
Arai, K. I., F. Lee, A. Miyajima, S. Miyatake, N. Arai, and
T. Yokata. 1990. Cytokines: coordinators of immune and
inflammatory responses. Annu. Rev. Biochem. 59:783.
Appelberg, R., and J. Pedrosa. 1992. Induction and expression of protective T cells during Mycobacterium avium infections in mice. Clin. Exp. Immunol. 87:379.
Appelberg, R., R. Soares, P. Ferreira, and M. T. Silva. 1989.
Induction of non-specific immunosuppression in mice by
mycobacterial infections and its relationship to macrophage
activation. Scand. J . Immunol. 30:165.
Bermudez, L. E., and J. Champsi. 1993. Infection with
Mycobacterium avium induces production of interleukin-10
(IL-lo), and administration of anti-IL-10 antibody is associated with enhanced resistance to infection in mice. Infect.
Immunol. 61:3093.
Allen, J. B., H. L. Wong, P. M. Guyre, G. L. Simon, and S .
M. Wahl. 1991. Association of circulating receptor FcyRIIIpositive monocytes in AIDS patients with elevated levels of
transforming growth factor beta. J. Clin. Invest. 87:1773.

