
Mice incapable of making IL-4 or IL-10 display normal resistance to infection with
Mycobacterium tuberculosis

R. J. NORTH The Trudeau Institute, Saranac Lake, NY, USA

(Accepted for publication 4 March 1998)

SUMMARY

With a view to determining whether production of Th2 cytokines, IL-4 or IL-10, is responsible for the
inability of mice to resolve infection withMycobacterium tuberculosis, mice with targeted disruption of
their IL-4 or IL-10 gene were compared with wild-type mice in terms of their ability to defend against an
M. tuberculosisinfection initiated via the respiratory route. The results show that mice that are unable to
make either IL-4 or IL-10 are no more capable than wild-type mice at defending against tuberculosis
(TB). Therefore, the results are inconsistent with the proposition that the inadequacy of Th1-mediated
anti-tuberculosis immunity is due to its down-regulation by either of these Th2 cytokines.
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INTRODUCTION

Immunity of mice to infection withMycobacterium tuberculosis
is mediated predominantly by antigen-specific CD4 T cells
[1,2], with CD8 T cells also playing a critical role according
to some investigators [3], although not according to others [4].
There is evidence [2], in addition, thatgd T cells are involved
in anti-tuberculosis immunity. It is generally believed that CD4
cells function to activate the mycobactericidal function of
macrophages that need to ingest and killM. tuberculosis
intracellularly. In order for immunity to be expressed by
macrophages, interferon-gamma (IFN-g) needs to be produced
by CD4 T cells, as evidenced by the demonstration [5,6] that
mice with targeted disruption of their IFN-g gene are unable to
control bacterial multiplication and quickly succumb to infec-
tion. Thus, according to the T helper 1/T helper 2 (Th1/Th2)
paradigm, T cell-mediated immunity to tuberculosis (TB) is
mediated by IFN-g-secreting, Th1 CD4 cells, as opposed to
Th2 CD4 cells which secrete IL-4, IL-10 and other cytokines
that are involved in antibody production. Th2 T cells are also
believed to function, via the secretion of IL-4 and IL-10, to
down-regulate the Th1 response to a variety of microbial
pathogens and consequently prevent infection from being
resolved [7–10]. It was recently revealed [11,12], in this
regard, that during the first 3–4 weeks of anM. tuberculosis
infection, mice predominantly generate a Th1 response and
produce Th1 cytokines, whereas they also generate a Th2
response and produce Th2 cytokines during the weeks that

follow. According to the Th1/Th2 paradigm, this could be
interpreted as indicating that anM. tuberculosis-induced Th2
response causes down-regulation of an already ongoing Th1
response that is needed to resolve infection [13]. Hence the
reason for the chronicity ofM. tuberculosis infection. The
presence to a greater or lesser degree of Th2 cytokines in the
peripheral circulation of humans with active TB has likewise
been used to explain why the disease is more severe in some
humans than in others [14]. The same argument has been used
to explain the inadequacy of the immune response to leprosy
[15]. Moreover, because IL-10 can be produced by a variety of
cells besides Th2 CD4 cells, and can inhibit macrophage micro-
bicidal activity directly [16–18], its suppressive action on
macrophage function has been offered as an explanation of
why these cells fail to eliminateM. tuberculosisfrom sites of
infection [19].

The purpose of the study described here was to investigate
whether mice that are incapable of producing either IL-4 or IL-10,
because of targeted disruption of their IL-4 or IL-10 gene,
respectively, are more capable than wild-type mice at defending
themselves againstM. tuberculosisinfection.

MATERIALS AND METHODS

Mice
IL-4, IL-10 and IFN-g gene-disrupted mice, as well as wild-type
mice, were on a B6129 (C57Bl/6×129/SvJ) background. They
were obtained from the Jackson Laboratories (Bar Harbor, ME),
and employed in experiments at 8–10 weeks of age. All mice were
housed under specific pathogen-free conditions.
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Bacteria
Mycobacterium tuberculosis,strain H37Rv, was obtained from the
Trudeau Institute Mycobacterial Culture Collection, and prepared
for infecting mice via the respiratory route in a Middlebrook
Airborne Infection Apparatus, as described previously [20]. The
organism was enumerated in infected organs by plating serial 10-
fold dilutions of whole organ homogenates on nutrient agar, and
counting colonies after 2–3 weeks incubation at 378C, as described
previously [21].

RESULTS

The results in Figs 1 and 2 show that mice devoid of a capacity to
generate either IL-4 or IL-10 were the same as wild-type mice in
terms of their ability to defend againstM. tuberculosisinfection
initiated via the respiratory route with about 102 bacilli. In all
groups of mice, infection in the lungs progressed for about 20 days
before being brought under control and caused to plateau for the
next 70 days. In the liver and spleenM. tuberculosiswas not
present in detectable numbers until about day 20 of infection in all
cases. After this time infection in these organs either plateaued or
very slowly progressed.

Evidence that stabilization of infection in the lungs of wild-
type mice after day 20 of infection, as shown in Fig. 1, is under the
control of a Th1 immune response is supplied in Fig. 3, which
shows the course of infection in mice with a functionally disrupted
IFN-g gene. It can be seen that in the absence of a capacity to make
IFN-g mice were highly susceptible to infection, in that the
pathogen grew progressively in all organs beyond day 20. These
mice began dying on day 40.

DISCUSSION

This study deals with the question of whether failure of Th1 CD4 T

cell-mediated immunity to completely resolve infection with
virulent M. tuberculosisin mice is due to the negative immuno-
regulatory influence of IL-4 or IL-10. As a way of illustrating that
infection with this pathogen induces a partially protective state of
Th1 CD4 T cell-mediated immunity, it is shown, in agreement with
the finding of others [5,6], that unlike wild-type mice that acquire
the capacity to stabilize the level of infection from about day 20 on,
mice with a disrupted IFN-g gene are unable to control the
progression of infection in their lungs, livers and spleens, and
consequently begin dying on about day 40. Because the conse-
quence of depleting mice of CD4 T cells [21] is similar to that of
removing the capacity to make IFN-g, the results are in keeping
with the generally held view [1,2] that immunity responsible for
stabilizing infection is mediated predominantly by Th1 CD4 T
cells. An essential role for IL-12 in initiating this Th1 response was
recently demonstrated using mice with targeted disruption of their
IL-12 p40 gene [22].

The results presented here demonstrate that absence of an
ability to produce IL-4 or IL-10 has no effect on the course of
infection with M. tuberculosis. Therefore, failure of Th1 CD4-
mediated immunity to completely resolve infection need not
depend on the negative immunoregulative function of either of
these key Th2 cytokines. The situation withM. tuberculosis
infection therefore is different from that with leishmaniasis,
where neutralization of IL-4 alone with anti-IL-4 antibody enables
otherwise susceptible mice to resolve infection [23]. It should be
kept in mind, moreover, that it has been shown [24] that mice with
a disrupted IL-4 gene are severely deficient in a capacity to
generate a Th2 response and to produce significant quantities of
other Th2 cytokines. This is in keeping with the need for IL-4 to
engage the IL-4 receptor on the surface of CD4 cells, in order for
Th2 cytokine transcription to be initiated via activation of Stat6
[25]. This would seem to be the reason why IL-4 is used
exclusively in vitro to cause polarization of activated CD4 T
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Fig. 1. Growth ofMycobacterium tuberculosisin the lungs, livers and spleens of wild-type and IL-4 gene-disrupted mice infected with 101·6

bacilli by aerosol. Inability to make IL-4 made no significant difference to the ability of mice to control infection. Means6 s.d. of five mice
per group.



cells to a Th2 phenotype. It is likely therefore that in the absence of
IL-4, other Th2 cytokines are not produced by CD4 cells in
response toM. tuberculosisinfection. This would still leave IL-
10 produced by macrophages and other cells to possibly suppress
initiation of a Th1 response [26], or to directly suppress the

function of infected macrophages and prevent them from expres-
sing microbicidal activity [10,19]. However, the results presented
here with IL-10 knockout mice show that this down-regulatory
activity of IL-10 cannot by itself explain the chronicity of mouse
TB. In the absence of any direct evidence that anti-tuberculosis
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Fig. 2. Wild-type and IL-10 gene-disrupted mice are compared in terms of their ability to defend againstMycobacterium tuberculosis
infection initiated with 102·2bacilli given by aerosol. Both types of mice were equally capable of defending against infection, as measured by
growth of the pathogen in their lungs, livers and spleens. Means6 s.d. of five mice per group.
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Fig. 3. IFN-g gene-disrupted mice, in contrast to wild-type mice, were incapable of controllingMycobacterium tuberculosisgrowth in their
lungs, livers and spleens after day 20 of an infection initiated with 102 bacilli by aerosol. The former mice began dying on about day 40 of
infection. Means6 s.d. of five mice per group.



immunity is, in fact, suppressedin vivo, it may be more profitable
to consider other reasons for the chronicity of TB. For example, the
ability of M. tuberculosisto become dormant under the pressure of
host immunity [27] could explain why it can persist in the tissues in
the face of acquired immunity.

Lastly, it has been argued in recent publications [20,21,28] that
mouse TB is a relevant model with which to study important
aspects of the human disease. The argument is based on the
knowledge that, in mice [20,28], as in most humans [29], TB is a
disease confined to the lungs, even thoughM. tuberculosisdis-
seminates via blood and implants in other organs. Because in
immunocompromised mice [21] and in immunocompromised
humans [30], infection can become systemic and cause pathology
in multiple organs, it follows that in immunocompetent mice and
humans infection-induced pathology is confined to the lungs,
because immunity is expressed efficiently in all organs except
the lungs. However, unpublished results of experiments in this
laboratory show that mouse TB only resembles human TB if
infection is initiated with a small enough number of bacilli to
ensure long enough survival for chronic lung pathology of the type
seen in humans to develop. Hence the reason in the present study
for infecting mice with about 102 colony-forming units ofM.
tuberculosisvia the respiratory route.
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