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Mice incapable of making IL-4 or IL-10 display normal resistance to infection with
Mpycobacterium tuberculosis
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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 witMycobacterium tuberculosimice 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. tuberculosisnfection 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 Th1l-mediated
anti-tuberculosis immunity is due to its down-regulation by either of these Th2 cytokines.
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INTRODUCTION follow. According to the Th1/Th2 paradigm, this could be
interpreted as indicating that aMl. tuberculosisnduced Th2
response causes down-regulation of an already ongoing Thl
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

intracellularly. In order for immunity to be expressed by .
. i [15]. Moreover, because IL-10 can be produced by a variety of
macrophages, interferon-gamma (I-needs to be produced cells besides Th2 CD4 cells, and can inhibit macrophage micro-

by CD4 T cells, as evidenced by the demonstration [5,6] that .. o . : . '
mice with targeted disruption of their IFM-gene are unable to tb|C|daI activity d|r_ectly [16-18], its suppressive act|on_ on
macrophage function has been offered as an explanation of

control bacterial multiplication and quickly succumb to infec- hv th lis fail to eliminaté. tub losist it f
tion. Thus, according to the T helper 1/T helper 2 (Thl/Th2)}':fgctiO(:]S'[slg]e s fall fo elimihatéd. tuberculosisirom sites o

%aer:siltgen(], bT fg&gﬁ;gﬁg m}rrginl(t:yD‘tlo ctelilt; erc;lélosls O(;—:J tl(s) The purpose of the study described here was to investigate
y 9 ¥ PP whether mice that are incapable of producing either IL-4 or IL-10,

Th2 CD4 cells which secrete IL-4, IL-10 and other cytokines because of targeted disruption of their IL-4 or IL-10 gene,

that are involved in antibody production. Th2 T cells are also . : . .
) . . . respectively, are more capable than wild-type mice at defending
believed to function, via the secretion of IL-4 and IL-10, to ) . .
themselves againdd. tuberculosisgnfection.

down-regulate the Thl 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—4weeks of &h tuberculosis MATERIALS AND METHODS
infection, mice predominantly generate a Thl response anq{mce

produce Thl cytokines, whereas they also generate a Thg 4 | 10 and IFN+ gene-disrupted mice, as well as wild-type
response and produce Th2 cytokines during the weeks th%ice, were on a B6129 (C57BI6129/SvJ) background. They
were obtained from the Jackson Laboratories (Bar Harbor, ME),

Correspondence: Robert J. North, The Trudeau Institute, Saranac Lak@&nd employed in experiments at 8—10 weeks of age. All mice were
NY 12983, USA. housed under specific pathogen-free conditions.

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, thgb 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 Kill. tuberculosis
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Fig. 1. Growth ofMycobacterium tuberculosia the lungs, livers and spleens of wild-type and IL-4 gene-disrupted mice infected With 10
bacilli by aerosol. Inability to make IL-4 made no significant difference to the ability of mice to control infection. Mesuds of five mice
per group.

Bacteria cell-mediated immunity to completely resolve infection with
Mycobacterium tuberculosistrain H37Rv, was obtained from the virulent M. tuberculosisin mice is due to the negative immuno-
Trudeau Institute Mycobacterial Culture Collection, and preparedegulatory influence of IL-4 or IL-10. As a way of illustrating that
for infecting mice via the respiratory route in a Middlebrook infection with this pathogen induces a partially protective state of
Airborne Infection Apparatus, as described previously [20]. TheThl CD4 T cell-mediated immunity, it is shown, in agreement with
organism was enumerated in infected organs by plating serial 1Ghe finding of others [5,6], that unlike wild-type mice that acquire
fold dilutions of whole organ homogenates on nutrient agar, andhe capacity to stabilize the level of infection from about day 20 on,
counting colonies after 2—3 weeks incubation &34as described mice with a disrupted IFN+ gene are unable to control the
previously [21]. progression of infection in their lungs, livers and spleens, and
consequently begin dying on about day 40. Because the conse-
RESULTS guence of depleting mice of CD4 T cells [21] is similar to that of
removing the capacity to make IFN-the results are in keeping
The results in Figs 1 and 2 show that mice devoid of a capacity tavith the generally held view [1,2] that immunity responsible for
generate either IL-4 or IL-10 were the same as wild-type mice instabilizing infection is mediated predominantly by Th1CD4 T
terms of their ability to defend againM. tuberculosisinfection cells. An essential role for IL-12 in initiating this Thl response was
initiated via the respiratory route with about?1Bacilli. In all recently demonstrated using mice with targeted disruption of their
groups of mice, infection in the lungs progressed for about 20 day#_-12 p40 gene [22].
before being brought under control and caused to plateau for the The results presented here demonstrate that absence of an
next 70days. In the liver and spleévi. tuberculosiswas not  ability to produce IL-4 or IL-10 has no effect on the course of
present in detectable numbers until about day 20 of infection in alinfection with M. tuberculosis Therefore, failure of Thl CD4-
cases. After this time infection in these organs either plateaued anediated immunity to completely resolve infection need not
very slowly progressed. depend on the negative immunoregulative function of either of
Evidence that stabilization of infection in the lungs of wild- these key Th2 cytokines. The situation wiM. tuberculosis
type mice after day 20 of infection, as shown in Fig. 1, is under thenfection therefore is different from that with leishmaniasis,
control of a Thl immune response is supplied in Fig. 3, whichwhere neutralization of IL-4 alone with anti-IL-4 antibody enables
shows the course of infection in mice with a functionally disrupted otherwise susceptible mice to resolve infection [23]. It should be
IFN-y gene. It can be seen that in the absence of a capacity to makespt in mind, moreover, that it has been shown [24] that mice with
IFN-y mice were highly susceptible to infection, in that the a disrupted IL-4 gene are severely deficient in a capacity to
pathogen grew progressively in all organs beyond day 20. Thesgenerate a Th2 response and to produce significant quantities of
mice began dying on day 40. 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
DISCUSSION [25]. This would seem to be the reason why IL-4 is used
This study deals with the question of whether failure of Th1 CD4 Texclusively in vitro to cause polarization of activated CD4 T
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Fig. 2. Wild-type and IL-10 gene-disrupted mice are compared in terms of their ability to defend alybiosbacterium tuberculosis
infection initiated with 16 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. Meassl. of five mice per group.

cells to a Th2 phenotype. Itis likely therefore that in the absence ofunction of infected macrophages and prevent them from expres-
IL-4, other Th2 cytokines are not produced by CD4 cells in sing microbicidal activity [10,19]. However, the results presented
here with IL-10 knockout mice show that this down-regulatory

response tM. tuberculosisinfection. This would still leave IL-

10 produced by macrophages and other cells to possibly suppresstivity of IL-10 cannot by itself explain the chronicity of mouse
initiation of a Thl response [26], or to directly suppress theTB. In the absence of any direct evidence that anti-tuberculosis
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Fig. 3. IFN-y gene-disrupted mice, in contrast to wild-type mice, were incapable of contrdllymgpbacterium tuberculosigrowth in their
lungs, livers and spleens after day 20 of an infection initiated withbB@illi by aerosol. The former mice began dying on about day 40 of
infection. Meanst s.d. of five mice per group.
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immunity is, in fact, suppressed vivo, it may be more profitable leishmaniasis, human immunodeficiency virus infection, and sepsis.
to consider other reasons for the chronicity of TB. For example, the Pharmacother 1992,7:205-23.

ability of M. tuberculosigo become dormant under the pressure of 11 Orme IM, Roberts AD, Griffin JP, Abrams J. Cytokine secretion by
host immunity [27] could explain why it can persist in the tissues in CD4 lymphocytes in responsefycobacterium tuberculosisfection.

. . . J Immunol 1995151:518-24.
the Eaci oftar?quged Immunl(;y_. t publicati 2021 281th %2 Hernandez-Pando R, Orozcoe H, Sampieri A, Pavon L, Velasquillo C,
astly, it has been argued in recent publications [20,21,28] tha Larriva-Sahd J, Alcocer JM, Madrid MV. Correlation between the

mouse TB is a relevant .model with which to St_Udy important kinetics of Th1/Th2 cells and pathology in a murine model of experi-
aspects of the human disease. The argument is based on the mental pulmonary tuberculosis. Immunology 1986;26—33.
knowledge that, in mice [20,28], as in most humans [29], TB is a13 Huygen K, Abramowicz D, Vanenbusschetral. Spleen cell cytokine
disease confined to the lungs, even tholghtuberculosisdis- secretion inMycobacterium bovi8CG-infected mice. Infect Immun
seminates via blood and implants in other organs. Because in 1992;60:2880-6.

immunocompromised mice [21] and in immunocompromised14 Dlugovtzky D, Torres-Morales A, Rateni L, Farron MA, Largach C,
humans [30], infection can become systemic and cause pathology Molteni O, Bottasso O. Circulating profile of Th1/Th2 cytokines in
in multiple organs, it follows that in immunocompetent mice and tuberculosis patl_ents with @ffergnt degrees of pulmonary involvement.
humans infection-induced pathology is confined to the lungs, = FEMS Immunobiol Med Microbiol 1997182037

b . ity i d efficiently i I ’ELS Sieling PA, Modlin RL. Cytokine patterns at the site of mycobacterial
ecause Immunity Is expressea etiiciently in all organs excep infection. Immunobiol 1994191:378—87.

the lungs. However, unpublished results of experiments in th!s16 Bogdan C, Vodovotz Y, Nathan C. Macrophage deactivation by

laboratory show that mouse TB only resembles human TB if interleukin-10. J Exp Med 1991:741549-55.

infection is initiated with a small enough number of bacilli to 17 Moore KW, O’'Garra A, de Waal Malefyt R, Vieira P, Mosmann TR.

ensure long enough survival for chronic lung pathology of the type  Interleukin-10. Ann Rev Immunol 1993;1:165-90.

seen in humans to develop. Hence the reason in the present studl§ Rennick DA, Fort MF, Davidson NJ. Studies with IL-T0mice: an

for infecting mice with about 19 colony-forming units ofM. overview. J Leukocyte Biol 19981:389-97.

tuberculosisvia the respiratory route. 19 Murry PJ, Wang L, Onufryk C, Tepper RI, Young RA. T cell-derived
IL-10 antagonizes macrophage function in mycobacterial infection. J
Immunol 1997;158315-21.
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