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Role of Cytokines in Leishmaniasis
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A number of immunoregulatory cytokines are also produced
in the developing granuloma in leishmaniasis. These
cytokines are required to balance the successful development
of protective immunity in the liver and prevention of
associated immunopathology [1]. While euthymic L. donovani
infected BALB/c mice are able to control infection with
granuloma formation and IFN-y and IL-2 production, nude
BALB/c mice neither form granulomas nor produce IFN-y [2].
Human recombinant IFN-y restores the ability of nude
BALB/c mice to control L. donovani infection. Furthermore,
anti-IFN-y antibody abolishes granuloma formation [3],
confirming the importance of this cytokine in protection.
Moreover, depletion experiments using anti-1L-2 monoclonal
antibodies and reconstitution using recombinant IL-2 showed
a role for IL-2 in leishmanicidal activity apparently through
the induction of IFN-y, and in granuloma formation with
involvement of L3T4+ and Lyt 2+ T cells [4]. In one
study, besides predominant IFN-y production in the initial and
late phase of infection, IL-4 production was detected in the
intermediary phase coinciding with peak of parasite burden in
the susceptible strain, and no IL-4 production in the resistant
mouse strain [5]. Nevertheless other studies contradicted these
findings. No IL-4 or IL-5 production was observed in three
different strains of mice infected with L. donovani, and in the
liver, only IFN- y RNA was detected by Northern blot, and
both Th1 and Th2 cytokine mRNAs, IL-4, IL-10, IFN-y and
IL-2 mRNA were detected by PCR [6]. Furthermore, mice
treated with anti-IL-4 monoclonal antibodies and mice with
IL-4 gene disruption [7] did not show better control of the
infection.

IL-10, another Th2 cytokine, however, was related to
progressive disease in human visceral leishmaniasis [8] and
was shown to have a role in susceptibility to experimental
visceral leishmaniasis. A progressive increase in IL-10 mRNA
level in tissues during infection suggested a role in
susceptibility [9]. In addition, the control of parasite growth in
inner organs in BALB/c IL-10-/- mice and in normal mice
with 1L-10 receptor blockade by antibodies confirmed the role
of IL-10 in susceptibility [10]. Since IL-10 receptor blockade
increased serum IFN-y levels, a protective effect was initially
attributed to the non-suppressed leishmanicidal effect of IFN-
v. However, suppression of parasite growth with IL-10
receptor blockade even in IFN-y gene-disrupted mice
suggested a broader effect of IL-10 on the suppression of
multiple leishmanicidal mechanisms [11]. In L. major-infected
resistant C57BL/6 mice, IL-10 was shown to be important for
the persistence of the parasite in the lesion, preventing its
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complete clearance from the lesion despite the presence of a
protective immune response [12]. Furthermore, this apparently
undesirable persistence of the parasite was shown to be of
utmost importance for the maintenance of protective immunity
against re-infection, with CD4+CD25+ regulatory T cells with
IL-10- dependent and IL-10-independent mechanisms
probably involving transforming growth factor (TGF)-R being
involved in the suppression of IFN-y production [13].In
contrast, 1L-12 has been shown to be linked to protection
against the infection. 1L-12 treatment of L. donovani-infected
BALB/c mice significantly reduced the parasite burden with
the participation of CD4+ and CD8+ T cells, NK cells and
IFN-y, IL-2 and tumor necrosis factor (TNF)-a [14].. But a
distinct antimicrobial effect of 1L-12, independent of IFN-y,
has also been demonstrated in experiments using IFN-y gene-
disrupted mice. These mice, as expected, showed a
progressive infection for the first eight weeks but in the late
phase developed a capacity to reduce the parasite burden with
the participation of TNF- o induced by IL-12 [15].
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