Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Vol. 87, Suppl. V, 105-109, 1992

IMMUNOPATHOLOGY OF AMERICAN CUTANEOUS LEISHMANIASIS
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American mucocutarneous leishmaniasis is a granulomatous disease clinically characterized
by ulcerated skin lesions that can regress spontaneously. A small percentage of the affected
individuals can however develop a severe destruction of the nasal, oral, pharyngeal and/or
laryngeal mucous membranes many years after the healing of the primary lesion. The human
immune response to the infection and the possible mechanisms underlying the pathogenesis of
the disease, determining either the self-healing or the development of chronic and destructive

mucosal lesions, are discussed.
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American cutaneous leishmaniasis (ACL)
1s a disease of skin and mucous membranes
caused by many different species of Leishma-
nia, a protozoon that invades and grows within
macrophages. Leishmania (Viannia) braziliensis
iIs the most common species causing human
disease in Brazil. The mildest clinical form of
the disease is localized cutaneous leishmaniasis
(LCL), which presents as a cutancous ulcer at
the site of the sandfly bite. The lesion is often
self-limiting, and heals after a period of sev-
eral months. The principal charactenstic that
distinguishes L. braziliensis from other species
IS 1ts propensity to manifest a metastatic spread
to the nasal, pharyngeal and oral mucosae
resulting 1in the complete destruction of these
tissues and associated cartilage (mucocutane-
ous leishmantasis — MCL). This manifestation,
commonly called espundia, 1s a relentlessly
progressive process that can be interrupted only
by specific therapy (Marsden & Nonata, 1975;
Marsden et al., 1984). Morphologically, both
LCL and MCL lesions are depicted by an in-
tense mononuclear inflammatory infiltrate and
a remarkable scarcity of parasites.

Expenmental infections of resistant and sus-
ceptible mice strains with different species of
Leishmania have shown that the resolution of
the infection relates with a specific T-cell re-
sponse (Handman et al., 1979; Mitchell et al.,
1980, 1981). Clinical observations in human
infection have shown that spontaneous healing
of cutaneous lesions is associated with the
development of cell-mediated immune response

against L. braziliensis antigens (Castes et al,,
1983; Saravia et al., 1989). Interestingly, lym-
phocytes from MCL patients show a higher in
vitro and in vivo reactivity than those from
LCL patients. This has led to speculation that
the chronic destructive nature of the MCL
lesions 1s either due to a defective immune
response restricted to the site of the lesion
(Carvalho et al., 1985) or that lesions result
from a hyperreactive immune response (Castes
et al.,, 1984; Coutinho et al., 1987).

Studies on the properties and functional re-
sponsiveness of T lymphocytes from L.
braziliensis human lesions have shown that 1)
CD4+ T-memory cells are the predominant
phenotype in both LCL and MCL lesions as
well as 1n Montenegro reactions, 11) cells con-
taining [FN-y mRNA were present in similar
frequencies in LCL, MCL and Montenegro
bropsy specimens and, 111) T-cells denved from
both LCL and MCL lesions responded equally
well to L. braziliensis in vitro (Conceigao-Silva
et al., 1990; Pirmez et al., 1990). These data
indicate that components of a delayed-type
hypersensitivity (DTH)-like response are
present in MCL lesions and are neither in-
creased nor diminished in comparison to LCL
lesions., Despite the clinical and experimental
evidence of a good correlation between DTH
reactivity and resistance to the infection, it 1s
likely that the DTH reaction, present either in
LCL or MCL lesions, mught also result in the
concomitant tissue injury. This hypothesis 1s
further supported by experimental data show-
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ing that the enhancement of the DTH reaction
by cyclophosphamide or pertussigen in immu-
nized BALB/c mice results in exacerbation of
the disease (Dhahwal & Liew, 1987).

Studies on genetically resistant and suscep-
tible mice strains suggest that the inability to
control the infection 1s due to the expansion of
a T helper 2 (Ty2) subset that produces IL-4,
IL-5 and IL-10 but not IFN-y, whereas effec-
five immunity 1s accompanied by expansion of
a IFN-y producing subpopulation (Tyl type)
(Locksley et al., 1987; Scott, 1989; Locksley
& Scott, 1991). If this i1dea holds true in hu-
man leishmaniasis, Tyl cells should be present
in LCL form where spontaneous healing is the
rule, whereas in the MCL form T-cells should
fall into the T2 category. The two distinct
patterns of cytokine production were analyzed
in MCL and LCL lesions by means of poly-
merase chain reaction (PCR) on lesion-derived
mRNA. Lymphokine mRNAs resembling mu-
rine Tyl (e.g., IL-2, IFN-y and lymphotoxin)
were present tn LCL, MCL, and Montenegro
reactions. In contrast, the TH2 profile (e.g.,
IL-4, IL-5, and IL-10) were most evidently
expressed in MCL lesions. Cytokine mRNAs
predominantly produced by macrophages such
as IL-B, granulocyte colony-stimulating factor
(GM-CSF), IL-6, and tumor necrosis factor
(TNF-a) were equally expressed i both LCL,
MCL and Montenegro specimens (Pirmez et
al., 1993). These results suggest that LCL le-
sions appear to typify the type 1 response,
characteristic of limited and/or self-healing
lesions, whereas the type 2 response 1s likely
to predominate in the progressive and destruc-
tive MCL lesions. The type 1 patterns was
also found in the Montenegro reaction, a typi-
cal DTH response.

IFN-y 1s a Tyl product well known to en-
hance production of reactive Oxygen and Ni-
trogen intermediates (Nathan et al., 1983;
Green et al., 1990) and to facilitate the intra-
cellular killing of Leishmania (Nacy et al.,
1981; Muiray et al., 1983). Progression of the
disease in BALC/c mice infected with L. major
1s associated with an inability of the animals
to produce IFN-y (Sadick et al., 1986). On the
other hand, IL-4 induces B cells to switch to
the production of 1gGl, increases the expres-
sion of class II antigens, and activates mac-
rophages. T cells that produce IL-4 or IFN-y
act as reciprocal regulatory agents in the de-
termination of Ig i1sotype responses. [FN-y in-
hibaits the action of IL-4 on resting B cells,
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including induction of class II MHC molecule
expression and costimulation of proliferation
(Snapper & Paul, 1987). The cross-regulatory
effects of IL-4 and IFN-y 1n the host response
to infection have been well demonstrated in
the murine leishmaniasis model. In L. major
infections, healing in C57/BL mice is accom-
panied by an increase in IFN-y production by
Leishmania-antigen-specific cells and in the
susceptible BALB/c mice, there 1s an increase
in IL-4 production (Heinzel et al., 1989).

Many cytokines other than IFN-y and IL-4
seem to influence the outcome of infection

such as GM-CSF, IL-3, IL-10 or TNF-a. For
instance, TNF-a strongly activates murine peri-
toneal macrophages for killing of L. major
amastigotes, an effect that 1s enhanced in the
presence of low amounts of IFN-y (Liew et al.,
1990) and treatment in vivo with anti-TNF-o,
aggravates the course of the disease (Titus et
al., 1989). GM-CSF has a detrimental effect in
L. major infected mice (Greil et al., 1988),
and there 1s a direct correlation between sus-
ceptibility and production of high levels of IL-
3 (Lelchuk et al., 1988). Data of a number of
studies show however conflicting results. While
it has been demonstrated that the IFN-y-medi-
ated activation of murine pentoneal macroph-
ages to kill L. major promastigotes can be an-
tagonized by IL-3 or IL-4 (Liew et al., 1989),
others had shown that IL-4 cooperates with
IFN-y for the resistance to L. major (Bogdan
et al., 1991). Resolution of the lesions has
been shown by in vivo treatment with either
IL-4 (Carter et al., 1989) or anti-1L-4 (Sadick
et al., 1990). Furthermore, Titus et al. (1991)
have shown that BALB/c mice parasite-spe-
cific T cells that are clearly of the Tl type
can exacerbate cutaneous leishmaniasis, despite
the fact that the cells secrete large amounts of
IFN-y when they are activated with parasite
antigens. Although many of the discrepancies
can be explained by differences in the experi-
mental designs, depending upon the source of
the macrophage, the parasite form used, and
the timing of addition of the cytokines, one
can speculate that a Tj;1 subset might not be
protective when it does not produce the addi-
tional cytokine that optimally activate mac-
rophages to destroy the parasite. Mixture of
cells types i1s therefore likely to result tn com-
plex functions, and the balance among
cytokines might be crucial in determtning the
outcome of the infection. The presence of IL-
2, IFN-y, and lymphotoxin detected either in
LCL or MCL lesions 1s likely to contribute to
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the healing of the localized cutaneous lesions,
but IL-4 might play a key role in the patho-
genesis of MCL lesions, perhaps by partially
inhibiting the effect of IFN-y on activating
macrophages, resulting in the chronicity and
tissue njury which characterize this form of
leishmaniasis.

The pathogenesis of ACL is likely to be
dependent on a complex array of factors. Dif-
ferent organisms as well as epidemiologic
variables may be important in determining
differences of the disease expression in differ-
ent geographic regions. In contrast to predomi-
nance of CD4+ cells in LCL lesions in Brazil,
CD8+ cells predominate in LCL lesions in
Venezuela (Modlin et al., 1985). Nevertheless,
the presence of high percentages of a T-cyto-
toxic phenotype in both LCL and MCL lesions
1s of particular interest since the resistance to
L. donovani or L. major seems to require the
activation not only of CD4+ cells, but also
CD8+ cells (Stern et al., 1988; Farrell et al.,
1989). y0 T-cells also merits some attention
since they are present in LCL but not MCL
lesions and may contribute to granuloma for-
mation (Modlin et al., 1989). These yo T-cells
release a factor or factor that synergizes with
GM-CSF to induce macrophage adhesion, ag-
gregation and proliferation, are clonally se-
lected by specific antigen, and undergo an
oligoclonal expansion in distinct tissue micro-
environments (Uyemura et al.,, 1992). The
delayed-type hypersensitivity reaction is an-
other component likely to participate in the
pathogenesis of the lesions. In this context, it
Is interesting to note that Ty;1 cells mediate a
DTH reaction when injected with antigen into
the footpads of mice with features more simi-
lar to the Jones-Mote than to the tuberculin-
type DTH reaction (Cher & Mosmann, 1987),
suggesting that this latter reaction is more likely
to result from a combination of Ty;1 and T2
cells (Mosmann & Moore, 1991). The demon-
stration of the simultancous presence of T;1
and T2 subsets in L. magjor infected mice
(Lohoff et al., 1989) argues for a regulated
balance between these subsets. On the other
hand, 1t has been demonstrated that antigen-
presenting cells (APC) can regulate the differ-
entiation of T cells, since different APC can
preferentially present different classes of anti-
gen (Gajewski et al., 1991). It 1s noteworthy
that Langerhans cells, present in high numbers
in LCL lesions, are virtually absent in MCL
lesions (Pirmez & Modlin, unpublished obser-
vation; Martinez-Arends et al., 1991). Lange-

rhans cells are APC of the epidermis, and can
present antigen to both Ty;1 and T2 cells, but
when UV irradiated present to only T2 cells
(Simon et al., 1990). It 1s thus possible that the
dominant APC in MCL lesions preferentially
presents antigen to type 2 lymphokine produc-
ing cells. This 1s supported by experiments
showing that T-cells in lymphoid organs drain-
ing non-mucosal tissue sites produce IL-2 while
those draiming mucosal sites produce IL-4
(Daynes et al., 1990). Another hypothesis that
should be considered i1s the MHC restriction
element which may select particular functional
T-cell populations. Murray et al. (1989) have
shown that CD4+ T cells activated in the pn-
mary in vivo response to antigen produce dis-
tinct pattems of cytokines depending upon the
MHC class IT haplotype of the responding mice.

Definition of the mechanisms influencing
the cytokine regulation in ACL 1is likely to
permit more comprehensive view of the patho-
genests of the disease. Further investigation of
T-cytotoxic cells and TCR-y0 cells, as well as
comparison of the antigen repertoire of T-cells
in lesions might be cntical in understanding
and differentiating the clinical presentation and
immune response to infection caused by L.
braziliensis.
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