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FATHOGLENES IS AND IMMUNOPATHOLOGY OF LEISHMANIASIS

Coutinho, S$.6.§8 Pirmez, C.3; Mendonga, S.C.F.3%
Conceirgdo-5ilva, F. & Dorea, K.C.C.

Dept. Frotozoologia, Instituto Oswaldo Cruz (FIOCRUZ)
K10 de Janeiro — BRrasil

The principal aspects of human cutaneocus and
mucocutaneous leishmaniasis that occuwr in Brazil will be
discussed as well as some data regarding experimental
murine intection by Leishmania major and Leishmania
MmexRiCana.

At least three subspecies of Leishmania are capable

o+t cCauwsing Amer i can cutanecus and/ar mucosal
leishmaniasis 1in Hrazil (Lainson, 1983) 1 Leishmanla
meXxlcana amazonensi s, l.ei shmania braziliensis
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Ameriican cutaneocus and/or mucosal leishmaniasis (ACL)
generally occur i1in one of the following three principal
climical forms:

Ctaneows Leishmaniasis (CL) 15 the most frequent form
at  ACL. and may be caused by any of the three Leishmania
subspecl eas. The cutaneocus lesions are generally
localized where the sandfly has inoculated the parasite
v 1ts bitesl however, multiple lesions may occur. Cure
may be either spontanecus or induced by antimonial

therapy.

Mucosal or Mucocutaneous Leilshmanitasis (MCL)Y ® 18 Ccaused
by Leighmania braziliensis braziliensis (Lainson, 1983),
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although cases cauwszd by Leishmania mexicana have been
reparted. SHevere secondary lestions of the faclial mucosa
{(nose, mouth) may occur even sevetral veare atter the
71 MAr Y cslin lesion has been cured. Despite the
extension and severity of cuch mucosal lesions, very few
parasites are found and generally there is a poor
response to therapvy. In the majority of such patients,
the immune response appears exacerbated in comparison to

that of the CL patients.
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Diffuse Cutaneous Leishmaniasis (DCL): ie caused by
Leishmania mexicana amazonensis in Brazil (Lainson,
1983). Numerous nodular skin lesions, disseminated over
the body, with abundant parasites are found. This 15 &
rare and severe form of the disease that also shows poor
response to  therapy. While the cell-mediated immune

response may be normal for other antigens, it 1s
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With regard to the histopathological aspects,
Hrvyceson (1949) classified the spectrum of the disease
in Ethiopian patients, which ranged from an anergic pole
with abundant macrophages and parasites (found in DCL
patients), to a hyperergic pole with a tuberculous
reaction and parasites practically absent.
"Intermediary” alterations reveal phagocytes,
lymphocytes, and a moderate quantity of parasites. Foor
responses to therapy are found in both the polar +forms,
similar to that obzserved in leprosy {(Turk & Rryceson,
19703 Convit & Finardi, 1974) . However, the
histopathological picture found 1n the New World cases
of cutaneocus and mucocutaneocus leishmaniasie reveals
particularities that led Ridley at al (1980) as well as
Magalhdes et al (1986, 1986k) to suggest ather
classiticatians.

One important aspect that differentiates the
cutaneocus leishmaniasis of the Old World from that of
the New World i1s the fact that, in the latter, a

striking reaction ot the connective tissue 15
superposed to the intlammatory intiltrate. This
reaction is characterized by fibrinoid necrosis ot

the connective tissue that frequently affects small
vessels, and by the proliferation of fibraoblasts during
the renair process  (Ridley et al., 1980) . The
grranul omatous reaction tends to be disorganized, and
related to a post-necrotic rveaction of the tissue
(Kidlevy, 19795 Magalhaes et al., 1986a). Due to the
scarcity of parasites at the lesions, 1t isg ditficult to
interpret pathogenesis af MCL caused by {.b.b.
Howevelr , such necrotic lesions may occur parallelly to
the destruction of the parasites, thuse contributing
towardes the cure or aggravation of the lesions.

Characterization of the cellular population present
in the inflammatory infiltrate shows a discrete eXxcess



Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Suppl. Vol. 82, November 1987/Page 216

of the CD 8 phenotvpe cells which have a non—organized
digtraibution 1nn the intlammataory reaction (Modlin et
al.. 19950 .
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In most cases of this clinical +orm, spontaneous  or
therapy—-induced healing 1is apparently related to a
wel l—-modul ated cellular i1mmune response.

Merndonga et al. (19846) have shown  that partial
recslistance to antimonial therapy 1n patients with recent
cutanecus lesions, was assoclated with a low in wvitro

lymphoproliterative rresponse to parasite’ s antigens. Ue
alsao reported that the sgspecific lymphoproliterative
response  1ncreases, during antimonial therapy when the
healing process starts. This, 1in addition to previous
reports of various authors (Witzum et al., 19783 Castes
et al., 19828 19843 Carvalho et al., 1983%) paint to the
relevance of the T lymphocyte—-mediated cellular i1immune
response 1n the healing process of cutaneous lesions.
By using mice as edperimental model, 1t haz been shown
that the principal protective immunity agarnst L.major
intection 1 mediated by T celle (Mitchell et al., 19803
L-iew et al., 1982) that produce gamma interteron ( -~
PR and macropbage activating factor (MAF) leading to
the activation of macrophages and the destruction of
internmalized parasites (Titus et al., 19847 Nacy et al.,

1585 .

The 1mportance of the host s genetic background 1in
the ocutcome of Leishmania infections, has become evident
v  the existence of mouse strains that are susceptible
(Halb/c) or resistant (CRA, Co/7) to the parasite
(Handman et al., 1928035 EBehin et al., 1979 Ferez et al.,

19797 Howard et al., 1980).

The severity of clinical forms may be trelated as
werl 1 to the species or subspecies of Leishmania
involved. In this connection - different parasite

straine may show different degrees of resistance to the
destruction by macrophages (Scott et al., 1983).

Di+fuse Cutanecus Leishmaniasis (DCL)
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A =zevere i1mpairment of the cell-mediated immune
response to Leishmania antigens, occurs in this clinical
form, leading to high number of parasites and
macrophages 1in the nodular lesions which resemble those

of lepromatous leprosy {(anergic pole).
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HBoth the delayed-type hypersensitivity (DTH) as well
as the lymphoproliferative response are specifically
negative {(Castes &t al., 19838 1984). However, Leishmania
specific serum antibodies can be found, which apparently
are not eftfective to determine a favorable outcome of

the dicseace.

The Halb/c mouse has been used as an animal model for
tntection by L.major {(Howard et al., 19280% Louis et al.,
1982) . Halb/c 15 highly susceptible to this parasite
arnd develops a disseminated cutaneous disease wilth
high parasite load together with ann impaired cell-~-
mecdiated immunity,very similar to that which occurs  in
Puman DOL. The ewperimental manipulations of the ocell-
mediated i1mmunity carried out on less susceptible mice
(CrA, €CS7) leading to a&aggravation of lesionz also

resulted in an increased parasite load.

FPetersen et al. (19282, 1984) demonstrated that the
adherent cell depletion of DCL patients restored the in
vitro lymphoproliferative response to L.eishmania—
antigens. The mechanisms 1nvol ved in the
1mmunosuppresslon induced by macrophages could also be
related either to the synthesis of prostaglandins, since
indometacin reverts such activity or to a deftective
presentation of antigens to T cells. As regards this
last hypothesis, Mitchell and Handman (1983) refer that
different 1T cell subsets lacking the Lyt 2 surtace
antigen may possess either resistance—-promoting ar
disease—-promoting effects {(exacerbation of lesionz) in
murine cutaneocus leishmaniasis depending iy the
recognition of different carbohydrate epitopes on  the
same molecule, according to how this molecule 1s
presented by macrophages. In this connection, FRussel
and Alexander (1987) demonstrated that two membrane
antigens i1solated +from L.m.nmnexicana (the glycolipid
"ejxcreted tactor" and the glycaoprotein gp &A)
reconstituted into liposomes and inoculated 1in  Ralb/c
and CBA mice induced a strong protection in the absence
ot any exacerbative response. According to these
authors, the liposome packaging enables the antigen
preparations to be inoculated in their native, non-
denatured conformation, anchored in the phospholipid

bilayer by their hydrophobic regions.

In addition, depending on the i1noculation route for
immunization, the Ralb/c mice may achieve a substancial
resistance by intravenous (i.v.) procedure, il contrast
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to the subcutanecus (s.c.) immunization which, 1in
addition to not conferring protection, exacerbates the
lesionse when the challenge infection is performed (Liew
et al., 19e4 5§ l.iew et al., 1985). Interestingly s.c.
rmmunization also induces strong DTH contrary to
1.v. immunization, showing a dissociation between strong
DTH and protection (Dhaliwal & Liew, 1987).

Titus et al. (1984) demonstrated that L.major-
speciftic mouse T cell lines and clones which express the
L.3T 4+, Lyt 1+ 22— phenotype can aleo enhance the

development of the disease when transfervred to infected
recipients.

In these cases where mouse lesions are aggravated by
the manipulation of the cellular immunity, the number of
macrophages in the lesions as well as the parasite load
INCreases.

Such macrophage increase at the site of the lesion
may provide parasite "save target cells" (Mirkovich et
al., 19846), that are recruited to the lesion by the
LaTd+, Lyt 1+ 2~ cells (Louwis et al., 198&6) which are in
excess 1n susceptible Balb/c mice (Millon et al., 1984).
Immunization procedures that cause aggravation (eqg:
S.C.) may as well induce the expansion of L3T4+ T cell
subsets which mediate DTH and possibly recruit target
celle less hostile to the invading parasitez (Draliwal &
Liew, 1987).

The protective immunity due to either immunization
procedures or to convalescence of infection must not
anly attract, but also activate the macrophages to kill
Farasites by means of the production of gamma interferon
arnd  MAF by LZT4+ Lyt i+ 2- T lymphocyte subsets with
helpetr /inducer activity. ‘

Cells of the COCD8 phenotype in the lesion of CDL
patients may impair the development of an effective
granul omatous rRespanse, by either i1inhibiting IL-2
production (Modlin et al., 1985) or consuming the IL-2
produced by CD4 lymphocytes.

In the case of visceral leishmaniasis caused Dy
L.donovani, a situation of immuncossuppression similar to
that of DCL occurs. Low IL-2 and gamma interferon
production levels have been found by Carvalho et al.

L1985 .
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Mucocutaneouws Leishmanliasis (MCL)
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narasite which produces the mucosal and mucocutaneocus
forms  of leishmaniasis 1 America. In general the

del aved-type hypersensitivity (DTH) (Monteneqro’s
intradermal test) ie enhanced and may even produce
ptilvoctenules or necrosis at the site where the antigen
was inoculated.  The in wvitro lymphaoproliferative
response to Leishmania antigens 1s greater than i the
case of cutaneouws leilshmaniasis patients {(Castes et
1., 190353 19845 Carvalho et al., 1985). The level of
arnti—Leishmania serum antibodies i1s also hiagh Cuba et

al., 1984).

I the case of Leishmania b.braziliensis intection,
the study of the parasite-host relationship has been

ditficult due to the mnon—availability of a suitable
euperimental model. Mice, tncluding the kalb/c straxn,
are resilstant  and hameters develop a visceral form  of
the disease that 1s different from the human disease.

L

1t bhas been verified that doge become naturally
1t ected 1 endemic areas where transmission of L.b.b.

QG S, Lovtinho et al., 128%5) and that the cutaneocus
lesiones are clinically and histologically similar  to
those ot the huaman disease (Firmez et al., 1987) even
as reqQards the occuwrrence of mucosal lesions. Frobably

experimental studies wusing dogs azs animal model would
contribute to a better understanding of the operational
mechanisme determining the severe tormse {(mucosxl) of the
diceass., The studies on i1nfectiorn by L.b.b. {and the
mucosal and mucocutaneous forms of the dicsease) have
been recstricted Lo buman cases, RHased on the

Uastcaily
tact that, in the great majority of cases invalwving the
muCosal + Qrm ot the diseacse, =iy v braordlnary
scarensss of parasites ocouwrs at the lesions, together
with exaterbated cellular and humor al L mmune
A w fo] @Rt ) Lastes et &l .y 198355 19&4 % Carvalho et
al ., 12850, 1t 1 & probalxle that & specific
voersensitivity reaction to leishmanial antigens may be
involved i the pathogenesis of such lesions. A long
[FERF 4 (O af  exposuwre ot patients to  the parrasite s

antigens shouwld be inveolved i the development ot
yperasens,tivity reactions, both 1n patients with a laong
Mistory of the diseacse (Carvalho et &1., 1598%5) as well
& i persons living  1n endenic  areas Wk S e

constantly exposed to sandtly bites. It shouid be



Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Suppl. Vol. 82, November 1987/Page 220

stressed that Firmez et al. (1287) were able to isolate

l..b.b. trom the scars of naturally i1nfected and
clinically cured dogs, showing that the parasite is able
to keep 1in bal ance with the host, which could

explain the occuwrrence of secondary lesions atter the
clinical cure of a primary lesion produced by L.b.Db.

In tuberculoid leprosy the cell-mediated 1mmunity 15
capable of practically eliminating bacilly from lesions
where, however, severe nerve damage 185 clearly evident
(K]l ocom, 1986) . Al explanation for such lesionse i1s that
activated macrophages secrete neutral protelnacses,
which, by acting on the plasminogem, produce plasmin
that would have the ability locally to degrade myelin
proteins (Rlcom, 1986).

It 15 possible that 1in mucosal leishmaniasis, a
similar mechanism related to the cell—-mediated 1mmune
response at the site of the lesions, may be relevant for
the destruction of parasites, but 11t could als=so
contribute to necrosis ot the connective tissue,

Amangst such mechanisms, 1t may be recalled that
activated mac—-rophages produce tumow necrosis tactor
{TNF), a cytokine that 1 capable of destroving tumoral
celle without affecting normal cells {(Caswell et al.,
19758). TNF has an in vitro effect on the Malaria

parasites (Taverne et al., 1981) and on  Trypanosoma
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cruzi (Titto et al., 1986) . It could be inferred that
cells, whether parasitized or not, that exprese paracsite
antigens on their surtaces, could become targete +for
TNF, contributing to the destruction of internalized

parasites and also to necro=sis of tissue.

Another possible mechanism, which, however has  not
been contirmed by us in vitrg Loutinho et &l.. 198%) -~
could be related to parasitized macrophages, as well as
to other cells present at the =zite of the lesion and
expressing the parasite’s antigens, which could hbe
gspeclifically recognized by cytotoxic T lyvmphocytes
(Andrade et al1., 19a34) , leading to the destruction  of
the parasites and to a cure or aggravation of the
necrotic lesions.

The aggravation of Halb/c mouse lezions due Lo
irnfection by L.major (Titus et al.., 1984y or by

L.m.mexicana «(HModrigues et al., 1986) by  adoptive
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transter of Leishmania-specific L3IT4 T lvymphocoytes
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cannot be correlated to the severe lesions of human
mucosal leishmaniacsils caused by L.b.b. The
physiopathology of these severe lesions 1s quite
different in each case: in the animal model with an
extraordinary parasite locad and, 1in human MCL, with
parasites being practically absent.

We have succeeded in adapting the limiting dilution
assay (LDA) in order to quantify T lymphocytes that
recognize Leishmania antigens in the blood of ACL
patients (Dorea et al., 1987). Recent results obtained
at our laboratory using LDA have shown that there are
Nnc significant differences between the freqgquenciles
agf T cells which recognize leishmanial antigens 1n  the
blood of patients having the mucosal or the cutaneous
forms of the disease. As regards the T cell phenotypes
1M the blood ~ whether CD4 or CD8 - significant
differences have not been found between G and MCL
patientg (Carvalho et al., 19863 Dorea et al., in

preparation).

It i possible, however, that gualitative dittferences
do exist between T cell populations and clones that
would recognize different epitopes of the parasite’s
antigens (Mitchell % Handman, 19857 Russel & Alexander,
1987) and that could contribute towards the cure orF
aggravation of the disease. Melby et al. (19a7)
demonstrated that T cells from patients with mucosal and
cutanecus leishmaniasis respond 1n & profoundly
heterogeneouws pattern to antigens of molecular weilghts
ranging from S-200 KD. Fealk: proliferative responses
occwrred to low molecular weight antigens (10-Z0KD).
Fesults from ouwr laboratory (Conceilgdo—-S5ilva et al.,
15a /) in collaboration with Dr. Jd. Scharfetein have
demonsztrated that Leishmania~specific T cell populations
derived from CL patiente with moderately positive DITH
recognize L.b.b. antigenic fractions of low molecular
weights (< 230 ED), while MCL patients {(strong DTH), and
CL patients but with strong DTH, recognize greater
mnolecular - weight +tractions. However, 1t 1s still too
early to speculate on the valuse of such data 1n the
prognosis of secondary mucosal lesion occurrence in Cl

patients with =strong DTH.

Tissue nectrosis may also be caused by antibody
dependent mechanismz. Immunocomplexdes have been detected
irn the lesions (Ridley & Ridley, 19841 Magalhaez et al.,
1Yasb) , and anti-laminin antibodies in serum samples
from ACL patients (Avila et al., 1984).
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For the analogy between the hyperergic pole of
leprosy ctuberculoid) ard the mucoszal £ O m ot
leishmaniazias to be more complete, 1N addition to the
eracerbated cell- mediated immune response and scarcity
gt bacilli or parasites in both cases, one should also

wpect to encounter a tuberculoid histelogical picture
1IN mucocutaneous leishmaniasis. According to Magalhd3es
et al. (1¥Yd6a) tuberculoid reaction occurs in 4.6% of
the MOL patients while a cellular exudative reaction,
also with an extraordinary scarcity of parasites but in
the absence of granulomatous reactions occurs in  75. 2%
aof MCL. patients. Ridley (1280) referszs to similar
findings in MCL patients, infected by L.b.b. where both
these types of tissue reaction also cocurred: type I
mon-reactlve cellul ar exudate) wl type \V
(hypersensitivity) lesions.

However the cellular exudate detected in mucosal
lesions would not indicate non-reactivity., since, 14
most of these cases, the cell-mediated immune response
1s preserved or even enhanced.

Such data makes it difficult to establish a clear
clinical—-histopathological-immunaicgical correlation in
mucosal lershmaniasis. Al though the absolute majority

of MCL patient=s show an exacerbated cell mediated immune
response, Ferelra et al. (1979) have found a tew cases
of mucosal leishmaniasis with negative DTH.

Intercurrent factors stich as alcoholism,
malnuterition, and other concomitant infections or
parasitic diseases may also influence the dyrnamics of

the host-parasite relationship.
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