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B-cell Infiltration and Frequency of Cytokine Producing Cells
Differ between Localized and Disseminated Human Cutaneous
Leishmaniases
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Biopsies from human localized cutaneous lesions (LCL n = 7) or disseminated lesions (DL n = 8) cases were
characterized according to cellular infiltratioritrequency of cytokine (IF{- TNF-a) or iNOS enzyme producing
cells. LCL, the most usual form of the disease with usually one or two lesions, exhibits extensive tissue damage. DL
is a rare form with widespread lesions throughout the body; exhibiting poor parasite containment but less tissue
damage. We demonstrated that LCL lesions exhibit higher frequency of B lymphocytes and a higher intensity of IFN-
y expression. In both forms of the disease TB&re found in higher frequency than CD#% cells. Frequency of
TNF-a and iNOS producing cells, as well as the frequency of C&&crophages, did not differ between LCL and
DL. Our findings reinforce the link between an efficient control of parasite and tissue damage, implicating higher
frequency of IFNy producing cells, as well as its possible counteraction by infiltrated B cells and hence possible
humoral immune response in situ.
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Cutaneous leishmaniasis is a worldwide disease wiD8" in LCL have been reported (Barral et al. 1987, Esterre
severe deformating potential in new world. It affects prekt al. 1992, Lima et al. 1994). The presence of cytotoxic
erentially young economically active patients represenED8" T cells has been reported in peripheral blood of
ing a large burden to the public health system in developtCL but not in LCL patients (Brodskyn et al. 1997). Ex-
ing countries. Protection against all forms of leishmanigansion of CD8 T cells occurs in the peripheral blood of
sis is dependent on cell-mediated immunity (CMI), bundividuals vaccinated against leishmaniasis (Mendonga
the contribution of some cells and cytokines in humaet al. 1995, Gurunathan et al. 2000). Especially, the per-
disease deserves further scrutiny. centage of activated CDF cells was higher in fast re-

CDS8'T cells have been implicated in protection (Mullelsponding than in slow responding volunteers to vaccina-
etal. 1991) being high IFNproducers in a murine model tion (Pompeu et al. 2001).
of leishmaniasis (Chan 1993). Their role seems to be more The role of B cells in leishmaniasis is also not clear.
in the secondary than in the primary immune responstgh antibody levels are present in the more severe clini-
(Muller et al. 1993, 1994). On the other hand, the course cdl form of the cutaneous disease, namely diffuse cutane-
leishmaniasis in mice lacking beta 2-microglobulin (betaus leishmaniasis (DCL) (Schurr et al. 1986, Mengistu et
2-m) gene did not differ from their wild-type counterpartsl. 1990), but B cell depletion does not alter the suscepti-
(Overath & Harbecke 1993, Wang et al. 1993, Huber et dility or resistance pattern teeishmanianfection in mice
1998) lessening a role of antigen presentation by majabai et al. 1999, Brown & Reiner 1999). It seems that B
histocompatibility complex class | (MHC I) molecules. Incells are important to induce ahishmaniaCD4" Thl
man, a higher percentage of COf’er CD4 T cells was cells and DTH reaction, in the resistant mouse strain, and
found in mucocutaneous leishmaniasis (MCL) lesiortske part in the humoral response development in sus-
(Castes & Tapia 1998), compared to localized cutaneocaptible animals (Scott & Farrell 1982, Scott et al. 1986).
lesions (LCL), although similar distributions of CDdnd Predominance of Thl cytokines like IRINH.-12, IL-2
and TNFe over Th2 cytokines, IL-4, IL-5 IL-10 and TGF-

B, is correlated in mice to the resistance profile against
Leishmanidnfection (Belosevic et al. 1989, Chatelain et
al. 1992, Lezama-Davila et al. 1992, Barral et al. 1993).
- ) Imunological studies in humans demonstrated a combi-
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may help in defining the role of cells and cytokines in thbiotinilated anti-rabbit antibody (1:300; DAKO) or pork
course of disease. Herein we report on a comparisonariti-rabbit antibody (1:600; DAKO), followed by peroxi-
LCL to DL. LCL is the typical presentation, where thedase-conjugated streptavidin (1:50; DAKO) for 30 min at
majority of the patients have one or two ulcerated lesion37°C. Diaminebenzidine (Vector Inc., Burlingame, CA,
elevated borders and necrotic center, preferentially local)SA) was used as chromogen. For cytokine staining, en-
ized at the lower limbs. LCL has a clinical course of sexdogenous peroxidase was blocked by incubation with 3%
eral months, but may exhibit spontaneous healing amthO, for 20 min at room temperature, followed by an incu-
clinical cure. Disseminated leishmaniasis (DL) is a rarbation with 3% of trypsin (Sigma-Aldrich, St. Louis, MO,
condition (1% of cutaneous leishmaniasis patients) andlSA) and an additional incubation with 0.1% saponin
is characterized by the presence of multiple (> 20 lesion&igma-Aldrich) for 15 min for permeabilizatiom. Blocking
ulcerated lesions in several parts of the body. Despite tbeunspecific reactions was performed with 2% normal
larger number of lesions, DL patients respond promptlyoat serum for 20 min. The primary antibodies used were
to antimonial treatment and heal faster than LCL patientanti-IFN-y (1:200; Genzyme Corporate Offices, Cambridge,
The mechanism of dissemination is not clear but the rapithgland), anti-TNF (1:200; Genzyme Corporate Offices)
onset, lack of lymph node enlargement and the preserared anti-iINOS (1:500, Genzyme Corporate Offices). Tonsil
of fever and chills suggest hematogenic disseminati@ections were used as positive controls for cell character-
(Costa et al. 1986, Carvalho et al. 1994). Both LCL and Dization and sections from pulmonary tuberculosis granu-
patients exhibit anti-eishmaniaCMI (Carvalho et al. lomatous lesions as controls for cytokines and iNOS stain-
1994). Differences in the in siltnmune reactions of these ing. Monoclonal antibodies were substituted for non-im-
two forms of human leishmaniasis may help us elucidataune rabbit immunoglobulins or irrelevant mouse anti-
ing the participating mechanisms in the effective responbedies as negative controls.
against the parasite. Evaluation criteria- The numbers of positive cells
MATERIALS AND METHODS for each marke(was cpunted in five 400X fi_elds co.mpris-
) o ]  ing atotal dermic sectional area of 1.4 foosing an im-

Biopsy- Biopsies were obtained from seven patientgge analysis and processing system (Quantimet Q500MC;
with LCL and eight cases of DL, all from the endemic aregeica, Cambridge, UK). Reactivity to cytokines or iNOS
Corte de Pedra, Bahia, Brazil with predominance.of \as graded based on the number of positive cells out of
braziliensis(Barretto et al. 1981). LCL patients presented 0 cells observed, and classified as negative — no cells
unique lesions with a necrotic center and elevated b@jositive; low — up to 20% of positive cells; moderate —
ders. All biopsies were taken from the borders of ulcerg194 to 50% of positive cells; or high if more than 50% of
DL patients showed multiple lesions, varying from papthe cells were positive.
ules, acneiform lesions and few ulcers. Only acneiform Statistical analysis Comparisons of cell numbers
lesions were biopsy from DL patients. Biopsies in thesecD4*and CD8cells) in each disease presentation were
cases, involved the whole lesion. Characteristics of thgade by Wilcoxon paired non-parametric test. For the
patient population are summarized in the Table. Diagngomparison between leishmaniasis presentations (LCL x
sis of leishmaniasis were based on clinical and patholog]'m_ for each parameter), the unpaired nonparametric Mann-
cal observations and confirmed both parasitologicallyhitney test was used. Significance was determined as p
(presence okeishmanieamastigotes in tissue sectionsk 0.05. All statistical tests and graphs are done with Prism-

and immunologically (a delayed type hypersensitivity GraphPad version 3 (GraphPad Software Inc., San Diego,
test larger than 5 mm and/or ab&ishmanialgG anti- CA, USA).

body titers above 1/16).
I?/nmunohistochemi():al reactionsormaline-fixed and RESULTS
paraffin-embedded 4 pm sections were incubated in hot Cellular infiltration - T cells were the most frequent
humid vapor of pH 6.0 citrate buffer for 5 min. An addi-<ell in both LCL and DL lesion infiltrate comprising ap-
tional incubation with 10% non-fat milk for 20 min at roomproximately 34.8% of the total number of cells. A large
temperature was used to block unspecific reactions. Thamber of CD68 macrophages were also observed
primary antibodies and dilutions used were: CD3 (1:10@21.6%) followed by CD20B cells on the range of 10.3%
DAKO Corporation, Carpinteria, CA, USA), CD4 (1:10;(Fig. 1). The numbers of total T cells and macrophages
DAKO), CD8 (1:20; DAKO), CD20 (1:100; KAKO) and did not differ between LCL and DL lesions but there was
CD68 (1:20; DAKO). Following primary antibody incuba-a statistically significant higher frequency of B lympho-
tion (40 min, at 37°C), the sections were reacted wittytes in LDL lesions (Fig. 1).

TABLE
Characteristics of patients with localized cutaneous leishmaniasis (LCL) or disseminated cutaneous leishmaniasis (DL)
Male:Female Age No. of Lesion size Disease Positive Positive
lesions (mm) duration DTH serology?
LCL 6:1 10-68 1 20-60 15d-12m 5/7 4/5
DL 8.0 20-39 > 20 5-10 1-8m 4/4 6/6

a/b: number of positive tests over the total number of cases analyzed.
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T cells subsetsin order to explore the predominant T1989, Sadick et al. 1990). The higher expression ofyfFN-
cell subset present in the lesion we evaluated CD4 aimd_CL may result in parasite containment at the site of the
CD8 expression at LCL and DL lesions. There was a preand fly bite, preventing parasite dissemination. Such
dominance of CD8T cells in both disease presentationshigher expression is not due to a larger cellular infiltration
CD8" T cells represented 68.9% of the T cells in LClsince the numbers of T lymphocytes as well as theirtCD4
whereas CD4T cells comprised 31.1% (Fig. 1). Similarly and CD§& subsets, were similar between LCL and DL le-
in DL there were 69.4% CD&sells versus 30.6% CO  sions. It is possible that the frequency of activated T cells
cells (Fig. 1). differs between these two conditions, and other unex-

Frequency of cell producing cytokines and iNO®lored elements such as IL-10 or TGExpression may
enzyme at the lesion sité&xpression of IFNtwas sig-  be contributing to a lesser frequency of Iroducing
nificantly more intense in LCL samples than in DL (Fig. 2)cells in DL patients.

In the 8 samples examined in LCL, IRMxpressing cells Despite differences in IFN-there was no difference
represented 30% of the total cells, whereas in DL le@sthe frequency of INOS enzyme expressing cells between
than 20% of the total cells expressing IFNNo differ- LCL and DL lesions. It is possible that other factors also
ences were observed between LCL and DL regarding iN@®le of inducing iINOS expression, like TNiHLiew et al.

and TNFe expression. 1990a,b), compensate for the diminished NAN-DL, re-
sulting in a similar expression of INOS. NO is considered
1200 a key element to Leishmania killing in the murine models

:
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H c of leishmaniasis (Green, Crawford et al. 1990, Green,
p=00 0o Meltzer et al. 1990, Liew et al. 1990), but the NO involve-
1o ment in human protection against leishmaniasis has never
;6001 1 been clearly demonstrated. Our finding of a similar fre-
{ guency of INOS enzyme producing cells in two largely
| diverse presentations of human leishmaniasis with differ-
. ent levels of parasite control gives support to the idea
CD3 CD4 CD8

CD20 CD68 that NO is not elemental lreishmanigilling in man.
CD8" T cells were more frequent than CDia both

Fig. 1: increased B-cell infiltration in localized cutaneous leishm : ;
niasis (LCL) lesions. Biopsies were taken from skin lesions of LCaLLCL and DL lesions at our observations. The role these

and disseminated cutaneous leishmaniasis (DL) patients. Cellu@llS Play in human leishmaniasis is unclear. They might
subsets were identified by immunohistochemistry using anti-CD2participate directly in the immune response against the
(B lymphocytes), anti-CD68 (macrophages), anti-CD3, anti-CD4parasite, and secrete Thl cytokines, principally {EN-
and ant-CDB8 (T lymphocytes). Bach, po'”‘.prrgie”tsDt[‘el numbgfowever, our results do not lend support to a prominent
of positive cells in the lesion of a patient wit or esions. . . . . .
Significance levels are indicated. role of CD8 T cells in human leishmaniasis, as two di-
verse forms displayed similar levels of these cells. Future
m studies may elucidate the role of these cells by double
p=001 staining of activated cells and intracellular cytokine in

High+

] oL ;
[ situ.

1 Our results show B cell infiltration higher in LCL than
Moderate in DL Iesion_s. B_esides _antib_o_dy production, these (_:ells
have been implicated in driving Th response, antigen
presentation, and expression of costimulator molecules

Lowq (Liu et al. 1995, van Essen et al. 1995, Amigorena &
Bonnerot 1998, Brown & Reiner 1999). In LCL lesions a

PNy N INOS higher IFNy expression could be stimulating B cells to
- secrete antibodies like 1gG1, that could be involved in
Fig. 2: frequency of cytokine and iNOS producing cells in lesiongpsonization and more efficient phagocitosis, leading to

from localized cutaneous leishmaniasis (LCL) and disseminated c, ; i ;
taneous leishmaniasis (DL) patients. Expression of yFNNF- Better para5|te containment. However para5|tes may use

or iINOS was quantified by immunohistochemistry using anti-IFN-this way FO gain enltrance into phagocytes, he'DiUQ in
y, anti-TNFa or anti-iNOS antibodies. Negative — no positiveperpetuating the lesion. At present we have no sufficient
cells; low — up to 20% of positive cells; moderate — 21% to 50% atlements to clarify the complex role of B cells in human
positive cells; or high if more than 50% of positive cells. Mean i taneous leishmaniasis.
indicated by bars and standard deviation by lines above bars. Signifi- : : e e : -
cance levels are indicated. Immune response in leishmaniasis is |mpl|ca_ted in both
protection and immunopathology. The predominant IFN-
yand B cell infiltration at LCL, which may be operative in
DISCUSSION competent containment of the parasites, may also con-
) . o ) tribute to tissue injury, which might lead to the larger and
Lesions from LCL patients exhibited a higher frequencersistent lesions observed in LCL as compared to DL
of IFN-y producing cells than DL, which may suggespatients. Additionally, tissue damage may also impair ac-
more efficient protection since it is the main cytokine imgess of the drugs to lesion site, which might be related to

plicated inLeishmaniakilling and host protection in all 3 less efficient response to drug treatment observed in
forms of leishmaniasis (Sadick et al. 1986, Belosevic et alC|_ patients.




982  Pathological Differences in Leishmaniasis * MGS Vieira et al.

ACKNOWLEDGMENTS Cell populations in the lesion of human cutaneous leishma-
niasis: a light microscopical, immunohistochemical and ul-
trastructural studyirchows Arch A Pathol Anat Histopathol
d421' 239-247.
Eieen SJ, Crawford RM, Hockmeyer JT, Meltzer MS, Nacy
CA 1990.Leishmania majoramastigotes initiate the L-
REFERENCES arginine-dependent killing mechanism in IFN-gamma-stimu-
lated macrophages by induction of tumor necrosis factor-
alpha.J Immunol145 4290-4297.
Green SJ, Meltzer MS, Hibbs Jr JB, Nacy CA 1990. Activated
macrophages destroy intracellulaeishmania major
amastigotes by an L-arginine-dependent killing mechanism.
J Immunoll44 278-283.
Gurunathan S, Stobie L, Prussin C, Sacks DL, Glaichenhaus N,
Iwasaki A, Fowell DJ, Locksley RM, Chang JT, Wu CY,
Seder RA 2000. Requirements for the maintenance of Thl
immunity in vivo following DNA vaccination: a potential
immunoregulatory role for CD8+ T cell3.Immunol165:
915-924.
uber M, Timms E, Mak TW, Rollinghoff M, Lohoff M 1998.
Effective and long-lasting immunity against the parasite
Leishmania majom CD8-deficient micelnfect Immur66:
3968-3970.
eI_[,ezama-DaviIa CM, Williams DM, Gallagher G, Alexander J
1992. Cytokine control ofeishmaniainfection in the

To the expert assistance provided by the technicians of the
Servico de Anatomia Patoldgica from Hospital Universitario
Professor Edgard Santos, Universidade Federal da Bahia
the CPqGM-Fiocruz.

Amigorena S, Bonnerot C 1998. Role of B-cell and Fc recep-
tors in the selection of T-cell epitop€sirr Opin Immunol
10: 88-92.

Babai B, Louzir H, Cazenave PA, Dellagi K 1999. Depletion of
peritoneal CD5+ B cells has no effect on the course of
Leishmania majoiinfection in susceptible and resistant
mice.Clin Exp Immunol17: 123-129.

Barral A, Barral-Netto M, Yong EC, Brownell CE, Twardzik
DR, Reed SG 1993. Transforming growth factor beta as a
virulence mechanism fareishmania braziliensi®roc Natl
Acad Sci USARQ0: 3442-3446.

Barral A, Jesus AR, Almeida RP, Carvalho EM, Barral-Nett
M, Costa JM, Badaro R, Rocha H, Johnson WD 1987.
Evaluation of T-cell subsets in the lesion infiltrates of hu-
man cutaneous and mucocutaneous leishmani¥giasite
Immunol9: 487-497.

Barretto AC, Cuba CA, Marsden PD, Vexanat JA, De Beld
M 1981. Epidemiological features of American cutaneous AT .
Ieishmanizfsis in an gendemic region of the state of Bahia, BALB/c mouse: enhancement and inhibition of parasite

; : s - : growth by local administration of IL-2 or IL-4 is species
gg?ﬂ‘sl_'égzman leishmaniasigol Oficina Sanit Panam and time dependerarasite Immunol4: 37-48.

Belosevic M, Finbloom DS, Van Der Meide PH, Slayter MVLieW FY, L.i Y, Mi.”Ott S 1990a. T_umor r.‘e‘F’OS‘$ _factor_—alpha
Nacy CA 1989. Administration of monoclonal anti-IFN-  SYN€rgizes with IFN-gamma in mediating killinglogish-
gamma antibodies in vivo abrogates natural resistance of mania majokhrough the induction of nitric oxidd.mmunol

. . X 2 ; . 145 4306-4310.
C3H/HeN mice to infection with.eishmania majarJ . - - .
Immunoll43 266-274. Liew FY, Li Y, Millott S 1990b. Tumour necrosis factor (TNF-

Brodskyn CI, Barral A, Boaventura V, Carvalho E, Barral-Netto alpha) in [e!shman!ajsis: . TNF-aIpha-indqced .macrophage
M 1997 ’Parasite-’driven in vitro 'human Iymr;hocyte cyto- leishmanicidal activity is mediated by nitric oxide from L-

o - . arginine Immunology’1: 556-559.
woxicly against .‘"‘”t.g"l’gous '“Eeg;ej 4”8302‘31‘7’2""935 from i~ B Miliott . Parkinson G, Palmer RM, Moncada S 1090
cosal leishmaniasid.Immunoll59 - . ’ e A SIS e
Brown DR, Reiner SL 1999. Polarized helper-T-cell responses mggrgpmﬂi lg')(”i'gg f? gﬁ;sﬂzra?éﬁgr?ni':ﬁdﬂg&%i;ng?'_
againstLeishmania majoin the absence of B cellmfect y 9 : ’

ARA. 4797.
Cagg?;%%ﬁaﬁfé?%a ia FJ. Sanchez MA. Yamamura ,\}rima HC, Vasconcelos AW, David JR, Lerner EA 1994. Ameri-
Uyemura K Modlin FE)L Bloom BR. Convit ] 1993. Deter- &N cutaneous leishmaniasis: in situ characterization of the

mination of the cytokine profile in American cutaneous cellular immune response with timém J Trop Med Hyg

: T - . 50: 743-747.
:ﬂ?&%?é?lgggjggéhe polymerase chain readibn Exp Liu'Y, Wu'Y, Ramarathinam L, Guo Y, Huszar D, Trounstine
Carvalho EM, Barral A, Costa JM, Bittencourt A, Marsden P mitir;??ohﬂelfgfsé %:ﬂg;r?r?hegeggf.?ﬂg;n:e@mgn;z\ieal a
1994. Clinical and immunopathological aspects of dissemi- Immunol7: 1353-1362 P
nated cutaneous leishmaniagista Trop56: 315-325. . :

: : endonga SC, De Luca PM, Mayrink W, Restom TG,
Castes M, Tapia FJ 1998. Immunopathology of American telel C A i
mentary leishmaniasig.cta Cient Vene49: 42-56. Conceigdo-Silva F, Da-Cruz AM, Bertho AL, Da Costa

Castes M, Trujillo D, Rojas ME, Fernandez CT, Araya L, CA, GTelnarohO, Toledod\_/P %19.95' Characterlzatlon_ OJ hu-d
Cabrera M, Blackwell J, Convit J 1993. Serum levels of man T lymphocyte-mediated immune responses induce

. . ; . . by a vaccine against American tegumentary leishmaniasis.
tumor necrosis factor in patients with American cutaneous .
leishmaniasisBiol Res26: 233-238. Am J Trop Med Hy§3: 195-201.

Costa JM. Marsden PD. Llanos-Cuentas EA Netto EMV€NGistu G, Akuffo HO, Yemane-Berhan T, Britton S, Fehniger
Carvalr’lo EM Barral A Rosa AC. Cuba CC, Magalhaesl TE 1990. Serum antibody specificities teishmania

AV, Barreto AC 1986. Disseminated cutaneous leishmania- gﬁgggoepgﬁiﬁgi“s%?;:igfé;'fanstﬁemhmlﬁﬁglllg-e ggzrgoglffuse
sis in a field clinic in Bahia, Brazil: a report of eight cases, ’ :

Am J Trop Med Hy§9: 319-323. Muller I, Kropf P, Etges RJ, Louis JA 1993. Gamma interferon

Chan MM 1993. T cell response in murlreishmania mexicana ga;ginTse ITI sle(;Ontdlalmls%nlggl?srg?g?gectlon. role of
amazamensis infection: production of interferon-gamma byM cers niect Immurb.L. ) ’ .
CD8+ cells Eur J Immunob3: 1181-1184. uller 1, Kr_opf P, Louis JA,_Mllon G 1994. Expan_S|on of

Chatelain R, Varkila K, Coffman RL 1992. IL-4 induces a Th2 gagﬁma_|r]1tertferon;prpdu_cmg CD?;_Thcells_follovylr:ig Sec-
response irLeishmania majoeinfected mice.J Immunol ?enct?rrr)]/r:qnu?é:z!02n5c7>5r_112|(5:gllmmune Ishmania majarin-
148 1182-1187. : .

Esterre P, Dedet JP, Frenay C, Chevallier M, Grimaud JA 19d\£_ull_er , Pedrazzml_ T, Kropf P,_Loms J.' 'V"'OF‘ G 199_1' E_stab-
lishment of resistance tbeishmania majoiinfection in



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 97(7), October 2002 983

susceptible BALB/c mice requires parasite-specific CD8+ taneous leishmaniasis in Ethiopia: I. Lymphocyte transfor-

T cells.Int Immunol3: 587-597. mation and antibody titreAm J Trop Med ParasitdB7:
Overath P, Harbecke D 1993. Coursd efshmanianfection 403-408.

in beta 2-microglobulin-deficient micémmunol Lett37:  Scott PA, Farrell JP 1982. Experimental cutaneous leishmania-

13-17. sis: disseminated leishmaniasis in genetically susceptible

Pompeu MM, Brodskyn C, Teixeira MJ, Clarencio J, Van and resistant micAm J Trop Med Hy§1: 230-238.
Weyenberg J, Coelho IC, Cardoso SA, Barral A, BarralScott P, Natovitz P, Sher A 1986. B lymphocytes are required
Netto M 2001. Differences in gamma interferon production  for the generation of T cells that mediate healing of cutane-

in vitro predict the pace of the in vivo responsé.eish- ous leishmaniasid. Immunoll37 1017-1021.
mania amazonensi® healthy volunteersinfect Immun Tapia FJ, Caceres-Dittmar G, Sanchez MA, Fernandez AE,
69: 7453-7460. Convit J 1993. The cutaneous lesion in American leishma-

Sadick MD, Heinzel FP, Holaday BJ, Pu RT, Dawkins RS, niasis: leukocyte subsets, cellular interaction and cytokine
Locksley RM 1990. Cure of murine leishmaniasis with anti-  production.Biol Res26: 239-247.
interleukin 4 monoclonal antibody. Evidence for a T cellvan Essen D, Kikutani H, Gray D 1995. CD40 ligand-trans-
dependent, interferon gamma-independent mechahExrp duced co-stimulation of T cells in the development of helper
Med171 115-127. function.Nature378 620-623.

Sadick MD, Locksley RM, Tubbs C, Raff HV 1986. MurineWang ZE, Reiner SL, Hatam F, Heinzel FP, Bouvier J, Turck
cutaneous leishmaniasis: resistance correlates with the ca- CW, Locksley RM 1993. Targeted activation of CD8 cells
pacity to generate interferon-gamma in respondeish- and infection of beta 2-microglobulin-deficient mice fail to
maniaantigens in vitroJ Immunoll36 655-661. confirm a primary protective role for CD8 cells in experi-

Schurr E, Kidane K, Yemaneberhan T, Wunderlich F 1986. Cu- mental leishmaniasid.Immunoll51 2077-2086.



984  Pathological Differences in Leishmaniasis * MGS Vieira et al.



