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Summary. To characterize the in situ cellular immune 
response in localized cutaneous leishmaniasis (LCL), the 
authors studied frozen skin biopsies from 50 patients 
with LCL due to Leishmania braziliensis guyanensis. A 
panel of  31 monoclonal antibodies was used, which de- 
fined the number and distribution of  inflammatory cell 
subsets. Skin inflammatory infiltrates were composed of  
T cells (with a local CD4/CD8 ratio of 1.05_+0.7 vs 
1.48+0.3 in peripheral blood), macrophages and a 
smaller number of  B cells, natural killer cells and granu- 
locytes. Most of the T cells expressed activation markers 
(interleukin-2 and transferrin receptors, H L A - D R  +) and 
an increase in T-cell-receptor 76 expression was noted. 
Analysis of  the CD4 + subpopulations with newly avail- 
able reagents showed that helper T cells 
(CD4+CD45RO +) exceeded the suppressor/inducer 
subset (CD4+CD45RA +) by 1.4:1. There were no dif- 
ferences between local immune variables from patients 
with primary infection (45 patients) and those with re- 
currence (5). In 7 patients, biopsies were analysed before 
and 1 month after specific treatment, and did not show 
significant differences except for a small increase of  der- 
mal C D l a  + (Langerhans) cells/mm 2. The observed pat- 
tern of cellular skin infiltration suggests an immune-me- 
diated tissue injury including T-ceU-mediated cytotoxi- 
city and delayed hypersensitivity reactions in addition 
to direct parasitic action. 
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Introduction 

Leishmania species are intracellular parasites pathogenic 
for mammals, including man. Their interactions with 
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the host immune system are complex. In cutaneous le- 
ishmaniasis, depending upon the immune response and 
perhaps the parasite species, the disease manifests itself 
in different clinical and histopathological forms: local- 
ized cutaneous leishmaniasis (LCL), a muco-cutaneous 
form (MCL) and, more rarely, diffuse cutaneous le- 
ishmaniasis (DCL). In French Guiana only LCL is 
found; i t i s  due to L. braziliensis guyanensis in about 
97% of  human cases (Dedet 1990; Desjeux and Dedet 
1989) and accompanied by lymphangitis in 18% of  cases 
(Dedet 1990; Dedet and Desjeux 1989). Cellular immune 
mechanisms, involving interactions between T lympho- 
cytes and macrophages, are considered to play a major 
role in the local and general immunoregulation of  cuta- 
neous leishmaniasis. The different forms of  the disease 
can be explained by the extent and the nature of  the 
immune response, which appears to be specific and well 
developed in LCL, inadequate in MCL and absent in 
DCL (Castes et al. 1983). Therefore, the LCL form rep- 
resents a suitable system for studying local control of  
the disease. 

Immunohistochemical staining techniques, using 
monoclonal  antibodies (mAb) against surface antigens 
of  inflammatory cells, permit investigation of  the in situ 
cellular immune response in skin lesions and lymphatic 
nodules in the LCL form. Particular attention has been 
paid to the influence of  the treatment in this early phase 
of the disease. 

Materials and methods 

Fifty patients with leishmaniasis confirmed by the laboratories of 
the Pasteur Institute of Cayenne, French Guiana [positive lesion 
smears (Fig. 1) and/or cultures in enriched RPMI medium] were 
studied. In 16 cases, the disease was related to L. braziIiensis guyan- 
ensis, by isoenzyme electrophoresis of culture isolates. The group 
of patients was homogeneous and consistent with the clinical and 
epidemiological characteristics of LCL encountered in French 
Guiana, with a recent infection (mean duration of illness : 2.2_+ 2.7 
months) affecting young adults (mean age: 29.1+_9.3 years) with 
a variable number of lesions (mean number: 3.9 +_ 3.4). Forty-five 
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Fig. 1. A classic ulcerative wet lesion, with inflamed and raised 
edges (A). The cutaneous smears (B) showed intra-macrophagic 
(arrowheads) or, more rarely, extra-cellular amastigotes (arrow). 
Giemsa, x 1000 

cases were primary infections; the 5 other cases presented with 
recurrences. None of the patients had mucocutaneous involvement. 
A subcutaneous lymphangitic extension was frequently observed 
in the draining territory of the cutaneous lesion (Dedet 1990; Dedet 
and Desjeux 1989). 

In 7 patients of the same group consent was given for a second 
skin biopsy 1 month after the end of treatment with pentamidine 
(administered every 2 days by intramuscular injections, total dose 
of about 760 mg). In 3 patients, a lymphatic nodule of the arm 
was sampled in addition to the skin biopsy. The control group 
was composed of four biopsies from individuals undergoing general 
surgery. Cutaneous biopsies were performed at the peripheral part 
of the lesion, within the inflammatory active outline, using a 3-mm 
punch biopsy (Stiefel, FRG) and after local anaesthesia with lido- 
caine (Roger Bellon, France). The lymphatic nodules were excised 
in total. Each biopsy was embedded in Tissue Tek OCT medium 
(Miles, Naplesville, Ill., USA) immediately after punch excision, 
and immersed in liquid nitrogen. Frozen serial sections were cut 
in a Leitz cryostat and processed as described below. 

A panel of 31 mAbs, described in Table 1 with their specificity 
and origin, was used for immunoperoxidase staining. All were used 
a t a  concentration predetermined by checkerboard titration and 
vials were conserved at - 2 0  ~ C before immunostaining. Whenever 
possible, a second mAb of a similar specificity but from different 
commercial or experimental sources was used in a cross-checking 
strategy. Biotinylated reagents (anti-mouse IgG or IgM, horserad- 
ish peroxidase, alkaline phosphatase) were purchased from Vector 
(Burlingame, Calif., USA). The chromogens, diaminobenzidine te- 
trahydrochloride or 3-amino-9-ethylcarbazole, naphtol AS-MX 
phosphate and Mayer's haematoxylin were obtained from Sigma 
(St. Louis, Mo., USA). 

Cryostat sections (5 ~tm) were air-dried before fixing in cold 
acetone and staining. "vVe used a standardized technique (Hsu et al. 
1981) with an avidin-biotin-peroxidase complex (ABC), using com- 
mercial kits (Vector; Immunotech, Luminy, France). In some cases 
we used a double staining procedure (Chen et al. 1987), the second 
primary mAb being revealed with an alkaline phosphate substrate 
(ABC-AP kit, Vector) or, more easily interpreted, using an alkaline 
phosphatase-antialkaline phosphatase complex (APAAP kits, Im- 
munotech and Dakopatts, Santa Barbara, Calif., USA). Negative 
controls without the primary antibody were included in each run, 
and blocking of avidin binding (Wood and Warnke 1982) and en- 
dogenous peroxidase (Kelly et al. 1987) were performed prior to 
deposition of the first mAb. In addition, for each patient a section 
was stained with haematoxylin and eosin to evaluate the extent 
of the infiltrate, and the number of amastigotes per section was 
evaluated on skin smears stained with Giemsa. 

The number of positive cells within the infiltrate was evaluated 
blind, 10 microscopic fields (magnification x 250) being counted 
by two independent observers for each commercial mAb. To nor- 
malize the results, the number of positive cells was calculated per 
square millimetre of inflammmatory infiltrate (Ridel et al. 1988; 
Sobel et al. 1984) and the results expressed as a mean percentage_+ 
standard error. We preferred to use this more precise means of 
data analysis instead of the semi-quantitative method of scoring 
recommended by others (Ridley and Ridley 1984). It must be noted 
that the granuloma in LCL is too poorly delineated to calculate 
its total area precisely. To assess the uniformity of cell subset distri- 
bution within the lesion, we examined several sections of the saine 
biopsy. For Langerhans and related cells, the density was calculated 
using an ocular grid of known surface area both in the dermis 
and in the adjacent epidermis, on 14 microscopic fields at • 25 
magnification. To compare the data collected on the same patient 
during two periods of rime, we used a Wilcoxon test included in 
a statistical software package (Statist, Medical Data Processing 
Lab., Medical Faculty, Nancy, France), considering there t o b e  
a significant difference if the P value was < 0.05. The histopatho- 
logical analysis of each biopsy was performed with haematoxylin 
and eosin stains, and cellular density indexed as described by Ridley 
and Ridley (1983). The parasite index was evaluated by two observ- 
ers in most of the patients, according to the logarithmic scale pro- 
posed by the saine authors (Ridley and Ridley 1983). 

Analysis of the circulating mononuclear cell subsets was per- 
formed on 6 patients, by indirect immunofluorescence using stand- 
ard procedures (Nakane and Kawaoi 1974) after Ficoll-Hypaque 
gradient isolation, sampled before and after treatment. This pheno- 
typic analysis was performed with a limited panel (CD2, CD3, 
CD4, CD8, CD14 and CD37) of mAbs and compared with that 
of 4 healthy controls using Student's t-test. 

The ultrastructural study was carried out on a second group 
(20 patients) whose clinical, histological and laboratory results, 
particularly the parasite species (L. braziliensis guyanensis) in- 
volved, were identical to the first. Modifications of the extracellular 
matrix of the skin lesion have been described in detail elsewhere 
(Esterre et al. 1991). We compare here images obtained by electron 
microscopy on cellular infiltrates with light microscopic data. 

Results 

Except  in  a few cases, the  o b s e r v a t i o n s  o n  smears  ind i -  
ca ted  a c o n s i s t e n t  p resence  o f  pa ras i t e s  (Fig. 1 A),  wi th  
a m e a n  dens i ty  o f  4.3 _+ 5.4 a m a s t i g o t e s  pe r  field a t  x 100 
m a g n i f i c a t i o n  even  t h o u g h  they  were  n o t  read i ly  seen 
by  h i s t o p a t h o l o g i c a l  s t a in ing .  Th i s  m a y  have  b e e n  due  
to a de le te r ious  effect o f  h i s t o p a t h o l o g i c a l  f ixat ives  a n d  
to the  l imi ts  o f  c o n v e n t i o n a l  s t a in ing ,  as p r o v e d  b y  the 
supe r io r i t y  o f  the  i m m u n o p e r o x i d a s e  t e c h n i q u e  us ing  
species-specif ic  m A b s .  U n f o r t u n a t e l y ,  the  l y m p h a t i c  
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Table 1. Characteristics and specificity of the monoclonal antibodies used in this study 

Antibody Cluster of Isotype Principal reactivity Source 
differentiation ~ and distribution 

IOTll CD2 IgG1 >95% E-rosette + cells Imm 
0275 CD2 IgG1 AB 
IOT3 CD3 IgG2, 95% mature peripheral Imm 
Anti Leu4 CD3 IgGl T cells; thymocytes BD 
IOT4 CD4 IgGoE, Mature peripheral hel- Imm 
O516 CD4 IgG1 per T cells; 75% thymocytes AB 
K203 CD29 IgGoEa Broad; CD4 + T cells AB 

subset 
UCHL1 CD45RO IgGz, Granulocytes; monocytes; CD4 + Dk 

T-cell subset 
ALB11 CD45RA IgG1 Granulocytes; monocytes Imm 
Anti Leu18 CD45RA IgG1 CD4 + T cells subset BD 
IOT8 CD8 IgG1 Mature peripheral supp. Imm 
OX8 CD8 IgG2, /cytotoxic T cells AB 
IOT9 CD71 IgG~ Transferrin receptor Imm 
IOT14 CD25 IgG2, IL-2 receptor Imm 
Anti TCR IgG1 OE/~ T-cell antigen BD 

receptor 

Anti TiTA IgG2, 76 T-cell antigen TH 
receptor 

IOT2a IgG2b Class II major histo- Imm 
G157 IgM compatibility molecu- AB 

les (HLA-DR) 
Anti Leul0 IgG~ (HLA-DQ). BD 
IOM2 CDI4 IgG~ Monocytes ( > 90%) ; Imm 
Anti LeuM3 CD14 IgGzb macrophages BD 
IOB] CD37 IgG~ B lymphocytes Imm 
IOBla CD21 IgG~ Non-circulating B Imm 
Anti Leu7 CD57 IgM Resting NK cells; some BD 

CD8 + T cells and tissues. 
Anti Leul lb CDI 6 IgM Resting NK; some granulocytes BD 
Anti Leu 19 CD56 IgG~ Resting and activated NK BD 
NKHla CD56 IgM Non MHC-restricted cyto- TH 

toxic CD8 + T lymphocytes 
ION3 CDw65 IgG~ Granulocytes Imm 
IOT6a CDla IgG~ Epidermal Langerhans and Imm 
L404 CDI a IgG 1 thymocytes AB 
IOT6b CDlb IgG2a Dermal dendritic cells Imm 

"CD clusters established at the 4th Workshop of Human Leucocyte Differentiation Antigens, Vienna, Austria, 1989 
AB, Gift from Alain Bernard, Institute Gustave Roussy, Villejuif, France; 
TH, gift from Thierry Hercend, Institut Gustave Roussy, Villejuif, France; 
BD, Becton-Dickinson, Mountain View, Calif., USA; 
Dk, Dako Corp., Santa Barbara, Calif., USA; 
Imm, Immunotech, Marseille-Luminy, France 

nodules sections were of too poor a quality for detailed 
histological and cytological observations, perhaps in 
part because of the prominent necrosis in this tissue. 

In skin sections routinely stained with haematoxylin 
and eosin, infiltrates were composed of  lymphocytes and 
macrophages, and arranged diffusely without showing 
a well-organized granuloma (Fig. 2). Plasma cells, in 
contrast to giant Langerhans cells and neutrophils, were 
common. This predominantly mononuclear infiltrate ex- 
tended from the upper to the lower dermis, sometimes 
surrounding a central zone of necrosis. The epidermis 
overlying the dermal infiltrate showed moderate ulcera- 
tion with hyperplasia. No significant difference between 
the biopsies taken before and after treatment was noted. 

The immunophenotypic analysis of  cell subsets is giv- 
en in Table 2. In spire ofwide variations from one patient 
to another, as shown by some large standard error 
values, these data showed several striking features. All 
the samples showed a rich T-cell comportent, scattered 
among macrophages and other cells. Most of  these T 
lymphocytes presented an activated phenotype, express- 
ing interleukin-2 (IL-2; CD25 +, Fig. 4) or transferrin 
(CD71 +) receptors, or major histocompatibility complex 
(MHC) class II molecules on their surface. Helper/in- 
ducer (CD4 +) and suppressor/cytotoxic (CD8 +) lym- 
phocytes were equally represented, with a local CD4/ 
CD8 ratio of 1.05 +0.7. This ratio, calculated on a sam- 
ple of 30 biopsies processed by the two mAbs was in 
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Fig. 2. An inflammatory infiltrate, mainly composed of lympho- 
cytes, plasrnocytes and histiocytes, surrounded by a dense connec- 
tive matrix. Lower dermis; H&E, • 250 

Fig. 3. CDla + cells observed in the epidermis (Langerhans cells, 
with a typical dendritic pattern) and in the upper dermis (arrows) 
at the periphery of an inflammatory reaction. Immunohistochemis- 
try, x 250 

Fig. 4. Activated T lymphocytes bearing the interleukin-2 receptor 
(CD25 § cells) within a granuloma. Immunohistochemistry, • 400 

Fig. 5. Ultrastructural observation of the inflammatory cells within 
an acute granulomatous reaction. Many lymphocytes are easily 
identified, sometimes in close cell-cell contacts (arrows) with acti- 
vated macrophages. Electron microscopy, • 6300 

contrast to the ratio observed in the peripheral blood 
of 6 patients at the same disease stage (1.48+0.3). The 
surface markers studied on circulating mononuclear cells 
were not significantly different between patients and 
healthy controls (data not shown). 

Analysis of  CD4 subpopulations in situ indicated a 
significant predominance of  helper (CD4+CD29+)/  
memory (CD4 + CD54RO +) phenotypes, outnumbering 
inflammatory/naive (CD4+CD45RA +) cells in a ratio 
of  1.4:1. In contrast to normal control skin biopsies, 
where the majority of  T cells bear the TCR OE/~ complex, 
we found that 21.7% of the T (CD2 +) cells in the lesions 
(on a sample of  10 biopsies) showed the TCR76 complex. 
On the other hand, there was no evidence of  non-MHC 
restricted cytotoxic (CD3 + CD56+) lymphocytes in our 
samples. 

Macrophage-related antigens (Leu M3 and IOM2) 
were frequently observed at both membrane and cyto- 
plasmic levels and the corresponding cells represented 
a main population in the lesions. With double-labelling 
techniques (IOM2 plus Leishmania-specific mAbs) used 
on a sample of  20 frozen biopsies, we observed a mean 
percentage of  infected macrophages of  6.14+6.7 with 
a mean number of  parasites per cell rising to 0.95 + 1.0. 
These results must be compared with the number of  
extracellular amastigotes, 0.78 +2.2, calculated at x 100 
magnification on the saine sample. Some macrophages, 
scattered within the infiltrate, were positive for IL-1 /~ 
and tumour necrosis factor-oE (TNF-OE) (data not shown) 
but, unexpectedly, endogenous interferon- 7 (IFN-7) re- 
mained undetectable with the same immunoenzymatic 
techniques. 
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Antibodies CD Percentage of Number 
positive cells a counted 

IOTI 1 CD2 47.8 • 36.2 48 
IOT3 CD3 44.3 • 20.0 20 
IOT4 CD4 27.3 • 20.2 40 
IOT8 CD8 22.6 • 11.0 40 
IOT14 (IL-2r) 34.5 • 26.6 43 
Leu M3 CD14 37.3 ___23.9 38 
IOM2 CDI4 34.7 • 14.6 20 
IOBI CD37 8.6_ 9.6 30 
Leu 7 CD57 30.9 • 16.9 30 
Leu l l b  CD16 18.1 • 10.0 30 
Leu 19 CD56 6.7_+ 3.9 30 
N K H l a  CD56 7.5_+ 6.0 20 
IOT3/IOT2a C D 3 / ( D R + )  15.2_+ 5.0 10 
IOT11/IOT9 CD2/(transfer + ) 34.7 • 22.7 23 
IOT3/Leu 19 CD3/(CTL subset) 0.0 20 
IOTI 1/TCR CD2/(OEfl + )  8.5 ,,, 6.9 10 
IOTl l /TiTA CD2/(76+) 4.1 • 2.2 10 
IOT4/K203 CD4/CD29 14.3 ,,, 5.6 10 
IOT4/UCHLI CD4/CD45RO 16.4_+ 5.9 10 
IOT4/Leu 18 CD4/CD45RA 11.9 • 8.9 10 
IOT4/ALBI l CD4/CD45RA 12.9 • 10.6 10 
ION3 (Granulocytes) 2.2_ 2.7 15 

a Results expressed as mean percentage_+ standard error 

Fig. 6. The dense connective matrix, observed at the periphery of 
the les• is synthesized by fibroblasts (F) wh• are present from 
the beginning of the inflammatory reaction. Histiocytes (H), wh• 
are poorly distinguished with fibroblasts by standard histological 
techniques, represent a quiescent subset of macrophages easily par- 

asitized by Leishmania. Activated macrophages (M) possess numer- 
ous cytoplasmic organelles and are the effector cells responsible 
for the defence mechanisms in the leishmaniasis les• Electron 
microscopy, x 2700 
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Table 3. Dendritic cells in the infiltrates of cutaneous leishmaniasis 

Antibody CD Positive cells(cells/mm 2) a 

in epidermis in dermis 

IOT6a CD1 a 887.5 _+ 250.6 87.7 + 43.6 
L404 CDla 598.2 + 208.7 82.6 _+ 54.8 
IOT6b CDlb 0.0 38.8 _+ 23.2 

" Results are expressed as mean count _+ standard error. The sample 
was composed of 21 biopsies 

About  6% of the infiltrating cells apparently pos- 
sessed a N K  phenotype. Histological data on neutrophils 
in these early inflammatory lesions were consistent with 
the results obtained with a granulocyte marker on frozen 
sections: a small percentage of ION3 + cells was ob- 
served but some biopsies were negative. However, in 
contrast to haematoxylin and eosin observations, few 
B cells were revealed by a specific mAb, confirming our 
previous study (Ridel et al. 1988), which had also indi- 
cated that these B lymphocytes were mature. 

The study of  Langerhans and related cells was per- 
formed on 21 lesions (Table 3, Fig. 3) compared with 
4 control biopsies. The results obtained in the epidermis 
with the different mAbs were in line with classical esti- 
mates and our controls (617.0+188.1 C D l a  + cells/ 
mm2). More interesting is the finding of  dendritic 

Table 4. Comparison of the skin infiltrates before and after specific 
treatment for cutaneous leishmaniasis 

Antibody CD Percentage of positive cells a 

Before treatment After treatment 

IOTll CD2 38.8+27.4 39.5__+ 15.6 
IOT4 CD4 29.3 _+ 20.8 21.2 • 16.4 
IOT8 CD8 14.4-t- 6.3 (n=3) 19.2_+ 9.5 
IOTI4 (IL-2r) 37.6_+20.5 36.3_ 17.7 (n=6) 
Leu M3 CDI4 50.4___37.8 44.9_+33.6 
Leullb CDI6 8.1_+ 2.0 9.8_+ 2.8(n=3) 

Results are expressed as mean percentage_+ standard error. The 
number of tested biopsies is 7 except when indicated in parentheses 

C D l b  + cells in the dermis, probably belonging to the 
Langerhans set but double-marker techniques will have 
be used to test this hypothesis. 

The immunophenotypic analysis of  cells in situ, in 
lesions biopsied just before and I month after a specific 
treatment, are indicated in Table 4. There was no statisti- 
cally significant difference between the two matched 
samples, largely perhaps because the number of  biopsies 
was too small and/or the time period between the biop- 
sies was too short to detect slight changes in these cell 
populations. We found similar results with Langerhans 
(CDla  +) cell density in the epidermis (468.2+147.2 
cells/mm 2 before treatment versus 505.8+153.2 cells/ 

Fig. 7. Using the electron microscope, the macrophages of the leishmaniasis infiltrate show few and inconstant parasitic features. Note 
the phagolysosome membrane observed (arrow) around the amastigote form (star). Electron microscopy, x 6300 
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mm 2 after treatment), and a slight but not significant 
increase of dendritic (CDlb +) cells in the dermis (56.5 _+ 
40.9 cells/mm 2 before versus 82.1 _+ 34.8 cells/mm OE after). 

We have studied the cellular interactions occurring 
in the inflammatory infiltrate ultrastructurally (Fig. 5), 
concurrently with the associated tissue remodelling pro- 
cess. These observations confirmed the extension of the 
infiltrate from the upper to the lower dermis, as seen 
with histopathological techniques, and the scarcity of 
plasmacytes. We believe that the majority of the cells 
identified as "histiocytes" on haematoxylin and eosin 
staining are in fact fibroblasts (Fig. 6). We observed 
amastigote forms in only 5 biopsies (Fig. 7). Some of 
the parasites were dispersed in the extracellular space; 
some were round in phagolysosomes and exhibited struc- 
tural alterations. It must be pointed out that macro- 
phages were always slightly parasitized. In many sections 
a close contact between macrophages, obviously in an 
"activation" state, and lymphocytes, some with a "large 
granular" morphology, was observed (Fig. 5). In those 
areas where connective tissue damage was evident and 
was associated with a lytic activity due to "fibroclasts ", 
we were able to see some macrophages in a state of 
lysis but we never observed the direct destruction of 
parasitized macrophages mediated by large granular 
lymphocytes (probably NK) as described elsewhere 
(Ridley and Wells 1986). 

Ultrastructurally the few dendritic cells observed in 
the dermis lacked Birbeck granules, a fact which favours 
the identification of CDlb + dermal cells as dendritic 
and not Langerhans cells. 

Discussion 

While the characteristics of cellular immunity in cutane- 
ous leishmaniasis are comparatively well defined in pe- 
ripheral blood level (Barbier et al. 1985; Carvalho et al. 
1985; Castes et al. 1983, 1984; Rada et al. 1987), there 
are fewer studies on cellular immunity in situ (Modlin 
et al. 1985; McInnes and Rennick 1988; Nilsen and 
Mshana 1987; Ridel et al. 1988). In this study, we have 
analysed the immunocompetent cells present in the le- 
sion of LCL, using a comprehensive panel of mAbs. 
This immunohistochemical approach has been made 
concurrently with histological and ultrastructural inves- 
tigations. It is particularly interesting to compare these 
results with what is known on the immunoregulation 
of experimental cutaneous leishmaniasis (Liew 1983, 
1986; Louis and Milon 1987; Scott 1988, 1989; Titus 
et al. 1989). 

We have been able to confirm previous reports that 
the bulk of inflammatory cells are T lymphocytes (Hus- 
zar et al. 1987; Ridley and Ridley 1983, 1984), with ap- 
proximately the same numbers of CD4 + and CD8 + cells 
(Carvalho et al. 1985; Huszar et al. 1987; Modlin et al. 
1985; Nilsen et al. 1987), most of them with an activated 
phenotype (CD25 +, CD71 + or HLA-DR +) as con- 
firmed by electron microscopy. Newly available mAbs 
have allowed us to analyse CD4 + subsets, showing a 
predominance of "helper" (CD4 + CD45RO +) T lym- 

phocytes. Another interesting result is the high percent- 
age of TCR-76 + lymphocytes from a sample of 10 biop- 
sies, confirming other data (20%, in a sample of 7 pa- 
tients) recently published on leishmaniasis and with 
granulomatous reactions in leprosy (Modlin et al. 1989), 
as compared with normal skin (Groh et al. 1989; Modlin 
et al. 1989). These "76T cells" may play a direct role 
in granuloma formation, as recently suggested (Bloom 
1989), together with some monokines (IL-1 and TNF-OE) 
and a lymphokine (IL-4) possibly secreted by activated 
T lymphocytes (Kindler et al. 1989; McInnes and Ren- 
nick 1988; Shikama et al. 1989). 

While macrophages are very frequently encountered 
in the inflammatory infiltrate, it must be emphasized 
that they are rarely parasitized, as seen at the ultrastruc- 
tural level. This last result is in contrast with the high 
parasite density observed on 15 cutaneous smears, corre- 
sponding to frozen biopsies, showing 4.5+5.4 amasti- 
gotes at the saine magnification (Esterre et al. 1991). 
This forces us to consider the possibility that the "histio- 
cytes" classically described with the histological tech- 
nique are probably fibroblasts as observed with the elec- 
tron microscope. The saine tool also permits observation 
of the cell-cell contacts between T lymphocytes and mac- 
rophages (Fig. 5) that may promote delivery of activa- 
tion signals from lymphocytes to the resting macro- 
phages (lymphokine-mediated activation). However, on 
that occasion, we failed to confirm Wyler's theory of 
a non-lymphokine-mediated anti-leishmanial defence 
(Panosian et al. 1984; Sypek and Wyler 1990; Wyler 
et al. 1987) that is to say, we observed no direct contact 
between infected macrophages and T lymphocytes (con- 
tact-mediated activation). 

Perhaps because of the small sample and technical 
difficulties, no significant difference was seen between 
biopsies analysed before and after treatment. We ob- 
served a slight increase in Langerhans cells (CDla +) 
in the dermis, where dendritic CDlb + cells of unknown 
origin and function were also seen. We must add that, 
in contrast to results obtained with immunofluorescence 
techniques (Groh et al. 1989), our immunoenzymatic 
techniques revealed no staining of Langerhans cells with 
anti-CD3 or anti-TCR7c5 mAbs. This problem may be 
resolved rapidly by using in situ hybridization together 
with immunohistology (V. Groh, personal communica- 
tion). 

The immunoenzymatic study suggests the participa- 
tion of few B lymphocytes and NK cells, and this result 
is supported by the scarcity of plasmacytes and large 
granular lymphocytes observed with the electron micro- 
scope. It is worth noting that the discrepancy between 
the present NK scoring and a previous one (Ridel et al. 
1988) may be accounted for by differences in specificity 
with respect to both the mAbs and the immunostaining 
kits used. In this respect, new techniques of tissue pro- 
cessing (Bourges et al. 1989; Sato et al. 1986, 1990) may 
allow us to study soft tissues like lymph nodes. 

This area of intense research actually suggests that 
the critical event producing such an immunological gran- 
uloma may be a (lymphokine-mediated) down-regula- 
tion of IFN- 7 (Liew 1983) or TNF-OE (Titus et al. 1989)- 
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media ted  macrophage  ac t iva t ion  (Scott 1989). Taken to- 
gether, these data  and  others will help us towards  a bet- 
ter unde r s t and ing  of  the precise mechanisms  responsible 
for the local m o d u l a t i o n  - in terms of  cellular and  matr i -  
cial heterogeni ty  of  the g r a n u l o m a  fo rma t ion  and  the 
evolu t ion  of  leishmaniasis  f rom LCL to D C L  or M C L  
forms. 
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