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Abstract

Disseminated leishmaniasis (DL) is an emerging form of Leishmania braziliensis infection
characterised by multiple cutaneous lesions on different parts of the body and a high rate of
mucosal involvement. Systemic production of TNFa and IFNy in DL patients is lower than in
cutaneous leishmaniasis (CL) caused by L. braziliensis, which may account for parasite
dissemination due to the decreased ability to control parasite growth. In this study, the systemic
and in situ immune response of DL and CL patients was characterised through evaluation of
chemokine and cytokine production. In situ evaluation showed similar production of IFNy, TNFa,
IL-10, transforming growth factor-beta (TGFp), chemokine (C-C motif) ligand 2 (CCL2), CCL3,
CCL11 and chemokine (C-X-C motif) ligand 10 (CXCL10) in papular and ulcerative lesions from
DL as well as in ulcerated lesions from CL. Serum levels of CXCL9, a chemokine that attracts T-
cells, was higher in serum from DL than from CL. These data indicate that a decrease in the type 1
immune response in peripheral blood of DL patients is due to attraction of Leishmania antigen-
activated T-cells to the multiple cutaneous lesions. This may account for the absence of or few
parasites in the lesions and for the development of ulcers similar to those observed in CL.
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1. Introduction

Disseminated leishmaniasis (DL) is an emerging form of Leishmania braziliensis infection,
distinguished by its unique clinical and immunological characteristics.1=3 It is characterised
by the presence of a great number of cutaneous lesions spanning more than one area of the
patient’s body, mixed types of skin lesions and a high frequency of mucosal involvement.2:3
The patient typically reports a single initial lesion, usually on the extremities, followed by
dissemination that may involve the entire body, sometimes associated with fever and chills.
The importance of DL is outlined by the severity of the disease, therapeutic challenge and an
increasing prevalence. Whilst in 1986 only 0.2% of all cases of L. braziliensis infection were
DL, in 2000 this figure rose to 2%.2:3

DL is distinct from cutaneous leishmaniasis (CL), mucosal leishmaniasis (ML) and diffuse
cutaneous leishmaniasis (DCL).3-6 The pathogenesis of DL is not established. In a small
number of previously studied cases, we observed a higher frequency of patients with a
negative skin test to Leishmania antigen! and a lower production in vitro of IFNy and TNFa
to Leishmania antigen than in patients with CL.3 Therefore, a decrease in the T-cell response
has been hypothesised to play a major role in parasite dissemination, and abnormal
chemokine production may be associated with this phenomena. The role of chemokines
linking innate to adaptive immunity and in recruiting inflammatory cells to tissue is well
established, but remains unknown in DL. For instance, chemokine (C-C motif) ligand 2
(CCL2) and CCL3 are associated with antileishmanial activity,” and tissue expression of
CCL2 is decreased in DCL.8 It is clear that the majority of fresh acneiform lesions of DL
disappear during the first course of antimony therapy,? but the majority of DL patients
require more than a course of antimony therapy to cure and relapse may occur.3 It is not
known why a high failure rate to antimony therapy is observed in these patients. Host and
parasitic factors may account both for dissemination and response to therapy. The aim of
this study was to characterise better the systemic and tissue immune response in patients
with DL compared with patients with localised CL. Cytokines [IFNy, TNFa, transforming
growth factor-beta (TGFp) and IL-10] and chemokines [CCL2, CCL3, CCL11, chemokine
(C-X-C motif) ligand 9 (CXCL9) and CXCL10] were measured in peripheral blood, and
tissue expression of these molecules was determined at the lesion site.

2. Materials and methods

2.1. Patients

This study included 32 DL patients recruited from 1998 to 2001 at the health post of Corte
de Pedra, Bahia State, Brazil. The criteria for diagnosis were a clinical picture of DL as
described below, in conjunction with parasite isolation by PCR or a positive skin test for
Leishmania antigen plus histopathological features characteristic of leishmaniasis. DL was
identified according to a case definition of ten or more mixed-type lesions (e.g. acneiform,
papular, nodular and/or ulcerated), located on two or more body parts (head, trunk, arms and
legs).3 CL patients were matched by sex and age (+5 years) with DL cases. Although not
matched by occupation, all DL and CL patients lived in the same endemic area where up to
70% of these patients are farm workers. Patients with CL were characterised by a typical
ulcerated lesion with raised borders and had a maximum of three cutaneous lesions. DL and
CL patients had a disease duration of 1-2 months. There was no clinical evidence of HIV
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co-infection in CL or DL patients, and no patient had a positive HIV serology. DL patients
were treated with i.v. pentavalent antimonial (SbY) (meglumine antimony; Sanofi-Aventis,
Paris, France), 20 mg/kg body weight daily for 30 days. Criteria for cure were complete
involution of papular lesions and/or total scarring of ulcers 90 days after initiation of
therapy. Informed consent was obtained from each participant.

2.2. Soluble Leishmania antigen (SLA)

SLA used for skin test and in vitro studies was prepared with an isolate of L. braziliensis as
previously described.®

2.3. PCR for Leishmania

DNA isolation was carried out from biopsy samples using the Wizard Genomic DNA
Purification Kit (Promega, Madison, WI, USA). Purified DNA was re-suspended in Tris—
EDTA (TE) buffer and was stored frozen at —20 °C until use. Detection of the subgenus
Viannia used the primers 5-GGGGTTGGTGTAATATAGTGG-3' and 5'-
CTAATTGTGCACG-3..

2.4. Evaluation of cytokine production

Levels of CCL2/monocyte chemotactic protein-1 (MCP-1), macrophage inflammatory
protein 1-alpha (MIP-1a)/CCL3, CCL11/eotaxin, CXCL10/IFNy-inducible protein 10
(IP-10) and CXCL9/monokine induced by IFNy (MIG) were measured in the serum of 21
DL patients and 21 CL patients by ELISA.” For determination of cytokines and chemokines,
peripheral blood mononuclear cells (PBMC) were obtained from heparinised venous blood
layered over a Ficoll-Hypaque gradient, then washed and re-suspended in complete medium
(RPMI 1640 with 10% heat-inactivated pooled human AB serum) at a concentration of 3 x
108 cells/ml. These cells were added to 24-well plates and were kept unstimulated or were
stimulated with SLA (10 pg/ml) for 72 h at 37 °C in 5% CO,. Supernatants were then
collected and stored at =70 °C. IFNy, TNFa, IL-10 and IL-5 levels were measured by
ELISA (R&D Systems, Minneapolis, MN, USA; and Pharmingen, San Diego, CA, USA).
Serum levels of chemokines (CCL2, CCL3, CCL11, CXCL9 and CXCL10) were
determined by ELISA.10

2.5. Evaluation of cytokine and chemokine expression in situ by immunohistochemistry

Skin biopsies from lesion borders of patients with localised CL and DL were frozen in
O.C.T. compound (Sakura Finetek, Torrance, CA, USA). Immunohistochemistry was
performed using the avidin—biotin peroxidase method with mouse anti-human MIP-1a
(PeproTech, Rocky Hill, NJ, USA), IFNy (Genzyme, Cambridge, MA, USA) and TNFa
(Genzyme) and rabbit anti-human TGFB, CXCL9 and IL-10 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), CCL11/eotaxin, CXCL10/IP-10, CCL12/MCP-1 and MIP-1a.
(PeproTech). After 90 min of incubation at 37 °C, slides were incubated with biotinylated
goat anti-rabbit (Vector Laboratories, Burlingame, CA, USA) or goat anti-mouse (Santa
Cruz Biotechnology) antibodies. Staining was developed with 3,30-diaminobenzidine
(DAB) (Vector Laboratories) and was counterstained with Mayer haematoxylin. Controls
were performed by incubating slides with IgG isotype control instead of primary antibodies
and proceeding as described above. The whole biopsy section areas were
microphotographed with a final magnification of 200 x and brown-stained areas were
counted using Adobe Photoshop CS3 (Adobe Systems Inc., San José, CA, USA) and ImageJ
software (National Institutes of Health, Bethesda, MD, USA). Results are expressed as
percent of biopsy area stained positive.

Trans R Soc Trop Med Hyg. Author manuscript; available in PMC 2011 August 17.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Machado et al. Page 4

2.6. Statistical analysis

A Mann-Whitney test was performed for all continuous non-parametric variables. Data
were statistically significant if the probability of a type | error was < 0.05.

3. Results

Demographic and clinical features of the 32 patients with DL are shown in Table 1. Patients
were primarily adults and male, with a short duration of illness (<60 days) and had up to 412
lesions. The trunk and face were most commonly involved (Figure 1). Leishmania
braziliensis was identified by PCR in 15 DL cases and in 12 CL cases. Histopathology
showed absent or few parasites both in CL and DL lesions (data not shown). Failure after
one course of ShY therapy was observed in 22 (76%) of 29 DL patients.

3.1. Serum levels of chemokines

Serum levels of CCL2, MIP-10/CCL3 and CCL11 were similar in the two groups of patients
(Figure 2A). There was a trend for higher levels of CCL3 in CL (252 = 503 pg/ml) than in
DL patients (67 = 106 pg/ml). The serum concentration of CXCL9 was higher in DL (3560
+ 4683 pg/ml) than in CL (1108 + 1061 pg/ml) (P = 0.004) and there was a trend for higher
levels of CXCL10 in DL (661 + 634 pg/ml) than in CL (448 + 330 pg/ml) (Figure 2B). Data
are given as mean + SD.

3.2. Analysis of cytokine production in peripheral blood mononuclear cells from
disseminated leishmaniasis and cutaneous leishmaniasis patients

As shown in Figure 3A, the concentration of TNFa (112 + 188 pg/ml, range 0-884 pg/ml)
and IFNy (490 £ 530 pg/ml, range 0-1782 pg/ml) in supernatants of antigen-stimulated
PBMCs from DL patients was lower (P < 0.0001) than in supernatants of PBMC from CL
patients (641 £ 775 pg/ml and 1561 + 1166 pg/ml, respectively). Undetectable
concentrations of IFNy expressed as 0 pg/ml were only observed in 3 (9.4%) of 32 cases of
DL. IL-5 and IL-10 levels were significantly lower (P < 0.05) in DL (54 £ 61 pg/ml and 22
+ 53 pg/ml, respectively) than in CL patients (161 £ 117 pg/ml and 44 + 62 pg/ml) (Figure
3B). In all cases, the IFNy level was higher than IL-5 and IL-10 levels. Data are given as
mean = SD.

In the present series, 44% of the patients with DL had mucosal involvement. However,
different from the deep ulcers and nasal septum perforation observed in classical ML
patients, the patients presented nodular and superficial ulcers. Previous studies comparing
the immunological response in patients with ML and CL have shown that ML is
characterised by high production of IFNy and TNFa and low production of 1L-10.11-13
Therefore, levels of these cytokines in patients with DL and mucosal lesions were compared
with those without mucosal disease. Whilst there was no difference in IFNy production
between these two groups of patients (665 + 538 pg/ml vs. 460 + 538 pg/ml), production of
TNFa by PBMCs from patients with DL with mucosal lesions was higher (191 + 275 pg/ml)
than in those without mucosal disease (93 £ 211 pg/ml) (P = 0.02).

3.3. In situ chemokine and cytokine production in disseminated leishmaniasis and
cutaneous leishmaniasis

Tissue expression of CCL2, CCL3, CCL11, CXCL9, CXCL10, IFNy, TNFa, IL-10 and
TGFp was analysed in the ulcerated lesions of CL patients and was compared with papular
and ulcerated lesions from matched DL patients (Table 2). Among the chemokines, similar
tissue expression was found both in DL and CL lesions, although there was a trend for a
generally lower production in papular DL compared with ulcerated CL and DL. Expression
of CXCL10 was higher in ulcerated DL lesions, although this was not significant (Figure 4).
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Analysis of CXCL9 expression in the tissue was not possible due to cross-reaction of the
antibodies leading to high background levels.

In situ expression of IFNy, TNFa, 1L-10 and TGFp also showed a similar pattern, with a
higher (non-significant) TGF expression in ulcerated DL (Table 2).

4. Discussion

The host immunological response plays a pivotal role in the pathogenesis of tegumentary
leishmaniasis. Whilst in CL and ML an exaggerated type 1 immune response is associated
with tissue damage,1213 in patients with DCL an absence of cell-mediated immune response
allows parasite multiplication and dissemination.1415 DL patients may present a hundred
lesions and, compared with CL and ML, have a lower production of IFNy and TNFa.3
Therefore, it has been suggested that a decrease in the peripheral production of Thl
cytokines may favour dissemination of the lesions in DL. Here we compared the systemic
and tissue immune response in CL and DL. These data indicate that the tissue immune
response observed in DL is similar to that detected in CL. As these patients present multiple
lesions, it is likely that the majority of Leishmania-reactive T-cells are in the lesion, leading
to a decrease in parasite antigen-specific T-cells in the blood and consequently decreased
production of TNFa and IFNy observed in PBMC cultures of DL compared with patients
with CL.

The hypothesis that parasite dissemination in DL is associated with a decrease in type 1
immune response comes from studies that show a decreased production of IFNy and TNFa
in supernatants of PBMCs of DL in comparison with CL and also an absence of delayed-
type hypersensitivity response to Leishmania antigens in some DL patients.3 This hypothesis
was supported by the role of the absence of type 1 immune response in DCL, the anergic
form of CL, which is also associated with multiple cutaneous lesions.® However, DCL
differs from DL in clinical, histopathological and immunological features. Specifically, in
DCL the lesions usually do not ulcerate and histopathology shows an increase in
macrophages with a high number of amastigotes inside the cells.®14 In DL the papular and
acneiform lesions progress to ulcer, lymphocyte infiltration and granulomas are found, and
an absence or low numbers of parasites are documented.? These histopathological findings
are similar to those observed in CL. We confirmed here that IFNy and TNFa. systemic levels
are significantly lower in DL compared with CL. However, it is clear that the majority of
these patients produce IFNy and some of them produce as much IFNy as patients with CL.

Chemokines play a relevant role in the migration of activated T-cells and are themselves
induced by T-cell-derived cytokines. For example, CXCL9 and CXL10 act on chemokine
(C-X-C motif) receptor 3 (CXCR3), which are preferentially expressed on Thl lymphocytes
and are themselves induced by IFNy.” CXCL11 can induce production of IL-12 by dendritic
cells, whereas CCL2 and CCL3 can attract monocytic cells and induce antileishmanial
activity.”18 It has been shown that tissue expression of CCL2 is decreased in DCL in
comparison with CL.8 We found no differences regarding the in situ expression of cytokines
(IFNy, TNFa, TGFB) and chemokines (CCL2, CCL3, CCL11, CXCL10) comparing papular
and ulcerated lesions of DL with the classical ulcerated lesion of CL. In the current series,
CXCL9 levels were higher in DL compared with CL. Elevated levels of CXCL9 in the
serum of DL patients contrast with the lower production of IFNy and TNFao by PBMCs of
these same patients. However, it could indicate that Leishmania-specific T-cells were being
recruited to the lesion site and were participating in the pathogenesis of the lesion, as pro-
inflammatory cytokines are associated with tissue damage in L. braziliensis infection.12:13
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Mucosal lesions were found in 44% of the DL patients in this study. ML is characterised by
an increased secretion of TNFa,12 and treatment with pentoxifylline, a TNFo. inhibitor,
associated with antimony accelerates healing of ML.17 Although DL patients produce lower
levels of TNFa than CL and ML patients, it was shown here that systemic TNFa production
in DL patients with mucosal lesions was higher than that observed in patients with DL
without mucosal involvement. These data further support a role for TNFa in the
pathogenesis of mucosal disease.

These data show that the tissue immune response in DL is similar to that observed in CL. It
is possible that a transitory impairment of the T-cell response early in Leishmania infection
may play a role in parasite dissemination. However, as the infection progresses, the local
immune response is able to control parasite growth and only a few amastigotes remain in the
lesion site. Later on, as a result of the local inflammatory response, the lesion becomes
ulcerated.2 The documentation that the histopathology of DL is similar to CL and
characterised by lymphocyte and macrophage infiltration? supports this sequence of events
not yet demonstrated. This study pointed out that other possibilities should be evaluated to
explain the peculiar manifestation observed in this clinical form of leishmaniasis. First,
because a down-modulation of the immune response is observed in the early phase of CL.18
Second, because we recently showed that isolates of L. braziliensis from DL patients have
genotypic and phenotypic differences compared with isolates from CL.1920 Therefore, the
possibility that dissemination is due predominantly to parasite factors of L. braziliensis
should be evaluated. Regarding the decreased levels of type 1 cytokines detected in
supernatants of PBMCs from patients with DL, the current data argue in favour that it may
be due to a low number of Leishmania-antigen specific T-cells in peripheral blood as these
cells have been attracted to tissue in an attempt to Kill parasites present in the multiple
lesions observed in these patients. The presence of parasite antigen-specific T-cells at the
lesion site explains the low parasite burden observed in DL as well as the in situ cytokine
and chemokine profile similar to CL described here, which may explain the development of
ulcerative lesions resembling what is found in CL.
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Figure 1.
A disseminated leishmaniasis patient with intense facial and trunk involvement.
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Figure 2.

Chemokine production in 21 disseminated leishmaniasis (DL) and 21 cutaneous
leishmaniasis (CL) patients: (A) chemokine (C-C motif) ligand 2 (CCL2), macrophage
inflammatory protein 1-alpha (MIP-10/CCL3) and CCL11 production and (B) chemokine
(C-X-C motif) ligand 9 (CXCL9) and CXCL10 production in serum were determined as
described in Section 2.4. Chemokine levels were measured by ELISA. Symbols refer to data
for individual patients and the horizontal bar indicates the median.
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Figure 3.

Cytokine profiles in 12 disseminated leishmaniasis (DL) and 8 cutaneous leishmaniasis (CL)
patients: (A) IFNy and TNFa and (B) IL-5 and IL-10 production in peripheral blood
mononuclear cell (PBMC) supernatants stimulated with Leishmania antigen were
determined as described in Section 2.4. Levels of cytokines were measured by ELISA. Data
are given as mean (blocks) £ SD (bars).
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Figure 4.

Tissue expression (% of stained area) of chemokine (C-X-C motif) ligand 10 (CXCL10) in
cutaneous leishmaniasis (CL) and disseminated leishmaniasis (DL): biopsy section showing
production of CXCL10 in (A) a CL ulcerated lesion, (B) a DL papule and (C) a DL ulcer
(final magnification, 200 x).
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Table 1

Demographic and clinical findings of the 32 patients with disseminated leishmaniasis

Characteristic

Age (years) (mean + SD) 34+15
Gender M:F (n) 27:5

No. of lesions [median (range)] 61 (15-412)
Positive skin test [n/N (%)] 25/30 (83)
Mucosal disease test [n/N (%)] 14/32 (44)

Failure following one course of Sb¥ [n/N (%)]  22/29 (76)

ShV: pentavalent antimonial.
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In situ production of cytokines and chemokines in 8 cutaneous leishmaniasis (CL) and 12 disseminated

Table 2

leishmaniasis (DL) patients

Cytokine/chemokine (% of staining area) (median + SD) CL DL papule DL ulcer @
IFNy 19.2+105 187%+6.1 189%119
TNFa 142+65 80+104 133%165
IL-10 215+126 176+42 227%154
TGFB 16.8+16.3 21.7+88 359%7.1
CCL2 279+104 16.7+39 228x109
CCL3/MIP-1a 124+79 195+£75 19115
CXCL10 176+16.8 238+34 231x181
Eotaxin 258+45 176+59 23.8+13

TGF: transforming growth factor-beta; CCL: chemokine (C-C motif) ligand; MIP-1a: macrophage inflammatory protein 1-alpha; CXCL:

chemokine (C-X-C motif) ligand.

aThe P-value was > 0.05 when comparing the three groups.
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