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Localized immune response in CL patients

Characterization of localized immune responses by measuring Th1 and Th2 cytokine message transcripts in tissue lesions of CL patients

Introduction

                 Leishmaniasis is a vector borne parasitic disease, caused by obligate intracellular protozoan parasite of the genus Leishmania. The impact of Leishmania on human populations can be mirrored from 12 million people affected across 88 countries with more than 350 million at risk. The clinical picture of leishmaniasis is heterogeneous that causes a wide spectrum of human diseases, including CL, MCL, DCL, and VL. The resulting syndrome depends upon a complex interaction between a specific species of Leishmania and the genetic and immunological status of the host.
             Extensive studies with experimental models have shown that the outcome of infection is critically dependent on the activation of one of the two subsets of CD4+ T cells, Th1 and Th2 [Reiner et al., 1995]. Interferon (IFN)-γ, secreted by Th1 cells, is the most potent macrophage-activating cytokine leading to host resistance to infection with Leishmania parasites [Scott et al., 1991; Swihart et al., 1995], whereas interleukin-4 (IL-4), secreted by Th2 cells, is associated with down-modulation of IFN-γ-mediated macrophage activation [Abbas et al., 1996; Louis et al., 1998]. However, in human cutaneous leishmaniasis, a clear functional dichotomy in CD4+ T cells has not definitely been documented. In this context, several studies have analyzed the intra-lesional cytokine gene expression in various forms of CL. In CL due to L. braziliensis, IFN-γ was preferentially expressed in localized lesions, whereas IL-4, IL-5, and IL-10 were detected in mucosal and diffuse forms of the disease [Cáceres-Dittmar et al., 1993; Pirmez et al., 1993], However, in patients infected with L. mexicana, high level of IL-10 and IFN-γ were expressed (Melby et al., 1996]. Resolution of CL and ML lesions is associated with a decrease in IL-4, IL-5 and TNF-α [Da-Cruz et al.,1996; Ribeiro-de-Jesus et al., 1998], although IFN-γ levels seems to be maintained after therapy [Ribeiro-de-Jesus et al., 1998; Da-Cruz  et al., 2002]. Lower levels of IFN-γ and TNF-α are observed in subjects who did not develop the disease after Leishmania infection (asymptomatic or sub-clinical individuals) [Follador et al., 2002]. These data demonstrate that T cell response at lesion sites is not fully understood. The levels of cytokines are expressed differently depending on the clinical forms of the disease. Furthermore, immunological conditions associated with cure or disease control are still under investigation.  

           Although most of the studies on immune response have been demonstrated in CL caused by L. major and other species of Leishmania, a single study was available on immune response in murine model by L. tropica (Anderson et al., 2008). The current study extends the characterization of the immune status in human cases of CL. Our main objective in this study was to understand the cell mediated immunological response before and after therapy for patients with CL. This study leads to understanding the key roles of cytokines that determine the clinical outcome of the disease and gives leads for dissecting the immunological pathways involved in the pathogenesis of CL caused by L. tropica.

Reagents and Chemicals
 Oligonucleotides were synthesized from Sigma, USA and Bioserve, India. Other reagents and chemicals were as described earlier.

Experimental methods

Patients and samples: 

          Patients with CL were recruited between April 2006 to December 2007 in the Department of Skin, V. D. & Leprosy, S. P. Medical College, Bikaner (Rajasthan), India. The study was approved by and carried out under the guidelines of the Ethical Committee of the S. P. Medical College and A. G. of Hospitals, Bikaner, (Rajasthan). In an endemic area, suspected CL is largely diagnosed clinically by the appearance of erythematous nodules or ulcerated lesions, which present on an exposed area of the body. The patients presented with ulcers that were up to 2–3 cm in diameter, consisting of nodular, ulcerated, or nodulo-ulcerative and non-ulcerated diffuse infiltrative type, with or without crusting. Of the 31 CL cases included in this study, 23 (74.19 %) were males and 8 (25.81%) were females. Most of the cases were in the age range of 5–50 years, with the oldest patient being a 76-year-old man, and the mean age was 33.48± 3.47 (SE) years. None of the patients examined had been out of the state or district during 1 year preceding the onset of cutaneous lesions. The history of CL cases was 1–7 months of onset of lesions at the time of diagnosis. The lesions were primarily on the extremities, particularly the upper and lower limbs. In some cases, the lesions were found on the facial region, involving the trunk, nose, lips, neck, and angle of mouth. The clinical diagnosis was confirmed by laboratory demonstration of the parasite in the lesions by direct microscopy in tissue smear. The causative organism has been established as L. tropica in our earlier study [Kumar et al., 2007]. Patients were treated with sodium Stilbogluconate (SSG) and rifampicin (RFM) as described in chapter 5. Skin biopsies were taken before starting the treatment and in 14 patients after 2-4 weeks of last dose of treatment in clinically cured patients. Six normal skin biopsy samples were collected as controls from healthy volunteers.
RNA extraction from biopsy specimens and reverse-transcription polymerase chain reaction (RT-PCR) analysis for cytokines.

                   Skin biopsies of 5–10 mm in diameter were taken in RNA stabilizing agent RNA later (Ambion) for extraction of RNA under sterile conditions from the border of the ulcers and transported to New Delhi from endemic area with all the necessary precautions. Total RNA was isolated using Trizol reagent, in accordance with the manufacturer’s instructions, and stored at -700C. Methodology of RNA isolation was described in chapter 4.
cDNA synthesis and PCR. cDNA was prepared using a SuperScript RNase H- Reverse Transcriptase kit (Invitrogen), in accordance with the manufacturer’s instructions. In brief, 2µg of total RNA was mixed with 0.5 µg of Oligo(dT) primer and 1 µL of 10 mmol/L dNTP mix in a total volume of 12 µL. The samples were heated at 65oC for 5 min and then quickly chilled on ice. Subsequently, RTmixture (4 µL of 5X first strand buffer and 2 µL of 0.1 mol/L dithiothreitol) and 20 U RNAse-In (Promega) were added, and the mixtures were incubated at 42oC for 2 min. Next, 200 U of reverse transcriptase was added. The reaction was incubated at 420C for 1 h, followed by heating at 70oC for 15 min, to inactivate the enzyme. Published sequences for HPRT and cytokine genes were used in the study [Karp et al.,1993;  Allione et al., 1999; Jeong et al., 2003]. The primer sequences and estimated lengths of the PCR products are listed in Table 7.1. To compare the results between different categories, the cDNAs were normalized on the basis of the expression of HPRT products (Fig. 7.1). The reaction mixture (20 µL) for PCR contained normalized cDNA, 200 mmol/L each dNTP, 1.5 mmol/L MgCl2, 25 pmol of each primer, and 0.5 U of Thermus aquaticus (Taq) DNA polymerase in PCR buffer (Invitrogen). PCR was performed in a DNA thermal cycler (Applied Biosystem, USA). Cycling parameters for HPRT, IFN-γ, IL-10, and IL-4 were as follows: initial denaturation at 94oC for 2 min; amplification cycles at 94oC for 30 s, 66oC for 45 s, and 72oC for 30 s; and final extension at 72oC for 5 min. The number of amplification cycles was 30 for HPRT, 32 for IFN-γ and IL-10, and 38 for IL-4. Similarly for tumor necrosis factor (TNF)-α, the PCR conditions were as follows: initial denaturation at 94oC for 4 min; amplification cycles at 94oC for 30 s, 55 oC for 30 s, and 72 oC for 1 min; and final extension at 72 oC for 5 min. The number of amplification cycles was 35. For IL-8, the PCR conditions were as follows: initial denaturation at 94 oC for 2 min; amplification at cycles at 94 oC for 30s, 57 oC for 30s, and 72 oC for 1 min; and final extension at 72 oC for 5 min. The number of amplification cycles was 38. Cycling parameters for the mRNA amplification for IL-1β were 1min. at 94 oC, 2 min. at 65 oC  for 35 cycles. After the PCR amplification, 2 µL of tracking dye was added to the sample, and 10 µL of sample products were run on 1.5% agarose gel containing ethidium bromide (1 mg/mL) in TAE buffer (0.04 mol/L Tris acetate, 0.001 mol/L EDTA) (Fig. 7.2). A 100-bp DNA ladder was used as a molecular marker.
Quantitative analysis of PCR product. The PCR products were scanned using a gel documentation system (Alpha Innotech), and the intensity of PCR products present in each lane was measured densitometrically using AlphaImager software (version 5.5).
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Fig. 7.1. Normalization of cDNA relative to housekeeping gene HPRT, Lane M. Marker, Lane1-6, cDNA from tissue lesion of CL patients.

[image: image1.emf]Table 7.1. Oligonucleotide sequences and PCR product size of cytokines amplified in this study
[image: image7.emf]Gene                                     Primer Sequence (5’→3’)                  Product size, bp
HPRT          sense         CGAGATGTGATGAAGGAGATGGG         303bp  

              antisense         CCTGACCAAGGAAAGCAAAGTCTG 

IL-8             Sense        ATGACTTCCAAGCTGGCCGTGGCT         291bp

             Antisense        TCTCAGCCCTCTTCAAAAACTTCTC         

IL-1(       Sense            GACACATGGGATAACGAGGC                 248bp         

            Antisense          ACGCAGGACAGGTACAGATT

TNF-α        sense          AGGCAGTCAGATCATCTTCTC                 300bp

             antisense         TCTTGATGGCAGAGAGGAGG

IFN-(          sense          CAGCTCTGCATCGTTTTGGGTTCT         466bp    

              antisense         TGCTCTTCGACCTCGAAACAGCAT

IL-10          sense          TGAGAACCAAGACCCAGACATCAAG     309bp   

             antisense          CCAGATCCGATTTTGGAGACCTC

IL-4            sense          GAACAGCCTCACAGAGCAGAAGAC       221bp  

             antisense          TGTCGAGCCGTTTCAGGAATC[image: image8.emf]
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Fig. 7.2. Standardization of RT-PCR for cytokines; 2A.IL-10, Lane M, Marker, Lane 1-5 cDNA from tissue lesion of  CL patients B. IL-8, Lane M, Marker, Lane 1, cDNA from tissue lesion of  CL patients C. IFN-γ Lane M, Marker, Lane 1, cDNA from tissue lesion of  CL patients D. IL-1β, Lane M, Marker, Lane 1, cDNA from tissue lesion of  CL patients E. TNF-α, Lane 1, cDNA from tissue lesion of  CL patients, Lane M, Marker, F. IL-4, Lane M, Marker, Lane 1, cDNA from tissue lesion of  CL patients 
Statistical analysis

           The differences between experimental groups were analyzed by using the Student’s paired and unpaired t test. All data are presented as mean ± SE and a difference in mean values was considered significant when the P value was <0.05. Correlations between continuous variables were evaluated with Spearman’s rank correlation test. To avoid the potential dependency between variables related to multiple lesions from the same individual, only one lesion (randomly selected) per patient was included in the statistical analysis.
Results
Intralesional expression of cytokines in CL patients.  Intralesional expression of IFN-γ, TNF-α, IL-1β, IL-8, IL-10 and IL-4 mRNA was analyzed by RT-PCR in CL patients (n=31), and healthy controls (n=6). Transcripts of IFN-γ, TNF-α, IL-1β, IL-8, and IL-10 were expressed in lesions of all the CL patients, while IL-4 was detected in 77.4 % (24/31) biopsies. The expression levels of all cytokines were significantly elevated in CL lesions, compared with those in control tissues (P<0.001 for all cytokines) (Fig. 7.3). IL-1β was expressed at much higher level compare to other cytokines in all the samples. Comparative analysis in mRNA transcript level of all the cytokines was carried out in early lesions (≤2 months, n=14) and late lesions (≥ 3 months, n=15) and also in various polymorphic forms of CL lesions: erythematous ulcerated (EU, n=15), erythematous nodule (EN, n=5), erythematous plaque (EP, n=5), ulcerated plaque (UP, n=3) and granulomatous nodule (GN, n=3). Level of IL-4 was significantly higher in early lesions (P<0.05) compared to late lesions (Fig. 7.4A), while other cytokines were at comparable levels. A significant increment in the level of IL-4 was noticed in CL lesions which are early in their evolution (P<0.05) compared to those with late lesions. IL-4 was significantly increased in EP, UP and GN (P<0.05) as compared with EU and EN (Fig. 7.4B). A strong correlation (R>0.8) was found between the expression of IFN-γ with TNF-α, IL-8 and IL-10, and between TNF-α and IL-8. The strongest correlation was observed in the expression of IL-10 with TNF-α and IL-8 (R>0.9) (Table 7.2).
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Fig. 7.3. Analysis of intralesional cytokines using reverse transcriptase [RT]-PCR in CL patients at pre-treatment stage. mRNA Levels of interleukins [IL], tumor necrosis factor [TNF]-α and interferon [IFN]-γ in dermal lesion of CL patients at pre-treatment stage (n=31) and healthy controls (n=6). Polymerase chain reaction products were electrophoresed, and the intensity of signal was determined by densitometry. The graph shows results as an expression index, defined as the ratio of the intensity of cytokine with respect to the HPRT gene. The bars indicate SEs. P <0.05 was considered to be statistically significant.
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Fig. 7.4. Comparative assessment of intralesional interleukin [IL]-4 mRNA expression in patients with CL. A. Level of IL-4 in early lesions ( ≤3 months, n=14)  and in late lesions (≥4 months, n=15) of CL. B. Level of IL-4 in various polymorphic forms of CL; erythematous plaque (EP, n=5), ulcerated plaque (UP, n=3) and granulomatous nodule (GN, n=3) erythematous ulcerated (EU, n=15), erythematous nodule (EN, n=5). Normalized cDNA was amplified with respective IL-4 primer. Other details are same as in Fig. 7.3.
Table. 7.2. Spearman’s rank correlation between intralesional cytokine gene expression

	Cytokine 
	Correlation coefficient of: 

	
	IFN-γ 
	IL-1β 
	TNF-α 
	IL-8 
	IL-10 

	IL-1β 
	0.24 
	
	
	
	

	TNF-α 
	0.91 
	0.47 
	
	
	

	IL-8 
	0.71 
	0.04 
	0.89 
	
	

	IL-10 
	0.84 
	0.46 
	0.95 
	0.95 
	

	IL-4 
	-1.94 
	-14 
	-1.61 
	-1.26 
	-1.85 


NOTE. Data presented here documents correlation coefficient determined by Spearman’s rank correlation, nonparametric method to calculate degree of linear correlation between amounts of cytokine mRNA/HPRT compared 2×2 within same lesion. Each cytokine level was determined independently in 31 lesions. Correlation coefficient near 1 reflects linear relationship in expression of 2 cytokines. IFN, Interferon; IL, Interleukin; TNF, Tumour necrosis factor.
Comparative analysis of intralesional cytokines in CL patients before and after treatment:
               Cytokine mRNA levels were comparatively analyzed at pretreatment (n=9) and at post-treatment (n=9) stage in CL patients. In this study, all the patients were selected randomly.  A significant decrement in the expression levels of IFN-γ, TNF-α, IL-1β, IL-8, IL-10 and IL-4 mRNA was noticed in patients with CL after treatment (P<0.05 for all cytokines) (Fig. 7.5).
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Fig. 7.5. Comparative analysis of intralesional cytokines in CL patients at pre-treatment stage and at post-treatment stage. mRNA Levels of cytokine IL, TNF-α, IFN-γ, in paired lesion tissues from CL patients at pre-treatment (n=9), post-treatment stage (n=9) and in healthy controls (n=6).
Comparative analysis of cytokine gene expression in CL lesions treated with sodium stibogluconate (SSG) and rifampacin (RFM):

            Cytokine gene expression levels for IFN-γ, TNF-α, IL-1β, IL-8, IL-10 and IL-4 were comparatively analyzed in lesions of CL patients treated with SSG (n= 6) and RFM (n=7). There was significant decrement in the levels of cytokine gene expression in the CL lesion treated with RFM (P<0.05), whereas no significant decrement was noticed in the levels IFN-γ, TNF-α and IL-10 (P>0.05) in lesions treated with SSG (Fig. 7.6). 
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Fig. 7.6. Comparative analysis of intra-lesional immune-determinants in CL patients at pre-treatment stage and at post-treatment stage. Levels of cytokine transcripts  in lesion tissues from CL patients at pre-treatment stage (n=31) and after treatment with sodium stibogluconate (SSG, n=6) or rifampicin (RFM, n=7). Normalized cDNA was amplified with respective cytokine primers.
Discussion
                In leishmaniasis, T helper-inducer CD4+ lymphocytes have been associated with effector mechanisms promoting resistance or susceptibility to the infection. The clinical presentation and evolution of leishmaniasis is the result of complex interactions between the parasite and the host immune response. Ultimately, the outcome of infection depends on the ability of host macrophages to effectively kill the intracellular parasite. This activity is determined by the delicate balance between large arrays of cytokines expressed by the cellular infiltrate at the site of infection. In this study, we have characterized the cytokine production within lesions of a well-defined study population with CL caused by Leishmania tropica. There was concomitant expression of both macrophage-activating and deactivating cytokines within cutaneous lesions. In previous studies it has been reported that Th1 cytokine mRNAs (IL-2, IFN-γ and lymphotoxin) were observed in CL lesions (IL-2 weakly expressed), while IL-4 and, to a lesser extent, IL-5 and IL-10 mRNAs were found in mucosal lesions [Pirmez et al., 1990]. In a similar study in which the infecting parasite species was not specified IFN-γ and TNF-β were prominent in CL lesions, however, IL-2, IL-4, IL-5 and IL-10 expression was minimal or absent [Cacares-Dittemar et al., 1993]. IL-10 was prominent and IL-2, IL-4 and IL-5 were minimal or absent in CL caused by L mexicana  [Melby et al., 1994].  Analysis of cytokine gene expression within the lesions of CL due to L. tropica revealed elevated level of transcripts of IFN-γ and the pro-inflammatory cytokines IL-10, TNF-α, IL-1β, IL-8 and IL-4, suggesting that CL results from an exacerbated and improperly modulated Th1 immune response. Although IFN-γ, and TNF-α are products that are necessary to kill Leishmania [Liew et al., 1990], they are also implicated in the inflammation leading to tissue damage [Garu et al., 1989, Sarno et al., 1991]. IFN-γ and TNF-α are important in defence mechanisms against parasite, however, overproduction of these proinflammatory cytokines does not necessarily lead to parasite clearance and may even be harmful to the host [Schubach et al., 1998].
                IFN-γ and IL-10 mRNA were co-expressed in 100% of the lesions with a significant correlation (0.84) between the two, extending previous observations of concomitant expression of these cytokines in patients with CL [Louzir et al., 1998] and in visceral disease caused by L. donovani [Karp et al., 1993]. These two cross-regulatory cytokines have opposite effects on the host response against intracellular pathogens. IL-10 has been shown to suppress cytokine production by Th1 cells [Del Prete et al., 1993], to promote the development of a Th2 type immune response [Mosmann and Moore, 1991], and to down-regulate macrophage function in experimental leishmaniasis [Bogdan et al., 1991]. IL-10 expression previously has been described to be significantly higher in the more slowly healing lesions in patients with CL caused by L.major [Louzir et al., 1998] and to  promote disease persistence in patients infected with L. mexicana [Melby et al., 1996]. 
                 In our study, IL-10 expression correlated strongly with both TNF-α and IL-8 (0.95) while the expression of TNF-α and IL-8 also correlated (0.89). A positive correlation of IL-8 with TNF-α and IFN-γ indicated that both may synergistically induce IL-8 production [Yasumoto et al., 1992]. In vitro studies with murine macrophages revealed that soluble factors secreted by activated T cells mediate activation of macrophages to produce nitric oxide (NO), resulting in killing or control of L.major [Belosevic  et al., 1988]. TNF-α has been shown to be a major NF-κB-activating signal for macrophage activation [Green et al., 1990] and is involved in the induction of NO production, which provides a second signal for the induction of iNOS and for microbicidal activity of the IFN-γ activated macrophages against L. major [Liew et al., 1990] and Trypanosoma cruzi [Silva et al., 1995]. IL-8 is a potent chemotactic cytokine for PMNs, stimulating their chemotaxis and generating reactive oxygen metabolites [Yu et al., 1994]. It has been shown that IL-8 effectively stimulates the release of potent inflammatory cytokines such as IL-1, IL-6 and TNF-α from mononuclear cells near the inflammatory site and further recruits neutrophils into the inflammatory site. The released IL-1β and TNF-α in CL lesions may further activate the mononuclear cells to increase the production of IL-8. The subsequent parasite-induced secretion of IL-8 by PMN can function as amplifying loop resulting in the recruitment of PMN to the site of Leishmania infection [Aga et al., 2002; Zandbergen et al., 2002].  In the earliest wave of infiltration, PMN are recruited within the first hours after infection, followed by monocytes/macrophages 2–3 days later [Sunderkotter et al., 1993; Muller et al., 2001]. The early influx of neutrophils into the infected tissue has been reported to be associated with the development of serious disease after L. major infection in mice [Tacchini-Cottier et al., 2000]. However, the mechanism by which PMN promote disease development has remained unclear. Because PMN are known to have a very short half life, after which they undergo apoptosis [Payne et al., 1994], elevated level of IL-8 in CL lesions delays the apoptosis of PMN granulocytes [Kettritz et al., 1998; Aga et al., 2002; Zandbergen et al., 2002]. It was described in previous chapter, due to the short lifetime of PMN, however, the parasites can survive the first day intracellularly only if the PMN apoptosis is delayed. All internalized parasites are not killed immediately in PMN, as demonstrated by the finding that morphologically intact parasites were detected in granulocytes of infected animals [Brandonisio et al., 1996]. Moreover, infected neutrophils were observed in chronic lesions of mice after infection with L. major [Belkaid et al., 2000]. Therefore, after being recruited to the site of infection, granulocytes can internalize Leishmania and possibly can provide an intracellular milieu for the survival of the parasites. Further, TNF-α has also been reported to inhibit the apoptosis of macrophages in L. donovani [Moore & Matleshewski, 1994]. First, Leishmania infection induces TNF-α secretion by macrophages, and TNF-α in turn can inhibit macrophage apoptosis. Therefore, TNF-α was suggested as one possible mediator of delayed macrophage apoptosis by Leishmania [Moore & Matleshewski, 1994]. However, Leishmania appear to use distinct pathways to inhibit apoptosis in neutrophils and macrophages. These findings can explain the disease pathogenesis of CL caused by L. tropica.
                  CL is polymorphic in its clinical presentation and evolution, however, a significantly increased level of IL-4 was found in early lesions and in various clinical forms including EP, UP and GN. IL-4 is an important potential regulator of IgE synthesis and other immune functions, such as promoting B cell growth and CD23 expression and inflammatory processes [Rousset et al., 1991]. In the literature, the role of IL-4 in the pathogenesis of Leishmania infections is discussed controversially. Previous work with L. amazonensis has also demonstrated that IL-4 does not play a role in limiting the immune response during this infection [Jones et al., 2000]. In a study investigating L. major infections in Balb/c mice, high levels of IL-4 in the draining lymph nodes correlated with the lesion size, thus indicating the disease severity [Elso et al. 2004]. Other study associated a Th2 response with high production of IL-4 to an enhanced susceptibility of some strains of mice to Leishmania amazonensis [Barral-Netto et al., 1995]. An early burst of IL-4 suppresses the development of IFN-γ producing Th1 cells in BALB/c strain leads to progression of disease and deviates the immune response to Th2 type which causes the fatal outcome of the disease [Launois et al., 1997].  Increased production of IL-4 in lesions of CL patients which are very early in their evolution and in the severe forms of lesions, suggests that this cytokine may have an immunoregulatory role early after infection preferentially by stimulating Th2 response. The cognate recognition of a single epitope of the Leishmania homolog of mammalian RACK1 (LACK) [Mougneau et al., 1995] was demonstrated to drive this early IL-4 response by a restricted population of MHC class II restricted CD4+ T cells that express the Vβ4Vα8 TCR chains [Julia et al., 1996]. The causal relationship between this rapid accumulation of IL-4 transcripts and the development of aberrant Th2 responses leading to a susceptible phenotype in BALB/c mice was established [Himmelrich et al., 2000]. The role of IL-4 in different manifestations of CL such as EP, UP and GN remains to be defined.  
               In the present study, all the cytokines IFN-γ, TNF-α, IL-1β, IL-8, IL-10 and IL-4 decreased significantly in CL lesions after treatment with RFM, while the cytokines IFN-γ, TNF-α and IL-10 remained high on treatment with SSG. Pentavalent antimonial compounds may have immune-stimulating effects which may be responsible for its antimicrobial activity [Kocyigit et al., 2002], however, the molecular mechanism is yet to be demonstrated. In vitro studies in the human Jurkat T-cell line have shown that rifamide analogues, including RFM, inhibited TNF-α and phorbol myristate acetate-induced activation of the transcription nuclear factor B, which is involved in immunostimulation, thereby explaining the mechanism of RFM’s immunosuppressive effect [Pahlevan et al., 2001]. We believe that our findings will help to explore the mechanism of action of pentavalent antimonial compounds and rifampicin. Understanding these mechanisms is necessary to propose adequate immunomodulatory strategies for preventive or curative procedures.
             CL caused by L. tropica is one of the least studied and may yet prove to be the most interesting. This is the first comprehensive study to describe localized cytokine abundance in patients with CL caused by L.tropica. We hypothesize that higher than normal production of IL-8 with excessive inflammatory cell activation (especially neutrophils) may be implicated in CL pathogenesis. The production of IL-8 in CL patients augments the enhanced influx of PMN serving as parasite “shelter”, while IL-4 is an immunoregulatory factor in early lesions in progression of disease. 
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