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Abstract Polymerase chain reaction (PCR) and low-stringency single-specific primer PCR (LSSP-PCR) analyses were used to detect Leishmania (Viannia) braziliensis DNA and investigate kDNA signatures of parasite populations present in oral and nasal mucosa lesions from mucosal leishmaniasis patients. A total of 25 samples from 22 patients were processed by specific PCR/hybridization assays. Parasite DNA was detected in all samples analyzed. The intraspecific polymorphism of the variable region of L. (V.) braziliensis kDNA minicircles was also investigated by LSSP-PCR. Similar kDNA signatures were observed in parasites recovered from nasal and oral mucosa lesions of the same patient. In contrast, genetically divergent profiles were detected in lesions from patients biopsied at different times within a period of 1 year. This is the first work to report genetic typing of L. (V.) braziliensis directly from human oral and nasal mucosal lesions. © 2010 Elsevier Inc. All rights reserved. Keywords: Mucosal leishmaniasis; Leishmania (Viannia) braziliensis; PCR/hybridization; LSSP-PCR



1. Introduction In the state of Rio de Janeiro Leishmania (Viannia) braziliensis is the main etiologic agent responsible for human cases of American tegumentary leishmaniasis (ATL), a disease whose transmission cycle depends on the adaptation of the vector Lutzomyia intermedia to the domiciliary and peridomiciliary ecotopes (Marzochi and Marzochi, 1994). Mucosal leishmaniasis (ML) is the most severe clinical form of ATL, affecting the upper aerodigestive tract by causing lesions mainly in the nasal and oral mucosa and occasionally in the pharyngeal and laryngeal mucosa. This chronic progressive disease can lead to extensive destruction of the nasal septa and soft and hard
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palates, and may result in facial disfiguration and respiratory disturbances (Amato et al., 2008; Marsden, 1986). Mucosal disease usually appears months or even years after spontaneous or therapeutic healing of the primary cutaneous lesions being associated with delayed healing of primary lesions and failure to adequately treat primary cutaneous lesions (Marsden, 1986). Spontaneous reactivation (Saravia et al., 1990; Weigle et al., 1993) and also transmission by organ transplants (Golino et al., 1992) suggest the persistence of Leishmania parasites in humans. In addition, the finding of viable parasite in scars 11 years after clinical cure (Schubach et al., 1998) reinforces that the parasite persistence in human can be the rule instead of the exception. The recent detection of Leishmania in unaffected mucosal tissues of patients with cutaneous leishmaniasis (Figueroa et al., 2009) has highlighted the importance of understanding the complicated relationship between parasites and mucosa. Polymerase chain reaction (PCR) has been particularly useful for the diagnosis of infection by L. (V.) braziliensis
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using minicircle kinetoplast DNA (kDNA) as a molecular target in clinical samples from patients with ML (Disch et al., 2005; Oliveira et al., 2005b). The PCR-based technique known as low-stringency single-specific primer PCR (LSSPPCR) has been applied to molecular epidemiology and to the study of genetic variability in Trypanosoma cruzi (Vago et al., 1996) and Leishmania (Ferreira et al., 2007) parasites. The rationale underlying this approach is the use of specific primers to amplify a variable region of the parasite DNA directly from clinical samples. Specifically in the case of trypanosomatids, the polymorphism detected by LSSP-PCR can be translated into a specific and highly reproducible kDNA signature (Vago et al., 1996). More recently, intraspecific polymorphism of the variable region of kDNA minicircles of L. (V.) braziliensis has been reported using LSSP-PCR (Baptista et al., 2009). In the present study, we exploited PCR and LSSP-PCR as molecular tools to detect the presence of L. (V.) braziliensis DNA and to investigate the genetic profiles (kDNA signatures) present in the oral and nasal mucosa lesions from patients with ML in the state of Rio de Janeiro, Brazil.



2. Materials and methods 2.1. Patients and samples Mucosal tissue fragments obtained from 22 patients living in the state of Rio de Janeiro and receiving treatment at the Laboratório de Vigilância em Leishmanioses, Instituto de Pesquisa Clínica Evandro Chagas, Fundação Oswaldo Cruz (IPEC/FIOCRUZ), Rio de Janeiro, RJ, Brazil, were analyzed. All patients participating in this study presented mucosa lesions compatible with ML as defined by otorhinolaryngologic evaluation and direct examination of the upper aerodigestive tract using an optical fibroscope. The present study was approved by the Research Ethics Committee of IPEC/FIOCRUZ (process 0016.0.009-02), and informed consent was obtained from all patients before clinical evaluation. 2.2. DNA isolation and specific PCR assays Isolation of DNA and specific PCR assays were carried out as previously described (Oliveira et al. 2005a). DNA extractions from approximately 10 mg of frozen tissue fragments were performed using GenomicPrep™ Cells and Tissue DNA isolation kit (Amersham Pharmacia, Piscataway, NJ), following the manufacturer's instructions. Leishmania DNA was detected by specific PCR amplification of a 750-base pair (bp) fragment present in the variable region of minicircle kDNA from Leishmania of the L. braziliensis complex (De Bruijn and Barker, 1992), using primers B1 (5′-GGGGTTGGTGTAATATAGTGG-3′) and B2 (5′-CTAATTGTGCACGGGGAGG-3′). A reaction mixture was prepared in a 50-μL final volume containing



50 mmol/L KCl, 1.5 mmol/L MgCl2, 10 mmol/L Tris–HCl (pH 8.3), 0.2 mmol/L of each deoxyribonucleotide, 15 pmol of each primer, 2.5 U of Ampli-Taq DNA polymerase (Amersham Pharmacia), and 2 μL of the extracted DNA. Amplification products were analyzed by agarose gel electrophoresis after ethidium bromide staining (0.5 μL/ mL) and visualized under ultraviolet light. Negative (all reaction components except DNA) and positive (all reaction components plus 50 ng of L. [V] braziliensis kDNA) controls were included in each experiment. All experiments were conducted under controlled conditions. To avoid contamination, we carried out in different areas the PCR mix and the electrophoresis. To confirm the absence of inhibition factors, we amplified an internal control corresponding to a segment of the human β-globin gene in all human samples (Saiki et al., 1985). 2.3. Molecular hybridization PCR products were transferred to nylon membranes according to Southern (1975) and hybridized as previously described (Pacheco et al., 2000), with [α32P] deoxycitosine triphosphate (dCTP) radiolabeled kDNA probe obtained from the reference strain L. (V.) braziliensis MHOM/BR/ 1975/M2903. Membranes were hybridized under high stringency conditions (1.5× saline sodium citrate [SSC], 1% sodium dodecyl sulfate [SDS], and 0.5% nonfat milk, overnight at 60 °C). After hybridization, membranes were washed 3 times for 30 min in 0.1× SSC, 0.5% SDS at the same temperature. Autoradiography was performed using X-ray film (Kodak X-OMAT, Rochester, NY) overnight at −70 °C. 2.4. Low-stringency single-specific primer PCR L. (V.) braziliensis kDNA 750-bp fragments generated by specific PCR were purified with the Wizard PCR Prep system (Promega, Madison, WI) according to the manufacturer's instructions. LSSP-PCRs were performed by amplifying the purified DNA fragments with the B1 primer (5′GGGGTTGGTGTAATATAGTGG-3′). Reactions were carried out with 40 pmol of primer, 200 μmol/L deoxynucleoside triphosphate (dNTP)s, 10 mmol/L Tris–HCl (pH 8.6), 50 mmol/L KCl, 1.5 mmol/L MgCl2, 4 U of Taq polymerase, and 3 μL (60 ng/μL) of the purified 750-bp fragment (final volume, 25 μL). Amplification was performed in a thermocycler as follows: 95 °C for 5 min; 95 °C for 1 min, 36 °C for 30 s, and 72 °C for 2 min (45 cycles); and final extension at 72 °C for 10 min. Amplification products were analyzed on 1.8% agarose gels (High Resolution, Sigma) after ethidium bromide staining. 2.5. Phenetic analysis Bands ranging in size from 350 to 750 bp were selected for phenetic analysis. The LSSP-PCR profiles were compared using the simple matching (Sm) coefficient of similarity to determine the proportion of mismatched
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3. Results



human β-globin gene, which produced the expected 110bp diagnostic band and confirmed the absence of inhibition factors in all samples analyzed. Diagnostic bands of 750bp were detected in all samples tested. All 25 positive PCR products were subjected to Southern blot hybridization revealing a high copy number of homologous sequences with the L. (V.) braziliensis kDNA used as probe (not shown).



3.1. Clinical and epidemiologic data



3.3. L. (V.) braziliensis kDNA signatures



Twenty-two patients presented nasal and/or oral mucosa lesions, 17 (77.3%) men and 5 (22.7%) women (Table 1). The mean patient age was 49 years (ranging from 12 to 83 years). Nasal mucosal lesions were observed in 17 (77.3%) patients. Only 1 patient presented nasal and oral mucosa lesions concomitantly (32A and 32B). In 2 patients, 2 nasal mucosa lesion fragments were collected at 2 different times in a period of 1 year (27 and 34, 20 and 37).



LSSP-PCR analysis showed different genetic profiles providing a kDNA signature for each patient's sample (Fig. 1A-C). The reproducibility of the method was confirmed when identical electrophoretic profiles were observed in the assays repeated, at least, 3 times under the same conditions. Phenetic analyses have grouped the profiles into 4 clusters, which diverged by coefficients of similarity from 0.53 to 0.94 (Table 1, Fig. 1D). Most of the samples (76%) shared an average of 85% of common characteristics (Sm = 0.76–0.94) and were grouped into the second and third clusters. The L. (V.) braziliensis reference strain, with a coefficient of similarity of 0.75, was also grouped into the third cluster (Fig. 1D). Samples considered to be more genetically divergent based on their genetic profiles were grouped in the first and fourth clusters (1, 3, and 27; 35, 36, and 37, respectively) (Fig. 1B and D). Similar LSSP-PCR profiles (Sm = 0.94) were observed in samples from the same patient (32A and 32B) and in samples from different patients (9 and 12, 20 and 23) (Fig. 1C and D). On the other hand, LSSP-PCR profiles obtained from samples collected from the same patient at different times (27 and 34, 20 and 37) were grouped into different clusters.



bands. The similarity matrix was transformed into a dendrogram by the unweighted pair group method arithmetical average (UPGMA) algorithm (Sneath and Sokal, 1962) using the NTSYS program (version 2.0; Exeter Software, Setauket, NY).



3.2. PCR-hybridization analysis A total of 25 samples (6 from oral mucosa lesions and 19 from nasal mucosa lesions) from 22 patients were processed by specific PCR/hybridization assays. The purity and integrity of the DNA samples were evaluated by gel electrophoresis before PCR analysis. Internal controls were performed by PCR amplification of a segment of the Table 1 Clinical and epidemiologic data of the patients studied and phenetic clusters defined by LSSP-PCR assays Samples code



Sex



Age (years)



Mucosa lesion



Cluster



1 27a 3 6 30 13 9 12 19 20a 23 26 11 28 31 38 29 25 Lb 32A 32B 33 34a 36 37a 35



M M M M M F M M F F F M M M M M M M



49 48 42 70 54 44 24 69 52 32 72 49 39 53 83 12 61 18



Nasal Nasal Nasal Nasal Nasal Nasal Oral Nasal Oral Nasal Nasal Oral Nasal Nasal Nasal Nasal Oral Nasal



M M M M M F F



48 48 52 48 45 32 63



Nasal Oral Oral Nasal Nasal Nasal Nasal



1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4



Lb = L. (V.) braziliensis (MHOM/BR/1975/M2903); M = male; F = female. a Two lesion fragments collected of the same patients at different times.



4. Discussion This study used a PCR-hybridization approach to detect L. (V.) braziliensis DNA in samples obtained directly from nasal and/or oral mucosa lesions of patients with ML. Intraspecific polymorphisms in the variable region of kDNA minicircles were also revealed after LSSP-PCR assays. The reproducibility of the profiles allowed us to affirm that the genotypic variations observed were not because of the amount of DNA loaded on the gel or artifacts. Because isolation and culture of parasites are not always possible, especially when the disease is caused by L. (V.) braziliensis, because of the low number and dispersion of parasites present in mucosa lesions (Herwaldt, 1999; Lainson and Shaw, 1987), the combination of both methodologies has the advantage of simultaneously detecting and genotyping parasites. In the present work, we observed that most of the kDNA signatures were 85% similar and could be grouped into 2 main clusters, to one of which the reference strain L. (V.) braziliensis was also assigned. It is also important to mention that parasites recovered from some patients were priorly
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Fig. 1. (A) Agarose gel electrophoresis showing representative kDNA signatures derived from the 750-bp fragments of. L. (V.) braziliensis kDNA obtained from mucosal lesions (1, 3, 6, 9, 11, 12, 13, 19, 20, 23, 25, 26, 31, and 38). (B) kDNA signatures more genetically divergent grouped into the first and fourth clusters (1, 3, 27, 35, 36, and 37). (C) Similar kDNA signatures from the same and different patients grouped into the second and third clusters (32A, 32B, 9, 12, 20, and 23). M = 100-bp DNA ladder marker; PC = positive control (kDNA from L. [V.] braziliensis reference strain). (D) UPGMA dendrogram using the Sm coefficient of similarity based on the genetic profiles obtained from LSSP-PCR. Lb = L. (V.) braziliensis reference strain (MHOM/BR/1975/M2903).



characterized as L. (V.) braziliensis by isoenzyme analysis using a system of 8 enzymatic loci. Phenetic analysis did not detect an association between the kDNA signature and the clinical location of the lesion (oral or nasal mucosa). This finding corroborates previous studies in which multiple PCR-based techniques were unable to detect a relationship between genetic polymorphism among Leishmania strains and clinical manifestation (Cuervo et al., 2004; De Oliveira et al., 2007). Such result is also consistent with recent work from our group reporting the detection of 9 different genotypes by LSSP-PCR in lesions from patients with typical or atypical clinical characteristics of ATL; no relationship was found between genetic profile and clinical condition (Baptista et al., 2009). It is well established that Leishmania parasites circulate in nature as a set of heterogeneous subpopulations, and the demonstration of multiclonal origin of some Leishmania strains has already been reported (Pacheco et al., 1990).



Here, we observed similar kDNA signatures in nasal and oral mucosa lesions of the same patient (32A and 32B), suggesting monoclonality of the primary lesion. Similar kDNA signatures were also observed between different patients (9 and 12, 20 and 23). The polyclonality of some human isolates, possibly as a result of a heterogeneous infecting inoculum, and/or the accumulation of multiple independent infections (Saravia et al., 1990) cause difficulties in the interpretation of genetic diversity between parasites recovered from primary and secondary lesions. In the present work, dissimilar kDNA signatures were also obtained from biopsies taken from the same patients (27 and 34, 20 and 37) at different times within a 1-year period. Such result corroborates the hypothesis of polyclonality of the initial inoculum. Interestingly, some LSSP-PCR profiles (35, 36 and 37) revealed more polymorphisms in kDNA minicircles reflected by the appearance of additional bands. The endogenous generation of new polymorphisms in
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