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A B S T R A C T

Cutaneous leishmaniasis (CL) mainly caused by Leishmania braziliensis is a chronic inflammatory disease widely
spread in Brazil. Genetic variant strains of this parasite have been associated with atypical clinical manifestations
of CL in an endemic area in Brazil. Furthermore, these strains have presented distinct biological behaviors in
golden hamster, suggesting differential activation of the immune response. In the present study we proposed to
evaluate the localized immune response in golden hamsters infected with known molecular variant strains of L.
braziliensis, in distinct time points post-infection (PI). Detailed analyses of the mRNA expression of cytokines and
chemokines in hamster-skin lesions were performed. Heat map matrix and hierarchical cluster analysis were
carried out to segregate the strains due to mRNA expression. Distinct patterns of immune response were found in
both time points, more evident in the recent-phase disease (30 days-PI). At this time point, the genetic variant
strains expressed high levels of tnfα, il12 and tgfβ whilst the non-variant strain expressed ifnγ, il6, il4, il10, il13
and ccl17. The hierarchical clustering highlights this distinct pattern in which all genetic variant strain was
grouped in the cluster I and the non-variant strain grouped into the cluster II. At late-phase disease (60 days-PI)
all isolates expressed high levels of il4 and il10. The non-variant strain shown a significant reduced expression of
ifnγ, il6, ccl17, and ccl22whilst distinct patterns were observed for the genetic variant strains. For the first time, a
large panel of cytokines and chemokines mRNA-expression was analyzed in experimental trials using golden
hamsters as animal model and genetic variant strains of L. braziliensis. Our findings suggest that genetic variant
strains of L. braziliensis are able to trigger differential gene expression of cytokines and chemokines in the skin
lesion from infected hamsters. The parasite intrinsic ability to activate distinct pathways in the host-parasite
interaction may be associated to the large spectrum of clinical manifestation observed in CL-patients.

1. Introduction

Cutaneous leishmaniasis (CL) caused by Leishmania parasites is
considered one of the major public health problem in many regions of
the world. These protozoan parasites infect human macrophages and
cause a wide spectrum of clinical manifestations, dependent upon both
the species of the parasite and the immune response to infection by the
host (PAHO/WHO, 2017). CL could range from localized cutaneous and
mucocutaneous leishmaniasis to diffuse form, characterized by wide-
spread non-ulcerating nodules (Teixeira et al., 2006).

For the last decade, studies have been performed in an endemic
focus of CL in the Xakriabá Indigenous Reserve (XIR), state of Minas

Gerais, southeast of Brazil. A wide range of vertebrate hosts as well as
potential vectors of Leishmania parasites have been reported (Quaresma
et al., 2011; Rêgo et al., 2014, 2015). Distinct forms of CL can be found
in this endemic focus such as localized cutaneous, mucosal, and dis-
seminated leishmaniasis. However, the most striking find is the pre-
sence of atypical clinical manifestations that have been associated with
genetic variants of Leishmania braziliensis (Quaresma et al., 2018).
These atypical lesions have been characterized by the presence of
unusual lesions such as vegetative, plaque, papule, verrucous, crusted,
keloids and lupoid lesions that do not fit the classical well-defined ulcer.
Recent CL-lesions have shown an intense inflammatory reaction,
characterized by the presence of both mononuclear and
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polymorphonuclear cells, whereas late CL lesions have exhibited a
predominance of mononuclear leukocytes (Costa-Silva et al., 2014).
Moreover, differential gene expression of cytokines and chemokines has
been reported in the skin lesions from CL-patients associated with the
time evolution of lesions. Important biomarkers have been associated
with recent lesions, such as modulatory cytokines (tgfβ1), anti-in-
flammatory cytokine (il10 and il4), and pro-inflammatory cytokine and
chemokines (tnfα, ifnγ, il12, ccl2, ccl3, ccl5 and cxcl10) (Costa-Silva
et al., 2014).

This wealth of leishmaniasis outcomes in this endemic area led us to
suspect that the intraspecific genetic variation among the L. braziliensis
isolates could reflect in other aspects in the disease outcome. Previous
study reinforces this hypothesis, showing that the genetic variant
strains present distinct patterns of biological behavior in golden ham-
sters (Rêgo et al., 2018). Statistical differences in the parasite burden as
well as in the lesion size, onset time of visible lesion and distinct his-
topathological changes have been reported suggesting that intrinsic
aspects of each parasite strain could modulate the host immune re-
sponse mainly in the early phase of infection (Rêgo et al., 2018). Studies
performed with L. braziliensis strains from other endemic regions in
Brazil support this idea. In an experimental trail using BALB/c mice, a
comparative analysis of genetic variant strains of L. braziliensis have
been performed in which infected popliteal lymph nodes cells have
produced high levels of IL-12 and IL-10 for the isolate from the state of
Bahia whilst IFN-γ production and ccl2 expression were higher in cells
infected with the isolate from the state of Ceará, leading to diverse cell
recruitment and differential inflammatory responses (Indiani De
Oliveira et al., 2004; Teixeira et al., 2005). However, in these studies a
range of cytokines and chemokines have not been evaluated, which
could help to better understand the mechanisms involved in the host-
immune response. Furthermore, the golden hamster, the animal model
for experimental trails with L. braziliensis has not been used (Gomes-
Silva et al., 2013), remaining until then, little evidences about the re-
lationship between variant strains and their ability to activate distinct
pathways in animal model.

The golden hamster reproduces many of the clinical and histo-
pathological features observed in the human disease (Gomes-Silva
et al., 2013; Kahl et al., 1991; Osorio et al., 2003). Furthermore, its
outbred genetic background highlights intrinsic characteristics, that
could reproduce the heterogeneity of clinical outcomes observed in
human CL (Ribeiro-Romão et al., 2014). Recently, Ribeiro-Romão et al.,
(2016) have been standardized a molecular assay to quantify the gene
expression of immunological markers in hamsters infected by L. brazi-
liensis. This study provides an important tool to better understand the
host-parasite relationship, in an attempt to explain the phenomena that
occur in human disease, and to establish parameters to evaluate vaccine
and new drug candidates.

In this study, we explore the relationship between variant genetic
strains of L. braziliensis and immune response in golden hamsters. We
evaluated the localized immune response in hamsters infected with
genetic variant isolates of L. braziliensis from the XIR through the ana-
lysis of cytokines and chemokines expression in distinct time points
post-infection (PI). The results indicate that mainly in the early-phase
disease, the variant strains presented different patterns of mRNA

expression and did not clustered with the non-variant strain, as pre-
viously observed in the study of biological behavior (Rêgo et al., 2018).
Although in the late-phase disease differences in mRNA expression re-
mained evident, the variant and non-variant strains grouped in the
same cluster. Our results indicate that genetic variant strains of L.
braziliensis are able to unleash differential expression of cytokines and
chemokines and these distinct patterns might contribute to the wide
spectrum of CL presentations as well as in the disease outcome.

2. Material and methods

2.1. Animals and ethics statements

Seventy-two male 4-6-week-old golden hamsters (Mesocricetus aur-
atus) weighing 80–100 grams were obtained from Instituto René
Rachou/FIOCRUZ Animal Facility, where they were maintained under
controlled environmental conditions. All procedures involving experi-
mental animals were approved by the Ethics Committee on Animal Use
(CEUA/Fundação Oswaldo Cruz; License number LW 02/16) and were
conducted following the guidelines of the Brazilian College for
Experiments with Animals (COBEA - Law 11.794/2008). Ethical state-
ments involving the collection of biological samples in humans have
been obtained in a previous study (Quaresma et al., 2018). Here, all
patient data was anonymized.

2.2. Parasite culture

The L. braziliensis strains (Table 1) have been isolated from skin
lesions of ACL-patients from XIR after brief passages in culture medium.
All isolates have been identified as L. braziliensis by Multilocus Enzyme
Electrophoresis technique, the hsp70 PCR-RFLP and genetic sequencing
of the same amplicon (Quaresma et al., 2018). In addition to these
samples, L. braziliensis MHOM/BR/75/M2903 were also used as re-
ference strain in experimental infections. Promastigotes cultures were
grown in NNN/LIT medium (Quaresma et al., 2018).

2.3. Inoculation of parasites into golden hamsters

Due the fact that the isolates have been maintained in cryobank
since they were characterized as L. braziliensis, we perform previous
inocula in golden hamster to recover the infectivity of each isolate.
Promastigote forms from stationary-phase were inoculated in-
tradermally into the right hind paw of the hamsters at a dose of 1× 106

parasites in 200 μL of phosphate saline buffer (PBS). After about 40
days, the animals were euthanized and the skin lesions were harvested,
macerated in PBS and maintained in NNN/LIT medium at 25 °C ± 1 °C.

In this study, parasites of the third passage in vitro after the previous
passage in hamster were used with the same conditions described above
for the inocula. The infectivity of each parasite strain has been eval-
uated following distinct parameters (Rêgo et al., 2018). The sample
growth curve of each strain was used to define the stationary phase of
growth in vitro and was performed daily until the twentieth in flow
cytometry using size and granularity parameters (Rêgo et al., 2018). To
better characterize the dynamic of the immune response after infection

Table 1
Characteristics of the L. braziliensis strains selected for this study.

Sample Patient ID Age (y) Gender Clinical form Lesion type # of lesions hsp70 PCR-RFLP profile DNA sequencing

RR410 316 20 M LCL Ulcer and papule 2 ≠Lb =Lb
RR412 330 45 F DL Ulcer and papule 3 ≠Lb =Lb
RR415 340 13 F LCL Plaque 1 ≠Lb =Lb
RR418 346 30 M LCL Ulcer 1 ≠Lb =Lb
RR444 426 18 M LCL Ulcer 1 =Lb =Lb

M, male; F, female; LCL, localized cutaneous leishmaniasis; DL, disseminated leishmaniasis; (+), positive test; ≠Lb, RFLP-profile distinct to L. braziliensis; =Lb,
RFLP-profile similar to L. braziliensis. The characteristics of the isolates were extracted from Quaresma et al., (2018).
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of animals with distinct strains, we have selected two distinct time
points to evaluate the both immune profile relate to the early (30 days
PI; six animals per strain) as well as late (60 days PI; six animals per
strain) immune events triggered after hamster´s infection.”

2.4. RNA extraction and reverse transcription

Hamsters-skin lesion fragments (20 to 30mg per sample) from both
PI-periods were collected, immediately mounted in Tissue-Tek® OCT
compound (Miles Scientific, IL, USA) and cryopreserved. For the RNA
extraction step, the RNeasy® mini kit (Qiagen, Austin, Texas, USA) was
used following the manufactory instructions. After the extraction step
the RNA was stored at−80 °C until use. The RNA was quantitated using
Qubit® RNA HS Assay Kit (Life Technologies, Eugene, Oregon, USA)
and then was reverse transcribed (final concentration= 100 ng) using
the ImProm-II™ Reverse Transcription System kit (Promega, Maddison,
USA). The cDNA concentration was also quantitated using Qubit®
ssDNA Assay Kit and adjusted to a final concentration of 100 ng/μL.

2.5. Gene expression analysis by reverse transcription-quantitative real-time
PCR (RT-qPCR)

RT-qPCR was performed for relative quantitative assessment based
on sequences of primers previously described (Table 2). In the real-time
PCR assays, 2 μl of cDNA (concentration= 10 ng/μL) were used in a
final reaction volume of 10 μL, with 5.0 μL of Power SYBR Green PCR
Master Mix 2X (Life Technologies,CA, USA). RTqPCR was performed
with an activation step at 95 °C for 10min, followed by 40 cycles of
denaturation and annealing/extension (95 °C for 15 s and 60 °C for
1min). Reactions without the reverse transcriptase enzyme (No-RT
reactions) were performed to control DNA contamination. A melt curve
stage was performed for each specific amplification analysis. All reac-
tions were performed in duplicate in a Step One Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA). Gene expression was cal-
culated by relative quantitation by comparative Ct method (ΔΔCt), using
the housekeeping gapdh and γactin as reference genes and uninfected-

skin samples of each animal as group control (Livak and Schmittgen,
2001; Ribeiro-Romão et al., 2016).

2.6. Statistical analysis

Statistical analyses were initially performed using GraphPad Prism
(GraphPad Software 6.0, San Diego, CA, USA). To check Gaussian dis-
tribution, D'Agostino & Pearson omnibus normality test were per-
formed. The comparative analysis of gene expression levels among the
strains and between time points PI, was performed by Kruskal-Wallis
followed by Dunn’s post-test. Pearson’s correlation test was performed
to analyze positive and negative correlations between variables. For all
tests, significant differences were considered at two-tailed p < 0.05.
The biomarker cluster patterns were defined by heat maps assembled
using GraphPad Prism, using the values of relative quantification of
cytokines and chemokines normalized by Z-Score. Hierarchical clus-
tering was carried out using the IBM SPSS Statistics software (Chicago,
IL, USA) by squared-Euclidean distance to segregate the strains.

3. Results

3.1. Gene expression profile of cytokines and chemokines at 30 days-PI

Thirty days post-infection, cells from RR444-infected hamster ex-
pressed the highest levels of both ifn-γ and il-6 (p < 0.05). Cells from
the infected hamsters with the strains RR410, RR412, RR415 and
RR418 showed a significant increase in tnf-α and il-12 expression in
contrast to ifnγ and il6 (Fig. 1). Cells from RR444-infected hamster also
expressed higher amounts of the regulatory cytokines il4, il10 and il13
than the other strains, showing a significant upregulation at this time
point. The expression of tgfβ was higher in animals infected with RR415
and RR418-strains when compared with the other strains (p < 0.001),
while il17 gene was markedly expressed in cells from RR410-infected
animals (p < 0.001). The development of Th2-mediated immune re-
sponses by the expression of il21 was upregulated in cells from RR412
and RR415-infected hamsters, and downregulated in cells from RR418

Table 2
Primers sequences and standard curve parameters used for gene expression analysis by RT-qPCR in golden hamsters infected by L. braziliensis-strains.

Gene Primer sequences (5’ - 3’) Primer concentration
(μM)

Product length
(bp)

Melting
temperature

Reaction
efficiency (%)

R2 Reference

gapdh Fw: GGTTGCCAAACCTTATCAGAAATG
Rv: TTCACCTGTTCCACAGCCTTG

10 194 60 100.2 0.98 Ribeiro-Romão et al., 2014

γactin Fw: ACAGAGAGAAGATGACGCAGATAATG
Rv: GCCTGAATGGCCACGTACA

40 70 60 101.7 0.99 Espitia et al., 2010

il4 Fw: ACAGAAAAAGGGACACCATGCA
Rv: GAAGCCCTGCAGATGAGGTCT

120 95 60 98.8 0.97 Espitia et al., 2010.

il6 Fw: GGACAATGACTATGTGTTGTTAGAA
Rv: AGGCAAATTTCCCAATTGTATCCAG

40 99 60 98.2 0.99 Ribeiro-Romão et al., 2016

il10 Fw: GAGCATTTGAACCTAG
Rv: CTTGAAGACGCCTTTCTC

2.5 194 60 97.5 0.98 Moreira, 2012

il12p40 Fw: GACCAGTCCACCTCTACAAC
Rv: GCAGCCAAGCAAGATGTG

2.5 88 60 102.9 0.96 Moreira, 2012

il13 Fw: AAATGGCGGGTTCTGTGC
Rv: AATATCCTCTGGGTCTTGTAGATGG

40 81 60 96.5 0.98 Espitia et al., 2010.

il17 Fw: AAGGCAGCAGCGATCATCC
Rv: GGAACGGTTGAGGTAGTCTGAG

40 92 60 98.3 0.97 Ugur et al., 2014

il21 Fw: GGACAGTGGCCCATAAAACAA G
Rv: TTCAACACTGTCTATAAGATGACGAAGTC

40 80 60 97.1 0.99 Espitia et al., 2010.

tnfα Fw: TGAGCCATCGTGCCAATG
Rv: AGCCCGTCTGCTGGTATCAC

40 79 60 99.3 0.99 Espitia et al., 2010.

tgfβ Fw: GGCTACCACGCCAACTTCTG
Rv: GAGGGCAAGGACCTTACTGTACTG

40 81 60 99.5 0.98 Espitia et al., 2010.

ifnγ Fw: TGTTGCTCTGCCTCACTCAGG
Rv: AAGACGAGGTCCCCTCCATTC

40 130 60 100.8 0.99 Espitia et al., 2010.

ccl17 Fw: GTGCTGCCTGGAGATCTTCA
Rv: TGGCATCCCTGGGACACT

40 89 60 99.5 0.99 Espitia et al., 2010.

ccl22 Fw: TGGTGCCAACGTGGAAGAC
Rv: GAAGAACTCCTTCACTACGCGC

40 82 60 98.1 0.99 Espitia et al., 2010.
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and RR444 (Fig. 2).
Cells of animals infected with the strain RR412 expressed higher

levels of ccl2 in comparison to the others strains evaluated (p < 0.05),
and the increase in ccl5 expression was not different among the strains.
ccl17 was upregulated in cells from RR412 and RR444-infected ham-
sters (p < 0.05) and the expression of high amounts of ccl22 was ob-
served for RR412, RR415, RR 418 and RR444, with significant differ-
ence to RR410 (Fig. 3).

3.2. Gene expression profile of cytokines and chemokines at 60 days-PI

Sixty days post-infection, animals infected with RR410, RR415 and
RR418 expressed a markedly Th1 response as shown by the significant
expression of tnfα and il12. Cells from RR415-infcted hamsters ex-
pressed high levels of il6 when compared to the other strains. The ex-
pression of ifnγ was lower in animals infected with RR444 than from
RR415 infected cells (Fig. 1). The regulatory cytokines was markedly
upregulated as shown by the expression of il10 and il17 for all strains as
well as il13 for RR444. il4 expression was significant higher in RR410

Fig. 1. Gene expression profile of in-
flammatory cytokines in skin lesions of in-
fected golden hamsters at 30 and 60 days post-
infection (30 days-PI and 60 days-PI, respec-
tively). The results are presented in a column
chart format and the relative quantification
was performed by the comparative Ct method
(ΔΔCt), using skin of uninfected hamsters as
group control (Fold change=1), as indicated
by the dotted line. Horizontal bars represent
median + standard deviation of ΔΔCt for each
strain. Statistical differences between groups
were considered significant when p < 0.05. In
each graph, significant differences among the
strains were represented as a specific letters
(M2903 = a; RR410 = b; RR412 = c; RR415
= d; RR418 = e; RR444 = f) and differences
of gene expression between time point post-
infections were represented as “#” symbol.
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and RR415-infected animals (p < 0.01). No difference was observed
between strains in the il17 expression and il21 had its expression
downregulated in cells from infected hamster with all strains (Fig. 2).

There was no significant difference between strains in the upregu-
lation of ccl2 and ccl5 at this time point, while ccl17 was not markedly
expressed only for RR412 and ccl22 kept highly expressed in cells from
RR415-infected hamsters (p < 0.001) (Fig. 3).

3.3. Heat map matrix and hierarchical clustering shown distinct patterns of
immune response

A heat map matrix was constructed to evaluate whether distinct
genic cytokine and chemokine patterns were associated to L. braziliensis
strains at distinct time points in experimental trials (Fig. 4). Using this
approach, it was possible to segregate distinct immunological profiles
between the strains mainly in the early phase of the infection (30 days-
PI). At this time point, the genetic variant strains upregulated tnfα, il12

Fig. 2. Gene expression profile of regulatory cytokines in skin
lesions of infected golden hamsters at 30 and 60 days post-
infection (30 days-PI and 60 days-PI, respectively). The results
are presented in a column chart format and the relative
quantification was performed by the comparative Ct method
(ΔΔCt), using skin of uninfected hamsters as calibrator (Fold
change=1), as indicated by the dotted line. Horizontal bars
represent median + standard deviation of ΔΔCt for each strain.
Statistical differences between groups were considered sig-
nificant when p < 0.05. In each graph, significant differences
among the strains were represented as a specific letters
(M2903 = a; RR410 = b; RR412 = c; RR415 = d; RR418 =
e; RR444 = f) and differences of gene expression between
time points post-infections were represented as “#” symbol.
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whilst the non-variant strain (RR444) upregulated ifnγ, il6, il4, il10 and
il13. ccl2 gene was high expressed in cells of animals infected with
RR412 and ccl17 was highly expressed in animals infected with RR412
and RR444. Comparing the mRNA expression among the time points, in
general, at 60 days-PI all strain expressed higher levels of il4 and il10.
The non-variant strain (RR444) shown a significant reduction in the
expression of ifnγ, il6, ccl17, and ccl22 whist distinct patterns were
observed for the genetic variant strains. Some patterns was sub-
stantially different such as the expression of tnfα for RR412, RR415 and
RR418; tgfβ for RR410 and RR415; ccl17 for all genetic variant strain

and ccl22 for RR410, RR412 and RR418 (Fig. 4).
The results of the hierarchical cluster analysis (HCA) are shown in

the dendogram (Fig. 4). The HCA could readily identified distinct pat-
terns in the gene expression, highlighting the differences observed in
the heat map matrix, in each time points, mainly in the early-phase
disease. At 30 days-PI, all genetic variant strain grouped in the Cluster I
whilst the non-variant (RR444) grouped in the Cluster II. The expres-
sions of tnfα and il12 were significantly decisive to segregate these
clusters (Fig. 4, inserted table A). Still regarding the Cluster I, all ge-
netic variant strain isolated from CL-patients grouped in Cluster IA and

Fig. 3. Gene expression profile of chemokines
in skin lesions of infected golden hamsters at
30 and 60 days post-infection (30 days-PI and
60 days-PI, respectively). The results are pre-
sented in a column chart format and the re-
lative quantification was performed by the
comparative Ct method (ΔΔCt), using skin of
uninfected hamsters as calibrator (Fold
change=1), as indicated by the dotted line.
Horizontal bars represent median + standard
deviation of ΔΔCt for each strain. Statistical
differences between groups were considered
significant when p < 0.05. In each graph,
significant differences among the strains were
represented as a specific letters (M2903 = a;
RR410 = b; RR412 = c; RR415 = d; RR418 =
e; RR444 = f) and differences of gene expres-
sion between time points post-infections were
represented as “#” symbol.
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the single isolate from DL-patient (RR412) clustered in 1B, in which the
expression of ccl2 was determinant for the formation of these sub-
groups.

At 60 days-PI, all strains provided from the XIR (Table 1) grouped in
the cluster I without distinction of their genetic background, and the
reference strain (M2903) used as positive control of experimental trails
grouped in the cluster II. There was no clear which component was
determinant for this segregation, but the differentiated expression of
ccl17 in animals infected with the reference strain may have had a
crucial role. Still about the cluster I, distinct patterns were observed in
the expression of cytokines and chemokines in the samples from the
XIR, highlighting the expression of il6 and cll22 genes in animals in-
fected with RR415 and il13gene in animals infected with non-variant
strain (RR444).

4. Discussion

L. braziliensis parasite populations are extremely diverse in Brazil
with known intraspecific genetic variability (Kuhls et al., 2013; Nolder
et al., 2007; Oddone et al., 2009; Rougeron et al., 1990). Some studies
have been shown that the wide spectrum of clinical manifestations
caused by this parasite may be triggered by a complex interplay be-
tween genetically factors of parasite as well as host traits (Campanelli
et al., 2010; Indiani De Oliveira et al., 2004; Saravia et al., 1990;
Schriefer et al., 2004; Teixeira et al., 2005). Here, we explore the im-
mune features of golden hamster infected with strains of L. braziliensis
from a well-defined study area where ACL is endemic (Xakriabá In-
digenous Reserve, state of Minas Gerais, Brazil) to better understand the
ability of genetic variant strains to trigger distinct pathways in the host-
immune response.

In the early phase of infection (30 days-PI), the presence of a mixed
Th1-Th2 profile was observed in animals infected with the non-variant

Fig. 4. Patterns of cytokines and chemokines
at 30 and 60 days post-infections (30 days-PI
and 60 days-PI, respectively) from gold ham-
sters within strains of L. braziliensis. Heat map
analysis and Venn diagrams revealed distinct
patterns of gene expression in skin lesions. For
heat map, values of gene expression of each
infected-animal were used. In Venn diagrams,
the criterion to discriminate the components
was the presence of significant difference in
the expression among the strains. Numbers
inside the diagrams represent the total of
components (cytokines and/or chemokines).
Inserted Table A: Stratified analysis of similar
and specific components expressed by L. bra-
ziliensis strains at 30 days-PI. Inserted Table B:
Stratified analysis of similar and specific com-
ponents expressed by L. braziliensis strains at
60 days-PI.
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strain due to the upregularion of ifnγ, il4 and il10, whilst the genetic-
variant strains induced variable expressions of tnfα. In general, il10
gene expression was significantly higher in the late-phase disease for all
strains, suggesting an important role for this cytokine in limiting tissue
damage. These results are consistent with those described by some
authors for human disease and in experimental infections with L.
(Viannia) parasites (Belkaid et al., 2002, 2001; Bomfim et al., 2007; de
Moura et al., 2005).

The role of il6 in CL has been analyzed in distinct scenarios
(Moskowitz et al., 1997; Titus et al., 2001) but their role in L. brazi-
liensis infections remains unclear. In our study, the non-variant strain
RR444, expressed high levels of il6 at 30 days-PI, suggesting a strong
interplay with macrophages in an attempt to parasite elimination
(Hatzigeorgiou et al., 1993; Moskowitz et al., 1997). On the other hand,
cells infected with the genetic variant strains expressed similar levels
comparing to control group (non-infected skin) or even downregulated
this cytokine.

tgfβ is able to regulate the inflammatory immune response by sup-
pressing the differentiation of CD4+ effector cells, inhibiting the effect
of ifnγ suppressing the activity of macrophages, dendritic cells and
natural killer (NK) cells (Ding et al., 1990; Tsunawaki et al., 1988;
Yoshimura et al., 2010). The upregularion of tgfβ observed in animals
infected with the genetic variant strains RR415 and RR418 might be
blockade the activity of ifnγ in parasite elimination at 30 days-PI. It is
important to note that the gene expression of this cytokine appeared
higher but its real effect to control the parasite population may be
blockade (Barral et al., 1993; Silva et al., 1991). The ifnγ-blockade ef-
fect may also be occurred due to the upregulation of il4 in animals
infected with the non-variant strain RR444 (Lehn et al., 1989; Liew
et al., 1989; Liew and O’Donnell, 1993). Still about tgfβ we did not
observe a clear relationship in its expression and il10 upregulation as
described by Barral et al., (1993), as well as downregulation of tnfα
(Oliveira et al., 2014).

Experimental studies have shown that more pathogenic strains of L.
braziliensis expressed high levels of ccl2 (Teixeira et al., 2005). As we
observed, this chemokine was highly expressed in animals infected with
RR412 strain at 30 days-PI (Fig. 4). Of note, this strain has been isolated
from a patient with disseminated cutaneous leishmaniasis (DL), which
importance is widely known due to the severity of the disease as well as
the therapeutic challenge and an increasing prevalence (Carvalho et al.,
1994; Turetz et al., 2002). Our finding, however, was contrary to de-
scribed by Machado et al., (2011), in which similar patterns in the
immune response was observed in CL and DL-patients. Some authors
have been reported that whilst CL-patients present an exacerbated type-
1 immune response, an absence of cell-mediated immune response al-
lows parasite multiplication and dissemination have been observed to
DL-patients (Turetz et al., 2002). In our study, cells from RR412-in-
fected hamsters did not expressed significant lower levels of tnfα and
the pattern of ifnγ transcription was similar to the other variant strains,
differing only from non-variant isolate (RR444; p < 0.001).

Cytokines exert an indirect effect on leukocyte recruitment by in-
ducing the expression of several chemokine genes (Ohmori et al.,
1993). TNFα and IL1β released from activated neutrophils (poly-
morphonuclear cells) and macrophages have been implicated in che-
mokine synthesis in several cell types (Moser et al., 2004). In cutaneous
leishmaniasis, IL12 is required for the induction of Th1-related che-
mokines such as CCL2, which reaches a production peak in the early-
phase disease and is not TNF-mediated but depends on the virulence of
the Leishmania strain. Thus, it appears that in vivo the level of Leish-
mania-mediated release of CCL2 could directly, without the involve-
ment of pro-inflammatory TNF, either favor the development of a ‘self-
healing’ course of the disease or result in a ‘chronic’ form of leishma-
niasis.

A correlation between resistance and upregulation of ccl5 in ex-
perimental infections with L. major infection has been described
(Santiago et al., 2004), although ccl5-deficient mice do not show

increased susceptibility (Rodriguez-Sosa et al., 2003). Faced with this
divergence, here, all samples upregulated ccl5 at 30 and 60 days PI
without statistical significance among them. Mainly at 30 days-PI, this
chemokine was the unique common biomarker for all strains, indicating
a possible role to the infection control in the early-phase disease (Fig. 4,
inserted table A), even with high parasite burden at this time point for
all genetic variant strains (Rêgo et al., 2018)

According Nickel et al., (1999) the upregulation of ccl17 at 30 days-
PI in cells from RR444 -infected hamsters could be associated with a
polarized Th2-response. We observed a positive correlation between the
ccl17 gene expression and il4 and il10 (both p < 0.001). Although
animals infected with RR412strain also expressed high levels of ccl17 at
this same time point, a type-2 response was not clear, in which the
negative correlation between ccl17 gene expression and il10
(p= 0.0418) and il4 (p= 0.0378) was observed. In chronic phase-
disease the expression of ccl17 in patients with cutaneous leishmaniasis
result in an attraction of CCR3 + and CCR4+ cells due to the expression
of il10 and tgfβ, controlling the inflammatory reaction (Campanelli
et al., 2010). We did not observe a significant increase in the mRNA
expression of ccl17 comparing 30 days to 60 days-PI, although high
transcription of il10 was observed for all strains and a an increase level
of tgfβ was observed for RR410-infected hamsters.

In ACL, the expression of ccl22 chemokine has been associated with
the upregulation of both il4 and il13 in activated macrophages and, on
the other hand, the downregulation of ccl22 is associated to ifnγ activity
(Bonecchi et al., 1998; Orlofsky et al., 2000). At 30 days-PI, cells from
RR444-infected hamsters presented high expressions of il4, il13 and
ccl22 with a positive correlation among them (ccl22 and il4 –
p < 0.001; ccl22 and il13 – p < 0.012), reinforcing this host-immune
network. As mentioned before, although ifnγ was high expressed in cells
infected with this strain, the effectiveness of the type-1 response may be
reduced due il4 upregulation since we observed a positive correlation
among them (p < 0.0001). The highest value of ccl22 gene expression
at this time point was observed in animals infected with RR412 strain.
In this specific case a positive correlation was observed between this
chemokine and ifnγ (p < 0.002), on the other hand, a discreet upre-
gulation of type-2 response was observed for il4 and il13. In an over-
view, Teixeira et al., (2005) reported that ccl22 and ccl5 expression did
not show significant modulation in BALB/c mice infected with L. bra-
ziliensis, in contrast that we observed here.

The heat map matrix revealed distinct patterns of cytokine and
chemokine expressions among the strains during the experimental trial
that have been highlighted by the HCA (Fig. 4). According to these
approaches the evaluated strains of L. braziliensis were segregated due
to the upregulation of cytokines and chemokines. At 30 days-PI the non-
variant strain did not clustered with all genetic variant strains. This
pattern of clustering has been also observed for the biological behavior
evaluated following several parameters as onset time of visible lesion,
lesion size, histopathological changes and parasite burden (Rêgo et al.,
2018).

For the first time, a large panel of cytokine and chemokine mRNA-
expression was analyzed in experimental trials using golden hamsters as
animal model and genetic variant strains of L. braziliensis. Our data
contribute to better understand immunobiological factors that are in-
volved during the disease progression. In summary, the finding pre-
sented here indicate that genetic variant strains of L. braziliensis albeit
from the same endemic area, induced cytokine and chemokine ex-
pression patterns at different paces or intensities, leading us to suggest
that distinct and diverse cell recruitment and differential immune re-
sponse occurred mainly in the early-phase disease. These distinct host-
immune features are interconnected with the biological behavior pre-
viously observed in golden hamsters (Rêgo et al., 2018) reinforcing that
intrinsical genetic characteristics of the parasites are able to trigger
distinct pathways in the host-parasite interaction and consequently,
implicate in disease progression.
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