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Chronic tegumentary leishmaniasis is characterized by a scarcity of parasites in lesions and a heightened inflammatory response.
Deregulated and hyperactive inflammation contributes to tissue damage and parasite persistence. The mechanisms by which
immune cells are recruited to the lesion and their relationship to clinical outcomes remain elusive. We examined the expression
levels of chemokines and their receptors in relation to clinical outcome in dermal leishmaniasis caused by Leishmania (Viannia)
panamensis. Primary macrophages from healthy donors were infected with L. panamensis strains isolated from self-healing pa-
tients (n � 4) and those presenting chronic disease (n � 5). A consistent pattern of upregulation of neutrophil (cxcl1, cxcl2,
cxcl5, and cxcl8/il-8) and monocyte (ccl2, ccl7, ccl8, cxcl3, and cxcl10) chemotactic chemokines and ccr1 and ccr5 receptor genes,
evaluated by reverse transcription-quantitative PCR (qRT-PCR), was observed upon infection with strains from patients with
chronic dermal leishmaniasis; induction of CXCL5 and CCL8 was corroborated at the protein level. No apparent upregulation
was elicited in macrophages infected with strains from self-healing patients. Expression levels of ccl8, cxcl2, cxcl3, and cxcl5 in
lesion biopsy specimens from patients with chronic cutaneous leishmaniasis (CL) were compared to those in biopsy specimens
from Montenegro skin tests of individuals with asymptomatic infection. Increased expression levels of cxcl5 (P < 0.05), ccl8, and
cxcl3 were corroborated in chronic CL lesions. Our study revealed a dichotomy in macrophage chemokine gene expression elic-
ited by L. panamensis strains from patients with self-healing disease and those presenting chronic disease, consistent with para-
site-mediated hyperactivation of the inflammatory response driving chronicity. The predominant upregulation of neutrophil
and monocyte chemoattractants indicates novel mechanisms of sustained inflammatory activation and may provide new thera-
peutic targets against chronic dermal leishmaniasis.

Clinical manifestations of Leishmania (Viannia) panamensis in-
fections range from self-healing cutaneous lesions to chronic

ulcers and mucosal involvement of several years’ duration (1).
Murine models of cutaneous leishmaniasis (CL) caused by Leish-
mania major have revealed that a polarized Th1 response is asso-
ciated with disease resistance and resolution (2). However, a
mixed Th1/Th2 response characterizes human CL caused by
Leishmania (Viannia) species, without a clear cytokine profile be-
ing linked to the clinical outcome of infection (3).

Chronic dermal disease caused by species of the Leishmania
(Viannia) subgenus is characterized by lesions of prolonged evo-
lution, a scarcity of parasites in the lesion, an exacerbated inflam-
matory response, and refractoriness to chemotherapy (4–6). Con-
versely, self-healing manifestations have been associated with
strong yet limited T cell activation and a low-level antibody re-
sponse (7). Poorly regulated and hyperactive inflammation evi-
dently contributes to tissue damage, disease progression, and par-
asite persistence (8, 9). However, the mechanisms by which
immune cells are recruited to the lesion site and become activated,
and their relationship to clinical outcome, are not well under-
stood.

Activation and migration of immune cells are orchestrated by a
fine balance of cytokine and chemokine responses. Infections with
New and Old World Leishmania species modulate the early ex-
pression of chemokines and chemokine receptors in their host
cells (10, 11), potentially benefiting the parasite through recruit-
ment of host cells that allow establishment and perpetuation of

infection (12, 13). However, alterations in the chemokine network
may contribute to uncontrolled immune responses that can mod-
ulate parasite survival and promote or mitigate the associated im-
munopathology, thereby influencing the outcome of infection
(11). Illustrating the potential role of chemokines in the patho-
genesis of infection, murine models of L. major infection have
shown that higher levels of CCL5 at the infection site correlate
with disease resistance in C57BL/6 mice compared to susceptible
BALB/c mice (14). During human infection, increased CCL2 ex-
pression has been reported in lesions from patients with localized
self-healing CL caused by L. mexicana, compared to patients with
nonhealing diffuse cutaneous disease (a chronic but hyporeactive
presentation of CL), in which CCL3 is upregulated (15).

Previous evidence suggests that Leishmania virulence, based on
lesion sizes induced in mice, may be linked to the differential
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expression of chemokines in murine macrophages. Infection of
BALB/c mice with a highly virulent strain of L. braziliensis induced
high expression levels of CCL3, CCL2, CCL11, and CXCL1/KC in
footpad lesions and correlated with enhanced inflammation com-
pared to infection with a less virulent L. braziliensis strain (16).
The contribution of chemokine networks and their differential
induction by infecting parasite populations in the outcome of hu-
man infection with Leishmania (Viannia) is unknown.

We have exploited the availability of L. panamensis strains iso-
lated from patients with prospectively documented self-healing
and chronic dermal leishmaniasis to analyze the modulation and
expression profile of chemokines and chemokine receptors in hu-
man macrophages in response to infection with these putative
pathogenically distinct clinical strains. Furthermore, we have
compared this in vitro response to the in vivo chemokine response
in biopsy specimens from patients with chronic CL and from the
leishmanin skin test site in individuals with asymptomatic infec-
tion. Our results reveal a striking contrast in the elicited chemo-
kine responses in these clinical outcomes, potentially opening a
new avenue for the design of immunotherapeutic strategies to
prevent or resolve chronic and disfiguring clinical manifestations.

MATERIALS AND METHODS
Ethics statement. This study was approved and monitored by the institu-
tional review board for ethical conduct of research involving human sub-
jects of the Centro Internacional de Entrenamiento e Investigaciones
Médicas (CIDEIM), in accordance with national (resolution 008430,
República de Colombia, Ministry of Health, 1993) and international
(Declaration of Helsinki and amendments, World Medical Association,
Seoul, South Korea, October 2008) guidelines. All individuals voluntarily
participated in this study, and informed consent was obtained from each
participant.

Study design. In order to evaluate the relationship between chemo-
kine gene expression and the clinical outcome of dermal leishmaniasis
caused by L. panamensis, we analyzed the gene expression profile of im-
munological determinants in primary human macrophages from a single
healthy donor. Macrophages were infected in vitro with L. panamensis
strains isolated from patients with clinically divergent chronic (nonheal-
ing disease) or self-healing lesions obtained from CIDEIM BioBank.
Chronic disease was defined as active confirmed dermal leishmaniasis of
�6 months’ duration; self-healing infection was defined as confirmed
disease that healed without treatment after diagnosis. The use of macro-
phages from the same donor aimed to maintain the host cell background
constant, in order to examine the parasite-specific effect on the host cell
response. Expression of selected chemokines elicited by infection of pri-
mary human macrophages was also evaluated by using skin biopsy spec-
imens obtained from lesions of patients with chronic CL or the site of
delayed-type hypersensitivity response to the leishmanin (Montenegro)
skin test in individuals with asymptomatic infection.

Study subjects. Subjects were recruited into three groups according to
the following criteria: (i) healthy volunteers who had not been exposed to
leishmaniasis transmission (n � 9); (ii) asymptomatic individuals (n �
5), defined as residents of an area where dermal leishmaniasis is endemic
with a positive Montenegro skin test reaction (MSR) and no evidence or
history of dermal lesions; and (iii) patients with chronic CL (n � 8),
defined as patients with cutaneous lesions with �6 months of disease
evolution, with parasitological confirmation by microscopic examination
of lesion smears or biopsy specimens and/or parasite isolation, who had
not received antileishmanial treatment before enrollment. Clinical and
demographic characteristics of all infected individuals are listed in Table
1. All subjects had negative serology for HIV and human T cell lympho-
tropic virus type 1 (HTLV-1).

Buffy coat isolation. Total blood leukocytes were isolated by centrif-
ugation at 400 � g for 15 min at room temperature (RT). White blood
cells (WBCs) were collected from the interface between plasma and red
blood cells (RBCs) and incubated in RBC lysis buffer (150 mM NH4CL, 10
mM KHCO3, 0.1 mM Na2EDTA) for 5 min at RT, washed twice with
phosphate-buffered saline (PBS), and resuspended in RPMI 1640 supple-
mented with 10% fetal bovine serum (FBS) for subsequent procedures.

Cell culture and differentiation. Peripheral blood samples from
healthy volunteers were collected and processed to obtain peripheral
blood mononuclear cells (PBMCs) by centrifugation over Ficoll-Hypaque
gradients (Sigma-Aldrich) according to the manufacturer’s instructions.
Macrophages were differentiated from PBMCs by adherence to cell cul-
ture plastic ware (catalog number 353046; BD) in serum-free RPMI for 2
h, followed by culture for 7 days in RPMI 1640 supplemented with 20%
FBS at 37°C in 5% CO2.

Leishmania strains. ClinicalstrainswereobtainedfromCIDEIMBioBank.
Strains were isolated by needle aspiration of cutaneous lesions or lesion biopsy
specimens of mucosal lesions, propagated, and immediately stored in liquid ni-
trogenuntiluse.Strainsweretypedbyimmunoreactivitytomonoclonalantibod-
ies and zymodeme analysis. L. panamensis strains MHOM/CO/08/5433
(L.p.5433chr), MHOM/CO/11/5430 (L.p.5430chr), and MHOM/CO/08/
5397 (L.p.5397chr) were isolated from patients with chronic CL with �6
months of disease evolution. MHOM/CO/87/1320 (L.p.1320chr) and
MHOM/CO/85/2504 (L.p.2504chr) were isolated from lesion biopsy
specimens of nasal mucosa from patients presenting with �10 years of
disease evolution. Strains MHOM/CO/85/2272 (L.p.2272sh), MHOM/
CO/85/2271 (L.p.2271sh), MHOM/CO/89/2189 (L.p.2189sh), and
MHOM/CO/83/1022 (L.p.1022sh) were isolated from patients with self-
healing CL. A laboratory-derived L. panamensis strain stably transfected
with the luciferase reporter gene (L.p.LUC 001) was employed for stan-
dardization procedures. For infection, promastigotes were grown at 25°C
in Senekjie’s biphasic blood agar and passed for a maximum of 2 subpas-
sages into RPMI 1640 supplemented with 10% heat-inactivated FBS.

Infection. Infection was performed as previously described (17).
Briefly, 2 � 106 WBCs/well or 1 � 106 primary macrophages were
dispensed into 24- or 6-well plates, respectively. To optimize parasite
phagocytosis, stationary-phase promastigotes were opsonized by re-
suspension in RPMI 1640 containing 10% heat-inactivated human
AB� serum and incubated for 1 h at 34°C. After opsonization, total
WBCs were incubated with stationary-phase promastigotes at a Leish-

TABLE 1 Clinical characteristics and evolution of study subjects from
whom biopsy specimens were obtained

Characteristic

Value for group

P value
Asymptomatic
(n � 5)

Chronic
(n � 8)

Mean age (yr) (range) 49 (27–64) 36 (21–66) 0.29
% male patients 100 100

% of patients of ethnic group
Afro-Colombian 100 50
Mestizo 37.5
Indigenous 12.5

Mean Montenegro skin test reaction zone
(mm) (range)

14 (13–16) 13 (9.7–19) 0.56

Median no. of lesions per subject (range) 1 (1–8)
Median duration of older lesion (mo) (range) 19 (6–240)

% of patients with lesion type
Ulcer 50
Plaque 50

% of patients with Leishmania isolated
L. panamensis 37.5
L. braziliensis 12.5
Not determineda 100 50

a Not determined because no strain was isolated.
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mania-to-monocyte ratio of 10:1 for 2 and 24 h at 34°C. Differentiated
macrophages were infected at a 10:1 Leishmania-to-macrophage ratio for
24 h at 34°C in 5% CO2. The infection rate under these conditions is an
average of 70% � 14%, with total parasite loads between 200 and 300
parasites/100 macrophages.

PCR arrays and gene expression profiling. Total RNA was extracted
from uninfected and infected cultured cells, as well as biopsy specimens, by
using TRIzol (Invitrogen, USA) followed by RNA cleanup with RNeasy mini-
kit columns (Qiagen, USA). For PCR array profiling, RNA was reverse tran-
scribed with an RT First Strand kit (SABiosciences-Qiagen). For confirma-
tory TaqMan gene expression assays (Applied Biosystems, Foster City, CA),
cDNA was synthesized by using a high-capacity cDNA reverse transcription
kit (Applied Biosystems). Gene expression evaluation was conducted by re-
verse transcription-quantitative PCR (qRT-PCR) using SABiosciences-Qia-
gen PCR arrays on a Bio-Rad CFX-96 detection platform. For total white
blood cell samples, we employed chemokine and chemokine receptor arrays
(PAHS-022ZD [formerly PAHS-022], where a change in the PCR array con-
figuration by the manufacturer resulted in only 62 out of 84 genes being
common to arrays PAHS-022 and PAHS-022ZD; thus, analyses are based on
a 62-gene panel). For purified PBMC-derived human macrophages, the hu-
man inflammatory cytokine and receptor array (PAHS-011A) was utilized.
These analyses included 84 different inflammation-related genes (chemo-
kines, cytokines, and chemokine and cytokine receptors), as detailed by the
manufacturer. Gene expression was normalized to a five-gene panel com-
prised of �2-microglobulin, hypoxanthine phosphoribosyltransferase 1,
�-actin, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and the ri-
bosomal protein L13a. Data were analyzed by the ��CT method, and fold
changes were calculated compared to uninfected macrophages and expressed as
2	��CT. Data were processed and analyzed on the RT2 Profiler PCR Array Data
Analysis online tool provided by the manufacturer. For skin biopsy specimens,
chemokine gene expression assays were conducted with TaqMan probes (Ap-
plied Biosystems) for CCL8 (Hs00271615_m1), CXCL2 (Hs00601975_m1),
CXCL3 (Hs00171061_m1), and CXCL5 (Hs00171085_m1), analyzed by abso-
lute quantitation based on extrapolation to a standard curve, and expressed as a
ratio to GAPDH (Hs99999905_m1).

Genotyping of strains by multilocus microsatellite typing (MLMT).
Microsatellite typing was used to examine the heterogeneity of genotypes
within and between strains from patients presenting chronic or self-heal-
ing disease. Total DNA was extracted from log-phase promastigotes by
using DNAzol reagent (Invitrogen, USA). DNA samples from 30 banked
L. panamensis strains isolated from patients from the Departments of
Nariño, Chocó, and Valle del Cauca in Colombia were analyzed. Fourteen
microsatellites distributed in 13 Leishmania chromosomes were amplified
by PCR, as previously described (18). The size of the microsatellites was
determined by the mobility of the PCR products in 4.5% agarose gels.
Genetic distances were estimated by using MSA software, and neighbor-
joining trees were constructed by using MEGA 5.

Chemokine secretion determined by ELISA. Human primary mac-
rophages from six independent donors were cultured in 24-well plates at
0.3 � 106 cells/well in complete RPMI. Macrophages were infected with L.
panamensis strains L.p.2272sh, L.p.2504chr, and L.p.5397chr for 8, 24, 48,
and 72 h at a parasite-to-macrophage ratio of 10:1. Culture supernatants
were collected, and the secretion of CXCL5 and CCL8 was assessed by
enzyme-linked immunosorbent assays (ELISAs) using ELISA kits as rec-
ommended by the manufacturer (R&D Systems). Absorbance readings at
450 nm were performed on a ChameleonV microplate reader (Hidex).

Statistical analysis. The Kolmogorov-Smirnov test was applied to de-
termine the parametric or nonparametric distribution of the data. There-
after, nonparametric data were analyzed by using the Mann-Whitney U
test for comparisons. Kruskal-Wallis one-way analysis of variance fol-
lowed by Dunn’s multiple-comparison test was employed for group com-
parisons. Statistical significance was defined as a P value of 
0.05. All data
were analyzed by using Prism 5 software (GraphPad Software, Inc., La
Jolla, CA).

RESULTS
Dynamics of inflammatory gene expression in human WBCs
during infection with L. panamensis. Gene expression dynamics
of inflammation-related genes (chemokines, cytokines, and re-
ceptors, as detailed in Materials and Methods) in human WBCs
following exposure for 2 h and 24 h to a cloned laboratory-selected
luciferase-transfected L. panamensis strain (L.p.LUC 001) were
evaluated. Adequate amplification signals and melting peaks were
not obtained for 4 out of 62 evaluated genes (ccl1, slit2, cxcl12, and
cx3cl1). A marked repression of the inflammatory response early
after parasite contact (2 h) was observed, in which 30% (19/58) of
inflammation-related genes were downregulated 
0.5-fold (see
Table S1 in the supplemental material). At 24 h postinfection,
gene expression was almost completely restored, with only 10% of
genes being downregulated and over 40% of genes being induced
�1.5-fold. Consistently upregulated genes at 2 h and 24 h postin-
fection were tnf-�, CCL chemokine (ccl2, ccl3, ccl4, and ccl7), and
CXCL chemokine (cxcl1, cxcl2, and il-8) genes (see Table S1 in the
supplemental material). To identify central components of a sus-
tained inflammatory response, experiments were subsequently
conducted following 24 h of infection.

Chemokine gene expression is strongly induced in human
macrophages by infection with L. panamensis strains isolated
from patients with chronic dermal leishmaniasis. Macrophages
are an important source of CCL and CXCL chemokine produc-
tion and central orchestrators of immune regulation during leish-
maniasis (19, 20). Thus, we investigated the relationship between
the clinical outcome of tegumentary leishmaniasis and the gene
expression of inflammatory mediators in monocyte-derived hu-
man macrophages. As shown in Fig. 1, expression analysis of an
84-gene array revealed a dichotomy in the response elicited by
infection with strains isolated from patients with chronic (CHR
strains) versus self-healing (SH strains) disease (see Table S2 in the
supplemental material). Infection with CHR strains, whether iso-
lated from patients with chronic cutaneous leishmaniasis (n � 3)
or from those with chronic mucosal involvement (n � 2), strongly
(�4-fold) and consistently modulated the chemokine network,
inducing a distinctive profile of chemokine gene expression char-
acterized by upregulation of CCL (ccl13, ccl2, ccl25, ccl7, and ccl8)
and CXCL (cxcl1, cxcl10, cxcl11, cxcl2, cxcl3, cxcl5, and cxcl8)
chemokines, il-10, and il-1b (Fig. 1; see also Table S2 in the sup-
plemental material). The levels of 11 of these 14 genes were signif-
icantly higher (P 
 0.05) following infection with CHR strains
than following infection with SH strains (Table 2). Macrophage
gene expression following infection with SH strains (n � 4) was
predominantly unaffected (Fig. 1; see also Table S2 in the supple-
mental material). The profile of chemokine expression induced by
CHR strains is consistent with a predominant neutrophil
(CXCL1, CXCL2, CXCL5, and CXCL8/interleukin-8 [IL-8]) and
monocyte (CCL2, CCL7, CCL8, CCL13, CXCL3, and CXCL10)
chemotactic milieu (Table 3).

Expression of ccr2, a common receptor for CCL2, CCL7, and
CCL8, was unaffected by L. panamensis infection (see Table S2 in
the supplemental material). However, expression of ccr1 (CCL7
receptor) and ccr5 (CCL8 receptor) was significantly higher (P �
0.007) in macrophages infected with CHR strains (see Table S2 in
the supplemental material). With the exception of downregula-
tion of ccr7 induced by CHR strains, expression of other macro-
phage CC and CXC receptors remained unchanged following in-
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fections with either CHR or SH strains (see Table S2 in the
supplemental material).

To explore whether the gene induction pattern observed in
response to infection with CHR strains was reflected at the protein
level, we measured the secretion of CXCL5 and CCL8 in superna-
tants of human primary macrophage cultures (n � 6) infected
with SH strain L.p.2272sh and CHR strains L.p.2504chr and
L.p.5397chr. Selection of these strains was based on including the
phenotypic spectrum of strains analyzed, from self-healing disease
(L.p.2272sh) to long-term chronic disease, with one from a pa-
tient with 6 months of disease evolution (L.p.5397chr) and an-

other with �10 years of disease evolution (L.p.2504chr). Selection
of CXCL5 and CCL8 chemokines was based on their high levels of
expression at the mRNA level (Table 2). Secretion of CCL8 and
CXCL5 was detectable as early as 24 h after infection (Fig. 2).
CCL8 production was significantly induced by infection with
CHR strain L.p.2504chr and accumulated in a time-dependent
manner. Although L.p.5397chr also induced higher levels of CCL8
production than did L.p.2272sh, this difference was not statisti-
cally significant (Fig. 2). CXCL5 was strongly induced by CHR
strain L.p5397chr, and this response was statistically significant
(P 
 0.05) compared to the response of the uninfected control. In
contrast, CHR strain L.p.2504chr did not induce a marked secre-
tion of CXCL5, in line with lower levels of gene expression (13.4-,
4.9-, and 3.6-fold after infection with L.p.5397chr, L.p.2504chr,
and L.p.2272sh, respectively, compared to uninfected macro-
phages). Together, these data show that the direction of the elic-
ited responses was similar at both the mRNA and protein levels.

Genetically diverse strains induce similar pathogenicity phe-
notypes in human macrophages. Considering the consistent diver-
gence of macrophage responses elicited by infection with strains from
chronic versus self-healing disease, genetic diversity analysis of the Leish-
mania strains was undertaken to evaluate whether the difference
in pathogenicity and the capacity to induce a repertoire of inflam-
matory response genes would be accompanied by discernible
genomic differences. Multilocus microsatellite typing (MLMT) of
the 9 L. panamensis strains (5 CHR and 4 SH strains) and 21
additional L. panamensis strains isolated from patients in the De-
partments of Nariño, Chocó, and Valle del Cauca in Colombia
(departments from which the SH and CHR strains originated) and
genetic distance analysis revealed genetic diversity at the levels of
geographical region and phenotype of the clinical outcome (Fig.
3). CHR and SH strains were distributed within 4 nonoverlapping
groups (Fig. 3), indicating that pathogenicity phenotypes were not
differentiated by genotype and suggesting that common mecha-
nisms of modulation of the host cell inflammatory response could
be shared among genetically diverse parasite populations.

FIG 1 Regulation of inflammatory gene expression in human macrophages in response to infection with L. panamensis strains isolated from patients with
chronic and self-healing disease. Primary human macrophages were infected with L. panamensis strains isolated from patients with chronic (CHR) (n � 5) or
self-healing (SH) (n � 4) dermal leishmaniasis for 24 h. Scatter plots show the average values of gene expression of 84 inflammatory genes (chemokines,
cytokines, and receptors) for macrophages infected with CHR (left) and SH (right) strains, assessed by qRT-PCR. Significant modulation was established as a
4.0-fold change in expression levels (up- or downregulation, represented as circles above or below the 4-fold threshold lines) relative to those in uninfected cells.

TABLE 2 Expression of chemokine genes in human macrophages
infected in vitro with L. panamensis

Gene

Avg fold change in gene expression compared to
uninfected macrophages � SD (range)a

L. panamensis from patients
with chronic disease
(n � 5)

L. panamensis from
patients with self-
healing disease
(n � 4)

CCL13 4.2 � 2.7 (1.8–7.7) 1.6 � 0.7 (0.9–2.5)
CCL2 6.5 � 0.9 (5.7–7.9)* 1.5 � 0.7 (0.6–2.3)
CCL25 3.6 � 1.7 (2.2–6.6) 2.1 � 1.3 (0.3–3.5)
CCL7 4.7 � 1.7 (3.2–6.9)* 1.8 � 1.2 (0.5–3.0)
CCL8 14.1 � 4.0 (10.2–19.6)* 1.8 � 1.0 (0.9–3.2)
CXCL1 8.1 � 1.8 (5.3–10.2)* 2.0 � 1.1 (0.8–3.3)
CXCL10 6.1 � 2.8 (3.6–10.0)* 1.1 � 0.1 (0.9–1.2)
CXCL11 4.2 � 2.1 (1.7–6.8)* 0.8 � 0.2 (0.6–1.1)
CXCL2 9.3 � 2.9 (5.4–16.5)* 2.3 � 1.1 (1.2–3.4)
CXCL3 14.7 � 5.2 (7.7–21.5)* 2.4 � 1.2 (1.1–4.0)
CXCL5 10.4 � 4.9 (4.9–17.4)* 1.6 � 1.4 (0.5–3.6)
CXCL8/IL-8 19.4 � 12.0 (3.1–33.6)* 3.5 � 3.3 (0.5–7.3)
IL-1� 8 � 7.0 (1.7–19.4) 1.5 � 1.1 (0.5–3.0)
IL-10 3.9 � 1.0 (2.8–5.7)* 1.7 � 0.1 (1.5–1.8)
a Values represent averages � standard deviations (ranges) of fold changes over
uninfected macrophages. *, P 
 0.05 (P values obtained from independent analyses
applying the Mann-Whitney U test).
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CXCL5, CXCL3, and CCL8 are overexpressed in lesion bi-
opsy specimens from patients with chronic cutaneous disease.
To study the relationship between the macrophage responses elic-
ited ex vivo upon infection and the in vivo inflammatory chemo-
kine response, we evaluated the expression levels of ccl8, cxcl2,
cxcl3, and cxcl5 in lesion biopsy specimens from patients with
chronic CL (n � 5) and in biopsy specimens of Montenegro skin
test reactions (MSR) from patients with chronic lesions (n � 5)
and asymptomatically infected individuals (n � 5). Selection of
these chemokines was based on their higher expression levels in
human macrophages infected with strains isolated from patients
with chronic disease (Table 2). MSR biopsy specimens from
asymptomatically infected individuals were defined as the com-

parison group, considering asymptomatic infection to represent
the clinical resistance phenotype in the spectrum of Leishmania
infection.

Increased expression of cxcl5 (P 
 0.05) was observed in lesion
and MSR biopsy specimens from chronically infected patients
compared to MSR biopsy specimens from individuals with
asymptomatic infection (Fig. 4A). Similarly, a trend of increased
expression of cxcl3 and ccl8 was observed in lesion and MSR bi-
opsy specimens of patients with chronic CL (Fig. 4B and C), while
no difference in the levels of expression of cxcl2 was detected. One
out of the four strains isolated from the patients with chronic CL
corresponded to L. braziliensis, and the remaining strains were
identified as L. panamensis (Table 1). Species-specific differences

TABLE 3 Role of chemokines in the pathogenesis of Leishmania infectiona

Chemokine Chemotactic function(s) Effect(s) during Leishmania infection Reference(s)

CCL2 (MCP-1) Monocytes, NK cells, DCs, and T cells (CD45RO�) Strongly expressed in lesions of patients with self-healing localized CL
and stimulates elimination of intracellular Leishmania

15, 16, 38, 41

CCL2-independent effects of CCR2 are indispensable for control of L.
major infection and generation of protective immune responses

Higher-level induction in mice infected with pathogenic L. braziliensis
than in mice infected with nonpathogenic L. braziliensis strains

CCL8 (MCP-2) Monocytes, NK cells, DCs, eosinophils, and T cells
(CD45RO� RA�)

Promotes the switch from resolving to persistent infection through
hematopoietic progenitor differentiation into regulatory DCs

36

CCL7 (MCP-3) Monocytes, NK cells, DCs, eosinophils, and T cells
(CD45RO�)

Mediates activated Th2 cell recruitment to infection site in BALB/c mice 42

CCL13 (MCP-4) Monocytes, NK cells, DCs, eosinophils, and T cells
(CD45RO�)

No information available

CCL25 Thymocytes, DCs, and NK cells No information available
CXCL1 (MGSA/GRO�) Neutrophils and lymphocytes Higher-level induction in mice infected with pathogenic L. braziliensis

than in mice infected with nonpathogenic L. braziliensis strains
16

CXCL10 (IP-10) Monocytes/macrophages, T cells, NK cells, and DCs Critical for rendering protective cellular immunity during vaccination
with SLA-pulsed CpG-ODN-stimulated DCs, conferring protection
against L. donovani infection

13, 16, 43

Inhibited by L. major infection, potentially preventing NK cell activation
Higher-level induction in mice infected with pathogenic L. braziliensis

than in mice infected with nonpathogenic L. braziliensis strains
CXCL11 Activated T cells and NK cells No information available
CXCL2 (MIP-2�) Neutrophil chemoattractant Leishmania-induced CXCL2 expression via NF-�B p65RelA cleavage 44
CXCL3 (MIP-2�) Monocyte chemoattractant CXCL3 gene expression is induced upon infection of human

macrophages with L. major
45

CXCL5 Neutrophil activator In iNKT cell-depleted mice infected with L. donovani, hepatic
granulomas had lower granulocyte and monocyte infiltration,
correlated with lower CXCL5 expression levels

46

CXCL8 (IL-8) Recruits and activates neutrophils Infection of monocytes with L. major induces IL-8 39, 47
Plasma levels of IL-8 are increased in patients with VL

a For a comprehensive review, see reference 48. MCP-1, monocyte chemoattractant protein 1; DCs, dendritic cells; VL, visceral leishmaniasis; MGSA/GRO�, melanoma growth
stimulatory activity/growth-regulated protein alpha; SLA, soluble leishmanial antigen; CpG-ODN, CpG oligodeoxynucleotides; iNKT cells, invariant natural killer T cells.

FIG 2 Macrophage chemokine secretion induced by infection with SH and CHR strains. Shown are kinetics of CCL8 (A) and CXCL5 (B) secretion in human
primary macrophages obtained from healthy donors (n � 6) after 8 to 72 h of infection with L. panamensis strains isolated from patients with self-healing CL
(L.p.2272sh) and from those with chronic disease (L.p.5397chr and L.p.2504chr). Data are expressed as means � standard errors of the means. Statistical
significance was estimated by using Kruskal-Wallis one-way analysis of variance followed by Dunn’s test for multiple comparisons. �, P 
 0.05 compared to the
uninfected control.
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could contribute to variations in the chemokine expression pro-
files among patients with similar clinical outcomes of infection.
Correlation analysis of gene expression in biopsy specimens from
chronic lesions showed a positive, statistically significant correla-
tion between cxcl5 and cxcl2 (P � 0.034; r2 � 0.85), cxcl3 (P �
0.003; r2 � 0.97), and ccl8 (P � 0.005; r2 � 0.95), suggesting
coregulation of gene expression. These results demonstrate a con-
sistent inflammatory chemokine expression profile during both in
vitro and in vivo responses, substantiating the usefulness of pri-
mary macrophages as a surrogate system for the chemokine re-
sponse in active lesions and supporting the involvement of cxcl2,
cxcl3, cxcl5, and ccl8 in the chronicity of cutaneous disease.

DISCUSSION

This study of the human host cell response to infection with L.
panamensis has revealed a dichotomy in the macrophage chemo-
kine responses elicited by infection with strains of distinct patho-
genicity in the human host, manifested as either chronic or self-
healing disease. Chronic dermal leishmaniasis has been associated
with immunological hyperreactivity (5, 6), overproduction of
pro- and anti-inflammatory cytokines (21), and scarce but persis-
tent parasites at the lesion site (4). Upregulation of inflammatory
functions is accompanied by increased cellular infiltration of le-

sions, perpetuating the immunopathology (23, 24). We have pre-
viously shown that macrophage permissiveness for survival and
replication of intracellular Leishmania correlates with the clinical
outcome of infection; macrophages from patients with chronic CL
were more permissive to infection than were cells from individuals
with asymptomatic disease (25). Together, these findings support
the participation of both host-specific and parasite-mediated hy-
peractivation of the inflammatory response as factors contribut-
ing to chronicity.

The mediator signature associated with infection of primary
macrophages with L. panamensis strains from chronic disease pa-
tients was consistent with a strong and poorly regulated inflam-
matory response, reflected by the concomitant upregulation of the
anti-inflammatory cytokine IL-10 and proinflammatory chemo-
kines. This was true for strains isolated from patients having
chronic CL or chronic mucosal involvement, suggesting that
chronicity (time of evolution), rather than tissue localization, is a
defining variable of parasite- and host-mediated immune dereg-
ulation, as also suggested for L. braziliensis infections (6, 26). Ev-
idence of poorly regulated responses early in lesion evolution has
recently been reported for L. braziliensis infection (26), based on
high levels of pro- and anti-inflammatory gene expression in cu-
taneous lesions with 
3 months of disease evolution. Hence, the
establishment of infection and subsequent local inflammatory re-
sponses promoting pathogenesis may be defined early in the host-
pathogen interaction.

Induction of ccl2, ccl7, ccl8, cxcl1, cxcl2, cxcl3, cxcl5, cxcl8,
cxcl10, and cxcl11, together with the chemokine receptors ccr5
(ccl8 receptor) and ccr1 (ccl7 and ccl8 receptor), defines a strong
and redundant cascade of inflammatory signals for recruitment of
monocytes and neutrophils (Table 3). Sustained recruitment and
activation of innate immune cells would enable recruitment and
activation of adaptive immune cell responses, potentiating
chronic inflammation and immunopathology (5, 6, 33). The role
of neutrophils during Leishmania infection is complex. They act as
temporary hosts and facilitators of macrophage colonization dur-
ing the early stage of infection with L. major, L. donovani, and L.
infantum, thereby promoting establishment of infection (12, 27–
29). Conversely, they can cooperate with macrophages in the in-
duction of a protective immune response and parasite elimination
(30, 31). Although a neutrophilic infiltrate in the mid-dermis has
been described for cutaneous lesions caused by L. panamensis with
0.5 to 8 months of disease evolution, 94% of these patients pre-
sented lesions �4 months before diagnosis (32). Hence, the par-
ticipation of neutrophils during chronic phases of disease and the
relationship of Leishmania pathogenicity to cell recruitment and
activation remain elusive. At early stages of infection, upregula-
tion of neutrophil and monocyte chemoattractants could favor
the establishment of infection, and at later stages, it could promote
antigen/parasite persistence.

As expected, the expression of cxcr2, the receptor of the poly-
morphonuclear chemotactic chemokines cxcl1, cxcl2, cxcl3, cxcl5,
and cxcl8 (34), was unaffected by L. panamensis infection in hu-
man macrophages. Whether infection modulates expression of
this receptor in human neutrophils remains to be determined.
Genetic analyses previously revealed an association between single
nucleotide polymorphisms in cxcr1 and cxcr2 genes and mucosal
or cutaneous manifestations of L. braziliensis infection (35), sug-
gesting the participation of these receptors in the outcome of in-
fection with species of the Leishmania (Viannia) subgenus.

FIG 3 MLMT analysis of L. panamensis strains isolated from patients with
self-healing and chronic dermal leishmaniasis. Shown is a neighbor-joining
tree generated from the distances calculated for the microsatellite data of L.
panamensis strains isolated from patients at the Departments of Valle del
Cauca (n � 10), Nariño (n � 12), and Chocó (n � 8), Colombia. Strains
isolated from self-healing patients (n � 4) and from patients with chronic
disease (n � 5) are shown. ND, not determined; Na, Nariño; V, Valle del
Cauca; Ch, Chocó.
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To our knowledge, this is the first documentation of the in-
volvement of ccl8, cxcl3, and cxcl5 during human infection with a
species of the Leishmania (Viannia) subgenus. Recently, Nguyen
et al. showed that infection with L. donovani induces the expres-
sion of CCL8 by murine stromal cells promoting regulatory den-
dritic cell differentiation and suggested that the aberrant produc-
tion of this chemokine may be associated with persistent infection
during chronic inflammation (36). The present findings for hu-
man dermal leishmaniasis caused by L. panamensis demonstrate
that infection with strains isolated from patients with chronic dis-
ease, but not from self-healing individuals, induced CCL8 at the
gene and protein levels, in line with maintenance of a chronic
inflammatory response.

In the present analyses, ccl8, cxcl3, and cxcl5 gene products were
also found to be upregulated in biopsy specimens from chronic
lesions, although the difference in expression levels compared to
those in MSR biopsy specimens from asymptomatic individuals
was not as marked as that observed in primary human macro-
phages infected with L. panamensis. While RNA extracted from
lesion biopsy specimens is enriched in nucleic acids from kerati-
nocytes, fibroblasts, and infiltrating inflammatory cells, analyses
of monocyte-derived macrophages evaluate gene expression at the
host cell level. The different types and proportions of cells in bi-
opsy specimens and primary macrophage cultures would be ex-
pected to impact the observed repertoire and magnitude of gene
expression.

Modulation of ccl2 (37, 38), cxcl1, cxcl10 (11), cxcl2 (27), and
il-8 (39) was previously shown during infection with L. major and

L. braziliensis in mice. Our results show that L. panamensis not
only induces the expression of these chemokines in human mac-
rophages but also does so distinctively and preferentially during
infection with strains isolated from lesions of patients with
chronic disease. Despite genetic heterogeneity, the distinctive re-
sponses elicited by infection with SH and CHR L. panamensis
strains were consistent in terms of both the magnitude and the
pattern of the inflammatory gene profile. These findings support a
common mechanism(s) of modulation of the host cell response
among genetically diverse L. panamensis strains linked to the out-
come of infection. Exploration of such mechanisms through com-
parative whole-genome sequencing and transcriptome sequenc-
ing (RNA-Seq) analyses is in progress.

Finally, caution should be taken in generalizing these results
to other Leishmania infections involving other species and/or ep-
idemiological contexts. The profile and magnitude of cytokine
and chemokine gene expression during human tegumentary
leishmaniasis can vary depending on the infecting parasite species
and strain, the time of lesion evolution, host genetics, and other
factors (16, 26, 40). Whether a unique gene expression signature
defines the clinical outcome of Leishmania (Viannia) infections
remains to be determined, yet these findings encourage such a
possibility.
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