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Abstract
Successful immunity to Leishmania depends on recruitment of appropriate immune effector cells
to the site of infection and chemokines play a crucial role in the process. At the same time,
Leishmania parasites possess the ability to modify the chemokine profiles of their host thereby
facilitating establishment of progressive infection. Therapeutic and prophylactic strategies targeted
at chemokines and their receptors provide a promising area for further research. This review
highlights our current knowledge concerning the role of chemokines and their receptors in
modulating leishmaniasis in both clinical settings and experimental disease models.
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Introduction
Leishmania are obligate intracellular parasites that are transmitted by a sand fly vector and
cause a wide range of diseases, such as cutaneous, mucocutaneous and visceral
leishmaniasis. Over 12 million people currently suffer from leishmaniasis, and
approximately 2 million are infected annually, making it a major global health problem
(www.who.int/tdr). Cutaneous leishmaniasis (CL) manifests as localized skin lesions that
may resolve but can become chronic, leading to severe tissue destruction and disfigurement.
This disease is caused by Leishmania major (the Middle East and Mediterranean Region),
Leishmania mexicana (Central America) and Leishmania amazonensis (South America).
Mucocutaneous leishmaniasis (MCL) caused by Leishmania braziliensis is endemic in South
America. Clinically, it is characterized by the involvement of the nasal and oropharyngeal
mucosa with extensive tissue destruction due to inflammation. Visceral leishmaniasis (VL)
is the most severe form of leishmaniasis caused by Leishmania donovani and Leishmania
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chagasi in the Old and New worlds, respectively (www.who.int/tdr, Alexander et al., 1999;
Awasthi et al., 2004).

Many different aspects of the immune response to Leishmania have been studied so far,
particularly cytokine interactions with cells in different cellular compartments. It is well
established in mouse models that resistance to cutaneous leishmaniasis is associated with the
development of T-helper type 1 (Th1) response characterized by the production of IL-12 and
IFN-γ, while genetic strains that mount the Th2 response with IL-4 and IL-10 cytokine
production are susceptible (Awasthi et al., 2004). Resistant mouse strains such as C57BL/6
and C3H develop a Th1 response with CD4+ cells producing IFN-γ and IL-2 during L.
donovani or L. chagasi infection and susceptible mice exhibit a decrease in IFN-γ
production by liver granuloma cells (Wilson et al., 1996; Melby et al., 2001b). However,
this Th1/Th2 dichotomy has not been demonstrated in humans, and models of visceral
leishmaniasis do not always follow this paradigm (Melby et al., 2001a). For example
susceptible BALB/c mice infected with visceralizing parasite species lack Th2 antigen-
specific immune responses, but the disease progresses (Kaye et al., 1991; Wilson et al.,
1996; Melby et al., 2001b).

Moreover, parasite burdens are not affected in IL-4 deficient BALB/c mice (Satoskar et al.,
1995; Lehmann et al., 2000). This suggests that more complex immune mechanisms govern
resistance and susceptibility to Leishmania and it may well be that a combination of host
immune factors and parasite strain ultimately determine disease outcome.

Chemokines and chemokine receptors have been shown to play a crucial role in determining
the outcome of leishmaniasis. Chemokines are chemotactic cytokines that coordinate
recruitment of leukocytes involved in homeostasis as well as in innate and adaptive immune
responses. They are single polypeptides of about 67 to 127 amino acid residues in length
(Moser and Willimann, 2004). The arrangement of the cysteine residues within the
polypeptide chain provides the basis for their grouping and nomenclature. While CXC (α)
chemokines have their first two consensus cysteines separated by an amino acid, the CC (β)
chemokines have their first two cysteines adjacent to each other. The other two minor
subfamilies include the CX3C chemokines (containing three amino acids between the first
two cysteines) and the C chemokines (which lack two of the four canonical cysteines) (Rot
and von Andrian, 2004).

Chemokines mediate their actions through binding of chemokine receptors, which are cell
surface G-protein coupled receptors with seven transmembrane domains. Chemokine
receptor engagement leads to numerous distinct signal transduction pathways ultimately
resulting in a variety of biological functions including integrin activation and cell migration
along a chemokine gradient (Viola and Luster, 2008). Some chemokines have been shown to
regulate cell differentiation (Gu et al., 2000) and distinct patterns of chemokine secretion has
been observed in differentiated cells (Muller et al., 2003). Approximately 50 human
chemokines and 20 chemokine receptors have been identified to date (Viola and Luster,
2008). These biological molecules have been shown to play a vital role in the regulation of
immunity to various diseases (Del Rio et al., 2001; Jones et al., 2003; Rodriguez-Sosa et al.,
2003). Indeed distinct chemokines and chemokine receptor-integrin combinations are
associated with particular diseases and control effector cell migration to their respective
infected tissue sites (Rot and von Andrian, 2004).

Infection with Leishmania induces the expression of a number of chemokine genes in the
host (Racoosin and Beverley, 1997; Ritter and Korner, 2002; Antoniazi et al., 2004). This
could potentially be beneficial to the parasite through recruitment of host cells it can infect,
survive in and proliferate (van Zandbergen et al., 2004). For example, L. major has been
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shown to actively modify the chemokine profile of the infection site and thus recruit cells
that will favor the development of persistent infection (Katzman and Fowell, 2008). Some
species of Leishmania owe their virulence partly to their ability to repress the induction of
pro-inflammatory cytokines and chemokine genes, making their entry less detectable to the
host (Matte and Olivier, 2002; Ji et al., 2003). A noteworthy example is lipophosphoglycan
(LPG), the most abundant glycolipid on the surface of Leishmania promastigotes, which
inhibits the production of CCL2 by endothelial cells thus affecting monocyte
transendothelial migration (Lo et al., 1998). Furthermore, Leishmania infantum infection of
human macrophages causes a down regulation of the chemokine receptor CCR1 which
could potentially restrict macrophage recruitment to infected tissues thereby allowing
parasite progression (Panaro et al., 2004). On the other hand, as numerous studies have
shown, chemokine and chemokine receptor expression by Leishmania infected host cells
could be a means of facilitating the hosts' ability to restrain the parasite to the site of
inoculation and mount an effective immune response (Matte and Olivier, 2002). In addition
to mediating cellular recruitment, chemokines can activate various cell populations,
participate in cell mediated immunity and possess antileishmanial properties. In this review
we will address these roles of chemokines in regulating immunity against cutaneous and
visceral leishmaniasis.

Chemokines in the Regulation of Immunity against Cutaneous
Leishmaniasis (CL)

Immune mechanisms governing host resistance and susceptibility to cutaneous leishmaniasis
are well characterized. The development of an IL-12 driven Th1 response and IFN- γ
production coupled with recruitment of effector cells comprising of macrophages, NK cells,
CD4+ and CD8+ cells to the site of infection are critical to the control of CL (Heinzel et al.,
1991; Reiner and Locksley, 1995). Several studies have shown that chemokines play an
important role in these processes and the subsequent generation of innate and acquired
immunity against CL (Vester et al., 1999; Ritter and Moll, 2000; Rosas et al., 2005; Vasquez
et al., 2008). Indeed, the chemokines produced at the site of an infection are critical in
determining the composition of infiltrating cells and defining the eventual outcome of the
disease (Teixeira et al., 2006). This is evident in cases of localized versus diffuse American
cutaneous leishmaniasis in humans caused by L. mexicana (Ritter and Korner, 2002). In
localized cutaneous leishmaniasis (LCL) which is self healing, a Th1 chemokine profile is
observed in the lesions consisting of CCL2, CXCL9 and CXCL10 and is associated with a
concentrated dermal infiltrate comprising of macrophages and large numbers of CD4
positive cells. In contrast, the chemokine profile of lesions of chronic diffuse cutaneous
leishmaniasis (DCL) is Th2 associated dominated by the expression of CCL3, and the
dermal infiltrate is more diffuse with fewer CD4 positive cells (Ritter and Korner, 2002).
This link between chemokine profile and disease outcome demonstrates the potential of
chemokine based immuno-therapeutic strategies.

L. major possesses the ability to actively regulate chemokine gene expression enabling the
establishment of infection. It has been shown that L. major can selectively inhibit the
production of CXCL10 by neutrophils which could potentially prevent the activation of NK
cells important in parasite containment (van Zandbergen et al., 2002). Moreover the mouse
model of L. major infection demonstrates a selective upregulation of CCL7, a Th2 attracting
chemokine (Katzman and Fowell, 2008). Leishmania parasites also possess a chemotactic
factor that selectively attracts neutrophils which can serve as host cells in the early stages of
infection (van Zandbergen et al., 2002). Among the chemokines induced in the first few
hours of Leishmania infection, CXCL8 (IL-8) production amplifies the recruitment of
neutrophils to the infection site (Badolato et al., 1996; van Zandbergen et al., 2002;
Venuprasad et al., 2002). In mice, the chemokines MIP-2 and KC (keratinocyte-derived
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cytokine) which are homologs of human CXCL8 recruit neutrophils to the skin (Muller et
al., 2001). Neutrophils represent the first group of leukocytes to arrive at the site of infection
and they have been suggested to serve as “Trojan horses” for eventual entry into
macrophages, the ultimate host for Leishmania. This is likely accomplished by the
production of the chemokine MIP-1β by Leishmania infected neutrophils which is
chemoattractive for macrophages (van Zandbergen et al., 2004). It has also been shown that
saliva from the sand fly vector induces CCL2 expression which possesses chemotactic
effects on macrophages (Zer et al., 2001; Teixeira et al., 2005). Furthermore, L. major
promastigotes possess the ability to delay apoptosis of infected neutrophils, buying time for
the arrival of macrophages (Aga et al., 2002; Laufs et al., 2002). In this way, the parasite
utilizes the hosts' chemokine profile to facilitate its survival and establishment in the host.

CCL2 (Monocyte Chemoattractant Protein -1 or MCP-1) has been shown to play an
important role in early immunity against cutaneous leishmaniasis. This chemokine mediates
recruitment of macrophages, monocytes, NK cells and other CCR2 expressing leukocytes
important in cellular responses to Leishmania (Allavena et al., 1994; Ritter and Moll, 2000).
In patients with L. mexicana infected LCL, where lesions are self healing, high
concentrations of CCL2 are observed; in contrast low concentrations of CCL2 are seen in
patients with DCL (Ritter et al., 1996). In vitro studies with CCL2 demonstrate its ability to
induce anti-leishmanial activity in macrophages. It induces a respiratory burst in human
monocytes (Rollins et al., 1991; Moll, 1997). Indeed CCL2 synergizes with IFN-γ to
activate macrophages which may potentially kill Leishmania and promote healing (Ritter
and Moll, 2000). This effect is abrogated in the presence of IL-4 (Ritter and Moll, 2000). On
the other hand, ccl2 knock-out mice are resistant to L. major (Gu et al., 2000). This
discrepancy could be explained by the observation that CCL2 might also have a Th2
polarizing effect in adaptive immune responses or it could be that genetic background plays
a role in the observed result. It has also been suggested that the absence of this chemokine is
compensated for by other CCR2 ligands including CCL7 (MCP-3) and CCL12 (MCP-5)
(Teixeira et al., 2006; Quinones et al., 2007). Nevertheless CCL2 does play an important
role in innate immunity against cutaneous leishmaniasis.

The CCL2 receptor, CCR2 has been shown to play an important role in adaptive immunity
to cutaneous leishmaniasis. Ccr2 knock-out mice are susceptible to L. major due to deficient
dendritic cell migration to the lymph node and localization to T cell areas of the spleen (Sato
et al., 2000). The absence of this receptor has also been shown to contribute to the
development of a Th2 phenotype in genetically resistant L. major infected mice (Sato et al.,
2000). Another chemokine receptor recently tested in immunity to L. major is CCR6 which
has been shown to contribute to the recruitment of T cells to the site of infection but is not
essential for the control of parasites during infection (Lechner et al., 2007).

A correlation between resistance and the expression of the chemokine CCL5 (RANTES) in
experimental L. major infection has been studied (Santiago et al., 2004). Higher levels of
CCL5 expression were observed at the infection site of resistant C57BL/6 mice than in
susceptible BALB/c mice. Treatment with met-RANTES (an antagonist of CCR1 and
CCR5) or anti-CCL5 resulted in increased susceptibility to L. major (Santiago et al., 2004).
In more recent studies involving inactivation of mast cells, increased expression of CCL2
and CCL5 mRNA correlates with a resistant phenotype in L. major infected BALB/c mice
(Romao et al., 2009). On the other hand, CCL5 deficient mice do not show increased
susceptibility, and ccr1 knock out mice are actually more resistant to L. major infection
(Rodriguez-Sosa et al., 2003). These data demonstrate the complexities of the dynamic
interactions of chemokines and chemokine receptors in the context of Leishmania infection
which are yet to be completely understood. Similarly, ccr5 knock out mice are more
resistant to L. major than their wild type littermates. In this case a role for regulatory T cells
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has been implicated since they preferentially express CCR5 and migrate efficiently to
infection sites to dampen the functions of effector T cells (Yurchenko et al., 2006).
Accumulation of CCR5 positive natural regulatory T cells has also been observed in the skin
of patients with cutaneous leishmaniasis caused by L. braziliensis (Campanelli et al., 2006).
Indeed, CCR5 presents a critical balancing role which results in the persistence of
Leishmania in the infected dermis.

The chemokines CXCL9 (Monokine Induced by IFN-γ, MIG) and CXCL10 (IFN-γ
Inducible Protein 10, IP-10) are critical in both innate and adaptive immune responses to
Leishmania infection. These chemokines have an affinity for cells expressing the receptor
CXCR3 including activated and memory CD4+ and CD8+ T cells, NK cells, macrophages,
and subsets of dendritic cells (Liu et al., 2005). Since Th1 cell mediated immunity is critical
against cutaneous leishmaniasis, these chemokines play a decisive role and has been well
documented. CXCL10 can increase the cytotoxic activity of NK cells which might
contribute to L. major resistance (Vester et al., 1999). It has also been shown to be
preferentially induced in dendritic cells of L. major resistant but not susceptible mice
(Steigerwald and Moll, 2005). Treatment of L. major infected susceptible BALB/c mice
with recombinant CXCL10 results in increased NK cell cytotoxic activity (Muller et al.,
2001). Similar treatment of susceptible mice significantly reduces parasite burdens in
Leishmania amazonensis infection (Vasquez and Soong, 2006). Further studies show that
CXCL10 can induce production of interleukin-12 p40 in dendritic cells and can increase the
ability of CD4+ T cells to respond to IL-12 through up-regulation of IL-12Rβ2 chain. These
CD4+ T cells are then able to produce large amounts of IFN-γ, generating a Th1 immune
state critical for the control of L. amazonensis infection (Vasquez et al., 2008). As shown by
this data, the cytokine-chemokine interplay provides a well coordinated immune response to
Leishmania infection. Indeed, a previous study showed that expression of CXCL10, XCL1
and CCL2, expressed preferentially in the draining lymph nodes of L. major infected
resistant mice, is dependent on IL-12 and IFN-γ (Zaph and Scott, 2003).

A number of studies have focused on the receptor CXCR3. Ligands for this receptor are
CXCL9, CXCL10 and CXCL11 (Rot and von Andrian, 2004). When genetically resistant
mice having the CXCR3 gene knocked out are infected with L. major, they are able to
generate an effective Th1 immune response in the draining lymph nodes but are unable to
control parasite growth in the lesion site. Defective CD4+ and CD8+ T cell migration to the
site of infection accounts for this observed phenotype (Rosas et al., 2005). More recent
studies have shown that BALB/c mice, which are genetically susceptible to L. major, are
defective in their ability to induce CXCR3 on their T cells despite their ability to produce
comparable amounts of IFN-γ as resistant C57BL/6 mice. It has been suggested that this
deficiency might contribute to susceptibility of these mice (Barbi et al., 2008). The
importance of CXCR3 in mediating resistance to L. major as shown by these studies
highlights the role of its ligands in the regulation of immunity to Leishmania infection and
presents a potential target for therapeutic intervention.

A summary of the major chemokine mediated events occurring during cutaneous
leishmaniasis infection is depicted in figure 1.

Chemokines in the Regulation of Immunity against Visceral Leishmaniasis
(VL)

The immunology and pathology of visceral leishmaniasis is a complex one. Immunity to
experimental infection with L. donovani has been shown to be organ specific: the parasite
persists in the spleen resulting in splenomegaly while there is control of parasite growth in
the liver accompanied by formation of granulomas (Malla and Mahajan, 2006; Stanley and
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Engwerda, 2007). A number of genetic and cellular factors have been implicated in
mediating resistance and susceptibility in humans and animal models. In the liver,
monocytes, neutrophils, NKT cells, CD4+ and CD8+ cells all play an important role in
granuloma formation and subsequent control of infection. Liver immunity is also dependent
on a number of Th1 cytokines including IL-12, IFN-γ and TNF (Squires et al., 1989;
Tumang et al., 1994; Murray, 1997). IL-4, a Th2 cytokine, has also been shown to be vital in
resolution of L. donovani infection in the liver (Stager et al., 2003). As successful immunity
depends on migration of appropriate cell populations to the infected sites, chemokines are
critical in visceral leishmaniasis. Indeed, pathogenesis in visceral leishmaniasis is often
associated with altered chemokine expression profiles and defective migration of immune
cells (Stanley and Engwerda, 2007).

Patients with visceral leishmaniasis show elevated concentrations of CXCL9 and CXCL10
in their serum during active infection and it has been suggested that these chemokines along
with IFN-γ play an important immunopathogenic role in the disease (Hailu et al., 2004).
Analyses of chemokine profiles of target organs in infected mice do reveal an important role
for CXCL10 in mediating parasite clearance and resolution of infection. In L. infantum
infected mice, sustained expression of CCL2 rather than CXCL10 is detectable in the spleen.
Compatible with such expression profile, Th2 cytokines dominate the splenic immune
response and macrophage populations are maintained but T cell numbers are significantly
reduced (Rousseau et al., 2001). Consequently parasite burdens persist and the spleen
remains susceptible to infection. On the other hand, the liver of L. donovani infected mice
show a rapid accumulation of MIP-1α, CCL2 and CXCL10, but only CXCL10
concentrations are elevated and maintained over a long period of the infection (Cotterell et
al., 1999). Monocytes are attracted to the liver by MIP-1α and CCL2 presumably produced
by infected Kupffer cells. More recently it has been shown that invariant NKT cells are
major players in regulating early CXCL10 gene expression in the liver (Svensson et al.,
2005). Eventually, CD4+ and CD8+ cells infiltrate the liver and are responsible for the
elevated and maintained concentrations of CXCL10. Infiltrating monocytes and T cells
contribute to hepatic granuloma formation and subsequent resolution of infection (Cotterell
et al., 1999). Studies carried out with the CXCL10 receptor, CXCR3, demonstrate that there
is a delayed development of hepatic granuloma formation in the cxcr3 knock out mice, but
both groups (wild type and knock outs) eventually contain comparable numbers of
granulomas and parasite loads and are able to resolve infection in the liver (Barbi et al.,
2007). This would seem to indicate that other chemokines are also involved in T lymphocyte
trafficking to the liver and highlights the redundancy that exists in chemokine function. This
contrasts with the non redundant role played by this receptor in cutaneous infection with L.
major as demonstrated in experiments with cxcr3 knock out mice (Rosas et al., 2005).

Extensive study of the spleen during the course of visceral leishmaniasis has implicated a
role for the receptor CCR7 and its ligands CCL19 and CCL21 in mediating pathogenesis of
the disease. During L. donovani infection, the splenic marginal zone which regulates
leukocyte homing to the peri-arteriolar lymphoid sheaths (PALS, a site for parasite
clearance) undergoes extensive remodeling with a selective loss of marginal zone
macrophages via TNF-α mediated mechanisms (Engwerda et al., 2002). The parasites cause
a reduction in the number of stromal cells in the PALS which produce the chemokines
CCL19 and CCL21. More importantly, L. donovani causes TNF-α dependent IL-10
mediated inhibition of CCR7 expression on dendritic cells. This results in severely impaired
dendritic cell migration to the PALS for antigen presentation to T cells, resulting in severe
immunosuppression (Ato et al., 2002). Moreover, adoptive transfer of CCR7 expressing
dendritic cells to L. donovani infected mice provides effective immunotherapy with a
significant reduction of parasite burdens in the spleen (Ato et al., 2002). Interestingly, plt/plt
mutant mice lacking both functional CCL19 and CCL21 genes are more susceptible to L.
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donovani infection than normal mice (Ato et al., 2004; Engwerda et al., 2004). Dendritic cell
activation in these animals is defective and subsequent migration from the marginal zone to
the PALS is lacking. In the liver, granuloma formation is delayed and effector CD4+ and
CD8+ T cell recruitment limited. Taken together, these data indicate that chemokine-
dependent encounters between dendritic cells and T cells are critical for optimal protection
against L. donovani infection (Ato et al., 2006).

In vitro studies have shown that L. donovani infection results in the upregulation of the
chemokines MIP-1α, MIP-1β and CCL5 along with the chemokine receptor CCR5 in
human macrophages in a time dependent manner (Dasgupta et al., 2003; Bhattacharyya et
al., 2008). This selective induction of chemokines is significant as L. donovani has been
known to cause general suppression of macrophage gene expression in macrophages and
this might seem to indicate the parasites ability to induce genes that will favor parasite
survival and growth within the host cell (Buates and Matlashewski, 2001). In other studies
evaluating the role of CCR5 and its ligand MIP-1α during L. donovani infection, ccr5 knock
out mice and mip-1α knock out mice had increased levels of antigen specific IFN-γ
production accompanied by lower parasite burdens in their spleens and livers after 8 weeks
following infection compared to wild type and ccr2 knock out mice (Sato et al., 1999).
These data suggests a deleterious role played by CCR5 and MIP-1α in mediating
susceptibility to L. donovani infection. More recently, some researchers have successfully
used small interfering RNAs (siRNA) to target and shut down the expression of the CCR5
gene (Bhattacharyya et al., 2008). Interestingly, in vitro administration of CCR5 siRNA not
only enhanced the proinflammatory response of macrophages but also significantly
restricted parasite burden early on during infection. This was accompanied by an increased
level of Th1 cytokines and nitric oxide, both of which favor parasite clearance and are
selectively inhibited in L. donovani infections (Bhattacharyya et al., 2002; Awasthi et al.,
2004).

Antileishmanial activity mediated by chemokines has been demonstrated in both in vitro and
in vivo infections with L. donovani. In macrophages primed with the CC chemokines
MIP-1α and CCL2, multiplication of L. donovani amastigotes is inhibited through the
induction of the respiratory burst and nitric oxide (Mannheimer et al., 1996; Bhattacharyya
et al., 2002; Dey et al., 2005). This is also observed in L. infantum infected human
macrophages via the same mechanism (Brandonisio et al., 2002). Furthermore, in vivo
treatment of L. donovani infected BALB/c mice with MIP-1α or CCL2 significantly
suppressed parasite burdens in the liver and spleen (Dey et al., 2005). Interestingly, these
chemokines have been shown to induce Th1 immune responses through upregulation of
IL-12 and suppress Th2 responses through inhibition of IL-10 in the liver and spleen of
BALB/c mice infected with L. donovani. Moreover, the antigen presenting ability of
infected macrophages, which is usually suppressed, is restored upon administration of these
chemokines (Dey et al., 2007). These data clearly demonstrate the immuno-therapeutic
potential of these chemokines in visceral leishmaniasis.

It should be noted that while MIP-1α has been shown to be beneficial in generating an
antileishmanial microenvironment that favors parasite clearance, and therapeutic
administration in vivo reduces parasite burdens (Bhattacharyya et al., 2002; Brandonisio et
al., 2002; Dey et al., 2005), conflicting results have been observed using mip-1α knock out
mice where they appear more resistant than wild type mice (Sato et al., 1999). The strains of
mice used in these experiments might partly account for this discrepancy. BALB/c mice
which are generally more susceptible were used for the treatment studies while a more
resistant outbred strain (B6 × 129) was used for the knock out experiments. It is of interest
that mip-1α knock out mice showed comparable parasite burdens in the spleens and livers
early on in the course of infection, and antigen specific IFN-γ and IL-2 cytokine production
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was significantly lower 4 days post infection than wild type mice (Sato et al., 1999). Taken
together, it would seem that MIP-1α is important in early containment of parasite burdens
and the generation of an antileishmanial cytokine environment, but may be deleterious in the
latter stages of chronic L. donovani infection. Further studies will be required to establish
this dynamic relationship.

The major chemokine mediated events occurring in the spleen and liver during visceral
leishmaniasis is shown in figure 2.

Conclusion
The complex immunological responses mounted against the various forms of Leishmania
infection includes a role for chemokines and chemokine receptors in the process (Table 1).
The contributions of individual chemokines to the overall immune response are yet to be
completely understood. Yet, it is quite evident that the biological effects of chemokine-
chemokine receptor interactions extend beyond cell migration and trafficking to tissues and
secondary lymphoid organs. What has been discovered thus far demonstrates the potential of
harnessing this arm of the hosts' defenses in successful prophylactic and therapeutic
strategies against cutaneous and visceral leishmaniasis.

Therapeutic approaches currently studied including the use of recombinant chemokines and
siRNA for the treatment of the various forms of leishmaniasis seems to be promising fields
of research. Of course, the redundancy and pleiotropy observed in the action of chemokines
demonstrates the need for more extensive research in these areas.
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Figure 1.
Major chemokine mediated events occurring in the skin and lymph node during early and
late stages of cutaneous infection with Leishmania spp. PMNs are first recruited to the skin
by CXCL8, MIP-2 and KC. Macrophages, monocytes and NK cells are subsequently
recruited to the infection site via chemokines including CCL2. Up-regulation of CCR2
facilitates migration of antigen presenting cells to the Lymph node and priming of naïve T
cells. Th1 cells express CXCR3 and eventually migrate to the infection site through the
action of chemokines including CXCL9 and CXCL10.
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Figure 2.
Major chemokine mediated events occurring in the spleen and liver during visceral
leishmaniasis. Production of CCL2 and CXCL10 followed by accumulation of macrophages
and Th1 cells in the infected liver results in formation of granulomas and eventual resolution
of infection. In contrast, impaired chemokine driven cellular encounters between DCs and T
cells due to down-regulation of CCL19, CCL21 and CCR7, coupled with a lack of persistent
production of CXCL10 results in parasite persistence in the spleen.
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Table 1
Major Chemokines and Chemokine Receptors and their Biological Effects in
Leishmaniasis

Chemokine Parasite Biological Effect

CCL2 L. mexicana Attract macrophages to CL* lesions Ritter and Korner, 2002

CXCL9,10 L. mexicana Attract CD4+ cells (Th1) to CL* lesions Ritter and Korner, 2002

CCL3 L. mexicana Attract macrophages and few CD4+ cells (Th2) to DCL* lesions Ritter and Korner, 2002

CCL7 L. major Attract Th2 cells to lesion site Katzman and Fowell, 2008

CXCL8 L. major Attract neutrophils to lesion Badolato et al., 1996; Venuprasad et al., 2002

CCL2 L. major Attract T cells, NK cells, induce antileishmanial activity in Macs Romao et al., 2009

CCR2 L. major Migration of DCs to lymph node and T cell areas of spleen Sato et al., 2000

CCL5 L. major Contributes to resistance to parasite Santiago et al., 2004

CCR5 L. major Treg migration to dermal sites and parasite persistence Yurchenko et al, 2006

CCL4 L. major Attract macrophages to lesion site van Zandbergen et al., 2004

CXCL9, 10 L. amazonensis Attract CD8+, CD4+ T cells, macrophages and dendritic cells Vasquez et al., 2008

CXCL10 L. major Attracts Th1 cells and activates them to release IFN-γ Zaph and Scott, 2003

CXCR3 L. major Th1 migration to skin lesions Rosas et al., 2005

CCL2 L. infantum Induction of Th2 cells and parasite persistence in the spleen Rousseau et al., 2001

MIP1α L. donovani Attract monocytes to liver Cotterell et al., 1999

CXCL10 L. donovani Attract CD4+ and CD8+ cells and prolonged expression contributes to granuloma formation and parasite
elimination in liver Cotterell et al., 1999

CCL19, 21 L. donovani Downregulation inhibits dendritic cell migration to PALS Engwerda et al., 2002

CCR7 L. donovani Downregulation in DCs impairs migration to T cell areas of spleen Ato et al., 2002

CCR5 L. donovani Enhances susceptibility to infection Sato et al., 1999; Bhattacharyya et al., 2008

*
Infection in humans
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