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Abstract Most parasitic skin infections are averted by
very eYcient strategies of preventing pathogen invasion.
Innate immune cells such as mast cells, macrophages and
dendritic cells are responsible for detecting parasites and
for recruiting proinXammatory cells that help to contain and
control the pathogen at sites of infection. This induces
eYcient adaptive immunity, which is crucially important
for parasite control. Using the example of cutaneous leish-
maniasis, we highlight how the skin utilizes diVerent strate-
gies to prevent skin infection and how containment of the
infection to the skin site may reduce the harm that other-
wise may result for the entire organism.
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Introduction

One of the most important functions of the skin is to provide
protection from infectious pathogens including intracellular
parasites. Here, we summarize our present understanding of

what happens when parasites invade the skin, with a special
focus on skin pathways of detecting and Wghting parasites,
using leishmaniasis as a model disease.

Leishmaniasis is a group of diseases caused by proto-
zoan parasites of the genus Leishmania. The disease is
transmitted to the vertebrate host by the female phleboto-
mine sandXy. Leishmaniasis is endemic in 88 countries of
southern Europe, Central and South America, Africa, the
Middle East and the Indian subcontinent [1]. More than 350
million men, women and children are at risk of leishmania-
sis worldwide [1]. In addition to being a disabling and
socioeconomically interesting and important disease in
itself, leishmaniasis has emerged as a model condition of
parasitic skin infections and studies in leishmaniasis have
greatly improved our understanding of skin parasite inter-
actions.

The reasons for this development are manifold: The life
cycle of the parasite, the clinical patterns of disease, and the
pathogenesis of leishmaniasis are well characterized, owed,
in part, to numerous studies using excellent animal models.
For example, in the mammalian host, Leishmania organisms
occur as intracellular parasites known as amastigotes, which
multiply within phagocytic cells such as macrophages
(M�), dendritic cells (DC) and neutrophils (Fig. 1) [2–4].
Another feature common to diseases caused by intracellular
parasite infection of the skin is that they share characteristic
histological features which have been thoroughly studied in
leishmaniasis, e.g. the early accumulation (or hyperpla-
sia) of mononuclear phagocytic cells in the invaded tissues.
Dermotropic species induce an initial histiocytoma in the
skin, while the viscerotropic species induce hyperplasia of
reticulo-endothelial cells of the organ involved.

In general, cutaneous leishmaniasis (CL) produces skin
ulcers mainly on the exposed parts of the body such as the
face, arms and legs (Fig. 2) [5]. The lesions appear at the
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site of the sand Xy bite. In the case of strict CL, it is thought
that the number of lesions is equally proportional to that
of the sand Xy bites. However, some Leishmania species
mainly in the New World can cause a more disseminated
disease in the host producing very large numbers of lesions,
i.e. up to 425 in a single individual [6]. In general, the path-
ological changes characterizing the various clinical forms
of leishmaniasis reXect the balance between parasite multi-
plication, the immune response of the patient and the result-
ing degenerative changes.

How does our skin detect parasite invasion 
and infection?

Our skin protects us from infectious parasite pathogens
by two complex and complementary powerful strategies,

namely by preventing parasite invasion (barrier function)
and by raising host defence responses following infection
(immune function). As skin infections from most intracel-
lular pathogens including Leishmania result from breaches
of cutaneous integrity, e.g. arthropod bites, cutaneous
immune functions are crucial for parasite containment and
control.

In contrast to bacterial infections, skin parasite infec-
tions are mainly controlled by adaptive as opposed to innate
immune mechanisms, and protective host defence
responses are generally driven by T cells rather than anti-
body formation [7]. CD4+ T cells constitute the most
important eVector cell population in infections with Leish-
mania and—depending on the prevailing subpopulation of
these cells—the host is either susceptible or resistant to
infection [7]. It has been demonstrated both in humans and
mice that CD4+ T cells can be divided into at least two

Fig. 1 Life cyle of Leishmania 
parasites. Leishmania parasites 
are inoculated into the skin as 
Xagellated promastigote life 
forms by the sand Xy vector. 
Upon encounter of skin-resident 
macrophages (M�) and phago-
cytosis, parasites transform into 
obligate intracellular amastig-
otes. Amastigotes released into 
the tissue from lysed M� are 
subsequently internalized by 
other phagocytic cells, e.g. neu-
trophils (PMN), dendritic cells 
(DC), or mast cells (MC). This 
leads to an inXammatory cas-
cade resulting in T cell recruit-
ment and granuloma formation. 
The life cycle is completed upon 
infection of a new sand Xy 
during its blood meal from an 
infected mammalian host
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polarized T helper (Th) cell subsets, Th1 and Th2 [8] based
on their cytokine secretion. In the case of Leishmania infec-
tions, evidence has been provided demonstrating that in a
cytokine milieu dominated by interferon-� (IFN-�) mainly
produced by Th1 cells, the host mounts resistance to infec-
tion and overcomes it [9, 10]. In contrast, if interleukin
(IL)-4, IL-10 and other Th2 cytokines prevail in the cyto-
kine environment, the host is susceptible and unable to con-
trol the infection [10, 11]. Therefore, destruction of CD4+ T
cells by HIV and other immune deregulations inXuences
the outcome of other infections of the host relying on CD4
cells including leishmaniasis.

This is not to say that the skin innate immune system is
not involved in host defence to cutaneous parasites. But
rather than eliciting important eVector responses against
parasites (e.g. via release of antimicrobial peptides), the
main functions of the skin innate immune system are to
detect invading parasites, to recruit inXammatory cells to
sites of invasion, and to facilitate and promote the induction
of adaptive immunity (Table 1).

In order to detect invading pathogens including para-
sites, the skin innate system has developed a large number
and variety of “sensor systems” such as toll-like receptors
(TLR), complement receptors (CR) and others [12]. In
humans, ten TLR have been identiWed [13], more are still to
be described. In the skin, a few studies have shown that
keratinocytes express TLR1 and TLR4, whereas DC
expressed TLR1, 2, 4 and 6 [14, 15]. The common down-
stream pathways of TLR lead to the induction of various
genes involved in host defence, including inXammatory
cytokines, chemokines, MHC and co-stimulatory mole-
cules. In mammals, TLR activation induces multiple eVec-
tor molecules such as nitric oxide and other anti-microbial
products that can directly destroy the pathogens [16]. In L.
major infections, mice deWcient in MyD88 signaling (the
common downstream adaptor protein responsible for TLR
and IL-1 signalling) are—despite of a resistant back-
ground—highly susceptible to infection [17]. Since IL-1
receptor type I-deWcient mice show signiWcantly worsened
disease outcome, but ultimately heal their infection [18],
the majority of the MyD88¡/¡ phenotype is due to defects
in TLR signaling. However, the exact mechanism of action
for this eVect in L. major infections is not known to date.

Whereas TLRs bind parasites directly, the complement
receptor system is directed against mediators generated by
the host early on after parasite contact. The complement
system is a complex set of serum proteins forming a con-
trolled sequence for the production of activated molecules.
The activation of the complement system occurs via the
classical or the alternative pathway [19, 20]. The role of the
activated molecules is to increase inXammatory reactions
mediated by antibodies. In addition, generation of the mem-
brane attack complex C5b–C9 leads to the lysis of
“unwanted” cells.

Nine complement factors using the classical pathway
have been described in humans. Although the liver is the
primary source of plasma complement factors, local pro-
duction in certain organs such as the skin has been demon-
strated. In the skin, for example, M� produce C2, C3 and
C5 [21]. Factors using the alternative pathway include pro-
perdin, factor B and factor D, all synthesized by M� [21].
Human keratinocytes synthesize C3 and factor B [22].
These two molecules are also expressed by skin Wbroblasts
[23]. In some disease conditions, keratinocytes express C5a
receptor [24]. C3a and C5a complement receptors are also
present on human skin mast cells [25, 26]. Reports of skin
homing T lymphocytes expressing C3a receptor are also
available [27].

In Leishmania infections, after transmission of metacy-
clic promastigotes into the dermis, the parasites interact
with serum and activate complement in both the classical
and the alternative pathways [28]. Opsonization of Leish-
mania promastigotes with complement is very rapid and,

Fig. 2 Clinical presentation of cutaneous leishmaniasis. Typical skin
ulcers on exposed areas. a Volcano-sign type lesion with secondary
bacterial infection, b Cutaneous lesion with satellite nodules (arrow)
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interestingly, lysis via the membrane attack complex (C5b–
C9 complex) begins 60 s after serum contact [28]. This
results in eYcient killing of »90% of all inoculated para-
sites within a few minutes. Considering that only very few
parasites are inoculated during natural transmission by the
sand Xy (an estimated 10–100 parasites) and that 90% of
the inoculated parasites are immediately killed by comple-
ment, the chances for parasite survival and establishment of
an infection appear to be only slight. The ‘success’ rate of
infection is not known, most inoculations of Leishmania
parasites may be aborted early on due to complement
killing.

How does our skin raise protective immunity against 
parasites?

Following the detection of parasite invasion, the skin innate
immune system triggers two important and complementary
response pathways: (1) recruitment of proinXammtory cells
and (2) promotion and induction of adaptive immunity
(Table 1; Fig. 3).

InWltrating cells such as neutrophils, M� and DC at sites
of infection are needed to contain the parasite and to control
its dissemination. At the same time, these cells promote the
priming of T cell responses and protective immunity, which
is required to eVectively resolve parasite infections. For
example, antigen presenting cells (APC) in the skin such as
epidermal Langerhans cells or invading DC engage patho-
gens that succeed in penetrating the epidermis and in evad-
ing immune detection. They then travel along lymphatics to
the nearest lymph node, so that lymph node myeloid DC
take up this antigen and induce eYcient T cell priming

within a few hours [29, 30]. Upon migration to the draining
lymph nodes, DC express co-stimulatory and adhesion mol-
ecules needed for the activation of T cells. Leishmania-
infected DC upregulate MHC class I and II and migrate out
of the skin transporting the infectious organism to lymph
nodes [31]. In general, accumulation of protein antigen-
bearing DCs in lymph nodes was found to peak »24 h post
inoculation [29, 30].

Exactly which DC subtype (LC, dermal DC, monocyte-
derived inXammatory DC or others) is responsible for
induction of adaptive immunity against Leishmania infec-
tion, is a matter of active research [32]. Mouse DC are clas-
siWed as either plasmacytoid DC (pDC) or conventional DC
(cDC) [33] and cDC are further subdivided into lymphoid
tissue-resident DC present in thymus, spleen and lymph
nodes, and into migratory DC that act as sentinels in the
periphery (epidermal Langerhans cells and dermal DC).
DC, which are not found under steady state conditions, but
develop after inXammation or infection include the mono-
cyte-derived DC (mo-DC) [34]. To answer the question
which cells harbour and transport parasites to the draining
lymph nodes, a systematic analysis of the parasite load in
diVerent DC subpopulations isolated from draining lymph
nodes of infected mice was performed [35]. In L. major
infections, although parasites were already detectable in the
lymph nodes a few hours after infection with 103 metacylic
promastigotes (low dose experimental infection model),
none of the DC subtypes found in draining lymph nodes
harboured parasites until week 3, indicating that at this
point of time the main infected cell type may be M� (see
below). Interestingly, T cell priming did not occur before
4–5 weeks post infection using this physiologically relevant
low dose model [36]. Beginning in week 3, equivalent

Table 1 Functional properties of the skin immune system to Wght infection with Leishmania and how parasites evolved to evade these mechanisms

TLR toll-like receptors, PMN neutrophils, M� macrophage, DC dendritic cell

Function Detection of infection Raise protective immunity Resolve infection Regulate immunity

Skin immune 
system

Via
TLR
Complement

→ Recruitment of 
inflammatory cells
(PMN, MΦ, DC)

Parasite internatization via 
Fcγ R/IgG complexes
→ DC infection, activation,
→ migration to draining LN
→ antigen presentation

Antigen presentation by MΦ
after IFNγ activation at late 
stages of infection

B cell activation

Recruit T cells to skin by 
inducing skin-homing 
chemokine receptors

Cytokines from APC direct 
induction of different T cell 
subsets

Beneficial:
Th1/Tc1 beneficial
Detrimental:
Th2/Treg/Th17 

Evasion by 
parasite

Utilize complement to 
be phagocytosed by 
MΦ
→Evade complement -
mediated lysis

Inhibition of cell signalling in 
infected MΦ (‘silent infection’)

Prevent immediate T cell 
priming and recruitment by 
restricting phagocytosis of 
DC to amastigote life form

Activation of ‘pre-primed’ 
LACK-reactive Vβ4Vα8 
TCR+ CD4 cells
→ Induce IL-4 and promote 
Th2 development
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amounts of parasites were found in skin-derived LC and
dDC, while less were seen in CD8+ DEC205+ and even
fewer in pDC [35].

Resident dermal M� as well as inXammatory M�
recruited into infected skin are also capable of antigen pre-
sentation. InXammatory signals such as MC-derived TNF
[37, 38] and chemokines [39] eYciently induce immigra-
tion of large numbers of M� into aVected skin. Both APC
types, DC and M�, can present the antigen to primed T
cells. However, after infection with Leishmania parasites,
M� express only low levels of MHC and costimulatory
molecules before activation, they do not actively migrate to
draining lymph nodes and are not capable of T cell priming
against L. major [40, 41]. Later on, in established infec-
tions, M� develop into more potent APC by exposure to
mediators such as IFN-� and GM-CSF [42]. In addition,
phagocytosis of L. major amastigotes at later stages post
infection via diVerent receptors leads to M� activation
[11]. Thus, M� may contribute to adaptive eVector func-
tions later on in established infections.

In leishmaniasis, APC activation is dependent on the
internalization of the parasite as part of phagocytotic pro-
cesses. Phagocytosis by M�, the Wrst cell type to become
infected after inoculation of the parasite into skin, is
primarily mediated via complement receptor 3. Parasite
uptake by DC is less eYcient than in M�, is much slower
and is restricted to phagocytosis of only the amastigote life
form [43]. Further studies have identiWed the Fc� receptors

Fc�RI and Fc�RIII to be primarily responsible for Leish-
mania internalization by DC [43]. Thus, Leishmania-medi-
ated activation of DC is dependent on the presence of
parasite-speciWc, B cell-derived IgG. Whether CR3 or other
complement receptors also play a role in parasite uptake by
DC is not clear yet.

How does the skin immune system resolve parasite 
infection?

After antigen-speciWc priming in the lymph node, T cells
recruited to the skin exert adaptive, delayed-type immunity,
which is critical for the control of infections. Peripheral
blood eVector memory CD4+ T cells (Tem) rapidly produce
cytokines upon TCR stimulation, are preferentially targeted
to sites of inXammation [44] and promote immunity to
cutaneous antigens [45].

Some insight has been gained into the factors that con-
tribute to the tissue-selective generation and homing of
T cells. Tem preferentially localize to cutaneous sites by
expressing certain homing receptors (cutaneous lympho-
cyte-associated antigen, CLA), P- and E selectin ligand,
and CCR8, but not �4�7 [46–48]. Interestingly, intracuta-
neous injection of DC induced skin-homing CD8+ Tem
with upregulated E-selectin ligand expression [49]. In
contrast, intraperitoneal injection of antigen-bearing DCs
induced T cells expressing the gut-homing integrin �4�7.

Fig. 3 Immune mechanisms triggered by L. major infection. After
inculation of L. major metacyclic promastigotes, the majority of para-
sites is lysed by the membrane attack complex of the complement
system. The remaining parasites are phagocytosed by macrophages
(M�) via complement receptor 3, within those the parasites transform
into amastigotes. Free amastigotes are taken up by dendritic cells (DC)
and/or neutrophils (PMN). Infection of DC induces T and B cell prim-

ing. B cell-priming promotes production of Leishmania-speciWc anti-
bodies contributing to enhanced phagocytosis of the parasite by DC.
CD4+ and CD8+ T cell priming and education towards Th1/Tc1 immu-
nity by IL-12 mediates protection, since IFN� release from these cells
activates M� to eliminate the parasites. In contrast, Th2 and Th17 cells
promote parasite persistence
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Other studies have demonstrated that the chemokine
receptors CCR4 and CCR10 also play important roles for
the recruitment of T cells to the skin [44, 50]. The high
expression of CCR4 on skin-homing (but not gut-homing)
T cells and the presence of TARC on skin (but not intesti-
nal) epithelium was critical for cutaneous versus intestinal
T cell homing via TARC-CCR4 interaction [45]. Another
chemokine involved in T cell recruitment to the skin is
CTACK produced by activated KC [51]. TARC may
induce adhesion of passing cutaneous T cells and CTACK
subsequently attracts the adherent cells into the tissue.
Additional neutrophil-derived factors inWltrating inXamed
skin also control the number of antigen-primed CD8 T cells
[52].

Thus, during an immune response to L. major and other
parasites the local microenvironment within the skin
recruits Tem to the inXamed skin and only antigen-presen-
tation via the skin route leads to the eYcient generation of
skin-homing CD4+ and CD8+ T cells.

How are cutaneous immune responses to parasites 
regulated?

Mature DC cannot only trigger T cells, but also shape adap-
tive immunity by regulating T helper (Th) development. To
date, most attention has been focused on the role that DC
play in the development of Th1 cells. Th1 cells develop
from Th0 precursor cells in an IL-12 dependent fashion and
are characterized by IFN� production and promotion of cel-
lular immune responses. DC are the primary source of IL-
12 in lymphoid tissues [53, 54]. Under certain conditions,
DCs are also capable of inducing Th2 development charac-
terized by the production of IL-4, IL-5, IL-10 and IL-13,
and high levels of IgG1 and IgE. Whether DC induce Th1-
or Th2-dependent immunity depends on (1) genetically
determined diVerences, and (2) the milieu that is present in
the periphery when DC encounter antigen [40, 41]. In
human cutaneous infections with L. major skin DC prefer-
entially induce Th1/Tc1 immunity.

Th1/Tc1 cells are characterized by the production of
large amounts of IFN�. Th2 cells, in contrast, appear to
down modulate cellular immunity in the skin by releasing
IL-4. In CL, IFN�-mediated activation of parasite-harbour-
ing M� in resistant mouse strains (e.g. C57BL/6 mice)
leads to the induction of NO intermediates and to parasite
killing [7]. In contrast, BALB/c mice develop Th2-domi-
nant skin immunity, which is associated with uncontrolled
parasite replication. These mice ultimately succumb to
infection after a few weeks due to parasite spreading to vis-
ceral organs. Studies of patients with leprosy validated the
Th1/Th2 paradigm in skin infections in humans and con-
Wrmed the observations made in murine experimental CL

[55]. Patients with limited ‘tuberculoid’ disease exhibit
Th1-dominated cytokine patterns, whereas patients with
exuberant ‘lepromatous’ M. leprae-rich lesions feature
CD8-positive T cell containing inWltrates associated with
the production of Th2 cytokines.

Recently, a Th subset releasing IL-17 and IL-22 has
been described (so-called Th17 cells). In general, IL-17 is
responsible for eYcient recruitment of neutrophils to sites
of inXammation [56–58]. Thus, Th17 cells play an impor-
tant role in Wghting infections with extracellular bacteria. In
addition, in autoimmune diseases and cancer, IL-17 medi-
ated recruitment of neutrophils is the key event in inducing
pathology [56–58]. In CL, IL-17 is predominantly released
by CD4+ T cells and also—in the case of susceptible
BALB/c mice only—by neutrophils themselves [59]. In
susceptible mice, excessive neutrophil IL-17 production is
responsible for persisting neutrophil inWltration at sites
of infection, which has been shown to be detrimental for
disease outcome [60, 61].

Natural CD4+/CD25+ regulatory T cells (Treg) were
recently described for their capacity to control excessive or
misdirected immune responses. There is growing evidence
that Treg play a fundamental role in various infectious skin
diseases including infections with L. major [62]. Treg
appear to control L. major infections by modulating the
eVector immune response via IL-10, TGF-� and immuno-
suppression. In genetically resistant mouse strains, they
control protective Th1 responses allowing for parasite sur-
vival and maintenance of memory responses [62]. Addi-
tionally, the skin of patients with atopic dermatitis (heavily
colonized with Staph. aureus) contains increased numbers
of Treg with immunosuppressive activity which may con-
tribute to the inability of atopic skin to control infection
[63].

IL-10 is a key cytokine produced by various eVector skin
cells, e.g. Treg, Th2 cells, MC, and keratinocytes. IL-10 is
an immunomodulatory cytokine: IL-10 can inXuence Th1/
Th2 diVerentiation by inducing Th2-dominated immunity
[7], antigen-presenting cell functions [64], and antigen-pre-
senting cell-mediated T cell activation [64]. Interestingly,
treatment with anti-IL-10 in chronic L. major infections
resulted in complete resolution of the lesions and was asso-
ciated with sterile cure [65]. However, IL-10¡/¡ mice were
unable to mount a protective memory Th1 response, sug-
gesting that full elimination of antigen from the organism is
counterproductive for the maintenance and survival of
eVector memory T cells. Thus, IL-10 and its dual functions
are important for the control of skin immunity.

As indicated above, DC are critical for the elicitation of T
cell responses in L. major infections (Table 1). Genetically
determined diVerences in the release of certain cytokines
from skin-derived infected DC contribute to disease out-
come. Impaired release of Th1-inducing IL-1�/� and
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increased release of inhibitory IL-12p40 homodimer and IL-
23 from BALB/c DC is—in part—responsible for disease
susceptibility of this inbred mouse strain [59, 66, 67].
Finally, the DC subtype inducing Treg induction is unknown
so far. Recent data suggest that in contact hypersensitivity,
epidermal antigen-loaded Langerhans cells promote the gen-
eration of Treg instead of Th1/Th2 immunity [68].

How do skin parasites attempt to evade cutaneous host 
defence

Interestingly, Leishmania parasites are capable of utilizing
diVerent components of the above mentioned host defence
mechanisms to prevent their elimination from the host
before an infection is established (Table 1).

First, complement activation results in binding of C3bi
(among other complement factors) to the surface of the par-
asite, a process called ‘opsonization’. Leishmania parasites
smartly use this opsonization to escape from the hostile
environment by promoting phagocytosis via complement
receptors (CR). First, C3bi-coated parasites bind to CR1 on
erythrocytes (immune adherence) [28]. Most likely, this
allows for a limited distribution of the parasites in the tissue
and further. Upon encountering M�, parasites bind to CR3
on their surface which facilitates the uptake of the parasites
by their major host cell. Within these phagocytes, Leish-
mania then transform into the obligate intracellular life
form, the amastigote due to some selection factors (e.g.
temperature rise, pH diVerence). Amastigotes are well
adapted to the environment within the phagolysosomal
compartment of phagocytes, and they can actively replicate
there until the infected cell (e.g. M�) is Wnally lysed and
releases the parasite into the tissue for other cells to become
infected.

In addition, CR3-mediated parasite uptake by M� is not
associated with cell activation rendering the M� incapable
of responding even to other stimuli (e.g. LPS) after infec-
tion [7, 69–71]. This selective down-modulation of activa-
tion signals in M� may allow for an establishment of the
infection before adaptive immunity starts acting. Notably,
Leishmania parasites have evolved to resist and circumvent
full complement lysis by several mechanisms [72, 73]:
First, when compared with procyclic L. major promastig-
otes, metacyclic promastigotes are more resistant to com-
plement lysis. Intracellular amastigotes are the least
sensitive to lysis. This is mediated by a membrane alter-
ation during development that prevents the insertion of the
C5b–C9 complex into the parasites’ outer membrane [7,
28]. Second, Leishmania parasites are able to express pro-
tein kinases that phosphorylate C3, C5 and C9, which leads
to inhibition of complement. Finally, two major parasite
surface molecules, LPG and gp63 mediate binding of C3bi

to the parasite surface. However, elongated forms of the
proteins also contribute signiWcantly to complement resis-
tance as they impede complement-mediated lysis.

Leishmania infection of BALB/c leads to the induction
of antigen-speciWc Th2 cells from a pre-primed pool of
CD4+ T cells reactive against a speciWc Leishmania antigen
called ‘Leishmania homologue of receptors for activated C
kinase’ (LACK). This early IL4-mediated response is con-
Wned largely to an oligoclonal LACK-speciWc population of
CD4+ T cells with a V�4V�8 T-cell receptor (TCR) [74,
75]. In contrast, infected V�4-deWcient BALB/c mice
mount stronger Th1 responses than wild type BALB/c mice
and control their lesions, similar to BALB/c mice that are
tolerant to LACK as a result of the transgenic expression of
the protein [76]. It has been proposed that LACK-speciWc
V�4V�8 CD4+ T cells form a unique lineage in BALB/c
mice that is biased to produce IL-4, because their TCRs
have a relative low aYnity for peptide–MHC [77]. How-
ever, even though BALB/c mice have a relatively high fre-
quency of LACK-reactive cells biased to produce IL-4 after
early exposure to L. major, other so-called Leishmania-
resistant mouse strains (e.g. C57BL/6 mice) also display
some reactivity of CD4+ T cells associated with a some-
what smaller IL-4 peak as BALB/c mice. Thus, one may
speculate that expression of antigens such as LACK con-
tributes to disease susceptibility and promotes parasite
survival. Evolutionarily, triggering these IL-4-dependent
responses may have been an advantage for the survival of
the parasite.

In conclusion, as discussed above, the skin innate
immune system is an important determinant of immunity
against parasitic infection. In L. major infections, it contrib-
utes signiWcantly to the detection of an infection, the induc-
tion of adaptive immunity followed by the resolution of
disease and the regulation of these processes. However,
skin parasites have developed several distinct strategies to
evade the cutaneous host defence mechanisms to allow for
their phagocytosis, replication and Wnally for parasite sur-
vival. The balance between the skin innate and adaptive
immune system and the parasite evasion mechanisms is
critical for the decision if disease is observed and if (life-
long) immunity develops.
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