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Abstract 5

Abstract

Leishmaniasis is a worldwide disease prevalentanyrropical and sub tropical countries.
Treatment of Leishmaniasis by chemotherapy is nholly effective and is usually
accompanied by unpleasant side effects. The devaopof an effective and inexpensive
vaccine represents a practical way to control tisease, however at present no safe and
effective vaccine is available.

In the first part of the present study, the immymitduced by four different. mexicana
potential vaccines, including killed leishmania e¢ae, SolubleL. mexicana Antigen
(SLA), L. mexicana gp63 cDNA and CT26 tumour cells transfected withmexicana
gp63, were compared.

It was shown that DNA immunisation using mexicana gp63 generated the highest
immunity to the parasite among the four tested wasc where the killed leishmania
vaccine and.. mexicana gp63 transfected CT26 tumour cells did not geeesainificant
immunity.

The efficacy of DNA immunisation by intramusculaijection or using gene gun, in
generating immunity to leishmania was compared.eGgm immunisation induced more
immunity to the parasite and high levels of Thl inm@a response, which were detected,
one week after immunisation through determinatibthe 1gG2a levels in blood serum.
Gene gun immunisation also induced long-lasting Gidtivity, which was detectable
before and during the course of infection for uj tmonths.

Immunogenicity of MHC class | restricted peptidesided fromL. mexicana gp63 have
been investigated. Using “SYFPEITHI” software, fopeptides with high affinity to
human HLA-A2 and four peptides with high affinitp mouse H2-f were predicted,
synthesized and tested in HHD Il and BALB/c micespectively. Only three of the
peptides predicted with high affinity to HLA-A2 weermmunogenic but only two of them
were likely to be naturally processed, however,enarere protective in HHD Il mice
against leishmania infection.

Purification and application of OX40L, a ligand forcell co-stimulatory receptor, was
investigated inL. mexicana BALB/c model. In addition to purification by prate A
sepharose, the murine OX40L-IgG fusion protein poedl by B9B8E2 cells (cells
transfected with OX40L and IgG) was successfullyifird by two novel resins, MBI &
MEP. The biological activity of the OX40L-IgG puefl by MBI resin was significantly
higher than that of MEP or protein A sepharoseneshpplication of OX40L-IgG resulted
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in healing of leishmania lesions or delaying in @lepment of the lesions in leishmania-

infected mice.
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Chapter 1 Introduction

1.1 Pathogens

Robert Koch in late 19 century was first described micro-organisms as dhese of
infectious diseases [Sonnichsen, 1982]. Now it n@vin that the majority of micro-
organisms are harmless and many of them are evesfitial and used in food industries
and biotechnology. Only a small group of micro-arigens have properties to cause
disease in mammalians, "pathogens” [Somova & Pé&amu2005].

The term of pathogen is derived from a Greek wqathios"”, which means “birth of pain
or suffering”. A simple definition for pathogens gs/en as organisms that can dominate
the host’s defence mechanisms and induce delesedbanges in the host [Basset et al.,
2003] causing disease or illness to its host. Tquogens are classified into four main
categories; viruses, bacteria, fungi, and parasitdsuses are obligate intracellular
parasites, which can only replicate inside thenlivcells using the host cell’'s metabolic
machinery. Bacteria are single-cell micro organismme bacteria are obligate pathogens
that their lives are totally dependent on the mogtients. Other pathogenic bacteria might
have a free life in the environment; however, wkiggy arrive into the host’s body they
induce pathogenic effects in the host. Fungi arkaswtic organisms which may be
unicellular (yeast), multicellular or exist in bottorms. Most pathogenic fungi are
opportunistic pathogens. They can live freely ia #nvironment and their host but only
when the host's immune system is weakened theyowa&n grow and cause disease.
Parasites are including two main groups, protozaad,helmets.

Helmets are multicellular and usually macroscopibjch may have a size between 3
millimetres to 25 meters long. Many helmets careéhfhumans and animals causing
serious disease or provoke allergic reactions by fiersistent presence in host tissues.
Protozoan parasites are unicellular eukaryotic megas. Some of these parasites can live
freely in the environment as well as inside thethmst some are obligate parasitic
organisms, which need to live for a part or whaoleirt life cycle inside a mammalian host.
These parasites often have several life cycle stagg@ving sexual and asexual
reproduction in different stages. The completionsome protozoan parasites' life cycle

depends upon the insect or arthropod vectors nsitné them from one host to another.
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1.2 Immune system and Immunity to pathogens

Our body is constantly exposed to pathogens inetingronment and during infection.

Pathogens are often sophisticated to cause diseabeir hosts, however, majority of

micro-organisms that daily encountered are detesteddestroyed by the immune system
within minutes or hours [Valiante et al., 2003].eThmmune system, to defend against
pathogens, has developed two main strategies,dcafieate and adaptive immune

response.

1.2.1 Innate immune system

The innate immune system is the first line of immuwefence, which does not rely on
clonal expansion of antigen-specific effector ceied does not require prolonged
induction phase. Although the innate immune systlras not generate immunological
memory, it can efficiently be activated immediateffter a pathogenic invasion
encountering and removing majority of pathogens aactivating inflammatory
mechanisms prior to the establishment of the irdactTherefore, only few among all
pathogens, which enter the body, can cause did¥adante et al., 2003]. The innate
immune system has many inhibitory properties aggwashogens. The first line is the
epithelia that acts as a physical barrier and c@apghe skin and the epithelia surface of
the internal organs, which called mucosal epithH@&esset et al., 2003].

The cells engaged in the innate immune defenceudeclepithelial cells, mast cells,
phagocytic cells, such as macrophages and Polyrmooygtears, natural killer cells and
dendritic cells [Basset et al., 2003].

1.2.1.1Mononuclear and poly morphonuclear phagocytes

Macrophages, which are usually considered as teedells encountering the pathogens,
are differentiated from monocytes. Monocytes catellin the blood stream and when they
migrate into the tissues, they differentiate to rapbages. Most of pathogenic micro-
organisms are immediately encountered by mononugbagocytes or “macrophages”
that reside in tissues [Hume, 2006].

Polymorphonuclears including neutrophils are theosd major family of phagocytes.
They reinforce macrophages soon in the site ottide. Macrophages and neutrophils can
recognize pathogens by means of their cell surfaceptors. Ligation of these receptors
leads to phagocytosis. Phagocytosis is an actieeegs by which the phagocytes first

recognize the microoganism and engulf it in a memétbound vesicle called phagosome.
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In the next step the phagosome will be fused witle or more lysosomes creating a
phagolysosome where the pathogen is attacked lmsdysal enzymes. In addition to
lysosomal enzymes, macrophages and neutrophilgpedsiuce other toxic products, which
help degradation of the engulfed pathogen. The rnwiit product of macrophages and
neutrophils is nitric oxide (NO). Superoxide an{@’) and hydrogen peroxide £8,).

Other products are also involved including the bygt radical (OH), the hypochlorite
(OCI") and hypobromite (HBT) ions [Kobayashi et al., 2005; Mayer-Scholl et aD04;
Raines et al., 2006].

1.2.1.2Natural Killer Cells

Natural killer cells (NK cells) are normally accded as a part of innate immune system.
They develop from the CD34(+) haematopoietic pragermells and then migrate into the
blood stream [Freud et al., 2006]. NK cells areewftarger than lymphocytes and are
characterized by the expression of NK receptor$ ag NKp46, NKp30, NKp44 and
NKG2D as well as the CD56 surface antigen and alo& bf CD3 [Moretta & Moretta,
2004; Smyth et al.,, 2001]. A subset of NK cellslexhlnatural killer T (NKT) cells
constituting a subpopulation of lymphocytes expresghe NK receptors, CD56, CD3 and
T-cell receptor (TCR) [Capone et al., 2003; Papéhailcet al., 2004; Wajchman et al.,
2004]. The presence of NK/NKT cells is crucial e thost’s defence particularly against
tumours and viral infection as they mainly act anlg phases of immune response, before
B cells and T cells generate an antigen-specifimumity [Papamichail et al., 2004]. The
antigen recognition of NK cells is based on rectgni of up regulation or down
regulation of self- proteins such as MHC molecuttemfected cells[Raulet, 2004]. Down
regulation of MHC class | molecules in infected€& shown to be an indicator by which
NK cells recognize the infected cells. The intemaciof dedicated receptors on NK cells
and MHC molecules on target cells regulates thecHli§ activity [Andrews et al., 2005].
The mechanisms of cytotoxicity applied by NK celle similar to those of CD8+ T cells
as they release cytotoxic granules such as perfahicth makes pores onto the target cell
membrane or granzymes (trypsin, chymotrypsin, dsaim), which induce a programmed
cell death via the surface of the target cells. &&ls also produce a set of Thl and Th2
cytokines including IFN¢, TNF-a, TNF$, IL-10 and GM-CSF. It has been shown that
cytokines produced by other immune cells like mpheges or DCs can also activate NK
cells mainly via IL-18, IFNef, IL-15, IL-2 and IL-12 [Ferlazzo & Munz, 2004,
Papamichail et al., 2004].
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1.2.1.3DC cells

Dendritic cells (DC) were first described by Pawngerhans in 1968. These cells are
accounted as a part of innate immune system andeaterived from either or both of
myeloid and lymphoid progenitors. They generatéedeint sets of receptors (4e2.1.4)
for recognizing different sets of antigens [Burddet al., 2006; Kadowaki et al., 2001].
DCs are most professional antigen-presenting dqeke 1.2.2.1.1) acting as a bridge
between the innate and adaptive immune system [MufCk et al., 2006]. The main
known function for DCs is to present the antigenTtoells. Therefore, they take up and
process the pathogen and carry it away to the lgoaph node where they present and
activate naive T cells. The local lymph nodes heelast destination for DCs where they
eventually die. The antigen uptake and presentathility of DCs are being developed
during a process called maturation. Maturation 6sRause up-regulation of MHC class I,
class Il molecules and co-stimulatory moleculeshsas CD40, CD83, CD80, and CD86
[Hoebe et al., 2004; Saalmuller, 2006; Villadangbal., 2005].

The role of dendritic cells is particularly crucial stimulation of T cell responses to
viruses because not all viruses can induce co-&iony activities in other types of antigen
presenting cells. Viruses bind to several molecaleshe surface of dendritic cells and/or
become engulfed but not destroyed by them. Thesegsynthesize their particle using the
DCs machinery and then the antigenic peptidesadélviral proteins is presented to CD8+
T cells through MHC class | molecules [Yan et 2005].

1.2.1.4Antigen recognition by cells of the innate immuneystem

The recognition of antigens by the innate immun&tesy is based upon the detection of
limited conserved patterned molecule on pathogaled:“pathogen-associated molecular
pattern (PAMP)” by pattern recognition receptorangway & Medzhitov, 2002].
Microoganisms normally bear repeating patterns ofecular structures on their surface
membrane or their DNA, for example some bacteripress lipopolysacaride (LPS),
lipoproteins, peptidoglycan, lipoarabinomannan aoligosaccharides on their cell
membrane or may contain repeats of dinucleotide @pBGeir DNA. Viruses, on the other
hand, almost invariably bear double stranded RNAa geart of their life cycles [Akira,
2006]. The innate immune cells including epitheligdlls, macrophage-monocytes,
granulocytes, mast cells and dendritic cells beserges of receptor to recognize and bind
to these PAMP; these receptors are sometimes Calgtbrn-recognition receptors”. Toll-
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like receptors, scavenger receptors, manose-binigictin, which activate complement;
macrophage mannose receptor on the surface of ptamges are examples of pattern
recognition receptors [Basset et al., 2003; Hoela. €2004; Hornung et al., 2002; Lund et
al., 2004].

1.2.1.4.1 Toll-like receptors

Toll-like receptors (TLRs) are a series of patteznognition receptors expressed on the
surface of monocytes/macrophages, dendritic cHli§,cells, Bcells, neutrophils and at
very low level on T cells that are used to recogngathogens [Hayashi et al., 2003;
Hornung et al., 2002]. Although the diversity ofokvm TLRs in mammals is limited to 10,
they still recognize a broad range of pathogeng. dgtivation of these receptors leads to
activation of both innate and adaptive immune raspse through the induction of
phagocytosis, and production of cytokines and chemes. They also induce the up-
regulation of MHC molecules and co-stimulatory neoles such as B7.1 (CD80) and B7.2
(CD86) [lwasaki & Medzhitov, 2004; Takeda et aD03; Underhill & Ozinsky, 2002].

Each TLR is dedicated to recognize a certain senholiecular proteins, for instance in
mammals, TLR-4 on macrophages in association widi4-acts as a receptor for LPS [da
Silva Correia et al., 2001]. The TLR9 is a sensorthe unmethylated DNA. The TLRS3,
although evolutionarily distant from TLRs 7, 8, a®ds a sensor for double-stranded (ds)
RNA [Crozat & Beutler, 2004]. Recent experimentgehahown that all TLRs may act as a
unique concert with multiple binding properties @oquire maximum sensitivity and
specificity. The location at which different TLRseaexpressed also influences which
molecules they are likely to encounter [Crozat &iier, 2004; Lund et al., 2004].

1.2.1.5Complement cascade

Complement is a system of plasma proteins thatdote with pathogens to either destroy
them or mark them for phagocytosis. Complement fivsisdiscovered by Jules Bordes as
an effector arm of the antibody response, howaté,now accounted as a part of innate
immune system and can be activated even in thenabs® antibodies. The complement
system is made up of more than 30 distinct plasroteips that react one to another in a
cascade to opsonise pathogens inducing a seriedlashmatory responses at the site of
infection [Endo et al., 2006].
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The complement system is activated through a tregyenzyme cascade. In such a
cascade, an active component enzyme generateeéyagle of its zymogene precursor.
The active component in turn cleaves another zymegeecursor to its active form in the
complement pathway. By this way, because of thelifiogtion of each enzymatic
reaction by another one, activation of a small nemdé complement proteins at the start of
the complement pathway results in a rapid generati@ massive complement response.
Complement can be activated on the surface of gatiethrough three distinct ways; the
classical pathway, mannose-binding lectin pathwMBl(ectin) and the alternative
pathway [Gal & Ambrus, 2001; Seelen et al., 2008je initiation of each pathway
depends upon the type of antigen that complemeattisated by but they converge to
generate the same set of effector molecules.

There are three effector mechanisms for compleraetibn: First, complement system
generates a huge amount of some of the activataglement proteins. These proteins can
covalently bind to the surface of pathogens opsogishem to enhance engulfing by
phagocytes, carrying receptors for complement prsteSecond, the small fragments of
complement particles, because of their chemotgrtperties, can recruit more of other
phagocytes to the site of infections. Third, themieal component of complement can
create pores in the wall of certain bacteria tougis their membrane and damage them
[Rus et al., 2005].

1.2.2 Adaptive immune system

Due to the vast variation in the pathogen thatviddials encounter in their life, the innate
immune system needs to recognize or eradicatd #ilem, therefore, a more complicated
system is needed to defend against each pathogendumally. This is called “adaptive
immune system” and the pathogens that bypass tiaeanmmune system are encountered
and destroyed. The innate and adaptive immuneragséee complementary to each other
as the innate immune system has a crucial roleimimy adaptive immune response; if the
innate immune system fails to control the infectidninitiates an acquired immune
response (Figurgé-1). The cells involved in the adaptive immunetasysconsist mainly of

T and B-lymphocytes, which have different propertie antigen recognition and effector
function. However, there is a degree of overlapfiatyveen them as dendritic cells which
are accounted as a part of the innate immune sy&e®i.2.2.1.1), have a very important
and crucial role in the initiation of adaptive imneuresponse as antigen presenting cells
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[Howard et al., 2004]. Besides, macrophages, utigeicontrol of lymphocytes, become

more activated in destroying the pathogens {s4¢2).

Pathagen ‘Pathogen
proliferation el

proliferation |

T cell B cell

Figure 1-1 The interface between the innate and adaptivenmune systems copied from [Hoebe et al.,
2004] with permission.

The immune system has two arms the innate and igdapthich are complementary. Antigens by passing
the innate immune system, are presenting to thetagaimmune system by DCs to generate a specific
immunity to the pathogen

1.2.2.1Antigen recognition in adaptive immune system

1.2.2.1.1 Antigen presenting cells

In order to generate specific immunity against pgéms, T and B lymphocyte must
recognize immunogenic antigens of pathogens anonbeactivated. B cells can recognize
Ags directly with their antibody receptors, whichllvbe discussed later but T cells can
only detect the pathogenic product where they asplaied along with a complex
molecule called major histocompatibility complex HIKZ) class | or class Il molecule on

the surface of the cell. However, a second stimaras also needed for the activation of T
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lymphocytes and it is provided through co-stimulgtmolecules such as CD80, CD86 and
CD40 on Antigen Presenting Cells (APC). Interactodi©D40 and its ligand on T cells up
regulate the expression of CD80/CD86 as well aptiming capacity of APCs [Haase et
al., 2004; Probst & van den Broek, 2005].

Dendritic cells, macrophages and B lymphocytes vetrewvn to efficiently take up the
antigen and present them to T lymphocytes aftetirigl up them with MHC molecules.
These cells, which are called antigen-presentings q@&PC), can also express co-
stimulatory molecules, which are necessary forvattn of T cells [Bryant & Ploegh,
2004].

1.2.2.1.2 Major Histo compatibility Complex (MHC) molecules

Major histo compatibility genes were first discosgrwhen their role in the rejection of
transplanted tissues became clear and the peptidey glycoproteins encoded by these
genes are still known as the MHC molecules. The Mi¢@es in mouse are called H-2
genes and located on chromosome 17. In human teegaled leukocyte antigen (HLA)
and located on a chromosome 6 [Chaplin, 2006; Gafdnet al., 2005].

The MHC molecules have been classified into twougso-MHC class | and class II-
which are recognized by CD8+ and CD4+ T lymphocygspectively [Kosor et al., 2003].
MHC class | and class Il are completely differemtstructure, synthesis and expression
pattern on cells. It has been shown that exceptbledd cells, central nervous system,
fetotrophoblast, testis, and the anterior eye cleanall cells express the MHC class |
[Ambagala et al., 2005; Ruckert et al., 1998] theg MHC class Il molecules are only
expressed on T cells, B cells, macrophages, dendetls, eosinophils and also thymic
epithelial cell [Baecher-Allan et al., 2006; Jaledrerrat et al., 2002; Padigel et al., 2006].
However, some other cells such as fibroblasts aittiedial cells but not trophoblasts, in
the presence of IFN-express MHC class II. B-lymphocytes loose theresgion of these
molecules on transformation to plasma cells [Battt al., 2006; Denning et al., 2000;
Manz et al., 1998; Murphy et al., 2004].

Two different polypeptide take part in the struatuformation of the MHC class |
molecule. The first part is a polymorphic polypdptichain consisting of three parts;

0z andas - and the second is a smaller polypeptide chdiedg-microglobulin (Figure

1-2), which is not encoded by the MHC locus andjése is located on chromosome 15. In
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human three different genes are encoding for thd idlass | & chain that make three
subclasses of MHC class | called HLA —A , HLA-B, RIC [Chaplin, 2003].

peptide-binding

peptide-binding
cleft

(L) oy

oy Ba- :
microglobulin
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Figure 1-2: MHC class | molecule as described by x-ray csfallography taken from [Janeway &
Travers, 2005].

Because of the extreme polymorphism in MHC moleszaled the co-dominant expression
of MHC gene products, there are variety of allefegach subclass like HLA-ALl, HLA-
A2.

The MHC class Il molecule consists of two chamsnd. Botha andf3 chains span the
cell membrane and are encoded by MHC genes. Eah bhas two noncovalent domains
(a1, a2 andpl, p2) (Figurel-3). There are three types of MHC class Il gemelsuman,
HLA-DR, HLA-DP, HLA-DQ, and because of the polymbrgm, each type has a variety
of subtypes like HLA-DR1, HLA-DR2. In some casesrthare two genes encoding fle
chain in HLA-DR cluster that means the three typleldLA class Il molecule can give rise
to four [Chaplin, 2006].
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Because of the polygeny in MHC genes, each indaligxpress three different types of
MHC class | molecules and three or four types of ®lidlass Il molecules and the
polymorphicity of MHC also creates multiple variamtf each gene in the population as a
whole. Therefore, a wide range of peptides willpbesented to T cells and the pathogens

will have a lower chance to evade the immune system

A peptide-binding
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Figure 1-3: MHC class Il molecule as described by x-ray gstallography taken from [Janeway &
Travers, 2005].

1.2.2.1.2.1 Antigen processing of MHC class | antigens

It has been shown that the expression of empty Mktilecules (without bound peptide
fragment) on the cell membrane, is unstable andifgnto a peptide is stabilizing it. The
peptide-binding cleft in MHC class Il is far widéran class I. So that the peptides bound
to MHC class Il are longer- at least 13 amino acildan those bound to class I, which are
between 8-10 amino acids [Murugan & Dai, 2005; &cihals et al., 1999].

Among intracellular pathogenic agents, viruses e@arthin bacteria use the cell machinery

to reproduce in the cytosol or in the contiguouslear compartments whereas bacteria
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and some intracellular parasites that are pickethyuphagocytes live in the phagosome.
All antigen fragments of proteins made up insidedgll bind to MHC class | molecules. It
has been well demonstrated that the proteosonsga Multicatalytic protease complex,
in cytoplasm is responsible for the degradationnudst cytosolic proteins and the
production of peptide fragments for MHC class | {Bmr, 2003]. Because the MHC class
I molecules are synthesised inside the endoplaseticulum, the peptide fraction are
loaded on MHC class | molecule and transportetieéacell surface. The peptide fragments
are transported to the endoplasmic reticulum bwysparts associated with antigen
processing-1 and 2 (TAP1 and TAP2). In the endopiaseticulum some accessory
proteins -calexin, tapsin, ERP57, and TAP- withpgran-like function, help in folding
and assembly of MHC class | and the loading of #able peptide fragment. The
completed MHC molecule and the bound peptide canbi®transported to the cell surface
(Figure 1-4). The bound peptide helps in stabilizing andintemance of the MHC
molecule on the cell surface [Bouvier, 2003; Dieldret al., 2001].

1.2.2.1.2.2 Antigen processing of MHC class Il antigens

Due to the pathogenic process, some other pathogeants like most of bacteria and
intracellular parasites replicate in phagosomdlaahpartments in phagocytes. Therefore,
the proteins of these pathogens are surrounded bgsecle membrane and are not
accessible to the proteosome. Thus, the peptiddsesé proteins bind to MHC class Il to
be recognized by CD4+ T lymphocytes. All extra waelt proteins and the proteins
recognized by B cells are also processed through ghthway [Silacci et al., 1994].
Endosomes containing the proteins or pathogenbkegsdrogress into the interior of the
cell become increasingly acidic until they evenudlise with lysosome. The proteins
inside these vesicles undergo unfolding and disdéheduction and are degraded into
peptides by lysosomal protease enzymes, which bptienal activity at low pH of the
phagosome [Robinson & Delvig, 2002].

The main function of the MHC class Il moleculestas bind to the peptide fractions
generated in intracellular vesicles carrying thertodhe cell surface and present themto T
lymphocytes. The biosynthesis of MHC class Il maoles are carried out in the
endoplasmic reticulum [Robinson & Delvig, 2002].

To prevent binding to an undesired peptide, andnduthe assembly of the MHC
molecule, a protein called the MHC class ll-asdedanvariant chain (li) binds to the
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binding site of the newly constructed MHC classniblecules. This is followed by the
dissociation and transportation of the completesgiably from the endoplasmic reticulum
to an endosome and degredation of the invarianhambrane-associated fragments of li,
which leaves a small fraction of li called class$isociated invariant-chain peptide (CLIP)
on the binding site of the MHC class IlI. (Figurel). Finally, the endosome containing the
new constructed MHC class Il is fused to an incgnemdosomes containing degraded
antigenic proteins. An MHC class ll-like molecualled HLA-DM in human and H-2M
in mouse is responsible for catalizing the reled#S8LIP and the binding of a new peptide
fragment. Thus, the antigenic peptide fragmentsl bhanthe MHC class Il molecules and
are transported to cell surface [Lee et al., 260fhinson & Delvig, 2002].

The empty MHC class Il molecules like class | anstable and they are rapidly degraded.
In uninfected cells the MHC class Il molecules Er@&ded by peptide fragments derived
from self-proteins. It has been shown that somep@btide fragments derived from
extracellular pathogens are presented by MHC ¢laHsis process is called cross-priming
or cross-presentation of antigens. However, theham@em by which the peptides are
loaded on the MHC class | molecules, is not veearc[Stoitzner et al., 2006; Tewari et al.,
2005].
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Figure 1-4: Antigen presenting procedure by MHC class | ad class .

Intracellular antigens are expressed through theCMtlass | and extra cellular antigens are expressed
through the MHC class Il molecules. Intracellulatigens are chopped by proteosome inside the @4dapl
and their peptides are transported to the reticidmaoplasmic through TAP1 and TAP2 molecules. i th
reticulum endoplasmic the peptides are loaded enMKRC class | molecules and transported to the cell
surface. For extra cellular antigens, the MHC classolecules are assembled in the reticulum eretonlc

and move to the cytoplasm through Golgi particldse Golgi particles containing the MHC classlI &rsed

to the phagolysosomes containing degraded exthalareproteins. Each MHC class Il then binds to5atd

22 mer peptide and move to the cell surface.

1.2.2.1.3 T cell receptors

T cells recognize the antigens displayed on thtaserof other cells via the receptors they
bear on their surface. Each T cell receptor, smitathat of B cells, consists of two
polymers chainsy andf3, which are linked together with a disulphide b¢Hdusset et al.,
1997]. In a minority of T cells, a different paif polypeptidesy andd, make the receptor.
Although the function of-0 T-cell receptor has not been entirely clarifigdseems that
they have different antigenic recognition propertieom thea-f3 type [Born et al., 2006;
Mincheva-Nilsson, 2003].

Each T cell receptor has two parts: the first gathe variable region (V), which make the
contact with the MHC-antigen complex and has a Hogy to the V part of
immunogloubulims . The second is a constant re¢®n which is attached to the cell
membrane, with a homology to the constant domaimehunoglobulins. The V and C
domains are linked together by a short hinge regariaining a cystein residue that forms
the interface disulphide bond. (Figureb) [Housset et al., 1997].

In contrast to B-cell receptors (s&.2.1.4), which interact directly to intact ametng, T-
cell receptors can only respond to processed argtigpeeptides), which are bound and
presented by major histocompatibility complex (MH@9lecules. In another word, T-cell
receptors recognize peptide fragments only wheg #re sandwiched within a MHC
molecule [Hennecke & Wiley, 2002; Wang et al., 11998

The interaction of T-cell receptors and MHC class Il molecules does not stimulate T-
cells unless some other molecules so-called cqtersor co-stimulatory molecules are
engaged. In fact, co-stimulatory molecules interagth their ligand producing a
complementary signal in T cells. The signals pdsgdo-stimulatory molecules complete
the signals of T-cell receptors and lead to adtiggll lymphocytes. Thus, only APCs,
which have co-stimulatory molecules on their swefalsave the potential to activate T

cells. The most known co-receptor molecules are ©D4a subset of T cells, which
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specifically binds to MHC class Il molecules, and&F molecules on the other subtype of
T cells, which binds to MHC class | molecules [Uslet al., 1993]. The best characterised
co-stimulatory molecules are CD80 (B7.1) and CDB®.2) on APCs that bind to CD28
on T cells and CD40 on APCs that binds to CD4niigeCD154) on T cells. CD3 is also a
functional receptor that is necessary for signglini T-cell receptors. It has been shown
that T-cell receptors bind to the MHC moleculesihg\wexpressed the antigen but without

CD3, cannot signal the presence of the antigenltagg recognised [Julius et al., 1993].

Antibody T-coll recoptor
SeEigen-nding aniger-binding
‘_|_|'

antigen-bindl
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T cell

Figure 1-5: A schematic diagram of B-cell and T-cell receprs taken from [Janeway & Travers, 2005].
B-cell receptors are similar to antibodies unlelssytare fixed on B-cell surface. B-cell receptors o
antibodies are composed of two heavy, green, andights, yellow, chains. Each antibody consistsved
domains. The constant domain (FC) is bound to #lengembrane variable domains, which have antigen-
binding sites capable of binding to the specifietigen. T-cell receptors are similar to antibodbes two
chains with same size and one site for antigenimgnd -cell receptors can only recognise the antigen

it is expressed through MHC molecules.

1.2.2.1.4 B-cell receptors/| mmunoglobulins

B cells are leukocytes defined by their productidthe immunoglobulin (antigen-binding
proteins) and represent approximately 15% of perghblood cells [Chaplin, 2006].
Immunoglobulins (Ig) or antibodies are proteins duced by B lymphocytes against
antigens. These molecules are produced in vasifisipscas almost each B cell produces
the antibody with a single specifity. Antibodiese anormally produced by terminally
differentiated B cells called plasma cells. Howeweembrane-bound immunoglobulins on
B cells act as the B-cell receptor. There are ¢iasses, isotypes, of antibodies called IgD,
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IgM, IgE, IgA and IgG, which are different in shapeach Ig class is divided into a
number subclasses; IgG into four subclasses, I¢§832, 1gG3 and 1gG4, and IgA into
two subclasses, IgA1 and IgA2. The subclasses areed in order of their abundance in
serum [Matousovic et al., 2006; Putnam, 1995; Tgipty et al., 2005]. The production of
antibody can switch from one isotype to another and CD40 on B cells as well as
CD40L on T cells have a crucial role in isotypetshing [He et al., 2003]. I1gG is a large
molecule of about 150 KD. Two heavy chains of 50Each and two light chains of 25
KD each contribute in the antibody structure. Theledy consists of two main parts: The
variable region (V), which specifically binds topart of the antigenic molecules and the
constant domain (C), which binds to FC receptorghenimmune cells [Edelman, 1994;
Faber et al., 1998] (Figudeb).

The secretion of antibodies is the result of atitwvaof the humoral immune response. The
main functions of antibodies are to protect theybfsdm the extracellular pathogens and
their products. Many of pathogenic agents multiplgxtracellular spaces of the body and
most of intracellular agents also use the extralzlispaces to move from cell to cell and
spread in the body.

Antibodies exert their effects against pathogens thnee different ways: 1) via
neutralization when they bind to bacteria, virusesoxins to deny them access to infect
and to induce damages to the susceptible cells datamer et al., 2003]. 2) Via
opsonisation when antibodies bind to the antigeaticg their external surfaces. The
opsonised pathogens are easily recognized by pigothrough the FC receptors
expressed on their surface, which bind to the F@ phthe antibodies. 3) Via their
distinctive role in activation of the complementofgchov et al., 2005], which results in
the attraction and activation of complement prateifhe type of complement activation
mechanism induced by the antibody depends uporstigpe and class of the antibody
engaged. Complement proteins are also recognizetthédy receptors on the phagocytic
cells. Complement components can recruit other imemeells like phagocytes to the site
of infection (se€l.2.1.5). They also lyse certain types of microarg@s by forming pore

on their cell membrane.

1.2.2.2CD4+ and CD8+ T cells in adaptive immune response
T lymphocyles fall into two main groups with diféert effector function, which are

distinguished by distinctive protein molecules, Cbd CD8, expressed on their cell
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membrane. CD8+ T cells interact with MHC class d &D4+ T cells interact with MHC
class Il molecules and the presece of CD8 and G[Aucial for inter cellular interaction
and activation. CD4+ T cells fall into two functirsub groups called T helperl (Th1l) and
T helper2 (Th2). It has been shown that IL-12, lle®d IFNy have an essential role in
Thl pathway but IL-4, IL-5, IL-13 and IL-10 are imived in the Th2-type immune
response [de Jong et al., 2005; Mackay, 2000].

Thl and Th2 T cells are very different in functidie main function of Th2 cells is the
activation of B cells to proliferate and differaate to an effector plasma cells that produce
antibodies whereas Thl cells enhance the potenayamirophages to phagocytose and
degrade the pathogen [Mack et al., 2005; Mundeal.et1999; Yun et al., 2003] (see
1.2.1.1).

The mechanisms that determine the type of immutienzgy, are not yet fully understood.
However, it has been shown that toll-like receptans have a role in deciding the immune
response type; Thl or Th2 pathways. Activation aded of these receptors including
TLRY, activated by interaction with CpG DNA, lead Thl pathway. In contrast,
activation of other TLRs including TLR2 can lead ith2 pathway [Chaplin, 2006;
Redecke et al., 2004]. Furthermore, secretion of ih early phases of immune response
lead to Th2 response but the lack of IL-4 can tefabilishing a Thl immune response
[Sacks & Noben-Trauth, 2002; Yun et al.,, 2003]. ditheless, T cells, during their
activation, need to receive two different signdlbe first signal is provided by T-cell
receptors, which bind to MHC-peptide molecules @nel second one comes through
engagement of co-stimulatory molecules. Accumuipéridence supports the notion that
co-stimulatory molecules play important roles irdll activation, differentiation, survival
and effector function. Activation of T cells withibgo-stimulation may lead to T cell
anergy, T cell deletion or the development of immuimlerance. One of the best
characterized co-stimulatory molecules expressed bglls is CD28, which interacts with
CD80 (B7.1) and CD86 (B7.2) on the membrane of AP€eman et al., 1993; Harding et
al., 1992; Lenschow et al., 1996]. Other co-stirtarlamolecules such as CD40 and OX40
also play an important role in interaction of T lyhocytes with other immune cells.
CD40, which mainly binds to CD154 on T cells, ha®la in activation of T cells and B
cells [Banchereau et al.,, 1994]. Interaction of OXand OX40L on APCs promotes
activation of naive T cells with some IL-2 secretiand has synergy with B7-1. APCs co-
expressing OX40L with B7-1 induce large quantitiddL-2 and promoted proliferation

compared to B7-1 alone. OX40/0OX40L interactions tacprolong clonal expansion and
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enhance effector cytokine secretion, and may belwed in promoting long-lived primary
CD4 responses [Gramaglia et al., 1998]. In addittbere are accumulating evidences to
suggest that the interference with co-stimulatognals can modulate Th1/Th2 cytokine
expression levels and immune deviation [Jankovialet2004]. For instance, it has been
shown that the interaction of CD28 or OX40 withithreceptor/ligand , dependent on the
dose of antigen, can promote either Thl or Th2 imemesponse [Rogers & Croft, 2000].
CD8+ T lymphocytes, which are called cytotoxic Ti<€CTL) can recognize infected or
abnormal cells that display the antigenic peptidesheir surface through MHC class I.
These cells will be killed by cytotoxic T cells tlugh releasing lytic granules, which lyses
the cells or inducing programmed cell death, apgipto Moreover, cytotoxic T cells
release a large amount of IRN-TNF-a and TNFB, which contribute in host defence
[Ambagala et al., 2005]. IFN-directly inhibits viral replication and enhancé®e tMHC
class | expression and other mechanisms involvegeptide loading of the newly
synthesized MHC class | proteins in infected dellsang et al., 2002]. IFN-also enforces
Thl pathway by activating macrophages to kill thgudfed microorganism. TNB-and
TNF-B act in synergy with IFN¢[Olleros et al., 2005; Romagnani, 2000; Saito &élw,
1996].

The potent activation of CD8+ cytotoxic T lymphoeytin killing the infected cells
requires co-stimulation through interaction of Bidaother co-stimulatory molecules
similar to those in CD4+ T cells and the preserfc€@4+ T cells, which can recognize a

related antigen on the surface of the same anpigesenting cells [Serre et al., 2006].
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1.3 Leishmaniasis

Leishmaniasis is a worldwide human and animal dseaused by a malaria-like parasite
called Leishmania. First species of these parasitamedLlLeishmania donovoni, was
described by Leishmon and Donovoni in 1905 [Herydl@99]. So far, approximately 30
species of these parasites are known from whickp2@ies are pathogenic for human and
canine [Ashford, 2000].

1.3.1 Classification of leishmania species:

As it appears from the name of some species dirt@asia, the classification of leishmania
parasites was first based upon the clinical, bicklg geographical and epidemiological
criteria. Now different methods are being used tfug classification of these parasites
including phenotypic, immunological and moleculathods. Isoenzyme analysis is one of
the most sophisticated taxonomic techniques, whithremains as a standard technique
for leishmania taxonomy [Cupolillo et al., 1994;ihson & Shaw, 1989; Miles et al., 1980;
Thomaz-Soccol et al., 2000].

Application of monoclonal antibodies is anotherht@que, which is used to identify
leishmania species, however, the specificity oftdehnique is not very high, which has
made it less reliable [Falqueto et al., 2003; Glanet al., 1987; lig et al., 1993].

Molecular biological methods including chromosomedrrangements [Britto et al., 1998]
and DNA-based methods have also been successfplied for the characterization of
leishmania isolates at a genus, species and evain $vel. DNA-based methods are
mainly applied by performing PCR and using leishiaaspecific genes such as beta-
tubulin that is present in all strains tested bgiog to the Leishmania (Viannia) subgenus
[Eisenberger & Jaffe, 1999; Luis et al., 2001; Nogeal., 1996; Uliana et al., 1991].
Different classifications have been suggested dmhimania parasites. In one of the latest
classifications proposed by Lainson & Shaw, theugémishmania has been classified as a
member of the kingdom Protista; Sub-kingdom PraapzZBhylum Sarcomastigophora;
Sub-phylum Mastigophora; Class Zoomastigophora; eOrHinetoplastida; Sub-order
Trypanosomatina; Family Tripanosomatidae.

Based on the site of growth of the parasite inrth@gut of the sandfly vector the genus
Leishmania has been divided in two subgendra;shmania andViannia [Lainson & Shaw,
1987]. In subgenud.eishmania, promastigotes develop in the midgut and foregut,
Suprapylaria, of the insect, which is called “sygytarian development”, whereas their

growth in the subgenugiannia is restricted to the hindgut, “Peripylarian deystent”
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[Correa et al., 2005]. Species of the subgdmishmania are devided into 3 clusters or
complexes: Leishmania donovoni complek. (donovoni, L. infantum, L. chagas
[American L. infantum], L. archibaldi); Leishmania tropica complex I({. tropica, L.
aethopica, L. major) and Leishmania mexicana compléx nexicana, L. amazonensis, L.
pifanoi, L. garhami, L. venezuelensis). However, species of the subgenus Viannia are
grouped in one Leishmania brasiliensis complexg(yanensis, L. naiffi, L. peruviana, L.

panamensis and L. shawi) [Shaw, 1994].

1.3.2 Leishmania life cycle

Leishmania parasites life cycle has been reviewetidimmel [Hommel, 1999]. In brief,
leishmania parasites need to pass through tworeiftehosts to complete their life cycle;
mammalian host and the sandfly vector.

Mammalian hosts of leishmania are mainly the huraad dog, although some other
mammalian species occasionally are infected wighphrasite. Basically, humans are the
most sensitive host for leishmania parasites ahdrstincluding wolves, rodents, foxes,
jackals and dogs, gerbils and also humans serxesasvoirs [Britto et al., 1998; el-Hassan
et al., 1995; Hommel, 1999; Lainson & Rangel, 200%le role of dogs in harbouring and
transmitting the parasite to the vector and in tormumans is much more important than
other hosts due to its close relation and assoaiatith humans [Reithinger & Davies,
1999].

The second host for leishmania parasites is thealeenblood sucking species of
Phlebotomine sandfly (Figude6 C), which carry, propagate and complete tleedyfcle of
the parasite. The male sandflies feed on plantbaathey cannot carry the parasite. Over
40 species of genus Phlebotomus (sandflies) aztvastor for leishmania in the old world
(Asia, Africa, Europe), while a further 30 speciedong to genus Lutzemia sandflies take
role in the epidemiology of the parasite in the veovld (Americas) [Dedet, 2005; Maroli
& Khoury, 2004; Murray et al., 2005]. The feedingbiit of the sandflies of each area
mainly determines whether their main reservoirusmans or animals as some species are
used to feeding on animals and some not [Homm®&RL9

In the vector, the flagellar form, promastigoteisth@ parasite lives extra cellularly (Figure
1-6 A). Virulent promastigotes express surface gbyotein (gp63), lipophosphoglycan
(LPG) and mannose receptors on their surface, whieh crucial in their uptake by
macrophages [Chakrabarty et al., 1996; Chakralsdrsy., 2001; Chakraborty et al., 1998;
Chaves et al., 2003].
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The sand fly becomes infected during feeding orbthed of the infected mammalian host
or reservoir. Macrophages containing the paraar ingested by the fly and amastigotes
transform to elongated motile promastigotes (10MRuwhich have a flagella on one
pole. While inside the gut of the sandfly, promgsties multiply by binary fission and then
migrate in the alimentary tract of the sandfly pagshrough several stages of procyclic,
nectomonad, haptomonad and mammal-infecting meiacytie whole process takes few
days to complete [Awasthi et al., 2004; Bates, D9%ates & Rogers, 2004; Killick-
Kendrick, 1990]. Metacyclic promastigotes move tovéhe oesophagus and salivary
glands ready to transfer to the mammalian host.vBotor saliva plays an important role
in transmission of the parasite to the mamaliart hggpreventing the blood from clotting
[Norsworthy et al., 2004]. During a blood meal bué the vector, promastigotes are
transferred to the mammalian host tissue to baygaisked up by macrophages, which act
as the first line of the host's immune defence. M/hinside the macrophages,
promastigotes loose their flagella and become smian shape to be called amastigote
(Figure 1-6 B). Amastigotes are normally between 2.5 to 5lokg and are contained
within the parasitophagous of macrophages. Tram&fbon into the amastigote form
makes the parasite more resistant against the iariomal activity of the macrophage so
that it can survive and multiply in the macrophayentually destroying it. The released
amastigotes are taken up by new macrophages andaidly, all the organs containing
macrophages such as spleen, liver and bone maregante infected. A new sand fly
vector will become infected when it has bitten afected mamalian host taking up the
infected macrophages and, thus, the life cycle hef parasite continues (Figude7)
[Awasthi et al., 2004; Davies et al., 2003; Homm&I99].
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Figure 1-6: A: Amastigotes of leishmania in mammalian ho& macrophages B: Flagellar
promastigotes of leishmania parasite C: leishmanigectors. Taken from [WHO, 2004].
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Figure 1-7: Life cycle of leishmania in its vertebrate andnvertebrate hosts.

Leishmania parasites need to pass through tworeliffdhosts, the mammalian host and the sandflyovetct
complete their life cycle. The sandfly become itdec when it feeds from the blood of an infected
mammalian host, which are either human or someiepet animals. The promastigotes grow in the dgndf
vector and go through a few stages until they becmiective for the mammalian host (explained ia tiixt).
The infective promastigotes called metacyclicsteapsferred to the non-infected mammalian hostrdypitie
next blood meal of the sandfly. Adapted from [Horhri&99].

1.3.3 Leishmaniasis: clinical manifestations

Both sub-genera of genus Leishmania are infectideazcounted as the causative agent of
leishmaniasis [Rotureau, 2006]. According to thmichl spectrum of the disease, the
human leishmaniasis has been classified into fainforms:

Dermal cutaneous leishmaniasis: This form of leishmaniasis is mainly causedLbynajor,

L. mexicana and L. tropica (Table 1-1) producing skin lesions in any part of the body
mainly in the face, arms and legs [Dowlati, 1996)rMy et al., 2005]. After the initial
infection, in some cases the infection may remabcknical. The incubation period varies
between 1 to 12 months and after that it producegrpssive papules, which usually
ulcerate and secondary bacterial infection may lse avolved. The typical ulcer is

usually painless with a raised, indurated margid aecrotic centre. However, some
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lesions may not ulcerate. The lesion size is vainech 0.5 to 3 cm diameter (Figufe8).
There are no systemic symptoms such as fever, amaspheen, and/or liver enlargement
and most of lesions usually heal in a 3 to 12 mqgehod without taking treatment but
they leave scar [Calvopina et al., 2004; Hepbu®®32 Weina et al., 2004].

r

*

Figure 1-8: Leishmania lesionsn American solders serving in Iraq.
Rangedrom papular eruptiondeft) to more classic erosiv@aters(center) and weresometimes surrounded
by concentridesquamatiofright). Adopted from [Weina et al., 2004]

Diffuse cutaneous leishmaniasis. This form of the disease is a progressed form of
Cutaneous leishmaniasis and mainly caused by the species of the parasite. This form
of the disease is difficult to treat due to dissested lesions that resemble leprosy and do
not heal spontaneously [Silveira et al., 2004; Vaedhal., 2004].

Mucocutaneous leishmaniasis (MCL): This form of leishmaniasis, which is called
‘Espundia’ in South America, generates lesions utous membranes particularly in areas
where mucous attach to the skin. It may affectrthsal mucosa, septum and turbinate,
upper lip, pharynx, larynx and face causing dyspnoproducing deformities and
malfiguration in these areas (Figuked) [Herwaldt, 1999; Murray et al., 2005]. MCL can
be the result of the dissemination of cutaneowshiaaniasis to mucousal tissues caused by
certain species such asbrazliensis (Table1-1) [Calvopina et al., 2004; Silveira et al.,
2004].

Visceral leishmaniasis [Dumontell et al.]: Visceral leishmaniasis also called ‘Kala Azar’
is always accompanied by systemic symptoms sudiieggilar fever, cough, weight loss,
cachexia, hepatosplenomegaly, splenomegaly andreaak: is the most sever form of the
disease and patients often die if they are notrghealth care. Visceral leishmaniasis is
associated withL. infantum andL. donovani in the Old World and.. amasonensis in the
New World (Tablel-1). Unlike the cutaneous forms, visceral leishiasis involves only
the internal organs and does not develop lesionh@skin during the course of disease,
however, after the recovery, patients may develoghaonic form of cutaneous
leishmaniasis called post-kala azar dermal leislasén (PKDL) that requires long
medical treatment [Awasthi et al., 2004; Herwald®99; Weina et al., 2004].
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Figure 1-9: Malformation caused by Mucocutaneous leishmaasis in face
Species Geographic distribution Reservoir Clingyaldrome
L.chagas (New Mexico, Surinam, Canine VL, CL, PKDL
world) Brazil,Paraguay, Argentina,
Venezuela, Brazil, Bolvia
L. amazonensis Brazil, Costa Rica, Texas, Rodents, Marsupial CL, VL, PKDL,

Subcontinent, northwestern
China, Africa

(New World) Guyana, Peru, Bolvia, MCL, DCL
Venezuela

L. major-like Colombia, Panama, VenezuelaCanines CL, DCL

Isolates (New world

L. mexicana (New Mexico, Guatemala, Texas, | Forest Rodent CL, DCL

world) Costarica, Panama

L. major (Old world) | Middle East, Indian Humans, rodents, CL

mustelids,
hedgehogs,rabbits

L. tropica (Old
world)

Middle East, India,
Mediterranean littoral, wester
Asiatic areas

Canids and perhaps som
nrodent

eDry cutaneous
lesions

L. donovani (Old
world)

Africa, India, East Asia

primates, equids, roden

VL, PKDL

VL, Visceral leishmaniasis; CL, cutaneous leishraais; PKDL, post kala azar dermal leishmaniasis;
MCL, mucocutaneous leishmaniasis; DCL, diffuse natas leishmaniasis

Table 1-1: Old and new world leishmaniaspecies and geographical distribution adopted from

[Awasthi et al., 2004]

1.3.4 Epidemiology of leishmaniasis

Today, leishmaniasis is considered to be endemienamy countries (16 developed
countries and 72 developing countries) on four ioemts. An estimated 12 million cases
of leishmaniasis exist worldwide and a further 36iflion are at the risk of acquiring the
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disease. Moreover, an estimated number of 1.5 -ilRomnew cases are occurring
annually; 1 - 1.5 million cases of cutaneous leighiasis and 0.5 million cases of visceral
leishmaniasis resulting in 75,000 deaths per yPasjeux, 2004; Griekspoor et al., 1999;
Kar, 1995; WHO, 2002a]. The geographical distribatof leishmaniasis is restricted to
tropical and temperate regions and the living afethe sandfly in Asia, India, Africa and
the Mediterranean (Old World) and Americas (New WWofRoyer & Crowe, 2002].
Ninety percent of the cases with cutaneous formkeishmaniasis occur in Afghanistan,
Algeria, Brazil, Iran, Peru, Saudi Arabia and Symdile ninety per cent of the visceral
leishmaniasis cases are found in Bangladesh, Btadia, Nepal and Sudan (Figutel0)
[Hepburn, 2003; WHO, 2002a].

There is convincing evidence that the number ofegasf leishmaniasis has been
increasing in several areas of the world e.g. CBrazil (1998: 21800 cases; 1999: 30550
cases; 2000: 35000 cases), CL in Kabul, Afghanici@94: 14200 cases, 1999: 200,000
cases), and CL in Aleppo, Syria (1998: 3900 ca%899: 4700 cases; 2000: 5900 cases)
[WHO, 2002a]. Visceral leishmaniasis has also cduaege-scale epidemics with high
case fatality. For instance, Western Upper NildeSiia South Sudan experienced a major
outbreak of visceral leishmaniasis between 19841&%dl, which claimed 100,000 lives in
a population of around 300,000 [Herwaldt, 1999]isTik thought to be due to the increase
of risk factors such as man-made environmental gdsnvhich increase human exposure
to the sand fly vector or the movement of suscéptgmpulations into endemic areas,
including large-scale migration of populations @monomic reasons. Moreover since the
parasite may survive for decades in asymptomatiecied people, who are of great
importance for the transmission, the asymptomaiiecied people can act as a reservoir
which is the third risk factor for the disease [WHZDO02b].

It has been shown that AIDS patients are more Bemdio leishmania infection than
healthy individuals as many of such new cases Hmeen reported from 30 countries
around the world (Figuré-10). Epidemiological data reveal that the hun@shimaniasis
and HIV virus co-infection, especially among adults&as also been progressively
increasing. Now, it is thought that 50% of all adidses of visceral leishmaniasis are HIV-
positive. In south—western Europe, 1.5-9% of p&ianth AIDS are suffering from newly
acquired or re-activated VL and the recorded nunuberases has increased from about
700 cases in 1995 to more than 1500 cases in 2B0if [& Pradinaud, 2003; WHO,
2002a]. It has recently been shown that the conventiorahsimission of leishmania

parasites among leishmania/HIV co-infected pati¢rats changed where the parasite can
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easily be transmitted between intravenous-drugsubgrneedle sharing [Molina et al.,
2003]. A congenital transmission of visceral leistmasis has also been reported from an

asymptomatic mother to her child [Meinecke et EH99].

Figure 1-10: Distribution of leishmaniasis and leishmanigdlV co-infection in the world [WHO,
2000}

1.3.5 Control of leishmaniasis

Depending upon the epidemiological studies in leishia parasites, a number of strategies
have been considered to control leishmaniasis. €hgent control strategies of
leishmaniasis are based on early diagnosis, tremtmed the control of vectors and
reservoirs, however, early diagnosis and treatrsrategies are considered are the most
effective [WHO, 2004].

1.3.5.1Control of vectors and reservoirs

The best known strategy to control the vector-lbseases is to reduce or disrupt the man-
vector contact. There are attempts to control thedsfly reproduction by spreading
insecticides and damaging their living places. @ariiy chemical reagents in some areas
like India, Bangladesh or Nepal is the only chaarel for that DDT is vastly being used
[Alexander & Maroli, 2003; Kishore et al., 2006; M& & Khoury, 2004]. However, this

is limited by cost and development of the poisosistant flies. Moreover, this strategy

because of ecological effects of the chemicalaptspractical in some areas [Alexander &
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Maroli, 2003; WHO, 2002a]. In areas, where dogsy a the main host or reservoir,
killing the wild dogs in the area might be conseteas an essential method [Reithinger &
Davies, 1999; Reithinger & Davies, 2002].

1.3.5.2Chemotherapy in leishmaniasis

Although chemotherapy is considered as the onlylaMa effective method for the
treatment of leishmaniasis, there are various sborings for each drug currently in use.
For instance, the anti-leishmania drugs are oftenctand usually accompanied by
unpleasant side effects [Velez et al., 1997]. Idlitawh, the drug-based treatment of
leishmaniasis is expensive , which makes it unalel for most of people especially in
poor countries, and the parasites usually becosistaat to chemotherapy following few
times of administration [Griekspoor et al., 199%sBnthal & Marty, 2003; Sundar &
Chatterjee, 2006; WHO, 2004].

A limited number of drugs are available for treammn®f leishmaniasis. Pentavalent
antimony is an old known drug, which is still acoted as the first line of anti-leishmania
drugs and the cornerstone of chemotherapy in lasiasis. The course of treatment by
antimony is often long and lasted for a period ed Bonths. A high level of drug
resistance has been reported from endemic areds asudndia [Hadighi et al., 2006;
Murray, 2004; Singh, 2006; Sundar & Chatterjee, @0Wow, different products of
antimony are available but the mechanisms by whiimonals act against leishmania is
still unclear. However, it is thought that theygetr important biological activity of the
parasite and affect a number of factors such askings and T-cell subsets that have a
significant anti-leishmania role [Ouellette et &004]. In spite of massive work that has
been carried out in the past few years to reveal tfechanisms used by leishmania
parasites to resist antimonals, they are still esc[Singh, 2006]. Failed treatment may be
accountable for making the parasite resist to thg fRojas et al., 2006].

Other available anti-leishmania drugs including tBemdine, Amphotericin B and
Miltefosine, which are accounted as the seconddinehemotherapy [Singh et al., 2006;
Sundar, 2001]. The efficacy of Pentamidine has Istenvn declining in India suggesting
the possibility of the parasite resistance agaii& drug [Ouellette et al., 2004].
Amphotricin B is basically an anti fugal drug, whibas also potency to leishmania. The
highly effective dose of Amphotricine B is usualgcompanied by sever side effects and
that it remains as the drug of choice only in theasa, where the parasite is resistant to
other drugs [Ouellette et al., 2004; Sundar, 200he high cost of amphotricin B also
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makes it unavailable for many patients [Sundar,120Bundar & Chatterjee, 2006].

Miltefosine has shown a high affectivity againgsienania in a phase lll trial in adults

and it can be considered as a break through ihrfesia treatment [Jha et al., 1999;
Sundar et al., 2002]. However, other aspect ofdhig still needs to be investigated. Other
drugs including metronidazole, ketoconazole, fliawle, itraconazole and terbinafine
were shown to have different range of effectiverteskeishmania in animal models and
human clinical trials so that their efficacy stifeds to be investigated [Alrajhi et al., 2002;

Gangneux et al., 1999].

1.3.6 Diagnosis of leishmaniasis:
Diagnosis of leishmaniasis is dependent on a coatibm of clinical symptoms,
parasitological detection, immunological tests amalecular techniques

1.3.6.1Clinical symptom

A series of clinical manifestations can be seewigteral leishmaniasis including long-
term unexplained fever, cachexia and hepatosplegaiyeln cutaneous leishmaniasis
changes on the skin are the most important sympidmch can lead to the diagnosis of
the disease (sek3.3), however, all forms of the disease neede@dnfirmed by other

diagnostic methods.

1.3.6.2Parasitological diagnosis

In visceral leishmaniasis, the amastigote form lsareasily detected by the microscopic
examination of stained smear of aspirates derivewh iymph nodes, bone marrow, liver,
or spleen [Bhattacharya et al., 2006; Markle & Makih 2004]. There is always a risk of
haemorrhage and complication for splenic and lasgpiration, which is also painful and
unpleasant for the patients [Osman et al., 1997¢utaneous leishmaniasis, the detection
of amastigotes by microscopic methods is based ltairong the smear from the skin
lesion biopsy or other methods like biochemical immunohistochemical tests. The
aspirate can also be cultured for recovering thagi® [Markle & Makhoul, 2004]. The
culture method is simple, cheap and relatively si@esut suffers from its vulnerability to
contamination. In addition, the culture method leé parasite is usually time consuming,
which makes it not an ideal method for field use.

In occult and sub-clinical infections, both direnicroscopy and cultured-based methods

have a low sensitivity and cannot distinguish bevthe amastigotes of different species,



Chapter 1/Introduction 42

so that, no species identification can be appligdhese methods [Osman et al., 1997;
Singh & Sivakumar, 2003]. In visceral leishmaniabis sensitivity of the methods for the
splenic aspirates are quite high (98%) but it vedofor other organs indicating a very high

level of infection in splenic macrophages (Tabi2) [Singh & Sivakumar, 2003].

1.3.6.3Immunological tests

Immunological tests are based upon the detectiorantiFleishmanial antibodies and
leishmanial antigens and are useful in both indiglddiagnosis and epidemiological
surveys. Serodiagnosis of the disease is somethtmmmpanied by shortcomings due to
antibody prevalence in endemic areas speciallyost-mfected cases, absence of antibody
during the incubation period, or cross-reactivititwother pathogenes such as malaria,
trypanosoma, schistosoma or leprosy [Kar, 1995]nuinber of methods have been
described for immunological test of leishmaniasduding Leishmanin Skin Test (LST),
Indirect Flourcent Antibody Test (IFAT), Enzyme kied Immunosorbent Assay (ELISA),
Direct Agglutination Test (DAT),fdirect Haemagglutination tegH@A), Immunodiffusion

test, Counter current immunoelectrophoresis (CCIERMunoblotting, and antigen

detection .
Investigation Sensitivity Specifity
Splenic aspirate smear 80 —98% 100%
Splenic aspirate culture 70-98% 100%
Bone marrow smear 60-85% 100%
Bone marrow culture 40-50% 100%
Liver aspirate smear 50-75% 98%
Lymphnode smear 40-50% 95%
Buffy coate culture 0-30% 100%
Complement fixation test 70-80% 60-73%
Immunodiffusion test 60-75% 90-95%
CCIEP test 80-90% 50-70%
IHA test 73-75% 80-95%
IFA test 55-96% 70-98%
DAT 90-100% 80-95%
ELISAs ** 36-100% 85-100%
* Hampered by high contamination rate of the casur
** Depending on the antigen used

Table 1-2: Sensitivity and specificity of various laborabry tests used for visceral leishmaniasis adapted
from [Singh & Sivakumar, 2003].
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1.3.6.4Molecular Techniques

Recently, several molecular biological techniquesseh been developed for a more
sensitive detection and identification of leishn@aparasites [Bastrenta et al., 2002; Mary
et al., 2004; Smyth et al., 1992]. The main appneacof nucleicacid-based detection is
based on amplification techniques such as the pamigse chain reaction (PCR) for the
detection of DNA, which allows sensitive, spec#ied fast detection of minute amounts of
pathogen DNA. PCR is based on the amplificatioa &own, specific sequence of DNA
using oligonucleotide primers (typically 20-merg)hich specifically bind to the DNA
flanking the region of interest. Then the targejusace is amplified using a heat-stable
DNA polymerase. Recent studies have shown thatdqahest minicircle is an ideal target
DNA in leishmania parasite as there are 10,000 esomf the DNA per cell and its
sequence is known for most of species [Aransayl.eR@00]. In visceral leishmaniasis,
PCR has opened a new window for diagnosis of legshasis using blood samples with
high sensitivity, which is very simple to obtainngpare to spleen and bonemarrow
aspirates. The sensitivity of the test using bleathples is reported as 70-96% [Osman et
al., 1997; Salotra et al., 2001]. In PKLD, PCR watther lymph node or skin aspirates is
more sensitive than microscopy for the diagnosisnj@n et al., 1998]. The sensitivity of
the test in PKLD patients is between 93.8-96%. 3iecifity of the test is 100%, which is
even higher than ELISA [Faber et al., 2003; Saletral., 2003; Salotra et al., 2001]. In
cutaneous and mucocutaneous leishmaniasis thehasstlso shown better sensitivity
compared to other tests; up to 100% for CL and%®&@r MCL [Disch et al., 2005; Faber
et al., 2003].
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1.4 Immunity to leishmania

1.4.1 Early mechanisms in immunity to leishmania

1.4.1.10psonisation and Immune adherence

Opsonisation is accounted as the earliest phenamafter the arrival of metacyclic
promastigotes into the blood stream. Opsonisasdpasically results from the interaction
of leishmania and serum proteins leading to theaaye of the parasite by the serum
proteins. The leishmania opsonisation takes plaosugh different ways. Interaction of
leishmania with natural antibodies is the main amabt usual way for opsonisation of the
parasite. It has been long known that sera of néecied vertebrate have anti-leishmania
antibodies [Nunes & Ramalho-Pinto, 1996; Puented.etl988], which is independent to
the parasite species [Rezai et al., 1975] that snean-infected vertebrates normally have
a level of anti-trypanosomatid antibodies in th#ood. The natural antibodies constitutes
of natural IgM antibodies, which have cross reatstiwith leishmania antigen. There are
also evidence to suggest that some other serureipsaguch as manan-binding lectin, C-
reactive protein and C3, the third protein in cosnpént cascade, can take part in the
opsonisation of the parasite [Culley et al., 199€en et al., 1994; Mosser & Brittingham,
1997]. The time course of opsonisation is speamependent and is approximatly 3
minutes long and the most out come of opsonisatidhe triggering of the complement
cascade, which means the rapid opsonisation gidhasite (3 minutes) [Dominguez et al.,
2003].

In addition, it has been shown that human C3-opsshpromastigotes and human serum
opsonised amastigotes bind to blood erythrocytes.that, it is believed the immune
adherence has a role in dissemination of the pgarasithe host [Dominguez & Torano,
1999]. Natural antibodies-coated parasites depB8iton their surface and C3 coated
promastigotes adhere to erythrocytes. The adhelisrtbe result of co-operation between
CRL1 receptors of erythrocytes and the very few [Bfind on promastigotes [Chevalier &
Kazatchkine, 1989; Dominguez & Torano, 1999]. Theekc of the binding is extremely
rapid, which takes 40 sec to complete and leadsatasferring leishmania to receiver
leukocytes for endocytosis to ensue. Polymorph@auslhave been shown to take role as
principal receiver cells in the initial leishmarkiast contact. Therefore they can help in

dissociation of the promastigote-erythrocyte inltth@d [Dominguez et al., 2003].
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Leishmania-platelets immune adhesion is reportechan-primate vertebrate and dogs
[Dominguez et al., 2003]. Thus, the immune adhexeaa@ phenomenon, which occurs in
early stages of leishmania infection in primate aond-primate mammals [Dominguez &
Torano, 2001]. In primate, erythrocytes act as rerti shuttle to carry C3-opsonised
promastigotes to phagocytes [Lindorfer et al., 200id there are studies indicating an
anti-microbial role for platelets, however , theimeole of platelets is remained unknown
[Umekita et al., 1998]. Therefore, the main impottaunction of immune adherence is to
promote phagocytosis of opsonised immune complexes microbes by professenal
phagocytes. Hence, the immune adherence may &eilithe uptake of leishmania

promastigotes by phagocytes.

1.4.1.2Complement

The potency of cytotoxic effect of human serum agiaieishmania parasites has been
previously identified [Dominguez et al., 2002] athe role of complement as the main
non-cellular immmune mechanism in leishmaniasis thasoughly investigated. However, it
has only recently been proven that complement leasrgplex function against the parasite
by posing a strong defence line to the parasitatsigl before it enters a permissive
phagocyte. The kinetic of complement activatioreishmania infections is not yet fully
understood however, it has been shown that theepsostarts approximately 1 minutes
after the parasite arrives into the blood streach @mpletes in 2.5 minutes [Mosser &
Edelson, 1984]. These phenomena strongly suppbstedal time kinetoplast analysis, as
90% of promastigotes were killed after 2.5 minudéserum contact. Fdr. donovoni the
lytic process induced by complement starts in @fgan serum contact and reaches 50%
in 80 sec and most of the parasites are killed3m@nutes [Dominguez et al., 2002].
Though, most of the studies at first was focusetheralternative complement pathway, it
has now been shown that both classic and altemagiathways can be activated by
leishmania parasites [Mosser et al., 1986] andctassic pathway accounts for 85% of
complement activity. Thus, the classic pathway éevant pathway in a Kkinetic
quantitative term and this is confirmed using theasof patients congenitally deficient in
C1 or C2 complement factors [Dominguez et al., 2002

In leishmania infection, the classic pathway isnmalty triggered by natural antibodies in
which 85% is triggered by IgM and 15-20% by IgG idgrthe first course [Navin et al.,
1989]. However, it has also been shown that com@ienoan be activated by antibody-

independent mechanism [Mosser et al., 1986]. Thgsa pathway rises up in 2-3 minutes
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but the alternative pathway is activated therer &ftel because most of studies measure the
activation of complement in 15-30 minutes of théeation the activity of the classic
pathway was first missed out [Puentes et al., 1989entes et al., 1988]. Finally,
deposition of C3b on the parasite, which can sexveC5 convertase, can lead to the
activation of lytic complement cascade that kilie parasite. Besides, it has been shown
that the survival of the parasite after the inogokais limited. Sandflies normally take
100-300n! blood meal and the number of parasites, which lwantransmitted is roughly
25-75. As the viability of promastigotes in contaxinon-immune serum after 2.5 minutes
is >25% and the number of macrophages/monocytesoaighly 7% of human blood
leukocyte [Dominguez et al., 2003]. The success ohinoculation is not known but most

of inoculations might be aborted by innate immuystem.

1.4.2 Cellular mechanisms in immunity to leishmania

1.4.2.1Macrophages and their effector function in leishmara infection
Macrophages are the main phagocytes, which takkigpmania parasites. These cells
eradicate the parasite efficiently when they atevated by CD4+ T cells. Non-activated
macrophages can not kill the parasite effectivatyl @are used as the host cells by
leishmania. In mammals, leishmania lives exclugivil macrophages, although the
parasite lacks special properties to penetratdéos cells and therefore, its survival is
totally dependent on phagocytosis by the macrophageas been shown that complement
receptors 1 and 3 (CR1 &CR3) and C3b bind to leasfim promastigotes and help them
be internalised by macrophages. CR1, with the bélfhe mannose/fucose receptor and
surface glycoproteins such as gp63, has a majer irolligation of promastigotes to
macrophages. For internalisation of amastigoteggF®id CR3 might take a significant
role [Chakrabarty et al., 1996; da Silva et al.889Da Silva et al., 1989; Guy &
Belosevic, 1993; Wilson & Pearson, 1986].

The activation of macrophage by T cells is the mmathanism leading to destruction of
the engulfed parasite (s&e.2.2). IFNy is accounted as an essential cytokine produced by
T cells for activation of macrophages to elimini@ishmania and IFN-knocked out mice
can not resist. major resulting in fatal infection [Swihart et al., 1998.-12 produced by
macrophages and DCs also plays an important ral@nmunity to leishmania through the
interaction of CD40-CD40L [Campbell et al., 1996atK et al., 1996; Yamane et al.,
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1999]. This was clearly demonstrated in I1L-12 krextkout mice where they failed to
prevent leishmania infection [Taylor & Murray, 1997Activated macrophages also
produce other cytokines like TNk-IL-6, IL-18 and IFNy [Awasthi et al., 2004]. Some
cytokines like TNFa synergises with IFN-in induction of NO productiom vitro [Taylor

& Murray, 1997]. Administration of TNFx to susceptible infected mice was shown help
to terminate the course of disease. Blocking TNFivo by passively administering anti-
TNF antibodies exacerbated the coursk.ahajor infection [Liew et al., 1990; Titus et al.,
1989]. Administration of other cytokines after iafien like IL-2, IL-7, IL-4 and IL-18
induced synergy to IFN-n activating the macrophages [Belosevic et &901 Bogdan et
al., 1991; Gessner et al., 1993; Tapia et al., ROd3tead administration of IL-4 before
infection, abrogates the activation of macrophdblesnzel et al., 1989; Leal et al., 1993].
The macrophage-destroying mechanisms, presumahlyated by toxic mediators, are to
some extent effective against on leishmania. The madiators acting against the parasite
in macrophages are toxic mediators of oxygen inolyduperoxide anion (¢, hydrogen
peroxide (HO,) and nitric oxide (NO). Production of nitric oxid®O) is the main
sophisticated pathway to make macrophages resigiathie parasite. It has been shown
that inhibition of production of NO from INO rendenacrophages unable to resist to
leishmania. Administration of NO inhibitors abrogatthe ability of macrophages to resist
leishmania [Assreuy et al., 1994; Awasthi et alp£2 Evans et al., 1993; Green et al.,
1990].

1.4.2.2Role of neutrophils in leishmania infection

Neutrophils (PMNS) in leishmania infection normaliynction as the primary effector or
phagocytic cells. They are the first cells migrgtiio the site of infection to phagocyte
leishmania parasites and perhaps demonstrate & kffect on them. Although the anti-
microbial activity of PMNSs is some time effectiagainst the parasite [Chang, 1981;
Pearson & Steigbigel, 1981], the parasite usualivige in PMNSs, which help the
parasite escaping the complement function [Laufsalet 2002]. There are studies
suggesting a role for PMNSs in generating Th2 imentesponse [Tacchini-Cottier et al.,
2000]. PMNS-secrete chemokine-like I1L-8 and leishrmahemokine factor to bring more
neutrophils to the site of infection . It has baeported that infection with.. major
induces production of MIP-2 and KC (two functiomalrine homologues of IL-8) in the
skin at the site of infection [Awasthi et al., 2004
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Because of the short life-span of PMNSs (6-10 tiriculation), which is usually ended by
apoptosis [Squier et al., 1995] and phagocytosisnagrophages, neutrophils are actually
helping leishmania to enter macrophages. Howeeeshiinania can increase neutrophils’
life span by delaying apoptosis for 2-3 days [Adaak, 2002]. apoptotic PMNSs are
recognised by phosphatidylserine expressed on shefiace [Fadok et al., 1992]. Ingestion
of apoptotic leishmania infected PMNSs, does ntivaie the antimicrobial mechanisms
of the macrophage against leishmania. Therefofection of PMNSs makes a smooth
way for leishmania to enter macrophages.

PMNSs seem to present a contradiction functioha# been shown that 47% of peripheral
human neutrophils express CD28, which on ligatimdtuce IFNy and T-cell chemotactic
factors indicating the role of neutrophils in iating of adaptive immune response. In
addition, it has been shown that IFNsromotes the macrophage activity for processing
and presentation of antigens to T cells. Thus, rophils indirectly can induce the

initiation of adaptive immunity against leishmapdavasthi et al., 2004].

1.4.2.3Role of CD4+ T lymphocytes in immunity to leishmara

T cells are the main cells responsible for genegasipecific immune responses against
pathogens (sek.2.2.2) including leishmania parasites. It hamb&ewn that resistance to
leishmania can be transferred from one mouse tthanby transferring specific CD4+ T
cells [Holaday et al., 1991; Moll et al., 1988].€rh is convincing evidence, in mammalian
hosts, to suggest that the immunity against leistian@arasites relies on generating a
cellular immune (Thl) response. This is clearly destrated by the genetic predisposition
of susceptibility toL. major infection in mice, which correlates with the doation of IL-
4-driven Th2 response and resistance is linkedntdLal2-driven, interferon: (IFN-y)-
dominated Th1l response that promotes healing arakipa clearance respectively [Sacks
& Noben-Trauth, 2002]. This is fully described iomhealing BALB/c and self-healing
C57 mice where they express transcripts for IL-d BN-y respectively [Locksley et al.,
1987]. IL-12 has a major role in the developmenTli immune response. This has been
shown using transgenic mice where T-cell recepteese specifically characterised for
peptides derived from ovalbumin. In this model @swshown that dendritic cells were
capable of induction and clonal expansion of T scddut they were unable to induce
differentiation of T cells toward Thl or Th2 withothe addition of IL-4 or IL-12
respectively [Macatonia et al., 1993]. In other exments, IL-12- deficient genetically
resistant mice and susceptible BALB/c mice bothetlgyed a strong Th2 response with
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high levels of IL-4 mRNA and low levels of IFN-gamramrmRNA in CD4+ T cells [Mattner
et al.,, 1996]. In additionin vivo administration of neutralisation anti IL-12 durireg
leishmania infection, made resistant mice more eqpiflde to leishmania [Hondowicz et
al., 1997]. Endogenous IL-12 plays a decisive andial role in leishmania infection
[Murray, 1997]. It has been reported that unrespengss of T cells to IL-12 in BALB/c
mice was the main cause of lack of Thl immune nespoand IL-12 receptors and
responsiveness are suppressed by IL-4 [Himmelrichl.e 1998; Launois et al., 1997;
Macatonia et al., 1993]. In BALB/c mouse modelhdés also been revealed that during
early stages of.. mgjor infection (detected in 4 days) there is a mixtafeTh1l/Th2
immune response. IFMis variable in different strains but strikingly-A-was produced in
all of the examined mice that fully generated Thi#mune response. Administration of
anti-CD4 and anti-IL-4 antibodies resulted in heglof the lesions indicating the crucial
role of IL-4 and T cell, which produce IL-4 [Loclksl et al., 1993; Uzonna & Bretscher,
2001].

Further observations suggested that the Thl sugpresole of IL-4 was under the control
of IL-2 suggesting IL-2 as the leishmania suscégiiifactor [Heinzel et al., 1993; Louis
et al., 1998]. Moreover, other studies showed d chla for IL-4 in L. major infection,
which has been shown to be dependent upon the pifasesponse and the antigen-
presenting cells [Biedermann et al., 2001]. IL-BOanother cytokine that may affect
susceptibility to leishmania infection [Kane & Mess2001]. It has also been reported that
blocking of IL-10 using anti-IL-10 ir.. major infection further reduced the succeptibility
of IL-4 receptora gene deficient mice [Noben-Trauth et al., 2003JmAnistration of anti-
IL-10 cure the leishmania infection [Belkaid et, @001]. The role of T-regulatory (CD4+
CD25+) cell or T reg cells in leishmania infectibas recently been investigated. T reg
cells effectively suppress the effector activityoter T lymphocytes against self-antigens
as well as foreign antigens. It has been repottad it leishmania infection T reg cells
might play a regulatory role in generation of imntyrio the parasite by producing IL-10
[Campos-Neto, 2005]. There are also studies suggestimunosuppressive roles for IL-
13 and TGHR; in immunity to leishmania, which correlates witswppression of IL-12 and
IFN-y expression [Li et al., 1999; Matthews et al., 2000

It has been shown that administration of Ifflds single dose or sustained delivery cannot
shift Th2 immune response to Thl to stop BALB/c enieveloping progressive lesion or

alter the course of infection. This suggest tha tble of IFNy in maintaining Thl
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Immune response is independent and early produofitin-4 and IL-10 is not due to lack
of IFN-y [Awasthi et al., 2004]. The role of other types@bd4+ T cells such as Th-17
cells in immunity to leishmania is not clear yedameeds to be investigated, howevere,

they may play a positive role by their contributiarthe production of I1L-12.

1.4.2.4The role of CD8+ T cells in immunity to leishmania

The role of CD8+ T cells in immunity against intedlalar parasites was first reported in
malaria by two independent groups in 1987 and 19880field et al., 1987; Weiss et al.,
1988]. In subsequent years, the participation of8€O cells was also described in
immunity to other intracellular pathogens suchlasoplasma gondii, Trypanosoma cruzi
and Mycobacterium tuberculosis [Rodrigues et al., 2003; Serbina & Flynn, 2001].

In leishmania, the function of CD8+ T cells in get®n of immunity has been undefined
for many years and it still remains as a dark ameemunity to leishmania. Initial studies
failed to indicate a role for CD8+ T lymphocytesljEet al., 1996; Huber et al., 1998].
However, later studies showed that the role of CD&:klls in pathogenesis and immunity
to leishmania can be demonstrated under certaiditimms. In studies reported by Belkaid
[Belkaid et al., 2002], C57BL/6 mice with CD8+ T liceleficiencies, including mice
without CD8 (CD8)or treated with anti-CD8 mAb, failed to controkth. major infection
following the inoculation of 100 metacyclic promgstes into the ear dermis. Also, these
animals demonstrated a severe and delayed dertmal@gy when compared to wild-type
animals. In this model of infection, reconstitutioh resistance was achieved when both
CD4+ and CD8+ T cells were adoptively transferrBdlkaid et al., 2002]. These results
were in agreement with some previous studies winemn@gune BALB/c mice rechallenged
with L. major showed production of IFNfrom CD8+ T cells [Muller et al., 1993], which
was associated with the production of nitric oXigemacrophages [Stefani et al., 1994]. In
addition, B2-microglobulin and perforin deficient mice prim&dth leishmania antigen
failed to control the infection after a challengghaleishmania suggesting a role of CD8+
T cells [Colmenares et al., 2003].These results saqgported by a number of studies
demonstrating an effective role for CD8+ T cellsaittivating macrophages by secreting
IFN-y in leishmania infections [Bottrel et al., 2001;I@enares et al., 2003; De Luca et
al., 1999; Pompeu et al., 2001]. The cytolytic attiof CD+ 8 T cells in leishmania
infection has also been investigated. It has bdwmws that CD8+ T lymphocytes are
highly cytolyticin vitro against leishmania-infected macrophages [Brodshyed., 1997].
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In conclusion, it is believed that CD8+ T cellsdak significant part in immunity against
leishmania [De Luca et al., 1999; Rodrigues et241Q3]. It is likely that the presence of
CD4+ T cells and their contribution is necessary tee activation of CD8+ T cells
[Colmenares et al., 2003; Erb et al., 1996] and €D8cells function as effectors by
posing a direct cytotoxic activity to infected maghages or by releasing IFNo activate

them against the parasite. CD8+ T cells may alsdribmte in the long-last immunity to
leishmania [Awasthi et al., 2004]. Nevertheles tmportance of CD8+ T cells in

immunity to leishmania is far from being clear aethains to be further elucidated.

1.4.2.5The role of other lymphocytes in immunity to leishnania

The role of other NK cells ang/d T cells in immunity to leishmania is not fully
understood. It was reported that the course ofihe@iasis caused hy tropica in Beige
mice lacking NK activity with the background of CHice, was similar to that of normal
C57 mice but they failed to contrbl donovoni [Kirkpatrick & Farrell, 1982]. In another
study, it was shown that NK cells induced early {ffependent protective response in
resistent C3H/HeN mice againstmajor compared to diminished activity of NK cells in
susceptible BALB/c mice [Scharton & Scott, 1993)ggesting a role for these cells in
resistance to leishmania. Also, in C57BL/6 resistarte, depletion of NK cells before the
infection induced marked exacerbation in localusswelling and increased the number of
parasites in the lesions which was accompaniecesy IFNy production in the first two
weeks of infection [Laskay et al., 1993]. Neutratian of IL-12 by anti IL-12 antibodies
has also led to abrogating the protective role Kfdglls in C57 mice [Scharton-Kersten et
al., 1995] indicating the role of IL-12 in earlygaluction of IFNy by NKs, which mediates
Th1l immune response. It has been shown that BAbiée lack early NK cell response
afterL. major infection due to simultaneous production of ILifbRibitor factor like IL-4,
IL-10 and TGFB. This indicates that early NK immune responseaskihg in the
susceptible BALB/c mice, which may be due to preseof inhibitory factors like IL-10
and IL-4 [Scharton-Kersten et al., 1995].

An in vitro studies orny/d T cells have demonstrated a marked increase itacoaf these
celld with leishmania parasites [Saha et al., 1986Wever, expansion of/d T cellsin
vivo was shown to be mediated through Th2 cytokinesaatiglation of Th2 lymphocytes

results in the expansion ¢® T cells [Rosat et al., 1995]
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1.4.3 Immune evasion by leishmania

After entering the macrophage, the parasite evaties proteolytic action of the
macrophage and use the macrophage as a site toahslepropagate. Two surface
molecules of leishmania parasites, the gp63 surfaocteaseand a lipophosphoglycan
(LPG), have been implicated in the attachment gotdke of promastigotes by host cells
Interestingly, these proteins complement the eftéotach other in the immune evasion
mechanism. During the initial stages of the inf@ctof the macrophage with donovoni,
LPG promotes the intracellular survival of promgstes by inhibiting the fusion of the
parasite —containing phagosome with the lysosorbesjardins & Descoteaux, 1997].
LPG also blocks the oxidative burst of the macrgghaia inhibition of protein kinase C
[Giorgione et al., 1996]. In the phagolysosome fogp63 acts to protect the parasite by
inhibiting chemotaxis anthe degradative phagolysosmal enzymes [Sorensan é094].

In addition, the parasite transformation inside mh&crophage from the promastigote to
amastigote makes it more resistance against thepldvof the phagolysosome because
amastigotes are metabolically more active in ard abian the neutral environment
[Zambrano-Villa et al., 2002]. The parasite alscorpotes its survival inside the
macrophage by preventing apoptosis, antigen prasemtprocedure and responsiveness to
cytokines [Moore & Matlashewski, 1994]. For instanteishmania inhibits the expression
of the MHC class Il molecules so in turn it decesapeptide presentation by macrophage
[Reiner et al., 1987]. Similarly, gp63 from. major and L. donovoni cleaves CD4
molecules on T cells interfering with the stabilisa of the interaction between antigen-
presenting cells and T helper cells. Besides, agwss internalize and degrade class Il
MHC molecules as well as down regulate the expovessi co-stimulatory molecules such
as B7-1 [De Souza Leao et al.,, 1995; Kaye et &894]L Leishmania also induces the
release of PGE2 and TGQF-which inhibit macrophage. The other evading syste
leishmania parasites is to control the responsefetted macrophages through its LPG by
down regulating the expression of the TFeceptor and inhibiting the chemotaxis of
neatrophiles and monocytes [Zambrano-Villa et2002]. The mechanism developed by
the parasite to evade complement could be amongtsé sophisticated ones that used by
parasites to evade immunity. Promastigotes of he&ha, probably due to high expression
of LPG molecule in their surface can resist the glement complex C5-C9. gp63 can also
process to protect the parasite from complemenutir the proteolytic conversion of C3b
to C3bi on the parasite surface and leishmaniaeprdtinases can phosphorylate some
complement components such as C3, C5 and C9 thakibhd) both pathways of activation
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[Brittingham et al., 1995; Puentes et al., 1990mBeano-Villa et al., 2002]. Another
strategy for leishmania to evade the immune sysgemsuppressing IL-12 transcription
gene. Because IL-12 is a major promoter of K-plkoduction, its suppression can, in turn,
inhibit the IFN«¥ production, which provide a survival advantage the parasite
[Zambrano-Villa et al., 2002].

1.5 Leishmania vaccines

The complexity of host-leishmania parasite intecactdemands a high level of basic
knowledge coupled with clinical research to paweway for designing and production of
an effective vaccine against the parasite. Forymoton of each vaccine utmost attention
must be paid to assure safety, reproducibility afftcacy. Each vaccine has to meet
several criteria to be counted as a safe and effestaccine. The requirements are
including Good Laboratory Practice (GLP), Good Mactory Practice (GMP) and Good
Clinical Practice (GCP) [Khamesipour et al., 2006). assure safety each vaccine, during
its development, needs to pass through 5 stagesowry, pre-clinical development,
clinical development, registration and post-marigtievaluation [Khamesipour et al.,
2006].

Different strategies have been considered to dpvahoeffective vaccine for leishmaniasis
but according to WHO's report, there is not a whadffective vaccine available for
leishmania parasites yet although different pravenor even therapeutic vaccines are
currently is under investigation [Coler & Reed, 30Machado-Pinto et al., 2002].

1.5.1 Killed leishmania Vaccine

Several studies have been carried out to proventneunogenicity of killed leishmania
parasite. The earliest attempt to construct adkilieshmania vaccine for leishmania took
place in 1940s in Brazil. After that in 1970s, ddd vaccine composed of 5 isolates of 4
different species was developed by Mayrink. Lathis was simplified to contain only
killed L. amazonensis and used for vaccination in Colombia and Equadar was also
used as an adjuvant for chemotherapy in Brazil (Késipour et al., 2006]. Later a vaccine
made up of autoclaved.. mexicana together with BCG was introduced for
immunotherapy and immunochemotherapy [Convit et 4B87]. It has also been
confirmed that using killed parasite can act asduvant and helps in reducing the dose

of anti-leishmanial drugs used for treatment ofHenania patients [Machado-Pinto et al.,
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2002]. In Venezuela, autoclavédmexicana is now used to treat leishmaniasis [Convit et
al., 2003]. In Equador, two injections of a killedccine composed @f. mexicana andL.
amazonensis together with BCG resulted in 73% protection inu&orian children
[Armijos et al., 1998] however further studies didt confirm the result [Armijos et al.,
2004]. In Colombia testing this vaccine did notwhauch difference betw