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Abstract
Leishmaniasis is caused by the intracellular parasite of the genus Leishmania. It now becomes a major public health problem in

many countries all over the world. It is always better to prevent the disease than to treat it. The vaccine prevents disease in the
people who receive them and protect those who come into contact with an unvaccinated individual. Because of the large genome
and complex biology, developing a vaccine for this pathogen has proved to be a challenging task. Leishmania promastigotes are
successfully cultivated incompletely defined medium and their excretory-secretory proteins/factors which may act as antigens are
easily purified form culture supernatant of cultured Leishmania species. These leishmanial excretory-secretory antigens serve as a
candidate for vaccine development in formulation with muramyl dipeptide (MDP) as an adjuvant. However, currently, there is not
a single vaccine is available against any form of leishmaniasis for general human use. According to the estimate of the World
Health Organization (WHO), 90% of visceral leishmaniasis (VL) occurs in just five countries (Bangladesh, Brazil, India, Nepal,
and Sudan). Those in need are amongst the poorest people in these countries to develop a vaccine. The main purpose of this review

is to present only the use of Leishmania excretory-secretory antigens (LESAs) as a candidate for the formulation of a potent

vaccine against the severe disease leishmaniasis.
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1. Introduction

The parasite causing the disease leishmaniasis is a single cell
microorganism belongs to the genus Leishmania. It is an
obligatory intracellular pathogen that causes the varied group of
infectious diseases leishmaniasis and is capable of infecting
wide range of animals including humans. This disease has the
varied clinical signs and symptoms which includes self-healing
cutaneous ulcers to asymptomatic infections, enervating
mucocutaneous pathologies to potentially deadly visceral
forms. These clinical symptoms are mainly depends on the type
of Leishmania species involved and also on the immune status
of the host'. The Leishmania completes its life cycle as a
digenetic manner and it needs two different hosts for its
survival and completes its whole life cycle. The parasite exists
as a motile, flagellated promastigotes form within the midgut of
the insect vector sand fly (Primary, invertebrate host) and as a
non-motile amastigotes form within the macrophages of the
mammalian host where it survives and replicate inside the
phagolysosomes’.

It is estimated that about 12 million people are affected by the
disease leishmaniasis worldwide, and about 2 million new
cases are believed to occur annually. It is mainly found in
tropical and sub-tropical countries and the disease is prevalent
in about 98 countries the worldwide where approximately 350
million people live. However, there is a gross under reporting
of the cases from endemic regions and these figures may go
up3. Around 5, 00,000 new cases of fatal visceral leishmaniasis
and 1.5 million fresh cases of cutaneous leishmaniasis and are
assessed every year. The countries which accounts for
approximately 90% cases of the deadly visceral leishmaniais
alone are Bangladesh, Brazil, Nepal, India and Sudan, on the
other hand Brazil, Afghanistan, Iran, Peru, Saudi Arabia, and
Syria accounts 90% cases of cutaneous leishmaniasis®. In India,
Bihar, Assam, West Bengal, and eastern Uttar Pradesh the most
affected regions by visceral leishmaniasis, where resistance and
relapse against the present anti-leishmanial drugs are on lift up.
The present situation of the leishmaniasis become more serious
global health threat due to the involvement of two infections
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i.e. Leishmania co-infection with HIV-AIDS. Leishmaniasis
infected individuals become immunocompromised and it
elevates the chance of other infections and thereby promoting
HIV replication and resulting in earlier onset of AIDS®. There
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is a great need for new efficient antileishmanial drugs and other
control measures that reduces the risk of combination of HIV
co-infection, expansion of endemic regions and resistance to
the available drugs. The Progress in controlling the
leishmaniasis requires improved appreciation of the biology of
the parasite to allow novel treatment strategies to be designed.

There are mainly two pathways to export the extracellular
proteins from the cells. The conventional secretory pathway
which passage of secretory proteins by the
endoplasmic reticulum/ Golgi-dependent route by using signal
peptide-dependent secretory transport and a number of
extracellular proteins has been discovered that does not make
use of the signal-peptide dependent transport of proteins across
the cell and follows another type of pathway i.e. the
unconventional secretory pathway for the translocation of

involves

protein which is not fully understood®®,

For the survival within the hosts in spite of several drugs
against them, the unicellular microorganisms have evolved
several approaches to alter their nearby milieu and amend the
host protective immune responses in its favor by obstructing
the anti-microbial action of host. Various molecules that are
secreted by the intracellular parasites are concerned with the
parasite survival within macrophages of the infected host’. The
occurrence signs, symptoms and persistence or relapse of the
disease leishmaniasis mainly depends on both the kind of
organism involved and the immune status of the host as well.
Different kind of cytokines that produced by T-cell clones are
the main players during the leishmaniasis that decides the
immune status of the affected individual. On the basis of type
of cytokine production during the disease, two different
pathways of the immune system come into play i.e. T-Helper 1/
T-Helper 2 (Th1/Th2) types'’.

To achieve the success in the field of parasitic infectious
diseases many researcher are working on several molecules
which are important for the survival of parasites or targeted by
host-specific antibodies or host immune responses. It has been
concluded from earlier studies that excreted/secreted (ES)
molecules from several intracellular pathogens such as
Mycobacterium tuberculosis and Toxoplasma gondii etc. that
these molecules which are highly immunogenic in nature and
have protective properties to be used as models for vaccine
designing'"™™. In addition, previous studies on trypanosomatid
secreted factors indicate that these molecules are involved in
eliciting strong immunity and defense against related
infection'. In the same way, is has been seen that culture
filtrate proteins of leishmanial promastigotes also elevate the
state of protection and strong immunity in L. major-infected
BALB/c mice'. So, it is concluded that the ES antigens of
Leishmania parasites may generate the protective cellular
immune response. Although there is an urgent need of an
effective vaccine against the neglected disease leishmaniasis

and several aspects of ES proteins are not yet known.

2. Drug For Leishmaniasis

The control measures for the effective cure of the disease
leishmaniasis are mainly depends on the chemotherapy and the
control of the vector sandfly. The first line of durg i.e.
pentavalent antimony compounds such as sodium
stibogluconate and meglumine antimoniate are now not in
routine use due to the emergence of parasite resistance against
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them. Another problem with these drugs is their high toxicity,
high cost, severe side effects, parental administration route
etc'®. Pentamidine and amphotericin B (AmB), the second line
of drug also have serious side effects, high toxicity. Now, the
various formulations of the AmB is available which have much
low level of toxicity and more potent in action against visceral
leishmaniasis but their high cost restricted its use among poor
countries. The other drugs like sitamaquine and paromomycin
are treatment options but it is under phase trial. The only single
effective oral drug miltefosine is currently available for the
treatment of leishmaniasis but unfortunately, the same problem
with this drug is having the high toxicity and severe side effects
such as diahhroea, nausea, vomiting etc!™8. Therefore, the
advancement in the field of drug alternatives for the effective
and safe treatment of disease leishmaniasis is still awaited.

3. Leishmanial excretory- secretary proteins/factors

Leishmania promastigotes were found to release soluble
excretory-secretory antigens/factors in the suitable culture
medium in vitro. These excretory/secretory proteins/factors
have been shown to be antigenic as they react with anti-serum
raised against homologous promastigotes. However, their
biochemical nature is not exactly known. Materials or factors
antigenically similar to excretory-factors (EF) are also to be
present in the parasite homogenate. In recent years much
attention has been focused on the excretory factor (EF) due to
their unusual biochemical and immunological properties'2'.
The most common pathway of protein secretion to transport the
secretory factors across the membrane is governed by classical
pathway of protein secretion. This type of protein transport
route includes endoplasmic reticulum/golgi apparatus (ER/
Golgi apparatus) dependent pathway and the protein contains
the N-terminal signal peptides to direct the transport of
protein®. There are some other pathways to transport the
secretory proteins that also include pathogenic factors secreted
by pathogens’. These specialized secretory pathways are known
as non-classical/unconventional pathway of protein secretion
which is ER/Golgi apparatus independent pathway. Leishmania
uses the same way of protein secretion that lacks the N-terminal
signal peptides for transporting virulence factors. This types of
protein secretion have no effect of brefeldin A that is used as
inhibitor of classical protein secretion®. It is also reported that
the secretion of proteins in Leishmania promastigotes is
affected by several factors like change in temperature, pH or
stress like conditions as in case of metacyclogenesis™.

The pathogenic parasite Leishmania adapted itself to survive
within the host cell by combating against the harsh
environment inside the host. For the better survival within host
adverse environment many virulent factors are excreted or
secreted by the parasite to modulate the immune response of
the host defense system’.It is well reported from earlier studies
that the unconventional secretory pathway play a very
important role in persisting the infection inside the host”. The
study by quantitative analysis of secretory factors or proteins
through mass spectrometry discloses the investigation of 151
proteins of Leishmania donovani and out of which numbers of
proteins are secreted by unconventional secretory pathway?*. A
study suggested that HASPB which is expressed non-
classically by cell surface of Leishmania is responsible for the
infection in the host®® and this route can be employed as potent
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drug target in the treatment of leishmaniasis.

It is well studied that the unconventional protein secretion
pathway are controlled by posttranslational modifications such
as phosphorylation®, cell differentiation??® and also by NF-xf
dependent signaling pathway®. In case of protozoan parasite
Leishmania, various proteins are secreted by the parasite as
virulence factors to survive within the host®. It is well
documented from experiments that an exosome based secretory
system plays a crucial role in the secretion of leishmanial
proteins and its transport to host cells®'. that follows the
unconventional mode of protein secretion. A study on
Leishmania donovani suggested that only 14% of the secretory
proteins contained the N-terminal signal peptide that follows
classical pathway of protein secretion®. In another study,
Brefeldin A showed no effect on protein secreted by
Leishmania that confirms the unconventional route of protein
secretion in Leishmania i.e. mainly based on the exosome
based protein secretion pathway. These exosome are small (30-
100nm) organelles and is released by various mammalian cells
such as B-cells, T-cells also?® 3!, The viral or bacterial infected
cells, various tumor cells also releases exosomes™>*, It is well
reported that Leishmania uses the exosomes for releasing the

secretory proteins that participate in modulating the
mammalian immune response by communicating with
macrophages®™ **. It is also reported that during stress

conditions such as elevated temperatures and pH change results
in increased release of exosome contining secretory proteins
and these proteins are also found the infected macrophages®® .
Therefore, there is urgent need of an improved knowledge on
unconventional secretory pathway of protein secretion from
Leishmania to understand the host parasite interaction and in
exploring new drug targets for better control of neglected
disease leishmmaniasis.

4. Immune response during leishmaniasis

Among several infectious diseases leishmaniasis is widely
popular among various experimental model to understand the
generation, maintenance and cause of immune responses failure
underlying resistance and susceptibility to infection. It is the
major infectious disease having a wide range of clinical
manifestations that includes cutaneous, mucocutaneous and
visceral forms®. The clinical outcomes of Leishmania
infection depend on the type of infecting species involved and
also on the host’s immunological response. On experiments
with experimental models it has been seen that the most
significant role among various immune cell are played by the
CD4" T helper cell which demonstrates that strong IFN-y
production, interleukin (IL)-2 and IL-12 responses is associated
with cure of the disease and supports Thl immune type of
immune response that dominates over classical Th2 cytokines
or IL-10 response™ *°.

On infection, high production of antibody takes place with low
production of cell mediated immune response. The two main
type of immune response during the infection i.e. T-Helper type
1 and T-Helper type 2 comes into play simultaneously which is
mainly governed by the secretion of type of cytokines on
infection. Th 1 type of response i.e. the production of IL-2,
TNF-alpha, IFN- vy, IL-12 mainly helps in the depletion of the
disease whereas the Th2 type of cytokine secretion i.e. 11-4, IL-
S, IL-10, IL-13 led to the development of disease or helps in
survival of parasite in the host*'. Several experiments have
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supported the role of these cytokines, such as the role of IFN-y
in depletion of disease was established by working with IFN-y
knockout (KO) mice*’. In the similar way, the role of other
cytokines such as IL-4, IL-13, IL-10 that are responsible for the
persistence of the leishmanial infection was expimentally
proved by using IL-4 KO BALB/c mice, IL-10 KO mice or IL-
4/IL-10 KO mice, IL-4/IL-13 KO BALB/c mice*. F inally,
production of IFN-y leads to intracellular death of amastigotes
through a common effector mechanism. Macrophage activation
is associated with induction of nitric oxide (NO) synthase,
which in turn leads to NO-mediated killing. Tumour necrosis
factor (TNF)-a is a co-factor with NO*.

5. Progress in vaccine development for leishmaniasis

The disease leishmaniasis comes under the neglected tropical
disease and currently there is no any true antileishmanial drug
is available for its proper cure and those which are in use have
severe toxicity or side effects. As the vaccine point of view,
very little research has been performed against the development
of vaccine for the visceral leishmaniasis comparatively with
cutaneous leishmaniasis*. The visceral leishmaniasis is a
mammalian infection which includes dogs, marsupials
including humans also. In the, Middle East, Mediterranean
basin and several countries of Asian continents the wild canines
and domestic dogs are dadly affected by the Leishmania
infantum while Central and South American dogs are severely
affected by Leishmania chagasi that have very high rate of
infection upto 67% in tropical America*®, The control of the
disease by chemotherapy or eradication of infected dogs is not
very effective way. Since, several studies in the field of
excretory-secretory (ES) proteins/factors suggested that
leishmanial ES antigens have potential to trigger the protective
immune response against visceral leishmaniasis*” 8, Tt is also
reported that Leishmania infantum ES antigens (LIESAp) along
with adjuvant MDP capable in inducing strong immunity and
complete protection against canine visceral leishmaniais® by
incuding Th 1 type of immune response. It has been reported
that 115-kDa secretory serine protease from Leishmania
donovani has important role in infection and has potential to
become a vaccine candidate™. In Situ Immunolocalization and
Stage-Dependent Expression of a Secretory Serine Protease in
Leishmania donovani and Its Role as a Vaccine Candidate).
The main target of formulating a vaccine is to activate the
strong immunity against the infecting pathogen. A number of
experiments are carried out to achieve such goal such as
leishmanization i.e. the use of live parasite to cure the disease
by using attenuated, irradiated or non-virulent organisms etc.
but in spite of all no potential immunity has been achieved™"*2,
Another trials for vaccine development includes the use of
leishmanial excretory secretory antigens (LESAs) that have
shown a positive hope towards the vaccine development against
leishmaniasis®®. The experiments on canine visceral
leishmaniasis by wusing excretory secretory antigens of
Leishmania infantum and leishmanial recombinant antigens
results in potential immune response*’. In the same manner, the
Leishmania donovani antigens such Fucose-mannose ligand
(FML) in combination with saponin results in protection from
zoonotic visceral leishmaniasis upto 92-97%. A recent
approach against leishmaniasis is the use of DNA vaccines and
it has shown a protective effective role in treating cutaneous
leishmaniasis in mice*’, which is mainly capable to induce a
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strong Th 1 immune response to achieve protection. Further, a
potent vaccine for leishmaniasis for humans is still awaited.
4. Conclusion

The international recognition about this disease coordinated by
WHO programmes brings renewed optimism that control is
feasible, especially in India where 70% of the global burden of
VL is found®™. New tools for early identification of cases
should facilitate surveillance and enable better co-ordinated
control programmes. More widespread control in the poorer
regions of the world will only be achievable as the local
infrastructure develops to enable delivery of healthcare. The
emergence of HIV, drug-resistant strains and changes in the
epidemiology of the vector challenge this effort. Long-term
control will depend on sustained international effort combined
with the necessary resources to develop new tools and
ultimately a protective vaccine™.

A new approach for the development of the vaccine against
leishmaniasis is seen which seems to be very much effective in
near future to cure or treat the disease leishmaniasis and this
new approach rely on the formulation of vaccine through
leishmanial excretory secretory antigens (LESAs)*.

LESAs are the protein/factors which are released in the culture
medium of the Leishmania parasite. Now, a lot of excretory
secretory proteins are identified by several Leishmania species
culture medium which are used as a strong vaccine candidate
preparation®!. These proteins are secreted by the parasite in the
phagolysosomal compartment and may serve as an interesting
target for the host cellular immune responses. The excretory
secretory proteins of the parasite could play a crucial role in the
biology or virulence of Leishmania parasites that helps the
parasite to adapt in the harsh of the
phagolysosomal compartment of host macrophage. These ES
proteins could also be degraded into peptides and further
associated with MHC class-1I molecules for presenting it to
CD4+ T-cell to trigger host cellular immune responses®" >,
Moreover, it was recently demonstrated that Leishmania
specific cytotoxic immune responses are developed by

environment

individuals living in areas of L. major transmission and play a
crucial role in resistance to re-infection. So, it is believe that
excretory-secretory (ES) proteins may constitute vaccine
candidate and these molecules may constitute interesting new
drug targets for the better treatment of the leishmaniasis.
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