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ABSTRACT

Cutaneous leishmaniasis (CL) is a neglected public health problem in developing countries
including Iran. CL is caused by different species of Leishmania parasites and results in
morbidity and complications in patients with active lesions. Since protozoa are intracellular
parasites, cellular immunity plays an essential role in controlling the infection. Cellular
immunity is induced immediately after the infection and persists for many years after
recovery. Studies over the past decades have identified the important role of CD4+ T cells
and their T-helper subtypes in the immune response to CL. Finding antigens capable of
producing Th1-dominantimmune responses can play an effective role in preventing CL. This
study examines the protective role of phosphoenolpyruvate carboxykinase (PEPCK), a
critical enzyme for protozoan survival and reproduction. The potential of targeting PEPCK
for the development of novel prevention strategies against Chagas disease is explored.
Detailed findings presented herein underscore the critical role of PEPCK as an immunogenic
antigen in parasite metabolism, gluconeogenesis, and energy homeostasis. Notably, the
elimination of PEPCK alters parasite metabolic activity and attenuates Leishmania
pathogenicity. These results position PEPCK as a promising vaccine candidate and
therapeutic target for CL, pending further validation.
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Introduction

eishmaniasis is a group of diseases caused by a

protozoan parasite of Leishmania genera. Skin

infections due to the parasite are known as

Cutaneous Leishmaniasis (CL) which are found
in many parts of the world, especially in Asia, North Africa,
and Central and South America. While these diseases come
in various forms and are classified based on taxonomy or
geography, they are clinically categorized into three main
groups, namely, cutaneous infection and skin ulcers, visceral
infection, and mucocutaneous infection. The parasite can
exist in two forms: amastigote, mostly inside mammalian
macrophages, or flagellated (promastigote) inside its sandfly
vectors. The clinical outcome of CL may vary due to
multifactorial nature of the disease. CL in the Old World (in
Asia, Europe, and Africa) is caused by four species of the
Leishmania, including L. infantum, L. aethiopica, L. major,
and L. tropica. In Old World CL, lesions improve
spontaneously within about a year with the help of the
immune system. CL due to L. major is painless as long as
the lesions are in the early stages. These lesions are severely
inflamed and ulcer-like and improve between two to eight
months. They usually heal slowly and may leave behind
large, disfiguring scars.

The immune system plays a crucial role in combating CL.
Given the intracellular nature of the Leishmania parasite,
cellular immunity is the predominant defense mechanism
against infection, with humoral immunity playing a
supporting role. Researchers have found that antibody titers in
CL are significantly higher in cases with disseminated and
multiple lesions. Although most researchers believe that the
presence of antibodies in CL is not directly related to
immunity against the parasite, it is important to consider that
antibodies may prevent reinfection by blocking antigens of the
parasite from interacting with macrophage receptors. Cellular
immunity is established shortly after the infection and persists
for years following the resolution. Promastigotes that survive
outside the cell or amastigotes within tissues are the main
targets for macrophages. In order to survive and establish an
infection, the parasite must tolerate various antimicrobial
factors of macrophages such as oxygen-dependent metabolic
substances like hydrogen peroxide and free radicals.

Since the late 1970s, studies on the immune response to
CL have identified a significant role for CD4+ T cells and their
T-helper subsets. Subsequent studies on CL in experimental
models of infection with L. major on sensitive BALB/c and
resistant C57BL/6 mice as well as human subjects have
revealed that contact with specific antigens and cytokines
affects the development of CD4+ T cells or T-helper cells.
Based on the cytokines they secrete, Th cells are divided into
three subgroups: ThO cells secrete a combination of IL2, IL6,
IL5, IL4, IFN-y, and IL10 upon antigenic stimulation. Thl
cells secrete 1L-2, IFN-y, and TNF-f, while Th2 cells secrete
IL-10, IL-6, IL-4, and IL-13. Interferon-gamma inhibits the

proliferation of Th2 cells and the function of IL-4, while IL-4
and IL-10 suppress Th1 responses. In the early 21st century, a
regulatory T cell subset was introduced, suggesting its role in
long-term host resistance against reinfection. Further studies,
primarily focusing on visceral leishmaniasis, highlighted the
role of IL-17 produced by Th17 subset CD4+ T cells, which
play important yet ambiguous roles in protection or
exacerbation of infection alongside neutrophils. Overall, the
literature indicates that these four subsets can regulate host
immune, regulatory, and inflammatory responses to various
forms of leishmaniases. New technologies capable of high-
throughput data collection along with recent Systems Biology
approaches have increased scientists' hopes of unraveling the
complexity of leishmaniasis. These new technologies can
even differentiate the expression of immune-related genes in
the blood compared to tissues of individuals infected in
endemic areas. Moreover, identifying and investigating new
antigens as biomarkers for cutaneous leishmaniasis infection
or inducers of acquired immunity against lesions can lead to
the development of more precise diagnostic tools and better
therapeutic or preventive strategies for controlling CL. One of
these antigens which has recently gained scholarly attention is
an enzyme called pyruvate carboxykinase (or PEPCK in short)
which will be further described below.

Phosphoenolpyruvate Carboxykinase (PEPCK) is a
crucial enzyme in the gluconeogenesis metabolic pathway,
converting oxaloacetate into Phosphoenolpyruvate (PEP) and
carbon dioxide. It exists in two isoforms (i.e., cytosolic and
mitochondrial) and plays a significant role in maintaining
metabolic homeostasis and energy production in Leishmania
species. PEPCK is highly conserved among different
Leishmania species, and is involved in the anaplerotic
pathway, where it facilitates the use of amino acids as an
alternative carbon source in glucose-limited environments.
Studies have shown that PEPCK is vital for Leishmania’s
survival and proliferation within macrophages under glucose
deprivation. The enzyme supports the parasite’s survival by
increasing the expression of PEPCK to enhance
gluconeogenesis. Furthermore, deletion of the PEPCK gene
results in a significant reduction of Leishmania’s metabolic
activity and disease severity. This suggests that PEPCK could
be a potential therapeutic target for treating CL.

The utilization of PEPCK in controlling Leishmaniasis
has already been investigated. A study on a naturally
processed peptide derived from PEPCK, known as
PEPCK335-351, has demonstrated its function as an
immunogenic antigen capable of inducing robust and long-
lasting immunity mediated by T cells in both mice and humans
infected with Leishmania major. Notably, PEPCK is
expressed in the glycosomes of both the promastigote (inside
the sandfly vector) and the amastigote (inside the mammalian
host) stages of the parasite’s life cycle. Vaccination
experiments involving intradermal administration of this
peptide have shown enhanced protection of resident skin T
cells against challenges posed by Leishmania parasites,
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underscoring the significance of targeting tissue-resident
memory T cells for effective vaccine development against CL.

In another animal study, the ability to generate skin-
resident T cells was compared after intramuscular and
intradermal injection of a synthetic DNA vaccine encoding
PEPCK. The intradermal vaccination generated durable
antigen-specific cellular responses in the skin, offering
superior protection against a Leishmania major challenge,
compared to intramuscular vaccination. This suggests that
Leishmania PEPCK is an immunodominant antigen with the
potential for vaccine development since PEPCK-specific T
cells demonstrated protective immune responses in mice and
humans. Intradermal vaccination induced skin resident T cells,
leading to enhanced protection against Leishmania parasites,
highlighting the importance of targeting tissue resident
memory T cells for an effective leishmanial vaccine.
Moreover, intradermal vaccination was found to induce
systemic immune responses and maintain immune responses
in the skin, resulting in reduced inflammation and parasite
burden post Leishmania major challenge.

In arecent animal study conducted in 2021 using a murine
model, the role of PEPCK in metabolism and immunity
against Leishmania major infection was investigated.
Targeted removal of PEPCK by CRISPR-Cas9 technology led
to reduced parasite proliferation, attenuated pathology, and
decreased cytokine production in infected mice. Furthermore,
PEPCK-deficient parasites exhibited significantly reduced
virulence in vivo. BALB/c mice infected with PEPCK-
deficient parasites failed to develop cutaneous lesions despite
harboring parasites at the site of infection. This protective
effect observed in intradermally vaccinated mice not only
highlights the efficacy of this platform for generating skin-
resident T cells but also suggests its potential in enhancing
durable immune responses within relevant tissues.

Methods

A literature search was conducted on NCBI PubMed to
identify  articles related to Phosphoenolpyruvate
Carboxykinase (PEPCK) and Leishmaniasis. Specific
search terms, including "PEPCK" and "Leishmaniasis,"
were utilized and combined. Relevant articles were filtered
by publication date, article type, and text availability. Each
selected article was reviewed for relevance, and key
findings were summarized for analysis. For the Farsi
section, the analyzed data were translated.

Results

Since this is a literature review, no experiments were
conducted to obtain results.

Conclusion

Leishmaniases, particularly CL, are complex diseases
that pose significant global health challenges, primarily
due to the interplay between the Leishmania parasite and
the host's immune response. Understanding the disease's
multifaceted nature has unveiled the critical role of cellular
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immunity in combating the infection, while highlighting
the potential contributions of specific immune cell subsets
and cytokines. Recent advancements in molecular biology
have shed light on promising therapeutic targets, such as
the enzyme PEPCK, which plays a fundamental role in the
parasite's survival and pathogenicity. The development of
vaccines utilizing PEPCK as an immunogenic antigen has
demonstrated the potential for inducing robust immune
responses, particularly in generating protective skin-
resident T cells. These findings not only pave the way for
innovative treatment strategies but also enhance our
understanding of the immune mechanisms at play in
leishmaniasis. Altogether, the results of utilizing PEPCK,
either as an immunogen component of a preventive vaccine
or a drug target for attenuation of the parasite and cure of
the infection is a promising approach which upon further
evaluations may offer a solution for controlling CL.
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