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ABSTRACT

Received:

Leishmania is an obligate intracellular protozoan pathogen and a potential agent of
bioterrorism. Leishmania is one of many parasitic protozoa responsible for high death
rates in many parts of the world. Leishmania disease outcomes range from mild to
severe and account for significant medical problems, especially in developing nations.
Leishmania exists in two distinct morphological forms: promastigotes and amastigotes.
Promastigotes resemble elongated flagellated cells that infect humans via sandfly vectors.
Amastigotes are non-flagellated spherical cells that replicate asexually within human
macrophages. Promastigotes differentiate into amastigotes inside macrophages and are
transferred back to sandflies during subsequent blood meals. In the current commentary,
we examine Leishmania iron transporter 1 (LIT1), a novel Leishmania membrane protein
that plays a role in iron transport and parasite survival. Future investigations will explore
the functional role of LIT1 in iron metabolism and other biologic processes and may
lead to effective therapeutic strategies for treating Leishmaniasis and other parasitic
infections.
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Introduction
Intracellular pathogens are microorganisms that traverse the
plasma membrane of a particular host cell. Once inside the host

cell, intracellular pathogens successfully grow and reproduce
within the host cell. The inhabitation of the pathogen typically
promotes abnormal cell function and even destruction of the host
cell. Intracellular pathogens are the etiological agents for various
diseases, including African Sleeping-Sickness, Chagas’ disease,
and Leishmaniasis [1,2]. The threat of these types of diseases is
apparent given the number of drug effectiveness studies performed
in 2020 [3]. Understanding the cellular mechanisms that promote
the intracellular survival of medically relevant pathogens is of great
importance to life scientists. Members of the genus Leishmania are
transmitted to humans by the bite of an infected sandfly. During
a blood meal, the sandfly releases metacyclic promastigotes into
the mammalian host. Promastigotes then invade mononuclear

phagocytes and transform into amastigotes, the amplification stage
of the parasite. Following repeated rounds of replication by binary
fission, amastigotes are released from their cellular environment
enabling the parasite to infect other host cells [4]. Sandflies ingest
Leishmania amastigotes from infected mammalian hosts during
subsequent blood meals. Within the sandfly’s midgut tissue,
amastigotes metamorphose into promastigotes and are eventually
transmitted to another susceptible mammalian host during future
blood meals.
Leishmania infections typically lead to three common types
of clinical conditions in humans depending on the location of the

infection, species, and the immunological state of the individual:
cutaneous leishmaniasis, mucocutaneous leishmaniasis, and
visceral leishmaniasis [5]. Leishmaniasis is one of the world’s
most devastating infectious diseases and, compared to other
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protozoan diseases, has been shown to have higher case fatality
rates (Figure 1). The case fatality rate (CFR) is an epidemiological
parameter that estimates the number of deaths from confirmed
positive disease cases. CFRs proffer information regarding the
public health threat and are used in classification schemes [6].
Leishmaniasis is also considered an opportunistic disease and
is a significant cause of death in persons suffering from acquired
immune deficiency syndrome (AIDS). With recent military efforts
worldwide, the spread of leishmaniasis to U.S. military personnel
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has become a legitimate concern. At present, there are no effective
human vaccines for the treatment of leishmaniasis. Leishmaniahost cell interactions are well coordinated molecular gambits
involving ligands on the surface of the protozoan parasite and
cell surface host proteins [7,8]. Transition into vertebrate cellular
environments not only provides a strategy for parasite amplification
and avoidance of immune detection, but intracellular invasion also
allows Leishmania to be transported to secondary and tertiary sites
within the mammalian anatomic framework.

Figure 1: Case fatality rates (CFR) for protozoan parasites. The figure shows low to high case fatality rates expressed as
percentages for
(A)

schistosomiasis,

(B)

malaria,

(C)

cutaneous leishmaniasis,

(D)

visceral leishmaniasis, and

(E)

trypanosomiasis.

Immune responses to Leishmania involve cytokine activation
of signaling pathways that promote apoptosis of phagocytes, nitric
oxide production, inflammation, and proliferation of Type 1 T helper
(Th1) cells. Many studies have demonstrated that Leishmania
parasites block or activate essential signal transduction pathways
that mediate antileishmanial processes and thereby evade host cell
intracellular parasite suppression mechanisms [9,10]. Specifically,
earlier studies have demonstrated that Leishmania can block the
JAK-STAT signaling pathway and other signaling pathways to
enhance infection, survival, and proliferation in host macrophages
[11-13]. Several Leishmania species have been sequenced, which
have allowed molecular parasitologists opportunities to investigate
critical genetic mechanisms and protein structure.

Leishmania Iron Transporter 1 (LIT1)

Iron metabolism is paramount for intracellular parasites,
including Leishmania, Trypanosoma, and Schistosoma [14]. Iron
metabolism involves the transportation of useable forms of iron
to specific cells and biological compartments. Iron utilization

mediates homeostasis, promotes critical physiologic processes,
and facilitates parasite replication. Iron also mediates the
precise functioning of essential metabolic processes, including
adenosine triphosphate (ATP) biosynthesis. Despite the enormous
indispensability of iron, Leishmania cannot produce iron in vivo
[15]. Additionally, the kinetoplastid parasites cannot store iron for
later use. Macrophages engage in strategies to limit iron availability
during intracellular habitation to starve infectious agents, thereby
limiting growth and increasing innate immunity mediated by signal
transduction pathways [16]. For Leishmania species, iron transport
is further complicated because the protozoan must compete for iron
with the host macrophage. The intraspecific competition for iron
between the protozoan parasite and human cells is intriguing and
the subject of several informative review articles [17,18]. Studies
show that iron uptake and storage are essential for amastigote
amplification within the phagocytic vacuole.
LIT1 is a Leishmania-specific membrane protein implicated
in the recruitment of iron ions (Fe2+) inside the macrophage [19].
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LIT1 promotes efficient uptake of iron, which is essential for
Leishmania survival and replication inside the macrophage’s harsh
intracellular compartment [20,21]. Putative LIT1 functionality was
elucidated when using sequence homology; it was determined
that the IRT1 (iron-regulated transporter 1) gene in Arabidopsis
thaliana was similar [20]. Accordingly, LIT1 and IRT1 are members
of the ZIP protein family that consist of eukaryotic metal transport
transmembrane polypeptides with extensive extracellular and
cytoplasmic peptide components [22]. Seminal investigations
involving LIT1 mutational analysis provided clues as to the functional
aspects of LIT1. Using Leishmania amazonensis, researchers
showed that LIT1 gene deletions were sufficient to decrease
amastigote proliferation. Reduction of amastigotes also reduces
virulence as the outward appearance of LIT1 deletion mice showed
less cutaneous wounds than mice infected with wild-type parasites
[20]. It is unknown if LIT1 mutations or LIT1 gene deletions impact
amastigote translocation to the arthropod vector or morphologic
transformation in the sandfly. Currently, there are no studies that
examine the use of chemicals or molecular therapeutics to target
LIT1 precisely; however, studies have explored using quercetin to
inhibit iron metabolism. In one such study, quercetin was shown
to suppress amastigote division by altering a key enzyme in iron
metabolism, ribonucleotide reductase [23].

Conclusion

Leishmania species are pathogenic protozoans that have
evolved as successful intracellular parasites that preferentially
target mammalian macrophages and other immune cellular
effectors. Leishmania continues to infect and kill humans every
year in high numbers. Vector control and drug regimens form the
basis of leishmaniasis reduction methods. Once inside the host
cell, intracellular pathogens grow and reproduce. The inhabitation
of the pathogen typically promotes abnormal cell function and
even destruction of the host cell. Each form of Leishmania is
morphologically distinct and highly adapted for survival in the
host. LIT1 proteins of Leishmania species are vital proteins that
regulate iron metabolism in these intramacrophage parasites.
Comparing the amino acid sequences of LIT1 proteins across
different Leishmania species will expand our understanding of the
LIT1 protein structure. Analysis of the amino acid sequences will
also improve our comprehension of the function of LIT1 and help
biologists identify similar proteins in the trypanosomatid family and
other eukaryotic species. No drugs or molecular compounds have
been shown to bind directly to LIT1 and reduce its effectiveness
as an iron transporter. However, it may be possible to use amino
acid sequence data and protein informatics software to search for
potential LIT1 binding partners to treat leishmaniasis.
In this commentary, the authors focused on LIT1 as a
potential therapeutic target. In addition to targeting LIT1, other
complementary proteins such as the Leishmania iron regulator 1
(LIR1), a cytoplasmic-membrane protein found in promastigotes
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and amastigotes that prevents iron toxicity [24] and ferric reductase
(LFR1), an enzyme that transfers an electron to iron (e.g., Fe3+ to
Fe2+) are also latent targets [15]. It is also quite possible to employ
an mRNA vaccine strategy similar to the currently used approach to
defeat the COVID-19 pandemic [25] and generate an mRNA vaccine
that directs the human body to produce antibodies to identify
and eliminate trypanosomatid protein signatures crucial in iron
metabolism. Targeting LIT1 and other proteins involved in iron
homeostasis may be beneficial to disrupting essential Leishmania
propagation processes.
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