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Abstract

Background Leishmaniasis is a parasitic disease caused by an intracellular protozoan, Leishmania. Various factors,
including host immunity and the Leishmania species, influence the manifestation and severity of the disease. Recent
investigations have shed light on the potentially significant role of Leishmania RNA virus (LRV) in the clinical prognosis
of leishmaniasis. This study aims to investigate the influence of LRV2 +on various pathogenic genes of Leishmania.

Materials and methods In this study, 35 Leishmania isolates were obtained from patients diagnosed with cutaneous
leishmaniasis (CL). Leishmania species and the presence of LRV2 + were identified with the PCR-RFLP and semi-nested
PCR methods, respectively. Additionally, the RNA expression levels of cysteine protease (CP), heat shock protein

70 (HSP70), heat shock protein 83 (HSP83), glycoprotein 63 (GP63), and mannose phosphate isomerase (MPI) were
assessed in LRV2+and LRV2- Leishmania clinical isolates using RT-qPCR.

Results Out of the 35 isolates, 20 were selected from CL patients, all confirmed as Leishmania major. These isolates
were divided into two groups, LRV2 +and LRV2-, with 10 isolates in each group. RT-gPCR analysis revealed that

HSP83, MPI, and GP63 gene expression levels were statistically upregulated in LRV2 +isolates compared to LRV2-
isolates (P<0.05). Although HSP70 and CP genes showed slight up-regulation in LRV2 +isolates, it was not statistically
significant compared to LRV2- isolates.

Conclusion The notable increase in gene expression levels, particularly for GP63, HSP83, and MPI genes, suggests that
the presence of LRV2 +may significantly influence the expression of these factors in L. major clinical isolates.
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Introduction

Leishmania species are crucial pathogens responsible for
a broad spectrum of clinical manifestations, ranging from
self-healing ulcers to potentially life-threatening forms
[1,2].

The three main forms of this disease include visceral
leishmaniasis (VL), cutaneous leishmaniasis (CL), and
mucocutaneous leishmaniasis (MCL) [3]. CL is esti-
mated to have between 0.7 and 1 million new cases annu-
ally, predominantly endemic in tropical and subtropical
countries [4, 5]. Also, CL is the predominant form of
leishmaniasis in Iran, present in 25 out of 31 provinces,
occurring in two forms: anthroponotic cutaneous leish-
maniasis (ACL) and zoonotic cutaneous leishmaniasis
(ZCL) [6, 7]. Recent evidence has highlighted the role
of viruses as endosymbionts in protozoan pathogenesis
[8-11].

The Leishmania RNA virus (LRV), belonging to the
Totiviridae family, acts as an endosymbiont within the
Leishmania parasite [12]. The presence of LRV provides
these parasites with a survival advantage by suppressing
immunity in the vertebrate host [8, 13, 14]. Based on the
complete nucleotide sequence, LRVs are categorized into
two types: LRV1 (New World) and LRV2 (Old World),
displaying less than 40% similarity in their genomes
[15]. The presence of LRV2 in Iran has primarily been
confirmed in L. major, with occasional occurrences in
L. infantum and L. tropica [16-18]. In recent decades,
numerous studies have investigated the potential role of
LRV in the pathogenesis of Leishmania infections, treat-
ment failures, and immune responses. While there is a
wealth of literature addressing these topics, particularly
in the New World, there remains a significant gap in
understanding these issues within Old World regions [8,
10, 14, 19, 20].

Leishmania virulence factors (VFs) play a significant
role in the pathogenesis of the parasite by stimulating the
immune response [9, 10, 21].

Heat shock proteins (HSPs) play an essential role
for various critical processes, including differentia-
tion, proliferation, and survival throughout different life
cycle stages [22]. The MPI protein (mannose phosphate
isomerase) is a vital virulence factor in Leishmania. The
absence or functional impairment of MPI in Leishmania
species has been associated with slow growth rates [23].

The gene region associated with the metalloprotease
GP63 is integral to the survival and virulence of Leishma-
nia parasites, with GP63 recognized as one of the most
significant virulence factors. This protein contributes to
the parasite’s ability to evade the host immune system
by modulating macrophage signaling, which is criti-
cal for establishing and propagating the parasite within
these immune cells. Studies indicate that mutants lacking
GP63 exhibit increased susceptibility to host defenses,
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underscoring its protective role against immune attacks.
Furthermore, GP63 has been shown to degrade host anti-
microbial peptides, enabling Leishmania to survive in
hostile environments. Overall, GP63 is not only involved
in immune evasion but also impacts cellular processes at
a molecular level. It can translocate to host cell nuclei,
influencing protein transport and modulating gene
expression related to immune responses [24].

Cysteine proteases (CPs) are critical VFs and have
been considered drug targets and candidates for pre-
paring vaccines [25, 26]. In Iran, numerous studies have
explored the expression levels of VF genes and observed
changes in expression under in vitro conditions. These
studies have suggested that these expression changes may
be attributed to the presence of LRV2 [11, 14].

Given the significant roles of VFs, this study aims to
explore the differential expression of HSP83, MPI, GP63,
HSP70, and CP genes in LRV2 +and LRV2- L. major iso-
lates using the qRT-PCR.

Methods

Sample collection

In this study, 20 Leishmania isolates (10 LRV2 positive
and 10 LRV2 negative) were obtained from patients diag-
nosed with CL in the ZCL regions of Golestan (north-
ern Iran) and Isfahan (central Iran) provinces in Iran.
The dermal lesions were sterilized with 70% ethanol,
and sample collection was done by scraping the swollen
edge of the lesions. The exudate materials were initially
cultured on a Novy-MacNeal-Nicolle (NNN) medium.
After 3-5 days, promastigotes were then transferred to
RPMI 1640 medium (Gibco, Germany) with 10% heat-
inactivated fetal bovine serum (Gibco, Germany), 100 U/
mL penicillin, and 100 pg/ml streptomycin (Gibco, Ger-
many), and incubated at 26 ‘C [27].

Leishmania species identification by PCR-RFLP

DNA extraction was conducted using a commercial kit
from Bioneer. PCR amplification targeted a 1450 bp frag-
ment of the N-acetyl glucosamine-1-phosphate trans-
ferase (NAGT) gene in Leishmania isolates, utilizing
specific forward and reverse primers. Species identifica-
tion was performed through restriction fragment length
polymorphism (RFLP) analysis, employing the Accl
enzyme for digestion [27].

RNA extraction and cDNA synthesis

Total RNA from 1x 10° promastigotes in the stationary
phase was extracted according to the manufacturer’s pro-
tocol (YTZ, Favorgen, Taiwan). Complementary DNA
(cDNA) was synthesized from 400 ng of total RNA using
a cDNA synthesis kit (YTZ, Favorgen, Taiwan) following
the manufacturer’s instructions [14].
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Leishmania LRV2 detection by semi-nested PCR

A previous study described a method for detecting LRV2.
Briefly, the initial PCR employed outer primers LRV F1
and LRV R to amplify a 526 bp fragment. This was fol-
lowed by a semi-nested PCR using inner primers LRV F2
and LRV R to target a 315 bp product of the RdRp gene
of LRV2. The PCR protocol included 35 cycles at 94 °C,
60 °C, and 72 °C, with a final extension at 72 °C for 5 min
[28].

Real-time PCR

Quantitative Real-time PCR (RT-qPCR) was used to
investigate the expression of the HSP83, MPI, Gp63,
HSP70, and CP genes compared to L. major stan-
dard isolate (MRHO/IR/75/ER). Primers for targeted
genes were designed using primer 3 software (bioinfo.
ut.ee/primer3-0.4.0/). Alpha-tubulin (ALT) genes were
included for normalization purposes. The sequences of
the primers are shown in Table 1.

Real-time PCR for these genes was performed using
StepOnePlus Real-Time PCR System (Applied Biosys-
tems, Thermo Fisher Scientific) in an equal amount of
c¢DNA were run in duplicate and amplified in 15 pL reac-
tion containing 1.2 pL target cDNA, 2.2 pL forward and
reverse primers, 3.8 ul sterile deionized water, 7.5 pL
SYBR green (YTZ, Favorgen, Taiwan) and 0.3 pL Rox
(YTZ, Favorgen, Taiwan). The reaction was programmed
with the following details: Holding Stage: 3 min at 95 °C,
Cycling Stage: 45 Cycles of 15 s at 95°c and 38 s at 60 °C,
Melt Curve Stage: 15 s at 95 °C, 1 min at 60°c and then
15s at 95 °C. Results were analyzed using Step One Plus™
software (Applied Biosystems).

The expression level of the studied genes, using the CT
obtained for the reference gene and the target genes, after
putting the corresponding values in the 2-22¢T formula in
a relative manner using REST software (Relative Expres-
sion Software Tool) obtained, which will be presented in

Table 1 Designed primer sequences for parasite VF genes

Page 3 of 8

the results section. The acceptable significance level was
95%, and the p-value was <0.05.

Results

Leishmania specimen characterization

In the present study, isolates were examined using NAGT
PCR-RFLP to identify Leishmania species. NAGT PCR
produced a 1450 bp band in all Leishmania isolates.
Digestion of the PCR product with ACC1 generated
500 bp and 950 bp fragments, indicating L. major species.
All isolates from CL patients with complete demographic
data were characterized as L. major infections (Suppl
Fig. 1) (Table 2).

LRV2 detection

The first and second rounds of RdRp semi-nested PCR
on LRV2+samples revealed approximately 526 bp and
315 bp products, respectively. In the present study, 35
isolates were examined, of which 10 were identified as
LRV2 +and 25 as LRV2- (Suppl Fig. 2) (Table 2). The iso-
lates were then divided into LRV2+and LRV2- groups.
Finally, 10 LRV2 +isolates and 10 LRV2- isolates were
selected.

Virulence factors expression

The relative RNA expression levels of the virulence fac-
tor genes in LRV2- and LRV2 + isolates were compared to
the standard strain (Fig. 1; Table 3).

HSP83

The average RNA expression level of the HSP83 gene in
LRV2+ (§12-S21) and LRV2- (S2-S11) groups were 3.47
and 2.17 fold, respectively. The relative expression level of
the HSP83 gene was significantly upregulated by 1.816-
fold in LRV2 + group compared to LRV2- ones (p <0.001)
(Fig. 1). In all the isolates, the expression was increased
compared to standard isolate except one LRV2- isolate.
However, the expression in LRV2 +isolates was higher,

Genes Primer name Sequence (5'-3') Length (mer) Melt temperature GC Amplicon size (bp) Ref
(%)

HSP83 HSP83 F ACGAAGCACTTCTCTGTGGAG 21 59.66 53.38 108 [14]
HSP83 R GATGTTGTTGCGCTTCTTGTT 21 60.31 42.86

MPI MPIF AGTGCCCTACCTGCTGAAGA 20 60.01 55 138
MPIR ATGAGCTCTGGCTTGTGGTT 20 59.87 50

Gp63 GP63 F ATCTGTGGCGACTTCAAGGT 20 5931 50 136
GP63 R CAGAGAACGTCTGGCAGGTC 20 60.39 60

@3 CPF ACAGCTCCTCTTTCATGGAC 20 5722 50 92 [11]
CPR AATGTGTGAGGACAGGTACG 20 57.26 50

HSP70 HSP70 F GTTTGATGTGACGCTGCTGA 20 59.13 50 153
HSP70 R GCCAGGTTCTTACCCTTGTTC 21 58.84 52.38

AlphaTubulin ALTF CAGGTGGTTGTCGTCTCTGAC 20 60.04 60 119
ALTR TAGCTCGTCAGCACGAAGTG 20 60.11 55
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Table 2 Characteristics of isolates from CL patients

Isolate Dura- Num- Le- Type of LRV2+/LRV2-
code tion of berof sion wound
infection wounds site
(Weeks)
S1 - - - - LRV2-
(Standard)
S2 3 6 Hand  Wet LRV2 -
and
Leg
S3 4 2 Hand  Wet
S4 8 3 Hand  Wet
S5 3 2 Hand  Wet
6S 8 5 Hand  Wet
and
Leg
S7 6 Hand  Wet
S8 4 1 Leg Wet
S9 1 lower  Wet
limb
S10 4 2 Upper Wet
limb
ST1 4 2 Hand  Wet
S12 8 2 Hand  Wet LRV2+
S13 8 1 Hand  Wet
S14 3 1 waist  Wet
S15 4 8 Upper Wet
limb
S16 3 1 Leg Wet
S17 4 15 Hand  Wet
and
Face
S18 1 1 Hand  Wet
S19 4 1 waist  Wet
S20 2 1 Leg Wet
S21 8 2 Leg Wet
and
Face

ranging from 1.73 to 5.26-fold, compared to LRV2- iso-
lates, ranging between 1.54 to 3.16-fold (Figs. 1A and 2).

MPI

The average RNA expression level of the MPI gene in
LRV2+ (S12-S21) and LRV2- (S2-S11) groups were 4.12
and 2.12, respectively, displaying a 2.043-fold increase in
LRV2 +group. The MPI was significantly overexpressed
in LRV1 +isolates ranging from 3.123 to 5.95, except
for one isolate, which was insignificant compared to
the standard isolate. In six LRV2- isolates, MPI slightly
increased (2.09 to 3.97-fold), while in the remaining iso-
lates, it was insignificant (Figs. 1B and 2).

GP63

The average RNA expression level of the GP63 gene in
LRV2+was 2.96. The remaining LRV2+isolates were
upregulated from 2.16 to 4.87-fold, except for one isolate
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(p<0.05). Also, in LRV2- group, the average RNA expres-
sion level was 1.76; it was increased in LRV2- isolates
from 2.15 to 3.158 and in one isolate deceased by 0.1675-
fold (Figs. 1C and 2).

HSP70

The average RNA expression level of the HSP70 gene was
1.95 and 2.34 in LRV2- and LRV2 +isolates, respectively.
The average gene expression was 1.256 times higher in
the LRV2 + group compared to the LRV2- one, which was
insignificant (P>0.05) (Figs. 1D and 2).

CcpP

The average RNA expression level of the CP gene was
significantly increased by 1.078-fold in LRV2 +isolates
compared to LRV2- isolates; however, it was not statis-
tically significant. Significant upregulation was detected
in three LRV2 +and four LRV2- isolates compared to the
standard isolate. Moreover, CP was downregulated in the
three LRV2 +and four LRV2- isolates (Figs. 1E and 2).

Discussion

A precise interaction between innate and acquired
immune cells is required to treat leishmaniasis infec-
tion effectively. However, various factors arising from the
host, the vector, and the species of the Leishmania para-
site can influence the host’s immunity and alter the clini-
cal outcome; one such influential factor is the presence
of LRV [29]. Numerous studies have explored the impact
of LRV on the Leishmania parasite, and some have sug-
gested LRV as a potentially effective agent on the patho-
genicity of the parasite [8, 9, 11, 13, 14]. While the role
of LRV1 in the severity of CL in the New World is well
recognized, there is limited understanding of the involve-
ment of LRV2 in the pathogenicity of Old World CL [11,
14]. In this context, our evaluation of the role of LRV2 in
CL has focused on targeting five fundamental VFs of L.
major, including HSP83, MPI, GP63, HSP70, and CP.

The HSP90 family members are one of the most abun-
dant heat shock proteins in eukaryotic cells [22]. HSP90 is
an ATP-dependent chaperone predominantly expressed
in the cytosol and assembles a large protein complex with
co-chaperone molecules [30]. In the Leishmania parasite,
the HSP90 homolog is referred to as HSP83. There are
18 gene copies of HSP83 in Leishmania, accounting for
approximately 2.8-3% of the total protein content in the
promastigote stage.

In this study, we observed a significant increase in the
expression of the HSP83 gene in LRV2+isolates com-
pared to LRV2- isolates. Previous studies have estab-
lished that HSP83 is involved in protein folding and
stress response, both of which are critical for parasite
survival under host immune pressure [14]. In 2018, a
study conducted by Bifeld and colleagues highlighted
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Fig. 1 Relative gene expression patterns of target genes in LRV2 +and LRV2- isolates. (A) HSP83, (B) MPI, (C) GP63, (D) HSP70, and CP. The expression of
alpha-tubulin was used to normalize the data. Data analysis was done using two-way ANOVA for repeated measurements, followed by the Tukey test. The
values are the mean +SD of two independent experiments. ns: not significant; *, p <0.05

Table 3 The relative expression levels of the target genes in LRV2- and LRV2 +isolates were compared to the standard strain

Isolates HSP83 MPI GP63 HSP70 cpP
LRV2+ *1 (Standard) 1 1 1 1 1
2 2975 1.205 2929 2679 1.27
3 1.544 2.585 1.264 2.009 1.641
4 1.84 1.279 0.7724 1.066 03727
5 2302 2.093 0.8823 1.685 1.571
6 1.897 3976 24 2489 0.2645
7 2297 2.603 0.1675 1.26 0.8653
8 1.718 1.536 3.158 2.103 2.66
9 2231 241 2.649 1.124 0232
10 3.169 2.694 2.154 3.029 1.896
11 1.777 0.8782 1.239 2.148 0.3307
LRV2- 12 4.179 1418 2614 3.143 2.554
13 2816 3.19 2951 1.073 2.049
14 3.94 3.179 2.169 3.221 0.3291
15 3.026 5611 3.671 139 03912
16 1.731 4711 0.9004 2.365 0.2184
17 4.882 4.256 3.933 2814 0.7688
18 3.005 3.123 3348 1.203 1.164
19 3.792 4176 1.254 2.753 2.301
20 4.831 5953 3.908 3.194 0.8538
21 5.264 5.593 4872 2302 1.19
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the importance of HSP90 activity on gene expression
in Leishmania donovani. The findings confirmed the
inhibitory effect of HSP90 on the synthesis of Leishma-
nia proteins associated with the intracellular pathoge-
nicity of the parasite [31]. In this line, Mirabedini et al.
reported an expression of the HSP83 gene in LRV2 +iso-
lates compared to LRV2- in L. major [14]. In contrast to
our result, Kariyawasam et al. reported higher expression
of the HSP90 gene in LRV1- isolates than in LRV1 +iso-
lates [10]. Therefore, it appears that the role of species of
Leishmania and the presence of LRV1/2 may influence
the expression of HSPs during the infection.

Leishmania species synthesize large quantities of gly-
colipids and glycoproteins that contain mannose. These
molecules are crucial for the virulence of this parasitic
protozoan and enable Leishmania to resist the host
[23]. It was demonstrated that the slow growth of vari-
ous parasite species is associated with a lack of MPI [9].
Furthermore, MPI has been linked to enhanced virulence
due to its role in glycoprotein synthesis, which is vital for
Leishmania’s ability to resist host defenses. Our finding
revealed a significant increase in MPI gene expression
in LRV2 +isolates compared to LRV2- isolates. Kari-
yawasam et al. reported higher expression of MPI gene
in LRV1- compared to LRV1 +isolates [10]. Meanwhile,
Mirabedini et al. demonstrated that MPI gene expression
was higher in LRV2 +isolates than in LRV2 isolates [14].
Therefore, it can be inferred that LRV2 plays a significant
role in the up-regulation of VF genes.

GP63 is a surface glycoprotein found on the Leish-
mania parasite. This 63-kilo Dalton glycoprotein, also
known as MSP (Major Surface Protease) and Leishmano-
lysin, is primarily present in the promastigote form of the
parasite [32]. GP63 is a zinc-containing metalloprotease
encoded by seven genes, comprising about 1% of the total
protein in Leishmania promastigotes [33].

In this study, the expression of the GP63 gene showed
an increase in LRV2 +isolates compared to LRV2- iso-
lates. This is consistent with the findings of Kariyawasam
et al., which reported no significant difference in the
expression of the GP63 gene for LRV1 +isolates com-
pared to LRV1- isolates [10]. Furthermore, Rahmanipour
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et al. and Mirabedini et al. demonstrated a similar trend
toward higher GP63 levels in LRV2 +samples compared
to LRV2- isolates [11, 14].

Members of the HSP70 family are ATP-dependent
chaperones that carry out their function with the assis-
tance of several co-chaperone molecules. When ATP is
absent, members of this family strongly bind to misfolded
protein substrates. The subsequent binding of ATP to
the N-terminal region of the chaperon leads to the disso-
ciation of the Hsp70/substrate complex. This sequential
binding and release of the misfolded protein is repeated
until complete refolding occurs [34—-36].

Our findings suggest that LRV2 +isolates may induce
elevated levels of HSP70, thus promoting the parasite’s
survival. These results align with the findings of Rahma-
nipour et al. but differ from those of Kariyawasam et al.
[10, 11].

In protozoa, proteases play a crucial role in life cycle
transitions, host invasion, tissue barrier traversal, hae-
moglobin and blood protein breakdown, immune system
invasion, and the induction of inflammatory responses
in mammalian hosts [25, 37, 38]. One of the functions
of proteases is to cleave host complement factor C3b to
C3bi, which enables the Leishmania parasite to attach to
the macrophage surface through C3bi [25].

Our findings indicate increased CP gene expression in
LRV2 +isolates compared to LRV2- isolates. It suggests
that the presence of LRV2 is associated with higher lev-
els of CP gene expression. However, Kariyawasam et al.
reported no difference in CP gene expression between
LRV1+and LRVI1- strains [10]. This indicates that
LRV1 does not significantly impact CP gene expression.
These findings suggest that different LRV strains may
have varying effects on CP gene expression in this con-
text [21]. Notably, the results from Rahmanipour et al.
coincide with our findings. They reported increased CP
gene expression in LRV2 +isolates compared to LRV2-
[11]. This consistency across different studies strength-
ens the evidence supporting the association between
LRV2 +strains and increased CP gene expression. It
also reinforces the idea that LRV1 may not significantly
impact CP gene expression, as observed in Kariyawasam
et al's study. This kind of convergence in research find-
ings helps to build a more comprehensive understand-
ing of the relationship between LRV strains and CP gene
expression [11].

Here, we used a higher number of LRV +and LRV- L.
major isolates compared to previous surveys; neverthe-
less, some divergences were also detected in the gene
expression of some LRV- isolates, suggesting gene expres-
sion of virulence factor can vary between isolates of the
same species, which also reported in other species [39].
The limitation of the present study was the investigation
of RNA expression in the promastigote stage. Since gene
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regulation relies mainly on post-transcriptional modifi-
cation [40], further studies are needed to evaluate both
RNA and protein levels of target genes at promastigote
and amastigote stages to provide better insight into the
impact of LRV on the pathogenicity of Leishmania.

Conclusion

Our result revealed the upregulation of pathogenesis
factors, particularly GP63, HSP83, and MPI genes, in L.
major clinical isolates infected with LRV2. The results
on the RNA level of the promastigote stage suggested
the potential involvement of LRV2 in the pathogenicity
of L. major clinical isolates. Further studies are necessary
to fully confirm the role of LRV2 in the pathogenesis of
Leishmania, which can provide new insights into manag-
ing and treating Leishmania infections.
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