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A B S T R A C T   

Cutaneous leishmaniasis (CL) is a neglected tropical disease with severe morbidity and socioeconomic sequelae. 
A better understanding of underlying immune mechanisms that lead to different clinical outcomes of CL could 
inform the rational design of intervention measures. While transcriptomic analyses of CL lesions were recently 
reported by us and others, there is a dearth of information on the expression of immune-related genes in the 
blood of CL patients. Herein, we investigated immune-related gene expression in whole blood samples collected 
from individuals with different clinical stages of CL along with healthy volunteers in an endemic CL region where 
Leishmania (L.) tropica is prevalent. Study participants were categorized into asymptomatic (LST+) and healthy 
uninfected (LST-) groups based on their leishmanin skin test (LST). Whole blood PAXgene samples were collected 
from volunteers, who had healed CL lesions, and patients with active L. tropica cutaneous lesions. Quality RNA 
extracted from 57 blood samples were subjected to Dual-color reverse-transcription multiplex ligation-dependent 
probe amplification (dcRT-MLPA) assay for profiling 144 immune-related genes. Results show significant 
changes in the expression of genes involved in interferon signaling pathway in the blood of active CL patients, 
asymptomatics and healed individuals. Nonetheless, distinct profiles for several immune-related genes were 
identified in the healed, the asymptomatic, and the CL patients compared to the healthy controls. Among others, 
IFI16 and CCL11 were found as immune transcript signatures for the healed and the asymptomatic individuals, 
respectively. These results warrant further exploration to pinpoint novel blood biomarkers for different clinical 
stages of CL.   

1. Introduction 

Cutaneous leishmaniasis (CL) caused by Leishmania (L.) species is a 
neglected tropical disease in many parts of the developing world (Alvar 

et al., 2012). Although CL is considered a non-fatal localized skin 
infection, it has a major impact on public health systems of the affected 
nations, causing social and economic problems due to disfiguration, 
morbidity, loss of productivity and medical costs for the public sector. 
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The complex and interactive factors involved in the transmission cycle 
of the protozoan parasite in the human host, the vectors and the reser-
voirs, along with social and environmental factors, have imposed sig-
nificant challenges to control the disease (Banuls et al., 2011). The add- 
on factor to this complexity is the dual role of interferon (IFN-γ) which 
determines the pathologic outcome of the infection. Activation of 
phagocytic cells such as macrophages due to production of IFN-γ by CD4 
+ Th1 cells was shown to limit the parasite replication (Scott and 
Novais, 2016). Conversely, IFN-γ is able to activate the downstream 
proinflammatory mechanisms by inflammasomes, leading to cytolysis 
and exacerbated pathology. It is reported that IFN-induced GTPases 
named as guanylate binding proteins (GBPs) are able to direct and 
accelerate the inflammasome machinery (Fisch et al., 2019; Kim et al., 
2016). Moreover, treatment failure in L. braziliensis infected patients was 
found to be associated with a high lesional expression of IFN-γ and 
activation of cytolytic pathways during the course of disease (Amorim 
et al., 2019). 

Since no effective human vaccine against CL exists, it is crucial to 
understand better factors that may affect the disease’s outcome, 
including the pathogen’s impact on the host immune system. In this 
regard, comprehensive and holistic approaches, such as transcriptomic 
analyses in different human populations within endemic regions may be 
helpful to muster an effective strategy to counter CL. Recently, tran-
scriptional profiles, molecular pathways, and gene networks of human 
responses during distinct states of visceral leishmaniasis (VL) caused by 
L. infantum have been reported (Gardinassi et al., 2016). Our group has 
recently pinpointed the molecular signatures of L. tropica-infected 
human skin lesions with different clinical manifestations. This report has 
identified unique molecular pathways and inflammatory proteins in the 
skin lesion of CL-infected patients (Masoudzadeh et al., 2020b). We have 
recently reviewed the state-of-the-art on transcriptomic profiling of CL 
patients (Masoudzadeh et al., 2020a). Similar approaches to identify 
blood signatures of populations at different clinical stages of the CL 
infection in the endemic areas may inform the epidemiological studies 
and the development of preventive measures against CL. A recent 
transcriptomic study on the peripheral blood of CL patients due to 
L. braziliensis infection has revealed transcriptional signatures such as 
IFN-stimulated genes (Amorim et al., 2021). 

Among people living in CL endemic areas, there is a large group of 
asymptomatically-infected individuals who, despite their exposure to 
Leishmania species (as detectable by their positive delayed-type hyper-
sensitivity (DTH) reactions to leishmanial antigens used in leishmanin 
skin test (LST), have no history of CL lesion. Both individuals with 
healed CL lesions and the asymptomatic infected residents in the 
endemic areas are protected against the development of CL lesions 
during their lifetime (Banuls et al., 2011; Bahrami et al., 2018). There-
fore, further analyses of the immune responses at the transcriptomic 
level of these two groups along with the patients with active CL lesions 
may inform rational design of diagnostics and intervention measures 
against CL. Herein, we analyzed whole blood samples retrieved from 
individuals of the groups above in two L. tropica endemic regions in Iran 
by dual-color reverse-transcription multiplex ligation-dependent probe 
amplification (dcRT-MLPA). Results showed that despite causing local 
damage to the skin, CL leads to significant alterations in the expression 
of immune-and inflammation-related genes in the blood, depending on 
the clinical status of the disease. 

2. Materials and methods 

2.1. Ethics statement 

The study’s protocols, questionnaire, and consent forms were 
approved in advance by the Ethics Committee of Biomedical Researches 
at Pasteur Institute of Iran (authorization # IR.PII.REC.1396.31). The 
subjects for this study were chosen in accordance with the following 
process. The healthy volunteers were the residents of CL endemic 

neighborhoods whom were invited by the local health personnel to 
assemble in local clinics or were the staff of the affiliated universities in 
Kerman and Mashhad. The healed volunteers were invited after 
consulting the medical records of patients who had one or two CL scars 
during the previous CL season (September-December 2017) at a local 
clinic. Patients with active cutaneous lesions referred to a special CL 
clinic were invited to participate. All volunteers were informed in plain 
language, orally as well as in writing about the main aims of the project, 
LST, and the blood sampling. Signed written informed consent forms 
were obtained from all volunteers. The exclusion criteria from the study 
were: pregnancy, lactating, major illnesses such as immunosuppression, 
HIV infection, cancer, renal failure, heart diseases, tuberculosis, jaun-
dice, diabetes mellitus, allergies, and recent significant surgeries. 

2.2. Study design, demographics, and blood sampling 

Whole blood samples (2.5 ml) were collected in PAXgene tubes 
(Becton Dickinson, USA) according to the manufacturer’s instructions 
from two L. tropica endemic regions of CL, namely the cities of Kerman 
and Mashhad in Iran. The residents of the endemic areas of Kerman 
(capital of Kerman province, ~1000 km SE of Tehran) were invited, 
through the Leishmaniasis Research Center of Kerman University of 
Medical Sciences, to participate in the study. The study’s participants 
are described below. Twenty-eight volunteers who appeared healthy 
and did not meet the exclusion criteria were enrolled in the study. 
Following the blood collection, these volunteers were subjected to LST, 
and 48 h later, the LST+ and the LST- groups were assigned as the 
asymptomatic and the healthy groups, respectively. Moreover, fourteen 
healed volunteers from Kerman and eleven patients with active cuta-
neous lesions were referred to a special CL clinic at Mashhad Medical 
School along with four healthy LST- residents from L. tropica endemic 
regions of Mashhad (capital of Khorasan Razavi province in Iran) were 
enrolled in this study. All patients had clinically-verified cutaneous le-
sions due to L. tropica for less than one year without prior anti- 
leishmanial treatment and a confirmed positive result by diagnostic 
L. tropica-specific PCR as described below. The filled PAXgene tubes 
were transferred to Pasteur Institute of Iran in Tehran and kept at − 80ºC 
till RNA extraction. The demographics of the study participants are 
shown in Table 1. 

2.3. PCR diagnostics of patients 

As described previously, L. tropica patients were diagnosed by an 
ITS1 PCR–RFLP assay (Masoudzadeh et al., 2020b). In short, samples 
were obtained using a non-invasive tape disc-based sampling method, 
and genomic DNA was used for a PCR, targeting ITS1 region of Leish-
mania, followed by RFLP for species-specific identification, as described 
elsewhere (Taslimi et al., 2017). 

2.4. LST 

According to the procedures described previously, the TDR/WHO 
reference leishmanin produced under good manufacturing practices 

Table 1 
Demographics of the studied groups.  

Characteristics Healed Asymptomatic Patients Healthy 

Females 
participated 
(mean age ± SD) 

6 
(31.7 ±
5.6) 

9 
(30.9 ± 4.7) 

7 
(50.3 ±
9.1) 

4 
(35.5 ±
9.8) 

Males participated 
(mean age ± SD 
age) 

8 
(30.6 ±
6.2) 

8 
(32.6 ± 7.2) 

4 
(45.8 ±
23.0) 

11 
(31.1 ±
10.4) 

Total participants 
(mean age ± SD) 

14 
(31.1 ± 
6.0) 

17 
(31.7 ± 6.0) 

11 
(48.6 ± 
15.8) 

15 
(32.3 ± 
10.4)  
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guidelines at the Department of Immunology of Pasteur Institute of Iran 
was used for LST (Alimohammadian et al., 1993). Briefly, 0.1 ml of 
leishmanin was injected intradermally into the inner surface of the left 
forearm. The diameter of induration at the injection site was measured 
by a millimeter graduated ruler 48 h later using the ball-point pen 
technique (Sokal, 1975). Indurations more than or equal to 5 mm were 
considered as positive LST. 

2.5. RNA extraction 

RNA from each 2.5-ml PAXgene blood sample was extracted by 
PAXgene Blood RNA kit (PreAnalytiX, UK), according to the manufac-
turer’s instruction, and kept at − 80◦C until use. The average RNA 
integrity number (RIN) of the extracted RNA was assayed by an Agilent 
2200 TapeStation (Agilent Technologies, USA). The average RIN ± SD 
of the total RNA samples obtained from PAXgene tubes was 7.9 ± 0.5. 

2.6. dcRT-MLPA 

Targeted gene expression profiling was performed as described in 
detail previously (Joosten et al., 2012; Haks et al., 2015). Briefly, a 
specific reverse transcription (RT) primer was designed for each 
target-specific sequence, located immediately downstream of the left- 
and right-hand half-probe target sequence. RNA was 
reverse-transcribed, and the left- and right-hand half-probes were hy-
bridized to the cDNA at 60 ◦C overnight. Annealed half-probes were 
ligated by ligase and were subsequently amplified by PCR (33 cycles of 
30 s/95 ◦C, 30 s/58 ◦C, 60 s/72 ◦C, followed by 1 cycle of 20 min/72 ◦C). 
Primers and probes were from Sigma-Aldrich Chemie (Zwijndrecht, The 
Netherlands) and MLPA reagents from MRC-Holland (Amsterdam, The 
Netherlands). Reverse-transcription primers and half-probes were 
designed by Leiden University Medical Center (Department of Infectious 
Diseases, Leiden, The Netherlands) (Joosten et al., 2012) and comprised 
sequences for 4 housekeeping genes along with 144 selected genes to 
profile innate, adaptive, and inflammatory immune responses (Supple-
mentary Table S1). Of the 4 housekeeping genes included, 
Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) was most stably 
expressed and used as reference gene in this study. The raw and 
analyzed data were submitted to the Gene Expression Omnibus (GEO) 
repository (accession number GSE197222). 

2.7. Statistical and bioinformatical analyses 

Trace data were analyzed using GeneMapper software 5 package 
(Applied Biosystems, Bleiswijk, The Netherlands). The areas of each 
assigned peak (in arbitrary units) were exported for further analysis in 
Microsoft Excel. Data were normalized to GAPDH and signals below the 
threshold value for noise cutoff in GeneMapper (Log2-transformed peak 
area of 7.64) were assigned the threshold value. The normalized data 
were Log2-transformed for statistical analysis. Differential expression 
analysis was performed using R (version 3.5.2; http://CRAN.R-project. 
org/bin/windows/base) statistical computing environment and Bio-
Conductor (version 3.9). The Limma package with the empirical Bayes 
method was used to assess the differentially-expressed genes (DEGs) 
between the asymptomatic, the healed, and the CL patient groups versus 
the healthy control group. The P-value of less than 0.05 was considered 
significant, and all P values were two-tailed. Heatmap graphical pre-
sentation was performed using GraphPad Prism (version 8.0.1; Graph-
Pad Software, La Jolla, CA, USA). Volcano plots were generated in R 
4.1.1 using ggplot2 (version 3.3.5) and ggrepel (version 0.9.1) packages. 
Biological pathways plots were created using ggplot2 (version 3.3.5) 
package. Principal component analysis (PCA) plot was created using 
tidyverse package version 1.3.1.9 and ggforce package version 0.3.3. 
The protein-protein interaction network was analyzed and visualized by 
STRING (https://string-db.org/). The network data from the STRING 
database displayed a combination of data, including experiments, 

databases, co-expression, neighborhood, gene fusion, and co-occurrence 
(excluding text mining). The minimum required interaction score was 
medium confidence (0.400) (Scott and Novais, 2016). 

3. Results 

3.1. Transcriptional profiles and the overall magnitude of immune-related 
genes in healed, asymptomatics and CL patients 

The expression of 144 genes related to immune responses was 
determined using dcRT-MLPA. A total of 27 significant (P-values < 0.05) 
DEGs were identified in whole blood samples of the CL groups compared 
with the group of healthy individuals (Supplementary Table S2). Some 
of these DEGs were shared between two groups; however, none was 
significantly different in all three groups. Several DEGs were involved in 
IFN signaling (CD274, GBP1, GBP2, GBP5, IFI16, IFIT2, IFIT5, INDO, 
OAS1, OAS2, SOCS1, STAT1 and TAP2). Other DEGs were related to 
chemokines (CCL11 & CXCL9), pattern recognition receptors (MRC2 & 
TLR6), myeloid associated genes (CCL22 & IL12B), Treg associated genes 
(TGFB1 & TNFRSF18), inflammation (TIMP2), Th1 associated genes 
(IL2), Th2 associated genes (IL5), T cell subset markers (CD4), cyto-
toxicity markers (PRF1) and GTPase activating proteins (RAB13). PCA 
was performed to compare the overall separation of transcriptomes 
among different cohorts. As depicted in Fig. 1, peripheral blood gene 
expression distinguished the patients from the healthy group; however, 
a similar separation could not be attained for either the healed or the 
asymptomatic group. 

3.2. The magnitude of fold changes of DEGs in healed, asymptomatics 
and CL patients 

We compared the magnitude of fold changes among 27 DEGs iden-
tified as differentially expressed in the whole blood of studied groups to 
those of the healthy controls. A volcano plot of Log2 fold changes versus 
the P values (-Log10) within the studied groups (Fig. 2), identified genes 
with large fold changes that were also statistically significant. Compared 
to the control, out of 144 tested genes, only a few in each group were 
significantly over-or under-expressed, and as such could potentially be 
considered as putative signature transcripts. 

Moreover, the heatmap shown in Fig. 3 A compares Log2 fold 
changes of the 27 DEGs mentioned above in each of the main studied 
groups to the control. The numerical values of Log2 fold changes and the 
full names of the genes are indicated in Supplementary Table S3. 
Further, the gene expressions were also compared statistically between 
the patients and the asymptomatic groups as well as the patients and the 
healed groups (Supplementary Tables S4 and S5, respectively). 

Among the DEGs in the healed group, SOCS1, IFI16, IFIT5, and 
STAT1 were significantly higher expressed whereas the expression of 
GBP5, OAS2 and TAP2 was significantly lower, compared to the healthy 
control group (Fig. 3A). CCL11, RAB13, CXCL9, INDO, IL12B and 
TNFRSF18 displayed higher expression for the asymptomatic group, 
while GBP2, GBP5, GBP1, IFIT2 and PRF1 were expressed to a lower 
extent. The patient group had a larger number of DEGs compared with 
the other two CL groups; among the patients, CD274, IFIT5, SOCS1, IL2, 
RAB13, STAT1, OAS1, TGFB1, INDO, TIMP2, and MRC2 were expressed 
to a greater extent while CCL11, IL5, TAP2, CCL22, and CD4 were 
expressed to a lower extent. Among the analyzed genes, similar 
expression patterns were noted for SOCS1, IFIT5, STAT1 and TAP2 in the 
healed and patient groups. The most profound alterations in fold-change 
were observed among the patient group members. 

As indicated in the Venn diagram (Fig. 3B), the gene expression 
patterns changed in common between the healed and the patient group 
(i.e., SOCS1, IFIT5, STAT1 and TAP2) followed the same pattern of over- 
or under-expression. The healed and the asymptomatic group only had 
one common DEG (i.e., the under-expressed GBP5). Instead, the healed 
group shared three DEGs with the same directionality with the patients 
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(i.e., the over-expressed RAB13 and INDO). Interestingly, CCL11 was 
over-expressed in the asymptomatic and under-expressed in the patient 
groups. 

When the number of involved pathways with respect to the DEGs 
were compared among the studied groups (Fig. 4), pathways related to 
IFN-signaling was common among all of them. Although the over- 
expression of SOCS1 and STAT1 were prominent in the healed and pa-
tient groups only, the asymptomatic group was unique (especially 
compared to the patient group) for over-expression of the chemokines 
pathways due to CCL11 and CXCL9 genes. 

3.3. Protein network analysis 

Interacting protein networks analyzed by the STRING database 
identified Suppressor of cytokine signaling 1 (SOCS1) and Signal 
transducer and activator of transcription 1 (STAT1) proteins as major 
nodes in the CL patient and the healed group. In contrast, Guanylate 
binding proteins (GBP) formed the main nodes in the asymptomatic 
group. As shown in Fig. 5, the combination of the predicted networks 
and information gained by differential expression analysis point to the 
interactions of an axis formed by over-expressed SOCS1, STAT1, and 
IFN-induced protein with tetratricopeptide repeats 5 (IFIT5), only for 
the healed and the patient group, while the impact of the under- 

Fig. 1. Principal Component Analysis (PCA) for dc-RTMLPA transcript data of whole blood obtained from healed (blue circles, n = 14), asymptomatic (orange 
circles, n = 17) and CL patients (red circles, n = 11), compared to the healthy control (green circles, n = 15). 

Fig. 2. A Volcano plot depicting Log2 fold changes of the tested genes in the studied groups versus the P values (-Log10). Genes with non-significant (P > 0.05) 
differences are shown as black dots. Using the P-value cutoff, the over- and under expressed DEGs are shown as red and blue dots, respectively. 
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expressed GBP5 was an integral part of the network recognized for the 
asymptomatic group. However, the network identified in the asymp-
tomatic group included IFN-signaling genes that were all down- 
regulated (GBP1/2/5/ and IFIT2), while the patients’ network con-
tained IFN-signaling genes that were all up-regulated (SOCS1, OAS1, 
IFIT5 and STAT1). This finding suggests that transcriptional activation 
of systemic IFN signaling could contribute to the active state of the 
disease. 

4. Discussion 

In many parts of North Africa, West Asia, and particularly Iran, CL 
results from an infection caused by L. major and/or L. tropica (Mah-
moudzadeh-Niknam et al., 2012). In order to determine factors related 
to long-term immunity and protective responses against CL, aside from 
patients involved with the active cutaneous lesions, information based 
on human populations that have resolved or withstood the formation of 
CL lesions, such as the healed and the asymptomatic individuals in the 
endemic areas, are deemed to be crucial. This study sought to compare 
the immune-focused genes expressions in the whole blood of a healthy 
population residing in CL endemic areas with the three groups 
mentioned above. We herein used the dcRT-MLPA method to study the 
expression of 144 genes involved in human immune responses combined 
with a systems biology approach to study the transcriptomic blood 
profiles of the CL patients healed and asymptomatic individuals in CL 
endemic areas. Although the gene expression profiling of 144 genes does 
not represent a holistic picture of the whole blood inflammatory gene 
expression profile of the studied groups, our data demonstrated that 
distinct and overlapping expressions of the inflammatory genes could be 
detected at the systemic level in different clinical stages of CL. 

Considering the documented dual role of IFN in the immunopatho-
genesis of CL, it was not surprising to observe that 13 out of 27 DEGs 
identified collectively in the healed, asymptomatic, and CL patients 
belonged to the IFN signaling pathways. We have recently reported IFN 
signaling as one of the main five clusters of enriched pathways identified 
in the skin lesions of ulcerative and non-ulcerative CL patients caused by 

L. tropica by RNA sequencing (Masoudzadeh et al., 2020b). Moreover, by 
using RNA sequencing, Amorim et al., have recently reported 
IFN-stimulated genes signature as the dominant transcriptional response 
in the blood of L. braziliensis-infected CL patients (Amorim et al., 2021). 
However, we observed for the first time that the components of this 
pathway are expressed distinctly in different clinical stages of CL due to 
L. tropica. Our in silico protein network analysis pointed to an 
over-expressed SOCS1-STAT1-IFIT5 axis in the healed and the patient 
groups. The over-expressed SOCS1 in the patient group was shown to be 
connected to the over-expressed IL-2 node directly as well as the 
over-expressed STAT1 node, which can potentially favor a Th1 response 
in the patient group. Both SOCS and STAT proteins are considered as 
critical mediators of IFN signaling. The expression of the SOCS1 gene 
was significantly higher in the healed and CL patients but not in the 
asymptomatic group, compared to that of the healthy control. 

SOCS1 belongs to the suppressor of cytokine signaling (SOCS) family 
that encodes intracellular proteins with regulatory functions in the im-
mune system. These proteins can inhibit inflammatory cascades by 
inhibiting Janus Kinase/Signal Transducer and Activator of Transcrip-
tion (JAK/STAT) pathways and TLR signaling (Serezani et al., 2011; 
Sharma and Larkin, 2019; Scott and Novais, 2016). The family of 
intracellular tyrosine kinases, such as JAK/STAT, are essential factors 
with respect to CL, as they play a pivotal role in transducing extracel-
lular cytokine signaling and thereby contribute to major processes such 
as cellular proliferation homeostasis, and host defense against the 
infection (Olivier et al., 2005). It has been demonstrated that 
STAT1-mediated IFN signaling is crucial in developing Th1 response 
against CL caused by L. major (Rosas et al., 2003). The involvement of 
SOCS1 in the pathogenesis of leishmaniasis has previously been shown 
in animal models of the disease due to other Leishmania species than 
L. tropica. For instance, mice lacking a single copy of the SOCS1 gene 
(SOCS1 +/− ) were shown to develop larger cutaneous lesions than 
wild-type mice when given a moderate dose of L. major promastigotes. 
Interestingly, these heterozygous mice sustained a similar parasite 
burden in their draining lymph nodes and exhibited a normal Th1 type 
immune response. This suggests that SOCS1 has a regulatory role for the 
inflicted pathology; however, in a different manner from the immune 
clearance of the parasite (Bullen et al., 2003). Another animal model 
study on VL has shown that microRNA 155 (miR155) promotes Th1 type 
response with production of IFN-γ, which dampens disease severity by 
targeting SOCS1 gene expression (Varikuti et al., 2019). Recently, it has 
been shown that L. donovani induces over-expression of SOCS1 and 
SOCS3 in macrophages and T-cells, which leads to impairment of 
macrophage-T cell cross-talk by interfering with macrophage IFN-γ 
signaling as an immune-evasion strategy (Chandrakar et al., 2020). 
Moreover, it has been shown that a decrease in the expression of SOCS3 
due to a genetic variability might be linked to susceptibility to American 
CL (Sanchez Luquez et al., 2020). Another gene of interest was IFIT5, 
observed to be over-expressed in both the healed and the patient groups. 
The gene product has close interaction with both SOCS1 and STAT1 
(Fig. 5). The role of IFIT5 in CL has previously been reported in a study in 
which L. major, but not L. donovani, was shown to induce IFIT5 
expression, leading to IL-12 production and a strong Th1 response 
(Favila et al., 2014). These results indicate that SOCS1 acts as a regu-
latory protein across a wide range of Leishmania species, which could 
have potential as a therapeutic target against different types of 
leishmaniases. 

The under-expressed GBP5 was the only DEG in common between 
the healed and the asymptomatic groups and its product was an iden-
tifiable node in their expected protein networks. PRF1 and all tested 
Guanylate-binding protein genes, namely GBP1, GBP2 and GBP5, were 
significantly under-expressed in the asymptomatic group. The PRF1 
gene encodes perforin, a pore-forming protein that can facilitate the 
entry of granzymes through the cellular membrane of invading Leish-
mania species, leading to apoptosis (Amorim et al., 2021). The patho-
logic roles of PRF1 expression in CD8+ cytotoxic T cell machinery are 

Fig. 3. (A) A heatmap comparing the 27 DEGs in terms of Log2 fold changes of 
the studied groups with the controls. Intensities of red and blue colors represent 
relative increased (> 0) or decreased (< 0) expression of the genes in terms of 
Log2 fold changes, respectively. Boxes in grey color indicate no significant 
change in gene expression relative to the control group. (B) A Venn diagram is 
indicating common DEGs among the main studied groups. The numbers indi-
cate the total number of common DEGs between the groups. Genes expressed 
significantly higher or lower than the control are shown in red or blue fonts, 
respectively, except for CCL11 which was expressed in opposite directions in 
the asymptomatic (over-expressed) and the patient (under-expressed) groups. 
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Fig. 4. Comparison of the number of involved 
pathways concerning the immune-related DEGs 
in whole blood obtained from healed, asymp-
tomatic and CL patients. The Y-axes indicate 
significant DEGs (P < 0.05) and the X-axes 
indicate the pathways (specified in Supple-
mentary Table S1). The colors and sizes of the 
bubbles represent Log2FC and the P values of 
significant genes mapped to the indicated 
pathways, respectively. Positive and negative 
Log2FC denote up- and down-regulated path-
ways, respectively.   
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shown using murine models of CL due to L. braziliensis (Novais et al., 
2013). Similar models have confirmed the pathological role of cytolytic 
CD8+ T cells in inflammatory responses (Novais et al., 2021) as well as 
inflammasome activation (Novais et al., 2017). Limited information is 
currently available regarding the impact of GBP family of IFN-inducible 
GTPases on CL in humans. It is known that they can regulate inflam-
masomes, which in turn affect inflammatory caspases that promote 
pathogen clearance and/or death of the infected cells while offering a 
defensive role against leishmaniasis (Sohrabi et al., 2018). A microarray 
genome-wide transcriptional analysis of 25 L. braziliensis CL-biopsies 
has indicated that GBP5 is among the top 10-induced genes in cuta-
neous lesions (Novais et al., 2015). Also, in another transcriptomic study 
of three L. tropica CL lesions, GBP5 has been reported to be among the 
most up-regulated genes (Masoudzadeh et al., 2017). Since we did not 
observe the over-expression of GBP5 in our patient’s group, it appears 
that GBP5 is regulated differentially at the systemic and the local levels. 
Altogether, the comparative under-representation of PRF1 and GBP 
genes in the asymptomatic group as well as the lower expression of GBP5 
in the healed group, could be indications of controlled cytolytic activ-
ities due to the infection in these groups which at least in part, contribute 
to a balance between controlling the infection while avoiding patho-
logical lesion formation. Furthermore, as suggested by Amorim et al., 
PRF1 and GBPs expressions are associated with increased frequencies of 
cytotoxic T cells and myeloid cells, respectively (Amorim et al., 2021). 
Here, the decreased expressions of PRF1 and GBPs in the blood of the 
asymptomatic (and GBP5 in the healed) subjects could possibly reflect a 
reduced number of those circulating cells which would contribute to 
reduced systemic inflammation and pathogenesis. This can also suggest 
that the induced IFN-γ in the blood of CL patients can potentially acti-
vate the IFN signaling genes and downstream mechanisms in cells 
expressing the IFN-γ receptor. This action could potentially prime 
monocytes before entering the lesion as a protection and parasite control 
mechanism (Amorim et al., 2021). However, our results suggest that the 
recruitment of cells that are active for IFN-γ/GBP signaling has a path-
ogenic role in the active disease. 

We also noted a unique transcriptomic profile concerning the 
asymptomatic group where CCL11, CXCL9, IL12B, and TNFRSF18 were 
over-expressed while GPB1, GPB2, IFIT2 and PRF1 were under- 
expressed. Moreover, distinct profiles comprised of the over-expressed 
TLR6 and IFI16 and the under-expressed OAS2 were detected in the 
healed group. The most over-expressed gene in the patient group was 
CD274. Interestingly, none of these profiles had a common gene with the 
patient group, except for CCL11 gene expression, which exhibited 
opposite directions in the asymptomatic and the patient group. This 

suggests that CCL11 can be considered as one of the candidates for 
further assessments as a putative novel biomarker of asymptomatic CL in 
the endemic area (Fig. 2 and Fig. 3). Determination of the asymptomatic 
population in CL endemic areas for epidemiological and vaccine studies 
is a priority. There is also an increasing demand for the development of 
minimally invasive alternative methods to replace LST. In this regard, 
our results could help to inform the development of blood biomarkers of 
CL asymptomaticity in the endemic area. Additionally, since eotaxin-1 
encoded by CCL11 is involved in recruitment of several types of leuko-
cytes such as eosinophils, basophils, and macrophages during inflam-
mation (Menzies-Gow et al., 2002; Yoshihisa et al., 2011), its 
over-expression in the asymptomatic group may presumably contribute 
to pre-activating of the epithelial cells to contain the parasites at their 
entry port. 

Nevertheless, some regulated genes were similarly-expressed among 
the groups, which cannot potentially be used for the purpose of dis-
tinguishing different clinical stages of CL. For instance, the healed and 
the patient groups had the highest number of common DEGs with 
SOCS1, IFIT5, STAT1 and TAP2 while displaying the same directionality 
of (over- or under-) expression. Moreover, NOD-like receptor signaling 
was a common pathway in all the studied groups, suggesting its 
involvement in different clinical stages of CL. 

However, our analyses revealed that DEGs in the patient group were 
significantly enriched for several additional pathways, compared with 
the data from the healed and the asymptomatic groups. This may, at 
least in part, be explained by the fact that unlike the healed and the 
asymptomatic individuals, the patients’ immune system is actively 
involved in countering the pathogen and tissue damage repair mecha-
nisms. Moreover, it should be noted that such pathway analyses 
revealed more significant differences between the groups than when the 
genes fold-changes were compared. This probably reflects the fact that 
the identified DEGs are involved in many different biological pathways 
and not all of the mentioned pathways were simultaneously affected in 
these groups. Although a comparison of the magnitude of gene expres-
sion between RNA-Seq and dcRT-MLPA datasets is not directly possible, 
we compared the DEGs in whole blood of CL patients studied herein with 
those of the skin determined by RNA sequencing reported previously by 
us (Masoudzadeh et al., 2020b). Interestingly, we found 6 common 
genes (CXCL9, IFI16, GBP5, GBP2, GBP1 and MRC2) which among them, 
CXCL9 and IFI16 were similarly over-expressed in both skin and blood of 
the CL patients, albeit with lower magnitude in the blood. In general, the 
observed fold changes in the blood were relatively modest, which may 
be explained by the fact that CL is a localized skin disease. 

The gene encoding cluster of differentiation 274 (CD274), also 

Fig. 5. In silico comparison of multiple proteins interactions for functional protein association networks in the studied groups. The connected nodes computed by the 
STRING database are marked as shades of red and blue circles based on Log2 FC in each group to indicate up- and down-regulated protein-encoding genes, 
respectively. Line colors indicate interactions between the proteins: pink, as experimentally determined known interaction; blue and light purple as gene co- 
occurrence and protein homology predicted interactions, respectively; and black as co-expression. 
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known as programmed death-ligand 1 (PD-L1), was identified as a 
unique DEG in the patient group. The gene product is a 40-kDa type 1 
transmembrane protein that has a regulatory role in T cell response by 
reducing the proliferation of antigen-specific T cells in lymph nodes and 
inducing apoptosis in regulatory T cells (Filippis et al., 2017). Blockade 
of this protein by specific antibodies has been shown to be helpful for 
treatment of the chronic forms of leishmaniasis in the animal models of 
the disease (Amorim et al., 2019; Scott and Novais, 2016). The blockade 
of PD-L1 leads to increased expression of cytolytic molecules, such as 
perforin, granzyme B, and granulysin in T cells of tuberculosis and 
cancer patients (Kim et al., 2016). Our group has recently identified 
PD-1 signaling among common positively enriched pathways in the skin 
lesions of ulcerative and non-ulcerative CL patients infected with 
L. tropica (Masoudzadeh et al., 2020b). Interestingly, our data herein 
indicated that the expression of PD-L1 gene could also be detected in the 
blood of patients with active CL disease. 

5. Conclusions 

In this study, we analyzed the expression profiles of 144 immune- 
related genes in the blood of healed and asymptomatic patients in CL 
endemic areas. Several DEGs and biological pathways were either 
shared or were specific to the different disease stages. Remarkably, our 
results showed the involvement of IFN-signaling, and most notably, the 
SOCS1 pathway in individuals with active or healed CL lesions. This 
study enhanced our understanding of the systemic immune response, 
involved during different clinical stages of CL. The components of the 
identified distinct transcriptomic profiles in each studied groups, 
particularly IFI16 for the healed and CCL11 for the asymptomatic groups 
may represent putative blood biomarkers. These results warrant further 
investigation of blood biomarkers of different stages of CL and espe-
cially, the asymptomatic population, living in CL endemic areas. 
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