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Résumé 

La leishmaniose cutanée (LC) est une infection parasitaire classifiée par l’Organisation de 

Santé Mondiale (WHO) comme étant une des maladies tropicales négligées non-contrôlées. Dans 

la région du Moyen Orient, la LC est généralement endémique en Syrie et elle est causée 

principalement par Leishmania tropica et Leishmania major. La LC a été récemment introduite à 

des pays non endémiques, suite au déplacement intense des refugiés Syriens échappant à la crise. 

Les interventions thérapeutiques contre la LC incluent des traitements locaux, systémiques et 

physiques. En revanche, le risque élevé de sélection et de résistance des parasites aux traitements 

actuels suscitent une quête sérieuse, pour trouver de nouvelles approches thérapeutiques. 

L’Imiquimod est un composé immunomodulateur approuvé pour utilisation clinique, et présente 

une efficacité vis-à-vis de certaines espèces de Leishmania. Dans cette étude, notre intérêt s’est 

focalisé sur l’efficacité d’un analogue de l’Imiquimod, l’EAPB0503, contre les stades 

promastigotes et amastigotes de L.tropica et L.major.  

Nos résultats montrent que l’Imiquimod et particulièrement l’EAPB0503 affectent les deux 

espèces. L’Imiquimod affecte majoritairement la motilité des promastigotes des deux espèces, 

alors que l’EAPB0503 affecte la motilité des promastigotes de L.major mais surtout l’invasion des 

promastigotes de L.tropica dans les macrophages. Les deux composés réduisent la réplication des 

amastigotes, avec un effet plus prominent de l’EAPB0503. Cet effet est médié par l’augmentation 

de l’expression du récepteur toll-Like-7 (TLR7), particulièrement pour l’Imiquimod et d’une 

manière moins importante pour l’EAPB0503. Les deux composés induisent l’activation de la voie 

de signalisation canonique de NF-κB. Ceci conduit à une production des cytokines pro-

inflammatoires, et une diminution des cytokines anti-inflammatoires expliquant l’activité 

leishmanicide des deux composés. L’EAPB0503 semble agir via un autre TLR que l’imiquimod, 
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comme il induit une expression plus élevée des transcrits TLR8 et TLR9, conférant une protection 

contre l’infection.  

Collectivement, nos résultats montrent l’effet de l’Imiquimod contre l’espèce la plus 

aggressive, L. tropica, et souligne l’activité plus puissante de l’EAPB0503 contre les deux espèces. 

De plus, cette étude montre le mécanisme d’action de ces deux composés, qui vraisemblablement 

activent des TLRs différents, mais finissent par induire la voie NF-κB et la réponse immunitaire 

correspondante. Ces résultats soulignent l’importance des drogues immuno-modulatrices contre la 

LC et ouvrent des perspectives sur des études précliniques puis cliniques de ces composés.     

 

Mots clés  

 
Leishmaniose cutanée, Leishmania tropica, Leishmania major, Imiquimod, EAPB0503, 

Moyen Orient. 
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ABSTRACT 

Cutaneous Leishmaniasis (CL) is a parasitic infection classified by the WHO as one of the 

most uncontrolled spreading neglected diseases. In the Middle East Region, CL is mostly endemic 

in Syria where it is mainly caused by Leishmania tropica and Leishmania major. CL has been 

lately introduced to under endemic countries, following the large-scale displacement of refugees 

from Syria fleeing the crisis. Therapeutic interventions against CL include local, systemic and 

physical treatments. However, the high risk for selection and spread of drug-resistant parasites is 

high; consequently, new therapeutic approaches are still needed. Imiquimod is an FDA approved 

immunomodulatory compound with a tested efficacy against some leishmania species. In this 

study, our interest was to investigate the efficacy of an Imiquimod analog, EAPB0503 in 

comparison to the original compound, against promastigote and amastigote stages of L.tropica and 

L.major. 

We showed that Imiquimod affects the motility of promastigotes of both strains. 

EAPB0503 affected L. major promastigotes’ motility and impaired the invasion of L.tropica 

promastigotes into macrophages. Both drugs reduced amastigote replication, with a higher potency 

of EAPB0503. This activity is due to the upregulation of Toll-Like Receptor-7 (TLR7), mainly by 

Imiquimod, and to a lesser extent by EAPB0503. Importantly, both drugs activated the NF-κB 

canonical pathway leading to production of pro-inflammatory cytokines and upregulation of i-

NOS levels. A decrease of anti-inflammatory cytokines secretion was obtained, explaining the 

leishmanicidal activity of both drugs. Importantly, EAPB0503 led to a prominent increase in TLR8 

and TLR9 transcripts, presumably conferring protection against the infection. 

Collectively, our findings show the effect of Imiquimod against both strains especially, the 

aggressive L.tropica strain. We also show that EAPB0503 displays a more potent in vitro 
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leishmanicidal activity than Imiquimod. These drugs seemingly activate different TLRs, but both 

activate the canonical NF-κB pathway and its subsequent mediated immune response. These 

results highlight the promising effect of immunomodulatory drugs against CL and warrant an in 

depth in vivo preclinical then clinical studies of these compounds. 

 
 

Keywords: 

 
Cutaneous leishmaniasis, Leishmania tropica, Leishmania major, Imiquimod, EAPB0503, 

Middle East. 
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Chapter 1 

 

Introduction 

 
 

1.1- Leishmaniasis 
 

1.1.1- Definition 

Leishmaniasis is a vector-born parasitic disease, caused by a flagellated protozoan parasite 

of the genus Leishmania [1]. It is transmitted to humans following the bite of an infected female 

Phlebotomus sandfly. This infection is considered as a significant cause of morbidity and mortality 

in several countries [2], and it is categorized as one of the Neglected Tropical Diseases (NTD) 

distributed worldwide [3]. Many of the current disability-adjusted life year (DALYs) for neglected 

tropical diseases is underestimated because they do not consider the long-term chronic disabilities. 

However, leishmaniaisis is still one of the major leading-to-death parasitic diseases (Table 1).  

Table 1: Estimates of death and disability-adjusted life year (DALYs) for the neglected 
tropical diseases [3]. 
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There are over than 20 leishmania species causing leishmaniasis [4]. These species are 

responsible of three forms of the disease [4]: the visceral form, also known as Kala-Azar, the 

cutaneous form, a chronic but not life-threatening disease, and the mucocutaneous form, which 

begins by cutaneous lesions that alter later mucosal cavities [5].  

Visceral leishmaniasis (VL) is the most aggressive form of the disease. The geographical 

distribution of the strains causing this infection is variable and distributed in the tropics and 

subtropics of Asia and Africa, as well as in the drier parts of Latin America and the Mediterranean 

climate regions [6, 7]. VL occurs mostly in children but it is also highly reported in adults with a 

prevalence of 500 000 death every year [8, 9, 10]. In this form of the disease, the parasite migrates 

to the internal organs of the patient, causes hepatosplenomegaly and ascites release in the 

peritoneal cavity. In addition to these symptoms, patients mainly present weight loss, chronic 

fever, bleeding and swollen lymph nodes (Figure 1A) [11]. Furthermore, immunocompromised 

patients present with the most aggressive complications when affected with this infection [12]. In 

most cases, VL is lethal without a proper treatment. 

The second form of the infection is Cutaneous Leishmaniasis (CL). Skin lesions that appear 

on the bite site characterize this form. These lesions evolve to erythematous papules, may persist 

and enlarge into a nodule-plaque over a period of 4–12 weeks. The incubation period varies from 

1 week to several months (average 1 week–3 months). Most CL lesions heal spontaneously (Figure 

1B) [13]. Approximately, one million cases of CL have been reported in the last 5 years and 310 

million people are at risk [14].   

Mucocutaneous leishmaniasis (MCL) is the third form of the disease, and it is mainly found 

in Latin America [15]. MCL is characterized by the destruction of oral–nasal and pharyngeal 

cavities. The infection begins by skins lesions with the capability of the parasite to migrate to the 
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mucosal cavities if left untreated (Figure 1C). The initial symptoms are mild, with nasal 

inflammation and stuffiness, but ulceration and perforation of the septum may also occur. The 

lesion may extend to the face, soft palate, pharynx or larynx [16]. 

                

 
Figure 1. Different forms of Leishmaniasis: visceral leishmaniaisis (A), cutaneous leishmaniasis 
(B), and mucocutaneous leishmaniasis (C). 
      

1.1.2- Epidemiology of leishmaniasis and different Leishmania species  

Leishmaniasis is categorized as the third most parasitic disease spread worldwide, after 

malaria and filariasis [17]. It is endemic in more than 98 countries distributed over the 5 continents 

(Figure 2). The distribution of leishmaniasis is directly linked to poverty, malnutrition, mass 

migration, lack of sanitation and control in the endemic regions [18]. Its prevalence reaches 12 

million infected people with 367 million persons at risk [14]. It is mostly prevalent in Latin 

America, Africa, Asia, the Middle East and the Mediterranean basin [19]. Moreover, 1.5 to 2 

million new cases of leishmaniasis are reported every year [20].  
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Figure 2: Geographical distribution and incidence of leishmaniaisis worldwide [21]. 
 

Among many classifications of the disease, the concept of the geographical distribution of 

species causing the infection remains one of the most common and efficient ways of classifying 

its epidemiology. Leishmaniasis is classified into the Old World and the New World distributed 

disease (Table 2). Old World leishmaniasis refers to its endemicity in the old continents regrouping 

Asia, Europe and Africa, whereas New World Leishmaniasis refers to its distribution in the new 

continent of America [22, 23]. L. donovani, L. chagasi (New World) and L. infantum (Old World) 

are known to cause VL (Table 2) that leads to death if untreated [24]. L. major, L. tropica cause 

CL in the Old World, especially in Syria, Iran, Morocco, Yemen and Algeria [25, 26]. L. mexicana, 

L. amazonensis, L. guyanensis, L. panamensis and L .braziliensis cause CL in the New World 

especially in Central and South America (Table 2) [27].  

The Mucocutaneous form of the disease is only found in the New World, more precisely 

in South Latin America and is mainly caused by L. braziliensis and less frequently by L. guyanensis 

and L. panamensis (Table 2) [27]. 
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Table 2:  Different species causing leishmaniaisis, types of leishmaniasis and their 
geographical distribution. 

Leishmania 

species 

Disease Epidemiology Endemic countries References 

 

L. tropica 

L. major 
L. infantum 

OWCL Middle East, Mediterranean 
basin, Africa, America   

Syria, Saudi Arabia, Iraq, 
Afghanistan, Iran, 
Morocco 

[25], [26] 

 
L. aethiopica OWCL Africa Ethiopia [28] 

L. mexicana 
L. braziliensis 
L. peruviana 

L. guyanensis 
L. amazonensis 

L. panamensis 

L.venezuelensis 

 

NWCL 

 

North, South and Central 
America 

  

Rio de Janeiro, Brazil, 
Mexico, 

  

[29], [30] 

 

L. infantum 
L. chagasi 

L .donovani 
 VL 

Mediterranean, South 
America Bangladesh, Ethiopia, 

India, Nepal, Sudan Brazil 
[31], [32] 

L. braziliensis 

L. panamensis 

L. guyanensis 

  MCL 
 
South, Latin America Paraguay, Ecaudor, Peru, 

Colombia, Venezuela 
[33] 

   
 
1.1.3- Leishmania Taxonomy   

Phylogenetic analysis for Leishmania reveals that all species of this parasite have the same 

taxonomy and parenteral relationship [34]. 

Kingdom 

Subkingdom 

Phylum 

Subphylum 

Class 

Order 

 

Protista 

Protozoa 

Sarcomastigophora 

Mastigophora 

Zoomastigophora 

Kinetplastida 
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Family 

Section 

Genus 

Species 

Trypanosomatidae 

Salivaria 

Leishmania  

Donovani, tropica, mexicana, braziliensis… 

 

1.1.4- Life cycle of Leishmania 

Despite the difference in the geographical distribution caused by different Leishmania spp, 

all species share the same life cycle occurring between an infected female Phlebotoma sandfly and 

a mammal. Different factors depending on the parasite, and on the host, determine the spectrum 

and the outcome of the disease. 

The cycle begins when infected female Phlebotoma sandflies take a blood meal and inject 

the promastigote infective stage from their proboscis. Motile flagellated promastigotes released in 

the blood get phagocytosed by reticulo-endothelial cells, mostly macrophages and other types of 

mononuclear cells such as dentritic cells.  Once internalized, promastigotes lose their flagellum 

and transform into non-motile intracellular amastigotes. These stages replicate by binary fission, 

eventually rupturing the macrophage and spreading to uninfected cells [35, 36]. 

Sandflies become infected by ingesting amastigote infected reticulo-endothelial cells upon 

a blood meal [36]. In sandflies, amastigotes transform back into procyclic promastigotes in the 

midgut, and then migrate to the proboscis, where they transform into infective metacyclic 

promastigotes (Figure 3). The decrease in temperature and increase in pH triggers the development 

of the parasite stages within the vector [37, 38]. 
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Figure 3: Leishmania spp life cycle: Leishmania spp present a digenetic life cycle, composed of 
a mammal and a phlebotomine sandfly. 1-The life cycle begins when an infected sandfly injects 
the flagellated promastigotes in the skin of the human. 2-Promastigotes are then phagocytized by 
macrophages. 3- They will be transformed into non flagellated amastigotes. 4- Amastigotes will 
divide and infect other cells. 5- A second phlebotoma takes a blood meal from the infected host. 
6-The sandfly ingests macrophages containing amastigotes. 7- Amastigotes transform back into 
procyclic promastigotes in the sandfly gut. 8- They will divide in the gut and migrate to proboscis, 
where they will become infective metacyclic promastigotes ready to be injected during a second 
blood meal into a new host [26, 27]. 
 
1.1.5- Leishmania morphology 

Leishmania species are generally differentiated based on geographical, biological and 

clinical features. All species share a similar morphology in both their promastigote and amastigote 

stages. They are composed of a flagellum, kinetoplast, a mitochondrion, Golgi, nucleus surrounded 

by a cytoskeleton. 
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Promastigotes represent the flagellar stage of the parasite. They are spindle shaped, and 

they measure 15-20 micrometers in length, 1-2 micrometers in width with a small nucleus and a 

free flagellum. Their kinetoplast is located in front of the nucleus near the anterior end of the body. 

A small ring of vacuolated cytoplasm (Figure 4A, C) surrounds the nucleus and the anterior 

kinetoplast. 

Amastigotes measure 2-3 micrometers, have a round or oval shape, with a large nucleus 

and kinetoplast. These forms are the non-flagellated and non-motile stages of the parasite [39] with 

the base of the flagellum still present. The kinetoplast is usually detectable as a darkly staining 

body near the nucleus. This form is the intracellular stage (Figure 4B, C) replicating within 

immune cells, mainly macrophages and monocytes.  

 
Figure 4:  (A) Promastigote stage of Leishmania spp having the cytoplasm stained in red, nucleus 
in blue. (B) Amastigote stage of Leishmania spp stained in green inside macrophages.  (C) 
Morphological structure of Leishmania promastigotes and amastigotes.   
 

1.1.6- Kinetoplast 

Leishmania species belong to the order of kinetoplastidae. The members of this order 

exhibit several morphological differences characterized by the position of the kinetoplast. The 

kinetoplast is defined as a network of concatenated circular DNA molecules and their associated 

structural proteins along with DNA and RNA polymerases, in a specific portion of the protozoan 

mitochondria [40]. The size of the kinetoplast is variable according to the species. It is constituted 
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of two types of circular DNA: minicircles and maxicircles. There are thousands of minicircles 

whose size ranges between 0.5 to 2.5 kilobases among species. They present high heterogeneity, 

but have conserved regions as replication origin sites. Maxicircles are few dozen, with a size from 

20 to 40 kb, and are functionally and structurally analogous to mitochondrial DNA. Leishmania 

kinetoplast has been used as a marker to detect amastigotes in clinical specimens but also in basic 

research [41].  

 

1.2- Cutaneous leishmaniasis 

  1.2.1- Definition 

Cutaneous leishmaniasis is also known as oriental sore, tropical sore, or Aleppo boil. 

According to the World Health Organization (WHO), it is defined as “the most common form of 

leishmaniaisis. It usually produces ulcers on the exposed parts of the body, such as the face, arms 

and legs, where a large number of lesions – sometimes up to 200 –can cause serious disability [42]. 

When the ulcers heal, they invariably leave permanent scars, which are often the cause of serious 

social prejudice”. Skin infections commonly associate with secondary infections [43] and CL is 

endemic in many developing countries [44].  

 

1.2.2- Epidemiology of Leishmania species causing CL 

  A wide range of Leishmania species spread in both the Old and New Worlds (Table 2) 

causes CL. OWCL is present in many endemic areas in North Africa, the Mediterranean Basin, 

the Middle East, the Indian subcontinent and Central Asia [45]. OWCL is mostly caused by 

L.major and L.tropica (Table 2), which will be the focus of our study. Nonetheless, L.infantum 
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and L.donovani can also cause localized CL and can be observed less frequently in the 

Mediterranean areas [30]. L.aethiopica can also cause CL in a diffuse manifestation, characterized 

by diffusion of lesions, great abundance of parasites. This form is very uncommon and is seen in 

Africa [46] (Table 2).  In contrast, NWCL is mainly found in Central and North America and is 

mainly caused by L.mexicana, L.brazilensis (Table 2) [47].  

 

1.2.3- Types and transmission of OWCL  

Sandflies are the main vectors transmitting leishmaniaisis. Similar to the difference of 

Leishmania species in the New and the Old Worlds, different species of sandflies are reported. For 

instance, in the Old World, Sandflies from the genus Phlebotoma are the exclusive vectors of 

Leishmania whereas, sandflies from the genus Lutzomya are the vector for CL in the New World 

(figure 5) [48]. In these vectors, Leishmania express various "virulence factors" which may 

facilitate transmission to and infection of the mammalian host [49].  

 

Figure 5. CL transmission vector: (A) Phlebotoma sandfly transmitting the OWCL and (B) 
Lutzomya transmitting the NWCL [48]. 
 
             Since OWCL will be our focus, we will expand in the following section on its 

transmission. Although the main vector of OWCL is the Phlebotoma sandfly, it has been fully 

documented that the disease can be transmitted from animals to humans defining the zoonotic 

cutaneous leishmaniaisis (ZCL) or from a person to another person defining the anthroponotic 

cutaneous leishmaniasis (ACL).  
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• Zoonotic cutaneous leishmaniasis (ZCL): occurs when the parasite is transmitted from a 

range of animals to humans. It is seen in rural areas and is geographically distributed in the Middle 

East, Northwestern China and North Africa. ZCL is mostly caused by L.major and often heals 

spontaneously in about two to four months, although in some cases, it may persist for as long as 

five years [50] (Table 3).  

• Anthroponotic cutaneous leishmaniasis (ACL): occurs when the parasite is transmitted 

from a person to person. It is an urban disease and is geographically distributed in the Middle East, 

the Indian Subcontinent, and Western Asia. ACL is mostly caused by L.tropica. Lesions may 

persist for 6 to 15 months before healing with significant scarring [51] (Table 3).   

Table 3: Types of Old World Cutaneous Leishmaniasis according to species and transmission 

Types of CL Transmitted by Parasite  Geographic 

distribution 

Healing period 

Zoonotic Animals to humans L.major Middle East, 
Northwestern China, 
North Africa 

2 to 4 months 

Anthropnotic Humans to Humans L.tropica Middle East, Indian 
Subcontinent, Western 
Asia 

6 to 15 months 

 

1.2.4- Factors favoring CL transmission 

Climate and other environmental changes have the potential to expand the geographic 

range of the sandfly vectors thus the areas of incidence of CL [52, 53]. The transmission of this 

infection is mainly favored by disrupted insecticide control, poor water and sanitation services, 

which create a ripe breeding ground for sandflies. Poor health systems make the treatment difficult 

to reach. Moreover, war and political instability as well as refugees fleeing conflict take the disease 

into non-endemic areas [54, 55, 56]. 
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1.2.5- Cutaneous leishmaniasis in the Middle East Region 

In the Middle East area, Syria is characterized by the highest estimated case counts of CL 

[57]. In the North of Syria, especially in Aleppo, CL belongs to the anthroponotic type and is 

mainly caused by L.tropica. In the suburbs of the capital Damascus, CL belongs to the zoonotic 

type and is due to L.major [58]. Moreover, some reports showed that L.infantum was associated 

with CL in the Syrian Mediterranean area [57, 59, 60].   

After the war, Syrian Ministry of Health revealed shocking statistics of CL outbreaks in 

Syria and its neighborhood. According to the Leishmaniasis Center in Aleppo, 22 365 cases were 

reported in Syria before the politic crisis, and infections reported to the Ministry of Health doubled 

from 23 000 before the war to 41 000 in 2013 [61]. In 2012, a CL outbreak was observed among 

948 Syrian refugees (Figure 6). The mostly isolated strains were L.tropica and L.major, occurring 

in 85% and 15% of patients, respectively [62]. This significant increase in the disease burden 

among refugees is mostly attributed to inadequate sanitation, poor hygiene and housing, 

malnutrition, and absence of clean water [63]. Thus, CL remains an alarming category of emerging 

and uncontrolled disease. Intensified research programs to improve vector control, diagnosis, and 

therapeutics are therefore badly needed. 

Furthermore, neighboring countries which were non-endemic for CL and which have 

received millions of Syrian refugees also reported large numbers of cases [62, 64]. For instance, 

Turkey and Jordan have reported hundreds of cases [65, 66]. A similar situation was reported in 

Eastern Libya with evidence supporting the spread of the disease in refugee camps to neighboring 

Tunisia [67]. 
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In Yemen, 10,000 new cases are roughly reported every year [25]. In this country, the 

number may be significantly underestimated because surveillance systems are badly affected or 

even absent due to the current conflict. 

 

 

                          

 

 

 

 

 

 
Figure 6: Year-wise trend of CL cases reported in Middle East [63] 

 

Similarly, in Saudi Arabia where CL is present and affects males and females equally [68], 

witnessed an increase in CL number following the Syrian war. The species causing the disease in 

Saudi Arabia are L.major in central and eastern provinces and L.tropica in west and southwest 

provinces.  

 

1.2.6- Clinical manifestations of CL 

Cutaneous Leishmaniasis is categorized into three different clinical forms:  

1.2.6.1- Localized 

In the localized form, the parasite is confined to the skin (Figure 7). After an incubation 

period of 1 to 12 weeks, a papule or bump develops at the site of the insect bite. The papule grows 

and turns into an ulcer. Most people with CL have one or two lesions varying in size from 0.5 to 
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3 cm in diameter, usually on exposed parts of the body such as the face, arms or legs. Scarring of 

Leishmaniasis is typical with a depigmented center and a pigmented border [69]. 

 
                 Figure 7: Lesion form a patient with localized cutaneous leishmaniasis [70].                                        
 

1.2.6.2- Recidivans   

This form appears in around 5% of CL patients infected with L.tropica and is characterized 

by microsatellite and confluent lesions that relapse and finally ulcerate in the border of previous 

scars [71] (Figure 8). Leishmaniasis recidivans may occur decades after the resolution and healing 

of the primary lesion [72].  This stage of CL infection requires treatment often with two modalities 

of therapy [73]. 

 
Figure 8: Lesions form from a patient with recidivans cutaneous leishmaniasis [74]. 
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1.2.6.3- Diffuse 

It affects only the skin but with generalized skin lesions (Figure 9). It is seen mainly in 

Africa and is caused by L.aethiopica [75]. Post kala-azar dermal leishmaniasis is a form of diffuse 

CL and a sequel of visceral leishmaniaisis that may appear in affected individuals up to 20 years 

after being partially treated, untreated or in those considered adequately treated [76]. 

 
Figure 9: Lesions from a patient with diffuse cutaneous leishmaniasis [70]. 

 

Some lesions of CL heal within a few months, leaving a scar; others are more persistent 

and need a systemic or intralesional treatment. The natural history depends primarily on the species 

of Leishmania [77]. 

 

1.2.7- Diagnosis of CL 

Clinical manifestations of CL depend on the species, the genetic, immunological and 

cultural background of the patient. Diagnosis of CL can be made using the traditional diagnostic 

techniques of smear, parasite culture and histological analysis of skin biopsies. Thus, modern 

molecular diagnostic techniques, mainly the polymerase chain reaction test (PCR), appear to be 
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the most sensitive single diagnostic test for species identification in skin samples. The diagnosis 

is often made based on a clinically typical lesion in conjunction with an appropriate history of 

exposure. It is achieved through an association of clinical, epidemiological and laboratory 

characteristics. Several methods have been used for the diagnosis of leishmaniasis including direct 

investigation and serological tests [78]. 

 

1.2.7.1- Smear  

Parasite isolation is performed on material obtained from scratches from the lesion 

margins, using a sterile surgical blade. Smears are then bleached using May-Grünwald-Giemsa 

stain (Figure 10) to identify amastigotes forms by means of optical microscopy with sensitivity 

rate ranging from 64% to 80% depending on technique quality [79]. The specificity of the dermal 

smear is excellent (100%).   

 
Figure 10: smear showing extracellular and intracellular amastigotes from a lesion aspirate from 

a feline infected with leishmanial [80]. 
 

1.2.7.2- Culture  

The parasite can be isolated in appropriate media and incubated at 28°C from a tissue 

fragment removed from the border of an active lesion. Positivity of the culture varies depending 

on the presence of amastigotes in the smear. Culture methods generate promastigote stage of 
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Leishmania. These promastigotes can be grown in blood agar, Schneider’s medium or RPMI [81]. 

Specificity is about 100%, but sensitivity rate only reaches 84% [82].  

 
Figure 11: Promastigotes of Leishmania tropica after culture in RPMI media (photo captured in 

our lab) 
 
 

1.2.7.3- Polymerase Chain Reaction (PCR) and Restriction-fragment-length 

polymorphism (RFLP) 

Although a standardized, commercially available PCR assay for Leishmania diagnosis is 

still unavailable, it is well accepted that PCR can be applied to different clinical samples to obtain 

higher sensitivity than conventional methods for the diagnosis of CL [83]. Indeed, the 

characterization of Leishmania species is based on biochemical criteria (electrophoresis of 

isoenzymes) or genetic criteria using various molecular methods including PCR and monoclonal 

antibody techniques. Those techniques are only used in sophisticated centers because of their high 

cost.  

  Based on distinct loci of kinetoplast (kDNA), or ribosomal (rDNA), and others, species 

identification and parasites quantification have been successful. For instance, in an Iranian study, 
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PCR-RFLP (Restriction Fragment Length Polymorphism) assay with materials punctured from 

CL patients using HaeIII enzyme was useful for the rapid identification of Leishmania [84]. 

In addition to the regular PCR, Real-time PCR was also used for Leishmania detection and 

it allows the consistent quantification of parasite DNA with an analytical sensitivity of around one 

fento-gram, which corresponds to 0.01 parasites per reaction [65]. Using quantification by the real-

time PCR of 7SL RNA gene expression levels, Romero et al. provided proof that parasites are 

present in extralesional sites (including normal skin, tonsils, and blood monocytes) of patients with 

dermal leishmaniasis [85].  

More recently, in our lab, a diagnostic molecular method was implemented for speciation 

and differentiation in the context of CL. This method reliably yielded high quality and quantity of 

parasitic DNA used for the identification of infection in less than 72h from formalin-fixed paraffin-

embedded (FFPE) skin biopsies using the ribosomal Internal transcribed spacer-1 (ITS1)-PCR on 

DNA extracted from FFPE punch biopsies (Figure 12) [86].  

              

     

 

 

Figure 12: Ribosomal Internal transcribed spacer-1 (ITS1)-PCR for a CL patient showing a band 
of 300 bp indicating positivity to the infection (PCR performed in our lab).  
 
 
1.2.7.4- Histology  

The histopathological presentation of CL shows a great variability, but a predominant 

pattern is characterized by the presence of unorganized granuloma without necrosis. CL displays 

300 bp 

Ladder Patient with CL PaNegative Control 
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a wide spectrum of microscopic manifestations and Leishmania organisms are typically intensely 

blue with Giemsa stain (Figure 13).  

According to Ridley’s classification, CL microscopic manifestations of 147 patients from 

four geographical areas, Africa/Asia, Ethiopia, Central America and Brazil were studied. These 

patients were categorized according to the host tolerance of the parasite, the lysis of macrophages 

and the damage to connective tissue into five groups as I-unreactive, II-reactive, III-infiltrative, 

IV-tuberculoid and V-hypersensitive (Table 4). In Groups I and II, the histological designations 

labeled only the changes in the connective tissue of the dermis, since no significant cellular 

response was demonstrated. In Groups III, IV and V, these changes were present to a different 

degree in and around the cellular lesion. They consist of fibrinoid change or necrosis with altered 

staining reaction, edema of collagen, fibrocytosis or fibroblast proliferation, often associated with 

some cellular infiltration of the epidermis [87].  

Table 4: Ridley’s classification for mucocutaneous and cutaneous leishmaniasis. 

Group I Group II Group III Group IV Group V 

Approximately 
normal dermis 

Necrosis in the 
dermis 

Dermis infiltration 
with plasma cells, 
eosinophils and 
macrophages 

Abundance of 
lymphocytes and 
some plasma cells 

Granuloma with 
developed 

epithelioid cells 

Patches 

of collagen 
degeneration 

Fibrocytosis Presence of giant 
cells with a 

predomination of 
plasma cells 

Scattered laghans 
giant cells. 

Globally no 
necrosis and 
fibrocytosis 

Absence 

of inflammation 
and granuloma 

Chronic but no 
large inflammatory 

cells 

Vasculitis in the 
superficial 

epidermis, no 
granuloma 

Necrosis in the 
central area of the 
granuloma with 

primitive 
epithelioid 
granuloma 

Heavy fibrosis 
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In the Middle East Region, Dr Ibrahim Khalifeh and his team established a registry for CL 

patients from different countries including Iran, Pakistan, Saudi Arabia, and Iraq. The 

histopathologic features of these patients were classified based on Ridley’s Pattern, but modified 

further for a better classification (Table 5) [88].  

 

Table 5: Modified Ridley’s pattern classification [88]. 

Group Histopathologic Response 

Group I Normal Appearing skin biopsy with patches of collagen degeneration 

Group II Predominant severe necrotizing process in the dermis 

Group II Dermis involved by a diffuse and heavy mixed inflammatory infiltrate 

Group IV Scattered Langhans giant cells and primitive epithelioid histiocytes 

Group V Well-Formed granulomas and well-developed epithelioid histiocytes 
 

Another classification was also suggested according to a prospective study conducted in 

Saudi Arabia in 2005. Four distinct groups were individualized. Type A, where macrophages are 

heavily parasitized and vacuolated with few lymphocytes, correlates with an early immune 

response or an anergic diffuse CL. Types B and C consist of  a mixed inflammatory response with 

or without necrosis and present the most common types in Old World CL. Finally, type D, 

characterized by a tuberculoid granuloma with absent or low parasite load, correlates with chronic 

forms such as lupoid leishmaniasis or the end stage of spontaneous healing [45]. 
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Figure 13: Amastigotes forms of leishmania spp by Giemsa stain [89]. 

 
 
1.2.8- Leishmania Immunology  

The Successful elimination of Leishmania depends on the coordinated action of different 

players of the host immune system. From promastigote entry, into the host bloodstream, to the 

final amastigote stage, inside mammalian cells, the battle between disease establishment and 

parasite eradication is partly decided by the ability of Leishmania to evade host immunity. 

Components of the host defense playing a role in the eradication of Leishmania include both 

elements of the innate and adaptive immune system. Therefore, there is an unmet need of a cell-

mediated response to resist against this pathogen [90]. 

 

1.2.8.1- Leishmania Antigenicity 

Leishmania parasite presents several surface glycoconjugates that are involved in the 

survival of the microorganism. Among these molecules, the proteophosphoglycan (PPG), the 

secretary acids phosphatases (SAPs), the lipophosphoglycan and glycosylphosphatidyl-inositol 

(GPI) were described [91]. These components may have a major role in the parasite survival 

process and the progression of the disease within the vertebrate host [92]. 
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Furthermore, the surface of this parasite is covered with molecules that vary depending on 

its development stage. The procyclic promastigotes are covered with a 7-nm-thick glycocalyx, 

whereas the infective metacyclic promastigotes are covered with a glycocalyx layer that is at least 

17 nm thick. In contrast, this covering is almost absent from the amastigotes, suggesting that the 

promastigote cell coat is a stage-specific structure that may be lost after phagocytosis and after 

intracellular transformation [93]. The glycocalyx consists of glycoproteins and related products. 

The latter components are composed of members of a family of glycoinositol phospholipids 

(GIPLs) and lipophosphoglycans (LPG) [94, 95]. The whole structure is species specific and 

constitutes the first antigens to encounter the host's immune system. The two major virulence 

factors of Leishmania are the metalloprotease leishmanolysin GP63 and the glycocalyx component 

lipophosphoglycan (LPG) [96]. 

 

1.2.8.1.1- Glycoprotein 63 (GP63) 

Leishmanolysin or GP63 is a glycosylphosphatidyl-inositol (GPI) - anchored glycoprotein 

expressed on the surface of Leishmania parasite [97]. This component plays an important role in 

the parasite binding process to the host macrophages [98]. GP63 is thought to be able to promote 

the migration of the parasite and the progression of the disease within tissues by destroying 

fibronectin and type IV collagen [99]. In addition, this molecule can affect the complement system 

by transforming C3b into iC3b or by cleaving C3 allowing promastigotes to avoid a complement-

mediated degradation [100]. L. major parasites lacking these glycocalyx receptors are highly 

susceptible to complement killing [101]. Genetic deletion of GP63 in L. major parasite does not 

affect its growth in sandflies or culture; however, these promastigotes are highly susceptible to 
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complement killing and the disease induced by these Gp63−/− L. major are delayed in comparison 

to WT L. major [102]. 

 

1.2.8.1.2- Lipophosphoglycan (LPG) 

Lipophosphoglycan molecules are abundantly present on the surface of all Leishmania 

promastigotes species. They are important for the parasite survival [103]. LPG provides the 

parasite with the ability to evade the complement system and the digestion by enzymes within the 

macrophages phagolysosomes [104]. Furthermore, this component impairs the secretion of IL-12 

[92]. 

1.2.8.2- Innate Immunity against CL  

Innate immune response is critical in the rapid clearance of invading pathogens and further 

shaping the adaptive immune responses against them. Upon entry into the mammalian hosts, 

Leishmania parasites first encounter the complement system [105]. 

 

1.2.8.2.1- The Complement Cascade 

The complement system is constituted of more than 30 soluble proteins in the blood 

plasma; these are involved in the rapid clearance of invading pathogens from the body. There are 

three major pathways that can activate the complement system: Classical, Lectin and Alternative 

pathway (Figure 14). Antibodies binding to the pathogen initiate the classical pathway. However, 

the binding of Mannose Binding Lectin (MBL) and ficolins activates lectin pathway. In contrast, 

alternative pathway is directly activated by the pathogens [106].  
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Figure 14: The complement pathway following a pathogen invasion. The Complement 

pathway can be activated through three pathways: classical, lectin, and alternative. The classical 
pathway is activated when C1q binds to antibody attached to antigen, activating C1r and C1s, 
which cleave C4 and C2. The lectin pathway is activated when mannose-binding lectin (MBL) 
encounters conserved pathogenic carbohydrate motifs, activating the MBL-associated serine 
proteases (MASPs) and again cleaving C4 and C2. C4 and C2 cleavage products form the classical 
and lectin pathway C3 convertase, C4bC2a, which cleaves C3 into C3b and C3a. A second 
molecule of C3b can associate with C4bC2a to form the C5 convertase of the classical and lectin 
pathways, C4bC2aC3b. The alternative pathway (AP) is activated when C3 undergoes 
spontaneous hydrolysis and forms the initial AP C3 convertase, C3 (H2O) Bb, in the presence of 
Factors B and D, leading to additional C3 cleavage and eventual formation of the AP C3 convertase 
(C3bBb) and AP C5 convertase (C3bBbC3b). Properdin facilitates AP activation by stabilizing 
AP convertases. All three pathways culminate in the formation of the convertases, which in turn 
generate the major effectors of the complement system: anaphylatoxins (C4a/C3a/C5a), the 
membrane attack complex (MAC), and opsonins (e.g., C3b). Anaphylatoxins are potent 
proinflammatory molecules derived from the cleavage of C4, C3, and C5. The MAC is a terminal 
assembly of complement components C5b through C9, which can directly lyse targeted surfaces. 
C3b induces phagocytosis of opsonized targets and serves to amplify complement activation 
through the AP [106].  

 

As an obligate intracellular parasite, Leishmania needs an intracellular niche to survive and 

propagate. The complement system is one of the first barriers facing this parasite. Once the 

complement pathway is activated, C3b facilitates C5b-C9 membrane attack complex (MAC) on 
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the Leishmania surface and lyses the parasite. Conversely, Leishmania virulence factor LPG 

inhibits MAC complex formation on the surface, while GP63 inactivates C3b (iC3b) and inhibits 

MAC complex. Opsonization of Leishmania by C3b and iC3b facilitates its uptake by CD11b and 

FcγR receptor on neutrophils and macrophages [106] (Figure 15). These pathways result in 

common activation of C3 convertase that cleaves C3 to generate C3b. Deposition of C3b on the 

pathogen surface will induce the deposition of C5b-C6-C7-C8-C9 complex that promotes lysis of 

the target pathogen. In addition, C3b promotes phagocytosis of the pathogen by neutrophils and 

macrophages.  

 
Figure 15: The innate immunity against Leishmania. Role of the complement cascade [105]. Upon 
entry into the mammalian hosts, Leishmania parasites first meet the complement system. Once the 
complement pathway is activated, C3b facilitates C5b-C9 membrane attack complex (MAC) on 
the surface of the parasite and leads to its lysis. Conversely, Leishmania virulence factor LPG 
inhibits MAC complex formation on the surface, while GP63 inactivates C3b (iC3b) and inhibits 
MAC complex. Opsonization of Leishmania by C3b and iC3b facilitates its uptake by CD11b and 
FcγR receptor on neutrophils and macrophages.  

    Complement systems showed a prominent efficacy in clearing Leishmania. Studies have 

shown that a concentration of 1/120 of normal human serum (NHS) is cytotoxic for L. major 

parasites [105]. Moreover, there is an evidence for the involvement of the three cascades in the 
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clearance of Leishmania. Alternative complement pathway is widely accepted as the major 

pathway involved in Leishmania clearance [107, 108, 109]. However, IgM anti-Leishmania 

antibodies induced activation of classical pathway has also been shown to be important and 

specific for Leishmania promastigotes agglutination and killing [110]. The Alternative pathway 

kills Leishmania amastigotes [111]. Finally, serum MBL binds L. major and L. mexicana 

promastigotes suggesting a possible contribution of the Lectin pathway in killing Leishmania 

[111]. 

1.2.8.2.2- Pattern Recognition Receptors  

Following Leishmania infection, neutrophils and macrophages are the major innate 

immune cells that respond and attack the parasite. These cells are equipped with several germline 

encoded pattern recognition receptors (PRRs), helping them to sample the host environment from 

invading pathogens. In addition, the membrane bound toll-like receptors (TLRs) and C-type lectin 

like receptors (CLRs) recognizes and responds to Leishmania infection [105].  

 

1.2.8.2.3- Toll-like receptors (TLRs) 

1.2.8.2.3.1- Different types of TLRs 

The TLR signaling pathway is one of the first defensive systems against invasive 

microorganisms. TLRs are transmembrane proteins that confer specificity to the innate immunity 

cells by recognition of every known category of pathogen that may cause a human disease. The 

TLR family consists of 11 members (TLR1 to TLR11) differing in their specificity for different 

pathogens and their capability to induce different cytokines production (Figure 16) [112]. TLRs 

are located on either the plasma membrane or internal membranes of macrophages, DCs, and NK 
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cells. T and B-lymphocytes also express TLRs. Among the TLRs located on internal membranes, 

such as lysosomes, TLR3, TLR7, TLR8, and TLR9 are the receptors that have been described so 

far. TLR1, TLR2, TLR4, TLR5, and TLR6 are located on plasma membranes. It is noteworthy 

that TLR1 and TLR6 are anchored to the TLR2 using the same signaling pathway despite the fact 

that they have a different ligand-recognizing extracellular domain [113, 114, 115].  

 
Figure 16: Localization of Toll-like receptors [116]. TLR1, 2, 3, 4, 5, 6 and 10 are located 

on the cellular membrane are involved in the recognition of Gram negative (TLR 4, 5), Gram-
positive bacteria (TLR1), mycobacteria (TLR2), and yeast components (TLR6). TLR3, 7, 8 and 9 
are located on the endosomal membrane and are involved in the recognition of viral and bacterial 
nucleic acids. These TLRs bind double stranded RNA (TLR3), single stranded RNA (TLR7, 8), 
and double stranded DNA (TLR9).  

 
After recognition of specific pathogen antigens, TLRs trigger the NF-κB transcription 

factor, which then translocate to the nucleus and promotes the transcription and synthesis of pro-

inflammatory cytokines [117]. This TLR signaling induces the phosphorylation of Iκ-Bα, which 

targets this protein for degradation, leading to the release of NF-κB dimers and their translocation 

to the nucleus (Figure 17) [118, 119]. The NF-κB family is composed of five related transcription 
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factors: p50, p52, RelA (p65), c-Rel and RelB [37]. In unstimulated cells, NF-κB is found as an 

inactive cytosolic form, associated with an inhibitory subunit known as IκB (IκB-α, IκB-β or IκB-

Ɛ). Upon cell stimulation by binding of ligand to a cell surface receptor like Toll-like receptor 

superfamily, the canonical pathway is activated via activation of IκB-bound NF-κB species (such 

as RelA/p50 or cRel/p50). This activation may occur via either the canonical and non-canonical 

pathway. The canonical NF-κB activation mainly occurs through activation of an upstream 

multimeric IKK complex, formed by IKKα, IKKβ, and IKKγ or NEMO. This activation results in 

the phosphorylation (P) of IκBα, its ubiquitylation (Ub) and subsequent degradation by the 26S 

proteasome. Release of the NF-κB complex allows it to relocate to the nucleus, bind specific 

promoters, and activate gene transcription implicated in many functions including the immune and 

inflammatory response [215]. On the other hand, the non-canonical activation of NF-κB occurs 

via binding of RelB complex to p100, leading to the translocation of RelB/p52 to the nucleus and 

the transcription of target genes [120]. 

 
Figure 17: Canonical and alternative pathway of NF-κB activation [120]. Activation of 

the canonical NF-κB pathway. A series of stimuli activate the canonical pathway of NF-κB 
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activation, including proinflammatory cytokines such as IL-1, TNF-α, or pathogen-associated 
molecular patterns that bind to TLRs, the antigen receptors TCR/BCR, or lymphocyte co-receptors 
such as CD40, CD30, or receptor activator of NF-κB (RANK) (1). Activated IKK phosphorylates 
IκB proteins on 2 conserved serine residues and induces Iκ-B polyubiquitinylation (2), which in 
turn induces their recognition by the proteasome and causes successive proteolytic degradation 
(3). Following the IκB degradation, the cytoplasmic NF-κB dimers are released and translocate 

into the nucleus, where gene transcription is activated (4). (B) Activation of the alternative NF-κB 

pathway. The alternative pathway of NF-κB activation is engaged by a restricted set of cell-surface 
receptors that belong to the TNF receptor superfamily, including CD40, the lymphotoxin β 

receptor, and the BAFF receptor (a). This pathway culminates in the activation of IKKα (b), which 

can directly phosphorylate NF-κB2/p100 (c), inducing partial proteolysis of p100 to p52 by the 
proteasome (d). The p52 protein lacks the inhibitory ankyrin repeats and preferentially dimerizes 
with RelB to translocate into the nucleus (e).  

 

1.2.8.2.3.2- TLRs in context of Leishmaniasis 

We have described the importance of LPG and GP63 in the immune response. Adaptor 

molecules mediate TLR activation. MyD88 is the most common adaptor molecule for the 

activation of NF-κB and is present in most TLRs [105]. 

     
            Figure 18: Mediation of TLRs by MyD88 upon Leishmania infection [105]. TLR2 and 
TLR4 on macrophagere cognize Leishmania outside, whereas TLR3 and TLR9 
recognizes Leishmania in the vacuole. Activation of TLRs activates the NFκB and MAP kinase 

signaling through MyD88, which is important for Leishmania clearance. In the cytoplasm, NLRP3 
inflammasome senses Leishmania to produce IL-1β and IL-18, which can have diverse cellular 
functions depending on the genetic background of the host [106]. 
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MyD88 activation is mediated by the binding of Leishmanial LPG, GPIL and TLR2 [101]. 

Macrophage expressed TLR2 and TLR4 recognize the extracellular Leishmania, whereas TLR3 

and TLR9 recognize internalized Leishmania within the vacuole (Figure 18) [105]. Activation of 

TLRs activates the NF-κB and MAP kinase signaling through MyD88 and leads to Leishmania 

clearance. In the cytoplasm, NLRP3 inflammasome senses Leishmania to produce IL-1β and IL-

18, which can have diverse cellular functions depending on the genetic background of the host 

(Figure 18). NF-κB activation by LPG is mediated by TLR2. However, other leishmanial 

components can also activate other TLRs [121]. Furthermore, NK cells infected with 

promastigotes of L.major in vitro revealed that three molecules of LPG aggregate with one 

molecule of TLR2, thus corroborating the theory of interaction between Leishmania parasite and 

TLRs [122,123]. These data invalidate the concept of unresponsiveness of TLR2 and TLR4 in 

leishmaniasis [124]. Beyond the studies that have demonstrated the importance of TLR2, studies 

on TLR4 have also yielded promising results. Some studies have demonstrated that LPG and GPIL 

have no effect on TLR4 [122, 124]. A later study demonstrated that TLR4 was required for 

efficient parasite control, probably due to the activity of inducible Nitric Oxyde Synthase (iNOS) 

[125]. The activation of iNOS leads to NO synthesis and Leishmania death. In the absence of 

TLR4, the more intense activity of arginase increases the formation of urea and reduces the 

formation of NO [126]. In addition, the leishmanicidal activity of TLR4 was evaluated by 

pancreatic elastase in studying the activation of systemic inflammation. This enzyme produced by 

neutrophils induces the leishmanicidal activity of macrophages through TLR4 activation [127]. 

The last studies confirmed the benefits of TLR4 activation in terms of Leishmania death, a concept 

that has been demonstrated for other parasites and bacteria [128, 129, 130]. Moreover, mice with 

a mutation in the TLR4 gene were unable to heal from CL lesions [131, 132]. The same group, 
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using an experimental model that was responsive to the pro-inflammatory cytokine IL-12 [125], 

later confirmed these results. In view of this, Li et al. demonstrated the production of pro-

inflammatory cytokines, especially IL-12, via TLR9 in L. major infected mice [133]. In humans, 

TLR9 is present only in plasmacytoid DCs and B lymphocytes. The importance of this receptor in 

the acute phase of the disease has not been well established yet. Nevertheless, recent studies have 

demonstrated that it may enhance the effect of vaccination against Leishmania [134]. Recently, 

some evidence has shown that TLR3 can also contribute to the recognition of Leishmania [135]. 

This receptor, like TLR7, TLR8, and TLR9, is located in intracellular endosomal membranes, 

recognizes double-stranded RNA, and triggers NF-κB and the production of IFN-γ [136]. Besides 

the localization of TLR3, it induces cytokine production by means of a signaling pathway similar 

to that of the TLR from the plasma membrane. Thus, MyD88 is an adaptor protein that is shared 

by all the known TLRs [137]. However, TLR3 also uses a MyD88-independent pathway to NF-

κB and production of IFN-γ [138]. The MyD88-dependent TLR pathway is involved in the 

induction of DC maturation, which was demonstrated previously with L. major and L.donovani 

[139, 140].  

 

1.2.8.2.4- Nitric Oxide production by iNOS 

Nitric Oxide synthases (NOSs) are a family of enzymes catalyzing the production of Nitric 

Oxide (NO) from L-arginine. The inducible isoform, iNOS, is involved in immune responses, 

binds calmodulin at physiologically relevant concentrations [141]. It is the proximate cause of 

septic shock and may function in autoimmune diseases [141]. NO is generated by at least three 

different isoforms of Nitric Oxide Synthases. Inducible iNOS (iNOS/NOS2) is one of these 

isoforms and is a Ca2+ independent defense mechanism initiated by many cell types, particularly 
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macrophages [141]. It is expressed in response to pro-inflammatory cytokines (e.g. IFN-γ, IL-1β, 

TNF-α) [142]. Macrophage derived NO acts as both a highly cytotoxic molecule, generated in 

response to microbial stimuli, pro-inflammatory cytokines, and as a regulatory molecule, that 

controls T lymphocyte proliferation and cytokine secretion during adaptive immune responses 

[141]. 

In leishmanial infection, the action of iNOS in the regulation of innate immunity has been 

further identified in the protective response of mice to Leishmania major (Figure 19). In this 

experimental model, small quantities of iNOS-derived NO, generated by activated macrophages, 

activate natural killer (NK) cells to respond to IL-12 and IFN-α/β, which allows them to become 

cytotoxic and to release IFN-γ, thus controlling the spread of the parasite. This initial response is 

critical for the containment of the infection and hence for subsequent T cell-dependent clinical 

resolution of the disease, despite the fact that in the late phase of infection iNOS is further up 

regulated by IFN-γ producing CD4+ T lymphocytes and the antimicrobial activity of cytotoxic 

cells predominates [143]. 

 

1.2.8.3- Adaptive Immunity 

When the innate strategies fail to kill Leishmania parasites, T helper-mediated immune 

responses are induced in order to regulate the disease progression. Resistance to leishmaniasis 

requires the activation of Type 1 helper cells (Th-1) and the production of IFN-γ (Figure 19) [144].  

Th1-mediated response is enhanced by IFN-γ-induced secretion of nitric oxide (NO), 

which leads to parasite destruction. In contrast, Th2-mediated response activation resulting in IL-

4, IL-5, IL-10 and IL-13 production, leads to a humoral immune reaction and then to disease 

progression  (Figure 19)[145]. 
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Of note, it is important to mention that the outcome of the infection is mainly determined 

by interactions between Th1 and Th2 cytokines. Furthermore, many studies revealed that Th2-

mediated response leads to susceptibility to L. major in animal models, therefore, a Th1 response 

is needed for the cure of the animal (Figure 19) [146, 147].  

 
                   Figure 19: Immune response following infection with Leishmania. Different 
immunological pathways in CL all depending on the differentiation of CD4+ T cell subsets into 
Th1, Th2, Treg, and Th17. Following parasite entry, APCs (macrophages and dendritic cells) are 
stimulated to produce pro-inflammatory cytokines such as IL-12. These cytokines promote Th1 
differentiation and IFN-γ production lead to activation of macrophages and parasite killing by NO 

production. Conversely, anti-inflammatory cytokines promote differentiation of Th0 toward Th2 
that inhibit macrophage activity and lead to parasite survival. Overproduction of inflammatory 
cytokines results in severe immunopathology and non-healing infection. TGF-β and IL-27 
cytokines secreted by macrophages or DCs stimulate Treg cells to produce IL-10 that act back on 
the macrophages and DCs to reduce the release of inflammatory mediators, forming a negative 
feedback loop and the balance of pro- and anti-inflammatory cytokines controls pathology and 
tissue destruction [148].  
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1.2.8.4- Survival mechanisms of the parasite 

The innate immune mechanism is considered as the first-line defense implicated in 

eliminating pathogens [149]. However, one of the major problems with Leishmania infections is 

the ability of these parasites to evade and subvert host immune responses. These qualities allow 

the parasites to persist in the host and establish chronic infections.  Tremendous selective pressure 

to survive the complement pathway and his capacity to kill the parasite, has resulted in the 

evolution of several immune evasion strategies employed by Leishmania.  

Leishmania parasites can prevent the complement system mediated lysis [150]. Intracellular 

amastigotes are capable of modifying their membrane configuration leading to the failure of C5b-

C9 complex to be inserted into the parasites’ membrane [151, 152]. Furthermore, several kinases 

produced by the parasites can deactivate many complement system elements (C3, C5 and C9) by 

a phosphorylation process. Most importantly, the previously mentioned parasite membrane 

components, GP63 and LPG, can convert C3b into an inactive form and inhibit the complement 

system [151]. 

 

1.2.8.4.1- Oxidative burst: reactive oxygen intermediates production  

Oxidative burst is one of the most important mechanisms involved in a macrophage-mediated 

phagocytosis. At the site of infection, reactive oxygen intermediates (ROI) such as Hydroxyl 

radicals, highly reactive superoxide and hydrogen peroxide are abundantly found and are capable 

of killing parasites by affecting their membrane [153,154]. However, many studies revealed that 

LPG could neutralize these intermediates and protect parasites [155]. 
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1.2.8.4.2- ROS production 

In order to establish a successful infection, Leishmania parasites must counter the immune 

responses evoked by macrophages. One of the primary microbicidal molecules in macrophages 

efficient against Leishmania are the reactive oxygen species (ROS). Successful survival of 

Leishmania within the host macrophages depends on the impairment of host immune responses. 

Inhibition of ROS generation is a crucial adaptive strategy through which Leishmania can survive 

within the hostile environment of macrophages [156].  

 

1.2.8.4.3- Acidification and digestion: Macrophages high acidity 

Although studies have shown that the high acidity within the macrophages phagolysosomes 

provides them with an important anti-leishmanial activity and that low pH makes proteins, 

carbohydrates, RNA and DNA very sensitive to acid hydrolases-mediated degradation [90], many 

reports suggest several strategies that allow the parasite to prevent macrophages killing 

mechanisms. In an acidic environment, the membrane molecule Gp63 reaches its maximal activity 

in lysing proteins. Thus, this molecule is able to degrade different enzymes found in 

phagolysosomes [157]. Moreover, the negative charge of LPG may contribute in protecting the 

parasite from lysosomal enzymes [154]. 

 

1.2.9- Susceptibility versus resistance to CL 

A huge number of reports talking about BALB/c and C57bl/6 mice infected by L.major 

indicated two extremely distinct outcomes of infection [158]. However, this remarkable difference 

between the two cases is mainly due to the different strains of mice [159]. In BALB/c mice, the 

multiplication of parasites and the progression of the disease are not controlled. Therefore, 
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susceptibility is due to Th2-mediated response induction characterized by a considerable secretion 

of IL-4, IL-10, IL-13 and IgE [160]. In contrast, IFN-γ secretion induced by Th1 response 

activation in C57bl/6 mice is the major reason behind resistance and self-healing capacity shown 

in these models [161]. 

Several immunological studies have increased our understanding of the adaptive response in 

leishmaniasis. Thus, this disease has been used as a model of Th1 and Th2 responses. 

Unfortunately, there are still several aspects of the initial steps of Leishmania infection in humans 

that are largely unknown. Most importantly, the dose of parasites, the cytokine milieu and the 

genetic background of the host are three main factors, which determine the course and the outcome 

of infection. 

 

1.2.10- Treatment of CL  

There are different factors that influence CL treatment. Drug’s efficacy is dependent on 

lesion size, number and appearance. In addition, disease duration prior to treatment, re-infection, 

immunosuppression, and co-infections make CL treatment inefficient [162]. Moreover, the 

location of the lesion (e.g. face or joints), age of the patient (e.g. adults or children) and gender are 

also factors that often determine the choice of treatment [163].  

Other factors affecting CL treatment are intrinsic and related to the different Leishmania 

species. An effective treatment in one geographical area for a given organism may not work in 

different geographical areas or for different organisms in the same location [163, 164]. In these 

cases, efficacy depends not only on the Leishmania species but also on the patient’s response and 

health status. Another main disadvantage and paradox is the lack of availability of most of these 

drugs in rural and poor areas where the majority of leishmaniasis cases is encountered [165]. 
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In this study, we focused on L.tropica and L.major strains, being the endemic strains 

causing CL in the Middle East Region, and whose dissemination to the neighborhood countries 

was increased due to the Syrian conflict.   

 

Therapies used against CL regroup physical, oral, topical and parenteral therapies (Summarized in 

Table 6 at the end of this section).  

 

1.2.10.1-Physical therapies 

Physical therapies against CL include thermotherapy, CO2 laser, photodynamic therapy, 

and cryotherapy regimens.  

 

1.2.10.1.1- Thermotherapy  

Thermotherapy is the application of heat to directly destroy the parasite. Many studies 

showed that this method achieved the same efficacy as intralesional antimonials and in some cases, 

proved its superiority on them. However, thermotherapy has some disadvantages related to cost 

and availability, thus it should not be applied near mucosal areas [166, 167, 168].  

 

1.2.10.1.2- CO2 laser 

  This is another physical method that can barely damage the healthy tissue with a good 

efficacy on CL. This treatment is capable of thermolysis on damaged tissues, and had showed 

better efficacy than cryotherapy combined to intralesional antimonials [169, 170].  
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1.2.10.1.3- Photodynamic Therapy 

Photodynamic Therapy is a Light-mediated cytolysis of Leishmania parasites that is 

proposed as a safe, rapid and highly effective choice for CL [171, 172].  

 

1.2.10.1.4- Cryotherapy 

Cryotherapy by using liquid nitrogen was demonstrated to reach a high efficiency rate 

against CL. In addition, even, the combination of cryotherapy and intralesional pentavalent 

antimonials has been shown to induce 100 % CR rates against L. major and L. tropica CL [170, 

173,174]. 

 

1.2.10.2- Topical therapies 

1.2.10.2.1- Paromomycin  

Several clinical trials undertaken since the 1990s have already described the possible 

efficacy of topical paromomycin for the treatment of CL [175, 176]. However, no greater efficacy 

was observed in patients after long term follow up and this was due to the short duration of 

treatment [176]. Topical paromomycin versus intralesional administration of antimonials 

comparison was tested for both L.major and L.tropica infections. Both treatments achieved low 

response rates [170, 175]. 

 

1.2.10.2.2- Intralesional Pentavalent Antimonials 

   The efficacy of intralesional pentavalent antimonials has been observed mainly for L.major 

and L.tropica infections in Asia and the Mediterranean basin area [177, 178]. A randomized 
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clinical trial undertaken in Syria for L.tropica infections administered intralesional antimonials 

once weekly for 5 consecutive weeks. The results showed a significantly higher response when 

compared to treatment with recombinant Interferon gamma (IFN-γ) [177, 178]. In Saudi Arabia, a 

randomized clinical trial compared parenteral therapy with antimonials and intralesional therapy 

with antimonials. The response rates were found to be similar for systemic and local therapy 

[177,178]. On the other hand, there are various studies about the benefits of the combination of 

intralesional antimonials with other therapeutic options. A study undertaken in Iran showed that 

the efficacy of the combination of intralesional antimonials with parenteral pentavalent or 

intramuscular antimonials or also cryotherapy was higher than its administration as monotherapy 

[177,178].  

 

1.2.10.2.3-Topical Imidazole drugs  

Formulated as an ointment, topical applications of clotrimazole and miconazole for one 

month have been tested in Saudi Arabia without any cure of the patients. Topical ketoconazole 

was also tested in Afghanistan, but it did not significantly change the course of the lesions 

[177,178].   

 

1.2.10.3-Oral Drug Therapy 

1.2.10.3.1-Azole drugs  

Fluconazole was tested in Saudi Arabia against L.major and proved its efficacy and 

tolerance when a dose of 200 mg/day was administered for 6 weeks [177, 178, 179]. A better 

complete remission (CR) was achieved in Iran against L.major obtained when the dose of 

fluconazole was doubled per day for 6 weeks [176, 180, 181]. Several randomized clinical trials 
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have compared itraconazole with placebo. A very high cure rate was obtained in Iran against L. 

major. Nonetheless, itraconazole in Iran against L.major presented lowered cure rates by half [176, 

180, 181].  

 

1.2.10.3.2- Miltefosine drugs  

Miltefosine has been mainly used against L. major infections, and response rates vary 

between 87 and 100%. The only clinical trial performed in Iran against L.major infection 

concluded that oral miltefosine is as effective as the intralesional antimonials [176, 180, 181].  

 

1.2.10.4- Parenteral Therapy 

1.2.10.4.1- Pentavalent Antimonials 

 Intramuscular or intravenous pentavalent antimonials were tested in Eastern Africa, the 

Middle East and the Mediterranean countries and have proven effectiveness against CL. However, 

different response rates were obtained between species, with higher CRs for L.major than for 

L.tropica [165, 175, 176, 180, 182]. The combination of topical 5% imiquimod cream three times 

per week with parenteral pentavalent antimonials for 14 days did not result in additional benefits 

[183].  

 

1.2.10.4.2- Liposomal Amphotericin B  

Experience with Liposomal Amphotericin B for the treatment of OWCL is very limited. 

The majority of cases that required systemic parenteral treatment received pentavalent antimonials. 

However, the high toxicity observed with these later, encouraged the increasing choice and use of 

liposomal Amphotericin B by more specialists [184].  An American study collected therapeutic 
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response at doses of 3 mg/kg/day of Amphotericin B up to ten doses, given within over 3 weeks, 

in ten travelers. At the end of the treatment, the general response rate was 84%. However, when 

another cycle was given, no response was observed and all attempts with Liposomal Amphotericin 

B failed [176, 180, 185].  

Table 6: Different CL treatment and their disadvantages. 

 
 

1.2.10.5- Anti-cancer drugs 

1.2.10.5.1- Tamoxifen 

With all the above-mentioned trials, some clinicians have tested some anti-cancer drugs 

such as Tamoxifen. This anti-estrogen has been extensively used in the treatment and prevention 

of breast cancer for decades [186]. Some studies have demonstrated its anti-leishmanial activity, 

either alone or combined to amphotericin B, in vitro and in murine studies, in which there was a 

significant reduction in both lesion size and parasite burden [187, 177]. 
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1.2.10.5.2- Imidazoquinolines family  

1.2.10.5.2.1- Imiquimod  

Imiquimod (Figure 20), (S-26308, R-837) (1-(2-methylpropyl)-1H-imidazo [4, 5-c] 

quinolin-4-amine), is the first member of the imidazoquinolone family, and belongs to the class of 

medications called immune response modifiers. 

                                                   
Figure 20: Chemical structure of Imiquimod 

 
 

This low molecular weight derivative of the Imidazoquinoline family was the first immune 

response modifier used for the treatment of infectious skin conditions and shown great anti-viral 

and anti-tumor activities in vivo [188]. The United States Food and Drugs Administration (FDA) 

approved this agent in 1997 for the topical treatment of external perianal warts because of its action 

on increasing the activity of the body’s immune system. This drug was proven also efficacious as 

a topical therapy for certain types of skin cancers: basal cell carcinoma, Bowen's disease, 

superficial squamous cell carcinoma, some superficial malignant melanomas, and actinic keratosis 

[189].  

In pre-clinical studies, Imiquimod inhibits melanogenesis and proliferation of human 

melanocytes. Its therapeutic spectrum was also extended to cutaneous B-cell lymphomas [189]. 

The exact mechanism of action in which Imiquimod and its analogs activate the immune system 
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is not known yet. Nevertheless, it is known that Imiquimod activates immune cells by ligating the 

Toll-like receptor 7 (TLR-7), commonly involved in pathogen recognition, on the cell surface 

[190]. Cells activated by imiquimod via TLR-7 secrete cytokines (primarily IFN-α, IL-6, and TNF-

α). There is evidence that imiquimod, when applied to skin, can lead to the activation of 

Langerhans cells, which subsequently migrate to local lymph nodes to activate the adaptive 

immune system [190]. Other cell types activated by Imiquimod include natural killer cells, 

macrophages, and B-lymphocytes. There are case reports and preliminary studies suggesting 

Imiquimod effectiveness in the treatment of CL [191].  

However, the effects of Imiquimod on innate immune responses, via TLRs, suggest a 

potential anti-leishmanial activity that was demonstrated by inducing the release of nitric oxide. 

Less than 1% of the drug is recovered in urine after topical application. Topical Imiquimod (5% 

cream) is only mildly irritating and does not lead to systemic toxic effects. Imiquimod has been 

used in combination with a systemic antimonial in the treatment of CL and presented a cure rate 

of 90% in patients with refractory CL to pentavalent antimonial treatment [190]. It has been also 

shown that it is also more effective in the initial treatment of CL [192]. Another clinical trial in 

Peru, Miranda-Verastegui et al. showed that this combination was better than placebo plus 

pentavalent antimony [193].  

 

1.2.10.5.2.2- Imiquimod analogs  

1.2.10.5.2.2.1- EAPB0203  

Since several years, the group of Bonnet and Masquefa in Montpellier, France, has 

developed analogs of Imiquimod. Three chemical series have been synthesized: 1) the 

imidazo[1,2-a]quinoxalines, 2) the imidazo[1,5a]quinoxalines, and 3) the pyrazolo[1,5-a]qui-
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noxalines [174]. Among the imidazo[1,2-a]quinoxaline series, one of these compounds 

(EAPB0203) exhibits an important in vitro cytotoxic activity and is 50 times more potent than 

imiquimod against human melanoma cell lines [194]. Studies have shown that EAPB0203 exhibits 

inhibition of cell proliferation G2/M cell cycle arrest [195]. In a mouse model, EAPB0203 

treatment schedules caused a significant decrease in tumor size compared to vehicle control and 

fotemustine treatment. EAPB0203 has also been evaluated in T-cell lymphomas and human T-

lymphotropic virus type I (HTLV-I) associated adult T-cell leukemia/lymphoma [188]. 

 

1.2.10.5.2.2.2- EAPB0503  

This compound also has a potential therapeutic role in the treatment of malignant 

melanoma.  EAPB0503, has 7–9 times higher cytotoxic activity against the human melanoma cell 

line (A375) than EAPB0203 [174]. Thus, EAPB0503 has emerged as very promising drug. Since 

these analogs of Imiquimod have shown a better potency than their original compound used in 

Leishmania treatment, we investigated in this thesis work their anti-leishmanial activity. 

EAPB0503 (1-(3-methoxyphenyl)-N-methylimidazo [1, 2-a] quinoxalin-4-amine) was 

synthesized as described by Deleuze- Masquefa et al. The synthesis of EAPB0503 was 

subsequently optimized by microwave-assisted chemistry (Figure 21) [195]. Briefly, carbonyl-

imidazole dimer 1 (95%) that resulted from the bimolecular condensation of 2-imidazole 

carboxylic acid was coupled with ortho-fluoroaniline to yield the intermediate 2 (90%), which is 

then cyclized to yield compound 3 (80%). Compound 3 was treated with phosphorus oxychloride 

and N,N-diethylaniline in a sealed tube at 130°C for 15 min using a Biotage initiator microwave 

synthesizer (Biotage, Uppsala, Sweden), leading to compound 4 (90%) after column 

chromatography on silica gel purification. Compound 4 was coupled with methylamine in a 
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microwave (150°C, 20 min) to yield compound 5 (95%). The bromination of compound 5 by N-

bromosuccinimide in a microwave (100°C, 6 min) led to compound 6 (85%). EAPB0503 was 

obtained by Suzuki coupling of compound 6 with 3-methoxyphenylboronic acid in the presence 

of a palladium catalyst, basic conditions, and under microwave assistance (140°C, 20 min), and 

was purified by column chromatography on a silica gel, leading to the pure product (90%) 

[196,197].  

 
Figure 21: Synthesis reaction steps to obtain EAPB0503 

 
 

1.2.11- Disadvantages of current treatment of CL 

All the CL therapies mentioned earlier are expensive, associated with various adverse and 

toxic effects and require careful monitoring. Most importantly, organic antimonials considered as 

the most efficient available treatment, have a very complicated administration route and their use 

is frequently associated with cardiac toxicity. Antimonials increase the cardiac calcium current 

leading to serious ECG (electrocardiography) changes [198]. Thus, an inexpensive and safe 
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systemic treatment for Leishmania is urgently needed [199]. The current safest treatment for CL 

is Glucantime. However, it is not practical since the patient must take painful and multiple 

injections on a weekly basis for up to 6 months, with the need for intramuscular injections, that 

are limited by drug toxicity and side effects.  

 

1.2.12- Problematic and Hypothesis  

A huge CL outbreak has disseminated in the Middle East Region after the Syrian crisis. 

All available treatments against CL are associated with high rates of toxicity, high cost, elevated 

risks of relapse and resistance to drugs; the drug of choice is still out of reach and new strategies 

must be set. The lack of a gold standard prompted us to seek for novel therapeutic approaches. 

Since EAPB0503 has proven a higher potency than imiquimod in many models, our main 

aim in this work was to address it potency against CL. We have tested its efficacy on both 

promastigote and amastigote stages of L. tropica and L. major parasites, being the most endemic 

strains in our region. The mechanism of action as well as the elicited immune response was also 

investigated. Our results will give a better insight about the effect of Immunomodulatory drugs 

derivatives on CL, and will open horizons for new and promising treatment paradigm.  
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Chapter 2 

Materials and Methods 

 

2.1- Parasites Culture and Maintenance 

Leishmania major (MHOM/MA/81/LEM265 and MMER/MA/81/LEM309) and 

Leishmania tropica parasites (MHOM/LB/76/LEM61, MRAT/IQ/72/ADHANIS1) were 

purchased under MTA agreement from the CRHU “Parasitologie-Mycologie, CHU Montpellier; 

UMR MIVEGEC; Centre National de Référence des Leishmanioses. These parasites were 

maintained in a standard medium at a temperature ranging from 22 to 25!C. The medium consists 

of RPMI (Lonza) supplemented with 10% Fetal Bovine Serum (FBS), 100IU/ml streptomycin and 

100IU/ml penicillin (Sigma). These parasites were subcultured on weekly basis. 

 

2.2- Drugs 

Imiquimod was purchased from Molekula (Wessex House, Shaftesbury, Dorset, UK) and 

EAPB0503 was synthesized as described by Deleuze-Masquefa et al. [200]. The synthesis of 

EAPB0503 was performed using microwave-assisted chemistry (as described above). These drugs 

were prepared as a 0.1 M stock in dimethylsulfoxide (DMSO) and stored at -80!C. Working 

solutions of 0.1 µM were freshly prepared in culture media. Treatment was performed and tested 

for 2, 6, 10 and 24h. The most important effect was obtained 10 and 24h post-treatment, and these 

time points were adopted for the remainder of the study.  
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2.3- Culture and treatment 

Human THP-1 cells (American Type Culture Collection (ATCC TIB-202), Manassas, VA) 

were grown in RPMI medium with L-Glutamine, 25 mM Hepes (Lonza), supplemented with 10% 

FBS, 1% penicillin-streptomycin, 1% kanamycin and 1% glutamine (Invitrogen). The 

differentiation of THP-1 cells was performed using 50 ng/mL of phorbol 12-myristate 13-acetate 

(PMA, Sigma) overnight. Following their adherence, these differentiated macrophages were then 

activated with 1 µg/mL of Lippopolysacharide (LPS) for 4h.  

For the amastigote experiments, 1 million of THP-1 cells were seeded in 6-well-plate, 

differentiated onto macrophages. Activated macrophages were then infected with L.major or 

L.tropica at the ratio of 5 parasites/one macrophage, and incubated for 24h at 37 ᴼC. Non-

internalized promastigotes were removed by two gentle washes with PBS.  

 

2.4- Efficacy of Imiquimod and EAPB0503 on L.tropica and L.major strains 

2.4.1- In vitro anti-promastigote activity 

Promastigotes of L.major and L.tropica were seeded into 96-well flat-bottomed microtiter 

plates at the density of 1*105 cells per well, in a final volume of 100 µl medium, and were 

incubated with ascending concentrations of Imiquimod and EAPB0503 (0.1, 0.5, 1, and 10 µM). 

Parasites were incubated at 25°C for 24, 48 and 72 h. Surviving promastigotes were selected 

according to their mobility. A blinded count was performed and all experiments were done at least 

3 times, with triplicates in each experiment. 
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2.4.2- Effect of Imiquimod and EAPB0503 on the infectivity of L.major and 

L.tropica 

 
Parasites of both strains L.major or L.tropica were treated with 0.1 µM of Imiquimod and 

EAPB0503 for 72h. Promastigotes were then incubated with differentiated macrophages derived 

from THP1 cells, and incubated for 24h at 37 °C. Treated infected cells were washed twice with 

PBS, scrapped and prepared for RNA extraction. 

 

2.4.3- In vitro anti-amastigote activity against L.major and L.tropica 

2.4.3.1- RNA preparation 

  Infected THP1 with L.major or L.tropica strains were treated with different concentrations 

of Imiquimod and EAPB0503 (0.01 µM, 0.05 µM, 0.1 µM, 0.5 µM and 1 µM). Treated infected 

cells were then incubated for 24h. Cells were then washed with PBS, scrapped and total RNA was 

extracted using Trizol extraction method. Experiments were performed starting from 2µg of RNA 

in a total of 20µl.  Briefly, cells were resuspended in 1 mL of TRIzol. Next, 200 µl of chloroform 

were added, mixture was vortexed for 1 min, and then incubated for 1 min at room temperature. 

Mixture was then centrifuged at 15000g for 10min at 4°C. After obtaining a clear layer separation, 

the upper phase containing the total RNA was gently taken, transferred into a new Eppendorf tube 

and precipitated by adding 0.7V isopropanol. After centrifugation at 15000g for 10 min at 4°C, 

RNA pellet was allowed to air-dry for few minutes to remove any excess of isopropanol, and then 

was resuspended in 30 µl of RNAse/DNAse Free water. RNA concentration was then quantified 

using the nanodrop machine (ND-1000 Spectrophotometer). 
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2.4.3.2- cDNA preparation 

For cDNA synthesis, components were added in the same order indicated in Table 7. The 

Revert Aid First cDNA synthesis Kit (Thermo Scientific) was used. The mixture was gently mixed 

and incubated for 5 min at 25ºC followed by 60 min at 42ºC, then for 5 min at 70ºC and the reaction 

was stopped at 4ºC. 

         Table 7: Components of cDNA Preparation process and volumes 
RNase/DNase free water containing 5 µg of template RNA 11 µl 
random primers 1 µl 
5X Reaction Buffer 4µl 
Ribolock RNase Inhibitor(20U/µl) 1µl 
10 Mm dNTP Mix 2µl 
RevertAid M-MuLV RT (200U/µl) 1µl 
Total Volume 20µl 

                 

2.4.3.3- Quantitative Real Time PCR qRT PCR 

Syber green qRT PCR was performed using the BIORAD machine (CFX96 Optics 

Module, Serial No. 785BR04788). Primers for the housekeeping gene are directed against the host 

cell Glyceraldehyde-3-Phosphate dehydrogenase GAPDH. Primers for amastigotes detection 

chosen in this study recognize an amplicon of 116-bp fragment of the minicircle kinetoplast DNA 

(kDNA). Their sequences are presented in Table 8. In qRT-PCR, individual reactions were 

prepared with 0.25 µM of each primer, 150 ng of cDNA and SYBR Green PCR Master Mix to a 

final volume of 10 µl. PCR reaction consisted of a DNA denaturation step at 95°C for 3min, 

followed by 40 cycles (denaturation at 95°C for 15 sec, annealing at 56°C for 60 sec, extension at 

72°C for 30 sec). For each experiment, reactions were performed in duplicates and expression of 

individual genes was normalized to GAPDH Ct values. The Threshold cycle (Ct) corresponds to 

the cycle at which there is a significant detectable increase in fluorescence. So, comparing the CT 

values of a target gene (amastigotes in this case) to that of an endogenous reference gene 
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(GAPDH), allows the gene expression level of the target gene to be normalized to the amount of 

input RNA or cDNA. This is mainly done by calculating ΔCt (Ct (Kinetoplast) – Ct (GAPDH)). Thereafter, 

ΔΔCt is calculated according to the Livak method: 2-ΔΔCt to obtain the percentage of expression. 

This method is widely used for relative gene expression analysis [201]. 

Table 8: Forward and reverse primers used in this study.  
Primer Sequence Annealing 

temperature 

 References 

GAPDH 
Forward 
Primer 

5’- CATggCCTTCCgTgTTCCTA-3’ 58.9 °C            [202] 

GAPDH 
Reverse 
Primer 

5’- CCTgCTTCACCACCTTCTTgAT-3’ 59.2°C            [202] 

HHLM-1 
Forward 
Primer 

5’- CCTATTTTACACCAACCCCCAGT-3’ 59.6°C             [86] 

HHLM-2 
Reverse 
Primer 

5’- GGGTAGGGGCGTTCTGCGAAA-3’ 65.9°C             [86] 

 

2.4.3.4- Assessment of the transcription level of INOS in untreated or treated 

THP1 infected with L.major or L.tropica 
 

Infected THP1 with L.tropica and L.major were treated with 0.1µM of Imiquimod and 

EAPB0503 for 10 and 24h. Cells were then scrapped and RNA extraction was performed (as 

described section 4.3.1), cDNA synthesis (as described section 4.3.2) and Syber-green RT-PCR 

was performed (as described section 4.3.3) using specific INOS primers (Table 9). 

Table 9: INOS forward and reverse primers used in this study 
Primer name Sequence  Annealing 

temperature 

References 

INOS Forward 
primer  

 5′-GGGAGCCAGAGCAGTACAAG-3′ 61.9°C [203] 

INOS Reverse 
primer  

5′-GGCTGGACTTCTCACTCTGC-3′ 59.7°C [203] 
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2.4.3.5- Assessment of the transcription level of different TLRs in the context of 

L.tropica infection and then upon treatment with 0.1 µM of Imiquimod or 

EAPB0503 

 
Infected THP1 with L.tropica and L.major were treated with 0.1µM of Imiquimod and 

EAPB0503 for 10 and 24h. Cells were then scrapped and RNA extraction was performed (as 

described section 4.3.1), cDNA synthesis (as described section 4.3.2) and Syber-green RT-PCR 

was performed (as described section 4.3.3) using specific TLR primers (Table 10). The expression 

level of TLRs was normalized to the reference gene GAPDH.  

Table 10: Forward and reverse primers of different tested TLRs  
Primer Sequence Annealing 

temperature 

Reference 

TLR1  Forward primer 5’-TCTTCGGCACGTTAGCACTG-3’ 60.5°C [206] 
TLR1 Reverse primer 5’-CCAAACCGATCGTAGTGCTGA-3’ 61.3°C [206] 
TLR2 Forward primer 5′-GGGGCTTCACTTCTCTGCTT-3′ 61.9°C [206] 

TLR2 Reverse primer  5′-AGCATCCTCTGAGATTTGACG-3′ 59.7°C [206] 

TLR4 Forward primer  5′-GGACTCTGATCATGGTAGGT-3′ 59.4°C [206] 

TLR4 Reverse primer  5′-CTGATCCATGCATTGGTAGGT-3′ 56.4°C [206] 

TLR6 Forward primer 5′-GGTACCGTCAGTGCTGGAA-3′ 58.4°C [207] 

TLR6 Reverse primer 5′-GGGTTTTCTGTCTTGGCTCA-3′ 59.4°C [207] 

TLR7 Forward primer 5′-GATCCTGGCCTATCTCTGACTC-
3′ 

64°C [208] 

TLR7 Reverse primer 5′-CGTGTCCACATCGAAAACAC-3′ 58.4°C [208] 

TLR8 Forward primer 5′-CAAACGTTTTACCTTCCTTTGTC-
3′ 

59.3°C [209] 

TLR8 Reverse primer 5'-CGGTAACGTCAATGAGCAAA-3' 58.4°C [209] 

TLR9 Forward primer 
  

5′-GAATCCTCCATCTCCCAACAT-3′ 59.4°C [206] 

TLR9 Reverse primer  5′-CCAGAGTCTCAGCCAGCACT-3′ 62.5°C [206] 
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2.4.3.6- Enzyme-linked immunosorbent assay (ELISA) 

Supernatants of infected and treated THP1 were collected 10h and 24h after treatment, and 

ELISA was performed using Multi-Analyte ELISArray Kit (Qiagen) according to the 

manufacturer’s instructions. Brielfy, supernatants of L.tropica infected THP1 and treated with 0.1 

µM of Imiquimod or EAPB0503 were collected. Supernatants were spun for 10 min at 1000g and 

transferred to new Eppendorf tubes, and diluted using a specific cocktail of antigens (IL-12, IL-

1β, IL-6, and TNF-α, MIP-1α, MIP-1β, MCP-1, IL-10 and IL-4) provided by the kit. Samples were 

then loaded in the coated ELISA plaque, and were incubated for 2 hours. Then, 3 washes were 

performed, and the detection antibody was added and incubated for 2 hours. After that, Avidin-

HRP was added for 30 min, and 4 washes were performed. Development solution was then added 

in dark and kept for 15 min, before addition of the stop solution. The secreted levels of the 

following cytokines and chemokines: IL-12, IL-1β, IL-6, and TNF-α, MIP-1α, MIP-1β, MCP-1, 

IL-10 and IL-4 were then assessed. The optic density (O.D) was determined at 450 and 570 nm 

and calculated according to the standard values of a positive control provided by the kit.  

 

2.4.3.7- Immunofluorescence and confocal microscopy 

For Immunofluorescence assay, p6 well plates were seeded with THP1 cells and activated 

as described under section 3. Macrophages were infected with L.tropica (5p/c) for 24h and treated 

with Imiquimod or EAPB0503 for 10 or 24h. At these time points, coverslips were fixed in 4% 

paraformaldehyde for 20 minutes. Permeabilization was performed in Triton (0.2%) for 10 

minutes. Following one PBS wash, blocking for 30 min with PBS-10% FBS was performed. 

Primary antibody directed against the NF-κB p65 subunit (Santa Cruz, Sc-8008) was used at the 

dilution of 1:50. For Leishmania parasite staining inside macrophages, an anti-Gp63 (LifeSpan 
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BioSciences, LS-C58984) was used at the dilution 1:50. Anti-mouse secondary antibodies 

(Abcam, ab150116) were used at the concentration of 1:100. Staining of nuclei was performed 

using 1 µg/mL of Hoechst 33342, trihydrochloride trihydrate solution (Invitrogen, H33342) for 5 

min and then coverslips were mounted on slides using a Prolong Anti-fade kit (Invitrogen, 

P36930). Observations were performed on a confocal microscope (Carl Zeiss) and all images were 

acquired and analyzed using Zeiss LSM 710 software. 

 

2.4.3.8- H&E staining and microscopic visualization of amastigotes upon 

treatment with Imiquimod or EAPB0503 

 
THP-1 plating, activation, infection and treatment were performed as described under 

sections 2 and 3. H&E staining was performed as described by Grosset et al., 2017 [210]. Briefly, 

hematoxylin (Fisher Scientific, Canada) was added on cells, and a counterstaining for 30 seconds 

was performed followed by a water rinse for 5 minutes. Slides were then dipped in 50% (vol/vol) 

alcoholic eosin Y solution (Leica Microsystems, Canada) then rinsed in ethanol before slide 

mounting. 

 

2.4.3.9- Western blot analysis 

THP-1 plating, activation, infection and treatment were performed as described under 

sections 2 and 3. Cells were scrapped, washed with PBS, and pellets were re-suspended in 1x 

Laemmli buffer. Following denaturation, samples were run on 10% polyacrylamide gels. Proteins 

were then transferred to nitrocellulose membranes (BIO RAD Cat# 162-0112) at 30V overnight 

using a BioRad transfer unit. To verify the protein transfer, nitrocellulose membranes were stained 

with Ponceau Red. Blocking was performed for 1h in 5% of Bovine Albumin serum (BSA) in 

wash buffer ( 15 mM Tris-HCL pH8, 150 mM NaCL and 0.05 Tween 20) and probed with specific 
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primary antibodies against TLR7 (sc- 57463 Santa Cruz Biotechnology, CA, 1:100), NF-κB 

p65(sc-8008; Santa Cruz Biotechnology, Inc., Santa Cruz ,CA, 1:250), or p52 (sc-7386, Santa Cruz 

Biotechnology, CA, 1:250). Equal loading was tested following probing with the anti- GAPDH 

antibody (MAB5476; abnova, 1:20 000). Nitrocellulose membranes were then washed three times 

with wash buffer for 5 minutes each, before incubation with the appropriate anti-mouse secondary 

antibody conjugated to Horseradish peroxidase (HRP) conjugated secondary antibodies (m-IgGk 

BP-HRP, Santa Cruz, sc-516102, 1:5000). Bands were visualized by autoradiography, following 

incubation with luminol chemiluminescent substrate (Bio-Rad, Cat# 170-5061).  

 

2.5- Isolation of promastigotes of L.tropica from biopsies of CL Patients 

 
Punch biopsy from cutaneous lesion of one CL positive patient (3 or 4 mm of diameter) 

was performed and incubated in a sterile tube containing 2 mL sterile physiological serum, 

supplemented with Penicilline G (50 or 100 000 UI/mL). The specimens were cut to small sections 

and each section was incubated in a semi-solid culture media (consisting of 10 g of agar with 3 g 

of sodium chloride NaCl, and diossolved in 500 mL of de-ionized water, and autoclaved for 30 

min). Parasites were cultured for 2 to 3 weeks. Growing promastigotes were then transferred to a 

liquid medium (RPMI, Lonza), and split on a weekly basis. Freshly isolated promastigotes were 

then assessed for their responsiveness to Imiquimod and EAPB0503. Cell and parasite culture, 

infection, treatment and molecular analysis such as cDNA synthesis and real time PCR were 

performed as previously described under sections 1, 3, 4.3.1, 4.3.2.and 4.3.3.   
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2.6- Statistical analysis 

Continuous variables were analyzed by the unpaired Student’s t test. P value was determined 

and values for p < 0.05 were considered as significant. 

 

2.7- IRB approval 

These samples were collected after approval by the Institutional Review Board of the 

Amercican Universirty of Beirut and after patients provided informed consent in accordance with 

the Declaration of Helsinki. The data was collected from de-identified tissue.  
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Chapter 3 

Results 

Dr Bonnet’s lab has been synthesizing Imiquimod derivatives for more than one decade 

and validated the potency of certain derivatives, particularly EAPB0503, against many diseases, 

including melanomas and leukemias [188, 194, 197]. Imiquimod has been introduced by the WHO 

to the guidelines of treatment of CL after improving the disease progression, when compared to 

available treatment strategies [183]. To the best of our knowledge, there is no study assessing the 

effect of Imiquimod against the aggressive L. tropica strain. Moreover, no studies have been 

conducted to elucidate the mechanism of action dicatating its anti-parasitic activity.  We have 

investigated this efficacy against promatigotes and amastigotes of L. tropica and demonstrated the 

mechanism of action against these strains. More importantly, one of its analogs, EAPB0503, 

showed higher anti-tumor activity in many cancer models. We extrapolated this efficiency and 

tested the effect of EAPB0503 on CL.  

Since Imiquimod is known to act via activation of TLR7, and since TLRs play major roles 

in the context of CL, we investigated whether EAPB0503 displays a similar mode of action.  

 

The results section of this work will be divided into two parts: 

I-Effect of Imiquimod and its analog EAPB0503 on promastigote and amastigote stages of L. 

major and L.tropica 

II-Screening of TLRs in the context of CL and effect of Imiquimod and EAPB0503 on these 

TLRs 
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3.1-Effect of Imiquimod and its analog EAPB0503 on promastigote and 

amastigote stages of L. major and L. tropica 

 
All available treatments against CL are associated with high toxicity rates, high cost, 

elevated risks of relapse and resistance to drugs; the drug of choice is still out of reach and new 

strategies must be set. Imiquimod proved potent against L. major caused CL. We investigated its 

effect against the aggressive L. tropica strain and characterized its mode of action. Furthermore, 

and since EAPB0503 has proven a higher anti-tumor potency than Imiquimod in many models, 

our main aim was to address it potency against CL.  

 

3.1.1- Imiquimod and EAPB0503 affect L. major and L. tropica promastigotes 

with a higher potency of EAPB0503 on the aggressive L.tropica strain 

 

We have started by testing the efficacy of Imiquimod and its analog EAPB0503, on 

promastigotes of L.major or L.tropica. We have treated these motile stages with increasing 

concentrations of 0.1, 0.5, 1 and 10 µM of either drugs for up to 3 days. Blinded count based on 

promastigote motility was performed on a daily basis. Results were expressed as percentage of 

untreated control (±) SD. The percentage of parasites mobility of both strains decreased in a 

concentration dependent manner upon treatment with both drugs (Figure 22A, B, C, D). In more 

details, for imiquimod drug, the motility decreased by 50% upon treatment with 10 µM after 24h, 

and with 1 µM at 48h for L. major (Figure 22A). Furthermore, Imiquimod was only capable of 

decreasing the motility of around 60% of promastigotes after 3 days of treatment (Figure 22A). 

Longer treatment time points for up to five days didn’t lead to less motility (data not shown). In 

case of L. tropica, Imiquimod showed better results whereby motility decreased by 50% at 0.1 μM 

and 48h post-treatment (Figure 22C).  
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We then addressed the effect of EAPB0503 on promastigotes’ motility of both strains. Our 

results indicate a higher potency of this analog on L.major promastigotes, with a 50% inhibition 

of motility at 0.1 μM obtained at 48h post-treatment (10 folds lower than imiquimod at the same 

time point) (Figure 22B). This effect was less prominent when EAPB0503 was tested on L. tropica 

promastigotes and whereby the mobility decreased by 50% at 1 μM after 48h of treatment (10 

folds higher than imiquimod at the same time point) (Figure 22D).  

 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22: Imiquimod and EAPB0503 affect L.major and L.tropica promastigotes’ 

motility. Effect of different concentrations of Imiquimod (A, C) and EAPB0503 (B, D) on 
promastigotes of L.major and L.tropica respectively. Blind count of the parasites based on their 
motility was performed on a daily basis. Results are expressed as percentage of untreated control 
(±) SD. 

 

The question that followed was to rule out whether the observed results with either drugs 

was due to a static or to a leishmanicidal effect. For that purpose, we have assessed the capacity of 

infection of macrophages by treated promastigotes with 0.1 μM of either drugs, being the lowest 
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dose obtained with one of both drugs, and showing an effect in our previous assay. Briefly, L.major 

or L.tropica promastigotes were treated for 72h with 0.1 µM of Imiquimod or EAPB0503. Then, 

treated promastigotes of both strains were put on activated macrophages for 24h. Cells were 

washed thoroughly and the infection capacity of treated promastigotes was assessed by their 

capacity to transform into intracellular amastigote stages. Then amastigotes were quantified using 

primers addressed against the kinetoplast marker by quantitative RT-PCR.  Interestingly, our 

results showed that L. major treated promastigotes with either Imiquimod or EAPB0503 lose their 

capacity of infecting macrophages only by 50%, seemingly showing that there is a combination of 

both static and leishmanicidal role of these drugs on L. major promastigotes (Figure 23A). 

Strikingly, the most prominent effect on the infection capacity of L. tropica promastigotes was 

obtained upon treatment with EAPB0503 (Figure 23B) whereby only 20% of infection was 

observed as compared to 60% infection with Imiquimod treated promastigotes (Figure 23A). This 

result is not in line with the motility assay where Imiquimod showed a better effect, but strongly 

suggests a leishmanicidal effect of EAPB0503 on L.tropica promastigotes.  
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Figure 23: Imiquimod and more importantly EAPB0503 affect macrophage invasion by 
promastigotes of L.tropica strain. (A, B) Capacity of the treated of L.major and L.tropica 
promastigotes respectively to infect macrophages. To investigate the capacity of treated 
promastigotes to infect macrophages, the IC50 of 0.1μM of EAPB0503, obtained on the more 

susceptible strain L. major was adopted. 106 Promastigotes were treated with 0.1 µM of Imiquimod 
or EAPB0503 for 3 days, and their ability to infect macrophages was evaluated by Syber green 
RT-PCR using kinetoplast specific primers. Percentage of expression of amastigotes was 
normalized to GAPDH. Results are expressed as percentage of untreated control (±) SD and are 
representative of three independent experiments. The t-test was performed to validate significance. 
*, ** and *** indicate p values ≤ 0.05; 0.01 and 0.001, respectively. P-values less than 0.05 were 
considered significant. 
 

 

3.1.2- EAPB0503 exhibits a higher potency than Imiquimod on amastigotes 

replication:  
 

3.1.2.1- EAPB0503 displays a similar activity than Imiquimod against L. major 

amastigotes replication  
 

To compare the effect of EAPB0503 and Imiquimod on L. major amastigotes, THP-1 

derived macrophages were infected at the ratio of 5 parasites: 1 cell. Treatment was performed 

with ascending concentrations (0.01, 0.05, 0.1, 0.5, and 1 μM) of either Imiquimod or its analog 

EAPB0503 for 24 hours. Amastigotes were then quantified by real time quantitative PCR using 

kinetoplast specific primers.  

Our results demonstrated that both drugs exhibit a similar and prominent effect on 

amastigote replication at the concentration of 1μM (Figure 24A and B) against L.major strain 

(Figure 24A and B). 
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Figure 24: EAPB0503 displays a similar effect on amastigote replication against L.major 

strain as compared to Imiquimod. Real-time quantitative PCR detection of infected 
macrophages with L. major amastigotes treated with different concentrations of Imiquimod (A) or 
EAPB0503 (B). Briefly, differentiated THP-1 into macrophages were infected with L.major or 
L.tropica at the ratio of 5 parasites/cell for 24h. Treatment with 0.1, 0.5, 1 or 10 μM of Imiquimod 
or its analog EAPB0503 was performed for 24h. The results are shown as percentage of untreated 
infected macrophages. Amastigote transcripts were evaluated by Syber green RT-PCR using 
kinetoplast specific primers and their percentage of expression was normalized to GAPDH. Results 
are expressed as percentage of untreated control (±) SD and are representative of at least three 
independent experiments.  

 
3.1.2.2- EAPB0503 displays a more potent activity than that of Imiquimod 

against the most aggressive L. tropica amastigotes 
  

L. tropica is the most aggressive and most endemic strain in the Middle East area [20]. It 

has been associated with 85% of CL cases in this region [62]. To compare the effect of EAPB0503 

and Imiquimod on L. tropica amastigotes, we followed the similar approach performed for L. 

major strain. THP-1 derived macrophages were infected at the ratio of 5 parasites: 1 cell. 

Treatment was performed with ascending concentrations (0.01, 0.05, 0.1, 0.5, and 1 μM) of either 

Imiquimod or its analog EAPB0503 for 24 hours. Amastigotes were then quantified by real time 

quantitative PCR using kinetoplast specific primers. Our results demonstrated that both drugs exert 

an anti-amastigote activity in a concentration dependent manner. The doses of 0.01 and 0.05 were 

not efficient against the infection. Strikingly, an IC50 of 0.1 μM was obtained upon treatment with 

EAPB0503 as compared to that of Imiquimod obtained at 1μM (10 folds higher than EAPB0503) 
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(Figure 25A and B). This significant decrease obtained with EAPB0503 was more prominent at 

0.5 and 1 μM, and was more prominent than the same doses of Imiquimod (Figure 25A and B). 

This promising data clearly shows a different response of leishmanial strains to treatment 

with a better response obtained upon treatment of the most aggressive L. tropica strain with 

EAPB0503. The IC50 of 0.1 μM was adopted for the remainder of the study. 

 
Figure 25: EAPB0503 displays a better effect on L.tropica amastigote replication than 

Imiquimod, and in a concentration and time dependent manner. Real-time quantitative PCR 
detection of infected macrophages with L.tropica amastigotes treated with different concentrations 
of Imiquimod (A) or EAPB0503 (B). Briefly, differentiated THP-1 into macrophages were 
infected with L.major or L.tropica at the ratio of 5 parasites/cell for 24h. Treatment with 0.1, 0.5, 
1 or 10 μM of Imiquimod or its analog EAPB0503 was performed for 24h (A-B). The results are 
shown as percentage of untreated infected macrophages. Amastigote transcripts were evaluated by 
Syber green RT-PCR using kinetoplast specific primers and their percentage of expression was 
normalized to GAPDH. Results are expressed as percentage of untreated control (±) SD and are 
representative of at least three independent experiments. The t-test was performed to validate 
significance. *, ** and *** indicate p values ≤ 0.05; 0.01 and 0.001, respectively. P-values less 
than 0.05 were considered significant. 

 
3.1.2.3- EAB0503 affects amastigote replication as early as 10h post-treatment 

 
After testing different concentrations of Imiquimod or EAPB0503 on amastigotes of 

L.major and L.tropica strains at 24h, we wanted to examine the effect of these compounds at an 

earlier time point of 10h post-treatment. We chose the concentration of 0.1 μM, showing a 

prominent effect against the most aggressive L. tropica strain. Our results showed that amastigotes 
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transcription levels decreased in a time-dependent manner upon treatment of infected macrophages 

by either strains. Imiquimod induced a decrease in L. major amastigotes expression by 50% at 10h 

post-treatment, and by 65% at 24h post-treatment (Figure 26A). More interestingly, EAPB0503 

showed a more prominent decrease of amastigotes expression at 10h or 24h post-treatment, 

whereby only 10% of amastigote transcripts were detected by RT-PCR (5 folds less than what we 

obtained with Imiquimod)  (Figure 26A).  

In case of L.tropica, Imiquimod was able to reduce amastigotes transcription level to 60% 

at 10h post-treatment and to around 20% at 24h post-treatment, as compared to infected and 

untreated macrophages (Figure 26B). Strikingly, EAPB0503 showed a better effect than 

Imiquimod with a reduced amastigotes transcript levels to 30% (almost 3 folds less than 

Imiquimod effect at the same time-point) at 10h post-treatment and to 10% (around 2 folds less 

than Imiquimod effect at this same time-point) at 24h post-treatment (Figure 26B). Altogether, 

these data show a very promising potency of the EAPB0503 against amastigote replication, 

at the low dose of 0.1 μM and as early as 10h, when compared to Imiquimod.  

 
Figure 26: EAPB0503 affects L.major and L.tropica amastigote replication in a time 

dependent manner and as early as 10h post-treatment. Real-time quantitative PCR detection 
of infected macrophages with L. major (A) or L.tropica (B) amastigotes treated with 0.1 µM of 
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Imiquimod or EAPB0503 for 10 and 24h. Briefly, differentiated THP-1 into macrophages were 
infected with L.major or L.tropica at the ratio of 5 parasites/cell for 24h. Treatment with 0.1μM of 

Imiquimod or EAPB0503 was performed for 10 and 24h (A, B). The results are shown as 
percentage of untreated infected macrophages. Amastigote transcripts were evaluated by Syber 
green RT-PCR using kinetoplast specific primers and their percentage of expression was 
normalized to GAPDH. Results are expressed as percentage of untreated control (±) SD and are 
representative of at least three independent experiments. The t-test was performed to validate 
significance. *, ** and *** indicate p values ≤ 0.05; 0.01 and 0.001, respectively. P-values less 
than 0.05 were considered significant. 
 

3.1.2.4- The anti-amastigote activity of Imiquimod and EAPB0503 is mediated 

by the canonical NF-κB pathway activation following an increase in TLR-7 

expression and triggering an anti-leishmanial immune response: 

 

3.1.2.4.1- Imiquimod and EAPB0503 lead to an increase of TLR7 expression in 

L.tropica infected macrophages:  

 
In this section, we narrowed our analysis to one Leishmania strain, L. tropica, being the 

most aggressive in the Middle East region [20]. We adopted the concentration of 0.1 μM and both 

time points 10 and 24h post-treatment (as optimized and described in the above section).  

Imiquimod belongs to the class of Toll-like receptor (TLR) agonists with high affinity to 

TLR7/8 and probably 6 [191, 211, 212, 213].  It has been documented in many studies that 

Imiquimod can exert its biological activity via modulation of variable signaling pathways [38], 

one main of which, is the activation of the canonical NF-κB pathway [214]. In more details, It is 

known that imiquimod activates immune cells by ligating the Toll-like receptor 7 (TLR7), 

commonly involved in pathogen recognition, on the cell surface [190]. Cells activated by 

imiquimod via TLR7, secrete cytokines (primarily IFN-α, IL-6, and TNF-α) [190]. We wanted to 

decorticate the molecular mechanisms underlying the potency of Imiquimod and more importantly 

its analog EAPB0503 against L. tropica amastigotes. We started by assessing the expression of 

TLR7 in the context of the treatment by either drugs. Our results showed that TLR7 protein level 

increased after treatment with either drugs, in comparison to uninfected or untreated infected 
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macrophages (Figure 27). The highest level of upregulation was obtained upon treatment with 

Imiquimod for 10h. TLR7 protein expression decreased 24h post-treatment but remained higher 

than in non-treated L.tropica infected macrophages (Figure 27). Similar results were obtained upon 

treatment with EAPB0503, with a higher protein expression of TLR7 at 10h and a decrease in its 

expression to similar levels of untreated infected macrophages. Taking into account that the 

highest obtained TLR7 expression level was upon 10h post-treatment with Imiquimod, our 

results confirm the mechanism of action of this drug via this receptor, but in the context of 

CL. The lower expression level obtained for EAPB0503, seemingly shows that these drugs 

may have different modes of action, or may act through different TLRs.  

 

 

 

 

 

 

 

 

 

Figure 27: The anti-amastigote effect of Imiquimod and to a lesser extent EAPB0503 induces 
an increase in TLR7 expression. Western blot analysis for TLR7 in L.tropica infected 
macrophages treated with 0.1 µM of Imiquimod or EAPB0503 for 10 and 24h. The results depict 
one representative experiment among three independent ones.  

 
3.1.2.4.2- The anti-amastigote effect of Imiquimod and EAPB0503 is mediated 

by the canonical NF-κB pathway activation 

 
  It has been widely documented that following recognition of specific pathogen antigens, 

TLRs trigger the activation of the NF-κB pathway [117]. This TLR signaling induces the 

phosphorylation of IκBα triggering its degradation, and leading to the release and translocation of 
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NF-κB dimers to the nucleus (Figure 17) [118, 119]. This translocation activates gene transcription 

implicated in many functions including the immune and inflammatory response [215].  

Our results have shown that Imiquimod and to a lesser extent, EAPB0503, triggers a higher 

expression of TLR7 in L.tropica infected macrophage (Figure 27). This led us to investigate 

whether treatment with either drugs acts through the activation of NF-κB pathway. We have tested 

different subunits of this complex. Western blot analysis clearly showed an activation of an 

upstream multimeric IKK complex (IKKα/IKKβ) (Figure 28A) and an induction of the 

phosphorylated form of the IκBα, presumably leading to its degradation (Figure 28B), upon 

treatment for 10 or 24h with Imiquimod or EAPB0503. We then examined whether the activation 

involves the canonical or non-canonical NF-κB pathway. This led us to test the p50 and p65 

subunits known to belong to the canonical pathway. Our results demonstrate that the p50 subunit 

was upregulated especially upon 24h post-treatment with either drugs (Figure 28B).  

Figure 28: The anti-amastigote effect of Imiquimod and EAPB0503 is mediated by the 

canonical NF-κB pathway activation, following an increase in TLR7 expression. Western blot 
analysis for IKKα/β (A), P-IκBα and P50 (B) in L.tropica infected macrophages treated with 0.1 
µM of Imiquimod or EAPB0503 for 10 and 24h. The results depict one representative experiment 
among three independent ones.  
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We further investigated the effect of Imiquimod and EAPB0503 on the nuclear 

translocation of p65 which represents the active NF-κB subunit by confocal microscopy. In 

comparison to non-infected or non-treated but infected macrophages, Imiquimod and EAPB0503 

induced a nuclear translocation of p65 at both 10 and at 24h time points (Figure 29). 

 

 
Figure 29: The anti-amastigote effect of Imiquimod and EAPB0503 is mediated by the 

canonical NF-κB pathway activation, following an increase in TLR7 expression. Confocal 
microscopy on L.tropica infected macrophages treated with 0.1 µM of Imiquimod or EAPB0503 
for 10 and 24h. The NF-κB p65 subunit was stained with an anti-p65 antibody (red), and nuclei 
were stained with DAPI (blue). The results depict one representative experiment among three 
independent ones.  
 
 
3.1.2.4.3- Imiquimod and EAPB0503 trigger an anti-leishmanial immune 

response following activation of the canonical NF-κB pathway and i-NOS 

production 

 
It has been well documented that after recognition of specific pathogen antigens, TLRs 

trigger the activation of the NF-κB pathway leading promotes the transcription and synthesis to 

pro-inflammatory cytokines production [117].  

Our data has so far demonstrated TLR7 upregulation, and canonical NF-κB activation upon 

treatment of L.tropica infected macrophages with Imiquimod or EAPB0503. This led us to 

investigate the resulting secretion levels of pro-inflammatory and anti-inflammatory cytokines in 

the context of the treatment. Our results clearly indicate an up regulation of the Macrophage 

Inflammatory Proteins (MIP-1α and β) upon treatment with Imiquimod for 10h. These proteins 
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are known to be produced by macrophages, to recruit immune responses to the site of infection 

(e.i. pro-inflammatory cytokines such as IL-6, IL-1β and Tumor necrosis factor TNF-α) [216]. 

This increase in both proteins was significant upon 10h treatment with EAPB0503 (Figure 30A 

and B). Furthermore, this increased secreted level was sustained at 24h treatment with either drug.  

We then examined the Monocyte Chemoattractant Protein (MCP-1) levels, known to be 

secreted by monocytes/macrophages and crucial for the regulation of their migration and 

infiltration [217]. Our results indicate that MCP-1 levels increase upon at 10h treatment with 

Imiquimod and further increase after 24h of treatment (Figure 30C). More importantly, EAPB0503 

induced higher levels of secreted MCP-1, when compared to Imiquimod, at both 10h and 24h post-

treatment with a significantly sustained increase at 24h post-treatment (Figure 30C). 

We then measured the secretion levels of depicted pro-inflammatory cytokines known to 

be important in the context of clearance of CL, namely IL-12, IL-1β, TNF-α and IL-6 [148]. In 

CL, production of IL-12 by macrophages and dendritic cells (DC) is linked to the resistance against 

Leishmaniasis. Our results showed a gradual increase in IL-12 secretion upon 10 then 24h of 

treatment with Imiquimod (Figure 30D). Strikingly, upon treatment with EAPB0503, IL-12 

increased significantly to reach its highest levels upon 24h post-treatment, as compared to 

untreated infected macrophages or Imiquimod treated macrophages. We then looked at the IL-1β 

and TNF-α secretion levels. Our results indicated an increase of both pro-inflammatory cytokines 

secretion levels upon 10h treatment with either drugs; this increase was sustained at 24h post-

treatment and was higher upon treatment with EAPB0503 (Figure 30E and F).   

We then examined IL-6 secretion levels and showed that this cytokine displayed a different 

pattern than the previously discussed pro-inflammatory cytokines. IL-6 secretion levels increased 

at 10h post treatment with either Imiquimod or EAPB0503. These levels dropped at 24h to reach 
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undetectable levels upon treatment with EAPB0503 (Figure 30G). Altogether, our data clearly 

demonstrate an increase of pro-inflammatory cytokines in response to treatment with 

Imiquimod or its analog EAPB0503, presumably indicating a role in the clearance of the 

infection. 

 
Figure 30: The anti-amastigote effect of Imiquimod and EAPB0503 is mediated by the canonical NF-

κB pathway activation resulting in a higher pro-inflammatory cytokine immune response. ELISA 
showing the secretion level of the pro-inflammatory cytokines MIP-1α (A), MIP-1β (B), MCP-1 (C), IL-
12 (D), IL-1β (E), TNF-α (F), and IL-6 (G) upon treatment of L.tropica infected macrophages with 0.1 µM 
of Imiquimod or EAPB0503 for 10 and 24h. Results are expressed as percentage of untreated control (±) 
SD and are representative of at least three independent experiments. The t-test was performed to validate 
significance. *, ** and *** indicate p values ≤ 0.05; 0.01 and 0.001, respectively. P-values less than 0.05 
were considered significant.  
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It has been well documented that Macrophage derived NO acts as both a highly cytotoxic 

molecule, generated in response to microbial stimuli, pro-inflammatory cytokines, and as a 

regulatory molecule that controls T lymphocyte proliferation and cytokine secretion during 

adaptive immune responses [141]. Inducible iNOS is a Ca2+ independent defense mechanism 

initiated by many cell types, particularly macrophages to produce NO [141]. It is expressed in 

response to pro-inflammatory cytokines (e.g. IFN-γ, IL-1β, TNF-α) [142]. In leishmanial infection, 

the action of iNOS in the regulation of innate immunity has been identified in the protective 

response of mice to Leishmania major. This initial response is critical for the containment of the 

infection [143].  

With the increased secreted levels of pro-inflammatory cytokines we obtained upon 

treatment of L.tropica infected macrophages with Imiquimod or EAPB0503, it was worth 

investigating whether this induces NO production by macrophages. This led us to assess iNOS 

production by measuring the transcript levels upon treatment with either drugs. Our data 

demonstrated that both drugs led to iNOS increased transcripts at both time points (10 and 

24h) with a very prominent effect at 10h post treatment with EAPB0503 (Figure 31). 

 
Figure 31: Imiquimod and EAPB0503 induce higher iNOS transcript levels explaining their 

leishmanicidal activity. Real-time quantitative PCR detection of iNOS in infected macrophages 
with L.tropica amastigotes treated with 0.1 µM of Imiquimod or EAPB0503 for 10 and 24h. iNOS 
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percentage of expression was normalized to GAPDH. Results are expressed as percentage of 
untreated control (±) SD. The t-test was performed to validate significance. *, ** and *** indicate 
p values ≤ 0.05; 0.01 and 0.001, respectively. P-values less than 0.05 were considered significant. 
 

In CL, pro-inflammatory cytokine production is linked to the resistance against 

leishmaniasis; whereas production of anti-inflammatory cytokines, such as IL-4, IL-10 and TGF-

β, has been related with parasite replication, disease susceptibility and progression [151, 218, 219, 

220]. After showing an increase in the pro-inflammatory cytokine production in response to 

treatment with EAPB0503, we examined the secretion levels of two depicted anti-inflammatory 

cytokines, IL-10 and IL-4. In comparison to non-treated L.tropica infected macrophages, secretion 

levels of IL-10 decreased by 4 folds , 10h  after treatment with either drugs and this decrease was 

sustained by 24h post-treatment (Figure 32A). Similarly, secretion levels of IL-4 decreased by 

3.75 folds and 5 folds than non-treated macrophages, at 10h and 24h post-treatment with 

Imiquimod respectively.  More interestingly, treatment with EAPB0503 showed a significant 

decrease by 15 folds at 10h post-treatment as compared to non-treated infected macrophages. This 

decrease was sustained at 24h post-treatment (Figure 32B).  Collectively, our results show that 

NF-κB activation by Imiquimod and EAPB0503 induces an upregulation of pro-

inflammatory cytokines. This leads to i-NOS upregulation, presumably leading to NO 

production and leishmanicidal activity. In addition, and concomitantly with the upregulation 

of pro-inflammatory cytokines, a decrease in the anti-inflammatory cytokines is obtained, 

diminishing macrophage susceptibility to L.tropica infection, and dictating the 

leishmanicidal effect of the tested drugs. 
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Figure 32: Imiquimod and EAPB0503 trigger a decrease in the anti-inflammatory cytokine 

response. ELISA showing the secretion level of the anti-inflammatory cytokines (IL-10 and IL-
4) (A, B respectively) upon treatment of L.tropica infected macrophages with 0.1 µM of 
Imiquimod or EAPB0503 for 10 and 24h. Results are expressed as percentage of untreated control 
(±) SD and are representative of at least three independent experiments. The t-test was performed 
to validate significance. *, ** and *** indicate p values ≤ 0.05; 0.01 and 0.001, respectively. P-
values less than 0.05 were considered significant. 
 
 

 3.1.2.5- EAPB0503 potently affects freshly isolated L.tropica from patients’ 

biopsies when compared to Imiquimod 

 
To eliminate any discrepancy on the susceptibility of cultured L. tropica and L. major 

strains to our tested treatments due to a variation in genetic drift (e.i less virulent strains after 

culture for a long time), we have investigated the efficacy of Imiquimod and its analog EAPB0503 

on freshly isolated parasites from untreated patients’ biopsies. For that purpose, we used an 

optimized protocol for extraction of Leishmania amastigotes from biopsies of untreated patients 

(developed at CRHU, Montpellier; unpublished data). Briefly, punch biopsy from cutaneous 

lesions (3 or 4 mm of diameter) of 4 CL patients was performed and cut to small sections. Each 

section was incubated in a semi-solid culture media, consisting of agar and blood isolated from 

rabbit. Parasites were cultured for 2 to 3 weeks and the freshly isolated promastigotes were then 

be assessed for their responsiveness to Imiquimod and EAPB0503.  
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3.1.2.5.1- Imiquimod and EAPB0503 display a prominent effect against L. 

tropica promastigotes freshly isolated from patients’ biopsies  

 
We have tested the efficacy of Imiquimod and its analog EAPB0503, on freshly isolated 

promastigotes of L.tropica from four patients’ biopsies. We have tested increasing concentrations 

of 0.1, 0.5, 1 and 10 µM of Imiquimod or EAPB0503 for up to 3 days. Blinded count based on 

promastigote motility was performed on a daily basis. Results were expressed as percentage of 

untreated control (±) SD. The percentage of parasites motility from all patients’ biopsies decreased 

in a concentration dependent manner upon treatment with both drugs (Figure 33A, B). The 

concentration that led to 50% of inhibition of motility was obtained at 0.5 μM of Imiquimod drug 

and at 0.1 μM of EAPB0503 (five folds less than imiquimod) after 48h of treatment (Figure 33A 

and B).  

 
Figure 33: EAPB0503 displays a prominent inhibition of motility against freshly isolated 

L.tropica from patients’ biopsies when compared to Imiquimod. Effect of different 
concentrations of Imiquimod or EAPB0503 on promastigotes of L.tropica freshly isolated from 
three patients’ biopsies. Results are expressed as percentage of untreated control (±) SD and are 

representative of three independent experiments.  
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3.1.2.5.2- Imiquimod and EAPB0503 exhibit a prominent effect on the 

replication of L. tropica amastigotes freshly isolated from patients’ biopsies 

 
We then compared the effect of EAPB0503 and Imiquimod on L. tropica amastigotes 

derived from promastigotes freshly obtained from patients’ biopsies. THP-1 derived macrophages 

were infected at the ratio of 5 parasites: 1 cell. Treatment was performed at 0.1 μM, for 10 and 24h 

with either Imiquimod or EAPB0503.  Amastigotes were then quantified by real time quantitative 

PCR using kinetoplast specific primers. Our results demonstrated that both drugs affect the 

replication of amastigotes in a time dependent manner. The transcription level of amastigotes in 

infected macrophages treated with Imiquimod decreased by 30 and 55% at 10 and 24h post-

treatment respectively, when compared to non-treated infected macrophages (Figure 34). More 

importantly, treatment with EAPB0503 induced a more prominent effect whereby, at 10h post-

treatment, the transcription level of L.tropica amastigotes decreased by 70 and 90% at 10 and 24h 

post-treatment (Figure 34).  This promising data clearly shows that EAPB0503 is more potent 

than Imiquimod on L.tropica amastigotes derived from freshly isolated promastigotes of 

patients’ biopsies.  

 



 

76 

 

 
Figure 34: EAPB0503 potently affects the replication of amastigotes derived from freshly 

isolated L.tropica from patients’ biopsies when compared to Imiquimod. Real-time 
quantitative PCR detection of infected macrophages with patients’ isolated L.tropica amastigotes 
treated with 0.1 μM of Imiquimod or EAPB0503 for 10 or 24h. Percentage of expression of 

amastigotes was normalized to GAPDH. Results are expressed as percentage of untreated control 
(±) SD and are representative of three independent experiments.  

 

3.1.2.5.3- Histological analysis confirms the high potency of Imiquimoid and 

more importantly EAPB0503, on the replication of fresh amastigotes 

In order to confirm the anti-amastigote effect of Imiquimod and EAPB0503 on the freshly 

virulent L.tropica strain isolated from patients, amastigotes inside macrophages were stained by 

H&E. Our results were very consistent with the real-time PCR data. Following treatment with 

Imiquimod or EAPB0503, at 10 and 24h, infected macrophages presented less amastigotes, 

marked as purple dots, in comparison with the non-treated infected macrophages (Figure 35).  
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Figure 35: H&E staining on untreated or treated macrophages infected with patients’ isolated 

L.tropica amastigotes with 0.1 μM of Imiquimod or EAPB0503 for 10 or 24h. The results depict 
one representative patient. Similar results were obtained on the remaining three patients.  
 

The leishmanicidal effect of Imiquimod and EAPB0503 on amastigotes of patient-derived 

L.tropica was further confirmed by confocal microscopy. We have used the Glycoprotein Gp63 

marker, which is known to contribute in parasite binding on macrophages [97, 98]. In one 

representative field, and in comparison to non-treated L.tropica amastigotes, Imiquimod treatment 

for 10h led to a decrease in amastigotes percentage represented by Gp63 inside macrophages 

(Figures 36A and B). In more details, this decrease reached 61% at 10h and 35% at 24h post-
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treatment. More interestingly, EAPB0503 induced a more important decrease in amastigotes 

number, to 39% 10h following treatment, and further decreased to 24% 24h post-treatment. 

Consistently with the transcript data, EAPB0503 was able to induce a more prominent decrease in 

amastigotes upon treatment of 10h or 24h as compared to untreated infected macrophages with 

L.tropica as well as Imiquimod (Figures 36A and B).  
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Figure 36: Imiquimod and EAPB0503 trigger an anti-amastigote activity against L.tropica. 
A. Confocal microscopy on patients’ derived L.tropica infected macrophages treated with 0.1 µM 
of Imiquimod or EAPB0503 for 10 and 24h. B. Blind count of Gp63 (reflecting amastigotes) in 
L.tropica infected macrophages treated with 0.1 µM of Imiquimod or EAPB0503 for 10 and 24h. 
Results are expressed as percentage of amastigotes in non-treated L.tropica infected macrophages. 
The amastigote marker GP63 was stained with an anti-GP63 antibody (red), and nuclei were 
stained with DAPI (blue). The results depict one representative experiment among three 
independent ones.  
 

Altogether, these data show a very promising potency of the EAPB0503 at the low dose of 

0.1 μM and as early as 10h on patients’ derived L.tropica stages, confirming the in vitro 

results obtained on cultured strains.  

 

3.1.2.5.4- Transcription level of i-NOS in patients’ derived L.tropica infected 

macrophages treated with Imiquimod and EAPB0503 

To rule out whether the same mechanism of action of either drugs is obtained on fresh 

stages of L. tropica, we tested i-NOS levels at 10 and 24h post-treatment of infected macrophages.  

Both drugs induced an increase in i-NOS transcript levels at both time points (Figure 37). More 

importantly, 10h post-treatment with EAPB0503, transcription levels of i-NOS increased 

tremendously to 40 folds higher than the non-treated infected macrophages. These levels decreased 

then by 24h post-treatment.  
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Figure 37: Real-time quantitative PCR detection of iNOS in infected macrophages with patients’ isolated 

L.tropica amastigotes upon treatment with 0.1 µM of Imiquimod or EAPB0503 for 10 and 24h. Percentage 
of expression of amastigotes was normalized to GAPDH. Results are expressed as percentage of untreated 
control (±) SD and are representative of three independent experiments. The t-test was performed to validate 
significance. *, ** and *** indicate p values ≤ 0.05; 0.01 and 0.001, respectively. P-values less than 0.05 
were considered significant. 

 

Collectively, our results show a more potent effect of EAPB0503 on both stages of L.tropica 

freshly isolated from patients’ biopsies. 
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3.2-Screening of TLRs in the context of CL and effect of Imiquimod and its 

analog EAPB0503 on these TLRs 

 
The TLR signaling pathway is one of the first defensive systems against invasive 

microorganisms. TLRs are transmembrane proteins, consisting of 11 members (TLR1 to TLR11), 

which have different specificity for different pathogens and lead to the production of different 

cytokines [221]. In case of CL, a number of studies reported the importance of TLRs in the disease 

progression and/or control. Early studies concluded that TLR2, TLR4, and TLR9, are involved in 

the recognition of L. major [222, 223]. TLR2 ligand was shown to induce the generation of 

protective immunity against leishmaniasis by NF-κB activation [224], and induction of TNF-α, 

IL-12, Reactive Oxygen species, and Nitrogen Oxide [225]. Additionally, TLR2 and TLR4 

agonists were shown to play a protective role in CL [223, 226, 227]. In contrast, it was reported 

that TLR-2 is actually involved in parasite survival in macrophages upon activation by 

lipophosphoglycan (LPG) and subsequent decrease of TLR9 expression [222] and TLR4 signaling 

prevention [228], thus the reduction of anti-leishmanial responses. Similar controversies were 

reported in vivo. For instance, C57BL/6 mice deficient in either TLR2, 4, or 9, showed that only 

TLR9-deficient mice are more susceptible to L. major infection, indicating that the reported role 

of TLR2 and TLR4 in immunity to CL requires re-evaluation [229]. On the contrary, TLR4−/− mice 

showed a role of TLR-4 in the control of L. major infection [137].  

Due to the controversial role of TLRs in the context of CL, we started by screening the 

TLR expression in the context of L.tropica infection.  
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3.2.1-Downregulation in TLR4, TLR7, TLR8 and TLR9 upon infection of 

macrophages with patients’ derived L.tropica 

 
  Since reports about TLR levels are controversial in the context of CL [223], we started by 

screening for levels of TLR4, TLR7, TLR8 and TLR9 in patients’ derived L.tropica-infected 

macrophages in comparison to non-infected macrophages. Transcription level of TLR4 decreased 

by 60% in L.tropica infected macrophages in comparison to non-infected cells (Figure 38A). 

Similarly, TLR7 expression was also reduced in infected macrophages by 40% when compared to 

non-infected macrophages (Figure 38B). The same pattern was observed when we checked for 

TLR8 transcription level, which was strongly reduced, by 90% in comparison to non-infected 

macrophages (Figure 38C). As for TLR9, infection by L.tropica strain induced a tight decrease in 

TLR9 transcription, by 20%, in comparison to non-infected macrophages (Figure 38D).  
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Figure 38: Real-time quantitative PCR detection of TLR4 (A), TLR7 (B), TLR8 (C) and TLR9 (D) in 
L.tropica infected macrophages in comparison to non-infected macrophages.  Percentage of expression of 
amastigotes was normalized to GAPDH. Results are expressed as percentage of untreated control (±) SD 
and are representative of three independent experiments.  
 

3.2.2- Upregulation in TLR4, TLR7, TLR8 and TLR9 in L.tropica infected 

macrophages upon treatment with 0.1 µM of Imiquimod and EAPB0503 

 

Most studies of TLRs in leishmaniasis have shown that expression of TLR2, TLR4, TLR7, 

TLR8 and TLR9 have been related to disease outcome, together with other contributing factors 

such as Leishmania species and genetic background [223]. Yet data on the role of TLRs obtained 

from experimental murine leishmaniasis remain controversial: on one hand, enhanced the 

expression of these TLRs have been related to protection mediated by cytokine production, 

whereas their absence has been associated with a Th2 response and elevated Leishmania numbers 

[213, 229, 230]. 

We investigated transcription levels of different TLRs in patients’ derived L.tropica 

infected macrophages upon treatment with Imiquimod or EAPB0503. Our results demonstrated 

that TLR4, TLR8 and TLR9 transcription level were not increased after Imiquimod treatment for 

10h and were close to the transcription level of non-treated L.tropica infected macrophages. 

However, an increase was observed after 24h of treatment (Figure 39A, B, C and D). Importantly 

and consistently with the known literature [190, 191], and our western blot data (Figure 27), TLR7 

transcription level increased at 10h (Figure 39B), and the increase was more prominent at 24h 

post-treatment (Figure 39B).  

Importantly, EAPB0503 induced an upregulation of the four TLRs as early as 10h post-

treatment with 2 folds higher in TLR4, 5 folds in TLR7, 10 folds in TLR8 and 70 folds in TLR9 

when compared to untreated infected macrophages. Moreover, transcription levels of TLR4, TLR8 
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and TLR9 further increased 24h post-treatment, with 6, 50 and 80 folds respectively (Figure 39A, 

C and D). Contrarily to Imiquimod, TLR7 expression decreased at 24h post- treatment. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 39: Decrease in the transcription levels of TLR4 (A), TLR7 (B), TLR8 (C) and TLR9 

(D) upon treatment with Imiquimod and EAPB0503 in L.tropica infected macrophages. Real-
time quantitative PCR detection of TLR4, 7, 8 and 9 in infected macrophages with L.tropica 
amastigotes treated with 0.1 µM of Imiquimod or EAPB0503 for 10 and 24h. TLR percentage of 
expression was normalized to GAPDH. Results are expressed as percentage of untreated control 
(±) SD. The t-test was performed to validate significance. *, ** and *** indicate p values ≤ 0.05; 

0.01 and 0.001, respectively. P-values less than 0.05 were considered significant. 
 

Our results indicate that both Imiquimod and EAPB0503 act through TLR activation, 

however, their mechanism of action may differ in triggering different TLRs and their 

downstream signaling.  While Imiquimod acts through TLR7, the transcript data show that 

EAPB0503 seemingly act through the upregulation of TLR4/8/9.  
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3.2.3- Slight upregulation of TLR1, TLR2, and TLR6 upon infection of 

macrophages with patients’ derived L.tropica 

 
It is well known that TLR1 interacts with TLR2 [231]. Although TLR2 role in CL is 

controversial, it is clear that is plays a crucial role in this infection, whether by promoting disease 

or protecting against it [222,230]. As for TLR1, it was shown to be associated with reduced 

cytokine production such as IFN-γ and TNF-α in CL [232].  Moreover, TLR1, TLR2 along with 

TLR6 have the same signaling pathway [233].  

Infection of differentiated macrophages with virulent L.tropica led to an increase in the 

transcription level of TLR1 to 175% (Figure 40A). Similarly, TLR2 transcription level was more 

increased after infection, in comparison to non-infected macrophages, reaching 157% (Figure 

40B). The same pattern was observed for the transcription level of TLR6 which also increases 

following L.tropica infection (Figure 40C).  

 

 
Figure 40: Real-time quantitative PCR detection of TLR1 (A), TLR2 (B) and TLR6 (C) in 
L.tropica infected macrophages in comparison to non-infected macrophages.  Percentage of 
expression of amastigotes was normalized to GAPDH. Results are expressed as percentage of 
untreated control (±) SD and are representative of three independent experiments. 
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3.2.4- Imiquimod and EAPB0503 trigger a downregulation in TLR1, TLR2 and 

TLR6 in L.tropica infected macrophages 

 
We then assessed TLR1, 2 and 6 levels upon treatment of patients’ derived L.tropica with 

Imiquimod or EAPB0503. Our results demonstrate that treatment with 0.1 µM of Imiquimod for 

10h induced a decrease in TLR1 and TLR6 transcription levels to 90% and 20% respectively 

whereas TLR2 transcription levels at this time point were similar to those of untreated infected 

macrophages. Interestingly, and following treatment with Imiquimod for 24h, transcription levels 

of TLR1, TLR2 and TLR6 decreased to 10%, 30% and 45% respectively (Figure 41A, B and C). 

When we examined the effect of EAPB0503, we noticed a nice decrease of 38%, 25% and 30% 

for TLR1, TLR2 and TLR6 respectively, and as early as 10h (Figure 41 A, B and C). Transcription 

levels of TLR1 and TLR2 further decreased to 10 and 18% respectively at 24h post-treatment, 

whereas TLR6 levels were sustained at around 40% (Figure 41A, B and C). 

 

Figure 41: Decrease in the transcription levels of TLR1 (A), TLR2 (B) and TLR6 (C) after treatment with 
Imiquimod and EAPB0503 in L.tropica infected THP1  

 
Our results, showing a slight increase in TLR1, TLR2 and TLR6 following L.tropica 

infection suggest that these TLRs may help in parasite invasion and persistence inside 
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macrophages. Interestingly, treatment with Imiquimod and particularly EAPB0503 induced 

a decrease in their level, revealing mechanism of action is linked to their level.  
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Chapter 4 

Discussion 

Cutaneous leishmaniasis is one of the most common neglected tropical diseases distributed 

worldwide. Globally, the annual incidence of CL is estimated to be 0.7 to 1.2 million new cases 

per year. This infection is still endemic in scattered foci of many countries where poverty and 

malnutrition exist [20, 52, 56]. In the Middle East Region, Syria remains the most endemic country 

with the highest number of CL cases [68]. Five years ago, the onset of the Syrian conflict has 

conducted to a huge outbreak of refugees to the surrounding areas in the Middle East and North 

Africa. A study performed on infected Syrian refugees diagnosed with CL in Lebanon revealed 

that 85% of patients were infected with L.tropica and 15% were infected with L.major [62]. 

Pentavalent antimony compounds remain the first-line treatment choice for CL treatment. 

However, these compounds raise many concerns pertaining to cost, availability, poor compliance, 

and mainly systemic toxicity, and drug resistance [234]. Therefore, there is a high need for 

alternative treatment modalities.  In this study, we focused on testing novel drug’s efficacy on 

L.tropica and L.major being the causative agents of CL in the Middle East region.  

Imiquimod is an immunomodulator known to activate a number of immune cells, including 

macrophages [190]. These macrophages are known to be the main host cells where Leishmania 

species replicate. In the context of CL, Imiquimod efficacy was tested against some species 

causing leishmaniasis in vitro and in vivo. For instance, this compound’s efficacy was tested in 

BALBc mice infected with L.major and it increased the protection against CL infection by 

stimulating a protective immune response [235]. In addition, treatment of L.donovani infected 

macrophages with Imiquimod induced intracellular amastigotes killing by NO production. 
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Moreover, studies involving CL patients showed that combined treatment of Imiquimod with 

meglumine antimoniate induced a high healing rate for CL patients who failed to heal when treated 

with meglumine antimonite alone  [183, 184, 193]. Based on these and other clinical trials, the 

WHO updated the CL treatment guidelines by adding Imiquimod to pentavalent antimony as a 

second-line therapy of CL [191].  

This study is the first to describe the anti-promastigote activity of Imiquimod against 

L.major and L.tropica strains. Interestingly, our results showed that L. major treated promastigotes 

with either Imiquimod or EAPB0503 lose their capacity of infecting macrophages only by 50%, 

seemingly showing that there is a combination of both static and leishmanicidal role of these drugs 

on L. major promastigotes. Strikingly, the most prominent effect on the infection capacity of L. 

tropica promastigotes was obtained upon treatment with EAPB0503 whereby only 20% of 

infection was observed as compared to 60% infection with Imiquimod treated promastigotes. This 

result is not in line with the motility assay where Imiquimod showed a better effect, but strongly 

suggests a leishmanicidal effect of EAPB0503 on L.tropica promastigotes. This difference 

between both assays may reflect a specific effect on invasion of macrophages by treated L.tropica 

promastigotes, leading to a reduction in amastigotes production inside macrophages.   

Previous studies assessed the activity of Imiquimod L.major at the concentration of 0.15 

and 0.3 µM [237]. Moreover, Imiquimod analog, EAPB0503, proved at the concentration of 1 µM 

a good anti-tumor activity against many types of cancers including melanoma, and leukemias 

[236]. We assessed the anti-amastigote activity of Imiquimod and its analog EAPB0503 against 

L.tropica and L.major strains. We showed at the concentration of 0.1 μM an anti-amastigote 

efficacy. In more details, the effect of Imiquimod against L.major amastigotes was more potent 

than that of EAPB0503. In contrast, for L.tropica strain, the effect of EAPB0503 was more potent. 
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This result is very promising specially that L.tropica is the most aggressive and the most endemic 

in the Middle East Region (diagnosed in 85% of cases) [62, 238]. We then pursued our study by 

investigating the mechanism of action of Imiquimod and EAPB0503 against L.tropica strain. 

Previous studies demonstrated that Imiquimod acts via binding TLR7, leading to the activation of 

the NF-κB signaling pathway [190]. Moreover, Imiquimod induced a protective anti-leishmanial 

effect on BALBc mice infected with L.major, by mediating a Th1 response providing protective 

immunity against this strain [213]. This protective effect is coupled with the induction of NO 

synthesis helping in parasite destruction [239]. In this study, and consistently with the published 

data, we showed that Imiquimod increased the expression of TLR7 in L.tropica infected 

macrophages. However, it will be important to test its activity by for example, silencing this 

receptor, and check whether this silencing abrogates the efficacy of Imiquimod. For EAPB0503, 

our results showed that TLR7 expression was higher than that of infected non-treated macrophages 

with L.tropica. However, TLR7 protein levels upon EAPB0503 treatment were lower than those 

obtained upon treatment with Imiquimod. This finding suggest that EAPB0503 may partially act 

via TLR7, but also may have other protective mechanisms of action. We then aimed at 

investigating the effect of Imiquimod and EAPB0503 on the activation of the NF-κB pathway.  

Our results showed that both drugs activate the canonical NF-κB, through phosphorylation of p-

IκBα, and nuclear translocation of the active p65 subunit after treatment. Afterwards, we assessed 

the secretion levels of pro-inflammatory cytokines in L.tropica infected macrophages treated with 

either drugs. We measured secretion levels of MIP-1α (CCL3) and MIP-1β (CCL4). These 

chemokines are known to be involved in the development of Th1 cells, promoting resistance 

against infections [241]. In addition, MIP-1α and MIP-1β play a role in recruiting other cytokines 

such as TNF-α and IL-6 [242]. In our study, MIP-1α and MIP-1β levels were highly increased 
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after treatment with Imiquimod and EAPB0503. This finding along with the anti-amastigote 

activity of Imiquimod and EAPB0503 confirm the protective role of these chemokines against CL 

infection. In addition, we assessed the secretion levels of MCP-1 after treatment with Imiquimod 

and EAPB0503. Previous studies have shown that MCP1 is highly expressed in lesions of patients 

with self-healing localized cutaneous leishmaniasis (LCL) whereas it is scarce in those of chronic 

diffuse cutaneous leishmaniasis (DCL) [243]. This finding indicated that MCP-1 may contribute 

to the healing process. Results showed that MCP-1 directly stimulates the elimination of 

intracellular Leishmania parasites by human monocytes, a potential that correlates with the 

induction of reactive oxygen intermediates. Our results showed an increase of MCP-1 levels upon 

treatment with either drugs, however, the increase was more prominent upon treatment with 

EAPB0503 and at 24h post treatment.  

IL-12 is produced primarily by monocytes, macrophages, and other antigen-presenting 

cells; it is essential for fighting infectious diseases and cancer. IL-12 is a heterodimeric cytokine 

crucial to fight against multiple bacterial infections [244]. This cytokine promotes cell-mediated 

immunity via stimulation of Th1 cells. A study conducted on an experimental leishmanial model, 

it has been shown that daily intraperitoneal administration of L.major challenge of either 0.33 

micrograms IL-12 or 1.0 micrograms IL-12 per mouse caused a reduction in parasite burden by 

75% at the site of infection, in highly susceptible BALB/c mice [245].  

Moreover, TNF-α is a glycoprotein initially known for its ability to induce necrosis in 

certain tumors [246]. It stimulates the acute phase of the immune response. This potent pyrogenic 

cytokine is one of the first cytokines to be released in response to a pathogen, and is able to exert 

its effects in many organs [247]. In CL, TNF-α secretion helps in the protection against the 

infection. Injection of CBA mice with rabbit anti-TNFα induced development of larger lesions 
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[248]. We showed that secretion levels of TNF-α after treatment with 0.1 µM of Imiquimod were 

highly increased in comparison to non-treated infected macrophages. Moreover, EAPB0503 

induced a more important significant increase in TNF-α level, supporting the leishmanicidal 

efficacy of either drugs against infection with L.tropica amastigotes and the higher potency of 

EAPB0503 when compared to Imiquimod.  

Similarly to TNF-α, IL-1β is among the pro-inflammatory cytokines that are primarily 

secreted after an infection or a stress. It is an endogenous pyrogen released at early stages of 

infection and involved in the protection against the infection [249]. In our study, we showed that 

IL-1β secretion level was elevated after treatment with Imiquimod and EAPB0503, reflecting a 

potential role of these drugs in the protection against CL. We also measured IL-6 levels, after 

treatment.  IL-6 is a pleiotropic cytokine that has both pro-and anti-inflammatory roles [251]. In 

CL, most studies describe a role of IL-6 in the induction of a susceptibility to the infection [252]. 

According to Moskowitz et al., IL-6-deficient C57BL/6 mice infected with L. major exhibit a Th1 

response controlling the infection [252]. Other studies revealed that pre-treatment of macrophages 

with IL-6 suppressed IFN-γ and TNF-α production in vitro against L. amazonensis [253]. Taken 

together, these studies showed that IL-6 confers susceptibility to CL. We showed that IL-6 

secretion was increased following treatment with Imiquimod particularly after 10h, to decrease 

24h post-treatment. Similarly, upon EAPB0503 treatment, IL-6 levels were elevated 10h post-

treatment, and then strongly and significantly decreased 24h following EAPB0503 treatment. The 

elevated IL-6 levels obtained at both time points with Imiquimod and at 10h with EAPB0503 are 

not consistent with the literature that reveals a role of IL-6 in susceptibility to CL. In contrast, only 

treatment with EAPB0503 for 24h reduced IL-6 levels, presumably suggesting that longer 

exposure to the drug is needed to decrease IL-6 secretion levels, and to confer resistance to the 
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infection. Our study did not provide a clear conclusion about IL-6 role in CL, and probably for this 

cytokine, longer exposures to the drugs particularly to Imiquimod may be needed to elucidate the 

levels of this cytokine. 

We also succeeded to test the efficacy of Imiquimod and EAPB0503 on freshly isolated 

L.tropica promastigotes from skin lesions of CL patients. We confirmed the results obtained on 

cultured strains, thus eliminating any potential doubt about a response to either dugs due a lower 

virulence and a genetic drift obtained from long term cultures. We also investigated the anti-

amastigote activity of Imiquimod and its analog on macrophages infected with patients’ derived 

L. tropica amastigotes. The anti-amastigote activity was consistent with that of the cultured strains 

and was concentration, time-dependent, and more prominent after EAPB0503 treatment. This 

time-dependent anti-amastigote activity was confirmed not only by real-time PCR, but also by 

H&E staining of L.tropica inside macrophages, underlying the promising potency of EAPB0503 

for CL treatment. In an attempt to better understand the mechanism by which Imiquimod and 

EAPB0503 act, we checked for the transcription level of i-NOS in treated infected macrophages. 

This is driven by the idea that NO is produced following production of i-NOS by activated 

macrophages, and is known to plays a major role in fighting against microbicidal infections [254], 

including  Leishmania [255]. For instance, inhibition of i-NOS reduced L.infantum burden in 

human macrophages [256]. In addition, the increase of iNOS and NO generation in response to 

IFN-γ and TNF-α is crucial to control CL [257]. We assessed i-NOS transcription level in L.tropica 

infected macrophages treated with 0.1 µM of Imiquimod and EAPB0503. Results showed that 

Imiquimod induced an important increase in i-NOS transcription level 10 and 24h post-treatment. 

More importantly, EAPB0503 induced a much more important increase in i-NOS levels 

presumably explaining the higher leishmanicidal potency of this compound.   
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In the second part of this work, we were interested in screening for TLRs in the context of 

L.tropica infection and following treatment with Imiquimod and EAPB0503. TLRs are important 

pattern recognition receptors expressed abundantly on macrophages, DCs, and NK cells. TLRs are 

involved in self/non-self-discrimination by the innate immunity and initiating and directing 

adaptive immunity [258]. Upon recognition of respective pathogen associated molecular patterns 

(PAMPs), TLRs recruit adaptor molecules, such as MyD88 and TRIF, and initiate a series of 

downstream signaling events that lead to the production of pro-inflammatory cytokines, 

chemokines, and antimicrobial peptides [259]. Early studies concluded that three distinct TLRs, 

TLR2, TLR4, and TLR9, are involved in the recognition of L. major.  A study conducted by De 

Veer in 2003 demonstrated that LPG is a TLR2 ligand, and is responsible for the generation of 

protective immunity against Leishmaniasis by NF-κB activation [260], moreover the induction of 

TNF alpha, IL-12, Reactive Oxygen species, and Nitrogen Oxide [261]. However, more recent 

studies on C57BL/6 mice deficient in either TLR2, 4, or 9, showed that only TLR9-deficient mice 

are more susceptible to L. major infection, indicating that the reported role of TLR2 and TLR4 in 

immunity to murine leishmaniasis requires re-evaluation [229]. 

Moreover, and in contrast to the previous results by De Veer et al., a study conducted in 

2013 showed that TLR-2 is actually involved in parasite survival in macrophages upon activation 

by lipophosphoglycan (LPG) and subsequent decrease of TLR9 expression [222] and TLR4 

signaling prevention [228] thus the reduction of anti-leishmanial responses. Similarly, TLR2 was 

found involved in disease promotion after the lack of TLR2 was found to increase resistance to L. 

braziliensis and L.amazonensis infections, and decreased lesion formation and parasite burdens 

[230, 262]. TLR4 plays a critical role during Leishmania infection, which was affirmed by studies 

on TLR4−/− mice that demonstrated the role of TLR4 in the control of L. major and L. pifanoi 
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infections. Glyco-sphingophospholipid (GSPL) and proteoglycolipid complex (P8GLC) from 

Leishmania induce TLR4, thus promoting a strong anti-parasitic immune response via TNF-α. 

Clearance was also obtained using GSPL treatment in L. donovani infection [261]. In this study, 

we showed that anti-leishmanial activity of Imiquimod and EAPB0503 could be mediated by the 

increase in TLR4 and TLR9, thus confirming the theory that the high level of these TLRs promote 

protection against the infection. On the other hand, TLR4, TLR7, TLR8 as well as TLR9 are shown 

to be linked to resistance against the infection. This was confirmed by the decrease in these TLRs 

level in L.tropica infected macrophages, and their increase following treatment. This finding is 

consistent with the studies reporting the role of TLR4 and TLR9 in the protection against CL [127, 

133, 229]. Moreover, our results were consistent with the literature, showing that the activity of 

Imiquimod is mediated by TLR7. To a lesser extent, activity of this compound is associated with 

TLR8 increase. Interestingly, we showed for the first time that the activity of EAPB0503 is 

associated with an increase in TLR8 expression. In addition, TLR8 and TLR9 levels were more 

increased after EAPB0503 treatment in comparison to Imiquimod. Moreover, this compound 

induced a higher decrease in TLR1, TLR2 and TLR6 than Imiquimod. In our study, these TLRs 

showed to be involved in parasite persistence. Altogether, these findings indicate that the better 

anti-amastigote activity of EAPB0503 could be associated to the trigger of a series of TLRs helping 

in parasite clearance, thus decreasing other TLRs levels, helping in parasite persistence. Yet, our 

results were only obtained at the transcript levels and should be confirmed at the protein levels. 

Moreover, the activation of downstream cascades following these TLRs activation should be 

investigated. 

TLR1 and TLR6 are suggested to have the same signaling pathway of TLR2. TLR1 

expression was not highly evaluated in CL context. In this study, we showed that TLR1 and TLR6 
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expression decreased after treatment with Imiquimod and EAPB0503. These findings are 

consistent with TLR2 level that also decreased after treatment.  

As for TLR7 expression, and consistently with the known literature, we confirmed that 

Imiquimod displays its anti-amastigote activity by increasing TLR7 levels in infected 

macrophages, leading to NF-κB activation and pro-inflammatory cytokine production. It is worth 

noting that pro-inflammatory cytokines are known to promote resistance to the infection. When 

we assessed TLR8 expression, we noticed that its expression is higher following treatment with 

EAPB0503. Collectively, these results seemingly show that EAPB0503 and Imiquimod may 

increase the expression of different TLRs and may display their leishmanicidal activity through 

different signaling pathways.   
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Chapter 5 

Conclusion and perspectives 

In this study, we focused on L.major and L.tropica, the causative agents of CL in the 

Middle East Region. We demonstrated that Imiquimod exhibits an in vitro anti-leishmanial activity 

against these two strains, by targeting promastigotes growth as well as amastigotes expression 

inside macrophages.  

More interestingly, EAPB0503, the analog of Imiquimod showed a more prominent 

activity against promastigotes of L.major and L.tropica. In more details, Imiquimod had mostly a 

static effect on promastigotes of both strains whereas EAPB0503 displayed mostly a static effect 

on L. major promastigotes and impaired the invasion of L.tropica promastigotes inside 

macrophages. These results strongly suggest a better leishmanicidal effect of EAPB0503 on 

L.tropica promastigotes, which could be linked to an effect on their invasion inside macrophages.  

In addition, both drugs displayed an anti-amastigote activity with a more prominent effect of 

EAPB0503.  

Investigating the mechanism of action of Imiquimod and its analog revealed that this anti-

amastigote activity is due to the upregulation of Toll Like Receptor-7 (TLR7), mainly mediated 

by Imiquimod, and to a lesser extent by EAPB0503, resulting in the activation of the NF-κB 

canonical pathway. NF-κB activation led to a consequent production of pro-inflammatory 

cytokines, and a down-regulation of anti-inflammatory cytokines mediating the leishmanicidal 

activity of the drugs.  

Furthermore, Imiquimod and particularly EAPB0503 display a promising leishmanicidal 

activity against virulent L.tropica strain. This activity could be linked to an increased i-NOS level 
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which contributes in parasite destruction. The potency of Imiquimod and EAPB0503 need further 

studies in vivo mice models, to study their effect on lesions as well as on the immune 

microenvironment and the recruitment of other immune cells to the site of infection. Last but not 

least, it is of high interest to suggest a topical use of EAPB0503 and test its efficacy on LC skin 

lesions.  

Our results showed EAPB0503 led to a prominent increase in TLR8 and TLR9 transcripts, 

presumably showing a role of these TLRs in conferring a protection against the infection. Other 

TLRs seem also to be affected by EAPB0503, such as elevation of the transcript levels TLR4 

which promote protection against the infection. EAPB0503 seems also to slightly downregulate 

TLR1, TLR2 and TLR6 which seem to be helping in parasite infection inside macrophages. These 

preliminary results should be confirmed at the protein level and their downstream signaling should 

be tested. 

Our study opened more perspectives towards screening different TLRs in CL patients with 

different clinical features (parasitic index, chronicity…), and investigate their 

involvement/relationship with the aggressivity of the infection. This will help in providing a clear 

conclusion about the contribution of these TLRs in the context of CL, and test different 

immunomodulatory drugs acting via these TLRs. Thereafter, it is of high interest to check the 

downstream signaling of these TLRs, to better understand their potential role in the infection 

process and in the response to treatment. This may be understood by silencing these receptors 

(Knock-down, crispr-cas9…) to clearly identify their role. 

Our results give insights on the effect of Immunomodulatory drugs derivatives on CL, and 

opens horizons for new and promising treatment paradigm.  
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Résumé français de la thèse 

 

1- Généralités sur la leishmaniose:  

La leishmaniose est une infection parasitaire causée par le protozoaire flagellé du genre 

Leishmania. Elle est transmise suite à la piqure d’une mouche de sable du genre Phlébotome. Cette 

infection est classée parmi les maladies tropicales négligées les plus répandues dans le monde et 

est responsable d’un taux de mortalité et de morbidité assez élevé.  

Il existe environ 20 espèces différentes de Leishmania; elles sont responsables de trois formes de 

leishmaniose: 

- La leishmaniose viscérale (LV): c’est la forme la plus sévère de l’infection. Elle est 

généralement causée par Leishmania donovani et Leishmania infantum. Le parasite migre 

vers le foie et la rate de l’hôte y causant une hépatosplénomégalie. Celle maladie  est fatale 

en l’absence du traitement. Elle est répandue dans les pays tropiques et sous-tropiques, 

ainsi que les régions sèches de l’Amérique Latine et du bassin Méditerranéen. Cette 

infection se présente avec une prévalence mondiale de 500 000 cas par an.  

- La leishmaniose cutanée (LC): c’est la forme est la plus endémique de la leishmaniose. 

elle est causée majoritairement par L.major et L.tropica. Elle est caractérisée par des 

lésions cutanées qui apparaissent sur le site de piqure, et qui peuvent évoluer en des papules 

puis des nodules puis des lésions sévères et des ulcères au niveau de la peau en une période 

de 4 à 8 semaines. Cette forme de leishmaniose est principalement causée par les espèces 

Leishmania major et Leishmania tropica. La majorité des lésions de la LC disparaissent 

sans traitement, mais laissent une cicatrice défigurante. Pendant les cinq dernières années, 

1 million de cas de LC environ ont été reportés et 310 millions de personnes sont à risques 



 

134 

 

d’infection.  Cette maladie est en forte expansion au Maghreb et au Moyen Orient et 

menace l’Europe du Sud. 

- La leishmaniose mucocutanée (LMC): cette forme est endémique en Amérique Latine. 

Elle est caractérisée par la destruction des cavités naso-pharyngiale et orale. Elle débute 

par des lésions cutanées qui évoluent et affectent les cavités muqueuses, en absence de 

traitement. Cette forme est généralement causée par L. braziliensis, et moins fréquemment 

par L.guyanensis et L.panamensis. 

 

2- Classification et transmission de la leishmaniose:  

Toutes les espèces du genre Leishmania partagent la même classification taxonomique, 

appartenant au règne des Protistes, sous-règne des Protozoaires, ordre des kinetoplastidés, famille 

des trypanosomes, genre Leishmania, et différentes espèces (major, tropica, donovani…). 

 Ce parasite présente un cycle dixène, impliquant une mouche de sable de genre 

Phlébotome et un mammifère. Une femelle de Phlébotome infectée transmet les promastigotes 

flagellés, lors d’un repas sanguin à un mammifère. Les promastigotes infectent les macrophages, 

y perdent leurs flagelles et s’y transforment en amastigotes non flagellés. Le cycle recommence 

lors de la piqure d’une nouvelle mouche de sable ingestant des macrophages infectés par des 

amastigotes, qui vont se retransformer dans son intestin en promastigotes; ces derniers migreront  

vers les glandes salivaires de la mouche et un nouveau cycle recommence.  

 

3- La leishmaniose cutanée et les facteurs favorisant sa transmission : 

La leishmaniose cutanée est la forme la plus fréquente de la leishmaniose, distribuée au 

Maghreb et au Moyen Orient surtout la Syrie et menace l’Europe du Sud. Les changements 



 

135 

 

climatiques et environnementaux favorisent majoritairement l’expansion de la leishmaniose 

cutanée et de son vecteur.  De plus, la pauvreté, le manque d’hygiène, les conflits politiques et les 

guerres représentent une cause majeure de la dissémination de la LC.   

Récemment, la crise politique qui a eu lieu en Syrie a provoqué une migration intense des 

refugiés Syriens vers les pays voisins. Les conditions dramatiques de vie sur les camps des réfugiés 

(manque d’hygiène, …), ont favorisé la dissémination de la LC dans des pays non endémiques 

pour cette maladie, y compris le Liban. Ceci représente un grave problème et requiert des 

interventions sérieuses et efficaces pour contrôler l’expansion de cette infection. Pour ces raisons, 

notre étude s’est focalisée sur la leishmaniose cutanée causée par L.major et L.tropica, étant les 

espèces les plus répandues en Syrie (représentant 15 et 85% des cas respectivement en Syrie).  

 

4- Traitements actuels de la Leishmaniose cutanée:   

Le traitement de la LC dépend de plusieurs facteurs et varie selon le nombre de lésions, le site de 

ces lésions, le système immunitaire et l’âge du patient... De plus, des facteurs intrinsèques comme 

l’espèce du parasite responsable de l’infection, et des facteurs extrinsèques comme le manque de 

disponibilité du traitement dans les régions rurales peuvent affecter le traitement.  

Différents traitements sont utilisés contre la LC, regroupant des thérapies physiques, orales, 

topiques ou parentérales. Parmi ces différentes modalités de traitement, la thérapie parentérale 

notamment le Glucantime demeure le traitement le plus efficace et le plus répandu de la 

leishmaniose cutanée. En revanche, ce traitement présente beaucoup de désavantages limitant son 

efficacité, notamment son injection répétitive hebdomadaire dans les lésions et sur un intervalle 

de 6 semaines. Ce mode d’injection est très douloureux et non pratique, surtout quand les lésions 
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se présentent sur le visage, ou à proximité des yeux. Dans ces derniers cas, les injections se font 

par voie intramusculaire, mais présentent une toxicité hépatique et cardiaque.  

L’absence de traitement standard de la LC, et l’inefficacité/la toxicité des traitements actuellement 

disponibles rendent particulièrement importante la recherche de nouveaux traitements plus 

efficaces.  L’Imiquimod, un immunomodulateur, approuvé par la FDA (Food and Drug 

Administration) et l’EMA (European Medicines Agency) pour le traitement des infections 

génitales ainsi que dans certains cancers de peau, a été récemment testée contre la LC et a montré 

des résultats très encourageants. Ceci a poussé l’Organisation de Santé Mondiale (WHO) à mettre 

à jour le guide standard de traitement de la LC et inclure l’Imiquimod parmi les traitements 

efficaces contre cette infection parasitaire. 

 

5- Objectifs, résultats et conclusion :  

Nous nous sommes focalisés sur deux espèces responsables de la LC dans la région du Moyen 

Orient, L.major et L.tropica. L’équipe des Drs Bonnet et Masquéfa à Montpellier a réussi à 

synthétiser des analogues de l’Imiquimod, dont l’EAPB0503. Ce composé a été testé dans certains 

types de cancer et a montré une efficacité prometteuse excédant celle de l’Imiquimod.  

L’objectif de cette thèse est de tester l’efficacité de l’EAPB0503 sur les stades promastigotes et 

amastigotes des deux souches L.major et L.tropica.  

En premier lieu, les promastigotes de ces deux souches ont été traités par différentes concentrations 

(0.1, 0.5, 1 et 10 µM) de ces deux composés pendant 72 heures. D’abord, les promastigotes ont été 

dénombrés en se basant sur leur motilité, puis leur capacité à infecter les macrophages après 

traitement a été évaluée. Les résultats montrent que pour la souche L.major, l’EAPB0503 possède 

une activité anti-promastigote plus importante en réduisant le taux de croissance des parasites, 
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alors que pour la souche L.tropica, c’est l’Imiquimod qui induit un effet plus important. 

Concernant l’effet sur l’infection des promastigotes dans les macrophages, les résultats montrent 

que pour L.major, les deux composés affectent à peu près similairement l’infection des parasites, 

alors que pour la souche L.tropica, l’EAPB0503 induit une diminution d’infection notable des 

promastigotes. Ces résultats montrent une activité potentielle statique de l’Imiquimod contre la 

souche L.major, alors que l’EAPB0503 pourra avoir un effet leishmanicide contre la souche la 

plus virulente L.tropica.  

  

Dans la deuxième partie de notre étude, nous avons étudié l’effet de l’Imiquimod et de 

l’EAPB0503 sur les amastigotes des deux souches L.major et L.tropica. Les macrophages humains 

ont été infectés par un taux de 5 parasites/cellule/souche pendant 24h. Ensuite, les macrophages 

infectés ont été traités par différentes concentrations d’Imiquimod ou de l’EAPB0503  et l’effet  

des traitements sur les amastigotes ont été évalué par PCR en temps réel, utilisant des amorces 

spécifiques pour le kinétoplaste du parasite.  Nos résultats montrent que les deux composés 

induisent une réduction du taux d’expression des amastigotes, avec un effet plus prononcé suite au 

traitement par l’EAPB0503. Afin de comprendre le mécanisme d’action de ces composés, nous 

avons choisi la souche la plus agressive et la plus répandue dans la région du Moyen Orient,  

L.tropica. Nos résultats sont consistants avec la littérature montrant que l’\Imiquimod agit via 

l’activation de TLR7, et montrent que les macrophages infectés et traités par l’Imiquimod 

expriment un niveau plus élevé de ce récepteur. En revanche, le niveau d’expression de TLR7 

après traitement par l’EAPB0503 était inférieur à celui induit par l’Imiquimod. De plus, nos 

résultats montrent une activation de la voie canonique de signalisation NF-κB (phosphorylation de 

l’unité IκBa, translocation nucléaire de la sous-unité p65…). L’activation de cette voie de 
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signalisation, suite au traitement par les deux composés, induit l’élévation du taux de sécrétion de 

cytokines pro-inflammatoires (MIP-1α, MIP-1β, MCP-1, IL-12, IL-1β, IL-6 et TNF-α), et une 

diminution du taux de sécrétion de cytokines anti-inflammatoires (IL-10 et IL-4). L’élévation du 

taux des cytokines pro-inflammatoires induit à son tour une élévation des transcrits i-NOS, 

vraisemblablement conduisant à la production du NO, connu pour son effet leishmanicide. 

Pour éliminer les doutes qui pourraient être évoqués concernant l’utilisation pour ces études de 

souches maintenues en culture depuis longtemps, ce qui fait qu’elles pourraient être devenues 

moins virulentes donc plus susceptibles à l’effet des drogues, nous avons testé l’effet leishmanicide 

de ces drogues sur des parasites fraichement isolés à partir des patients infectés par la LC. Nos 

résultats se sont révélés conformes avec les résultats obtenus avec les souches de culture et 

indiquent que l’Imiquimod et plus particulièrement l’EAPB0503 possèdent une activité 

leishmanicide contre les promastigotes et les amastigotes (résultats obtenus par PCR en temps réel, 

microscope confocale et marquage à l’Hematoxyline et l’Eosine) de L.tropica dérivé des patients. 

De plus, il a été montré une augmentation du taux d’i-NOS après traitement par l’Imiquimod et 

plus particulièrement par l’EAPB0503, suggèrant une production de NO,  et expliquant l’effet 

leishmanicide contre ce parasite. 

Comme l’Imiquimod agit via TLR-7/8, et comme les cellules hôtes sont des macrophages qui sont 

connus par l’expression de différentes classes de TLRs suite à l’infection par un pathogène, la 

deuxième partie de notre travail s’est focalisée sur l’expression des TLRs dans le contexte de la 

LC et de l’effet de l’Imiquimod et de son analogue EAPB0503 sur leur expression. Nous avons 

d’abord vérifié l’hypothèse de variation de l’expression des TLRs en fonction de l’infection par 

L.tropica. Nos résultats montrent que L.tropica induit une diminution d’expression de TLR2 connu 

pour avoir un effet favorisant l’invasion du parasite dans l’hôte. L’expression des récepteurs TLR1 
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et TLR6, qui possèdent la même voie de signalisation que TLR2, est aussi augmentée après 

infection de même que ceux des récepteurs TLR4, TLR7, TLR8 et TLR9. Ces résultats confirment 

des hypothèses validées dans la littérature suggérant que ces récepteurs sont impliqués dans la 

protection contre l’infection, ce qui explique leur diminution après infection par L.tropica.   

En second lieu, nous avons déterminé l’effet de l’Imiquimod et de son analogue sur les TLRs 

exprimés par les macrophages infectés par L.tropica.  On a démontré que le taux d’expression de 

TLR7 augmente d’une manière significative après traitement par l’Imiquimodet d’une manière 

moins orononcee suite au traietmenet par l’EAPB0503. Cependant, L’analyse du taux d’expression 

des TLRs montre une augmentation remarquable des taux de TLR8 et de TLR9 après traitement 

par l’EAPB0503, qui est supérieure aux niveaux induits par l’Imiquimod. En revanche, les taux 

d’expression des TLR1, TLR2, TLR6 sont inférieurs après traitement par cet analogue. Ces 

résultats montrent que l’effet supérieur induit par l’EAPB0503 contre les macrophages infectés 

par L.tropica pourra être expliqué par un effet potentiel sur les récepteurs TLR8 et TLR9 conférant 

une résistance à l’infection, ainsi qu’une diminution de l’expression des TLR1 et TLR2, TLR6 qui 

jouent un rôle dans la susceptibilité à l’infection.  Nos résultats montrent que l’Imiquimod et son 

analogue EAPB0503 agissent sur différents TLRs suggérant des mécanismes d’action diffèrents 

pouvant expliquer l’effet plus prometteur de l’EAPB0503. Ces résultats devraient être confirmés 

au niveau protéique et les voies de signalisation en cause investiguées.   

 Collectivement, nos résultats montrent un effet puissant et prometteur de l’EAPB0503, 

supérieur à l’effet de l’Imiquimod, dans le traitement de la leishmaniose cutanée. Ces résultats 

nécessitent d’être confirmés in vivo dans des modèles murins. Une fois ces résultats obtenus et ces 

modèles établis, il serait d’un grand intérêt de développer des traitements sous frome topique, et 

tester leur efficacité.  
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Abstract 

Cutaneous Leishmaniasis (CL) is a parasitic neglected tropical disease. Syria is endemic 

for Leishmania tropica and Leishmania major, causing CL in the Eastern Mediterranean. The 

large-scale displacement of Syrian refugees exacerbated the spread of CL into neighboring 

countries. The high risk for drug-resistance to current treatments stresses the need for new 

therapies. 

Imiquimod is an immuno-modulatory drug currently used in CL treatment. Herein, we 

investigated the potency of its analog, EAPB0503, against L.tropica and L.major and described 

their mechanism of action. Both drugs reduced amastigote replication. EAPB0503 proved more 

potent, particularly on the most aggressive L.tropica amastigotes. Toll-Like Receptor-7 was 

upregulated, mainly by Imiquimod, and to a lesser extent by EAPB0503. Both drugs activated the 

NF-κB canonical pathway triggering an immune response and i-NOS upregulation in infected 

macrophages. Our findings establish Imiquimod as a strong candidate for treating L.tropica and 

show the higher potency of its analog EAPB0503 against CL.  

 

Keywords: Immunomodulation, TLR, NF-κB, L. tropica, L. major  

 

Introduction: 

Cutaneous leishmaniasis (CL) is caused by Leishmania parasite and is classified by the 

World Health Organization (WHO) as one of the most common neglected tropical diseases [1]. 
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During the past decade, an alarming increase in the incidence of CL was documented, ranging 

from 2.1 million case in 2002, to approximately 4 million cases in 2015 [2]. In the Eastern 

Mediterranean, Leishmania tropica and Leishmania major cause CL [3]. In Syria, the prevalence 

lately doubled due to chronic conflicts [4]. The displacement of Syrian refugees to the neighboring 

countries, including under-endemic ones like Lebanon, promoted the dissemination of this 

infection [5].  

CL treatment varies among patients [6], and include local, systemic and physical 

approaches [7]. Glucantime is widely used [8], but yet presents with many disadvantages such as 

the painful intra-lesional injections to be repeatedly injected in each lesion, on a weekly basis and 

for up to 8 weeks [9]. An intramuscular injection of Glucantime was proposed to overcome this 

painful process, however it was associated with high hepatic and cardiac toxicity [10]. Imiquimod 

is an FDA approved imidazoquinoxaline against skin infections, with great anti-viral/anti-tumor 

activities [16]. Imiquimod proved potent in CL treatment [11, 12]. It was used in combination with 

systemic antimonials [13], and presented with cure rates exceeding 90% in refractory patients [14]. 

Accordingly, it was introduced by the WHO to the guidelines of CL treatment [15].  

Among several synthesized Imiquimod analogs [16], EAPB0503 (1-(3-methoxyphenyl)-

N-methylimidazo[1,2-a]quinoxalin-4-amine) exhibited higher potency than Imiquimod in several 

cancer models [17,18,19]. We explored whether EAPB0503 might exhibit a higher anti-

Leishmania potency. We showed that both drugs affected amastigote replication, with a more 

prominent effect of EAPB0503. An upregulation of Toll-Like Receptor-7 (TLR7), was 

preferentially mediated by Imiquimod, and to a lesser extent by EAPB0503. Both drugs activated 

the NF-κB canonical pathway leading to an increase in the pro-inflammatory cytokines secretion 

and consequently, an upregulation of i-NOS synthesis. A decrease in the anti-inflammatory 
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cytokines secretion was obtained, illustrating the leishmanicidal activity of both drugs. Our 

findings establish Imiquimod as a strong treatment candidate against the aggressive L. tropica 

strain and show the higher potency of EAPB0503 against CL. These results warrant an in depth 

preclinical study and highlights the importance on immune-modulatory therapy against CL. 

Results 

EAPB0503 exhibits a higher efficacy on L. tropica amastigotes replication  

To compare the effect of Imiquimod and EAPB0503 on L. major amastigotes, 

macrophages were infected at the ratio of 5 parasites per cell. Treatment was performed with 

different concentrations of either drugs for 24 hours. Amastigotes replication was evaluated by 

real time PCR, using kinetoplast specific primers. Starting the concentration of 0.1 µM, L. major 

amastigotes transcription levels decreased in a concentration-dependent manner following 

treatment with either drugs, and leading to 80% inhibition of replication of the parasites at the 

concentration of 1µM (Figure 1A, 1B).  

L. tropica, the most aggressive and most endemic strain in the Middle East area [7], showed 

that both drugs exert an anti-amastigote activity in a concentration dependent manner. Strikingly, 

a concentration of 0.1 μM EAPB0503 exhibited the same effect of 1μM of Imiquimod (10 folds 

higher concentration) (Figure 1C, 1D). This decrease in amastigotes was also more prominent at 

0.5 and 1 μM of EAPB0503, compared to the same doses of Imiquimod (Figure 1C, 1D). This 

promising data clearly shows a different response of leishmanial strains to treatment with either 

drugs, and a better response obtained upon treatment of the most aggressive L. tropica strain with 

EAPB0503.  
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EAB0503 inhibits amastigote replication as early as 10h post-treatment 

Based on our concentration screening results, we chose the optimal concentration of 0.1 

μM for further analysis. We examined the effect of this concentration at an earlier time point of 

10h. Imiquimod induced a decrease in L. major amastigotes replication by 50% at 10h post-

treatment, and by 65% at 24h post-treatment (Figure 1E). More interestingly, EAPB0503 showed 

a more prominent decrease of amastigotes expression at 10h or 24h post-treatment, where only 

10% of amastigote transcripts were detected by RT-PCR (5 folds less than Imiquimod)  (Figure 

1E).  

Both drugs showed a concentration dependent anti-amastigote activity, against L. tropica, 

the most aggressive and most endemic strain in the Eastern Mediterranean [7]. Imiquimod reduced 

amastigotes transcription levels to 60% at 10h post-treatment and to around 20% at 24h post-

treatment (Figure 1F). Interestingly, EAPB0503 reduced amastigotes transcript levels to 30% 

(almost 3 folds less than Imiquimod) at 10h post-treatment and to 10% (around 2 folds less than 

Imiquimod) at 24h post-treatment (Figure 1F). Altogether, these data show that EAPB0503 acts at 

the low dose of 0.1 μM and as early as 10h, when compared to its parental compound Imiquimod. 

Imiquimod triggers an increase of TLR-7 expression in L. tropica infected macrophages  

Imiquimod belongs to the class of Toll-like receptor (TLR) agonists with high affinity to 

TLR7, commonly involved in pathogen recognition [13, 20]. We investigated the molecular 

mechanisms underlying the potency of Imiquimod and its analog EAPB0503 against Leishmania 

amastigotes. We focused on L. tropica, being the most aggressive species in the Middle East region 

[7] and adopted the concentration of 0.1 μM at both time points 10 and 24h post-treatment. Our 

results showed that TLR7 protein levels increased after treatment with either drugs, in comparison 
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to uninfected or untreated infected macrophages (Figure 2A). Consistent with published data, the 

upregulation was maximal upon treatment with Imiquimod for 10h (Figure 2A). EAPB0503 

induced a higher protein expression of TLR7. Nonetheless, the highest induction of TLR7 was 

obtained upon treatment with Imiquimod. Our results confirm the mechanism of action of 

Imiquimod via this receptor in the context of CL. The lower expression of TLR7 upon treatment 

with EAPB0503, seemingly shows a potential mode of action through a different TLR.  

Imiquimod and EAPB0503 induce the canonical NF-κB pathway activation  

  Following recognition of pathogens, TLRs trigger the NF-κB pathway activation [21] 

inducing immune inflammatory responses [22]. Imiquimod activates the canonical NF-κB 

pathway [23]. We explored this pathway in the context of CL. Western blot analysis clearly 

showed an activation of the multimeric IKK complex (IKKα/IKKβ) after 10 or 24h treatment with 

either drugs (Figure 2B). Furthermore, an induction of the phosphorylated form of the IκBα at both 

time points was obtained, presumably leading to its degradation (Figure 2B). We then examined 

whether this NF-κB activation involves the canonical pathway. Our results demonstrate that the 

p50 subunit was upregulated especially upon 24h post-treatment with either drugs (Figure 2B). 

This led to the nuclear translocation of p65 (Figure 2C and not shown), which represents the active 

NF-κB subunit, and known to activate immune response genes. Collectively these results showed 

that both Imiquimod and EAPB0503 inhibit amastigote replication via activation of the canonical 

NF-κB pathway. 

Imiquimod and EAPB0503 induce NF-κB mediated macrophage immune response  

We investigated the expression of pro- and anti-inflammatory mediators after treatment. 

Macrophage Inflammatory Proteins (MIP-1α and β) and Monocyte Chemoattractant Protein 
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(MCP-1) levels increased upon treatment with both drugs (Figure 2D). The secreted levels of 

depicted pro-inflammatory cytokines, important in CL clearance [24], namely IL-12, IL-1β, TNF-

α and IL-6, were increased upon treatment with Imiquimod or EAPB0503 (Figure 3A).  

Macrophage-derived nitric oxide (NO) is effective against microbes, and synthesized by 

Nitric Oxide Synthase (i-NOS). i-NOS is induced in response to pro-inflammatory cytokines [25] 

and in CL-infected macrophages is protective against L.major [26]. Both drugs increased i-NOS 

transcripts, with EAPB0503 inducing a 5-fold higher expression (Figure 3B). This presumably 

leads to higher NO production, hence enhanced leishmanicidal activity.  

In CL, pro-inflammatory cytokines are linked to resistance against leishmaniasis; whereas 

anti-inflammatory cytokines relate to disease progression [27]. We examined the secretion levels 

of two depicted anti-inflammatory cytokines, IL-10 and IL-4 after treatment with either drugs. In 

comparison to non-treated L. tropica infected macrophages, secretion levels of IL-10 and IL-4 

decreased by around 4 folds after treatment with Imiquimod (Figure 3C). More interestingly, 

treatment with EAPB0503 showed a significant decrease by 4 and 15 folds of IL-10 and IL-4 

respectively and as compared to non-treated infected macrophages (Figure 3C).  

Altogether, our results show that NF-κB activation by Imiquimod and EAPB0503 induces 

secretion of pro-inflammatory cytokines. This leads to i-NOS upregulation, presumably leading to 

NO production and leishmanicidal activity. In addition, and concomitantly with the upregulation 

of pro-inflammatory cytokines, a decrease in the anti-inflammatory cytokines is obtained, probably 

diminishing macrophage susceptibility to L. tropica infection, and triggering the leishmanicidal 

effect of the tested drugs. 
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EAPB0503 exhibits a higher efficacy on freshly isolated L. tropica from patients’ 

biopsies  

To eliminate the potential doubt due to the susceptibility of cultured L. tropica and L. major 

strains to our tested treatments (e.g genetic drift and less virulent strains after long term culture), 

we investigated the efficacy of Imiquimod and its analog EAPB0503 on freshly isolated parasites 

from untreated patients’ biopsies. Our results demonstrated that both drugs inhibit amastigote 

replication in a time dependent manner. Amastigotes transcription levels decreased by 30 and 55%, 

at 10 and 24h post-treatment with Imiquimod respectively (Figure 4A). Treatment with EAPB0503 

induced a more prominent effect where, L. tropica amastigote transcripts decreased by 70 and 

90%, at 10 and 24h post-treatment respectively (Figure 4A).  We then assessed the effect of both 

drugs on amastigotes histologically (Figure 4B) and by immunofluorescence confocal microscopy 

(Figure 4C). Our results were very consistent with the transcript data with less amastigotes detected 

upon treatment (Figure 4B, 4C). Consistently, and using the Leishmania Glycoprotein Gp63 

marker for quantification of amastigotes [28], Imiquimod treatment led to a decrease in 

amastigotes percentage reaching 60% at 10h and 35% at 24h post-treatment (Figure 4C). More 

interestingly, EAPB0503 induced a more important decrease in amastigotes number, to 40% after 

10h of treatment, and to 25% after 24h of treatment (Figure 4C). Altogether, these data show that 

Imiquimod and mostly EAPB0503 are highly active at the low dose of 0.1 μM and as early as 10h 

on patients’ derived L. tropica stages, confirming the obtained results on in vitro cultured strains.  

The mechanism of action of either drugs on L. tropica obtained from patients’ biopsies, 

was evaluated for TLR7 protein expression and showed an increase after treatment with either 

drugs, in comparison to uninfected or untreated infected macrophages. Consistently with the 

cultured strain, Imiquimod induced the highest TLR7 protein levels (Figure 4D).  Moreover, i-
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NOS transcript levels were increased reaching the highest levels after 10h treatment with 

EAPB0503 (Figure 4F). These results indicate a similar mode of action of both drugs on freshly 

isolated parasites from patients’ biopsies and confirm the higher potency of EAPB0503 against 

CL. 

Discussion 

CL is one of the most common neglected tropical diseases worldwide. Globally, the annual 

incidence of CL is estimated to be 0.7 to 1.2 million new cases per year. This infection is still 

endemic in many countries [29]. In the Eastern Mediterranean, Syria presents with the highest 

number of CL cases [30]. The Syrian conflict exacerbated the spread of the infection to the 

surrounding areas. In Lebanon, 85% of infected Syrian refugees were diagnosed with L. tropica 

whilst the remaining 15% were infected with L. major [5].  

Pentavalent antimony compounds remain the treatment choice for CL treatment. However, 

these compounds associate with high cost, poor availability, drug resistance and systemic toxicity 

[31]. We focused on testing novel drugs’ efficacy on L. tropica and L. major. Imiquimod activates 

macrophages [14], the main host cells for Leishmania replication. In CL, Imiquimod was mainly 

tested against L. major amastigotes [32]. In Imiquimod treated mice infected with L. major, an 

increased protection was obtained [33]. In CL patients infected with L. major, Imiquimod 

combined to meglumine antimoniate induced a high healing rate in refractory patients [12, 15, 34]. 

We showed that both drugs affected amastigotes. Imiquimod was more potent than that of 

EAPB0503, against L.major amastigotes, yet it exhibited an effect on L.tropica amastigotes. 

Conversely, EAPB0503 was more potent on the aggressive L. tropica strain [4, 5]. Imiquimod acts 

via binding TLR7, leading to the activation of the NF-κB pathway. Imiquimod protective effect, 
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on L. major infected mice, was coupled with the induction of NO synthesis [26, 35]. Consistent 

with the published data, but on L. tropica strain, we showed that Imiquimod and EAPB0503 

upregulated TLR7 expression. Nonetheless, the highest induction was obtained upon Imiquimod 

treatment. This finding suggests that EAPB0503 may partially act via TLR7, or through other 

TLRs.  The canonical NF-κB pathway was activated by both drugs, leading to increased secretion 

levels of pro-inflammatory cytokines. MIP-1α and MIP-1β, involved in resistance against 

infections [36] were both secreted at higher levels upon treatment with either drugs. Consistently 

with the known role of MIP-1α and MIP-1β in recruiting other cytokines such as TNF-α and IL-6 

[37], levels of secretion for these two cytokines were also increased. TNF-α increased secretion 

levels were consistent with its protective role against CL [38].  

Previous studies have shown that MCP1 is highly expressed in lesions of patients with self-

healing localized cutaneous leishmaniasis whereas it is scarce in those of chronic diffuse cutaneous 

leishmaniasis [39]. This suggests its role in the parasites elimination via induction of reactive 

oxygen intermediates (ROI). Our results showed that MCP-1 levels increased upon treatment with 

either drugs, but more importantly with EAPB0503, presumably explaining its higher potency. 

However, the potential involvement of ROIs on the clearance of treated parasites remains to be 

elucidated. 

We also succeeded to test the efficacy of Imiquimod and EAPB0503 on freshly isolated L. 

tropica from skin lesions of CL patients. We confirmed the results obtained on cultured strains, 

thus eliminating any potential doubt about a lower virulence or a genetic drift obtained from long 

term cultures. These results highlight the promising potency of EAPB0503 for CL treatment.  
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Nitric Oxide production by activated macrophages is known to play a major role in fighting 

against infections [40], including Leishmania [41]. Inhibition of i-NOS reduced L. infantum burden 

in human macrophages [42]. In addition, the increase of i-NOS and NO generation in response to 

IFN-γ and TNF-α is crucial to control CL [43]. We checked for i-NOS transcripts in treated 

macrophages infected with patients’ derived L. tropica and showed an important increase with 

either drugs. Interestingly, the highest levels were obtained upon EAPB0503 treatment, 

presumably explaining its higher leishmanicidal efficacy.   

TLRs are important pattern recognition receptors expressed abundantly on macrophages. 

Early studies concluded that TLR2, TLR4, and TLR9, are involved in the recognition of L. major 

and that TLR2 ligands play a protective immune role against Leishmaniasis [44]. However, recent 

studies on C57BL/6 mice deficient in either TLR2, 4, or 9, showed that only TLR9-/- mice are more 

susceptible to L. major infection, indicating TLR2 and TLR4 related immunity to murine 

leishmaniasis requires re-evaluation [45]. In this study, we confirmed that Imiquimod displays its 

anti-amastigote activity via TLR7 upregulation, leading to NF-κB activation and pro-inflammatory 

cytokine production. EAPB0503 effect on TLR7 was less prominent. Whether EAPB0503 acts via 

any of the important TLRs in CL or not, requires further investigation.    

Collectively, our results did not only show a promising efficacy of a new compound against 

CL, but also highlighted the effect of Imiquimod and its analog against the aggressive L. tropica 

strain. We also described the molecular mechanisms of these drugs against amastigotes 

highlighting the importance of immune-modulatory therapy against CL.  

 

 



 

171 

 

Materials and methods: 

Parasite culture  

Leishmania major (MHOM/MA/81/LEM265 and MMER/MA/81/LEM309) and 

Leishmania tropica (MHOM/LB/76/LEM61, MRAT/IQ/72/ADHANIS1) were purchased from 

the CRHU “Montpellier”. Parasites were maintained in RPMI (Lonza) supplemented with 10% 

Fetal Bovine Serum (FBS), 100IU/ml streptomycin/penicillin (Sigma). 

Test agents 

Imiquimod was purchased from Molekula (Wessex House) and EAPB0503 was 

synthesized using microwave-assisted chemistry as described by Khier et al. [46]. Drugs were 

prepared as a 0.1 M stock in dimethylsulfoxide (DMSO) and stored at -80!C. Working solutions 

of 0.1 µM were freshly prepared in culture media.  

Macrophage culture and treatment 

Human monocytic THP-1 cells (ATCC TIB-202), Manassas, VA) were grown in RPMI 

(Lonza), supplemented with 10% of fetal bovine serum (FBS), 1% penicillin-streptomycin, 1% 

kanamycin and 1% glutamine (Invitrogen). 1 million THP-1 cells were differentiated into 

macrophages, using 50 ng/mL of phorbol 12-myristate 13-acetate (PMA, Sigma) overnight. 

Following their adherence, differentiated macrophages were then activated with 1 µg/mL of LPS 

for 4h, then infected with L. major or L. tropica at the ratio of 5 parasites/macrophage, and 

incubated for 24h at 37 ᴼC. Non-internalized promastigotes were removed by two gentle washes 

with PBS.  
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Isolation of fresh L. tropica promastigotes from biopsies of CL Patients 

Punch biopsies (4 mm of diameter) from three CL patients were performed and incubated 

in sterile physiological serum, supplemented with Penicilline G (50 000 UI/mL). Specimens were 

incubated in a semi-solid culture media (10g agar, 3g NaCl, 500 mL water). 3 weeks later, 

promastigotes were transferred to liquid medium. Sample collection was approved by the 

Institutional Review Board of the American University of Beirut (PALK.IK.01).  

Anti-amastigote activity  

  Macrophages infected with L. major, L. tropica, or patients’ derived L. tropica parasites 

were treated with Imiquimod and EAPB0503 (0.01 µM, 0.05 µM, 0.1 µM, 0.5 µM and 1 µM) for 

24h. Total RNA was extracted using Trizol (Qiagen). cDNA synthesis was performed using a 

Revert Aid First cDNA synthesis Kit (#K1622-Thermo Scientific). Syber green qRT PCR was 

performed using the BIORAD-CFX96 machine. Primers for the housekeeping Glyceraldehyde-3-

Phosphate dehydrogenase GAPDH, and i-NOS are listed in Table. Primers for amastigotes 

detection target the minicircle kinetoplast DNA (kDNA) (Table). Percentage of expression was 

calculated according to Livac method [47]. 

Enzyme-linked immunosorbent assay (ELISA) 

Supernatants of infected macrophages in presence or absence of either drugs were collected 

10h and 24h after treatment, and ELISA was performed using Multi-Analyte ELISArray Kit 

(Qiagen) according to the manufacturer’s instructions. Briefly, supernatants of L. tropica infected 

macrophages (untreated or treated with 0.1 µM of Imiquimod or EAPB0503) were collected. 

Supernatants were spun for 10 min at 1000g, transferred to new Eppendorf tubes, and diluted using 
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a specific cocktail of antigens (IL-12, IL-1β, IL-6, and TNF-α, MIP-1α, MIP-1β, MCP-1, IL-10 

and IL-4) provided by the kit (Qiagen). Samples were then loaded in the coated ELISA plate, and 

were incubated for 2 hours. 3 washes were performed, and the detection antibody was added and 

incubated for 2 hours. Then, Avidin-HRP was added for 30 min, and 4 washes were performed. 

Development solution was then added in dark and kept for 15 min, before addition of the stop 

solution. The secreted levels of the following cytokines and chemokines were then assessed. The 

optic density (O.D) was determined at 450 and 570 nm and calculated according to the standard 

values of a positive control provided by the kit.  

Immunofluorescence and confocal microscopy 

For Immunofluorescence assay, p6 well plates were seeded with activated macrophages 

infected with L. tropica for 24h and treated with Imiquimod or EAPB0503 for 10 or 24h. At these 

time points, coverslips were fixed in 4% paraformaldehyde for 20 minutes. Permeabilization was 

performed in Triton (0.2%) for 10 minutes. Following one PBS wash, blocking for 30 min with 

PBS-10% FBS was performed. Primary antibody directed against the NF-κB p65 subunit (Santa 

Cruz, Sc-8008) was used at the dilution of 1:50. For Leishmania parasite staining inside 

macrophages, an anti-Gp63 (LifeSpan BioSciences, LS-C58984) was used at the dilution 1:50. 

Anti-mouse secondary antibodies (Abcam, ab150116) were used at the concentration of 1:100. 

Staining of nuclei was performed using 1 µg/mL of Hoechst 33342 (Invitrogen, H33342) and 

coverslips were mounted using a Prolong Anti-fade kit (Invitrogen, P36930). Z-section 

images were acquired by confocal microscopy using a Zeiss LSM 710 confocal microscope (Zeiss, 

Germany) and all images were analyzed using Zeiss LSM 710 software.  
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Hematoxylin and eosin stain  

H&E staining was performed as described by Grosset et al., 2017 [48]. Briefly, 

hematoxylin (Fisher Scientific, Canada) was added on cells, and a counterstaining for 30 seconds 

was performed followed by a water rinse for 5 minutes. Slides were then dipped in 50% (vol/vol) 

alcoholic eosin Y solution (Leica Microsystems, Canada) then rinsed in ethanol before slide 

mounting. 

Western blot analysis 

Activated macrophages infected with L. tropica for 24h were treated with 0.1 μM of 

Imiquimod or EAPB0503 for 10 or 24h. Cells were scrapped, washed with PBS, and pellets were 

re-suspended in 1x Laemmli buffer. Following denaturation, samples were run on 10% 

polyacrylamide gels. Proteins were then transferred to nitrocellulose membranes (BIO RAD Cat# 

162-0112) at 30V overnight using a BioRad transfer unit. Blocking was performed for 1h in 5% 

of Bovine Albumin serum (BSA) in wash buffer and probed with specific primary antibodies 

against TLR7 (sc- 57463 Santa Cruz Biotechnology, 1:100), NF-κB p65 (sc-8008; Santa Cruz 

Biotechnology, 1:250), or p52 (sc-7386, Santa Cruz Biotechnology, 1:250). Equal loading was 

tested following probing with the anti- GAPDH antibody (MAB5476; abnova, 1:20 000). 

Nitrocellulose membranes were then washed, before incubation with the appropriate anti-mouse 

secondary antibody conjugated to Horseradish peroxidase (HRP) (m-IgGk BP-HRP, Santa Cruz, 

sc-516102, 1:5000). Bands were visualized by autoradiography, following incubation with luminol 

chemiluminescent substrate (Bio-Rad, Cat# 170-5061).  
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Statistical analysis 

Continuous variables were analyzed by the unpaired Student’s t test. P value was determined 

and values for p < 0.05 were considered as significant. 
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Table: List of primers 

Primer Sequence 5’à3’ References 

GAPDH Forward Primer 5’-CATggCCTTCCgTgTTCCTA-3’ [49] 

GAPDH Reverse Primer 5’-CCTgCTTCACCACCTTCTTgAT-3’ [49] 

HHLM-1 Forward Primer 5’-CCTATTTTACACCAACCCCCAGT-3’ [50] 

HHLM-2 Reverse Primer 5’- GGGTAGGGGCGTTCTGCGAAA -3’ [50] 

i-NOS Forward primer 5′-GGGAGCCAGAGCAGTACAAG-3′ [43] 

i-NOS Reverse primer 5′-GGCTGGACTTCTCACTCTGC-3′ [43] 
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Figure 1: EAPB0503 exhibits a higher efficacy on L. tropica amastigotes replication. Real-

time quantitative PCR (RT-PCR) detection of infected macrophages with L. major or  L. tropica 

amastigotes treated with different concentrations of Imiquimod (A, C) or EAPB0503 (B, D). RT-
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PCR detection of infected macrophages with L. major (E) or L. tropica (F) amastigotes treated 

with 0.1 µM of Imiquimod or EAPB0503 for 10 and 24h. Briefly, differentiated and activated 

THP-1 into macrophages were infected with L. major or L. tropica at the ratio of 5 parasites/cell 

for 24h. Treatment with 0.1, 0.5, 1 or 10 μM of Imiquimod or its analog EAPB0503 was performed 

for 24h (A-D). Treatment with 0.1μM of Imiquimod or EAPB0503 was performed for 10 and 24h 

(E, F). The results are shown as percentage of untreated infected macrophages. Amastigote 

transcripts were evaluated by Syber green RT-PCR using kinetoplast specific primers and their 

percentage of expression was normalized to GAPDH. Results are expressed as percentage of 

untreated control (±) SD and are representative of at least three independent experiments. The t-

test was performed to validate significance. *, ** and *** indicate P-values ≤ 0.05; 0.01 and 0.001, 

respectively. P-values less than 0.05 were considered significant. 
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Figure 2: Imiquimod triggers an increase of TLR-7 expression in L. tropica infected 

macrophages leading to the canonical NF-κB pathway activation. Western blot analysis for 

TLR-7 (A), IKKa/b, P-IκBa and P50 (B) in L. tropica infected macrophages treated with 0.1 µM 

of Imiquimod or EAPB0503 for 10 and 24h. The results depict one representative experiment 

among three independent ones. Densitometry was performed using Image Lab software (Biorad). 

Results shown represent the average of quantification of three independent experiments. (C) 

Confocal microscopy on L. tropica infected macrophages treated with 0.1 µM of Imiquimod or 

EAPB0503 for 10h. The NF-κB p65 subunit was stained with an anti-p65 antibody (red), and 

nuclei were stained with Hoechst 33342 (blue).  The results depict one representative experiment 

among three independent ones.  
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Figure 3: Imiquimod and EAPB0503 induce NF-κB mediated macrophage immune 

response. (A) ELISA showing the secretion level of the pro-inflammatory cytokines (MIP-1α, 

MIP-1b, MCP-1, IL-12, IL-1β, TNF-α, and IL-6 by in infected macrophages with L.tropica 

amastigotes treated with 0.1 µM of Imiquimod or EAPB0503 for 10h. (B) RT-PCR detection of i-

NOS in infected macrophages with L. tropica amastigotes, treated with 0.1 µM of Imiquimod or 

EAPB0503 for 10h. i-NOS percentage of expression was normalized to GAPDH. Results are 

expressed as percentage of untreated control (±) SD. (C) ELISA showing the secretion level of and 



 

187 

 

anti-inflammatory cytokines (IL-10 and IL-4) upon treatment of L. tropica infected macrophages 

with 0.1 µM of Imiquimod or EAPB0503 for 10h. Results are expressed as percentage of untreated 

control (±) SD and are representative of at least three independent experiments. The t-test was 

performed to validate significance. *, ** and *** indicate p values ≤ 0.05; 0.01 and 0.001, 

respectively. P-values less than 0.05 were considered significant. 
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Figure 4: EAPB0503 exhibits a higher efficacy on freshly isolated L. tropica from patients’ 

biopsies. (A) RT- PCR detection of infected macrophages with patients’ derived L. tropica 

amastigotes treated with 0.1 μM of Imiquimod or EAPB0503 for 10 or 24h. Percentage of 

expression of amastigotes was normalized to GAPDH. Results are expressed as percentage of 

untreated control (±) SD and are representative of three independent experiments. (B) H&E 

staining on untreated or treated macrophages infected with patients’ derived L. tropica amastigotes 

with 0.1 μM of Imiquimod or EAPB0503 for 10 or 24h. The results depict one representative 

patient. Similar results were obtained on the remaining two patients. (C) Confocal microscopy on 

patients’ derived L. tropica infected macrophages treated with 0.1 µM of Imiquimod or EAPB0503 

for 10 or 24h. The Gp63 surface parasite was stained with an anti-Gp63 antibody (red), and nuclei 

were stained with Hoechst 33342 (blue). Images represent Z sections. Graphs show quantification 

of Gp63 (Blind count) as averages of one Z section/cell from 50 different cells of 2 independent 

experiments on two different patients derived amastigotes. (D) Western blot analysis for TLR-7 

on patient derived L. tropica infected macrophages (from one patient) treated with 0.1 µM of 

Imiquimod or EAPB0503 for 10 and 24h. (E) RT- PCR detection of iNOS in infected macrophages 

with patients’ isolated L. tropica amastigotes upon treatment with 0.1 µM of Imiquimod or 

EAPB0503 for 10 and 24h. Percentage of expression of amastigotes was normalized to GAPDH. 

Results are expressed as percentage of untreated control (±) SD and are representative of three 

independent experiments. The t-test was performed to validate significance. *, ** and *** indicate 

p values ≤ 0.05; 0.01 and 0.001, respectively. P-values less than 0.05 were considered significant. 
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Résumé 
              La leishmaniose cutanée (LC) est une infection parasitaire classifiée par l’Organisation de Santé Mondiale (WHO) comme 

étant une des maladies tropicales négligées non-contrôlées. Dans la région du Moyen Orient, la LC est généralement endémique en 
Syrie et elle est causée principalement par Leishmania tropica et Leishmania major. La LC a été récemment introduite à des pays 
non endémiques, suite au déplacement intense des refugiés Syriens échappant à la crise. Les interventions thérapeutiques contre la 
LC incluent des traitements locaux, systémiques et physiques. En revanche, le risque élevé de sélection et de résistance des parasites 
aux traitements actuels suscitent une quête sérieuse, pour trouver de nouvelles approches thérapeutiques. L’Imiquimod  est un 
composé immunomodulateur approuvé pour utilisation clinique, et présente une efficacité vis-à-vis de certaines espèces de 
Leishmania. Dans cette étude, notre intérêt s’est focalisé sur l’efficacité d’un analogue de l’Imiquimod, l’EAPB0503, contre les 
stades promastigotes et amastigotes de L.tropica et L.major.  
             Nos résultats montrent que l’Imiquimod et particulièrement l’EAPB0503 affectent les deux espèces. L’Imiquimod  affecte 

majoritairement la motilité des promastigotes des deux espèces, alors que l’EAPB0503 affecte la motilité des promastigotes de L. 

major mais surtout l’invasion des promastigotes de L. tropica dans les macrophages. Les deux composés réduisent la réplication 
des amastigotes, avec un effet plus prominent de l’EAPB0503. Cet effet est médié par l’augmentation de l’expression du récepteur 

toll-Like-7 (TLR7), particulièrement pour l’Imiquimod et d’une manière moins importante pour l’EAPB0503. Les deux composés 

induisent l’activation de la voie de signalisation canonique de NF-κB. Ceci conduit à une production des cytokines pro-
inflammatoires, et une diminution des cytokines anti-inflammatoires expliquant l’activité leishmanicide des deux composés. 

L’EAPB0503 semble agir via un autre TLR que l’imiquimod, comme il induit une expression plus élevée des transcrits TLR8 et 
TLR9, conférant une protection contre l’infection.  
             Collectivement, nos résultats montrent l’effet de l’Imiquimod contre l’espèce la plus aggressive, L. tropica, et souligne 
l’activité plus puissante de l’EAPB0503 contre les deux espèces. De plus, cette étude montre le mécanisme d’action de ces deux 
composés, qui vraisemblablement activent des TLRs différents, mais finissent par induire la voie NF-κB et la réponse immunitaire 

correspondante. Ces résultats soulignent l’importance des drogues immuno-modulatrices contre la LC et ouvrent des perspectives 
sur des études précliniques puis cliniques de ces composés.     
 
Mots clés : Leishmaniose cutanée, Leishmania tropica, Leishmania major, Imiquimod, EAPB0503, Moyen Orient. 
 

Abstract 
             Cutaneous Leishmaniasis (CL) is a parasitic infection classified by the WHO as one of the most uncontrolled spreading 
neglected diseases. In the Middle East Region, CL is mostly endemic in Syria where it is mainly caused by Leishmania tropica and 
Leishmania major. CL has been lately introduced to under endemic countries, following the large-scale displacement of refugees 
from Syria fleeing the crisis. Therapeutic interventions against CL include local, systemic and physical treatments. However, the 
high risk for selection and spread of drug-resistant parasites is high; consequently, new therapeutic approaches are still needed. 
Imiquimod is an FDA approved immunomodulatory compound with a tested efficacy against some leishmania species. In this 
study, our interest was to investigate the efficacy of an Imiquimod analog, EAPB0503 in comparison to the original compound, 
against promastigote and amastigote stages of L.tropica and L.major. 
             We showed that Imiquimod affects the motility of promastigotes of both strains. EAPB0503 affected L. major 
promastigotes’ motility and impaired the invasion of L.tropica promastigotes into macrophages. Both drugs reduced amastigote 
replication, with a higher potency of EAPB0503. This activity is due to the upregulation of Toll-Like Receptor-7 (TLR7), mainly 
by Imiquimod, and to a lesser extent by EAPB0503. Importantly, both drugs activated the NF-κB canonical pathway leading to 

production of pro-inflammatory cytokines and upregulation of i-NOS levels. A decrease of anti-inflammatory cytokines secretion 
was obtained, explaining the leishmanicidal activity of both drugs. Importantly, EAPB0503 led to a prominent increase in TLR8 
and TLR9 transcripts, presumably conferring protection against the infection. 
             Collectively, our findings show the effect of Imiquimod against both strains especially, the aggressive L. tropica strain. We 
also show that EAPB0503 displays a more potent in vitro leishmanicidal activity than Imiquimod. These drugs seemingly activate 
different TLRs, but both activate the canonical NF-κB pathway and its subsequent mediated immune response. These results 
highlight the promising effect of immunomodulatory drugs against CL and warrant an in depth in vivo preclinical then clinical 
studies of these compounds. 
 
Keywords: Cutaneous leishmaniasis, Leishmania tropica, Leishmania major, Imiquimod, EAPB0503, Middle East. 

 


