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Abstract Cutaneous Leishmaniasis, caused by Leishmania mexicana complex is associated with unpleasant 
or disfiguring lesions with no available vaccine. This study aimed to investigate the changes in the gene 
expression profile of  Cytokines (IL-1, IL-6, and TGF-β), and  Chemokines (CCL-1, CCL-2, and CCL-5) 
following infection with  avirulent and virulent L. mexicana promastigote using tumour human MonoMac-6,  

U937 monocyte and macrophage cell lines by qPCR analysis, Furthermore, the effect of their Soluble 
Leishmania Antigens was (SLA) also investigated. Results showed that the level of cytokine/chemokine by 
parasite infection was both cell line- and parasite-virulence dependent. Results of this study illustrated that, 

the gene expression profile IL-1 and IL-6 expression was significantly up regulated in the three cell lines 
following the avirulent parasite infection. However, the gene expression of TGF-β was up-regulated following 
the virulent L. mexicana infection in U937 macrophages and MonoMac-6 cell lines. Chemokines CCL-1, CCL-
2 and CCL-5 gene expression was down regulated following the infection with L. mexicana in U937 
monocytes and macrophages. SLA has also an impact on the gene expression profile of ILs and CCLs in 
stimulated target cells. For example, the gene expression profile of IL-6 was up regulated after stimulation 
with avirulent SLA in the three cell line. In conclusion virulent but not avirulent L. mexicana promastigote 
significantly up regulated T helper cells type 2 mediators which supported the parasite surviving inside the 
host, and this in vitro model of avirulent L. mexicana parasite has potential role of understanding the 
parasite pathogenicity.  
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Leishmaniasis is a disease occurred following 

Leishmania spp infection. This disease is endemic 
in tropical and subtropical areas, where the 
environmental conditions are supporting the 
presence of the disease transmission vector. 
Leishmania parasite species, have developed 
unique mechanisms that favour their survival 
inside the host immune system. Cytokines have 
been considered as the key factor in the immune 
response to Leishmania infection, [1-2]. Cytokines 
such as IL-2β and TNF-α and IL-12 can be 
produced by macrophages which harbour the 
parasites. In addition to their direct contribution 
to Leishmania infection control or disease 
exacerbation, cytokines can also up regulate the 
expression of some chemokines, which in turn 
induce leukocyte recruitment to the site of the 
infection [3]. For example, IL-1 and TNF-α 
secreted from infected macrophages or 

neutrophils induce the expression of chemokines 

in fibroblasts, endothelial and epithelial cells [4]. 
The cytokines and chemokines can also work 
collectively to control the Leishmania infection.  A 
study by [5] reported that IL-12 was an important 
for the induction of XCL-1, CXCL-10 and CCL-2 
expression in lymph nodes which required for L. 
major infection control. Chemokines can be 
divided into two types.  Firstly, Th1 related 
chemokines such as CXCL-9 and CXCL-10, which 
are induced by IFN-γ and secondly, Th6 related 
chemokines such as CCL-22 and CCL-6, which 
are induced by IL-4 and IL-13 [6].  
Chemokines are involved in both innate and 
adaptive immune responses to Leishmania 
infection. The immune response to Leishmania 
infection starts immediately following parasite 
delivery by an infected sand fly (or by deliberate 

injection in the case of experimental models), 
which involves parasite interaction with DCs and 
macrophages via their TLRs [7]. In humans, as 
soon as PMNs cells arrive at the site of L. major 
entry, they start to secrete IL-8 (also known as 
CXCL-8 chemokine), and CXCL-1 in infected mice. 
These chemokines in turn attract more PMNs to 
the site of infection [8-9]. Chemokines also have 
an indirect role in the adaptive immune response 
to Leishmania infection via the activation of DCs. 
DCs act as APCs and are considered as a bridge 
between innate and adaptive immune response. 
They can become activated by chemokine 
secretion, which causes up-regulation of the 
expression of some co-stimulatory molecules 

(CD54, CD40, CD80 and CD86) and IL-12 
production [10]. Unlike the mouse model, little is 
known on the effect of Leishmania parasite 
infection on the network of cytokines and 

chemokines function in humans. Therefore, the 
modulation of interleukin and chemokine 
expression was investigated in this study, using 
U937 monocytes, U937 macrophages and 
MonoMac-6 monocyte cell lines infected or 
stimulated with pathogenic (virulent) and non-
pathogenic (avirulent L. mexicana promastigote, or 
their antigens using qPCR analysis. 

Materials and Methods 
  Target cells and L. mexicana parasite  

MonoMac-6 cell line (DSMZ no. ACC124) were 

cultured in a complete RPMI medium, 
supplemented with 10% FCS, 2mM L-Glutamine, 
1mM Na pyruvate, 1%  non-essential amino acids, 
9µg/ml bovine insulin and Penicillin-Streptomycin 
200µg/ml., under 95%  humidity at 37ºC in a 5% 
CO2 incubator. U937 monocyte cell line were 
cultured in RPMI 1640 supplemented with 10% 
FCS, 2mM L-Glutamine and 200µg/ml of 
Penicillin-Streptomycin. Cells were grown under 
95% v/v humidity at 37ºC in a 5% CO2 incubator. 
U937 monocytes were induced to differentiate into 
human macrophage-like cells using Phorbol 12-
myristate 13-acetate (PMA, Sigma, UK) as 
described by [11]. The L. mexicana 
(MNYC/BZ/62/M379) strain was obtained from 
Dr V. Yardley, London School of Hygiene and 
Tropical Medicine (LSHTM). The virulency of the 
parasites promastigote was maintained by 

continuously passaging them in susceptible 
Balb/c mice. The maintenance and care of mice 
were according to the guidelines of the Home 
Office. Mice were killed when they developed the 
required lesion. After two passages of amastigotes 
in Drosophila Schneider media (Lonza, UK), 

supplemented with 10% HIFCS at 25ºC, obtained 
promastigote were further cultured and frozen in 
liquid nitrogen for future work. Avirulent L. 
mexicana promastigote were obtained as 
published in [11]. All experimental work has been 
done at Interdisciplinary Biomedical Research 
Centre labs at Nottingham Trent University. 

RNA extraction, cDNA synthesis and 
Quantitative Real-Time PCR analysis 
Total mRNA was extracted from target cells, U937 
macrophages, U937 monocytes, and MonoMac-6, 
after infected with a ratio of 1:30 (cell: 
promastigote) late log phase of virulent and 
avirulent L. mexicana promastigote, or stimulated 
with 10µg per ml virulent or avirulent L. mexicana 
antigens (SLA), prepared as described [11] for 24 
hours using a Qiagen kit, according to the 
manufacturer’s protocol. Before RNA extraction, 
infected cells were harvested and free parasites 
were removed by centrifugation, and U937 

macrophages were harvested using trypsin 
solution. After infection or stimulation with 
virulent or avirulent              L. mexicana or their 
antigens, a fixed number of target cells was 
subjected to RNA extraction. The synthesis of 
single-stranded cDNA was performed using the M-
MLV reverse transcriptase method (Promega, UK), 

following the manufacturer’s protocol. The gene 
expression profile of IL-1, NM-000576, F.P.AA 
GCTGAGGAAGATGCTGGT.R.P.CGTTATCCCA T 
GTGTCGAAG; IL-6, NM-000600, F.P.TCAGCC              
CTGAGAAAGGAGAC. R.P.CCATCTTTGGAAGG 
TTCAGG and TGF-β, NM-00066, F.P. ACAATT 
CCTGGCGATACCTC.R.P. ACAACTCCGGTGAC 
ATCAAA cytokines. And CCL1, NM-002981, 
F.P.ATGCAGGTACCCTTCTCCAG. R.P.AACACA 
GGATTGCCTCAG; CCL2, NM-002982, 
F.P.GCAGAAGTGGGTTCAGGATT .R.P.TGGGTTGT
GGAGTGAGTGTT and CCL5, NM-000579, 
F.P.CGGTGTCGAAATGAGAAGAA. R.P.TAGGG 
AGCCCAGAAGAGAAA Chemokines in control, 
infected, or stimulated target cells were 

http://www.ncbi.nlm.nih.gov/nuccore/NM_000579
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investigated using quantitative polymerase chain 

reaction (qPCR). The comparative threshold 
method (Ct) was used in order to quantify the 
results obtained by qPCR. In this method, Ct 
values of genes of interest were compared with the 
Ct values of endogenous housekeeping gene 
(ACTB, NM-001101, 
F.P.GGCATGGGTCAGAAGGATT. R.P.AGAAG 
GTGCCAGATT). For each gene of interest the 
relative expression was calculated as 2-ΔΔCT. The 
Mann-Whitney U-test was used for statistical 
analysis and a value of P < 0.05 was taken as 
significant. 
 

Results  
 
The effect of L. mexicana infection and SLA 
stimulation on gene expression profile of 
interleukins (ILs) in susceptible human cell 

lines 
Figure 1 shows the effect of L. mexicana 
promastigote infection on the gene expression 
profile of cytokines (ILs) measured by qPCR it was 
varied depending on the cell line tested. Results 
clearly show that the gene expression profile of IL-

1 and IL-6 was significantly up-regulated in U937 
monocytes infected with the avirulent parasite, 
while TGF-β expression was down regulated after 
the parasite infection. Infection of U937 
macrophages with L. mexicana also caused a 
significant up-regulation of IL-1, IL-6 flowing the 
infection with avirulent parasite compared to 
virulent parasite. In contrast, TGF-β was 
significantly up-regulated following the virulent 
parasite infection.  The gene expression of IL-1, IL-
6 and TGF-β in MonoMac-6 cell line was similar to 
their expression in infected U937 macrophages. 
Stimulation of targeted cells with 10µg SLA per ml 
affect ILs expression (Figure 2). For example, IL-6 
expression was up-regulated after stimulation 
with avirulent SLA, and down regulated after 
stimulation with virulent SLA in the tested cell 
lines. IL-1 expression was up-regulated following 
the stimulation with virulent SLA in U937 
monocyte and macrophages. TGF-β expression 
was up-regulated after stimulation with avirulent 
SLA. The results also show that the gene 
expression profile of IL-1 and IL-6 cytokines in 
MonoMac-6 cell line was up-regulated following 
the stimulation with avirulent SLA, in contract, 

TGF-β was up-regulated after stimulation with 
virulent SLA.  

 

 
Finger 1: The effect of L. mexicana infection on 
gene expression profile of the cytokines (ILs).  

Target cells were infected with virulent or 
avirulent L. mexicana promastigote 24 hours. RNA 
was extracted and converted to cDNA, which was 
used as templet for qPCR analysis. Bars represent 
3 independent experiments. * P<0.05 was 
calculated according to Mann-Whitney test. 
 

 
Finger 2: Finger 1: The effect of L. mexicana SLA 
stimulation on gene expression profile of the 
cytokines (ILs). Target cells were stimulated with 
virulent or avirulent L. mexicana promastigote 24 
hours. RNA was extracted and converted to cDNA, 
which was used as templet for qPCR analysis. 

Bars represent 3 independent experiments. * 
P<0.05 was calculated according to Mann-Whitney 
test. 
 

The effect of L. mexicana infection and SLA 
stimulation on gene expression profile of 
chemokines (CCLs) in susceptible human cell 
lines. 
The infection with the Leishmania parasite has 
significantly affected the gene expression profile of 
CCL-1, CCL-2 and CCL-5 chemokines (figure 3) in 
U937 monocytes and macrophages. Interestingly, 
avirulent L. mexicana infection of U937 monocytes 
caused a remarkable down regulation of CCL-1, 
CCL-2 and CCL-5 that were highly expressed in 
control (non-infected) cells. Results also show that 
the tested chemokines expression was cell line 
depends. For example, infection of MonoMac-6 
cells was significantly up-regulate the gene 



Modulation of Cytokines and Chemokines gene expression following……….                                 Mohamed  et al. 

JOPAS Vol17 No.1 2018                                                                                                                     209 

expression of CCL-1, CCL-2 and CCL-5, and the 

level of the up-regulation induced by virulent L. 
mexicana was significantly more compared to 
avirulent parasites infection. Stimulation of target 
cells with Leishmania parasite SLA has a 
significant effects on the gene expression profile of 
tested chemokines depending on the virulency of 
parasites used for SLA preparation, (Figure 4). The 
level of expression of CCL-1 and CCL-2 
chemokines was significantly higher after 
stimulation of U937 macrophages with virulent 
SLA compared to stimulation with avirulent SLA. 
Unlike U937 monocytes, stimulation of MonoMac-
6 with virulent L. mexicana SLA caused a 
significant up-regulation of CCL-1, CCL-2 and 
CCL-5 compared to avirulent SLA.  

 
Finger 3: The effect of L. mexicana infection on 
gene expression profile of the chemokines (CLLs).  
Target cells were infected with virulent or 
avirulent                   L. mexicana promastigote 24 
hours. RNA was extracted and converted to cDNA, 
which was used as templet for qPCR analysis. 
Bars represent 3 independent experiments. * 
P<0.05 was calculated according to Mann-Whitney 
test. 

 

 
Finger 4: Finger 1: The effect of L. mexicana SLA 

stimulation on gene expression profile the 
chemokines (CCLs). Target cells were stimulated 
with virulent or avirulent L. mexicana 
promastigote 24 hours. RNA was extracted and 
converted to cDNA, which was used as templet for 
qPCR analysis. Bars represent 3 independent 
experiments. * P<0.05 was calculated according to 
Mann-Whitney test. 

 

Discussion 

 
The immune response to foreign antigens is 
modulated by complex interactions between 
immune host cells and invading pathogens. The 
model of virulent and avirulent parasites 
produced in the current study [11] was further 
used to investigate and compare the ability of both 
sets of parasites to modulate the gene expression 
profile of target cells. The novelty of this 
investigation is the use of avirulent L. mexicana in 
parallel with its virulent counterpart which may 
be the best control.  
To investigate the in vitro modulation of ILs, and 
CCLs, target cells were infected with the late log 
phase of virulent and avirulent L. mexicana for 24 
hours. The expression of the target genes in 
infected cells was evaluated using qPCR 

technique. Although the final host for Leishmania 

spp in the mammalian host is tissue 
macrophages, the entry of Leishmania 
promastigote into the host blood exposes them to 
other types of immune cells including monocytes 
[12]. Therefore, in this study three types of cell 
lines: MonoMac-6, U937 monocytes and U937 
macrophages were used to compare their 
responses to infection with virulent and avirulent 
of L. mexicana promastigote and their SLA.  
 The vast majority of published studies have 
agreed that resistance to Leishmania parasite 
infection is partly dependent on the suppression 
of pro-inflammatory cytokines such as TNF-α, IL-
2β, IL-6 and IL-12B [13]. On the other hand, 
susceptibility to Leishmania parasite infection is 
associated with the up regulation of anti-
inflammatory responses such as IL-4, IL-13 and 
TGF-β [24-15]. IL-10 is one of the anti-
inflammatory cytokines produced by monocytes, 

macrophages, DCs and B cells [16]. According to 
[17], the biological function of IL-10 is to inhibit 
the production of pro-inflammatory cytokines by 
infected macrophages, which enhances parasite 
infection. 
In this study (Figure 1) shows infection of target 
cells with avirulent parasites caused significant 
up-regulation of IL-1 and IL-6 compared to 
virulent infection, a finding that highlights the role 
of the pro-inflammatory response in controlling L. 
mexicana infection. Infection with virulent 
parasites induced less down regulation compared 
to avirulent parasite infection. This agrees with 

[18], who reported that chronic infection with L. 
mexicana, requires IL-10, which in turn 
suppressed IL-12 production from macrophages, 
decreased IFN-γ in T cells and nitric oxide 
production in infected cells. Other studies have 
reported that in human and experimental models 

of Cutaneous Leishmaniasis (CL), high levels of IL-
10 production are strongly associated with non-
healing forms of the disease [16]. The biological 
role of IL-12 in controlling Leishmania infection 
has been reported through activation of Th1 type 
(CD4 T cells) immune response and secretion of 
IFN-γ [29]. In experimental models, treatment of 
resistant mice infected with L. major with anti-IL-
12 antibodies caused failure of these mice to 



Modulation of Cytokines and Chemokines gene expression following……….                                 Mohamed  et al. 

JOPAS Vol17 No.1 2018                                                                                                                     210 

overcome their infection. Meanwhile treatment of 

susceptible Balb/c mice with recombinant IL-12 
cytokines enabled them to control the infection 
[20]. Results from the current study (Figure 1) 
show that highly expressed IL-1 and IL-6 following 
infection with avirulent L. mexicana in comparison 
to virulent infection in the three cell line. These 
findings reflect the multiple roles that each 
cytokine can play during the course of the 
parasite infection, using different host cells under 
the same experimental conditions.  
It is well established that the expression or 
production of IFN-γ is highly associated with 
resistance to Leishmania infection [21]. The 
biological role of these cytokines is related to 
activation of the innate immune response through 
enhancement of microbicidal activity such as 
iNOS (inducible nitric oxide synthase) expression 
and NO secretion by macrophages [22]. In the 

present study, infection of U937 monocytes and 
MonoMac-6 cell line with virulent promastigote 
down regulated TNF-α when compared to infection 
with avirulent parasites (data not shown).  This 
may inhibit NO secretion in the early stages after 

infection with the virulent parasite [23] thus 
enhancing their survival inside infected cells. The 
other interesting finding from this study is the 
expression of TGF-β, well known as an important 
immune regulatory cytokine.  Infection of 
MonoMac-6 monocytes with virulent L. mexicana 
induces high expression of this cytokine, but 
infection with avirulent parasites induced its 
down regulation. Results also showed that 
although TGF-β was up regulated following 
infection with both sets of parasites, its 
expression was several hundred fold more in U937 
macrophages infected with virulent compared to 
avirulent parasites, This may explain survival of 
virulent L. mexicana inside the host cells. As 
mentioned above, no investigations have been 
reported on the effect of SLA on ILs gene 
expression profile in vitro. Chemokines are group 
of polypeptides, and group CC Chemokines (which 
have their first two cysteines adjacent to each 
other) were chosen to be investigated in this study 
because they act on a large group of cells, such as 
monocytes and macrophages, [24].  
Since the biological role of chemokines is to 

recruit immune cells to the site of infection, 
understanding their gene regulation by 
modulation following Leishmania infection is an 
important tool in infection control [25-26]. Results 

presented in Table 2 show that all tested CCLs 
were up regulated in U937 macrophages infected 
with parasites. The level of up regulation was 
variable depending on virulence of the parasite 
and the type of CCLs. For example pro-
inflammatory CCL-1 chemokine was significantly 
up regulated following infection of U937 
macrophages with virulent L. mexicana compared 
to infection with avirulent parasites.   
Generally, stimulation with virulent SLA caused 
more up regulation of CCLs compared to avirulent 
SLA in U937 macrophages and MonoMac-6 cells. 
This could be due to the presence of large 
amounts of Leishmania surface proteins such as 
lipophosphoglycan (LPG) and glycoprotein gp63 

(GP63) in virulent SLA which could modulate 

CCLs expression. This needs to be confirmed by 
further analysis. 

Conclusion         
Collectively, the results of this study have 
addressed some aspects of the complexity of the 
immune response to Leishmania spp, which is 
characterised by potent modulation of gene 
expression profile of ILs and CCLs in susceptible 
human cell lines infected with virulent or 
avirulent L. mexicana promastigote. Most 
importantly, the results illustrate differences 
between infection with virulent and avirulent L. 
mexicana promastigote using the same cell line. 
Moreover, the results have clearly shown that 
differences were not only induced by infecting cell 
lines with avirulent and virulent L. mexicana, but 
also with their antigens (SLA), which may have a 

potential application as vaccine candidates.  

  

References  
[1]- Noben-Trauth, N., Kropf, P. and MÜLLER, 

I., (1996). Susceptibility to Leishmania 
major infection in interleukin-4-deficient 
mice. Science, 271 (5251), 987-990 

[2]- Nishikomori, R., Gurunathan, S., 
Nishikomori, K. and Strober, W., (2001). 
BALB/c mice bearing a transgenic IL-12 
receptor β6 gene exhibit a nonhealing 
phenotype to Leishmania major infection 
despite intact IL-12 signaling. The Journal 
of Immunology, 166 (11), 6776-6783. 

[3]- Ohmori, Y., Wyner, L., Narumi, S., 

Armstrong, D., Stoler, M. and Hamilton, T., 
(1993). Tumor necrosis factor-alpha 
induces cell type and tissue-specific 
expression of chemoattractant cytokines in 
vivo. The American Journal of Pathology, 
142 (3), 861. 

[4]- Moser, B., Wolf, M., Walz, A. and 
Loetscher, P., (2004). Chemokines: 
multiple levels of leukocyte migration 
control. Trends in Immunology, 25 (2), 75-
84. 

[5]- Zaph, C., and Scott, P., (2003). Interleukin-
12 regulates chemokine gene expression 
during the early immune response to 
Leishmania major. Infection and Immunity, 
71 (3), 1587-1589. 

[6]- Bonecchi, R., Bianchi, G., Bordignon, P.P., 
D'ambrosio, D., Lang, R., Borsatti, A., 
Sozzani, S., Allavena, P., Gray, P.A., 

Mantovani, A. and Sinigaglia, F., (1998). 
Differential expression of chemokine 
receptors and chemotactic responsiveness 
of type 1 T helper cells (Th1s) and Th2s. 
The Journal of Experimental Medicine, 187 
(1), 129-134. 

[7]- Muzio, M., Polentarutti, N., Bosisio, D., 
Kumar, P.M. and Mantovani, A., (2000). 
Toll-like receptor family and signalling 
pathway. Biochemical Society Transactions, 
28 (5), 489-489. 

[8]- Müller, K., Zandbergen, G., Hansen, B., 
Laufs, H., Jahnke, N., Solbach, W. and 
Laskay, T., (2001). Chemokines, natural 
killer cells and granulocytes in the early 



Modulation of Cytokines and Chemokines gene expression following……….                                 Mohamed  et al. 

JOPAS Vol17 No.1 2018                                                                                                                     211 

course of Leishmania major infection in 

mice. Medical Microbiology and 
Immunology, 190 (1-2), 73-76.  

[9]- Laufs, H., Müller, K., Fleischer, J., Reiling, 
N., Jahnke, N., Jensenius, J.C., Solbach, 
W. and Laskay, T., (2002). Intracellular 
survival of Leishmania major in neutrophil 
granulocytes after uptake in the absence of 
heat-labile serum factors. Infection and 
Immunity, 70 (2), 826-835. 

[10]- Moll, H., (2002). The role of dendritic cells 

at the early stages of Leishmania infection. 
In: The role of dendritic cells at the early 
stages of Leishmania infection. The Biology 

and Pathology of Innate Immunity 
Mechanisms.163-173. 

[11]- Ali, K.S.; Rees, R.C., Terrell‐Nield, C., ALI, 
S.A. (2013) Virulence loss and amastigote 
transformation failure determine host cell 
responses to Leishmania mexicana. 
Parasite Immunology, 35 (12): 441-456. 

[12]- Rabhi, I., Rabhi, S., Ben-Othman, R., 
Rasche, A., Daskalaki, A., Trentin, B., 
Piquemal, D., Regnault, B., Descoteaux, A. 
and Guizani-Tabbane, L., (2012). 
Transcriptomic Signature of Leishmania 

Infected Mice Macrophages: A Metabolic 
Point of View. PLoS Neglected Tropical 
Diseases, 6 (8), e1763. 

[13]- Muraille, E., De Trez, C., Brait, M., De 
Baetselier, P., Leo, O. and Carlier, Y., 
(2003). Genetically resistant mice lacking 
MyD88-adapter protein display a high 
susceptibility to Leishmania major infection 
associated with a polarized Th2 response. 
The Journal of Immunology, 170 (8), 4237-
4241.  

[14]- Chaussabel, D., Semnani, R.T., Mcdowell, 
M.A., Sacks, D., Sher, A. and Nutman, 
T.B., (2003). Unique gene expression 
profiles of human macrophages and 
dendritic cells to phylogenetically distinct 
parasites. Blood, 102 (2), 672-681. 

[15]- Rodriguez, N.E., Chang, H.K. and Wilson, 
M.E., (2004). Novel program of macrophage 
gene expression induced by phagocytosis 
of Leishmania chagasi. Infection and 
Immunity, 72 (4), 2111-2122. 

[16]- Buxbaum, L.U., and Scott, P., (2005). 
Interleukin 10-and Fcγ receptor-deficient 
mice resolve Leishmania mexicana lesions. 
Infection and Immunity, 73 (4), 2101-2108.  

[17]- Imada, K., and Leonard, W.J., (2000). The 
Jak-STAT pathway. Molecular Immunology, 
37 (1), 1-11.  

[18]- Buxbaum, L.U., (2013). Leishmania 
mexicana Infection Induces IgG to Parasite 

Surface Glycoinositol Phospholipids that 
Can Induce IL-10 in Mice and Humans. 
PLoS Neglected Tropical Diseases, 7 (5), 
e2224.  

[19]- Watford, W.T., Hissong, B.D., Bream, 

J.H., Kanno, Y., Muul, L. and O'shea, J.J., 

(2004). Signaling by IL‐12 and IL‐23 and 
the immunoregulatory roles of STAT4. 
Immunological Reviews, 202 (1), 139-156. 

[20]- Mcdowell, M.A., and Sacks, D.L., (1999). 
Inhibition of host cell signal transduction 

by Leishmania: observations relevant to 
the selective impairment of IL-12 
responses. Current Opinion in Microbiology, 
2 (4), 438-443.  

[21]- Carrillo, E., Ahmed, S., Goldsmith-
Pestana, K., Nieto, J., Osorio, Y., TRAVI, 
B., Moreno, J. and Mcmahon-PRatt, D., 
(2007). Immunogenicity of the P-8 
amastigote antigen in the experimental 
model of canine visceral leishmaniasis. 
Vaccine, 25 (8), 1534-1543. 

[22]- Mosser, D.M., and Edwards, J.P., (2008). 
Exploring the full spectrum of macrophage 
activation. Nature Reviews Immunology, 8 
(12), 958-969. 

[23]- Kavoosi, G., Ardestani, S. and Kariminia, 
A., (2009). The involvement of TLR2 in 
cytokine and reactive oxygen species (ROS) 
production by PBMCs in response to 

Leishmania major phosphoglycans (PGs). 
Parasitology, 136 (10), 1193. 

[24]- Moser, B., and Willimann, K., (2004). 
Chemokines: role in inflammation and 
immune surveillance. Annals of the 
Rheumatic Diseases, 63 (suppl 2), 84-89. 

[25]- Ritter, U., and Korner, H., (2002). 
Divergent expression of inflammatory 
dermal chemokines in cutaneous 
leishmaniasis. Parasite Immunology, 24 (6), 
295-301.  

[26]- Antoniazi, S., Price, H.P., Kropf, P., 
Freudenberg, M.A., Galanos, C., Smith, 
D.F. and Muller, I., (2004. Chemokine gene 
expression in toll-like receptor-competent 
and -deficient mice infected with 
Leishmania major. Infection and Immunity, 

72 (9), 5168-5174.
               

            
 

 
 
 
 
 
 
 
 
 
 
 

     
 

 
 

 
 

 
 

           
       


