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Abstract  
 

Vaccination is the most effective tool against infectious diseases. 

Subunit vaccines are safer compared to live-attenuated vaccines 
but are less immunogenic and need to be delivered with an 

adjuvant. Adjuvants are essential for enhancing vaccine potency 

by improving humoral and cell-mediated immune responses. 

Only a limited number of adjuvants are licensed for human 
vaccines and their mode of action is still not clear. Leishmania 

eukaryotic Initiation Factor (LeIF) has been described having a 

dual role; as a natural adjuvant and as an antigen that possesses 
advantageous immunomodulatory properties. In this study, we 

assessed the adjuvant properties of recombinant Leishmania 

infantum eukaryotic Initiation Factor (LieIF) through in vitro and 
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in vivo assays. LieIF was intraperitonealy administered in 

combination with the protein antigen ovalbumin (OVA) and the 
widely used alum was used as a reference adjuvant. Our in vitro 

studies using J774A.1 macrophages showed that LieIF induced 

stimulatory effects as demonstrated by the enhanced surface 

expression of CD80 and CD86 co-stimulatory molecules and the 
induced production of the immune mediators NO and MIP-1α. 

Additionally, LieIF co-administration with OVA in an in vivo 

murine model induced a proinflammatory environment as 
demonstrated by the elevated expression of TNF-α, IL-1β and 

NF-kB2 genes in peritoneal exudate cells (PEC). Furthermore, 

PEC derived from OVA-LieIF-immunized mice exhibited 
elevated expression of CD80 molecule and production of NO 

and MIP-1α in culture supernatants. Moreover, LieIF 

administration in the peritoneum of mice resulted in the 

recruitment of neutrophils and monocytes at 24 h post-injection. 
Also, we showed that this immunopotentiating effect of LieIF 

did not depend on the induction of uric acid danger signal. These 

findings suggest the potential use of LieIF as adjuvant in new 
vaccine formulations against different infectious diseases. 

 

Abbreviations  
 

APCs- Antigen Presenting Cells, DCs- Dendritic Cells, FACS- 

Fluorescence-Activated Cell Sorter, IFN-γ- Interferon Gamma, 
IL-10- Interleukin 10, IL-12- Interleukin 12, LieIF- Leishmania 

infantum Eukaryotic Initiation Factor, LPS- Lipopolysaccharide, 

MIP-1α- Macrophage Inflammatory Protein 1 Alpha, NO- Nitric 
Oxide, PEC- Peritoneal Exudate Cells, r- Recombinant, TNF-α- 

Tumor Necrosis Factor Alpha 

 

Introduction  
 
Vaccines are an indisputable achievement of medical science 

since millions of lives have been saved from infectious diseases, 

while they also contribute significantly in reducing healthcare 
expenditure [1]. Nowadays, there are still several diseases that 

cause significant morbidity and mortality worldwide because 

either there is no access to vaccine market or the existing 

vaccines confer suboptimal protection. Another factor is the 



Prime Archives in Immunology: 2
nd

 Edition 

4                                                                                www.videleaf.com 

emergence of new pathogens or re-emergence of old ones [2]. 

New technologies divided into three major categories related to 
antigen discovery, adjuvants and vaccine vector delivery and 

deciphering human immune responses, have recently been 

developed providing a revolution in vaccine development [3].  

 
The term adjuvant, derives from the Latin word adjuvare than 

means “to help” [4], comprises all compounds that have the 

ability to enhance and/or shape antigen-specific immune 
responses [5, 6]. Adjuvants are used in vaccine formulations in 

order to enhance the immunogenicity of highly purified native or 

recombinant antigens, to reduce the amount of antigen or the 
number of immunizations needed for the establishment of a 

protective immunity, and generally to improve the efficacy of 

vaccine formulations. Therefore, identification and 

determination of mode of action of potent adjuvants are 
particularly important to vaccine discovery [7].  

 

Vaccine adjuvants represent a diverse class of compounds, such 
as microbial products (e.g. pertussis toxin, cholera toxin, 

bacterial flagellin, heat shock proteins), cytokines (e.g. IL-12, 

IFN-γ, granulocyte-macrophage colony-stimulating factor; GM-
CSF), toll-like receptor agonists (e.g. LPS, poly(I:C), CpG), 

mineral salts (e.g. alum), emulsions (e.g. MF59 and Freund’s), 

microparticles, liposomes and virosomes [8,9]. So far, very few 

adjuvants are being used in licensed human and livestock 
vaccines, such as alum, MF59, monophosphoryl lipid A plus 

alum (AS04) and saponin (QS-21) [8,10].  

 
Various adjuvants exert their functions through different 

mechanisms of action including formation of antigen depot, 

induction of immune mediators such as cytokines and 

chemokines, activation of antigen presenting cells (APCs) (e.g. 
dendritic cells - DCs), enhancement of antigen uptake by APCs 

and induction of local inflammation and cellular recruitment 

[11]. Delineation of adjuvants’ mode of action provide valuable 
scientific knowledge for the induction of competent interplay 

among innate and adaptive immunity, while the deep 

understanding of the mechanism of action of adjuvants is 
indispensably important in expediting their development. 
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Until now, alum-based compounds still remain the predominant 

human adjuvants due to their safety, ease of preparation and 
stability [2]. Thus alum is found in numerous commercial 

vaccines including HAV, HBV, HPV, diphtheria and tetanus 

(DT), Haemophilus influenza type B (HIB) and pneumococcal 

conjugate vaccines [12]. Alum’s mechanism of action includes 
the depot effect even though there are reports demonstrating that 

depot formation is not required for alum adjuvanticity [13,14], 

the induction of Th2-type immune responses, the stimulation of 
inflammation at the injection site like the production of 

proinflammatory cytokines and the recruitment of innate 

immune cells [15,16]. However, the use of alum presents several 
drawbacks: (a) is a poor inducer of T-cell mediated responses in 

humans, namely Th1-type or cytotoxic T-cell responses which 

are essential in protective immunity against intracellular 

pathogens (such as Leishmania) and (b) vaccines containing 
alum cannot be sterilized by standard methods e.g. filtration, be 

deep frozen or be lyophilized [2]. Thus, the development of new 

effective vaccine formulations that require strong cellular 
mediated immunity needs the use of appropriate adjuvants. 

 

Leishmaniasis is a tropical and subtropical disease found in 98 
countries, while the achievement of developing safe, effective, 

durable and low-cost prophylactic vaccines against the disease is 

still a major challenge [17]. Several native and recombinant 

Leishmania proteins have been successfully tested as vaccine 
candidate antigens against leishmaniasis revealing a number of 

important immune compounds that determine the immune 

outcome towards protection or exacerbation of experimental 
infections [18]. Interestingly, among these Leishmania proteins, 

recombinant Leishmania eukaryotic Initiation Factor (LeIF) has 

been described as an antigen able to induce a protective Th1-type 

immune response against leishmaniasis [19,20]. LeIF protein has 
403 residues and is highly conserved among Leishmania species, 

also showing high sequence similarity to the mammalian 

translation initiation factor eIF4A [20,21]. It has also 
advantageous immunomodulatory properties, like induction of 

the production of Th1-type cytokines, IL-12 and IFN-γ by 

human peripheral mononuclear cells (PBMCs) from either 
leishmaniasis patients or normal individuals [19]. It is also able 
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to induce the production of IL-12, IL-10 and TNF-α by 

monocytes, macrophages and DCs derived from healthy 
volunteers [20,22,23]. Additionally, we have recently shown that 

recombinant Leishmania infantum eukaryotic Initiation Factor 

(LieIF) in presence of IFN-γ inhibits L. donovani growth in 

murine macrophages [24] and is able to induce phenotypic 
maturation and functional differentiation of murine bone 

marrow-derived DCs (unpublished data). Moreover, the NH2- 

terminal part (1-226) of LeIF, known to preserve its 
immunomodulatory properties [19,20], has been incorporated in 

a trifusion recombinant protein vaccine, Leish- 111f, which was 

shown to be protective in mice models, when administered in 
association with immune adjuvants [25-27]. Furthermore, the 

Leish-111f protein vaccine formulated with the monophosphoryl 

lipid A (MPL) adjuvant in an oil-in-water stable emulsion using 

synthetic squalene (MPL-SE), has been tested in clinical trials 
demonstrating its safety and immunogenicity, supporting the 

future plan for its clinical development in prophylaxis of human 

cutaneous and mucosal leishmaniasis (ClinicalTrials.gov 
Identifier: NCT00121862, NCT00121849, NCT00111553, 

NCT00111514, NCT00486382) [28]. In addition, LeIF has been 

used as adjuvant to promote the induction of Th1-type immune 
response against the tumor associated MUC1 tandem repeat 

peptide in chimpanzees animal model [29]. It has been shown 

that the vaccination with tumor associated MUC1 tandem repeat 

peptide in combination with LeIF induced proliferative T cell 
responses and expression of IFN-γ by CD4+ peripheral blood 

and lymph node T cells in immunized chimpanzees [29].  

 
Until recently, adjuvant selection was empirical and despite the 

wide use of alum adjuvant in licensed human vaccines, their 

mode of action is not well characterized. In the present study, we 

present data showing the potential of LieIF to provide adjuvant 
properties in in vitro and in vivo assays. To achieve this 

objective, recombinant LieIF adjuvant was tested in vitro for its 

ability to potentiate antigen presentation properties of J774A.1 
macrophages and in vivo for its capability to generate the 

requisite cellular environment favoring the development of 

adaptive immune responses.  
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Materials and Methods  
Laboratory Animals  
 
Six- to eight-week old female BALB/c mice, were obtained from 

the breeding unit of Hellenic Pasteur Institute (HPI; Athens, 

Greece). All experimental animals were housed in a specific 
pathogen-free animal facility, at a temperature of 22-25 °C and a 

photoperiod of 12 h. They received a balanced diet of 

commercial food pellets and water ad libitum. The reporting of 
the animal experiments in this study followed the ARRIVE 

guidelines. In vivo experimentation was approved by the 

Institutional Protocols Evaluation Committee according to PD 

56/2013 as adoption of Directive 2010/63/EU. Protocol license 
was issued by the Official Veterinary Authorities of the 

Prefecture of Attiki in compliance with the above legislation in 

force. 

 

Macrophage Culture  
 
The immortalized J774A.1 macrophage cell line was purchased 

from the American Type Culture Collection (ATCC; Rockville, 

USA/ ATCC No: TIB-67). The J774A.1 macrophage cells were 
cultured in complete RPMI-1640 medium (Biochrom AG, 

Berlin, Germany); i.e. RPMI-1640 supplemented with 2 mM L-

glutamine, 10 mM Hepes, 24 mM NaHCO3, 50 µM of 2- 

mercaptoethanol, 100 U/mL penicillin, 100 µg/mL streptomycin 
and 10% v/v heat-inactivated fetal bovine serum (FBS; Gibco, 

Paisley, UK). Cells were maintained in 25-cm
2 
cell culture flasks 

(CellStar, Greiner Bio-one, Germany), at 37 °C with 5% CO2 

environment. J774A.1 macrophage cells were cultured to 80% 

confluence and monolayers of cells were routinely harvested by 

gentle scraping with a cell-scraper and diluted 1:5 in fresh 
medium. Cells were counted in a Malassez hemocytometer and 

the viability (> 95%) of J774A.1 cells was determined by Trypan 

blue exclusion dye. 

 

Cloning, Expression and Purification of LieIF Protein  
 
The LieIF gene was amplified from L. infantum 

(MHOM/TN/88/Aymen) genomic DNA by PCR, as previously 
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described [24]. The LieIF construct was subcloned into the NdeI 

and XhoI sites of pET-22b expression vector (Novagen, San 
Diego, CA, USA). LieIF protein was expressed in Origami 

(DE3) E. coli strain (Novagen) and purified using Ni affinity 

chromatography, as previously reported [22]. Protein 

concentration was determined using the Bio-Rad Protein assay 
(Hercules, CA, USA) with the use of bovine serum albumin 

(BSA) as a standard while its purity was verified on a 12% 

Coomassie-stained SDS PAGE gel (Figure 1). Recombinant 
LieIF was tested for the amount of endotoxin levels (≤ 5 EU/mg) 

using the Limulus amebocyte lysate (LAL) assay (Charles River, 

USA).  

 
 

Figure 1: Expression and purification of the recombinant LieIF protein. 
Aliquots of purified protein were resolved by SDS-PAGE gel and stained with 
Coomassie brilliant blue. The positions of the Bio-RAD pre-stained markers (in 
kDa) are indicated at the left. 

 

Antigens and Adjuvant  
 

OVA antigen was purchased from Sigma-Aldrich Corp (USA) 

and was also tested for bacterial endotoxin using the LAL assay. 
At the dose used in our experiments, the endotoxin level of OVA 

was ≤ 0.001 µg/mL. Imject Alum adjuvant (Pierce, Rockford, 

USA) is a mixture of aluminum hydroxide and magnesium 

hydroxide and was mixed at a 1:1 ratio with a solution of OVA 
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antigen in phosphate-buffered saline (PBS) pH = 7.4, followed 

by stirring for at least 1h to effectively absorb the antigen. 

 

Immunization Protocols  
 
Female BALB/c mice, n=20/ group, were injected 

intraperitonealy (i.p.) in the right lower quadrant using a 26-

gauge needle, with 500 µL of LieIF suspension (10 µg/mouse) in 
sterile PBS containing equal quantity of OVA (10 µg/mouse) 

(OVA-LieIF), or with 10 µg of OVA alone in 500 µL PBS, 

while mice receiving only PBS were included as negative control 

(Figure 2(a)), as previously described [16]. In another set of 
experiments, BALB/c mice received the known adjuvant alum 

(10 mg/mouse) in combination with OVA (10 µg/mouse) (OVA-

alum) (Figure 3(a)). Two, 6 and 24 h after injection, the 
peritoneal exudates cells (PEC) were harvested with 5 mL of ice 

cold PBS. Cells were depleted from red blood cells with 

ammonium-chloride-potassium lysing buffer (ACK buffer), pH 
= 7.2 (0.15 M NH4Cl, 10 mM KHCO3 and 0.1 mM Na2EDTA), 

and resuspended in complete RPMI-1640 medium.  
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Figure 2: In vivo effect of recombinant LieIF protein on the peritoneal exudate 

cells. a) Schematic representation of the experimental protocol. Female 
BALB/c mice were i.p. injected in the right quadrant with 500 µL of LieIF 
suspension (10 µg/mouse) in sterile PBS containing equal quantity of OVA 
protein (10 µg/mouse) or with 500 µL of OVA suspension (10 µg/mouse) in 
sterile PBS, while mice receiving only PBS were included. 2 and 24 h after 
injection, the peritoneal exudate cells (PEC) were harvested with 5 mL of ice 
cold PBS. b) Relative expression of TNF-α, IL-1β and NF-kB2 genes in PEC. 
2 h post-immunization, PEC were derived from each experimental group and 

relative expression of TNF-α, IL-1β and NF-kB2 genes was determined by real-
time PCR, performed with a SYBR Green PCR Master Mix. The expression of 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was used for 
normalization and all expression levels were computed via the ΔΔCt method. 
Results shown are representative of three independent experiments. * indicates 
statistically significant differences compared to PBS-immunized mice while ** 
indicates significant differences compared to OVA-immunized group. c) 

Recombinant LieIF protein induces the upregulated expression of CD80 co-

stimulatory molecule in PEC. 24 h post-immunization, PEC were harvested 
from each experimental group and cell surface expression of CD80 and CD86 
co-stimulatory molecules was assessed by FACS analysis. The results are 
expressed as median fluorescent intensity (MFI) and as percentage (%) of cells 
expressing CD80 and CD86 molecules. Data are presented as mean values ± 
SD of three independent experiments. The histogram overlay is representative 
of one experiment. * and ** indicate statistically significant differences as 
compared to PBS- and OVA-immunized groups, respectively. d) Recombinant 

LieIF protein promotes the production of NO by PEC. 24 h post-

immunization, PEC were harvested from each experimental group and were 
further incubated in vitro with LieIF (10 µg/mL), IFN-γ (1 ng/mL), LPS (1 
µg/mL) or with LieIF + IFN-γ and LPS + IFN-γ, for 24 h at 37 °C under 5% 
CO2 environment. After the incubation period, NO production of each 
experimental group was determined in supernatants with Griess reaction. Data 
are presented as mean values ± SD of three independent experiments. For each 
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in vivo experimental group, comparisons with cultured PEC received no 
stimulation in vitro (light green bars) are indicated with * and comparisons with 
cultured PEC received LPS (red bars) or LPS + IFN-γ (yellow bars) are 
indicated with ≠. Comparisons among the in vivo experimental groups are 
indicated with **. e) Recombinant LieIF protein elicits the secretion of MIP-

1α by PEC. 24 h post-immunization, PEC were harvested from each 
experimental group and were further incubated in vitro with LieIF (10 µg/mL), 
IFN-γ (1 ng/mL), LPS (1 µg/mL) or with LieIF + IFN-γ and LPS + IFN-γ, for 
24 h at 37 °C in the presence of 5% CO2 environment. At the end of incubation 
period, culture supernatants were collected and MIP-1α levels were determined 
by ELISA. Data are presented as mean values ± SD of three independent 
experiments. For each in vivo experimental group, comparisons with cultured 
PEC received no stimulation in vitro (light green bars) are indicated with *, 

comparisons with cultured PEC received LPS (red bars) or LPS + IFN-γ 
(yellow bars) are indicated with ≠ and comparisons between cultured PEC 
received LieIF (light blue bars) and LieIF + IFN-γ (orange bars) are indicated 
with ≠≠. Comparisons among the in vivo experimental groups are indicated 
with **.  

 

Flow Cytometry  
 

For the detection of B7 co-stimulatory molecules (CD80 and 

CD86) in J774A.1 macrophages, cells were stimulated with 
LieIF (10 µg/mL) for 24 h, at 37 °C with 5% CO2 environment. 

The protein concentration was carefully selected after 

concentration kinetic experiments [24]. As a positive control for 

macrophage stimulation, J774A.1 cells were cultured with LPS 
(1 µg/mL) derived from Escherichia coli (Sigma-Aldrich, USA), 

as previously described in similar experimental conditions [30]. 

Accordingly, PEC were harvested in ice cold PBS, as described 
in Section 2.5. At the end of the incubation period, cells were 

centrifuged at 600 x g for 10 min and then were re-suspended in 

PBS at a density of 5 x 10
6
 cells/mL. Cells were washed in 

FACS buffer (PBS – 3% FBS) and were stained with anti-CD80 
and anti-CD86 monoclonal antibodies conjugated with 

fluorescein (FITC) (BD Biosciences, Belgium), for 30 min.  

 
For the detection of recruited cells at 6 and 24 h after 

intraperitoneal injections, cell suspensions of peritoneal lavage 

were centrifuged at 600 x g for 10 min. The cell pellets were 
resuspended in PBS and stained with anti-CD11b monoclonal 

antibody conjugated with FITC together with anti-F4/80 

monoclonal antibody conjugated with phycoerythrin (PE) (AbD 
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Serotec, UK) or anti-Ly6C or anti-Ly6G monoclonal antibodies 

conjugated with PE (BD Biosciences, Belgium), for 30 min.  
 

Control unstained samples were similarly processed for all the 

above cases. 20,000 events were analyzed for each sample in 

FACSCalibur cytometer (Becton-Dickinson, San Jose, CA, 
USA) and data were analyzed with FlowJo V.10.0.8 software 

(Tree Star, Inc., Ashland, OR, USA). 

 

Chemokine Production 
 

J774A.1 macrophages were incubated with LieIF for 24 h, at 37 
°C in the presence of 5% CO2. Macrophages cultured with LPS 

(1 µg/mL) or cultured only with complete RPMI-1640 medium 

were used as positive and negative controls, respectively. 
Accordingly, for the determination of MIP-1α in PEC derived 

from immunized mice as described in Section 2.5, cells (at a 

density of 1 x 10
6
 cells/mL) were further incubated in vitro with 

the following antigens: LieIF (10 µg/mL), recombinant murine 

(rm) IFN-γ (1 ng/mL), LPS (1 µg/mL) or with combinations of 

LieIF + IFN-γ or LPS + IFN-γ, for 24 h at 37 °C under 5% CO2 

environment [31]. At the end of the incubation periods, culture 
supernatants were collected to determine MIP-1α chemokine 

levels by ELISA. The ELISA kit (900-K125) was purchased 

from PeproTech Corp (Rocky Hill, NJ) and the assay was 
performed according to manufacturer’s instructions. The 

concentration of MIP-1α was calculated by using a standard 

curve generated by recombinant MIP-1α starting at 0.5 ng/mL 
and serially diluted in duplicate. The detection threshold was at 8 

pg/mL. 

 

Quantification of Extracellular Nitric Oxide (NO) 
 

The NO synthesis was measured as the accumulation of nitrites 

in cell culture supernatants using the Griess reaction (Sigma-
Aldrich, USA), according to manufacturer’s protocol [32]. For 

the determination of NO in J774A.1 macrophages, cells were 

stimulated with LieIF for 24 h and then culture supernatants 
were collected. Macrophages cultured with LPS (1 µg/mL) were 

used as positive control and cells cultured only with complete 
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RPMI-1640 medium constituted the negative control. 

Accordingly, for the determination of NO in PEC derived from 
immunized mice as described in Section 2.5, cells (at a density 

of 1 x 10
6
 cells/mL) were further incubated in vitro with the 

following antigens: LieIF (10 µg/mL), IFN-γ (1 ng/mL), LPS (1 

µg/mL) or with combinations of LieIF + IFN-γ or LPS + IFN-γ, 
for 24 h at 37 °C under 5% CO2 environment [33]. At the end of 

the incubation period, culture supernatants were collected. 

 
50 µL of each sample supernatant was mixed with 100 µL of 

Griess reagent (1:1 solution A: solution B; 1% w/v sulfanilamide 

in 5% w/v phosphoric acid (solution A) and 0.1% v/v 
naphthylethylenediamine dihydrochloride in distilled water 

(solution B)) [34]. The relative NO concentrations were 

calculated using a standard curve generated with known amounts 

of NaNO2 and the absorbance was measured at 570 nm with a 
Dynatech Laboratories MRX spectrophotometer (Germany). 

 

Gene Expression Analysis  
 

PEC were derived from immunized and non-immunized BALB/c 

mice (Section 2.5) at 2 h post immunization and RNA was 
extracted using an RNeasy Mini Kit (Qiagen, Germany) 

according to manufacturer’s instructions. The quantity and purity 

of extracted RNA were determined with the spectrophotometer 
NanoDrop® 2000 (Thermo Scientific, USA). RNA (1 µg) was 

used as a template for cDNA synthesis using a SuperScript II kit 

(Invitrogen - Molecular Probes™) and oligo-dTs (Promega, WI, 
USA), and all reactions included the recombinant ribonuclease 

inhibitor, RNaseOUT™ (Invitrogen). 

 

Real-time polymerase chain reaction (real-time PCR) was 
performed using an Exicycler 96 (Bioneer, Daejeon, Korea) with 

a SYBR Green PCR Master Mix (Kapa Biosystems, Boston, 

USA). The expression of glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) gene was used for normalization. 

Specific primers for genes of interest: interleukin-1β (IL-1β), 

tumor necrosis factor-α (TNF-α), subunit 1 and subunit 2 of 

nuclear factor kappa-B (NF-kB1 and NF-kB2) and GAPDH were 
designed by Qiagen (QuantiTect Primer Assays; Qiagen, 
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Netherlands) and were run in triplicate. The PCR was conducted 

according to Qiagen’s PCR protocol for the QuantiTect Primer 
Assays. The cycling conditions were 94 °C for 10 min, followed 

by 40 cycles at 94 °C for 10 s and 60 °C for 30 s. All expression 

levels were computed via the ΔΔCt method [35].  

 

Serum Uric Acid Determination  
 
Serum samples were collected from immunized mice, described 

in Section 2.5, at 6 and 24 h post immunization. Serum uric acid 

(SUA) levels in (mg/dL) were determined by the enzymatic 

colorimetric uricase PAP method [36], according to 
manufacturer’s instructions and using a Cobas Mira autoanalyzer 

(Roche, Switzerland), kindly accessed by V. Sideris, MD, at 

Diagnostiki Athinon, Clinical and Research Laboratory (Athens, 
Greece).  

 

Statistical Analysis  
 

The data shown are representative of at least three independent 

experiments and are presented as mean values ± standard 
deviation (SD). In the in vivo procedures, we used six to seven 

animals per group and the experiments were repeated three 

times. Statistical analysis was performed by the two-sided Mann-
Whitney test using the IBM SPSS Statistics software (v.24). P 

values less than 0.05 were considered to indicate statistical 

significance. 

 

Results  
Recombinant LieIF induces the Upregulation of CD80 

and CD86 Co-Stimulatory Molecules in J774A.1 

Macrophages  
 

LieIF was expressed and purified by Ni-affinity chromatography 

and its purity was more than 90% (Figure 1). Firstly, the 
phenotypic changes of murine macrophages in response to LieIF 

were analyzed; since the expression of co-stimulatory molecules 

(e.g. CD80, CD86) on APCs, macrophages and DCs, is critical 
in shaping the extent and nature of immune responses [37]. 



Prime Archives in Immunology: 2
nd

 Edition 

16                                                                                www.videleaf.com 

LieIF-stimulated macrophages were labeled with antibodies 

directed against the B7 surface markers (CD80 and CD86). 
FACS analysis showed that stimulation of J774A.1 macrophages 

with LieIF induced a significant increase in the expression of 

CD80 and CD86 co-stimulatory molecules in terms of MFI 

(Figures 4(a) and 4(c)) along with the percentage (%) of J774A.1 
cells (Figures 4(b) and 4(c)). Specifically, LieIF-stimulated 

macrophages exhibited a 1.3 –fold increase of MFI of cells 

expressing both CD80 and CD86 molecules (Figures 4(a) and 
4(c)) along with a 1.3- and a 2.2 -fold increase of % of J774A.1 

cells expressing CD80 (62.1 ± 2.5% vs 49.4 ± 4.8%) and CD86 

(41.8 ± 4.8% vs 19.2 ± 1.05%), respectively, as compared with 
unstimulated cells (Figures 4(b) and 4(c)). It is also noteworthy 

that LieIF-stimulated macrophages exhibited similar expression 

of CD80 and CD86 molecules as compared to the expression 

caused by LPS-stimulated cells (p = 0.386 and 0.657, 
respectively) (Figure 4). 
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Figure 4: Effect of recombinant LieIF protein on the expression of co-
stimulatory molecules by J774A.1 macrophages. Macrophages were stimulated 
with recombinant LieIF (10 µg/mL) for 24 h and the expression of CD80 and 

CD86 molecules was measured using FACS with the use of specific 
monoclonal fluorochrome-labelled antibodies. Macrophages stimulated with 
LPS (1 µg/mL) were used as the positive control while unstimulated cells were 
used as the negative control. The results are expressed as (a) median 
fluorescent intensity (MFI) and (b) percentage (%) of macrophages expressing 
CD80 and CD86 molecules. Data are presented as mean values ± SD of three 
independent experiments. (c) Histogram overlays are representative of one 
experiment. * indicates statistically significant differences as compared to the 

negative control. 

 

Recombinant LieIF Induces the Production of Nitric 

Oxide and MIP-1α Chemokine by J774A.1 

Macrophages 

 

NO production is a marker for macrophage activation and one of 
the major antimicrobial mechanisms of macrophages. Indeed, 

sustained production of NO endows macrophages with cytotoxic 

activity against viruses, bacteria, fungi, protozoa, helminths, and 
tumor cells [38]. NO levels were measured in culture 

supernatants of J774A.1 macrophages after their in vitro 

stimulation with LieIF and the amount of the released NO is 
given in Figure 5. The obtained data indicated that NO 

production in LieIF-stimulated cells was significantly higher 

(141.89 ± 44.63 ng/mL) as compared to unstimulated cells 

(47.77 ± 6.9 ng/mL, p = 0.004) and the amount of produced NO 
was almost equal to the levels produced by the LPS-stimulated 

J774A.1 cells (113.15 ± 25.33 ng/mL, p = 0.327) (Figure 5).  
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On the other hand, chemokines play an important role in the 

selective movement of leucocytes into areas of inflammation 
[39]. Macrophage inflammatory protein-1 alpha (MIP-1α) is a 

member of the CC chemokine family and is a chemotactic 

attractant for lymphocytes, monocytes and eosinophils [40]. 

MIP-1α levels were also measured in culture supernatants of 
J774A.1 macrophages after their in vitro stimulation with LieIF 

and the amount of the produced MIP-1α is also shown in Figure 

5. Clearly, LieIF induced the secretion of statistically significant 
amounts of MIP-1α chemokine by J774A.1 macrophages in vitro 

as compared to unstimulated cells (402.76 ± 42.6 pg/mL vs 

337.15 ± 34.5 pg/mL, p = 0.045) while these amounts were 
similar to those produced by LPS-stimulated J774A.1 

macrophages (391.47 ± 32.78 pg/mL, p = 0.855). 

 

 
Figure 5: Effect of recombinant LieIF protein on nitric oxide (ng/mL) and 
MIP-1α (pg/mL) production by J774A.1 macrophages. Macrophages were 

stimulated with recombinant LieIF (10 µg/mL) and LPS (1 µg/mL). 
Unstimulated cells were used as the negative control. After 24 h, the cell 
supernatants were collected and NO and MIP-1α secretion were measured by 
Griess reaction and ELISA, respectively. The results are presented as the mean 
± SD and data shown are representative of three independent experiments. * 
indicates statistically significant differences as compared to the negative 
control. 
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Effect of Recombinant LieIF Co-Administered with 

OVA Antigen on the Innate Immune Response Elicited 

after Intraperitoneal Injection   
 

BALB/c mice were intraperitoneally immunized either with 

OVA antigen alone or with LieIF protein together with OVA 

antigen dissolved in PBS, or PBS alone as negative control, as it 
is shown in Figure 2(a). At 2 and 24 h after injection, PEC were 

harvested in order to determine the primary response induced. 

The expression of proinflammatory immune genes and immune 
mediators that may indicate the capacity of LieIF to trigger 

locally in vivo an immunological profile describing an adjuvant 

activity, was measured.  

 

Recombinant LieIF induces a Proinflammatory 

Environment at the Injection Site  
 
Most of the times, adjuvants are associated with the transient 

secretion of cytokines and chemokines which mediates the 

formation of a local proinflammatory environment composed of 
various immune cells recruited to the injection site [41]. 

Production of IL-1β, IL-6 and TNF-α cytokines is one of 

hallmarks of the inflammatory response and play an important 

role in the initiation of innate immunity [42,43]. The relative 
expression of TNF-α, IL-1β and NF-kB2 genes was determined 

by real-time PCR at 2 h post-immunization. Obtained data 

demonstrated that co-administration of OVA-LieIF is able to 
induce a proinflammatory environment at the injection site as 

illustrated by the elevated gene expressions. More specifically, 

TNF-α gene expression in PEC from OVA-LieIF-immunized 
mice was 25.8- and 1.6-fold upregulated compared to the 

corresponding expression level in PEC from PBS- and OVA-

immunized mice (p = 0.037 and 0.456, respectively; Figure 

2(b)). Furthermore, the IL-1β gene expression in mice that 
received OVA-LieIF was 585- and 61.5- fold upregulated as 

compared to that in PBS- and OVA-immunized mice (p ≤ 0.050; 

Figure 2(b)). At last, we determined the expression of two 
members of the NF-κB family; NF-κB1 and NF-κB2 genes that 

play an important role in the regulation of immune and 

inflammatory responses. We observed an upregulation of 648- 
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and 40.6- fold of NF-κB2 gene expression in PEC from OVA-

LieIF-immunized mice versus the control groups of PBS- and 
OVA-immunized mice, respectively (p ≤ 0.050; Figure 2(b)). 

The NF-κB1 gene expression was equal in mice of both 

immunized groups (data not shown).  

 

Effect of Recombinant LieIF on the Functional Maturation 

of PEC  
 
At first, changes in the expression of co-stimulatory molecules in 

PEC, elicited by OVA-LieIF intraperitoneal co-administration, 

were analyzed and it was found that PEC derived from OVA-
LieIF-immunized mice exhibited elevated expression of CD80 

molecule in terms of MFI along with the percentage (%) of cells 

(Figure 2(c)). Specifically, PEC from OVA-LieIF-immunized 

mice exhibited a 1.3 –fold increase of MFI as compared with 
both PBS- and OVA- immunized mice (p ≤ 0.050) at 24 h post 

injection. Moreover, OVA-LieIF-immunized mice exhibited an 

elevated number of cells expressing CD80 (24.6 ± 4.9%) as 
compared with PBS- (17.1 ± 2.4%) and OVA- (16.9 ± 0.4%) 

immunized mice (p = 0.023 and 0.004, respectively), at 24 h post 

injection (Figure 2(c)). No upregulated expression of CD86 was 
induced by OVA-LieIF or OVA administration (Figure 2(c)). 

 

Moreover, the NO levels in culture supernatants of PEC obtained 

from immunized mice of each experimental group, were also 
determined. In vitro restimulation of PEC with LieIF alone or 

LieIF + IFN-γ led to increased NO production in all 

experimental groups as compared with the NO produced from 
unstimulated cells (p values ranging from 0.009 to 0.034) 

(Figure 2(d)). Likewise, stimulation with LieIF + IFN-γ resulted 

also in equal or higher amounts of NO production in all 

experimental groups, as stimulation with LPS or LPS + IFN-γ, 
respectively (recorded p values 0.046, 0.050, 0.275 and 0.289) 

(Figure 2(d)). Unstimulated cells derived from OVA-LieIF-

immunized mice demonstrated a moderate increase of NO 
production when compared to the PBS- or OVA- immunized 

mice (p = 0.091). Of note, the immunization with OVA-LieIF 

promoted noticeably increased NO levels upon stimulation with 
LieIF or LieIF + IFN-γ as compared with PBS- and OVA- 
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immunized mice also re-stimulated with LieIF ± IFN-γ (p values 

0.046 and 0.009) (Figure 2(d)). Overall, the data on NO 
production indicated that LieIF promoted macrophage activation 

when administered in vivo.  

 

Next, it was determined whether co-administration of OVA-
LieIF elicited the production of MIP-1α, the known chemotactic 

attractant for lymphocytes. MIP-1α was measured in PEC culture 

supernatants after in vitro restimulation with LieIF ± IFN-γ and 
LPS ± IFN-γ for 24 h. The obtained data showed that the 

secreted levels of MIP-1α were significantly higher in 

supernatants of PEC restimulated in vitro with recombinant 
LieIF ± IFN-γ than those of unstimulated cells (p values ranging 

from 0.009 to 0.018), for all the experimental groups  (Figure 

2(e)). It was also noticed that stimulation with LieIF + IFN-γ 

resulted in equal or higher levels of secreted MIP-1α in all 
experimental groups, as compared to those induced by 

stimulation with LPS or LPS + IFN-γ, respectively (recorded p 

values 0.018, 0.237 and 1.000) (Figure 2(e)). It is noteworthy 
that the induction of MIP-1α secretion was significantly 

enhanced in unstimulated PEC derived from OVA-LieIF-

immunized mice than that of corresponding secretion from the 
PBS- or OVA- immunized mice (p = 0.018). Moreover, OVA-

LieIF-immunized mice had an enhanced MIP-1α production 

upon stimulation with LieIF ± IFN-γ (Figure 2(e)), as compared 

to PBS- and OVA- immunized mice (recorded p values 0.009, 
0.083 and 0.237). 

 

Assessment of the Effect of Recombinant LieIF on the 

Response of Innate Immune Cells  
 
BALB/c mice were either immunized with LieIF protein together 

with an equal amount of OVA antigen (OVA-LieIF), or with 

alum plus OVA (OVA-alum), while other mice received OVA 

antigen alone. Mice of the negative control group received sterile 
PBS (Figure 3(a)). The innate immune response to LieIF in the 

peritoneum, 6 and 24 h after immunization, was investigated.  

 
Within 24 h after injection, OVA-LieIF administration induced a 

marked increase of Ly6G
+
-CD11b

+
 neutrophils, as compared to 
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PBS- and OVA- immunized mice (p = 0.034 and 0.025, 

respectively; Figure 3(b)). The effect of LieIF on the recruitment 
of neutrophils was similar to alum (p = 0.456; Figure 3(b)). 

Furthermore, at the same time point, as compared to PBS- 

immunized mice, OVA-LieIF led to a significant recruitment of 

inflammatory Ly6C
+
-CD11b

+
 monocytes (p = 0.023; Figure 

3(b)), previously shown to be immediate precursors for DCs [44, 

45]. As it is shown here, LieIF leads to the recruitment of cells 

that coincide to key players of the inflammatory reaction such as 
neutrophils and monocytes. The results reported here revealed 

that the alterations in peritoneal cell populations elicited by co-

administration of OVA-LieIF almost mimicked the alterations 
elicited by alum.  

 

It has been demonstrated that alum induces a strong neutrophilic 

influx accompanied by the production of IL-1β, akin to the 
response seen when the endogenous danger signal, uric acid, is 

injected into the peritoneal cavity [46,47]. Kool M. et al 

demonstrated that the immunopotentiating effect of alum 
depends on the induction of uric acid. In the present study, we 

checked if the immunopotentiating effect described above and 

attributed to LieIF, was mediated by the presence of uric acid 
acting as a danger signal. Our results indicated that the 

administration of LieIF did not reveal an increase in uric acid 

levels (Figure 3(c)), suggesting the induction of a different 

mechanism of attraction of cells to the peritoneal cavity as 
compared to that induced by alum. 
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Figure 3: In vivo effect of recombinant LieIF protein on the response of innate 
immune cells. a) Schematic representation of the experimental protocol. 
Female BALB/c mice were i.p. injected in the right quadrant with 500 µL of 
LieIF suspension (10 µg/mouse) in sterile PBS containing equal quantity of 

OVA protein (10 µg/mouse) (OVA-LieIF) or with 500 µL of OVA suspension 
(10 µg/mouse) in sterile PBS. Mice of the positive control received the known 
adjuvant alum (10 mg/mouse) in combination with OVA (10 µg/mouse) (OVA-
alum). Mice receiving only PBS were also included. Six and 24 h after 
injection, the peritoneal exudate cells (PEC) were harvested with 5 mL of ice-
cold PBS. b) Recombinant LieIF protein recruits innate immune cells to the 

peritoneal cavity. Six and 24 h after immunization, the peritoneal lavage was 
harvested and the percentages of neutrophils (Ly6G+-CD11b+), monocytes 

(Ly6C+-CD11b+) and macrophages (F4/80+-CD11b+) were determined by 
FACS. Results are presented in 2-D line charts and in representative contour 
plots. * indicates statistical difference compared with the PBS-immunized mice 
(negative control group) and ** indicates statistical difference compared to 
OVA-immunized mice. c) The immunopotentiating effect of LieIF does not 

depend on the production of uric acid. The levels of uric acid (mg/dL) were 
measured in serum of immunized mice using the enzymatic colorimetric 
uricase PAP method. The results are presented as the mean ± SD and data 

shown are representative of three independent experiments. * indicates 
statistically significant differences as compared to the negative control. 
 

Discussion  
 

Only a handful of adjuvants are approved for prophylactic 
vaccination of humans, despite their obvious benefits, decades of 

research and hundreds of pre-clinical candidates [11]. Failures of 
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adjuvants during the development phase are related to the 

manufacturing process (e.g. lack of a reproducible formulation, 
negative impact on antigen stability) or to local or systemic 

adverse events [12]. Recent advances in the immune pathways 

involved in the modulation of the host protective immune 

response have opened new avenues to design improved vaccine 
adjuvants [12].  

 

In this study, we have demonstrated that the recombinant 
Leishmania infantum eukaryotic Initiation Factor (LieIF) acts as 

a prostimulatory agent on monocytic cell types in in vitro and in 

vivo assays by inducing innate immune responses and could be 
considered as a potential molecular adjuvant. Initially, LeIF had 

been proven as a potent inducer of immunity exhibiting 

advantageous immunomodulatory properties such as the 

induction of production of IL-12, IL-10 and TNF-α by 
monocytes, macrophages and DCs derived from healthy 

volunteers [20,22,23]. Moreover, we have recently demonstrated 

using reverse vaccinology approaches that selected parts of LieIF 
can be used to develop innovative subunit protective vaccine 

candidates able to induce effective immunity mediated by MHC 

class I-restricted as well as class II-restricted T-cell responses 
[48,49]. Additionally, LeIF has been harnessed as vaccine 

adjuvant targeted to cancer [29]. Collectively, these data 

suggested the potential of LeIF as a vaccine adjuvant that 

deserves further investigation. Our study features a number of 
important strengths towards the assessment of its adjuvant 

properties in in vitro and in vivo assays. To our knowledge, this 

is the first study that evaluated the ability of LieIF protein to 
induce the upregulation of both CD80 and CD86 macrophage 

surface molecules which is indispensable for the activation of T 

cells by APCs [50]. Also, we have demonstrated that LieIF 

induced increased expression of co-stimulatory molecules CD86, 
CD80 and CD40 in murine BMDCs (unpublished data), in 

consistence with another study where L. braziliensis eIF protein 

(LbeIF), having 98% identity with LieIF, was reported to induce 
upregulation of CD80 on human monocyte-derived macrophages 

[20]. Moreover, in the present study, we explored the ability of 

LieIF to activate host macrophages as demonstrated by the 
production of NO and MIP-1α chemokine in the supernatants of 
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LieIF-stimulated J774A.1 macrophages [22]. These immune 

mediators are regulators of inflammatory responses since NO is 
an effector molecule in macrophage-mediated cytotoxicity [51] 

and MIP-1α is a chemoattractant mediator to a variety of cells 

including monocytes, eosinophils, and T and B cells to sites of 

infection, leading to the clearance of the microorganisms [52]. 
 

The introduction of an adjuvant in new vaccine formulation or in 

already licensed vaccine is still a challenge and may take several 
years of intensive research [15]. Thus, the understanding of their 

mechanism(s) of action would facilitate the acceleration of the 

development of effective adjuvants. In this regard, we further 
evaluated the potential of LieIF to provide adjuvant properties in 

an in vivo murine experimental model. Although, as mentioned 

above, some reports have indicated that LeIF is a natural Th1-

type adjuvant [21], this is the first study documenting the 
adjuvant properties of LieIF using a murine model. In the present 

study, noticeable side effects such as abnormal behavior were 

not observed after intraperitoneal administration of LieIF. 
Analysis of immune parameters, such as phenotypic and 

functional differentiation of the cells locally recruited in the 

peritoneum after LieIF administration, revealed that LieIF 
protein is able to confer adjuvant properties to OVA, a soluble 

protein antigen, when both were intraperitonealy administered, 

as illustrated by the upregulated expression of the CD80 

molecule and the increased production of NO and MIP-1α in 
PEC. Macrophage activation induced by the immunization of 

mice with OVA-LieIF was demonstrated by induction of NO 

synthesis in response to in vitro re-stimulation with recombinant 
LieIF protein. Immunization with OVA antigen alone did not 

enhance NO production by PEC even after stimulation with LPS 

or LPS + IFN-γ. Furthermore, a significant MIP-1α release was 

observed in culture supernatants of PEC derived from OVA-
LieIF immunized mice compared to other experimental groups 

after different potent in vitro stimulations. Moreover, a number 

of observations support that a cluster of genes encoding 
cytokines, innate immune receptors, interferon-induced genes 

and gene encoding adhesion molecules are defined as “adjuvant 

core response genes” since they have been found to be 
modulated by adjuvants such as alum, MF59 and CpG-ODN at 
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the injection site [53]. To this end, we determined the relative 

expression of two prototypic proinflammatory cytokines, IL-1β 
and TNF-α and demonstrated that LieIF induced significant 

higher levels of IL-1β and TNF-α genes expression in PEC as 

early as 2 h post-immunization. Collectively, the above data 

demonstrate that proinflammatory signals elicited by LieIF result 
to a proinflammatory environment at the injection site and this is 

indeed a mechanism common to various known adjuvants [41]. 

 
To more critically address the adjuvant properties of LieIF, we 

used a similar approach which had been used for alum, a widely 

used adjuvant in humans [16]. Mice were immunized with LieIF 
in combination with the poorly immunogenic OVA antigen in 

order to assess the cellular recruitment into the peritoneal lavage-

fluid. We found that LieIF was effective to provoke similar 

recruitment of immune cells at the injection site as compared to 
alum, namely increased frequencies of neutrophils and 

monocytes at 24 h post-immunization, even though, in contrast 

with alum, the immunopotentiating effect of LieIF was not 
mediated by uric acid danger signal.  

 

In conclusion, the present study provides evidence that LieIF 
acts as an immune potentiator by inducing a proinflammatory 

environment at the injection site that enables the recruitment of 

innate immune cells, induces cytokine expression, activates 

macrophages and exhibits stimulatory effects for antigen 
presentation.  

 

Conclusions 
 
In this study, we demonstrate the adjuvant properties of LieIF 

that collectively suggest its potential use for novel vaccine 

formulations. LieIF induces the upregulation of CD80 and CD86 

co-stimulatory molecules, as well as the production of the NO 
and MIP-1α immune mediators in vitro, by J774A.1 

macrophages. Moreover, LieIF is able to promote macrophage 

activation and to induce a proinflammatory environment at the 
injection site after its intraperitoneal co-administration with 

OVA antigen in a murine model. Additionally, LieIF leads to the 
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recruitment of neutrophils and monocytes at the injection site, 

similar to alum’s effect. 
 

References 
 

1. Susanne Rauch, Edith Jasny, Kim E Schmidt, Benjamin 

Petsch. New Vaccine Technologies to Combat Outbreak 
Situations. Front Immunol. 2018; 9: 1963. 

2. Lee S, MT Nguyen. Recent advances of vaccine adjuvants 

for infectious diseases. Immune Netw. 2015; 15: 51-57. 
3. Wayne C Koff, Dennis R Burton, Philip R Johnson, Bruce D 

Walker, Charles R King, et al. Accelerating next-generation 

vaccine development for global disease prevention. Science. 

2013; 340: 1232910. 
4. Vogel FR. Adjuvants in perspective. Dev Biol Stand. 1998; 

92: 241-248. 

5. Reed SG, MT Orr, CB Fox. Key roles of adjuvants in 
modern vaccines. Nat Med. 2013; 19: 1597-608. 

6. Samuele Calabro, Marco Tortoli, Barbara C Baudner, 

Alessandra Pacitto, Mario Cortese, et al. Vaccine adjuvants 
alum and MF59 induce rapid recruitment of neutrophils and 

monocytes that participate in antigen transport to draining 

lymph nodes. Vaccine. 2011; 29: 1812-1823. 

7. Petrovsky N, JC Aguilar. Vaccine adjuvants: current state 
and future trends. Immunol Cell Biol. 2004; 82: 488-496. 

8. Jennifer H Wilson-Welder, Maria P Torres, Matt J Kipper, 

Surya K Mallapragada, Michael J Wannemuehler, et al. 
Vaccine adjuvants: current challenges and future approaches. 

J Pharm Sci. 2009; 98: 1278-316. 

9. MV Sanchez, RJ Eliçabe, MS Di Genaro, MJ Germanó, S 
Gea, et al. Total Leishmania antigens with Poly(I:C) induce 

Th1 protective response. Parasite Immunol. 2017; 39. 

10. Huub FJ Savelkoul, Valerie A Ferro, Marius M Strioga, 

Virgil E J C Schijns. Choice and Design of Adjuvants for 
Parenteral and Mucosal Vaccines. Vaccines (Basel). 2015; 3: 

148-171. 

11. Juliana de Souza Apostólico, Victória Alves Santos 
Lunardelli, Fernanda Caroline Coirada, Silvia Beatriz 

Boscardin, Daniela Santoro Rosa. Adjuvants: Classification, 



Prime Archives in Immunology: 2
nd

 Edition 

29                                                                                www.videleaf.com 

Modus Operandi, and Licensing. J Immunol Res. 2016; 

2016: 1459394. 
12. M Lamine Mbow, Ennio De Gregorio, Nicholas M Valiante, 

Rino Rappuoli. New adjuvants for human vaccines. Current 

Opinion in Immunology. 2010; 22: 411-416. 

13. Sharon Hutchison, Robert A Benson, Vivienne B Gibson, 
Abigail H Pollock, Paul Garside,et al. Antigen depot is not 

required for alum adjuvanticity. FASEB J. 2012; 26: 1272-

1279. 
14. Marrack P, AS McKee, MW Munks. Towards an 

understanding of the adjuvant action of aluminium. Nat Rev 

Immunol. 2009; 9: 287-293. 
15. Del Giudice G, R Rappuoli, AM Didierlaurent. Correlates of 

adjuvanticity: A review on adjuvants in licensed vaccines. 

Semin Immunol. 2018; 39: 14-21. 

16. Mirjam Kool, Thomas Soullié, Menno van Nimwegen, 
Monique A M Willart, Femke Muskens, et al. Alum adjuvant 

boosts adaptive immunity by inducing uric acid and 

activating inflammatory dendritic cells. J Exp Med. 2008; 
205: 869-882. 

17. Salvador Iborra, José Carlos Solana, José María Requena, 

Manuel Soto. Vaccine candidates against leishmania under 
current research. Expert Rev Vaccines. 2018; 17: 323-334. 

18. Mutiso JM, JC Macharia, MM Gicheru. A review of 

adjuvants for Leishmania vaccine candidates. J Biomed Res. 

2010; 24: 16-25. 
19. YA Skeiky, M Kennedy, D Kaufman, MM Borges, JA 

Guderian, et al. LeIF: a recombinant Leishmania protein that 

induces an IL-12-mediated Th1 cytokine profile. J Immunol. 
1998; 161: 6171-6719. 

20. P Probst, YA Skeiky, M Steeves, A Gervassi, KH Grabstein, 

et al. A Leishmania protein that modulates interleukin (IL)-

12, IL-10 and tumor necrosis factor-alpha production and 
expression of B7-1 in human monocyte-derived antigen-

presenting cells. European Journal of Immunology. 1997; 27: 

2634-2642. 
21. YA Skeiky, JA Guderian, DR Benson, O Bacelar, EM 

Carvalho, et al. A recombinant Leishmania antigen that 

stimulates human peripheral blood mononuclear cells to 



Prime Archives in Immunology: 2
nd

 Edition 

30                                                                                www.videleaf.com 

express a Th1-type cytokine profile and to produce 

interleukin 12. J Exp Med. 1995; 181: 1527-1537. 
22. Barhoumi M. Leishmania infantum LeIF and its recombinant 

polypeptides modulate interleukin IL-12p70, IL-10 and 

tumour necrosis factor-alpha production by human 

monocytes. Parasite Immunol. 2011; 33: 583-588. 
23. M Barhoumi, A Meddeb-Garnaoui, N K Tanner, J 

Banroques, B Kaabi, et al. DEAD-box proteins, like 

Leishmania eIF4A, modulate interleukin (IL)-12, IL-10 and 
tumour necrosis factor-alpha production by human 

monocytes. Parasite Immunol. 2013; 35: 194-199. 

24. Olga Koutsoni, Mourad Barhoumi, Ikram Guizani, Eleni 
Dotsika. Leishmania eukaryotic initiation factor (LeIF) 

inhibits parasite growth in murine macrophages. PLoS One. 

2014; 9: e97319. 

25. Yasir A W Skeiky, Rhea N Coler, Mark Brannon, Erika 
Stromberg, Kay Greeson, et al. Protective efficacy of a 

tandemly linked, multi-subunit recombinant leishmanial 

vaccine (Leish-111f) formulated in MPL (R) adjuvant. 
Vaccine. 2002; 20: 3783-3783. 

26. Rhea N Coler, Yasuyuki Goto, Lisa Bogatzki, Vanitha 

Raman, Steven G Reed. Leish-111f, a recombinant 
polyprotein vaccine that protects against visceral 

leishmaniasis by elicitation of CD4(+) T cells. Infection and 

Immunity. 2007; 75: 4648-4654. 

27. Shun-Ichi Sakai, Yasuhiro Takashima, Yoshitsugu 
Matsumoto, Steven G Reed, Yoshihiro Hayashi, et al. 

Intranasal immunization with Leish-111f induces IFN-

gamma production and protects mice from Leishmania major 
infection. Vaccine. 2010; 28: 2207-2213. 

28. Iván D Vélez, Katherine Gilchrist, Sofía Martínez, José R 

Ramírez-Pineda, Jill A Ashman, et al. Safety and 

immunogenicity of a defined vaccine for the prevention of 
cutaneous leishmaniasis. Vaccine. 2009; 28: 329-337. 

29. Barratt-Boyes SM, A Vlad, OJ Finn. Immunization of 

chimpanzees with tumor antigen MUC1 mucin tandem 
repeat peptide elicits both helper and cytotoxic T-cell 

responses. Clin Cancer Res. 1999; 5: 1918-1924. 

30. F D'Acquisto, T Iuvone, L Rombolà, L Sautebin, M Di Rosa, 
et al. Involvement of NF-kappaB in the regulation of 



Prime Archives in Immunology: 2
nd

 Edition 

31                                                                                www.videleaf.com 

cyclooxygenase-2 protein expression in LPS-stimulated J774 

macrophages. FEBS Lett. 1997; 418: 175-178. 
31. Eliver Eid Bou Ghosn, Alexandra A Cassado, Gregory R 

Govoni, Takeshi Fukuhara, Yang Yang, et al. Two physically, 

functionally, and developmentally distinct peritoneal 

macrophage subsets. Proceedings of the National Academy 
of Sciences of the United States of America. 2010; 107: 

2568-2573. 

32. Tsikas D. Analysis of nitrite and nitrate in biological fluids 
by assays based on the Griess reaction: appraisal of the 

Griess reaction in the L-arginine/nitric oxide area of 

research. J Chromatogr B Analyt Technol Biomed Life Sci. 
2007; 851: 51-70. 

33. Ioannis D Kyriazis, Olga S Koutsoni, Nektarios Aligiannis, 

Kalliopi Karampetsou, Alexios-Leandros Skaltsounis, et al. 

The leishmanicidal activity of oleuropein is selectively 
regulated through inflammation- and oxidative stress-related 

genes. Parasit Vectors. 2016; 9: 441. 

34. Aggarwal BB, K Mehta. Determination and regulation of 
nitric oxide production from macrophages by 

lipopolysaccharides. cytokines, and retinoids. Methods 

Enzymol. 1996; 269: 166-171. 
35. Livak KJ, TD Schmittgen. Analysis of relative gene 

expression data using real-time quantitative PCR and the 

2(T)(-Delta Delta C) method. Methods. 2001; 25: 402-408. 

36. Kageyama N. A direct colorimetric determination of uric 
acid in serum and urine with uricase-catalase system. Clin 

Chim Acta. 1971; 31: 421-426. 

37. Nargis Khan, Uthaman Gowthaman, Susanta Pahari, Javed N 
Agrewala. Manipulation of costimulatory molecules by 

intracellular pathogens: veni, vidi, vici!! PLoS Pathog. 2012; 

8: e1002676. 

38. MacMicking J, QW Xie, C Nathan. Nitric oxide and 
macrophage function. Annu Rev Immunol. 1997; 15: 323-

350. 

39. Zlotnik A, O Yoshie. Chemokines: A new classification 
system and their role in immunity. Immunity. 2000; 12: 121-

127. 

40. Hatano Y, K Katagiri, S Takayasu. Increased levels in vivo of 
mRNAs for IL-8 and macrophage inflammatory protein-1 



Prime Archives in Immunology: 2
nd

 Edition 

32                                                                                www.videleaf.com 

alpha (MIP-1 alpha), but not of RANTES mRNA in 

peripheral blood mononuclear cells of patients with atopic 
dermatitis (AD). Clin Exp Immunol. 1999; 117: 237-243. 

41. Awate S, LA Babiuk, G Mutwiri. Mechanisms of action of 

adjuvants. Front Immunol. 2013; 4: 114. 

42. Baowei Su, Junpeng Wang, Xiao Wang, Huali Jin, Gan 
Zhao, et al. The effects of IL-6 and TNF-alpha as molecular 

adjuvants on immune responses to FMDV and maturation of 

dendritic cells by DNA vaccination. Vaccine. 2008; 26: 
5111-5122. 

43. Mübeccel Akdis, Alar Aab, Can Altunbulakli, Kursat Azkur, 

Rita A Costa, et al. Interleukins (from IL-1 to IL-38), 
interferons, transforming growth factor beta, and TNF-alpha: 

Receptors, functions, and roles in diseases. J Allergy Clin 

Immunol. 2016; 138:  984-1010. 

44. GJ Randolph, K Inaba, DF Robbiani, RM Steinman, WA 
Muller. Differentiation of phagocytic monocytes into lymph 

node dendritic cells in vivo. Immunity. 1999; 11: 753-761. 

45. Geissmann F, S Jung, DR Littman. Blood monocytes consist 
of two principal subsets with distinct migratory properties. 

Immunity. 2003; 19: 71-82. 

46. Chun-Jen Chen, Yan Shi, Arron Hearn, Kate Fitzgerald, 
Douglas Golenbock, et al. MyD88-dependent IL-1 receptor 

signaling is essential for gouty inflammation stimulated by 

monosodium urate crystals. Journal of Clinical Investigation. 

2006; 116: 2262-2271. 
47. Fabio Martinon, Virginie Pétrilli, Annick Mayor, Aubry 

Tardivel, Jürg Tschopp. Gout-associated uric acid crystals 

activate the NALP3 inflammasome. Nature. 2006; 440: 237-
241. 

48. Olga S Koutsoni, John G Routsias, Ioannis D Kyriazis, 

Mourad Barhoumi, Ikram Guizani, et al. In silico analysis 

and in vitro evaluation of immunogenic and 
immunomodulatory properties of promiscuous peptides 

derived from Leishmania infantum eukaryotic initiation 

factor. Bioorg Med Chem. 2017; 25: 5904-5916. 
49. Maria Agallou, Evita Athanasiou, Olga Koutsoni, Eleni 

Dotsika, Evdokia Karagouni. Experimental Validation of 

Multi-Epitope Peptides Including Promising MHC Class I- 



Prime Archives in Immunology: 2
nd

 Edition 

33                                                                                www.videleaf.com 

and II-Restricted Epitopes of Four Known Leishmania 

infantum Proteins. Front Immunol. 2014; 5: 268. 
50. Lenschow DJ, TL Walunas, JA Bluestone. CD28/B7 system 

of T cell costimulation. Annu Rev Immunol. 1996; 14: 233-

258. 

51. Riku Korhonen, Aleksi Lahti, Hannu Kankaanranta, Eeva 
Moilanen. Nitric oxide production and signaling in 

inflammation. Curr Drug Targets Inflamm Allergy. 2005; 4: 

471-479. 
52. Menten P, A Wuyts, J Van Damme. Macrophage 

inflammatory protein-1. Cytokine Growth Factor Rev. 2002; 

13: 455-481. 
53. F Mosca, E Tritto, A Muzzi, E Monaci, F Bagnoli, et al. 

Molecular and cellular signatures of human vaccine 

adjuvants. Proc Natl Acad Sci U S A. 2008; 105: 10501-

10506. 
 

 


