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Introduction
Eicosanoids are a group of lipid mediators derived from the fatty 

arachidonic acid [1]. After release from membrane phospholipids by 
cytosolic phospholipase A2 action, arachidonate is further metabolized 
by the 5-lipoxygenase (5-LO) pathway into leukotrienes (LTs). LTs 
include both leukotriene B4 (LTB4) and the cysteinyl LTs (cysLTs) C4, 
D4, and E4, and they are synthesized mainly by leukocytes [2].

LTs are well known to promote leukocyte accumulation by 
increasing their generation in the bone marrow, their extravasation 
into tissues and survival at sites of inflammation. They also activate 
macrophages to release other proinflammatory mediators, such as 
TNF-α, IL-6, and IL-8, and growth factors such as fibroblast growth 
factor [3].

Here in this review we provide some studies involving the 
administration of LTB4 in several animal and human models of 
infection and we explore the advantages of the microencapsulated 
LTB4 as innovative pharmaceutical approach.

Since 2005, our group has constructed a research line by studying 
a biodegradable microparticulate system to deliver LTs, especially 
LTB4, which could be tested in different in vitro/in vivo models. This 
technology brought to us the perspective to explore new strategies 
concerning the protection of lipid mediator molecule against oxidation 
and hydrolysis processes and also the sustained release of the LTs from 
microspheres to cell compartments at different models of infections.

Endogenous Production of LtB4 and the Cellular Scenario in 
the Immunological Response

The potent chemoattractant LTB4 binds, preferentially, to 
the high affinity LTB4 receptor-1 (BLT1), which is present on 
polymorphonuclear neutrophils [4], eosinophils [3], effector T cells 
[5], peritoneal macrophages [6], dendritic cells [7], and mast cells [8]. 
The attachment of BLT1 by LTB4 triggers a variety of cellular events 
e.g.: phosphoinositide-3 kinase and Akt, chemotaxis, intracellular Ca2+ 

mobilization, activation of extracellular signal-regulated kinase 1 and 
2, degranulation, and/or the production of inflammatory proteins [2]. 

Despite evidences of general effects in proinflammatory responses, 
recent studies are trying to elucidate specific mechanisms by which 
LTB4 drives effective host defense. Recently, authors have demonstrated 
that LTB4/BLT1 ligation is indispensable for activation of Myeloid 
Differentiation Factor 88 (MyD88). This protein is responsible for 
signaling mediators through all of the known TLRs, except TLR3, and 
for producing IL-18, IL-1 β and NF- κB activation. The evidences suggest 
that LTB4 signal transduction is indispensable for activation and/or 
increases Myd88 gene expression in macrophages and consequently 
produces responses against a variety of experimental infections [6]. In 
addition to its direct impact on TRLs signal transduction, LTB4 also 
triggers the up-regulation of β2-integrins on monocyte surface [9]. 

Other evidence between LTB4/BLT1 and innate immunity is about 
phagocytosis by macrophages. These cells act engulfing opsonized 
particles through the action of the receptors that recognize IgG Fc 
portion. Some authors have suggested the direct cross-talk between 
LTB4/BLT1 and IgG-Fc on macrophage´s signaling, when they show 
that FcγRs-dependent phagocytosis was attenuated in BLT1-deficient 
macrophages as compared with wild-type cells. Moreover, LTB4/BLT1 
signaling restores phagocytosis in the absence of FcγRs signaling [10]. 

Regarding dendritic cells (DCs), LTB4 produced from others cells is 
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Recent evidences support that leukotrienes (LTs) are important molecules in innate and also adaptive immune 

responses. Some features of these lipid mediators include their ability to be synthesized by a variety of cell types, 
their diverse antimicrobial actions, and their interactions with other important mediators. More specifically, leukotriene 
B4 (LTB4) displays protective effect against infections, such as fungal pneumonia, those caused by helminths and 
bacterial peritonitis. With respect to histoplasmosis, the fungal infection caused by Histoplasma capsulatum, our 
group has previously demonstrated that these mediators are the main chemoattractants involved in the cell migration 
induced by the fungus. Regarding new attempts to enhance host antimicrobial response against histoplasmosis, 
over the last years, we have proposed the employment of a biodegradable microparticulate system, which could 
release LTB4 to the lungs, as an alternative strategy to treat airway infectious diseases. Here we provide some 
studies involving the administration of this lipid mediator in several animal and human models of infection and we 
explore the advantages of the microencapsulated LTB4 as innovative pharmaceutical approach.
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important for NF- κB activation and starting IL-12 production through 
LTB4/BLT1 signal transduction. LTB4 produced by DCs is important 
as autocrine mechanism to cell migration. Consequently, the absence 
of BLT1 in experimental mice reduced DC stimulatory effects on the 
allogeneic naïve T cells to produce IFN-γ and TNF-α [7]. 

Innate immunity is dependent on neutrophils, which are 
responsible to synthesize LTs and to release antimicrobial peptides. 
The generation and function of this lysosomal enzyme are regulated by 
LTB4 and, equally, the cathelicidin called LL-37 can affect the synthesis 
and function of this lipid mediator as a positive feedback loop that 
improves neutrophil responses in inflammatory processes [11]. 

With respect to lymphocyte responses, LTB4 also influences T 
cells, because BLT1 is more expressed in effector T cells than those of 
the peripheral blood without inflammatory stimulus. Besides BLT1, 
effector T cells also express CCR7, suggesting that they can migrate 
to draining lymph nodes. Thus, BLT1+ T cells may interact with 
activated tissue resident or lymph node resident antigen-presenting 
cells to enable rapid local or systemic initiation and progression of the 
secondary immune response [12]. This fact credits the LTB4 molecule as 
a potential link between innate and adaptive immunological reactions.

Finally, other authors obtained results suggesting the importance 
of LTB4 on acquired immunity. Experiments with EBV-infected cord 
blood cell cultures showed that NK cells produce IFN-γ that acts on 
the monocytes, which produces LTB4 and induce them to produce the 
cytokines IL-15, IL-12 and IL18. These interactions produce a positive 
feedback that will finally implicate in the selection of T cells [13].

In the context of host immune responses against pathogens, recent 
studies in animal models have shown that endogenous LTs display 
protective effect against a variety of infectious diseases, such as fungal 
pneumonia [14], infections caused by helminths [15] and bacterial 
peritonitis [16].

After the modulation of these cellular events, LTB4 is inactivated 
through metabolic degradation by the microsomal ω-oxidation, 
mitochondrial and peroxisomal β-oxidation pathways. So, this 
molecule is not stored and released, but synthesized de novo from 
arachidonic acid in activated innate immune cells [17,18].

LtB4 Binding with its Receptors and the Modulation of 
Inflammation

Three distinct receptors for LTB4 have been identified [19-
21]. The transmembrane receptor BLT1 is better described than 
the other two. It is characterized as a cell surface G protein coupled 
seven domain receptors and with a specific high affinity for LTB4. 
This receptor is expressed predominantly on leukocytes including 
granulocytes, monocytes/macrophages, mast cells, dendritic cells and 
effector T cells [20]. Another specific receptors for LTB4 are the so-
called peroxisome proliferator-activated receptors (PPARs), which are 
situated in the cell nucleus. A sub-type receptor is PPAR-α, which is the 
nuclear receptor for eicosanoids including LTB4 and their interaction 
promotes degradation of lipid mediators [19,21]. PPAR-α binds to 
PPAR responsive elements (PPREs) at the promoter sites of several 
lipid metabolism-related enzymes, such as LTB4 ω-hydroxylases. LTB4 
binds and activates PPAR-α, resulting in the transcription of genes 
that promote fatty acid degradation. PPAR-α-deficient mice showed 
prolonged inflammatory responses in arachidonic acid-induced ear 
welling [19]. Moreover, PPAR-α can activate or inhibit arachidonic 

acid-induced murine ear inflammation by enhancing the degradation 
of LTB4 [22]. These data suggest that PPAR-α plays an important role in 
the clearance of lipid mediators during inflammation [18,21].

On the other hand, these transcription factors also regulate gene 
expression of enzymes associated with lipid homeostasis and affect the 
duration of an inflammatory response induced by LTB4 [19]. Although 
the majority of studies have indicated an anti-inflammatory role of 
PPAR-α ligands, an increase in the neutrophil chemoattractant IL-8 
and the MCP-1 levels have also been observed in endothelial cells 
[23]. In addition, the PPAR-α ligand fenofibrate was demonstrated 
to enhance nitric oxide synthase (NOS) expression and activity 
in isolated endothelial cells [24]. PPARs have been reported to 
regulate inflammatory responses, both in vivo and in vitro. In this 
context, PPAR-α activation by LTB4 binding affects the duration of 
the inflammatory response induced by this eicosanoid [19]. Also, 
it is important to note that some studies report that PPAR-γ has no 
anti-inflammatory activity or might indeed exert a proinflammatory 
response [25].

Employment of LTB4 Therapy to Treat Airway Infections: 
Immunological and Pharmaceutical Approaches 

Some evidences demonstrated that LTB4 is important to resolve 
infections and the administration of this compound during early 
infection is extremely efficient, but not as a preventive. The wild-type 
and 5-LO knockout mice were pretreated by administration of LTB4 
via the intraperitoneal, intravenous, and intranasal routes immediately 
before pneumococcal infection. After this, LTB4 was administered by 
aerosol 24h later, in some animals. The pretreatment did not increase 
animal´s live, but the aerosolized LTB4 was effective for improving 
lung bacterial clearance when administered postinoculation in animals 
with established infection [26]. These findings suggest the potential 
use of the lipid mediator as alternative strategy to control pulmonary 
infections but the understanding about the questions “when” and “how 
much” LTB4 is necessary to confer effective protection seems to be the 
“big deal” involving these therapies. 

Other authors examined dose- and time-dependent effects of nasal 
administration of LTB4 in healthy subjects on symptoms. Accordingly, 
they monitored the neutrophil granule protein myeloperoxidase 
and α-defensins as index of neutrophil activity. Eosinophil cationic 
protein and α2- macroglobulin were monitored as eosinophil activity 
and plasma exudation, in order to explore whether or not LTB4 had 
any consequence to the nasal mucosa. It was also studied whether or 
not exposure of neutrophils to LTB4 in vitro induced virucidal effects 
against respiratory viruses: human coronavirus, respiratory syncytial 
virus and influenza B virus. Finally, in a preliminary experiment 
involving healthy subjects, they examined the effects of LTB4 on human 
rhinovirus-16 induced replication, seroconversion, and symptoms 
[27]. The conclusion was that nasal administration of LTB4 in humans 
produces increased nasal neutrophil activity, potentially reflecting 
an enhanced state of innate immune defense. Furthermore, LTB4 
presented a potential to exert antimicrobial effects on respiratory tract 
infections. 

Recently, these studies involving the administration of LTs, 
especially LTB4, in animal and human could bring consistent data 
about the features of lipid mediators in modulating innate and also 
adaptive immune responses against several pathogens. Indeed, these 
authors put a lot of their efforts in trying to investigate the variety 
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of roles elicited by LTs in the context of host defense mechanisms. 
However, pharmaceutical approaches besides immunological ones are 
essential to provide a real understanding about the behavior of immune 
cells when they are introduced to exogenous LTs, such as in a form of 
aerosolized solution or nasal instillation. It is worth to point out that 
lipid mediators are susceptible to oxidation and hydrolysis processes 
and the duration of the biological effect can be compromised.

In this context, technologies employing micro and nanoparticles 
for drug delivering purposes have obtained great impact in the fields of 
pharmacy and medicine. A great range of natural and synthetic polymers 
can be used to constitute different matrix types for encapsulating 
bioactive molecules. Particularly, particles made from poly lactic-co-
glycolic acid (PLGA) polymer can be used as a delivery system and also 
provide adjuvant activity in immunization procedures [28,29]. These 
polymeric particulate delivery systems are able to present antigens 
and activate both humoral and cellular responses [29-31]. Many 
studies have discussed the ideal size of these particles in contributing 
to the generation of immune response [32-34]. Polymer-entrapped 
antigens reveal that micron-sized range particles promote humoral 
response whereas nanoparticles promote cellular response [35,36]. 
Regarding PLGA-based nanoparticles, they are extensively taken up 
by non-phagocytic eukaryotic cells, macrophages and dendritic cells 
[37]. Biodegradable micro/nanoparticles generated from PLGA have 
attracted attention due to their clinically proven biocompatibility [38]. 
In addition to facilitate the uptake of encapsulated materials, PLGA 
particles also potentially protect different molecules, such as nucleic 
acids, peptides and protein antigens, increasing delivery efficiency [39].

Microencapsulated LtB4 in Biodegradable Polymer: A 
Pharmaceutical Contribution for Pushing Cells to Activation

With respect to the micro/nanotechnology, our group has published 
studies involving the development, characterization and biological 
application of microspheres containing LTB4 (LTB4-MS) for efficient 
drug delivering system [40,41]. The schematic representation of the 
manufacturing process for encapsulating LTB4 in PLGA microspheres 
is shown in Figure 1. 

In this context, after conducting some specific experiments, we 
could introduce new data in the literature about the use of PLGA 
microspheres containing lipid mediators, especially LTB4, with the 
aim to modulate cell responses by increasing leukocyte recruitment 
in mouse model using intravital microscopy, phagocytosis process 
employing peritoneal macrophages and also cytokines’ production in 
the lungs when those microspheres were intranasally administered to 
mice infected with the fungus Histoplasma capsulatum. With respect to 
the mechanisms of host defense stimulated by LTB4 during infectious 
diseases, our group has studied the influence of this lipid mediator on 
antimicrobial responses against H. capsulatum. The published data [42] 
could bring good evidence showing that pulmonary administration of 
microspheres containing LTB4 (LTB4-MS) could inhibit fungal growth 
in the lungs of 5-LO−/− infected mice, suggesting the ability of these 
particles in restoring pulmonary LTB4 levels by an exogenous way 
and also killing yeasts in the lungs. That proposed biodegradable 
microparticulate system, which could release LTB4 to the lungs, was 
able to modulate inflammatory cytokine production related to host 
defense (Th1-mediated immune response), enhancing important killing 
mechanisms to inhibit fungal burden. With respect to histoplasmosis, 

Figure 1: Schematic representation of Leukotriene B4-loaded microspheres (LTB4-MS) prepared by single emulsion solvent extraction method [40].
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the fungal infection caused by H. capsulatum, our group has previously 
demonstrated that LTs are the main chemoattractants involved in the 
neutrophil, eosinophil and mononuclear cell migration induced by the 
fungus or cell wall fraction thereof [43].

Regarding this scenario involving cell activation after the 
administration of LTB4-MS to mice, here we propose a schematic 
representation (Figure 2) showing the possible interactions of the 
microspheres with the LTs receptors, present in the cell membrane 
(BLTs) and nucleus (PPARs). Based on the illustration, we can speculate 
about the biological actions of LTB4-MS either interacting with BLTs 
after the lipid mediator release from microspheres or being engulfed 
by phagocytic cells and further bound with PPARs inside the nucleus.

Regarding new attempts to enhance the antimicrobial activity of the 
host cells during murine histoplasmosis, we proposed the employment 
of a biodegradable microparticulate system, which could release LTB4 
to the lungs [42]. That approach, previously characterized, showed that 
PLGA microspheres containing LTB4 were able to protect the lipid 
mediator against degradation [40] and also to confer a different type of 
cell activation when mouse and human cells were incubated with those 
microspheres [41]. 

It is also important to note that besides the potential application 
of these LTs delivery system against infectious diseases, on the other 
hand, the blockade of lipid mediators, like that employed for asthma 
therapy, is an effective treatment established. These two different 
therapy approaches can be perfectly fit with clinical observations 

concerning that asthmatic patients can develop predilection for 
pulmonary infections. This fact reveals an important modulating role 
for LTs in immune responses, especially in the context of LTB4 released 
from the biodegradable microspheres to the lungs.

In order to get an illustration about the interference of classical 
chemotherapy on lipid mediators’ production by the cells, the 
antifungal agent amphotericin B has been reported to inhibit neutrophil 
5-LO metabolism [44] and this potentially undesirable action can 
be extended to other antimicrobials. Based on the fact that a relative 
state of LT deficiency characterizes many conditions associated with 
increased susceptibility to infection, the possibility that stimulation 
of innate and/or adaptive immunity might be accomplished by 
augmenting tissue levels of LTs merits consideration. In fact, it can 
be suggested that enhancing levels of LTs biosynthesis may indirectly 
contribute to the immunostimulation and effective host antimicrobial 
responses against pathogens.

Our in vitro studies using murine peritoneal macrophages showed 
that microencapsulated LTB4 was able to induce greater nitric oxide 
production by those cells than LTB4 in solution form, especially when 
the macrophages were preincubated with a specific BLT1 receptor 
antagonist, CP 105,696. Interestingly, when BLT1 receptors were 
blocked by this antagonist, an enhanced and significant response was 
observed [41]. This fact can be due to the different mechanisms of cell 
activation conferred by LTB4 in solution form or released from MS. It is 
also likely that LTB4 released from engulfed MS could exert its activity 
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Figure 2: Schematic representation proposing the delivering mechanism by which LTB4-MS can cross the cell membranes and interact with LTs membrane (BLTs) 
and nuclear (PPAR-α) receptors. CP 105,696 is an antagonist of BLT receptor used in some experiments [41].
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inside the cell nucleus, where it can bind to specific receptors, whereas 
exogenous LTB4 in solution binds only to specific BLTs membrane 
receptors (Figure 2). As proposed in this figure, the LTB4 binding to 
nuclear receptors without previous interaction with its membrane 
receptors (BLTs) results in an increase of PPAR-α expression and 
possibly activates the inflammatory genes to produce NO, MCP-1 and 
other inflammatory mediators [41].

During the last years, many studies have shown that LTs are 
involved in a range of infections by modulating the production of 
other inflammatory mediators [14,15], inducing phagocytosis [45] and 
activating antimicrobial mechanisms [46,47]. Regarding H. capsulatum 
infection, our group demonstrated that 14 days post-infection, the 
infected mice presented a marked decrease of LTB4 production by 
the lung cells [14]. Moreover, when infected mice were treated with a 
5-LO inhibitor (MK 886), it was observed 100% mortality and also lung 
CFU increase at 14 days post-infection. In this context, using LTB4-
MS as a delivery system, we could bring new approach to complement 
our efforts in elucidating the role of LTB4 during host defense against 
histoplasmosis. In that study, we could observe that the pulmonary 
administration of LTB4-MS provoked significant neutrophils migration 
to bronchoalveolar fluid in 5-LO-/- infected mice. This fact suggested 
that the lipid mediator had its biological activity preserved and could be 
released from microspheres during the course of infection, recruiting 
and activating important cells related to host defense against the fungus. 
With this regard, we previously demonstrated that LTB4-MS were able 
to recruit high neutrophils numbers to bronchoalveolar space of 5-LO-

/- mice [41]. In order to correlate those findings to fungal growth in the 
lungs, we could observe that LTB4 released from microspheres could 
inhibit fungal growth, as reported by CFU recovery. Our results showed 
that LTB4 is important to confer protection to animals, enhancing the 
antimicrobial responses of the infected cells, since 5-LO-/- mice had 2 
log10 increase in lung CFU compared to sv129 mice [42]. 

Another point that we investigated during that study was the 
effect of microspheres´ administration on the inflammatory cytokines’ 
production by the infected mice. It was demonstrated that IL-12, TNF-α 
and IFN-γ are involved in host defense against intracellular yeasts, 
such as H. capsulatum ones [48]. Our results showed that LTB4-MS 
were able to induce the inflammatory cytokines’ production by 5-LO-

/- infected mice. This finding suggests the role of LTB4 in modulating 
the T-helper 1 (Th1)-mediated immune response to H. capsulatum, a 
well established response against this infection [49]. Many studies have 
shown that LTB4 is an important mediator for IL-2, IL-4, IL-12 and 
IFN- production by T-cells [49]. Also, other authors demonstrated 
that TNF-α blockade during the course of murine infection by H. 
capsulatum decreases protective immunity [50]. Taking together, these 
findings support the idea that LTB4 released from microspheres to the 
lungs was able to modulate cytokines’ production during critical days 
of the infection and also to recruit and activate important cells involved 
in antifungal responses. 

In summary, our results concerning LTB4 administration as 
therapy and more specifically, during H. capsulatum infection, 
provided evidence that the pulmonary administration of LTB4-MS 
could increase leukocytes recruitment to bronchoalveolar space 
of 5-LO-/- infected mice. Also, the fungal growth in the lungs was 
significant inhibited by the microspheres administration. The proposed 
biodegradable microparticulate system, which can release LTB4 to the 
lungs was able to modulate inflammatory cytokines’ production related 

to host defense, by enhancing important killing mechanisms to inhibit 
fungal burden. We believe that this approach can be employed to treat 
infectious diseases, besides histoplasmosis, as an alternative therapy or 
in association with other classical drugs.

Conclusions
As described in this review, great evidences support that LTs are 

important molecules in innate and also adaptive immune responses. 
Notable roles of these lipid mediators include their ability to be 
synthesized both rapidly and in delayed manner by a variety of cell 
types, their diverse antimicrobial actions, and their interactions 
with other relevant mediators. When compared with cytokines and 
chemokines, however, their role in antimicrobial defense has been 
largely underestimated. This likely reflects the common view that lipid 
mediators are exclusively pathogenic and their pharmacologic blockade 
has dominated the therapy established. However, new perspectives are 
needed to explore the potential therapeutic functions of lipid mediators, 
such as LTB4, both in innate and adaptive immunities. In this context, 
as pointed out in this review, local LTB4 administration has been 
shown to reduce the burden of bacteria, fungi and helminths. Also, 
this mediator has been administered to the human lung via aerosol 
[27,51] or via a bronchoscope [52] and resulted in neutrophil influx. 
On the other hand, it is know that LTB4 is able to constrict isolated 
pulmonary arteries in guinea pig model [53] and also to promote 
human airway smooth muscle cells proliferation and migration [54]. 
Taking into consideration these biological activities of LTB4, we can 
infer that the administration of this lipid mediator to the lungs can lead 
to side-effects, such as potent proinflammatory events, as described. 
So, the understanding about the precise time and amount of LTB4 to 
be delivered to lungs’ environment is critical for the establishment of 
holistic and more efficient therapies. 

However, based on the evidence that LTB4 molecule can be 
oxidized in solution form and several doses are required to maintain 
therapeutic levels during the treatment, as reported by the studies cited 
in this review, our research regarding the employment of biodegradable 
microspheres to release this mediator to infection sites, in a sustained 
manner, gains great importance. Since LTs can activate many 
antimicrobial mechanisms in the cells, our approach can constitute a 
different strategy to enhance host immune responses against a variety 
of pathogens.
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