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Trick-or-Treat: Dietary Lipids and Host Resistance to Infectious Disease 

E. Anes
*
 and L. Jordao  

Molecular Pathogenesis Centre, Unit of Retrovirus and Associated Infections, Faculty of Pharmacy, University of  
Lisbon, Av Prof. Gama Pinto, 1649-003 Lisbon, Portugal 

Abstract: The increased intake of omega-6 fatty acids together with the widely use of omega-3 supplements in Western 

diets can affect the host defence against infectious diseases. In the present review we focused on the impact of these fatty 

acids on salmonella and mycobacteria infection models in animals or in cell cultures. Particular attention was given to the 

molecular mechanisms involved. 
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INTRODUCTION 

 The incidence of certain infectious diseases such as tu-
berculosis and diarrhoea has reportedly been shown to be 
increased in Eskimos and Inuit populations [1-3]. This was 
correlated with a diet rich in oily fish, the best-characterized 
source of omega-3 fatty acids [1,2], and other sources of this 
lipids such as seal and whale meat. However, because many 
socioeconomic and genetic factors contribute to the inci-
dence of infectious diseases, it is difficult to establish the 
direct contribution of dietary (n-3) fatty acids to this phe-
nomenon [4]. Parallel studies by Bang and Dyerberg [3] 
showed the importance of the dietary intake of omega-3 
polyunsaturated fatty acids for reducing ischaemic heart dis-
ease and polyunsaturated fatty acids are now accepted as 
being essential constituents of a healthy diet. Modern West-
ern diets have low levels of omega-3 fatty acids and have 
excessive amounts of omega-6 fatty acids. This is very dif-
ferent to the diet on which human beings have evolved and 
this is reflected as a genetic pattern [5]. This high omega-
6/omega-3 ratio promote the pathogenesis of many diseases 
and, consequently a large number of studies argue for the 
beneficial effects of omega-3 supplements, or eating more 
fatty fish instead of meat [6,7]. An increasing percentage of 
people in the world are supplementing their diets with 
omega-3 fatty acids, typically in the form of fish oil pills. 
The motivations for this lies in the potential beneficial ef-
fects that omega-3 fatty acids have on risk factors associated 
with cardiovascular disease and to treat inflammatory condi-
tions such as Crohn’s disease, arthritis and psoriasis. Evi-
dence from clinical studies with hospitalized trauma and 
cancer patients has led several researchers to suggest that the 
immuno-modulatory effects of omega-3 fatty acids increases 
pathogens resistance [8].  

 Given this increasing tendency to advise and use omega-
3 dietary supplements, which have beneficial effects among 
uninfected individuals [9,10] it is important to evaluate their 
effect on patients suffering from tuberculosis and other in- 
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fections since their impact on disease evolution is unknown. 
A literature search on the effects of omega-3 and -6 lipids on 
a variety of different pathogens, especially in animal models, 
the conclusion suggest that polyunsaturated fatty acids are 
not generally beneficial and are often detrimental. In a criti-
cal evaluation of all the experiments done to test the effects 
of omega-3 lipids in the context of infectious diseases An-
derson and Fritsche [8] concluded that there were “an equal 
number of papers published that report an adverse effect of 
omega-3 fatty acids on host infectious disease resistance as 
those that do not show an effect or show a beneficial effect”. 

 During the last five years we have followed the effects of 
lipids and their molecular effectors on the outcome of infec-
tion by intracellular pathogens: mycobacteria [11-18]. Col-
lectively, our data suggests that a high omega-6 fatty acids 
diet might be beneficial against mycobacteriosis, while a 
high omega-3 fatty acids diet might be detrimental. How-
ever, depending on the molecular effectors and, on the time 
window during infection that the lipid is supplemented, op-
posite signalling effects were observed. The data with tuber-
culosis bacilli raise an important public health question: are 
those individuals latently infected with Mycobacterium tu-
berculosis (Mtb), but asymptomatic at increased risk of reac-
tivating the disease upon omega-3 fatty acids supplementa-
tion?  

TUBERCULOSIS AND SALMONELLOSIS  

 Tuberculosis in man is caused by bacteria of the Myco-
bacterium tuberculosis complex while most human diarrhoea 
cases are a result of Salmonella enterica serovar Typhi-
murium (S. Typhimurium) infection. 

 Mycobacterium tuberculosis causes tuberculosis in mil-
lions of people worldwide and is responsible for 3 million 
deaths annually [19]. Under normal circumstances, infection 
begins by inhaling bacilli that are then internalized by alveo-
lar macrophages and dendritic cells and set up infection in 
the lungs. During this initial phase, the bacteria often tran-
siently infect the bloodstream and metastasize to other or-
gans. The colonizing bacteria are then contained and walled-
off within granulomas that are the product of the host’s im-
mune-response to infection. The disease is characterized by a 
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long incubation period, a protracted disease course and dor-
mancy. It has been estimated that one third of the worlds’ 
population is infected with Mtb. Most of these individuals 
harbour Mtb within granulomas in their lungs, held in check 
by T cells and macrophages. Such carriers remain asympto-
matic until the immune system weakens and reactivation of 
dormant Mtb occurs [20].

 Tuberculosis has long been considered a disease of mal-
nutrition [21] and it is widely recognized that malnutrition is 
the commonest cause of immunodeficiency worldwide [22]. 
In fact, a recent investigation has determined that food intake 
increases the levels of gamma interferon (IFN- ) but not 
interleukin-4 (IL-4) production, whereas starvation enhances 
the IL-4 response but not IFN-  levels of T lymphocytes 
[23,24]. While IFN- is a very potent pro-inflammatory de-
terminant for bacteria clearance, IL-4 is anti-inflammatory 
leading to bacteria protection. Therefore, the interactions 
between certain nutrients and immunity exert a crucial role 
that should be analyzed from a biological and a clinical point 
of view. Several Th1-type cytokines, such as IL-12 and IFN-

, have been shown to promote the immune response against 
Mtb infection in both humans and mice [25]. The production 
of these cytokines were shown to be impaired in mice taking 
supplements of omega-3 fatty acids thus mimicking what is 
seen in malnutrition [26]. 

 S. Typhimurium is a remarkably versatile pathogen, with 
the ability to infect multiple hosts and cause different dis-
eases [27]. In humans, it is a leading cause of diarrhoea and 
in mice it causes a systemic disease resembling typhoid fe-
ver. 

 During infection, S. Typhimurium invades and prolifer-
ates within both phagocytic and nonphagocytic cells of the 
host. After crossing the intestinal mucosa through M cells 
Salmonella first encounters dendritic cells concentrated in 
the Peyer’s patches which could play an essential role in 
triggering the immune response [28]. Salmonella colonise 
Peyer’s patches [29,30] and trigger the recruitment of 
macrophages in response to the pro-inflammatory IL-8 re-
leased by infected enterocytes. Infected macrophages then 
spread via the blood stream to the liver and spleen where 
Salmonella is later found in large quantities [31]. 

INTRACELLULAR LIFE-STYLE 

 Mtb and S. Typhimurium are both facultative intracellular 
pathogens. After infection of professional phagocytes, macro-
phages and dendritic cells, both species reside in a mem-
brane-bound compartment known as phagosome. The inva-
sion of non-professional phagocytes, such as intestinal 
epithelial cells, by salmonella, leads to the formation of the 
salmonella-containing vacuole (SCV). 

 Macrophages are a particularly hostile environment for 
intracellular bacteria such as mycobacteria and salmonella.
The bacteria have consequently developed different mecha-
nisms to survive inside these cells. 

 Pathogenic mycobacteria modulate phagosome matura-
tion in order to prevent the fusion of endosomes with 
lysosomes [32]. This blocks its delivery to lysosomes, the 
Mycobacterium is thereby able to avoid the acidic proteases 

of the lysosomes, avoid exposure to the bactericidal mecha-
nisms that operate within lysosomes, prevent degradation 
and hence processing and presentation of mycobacterial an-
tigens to the immune system [33,34]. By contrast, mycobac-
terial access to transferrin-bound iron [35] and apparent ac-
cumulation of transferrin receptors (TfR) on mycobacterial 
phagosomes [36] have been reported, suggesting that the 
mycobacterial phagosome is not a static organelle despite a 
block in the acquisition of lysosomal constituents. The 
mechanism by which Mtb is able to finely adjust the intracel-
lular environment to its preference involves both host pro-
teins and mycobacterial effectors. Among these are myco-
bacterial lipid products, which mimic mammalian phosphati-
dylinositols [37], targeting host cell membrane trafficking 
processes. These products interfere with membrane traffick-
ing and organelle biogenesis processes initiated by Ca

2+

fluxes [38], and ending with host cell Rab GTP-binding pro-
teins and their effectors that modulate membrane traffic. The 
block includes phosphatidylinositol 3-kinase and membrane 
tethering molecules that prepare phagosomes for fusion with 
other organelles [37].  

 In contrast to mycobacteria, salmonella resides in two 
different macrophage vacuolar compartments. One is known 
to undergo normal phagolysosomal fusion, leading to micro-
bial growth inhibition. The other is a more "spacious" vacu-
ole that is modified by the bacteria, possibly for replication 
[39]. How the bacteria do this is not known. The spacious 
vacuoles have been shown to contain lysosome- associated 
membrane markers usually found in the phagosome, al-
though delivery of the late lysosomal marker cathepsin L is 
delayed.  

 Salmonella invasion of epithelial cells leads to the forma-
tion of SCV, a phagosome-like compartment. Immediately 
after formation, the SCV undergoes a maturation process that 
includes transient interactions with early endosomes [40] 
followed by the acquisition of a subset of late endosomal 
markers [41] and an enrichment in cholesterol [42]. During 
this process, fusion of the SCV with lysosomes is thought to 
be avoided [43]. After a lag period of 3–4 h, the SCV begins 
to elongate into tubular structures called Salmonella-induced 
filaments (Sifs) [41] an event that coincides with the initia-
tion of bacterial replication. 

 More recent studies show that the maturation of SCV in 
HeLa cells and in primary or cultivated macrophages is simi-
lar. Macrophages differ from HeLa cells or mouse fibroblasts 
by their inability to form Sifs. The reason why Sifs are not 
observed in macrophages which possess tubular lysosomes 
[44] remains obscure [45].  

 In contrast to Shigella, Listeria and Rickettsiae, which 
escape from their nascent membrane-bound compartment and 
replicate in the cytoplasm, the maintenance of a endolyso-
somal membrane for Salmonella enclosure is crucial for 
virulence. The fate of S. Typhimurium in the cytosol is de-
pendent on the type of cell that is infected; the bacteria die in 
the cytosol of macrophages but replicate rapidly in the cyto-
sol of epithelial cells [46,47]. The factor(s) that restrict bac-
terial growth in the cytosol of macrophages remain unknown 
[48]. For mycobacteria, two recent reports describe the abil-
ity of pathogenic mycobacteria to escape to the cytosol 
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[49,50]. The later study describes a similar ability of Mtb and 
M. leprae to escape from phagolysosomes of human den-
dritic cells and macrophages during later stages of infection. 
We, and others consistently find, even at latter stages of in-
fection, that pathogenic mycobacteria reside inside a mem-
brane bound compartment [15,51]. However, it is not clear 
whether cytosolic mycobacteria within human phagocytic 
cells are alive or death thus, or whether escape from a 
phagolysosome constitutes a survival mechanism.  

MODULATION OF ACTIN ASSEMBLY AND IN-

TRACELLULAR SURVIVAL OF PATHOGENS BY 
OMEGA-3 OR -6 FATTY ACIDS 

 In recent studies, using latex beads phagosomes (LBPs), 
we provided evidence for links between the ability of phago-
somes to assemble actin filaments de novo on their cyto-
plasmic surface and late fusion events between phagosomes 
and late endocytic organelles [11,12]. Indeed, under a set of 
conditions that stimulate actin assembly in macrophages, the 
ability of phagosomes to assemble actin correlates well with 
both their increased fusion with later endocytic organelles 
and their acidification as well as with an increased ability of 
infected macrophages to kill non-pathogenic and pathogenic 
mycobacteria [11,12]. In contrast, conditions that inhibit 
phagosomal actin assembly are correlated with less fu-
sion/acidification but increased replication of the mycobacte-
ria [11-13,52,53].  

 A striking effect on phagosomal-actin assembly, late fu-
sion and killing of mycobacteria was seen when a number of 
pro-inflammatory lipids, especially the omega-6 fatty acid, 
arachidonic acid (AA) and sphingosin, were added to J774 
macrophages infected with the non-pathogenic M. smegmatis
or with virulent strains of Mtb [11]. In contrast, the anti-
inflammatory omega-3 fatty acid eicosapentaenoic acid (EPA) 
induced an increase in mycobacterial growth in macrophages 
[11]. These results were exciting because they fitted nicely 
into a general pattern seen with these groups of lipids in 
whole organisms. In support of this, three earlier studies 
showed that diets rich in omega-3 fatty acids led to a signifi-
cant increases in growth of Salmonella in mice [54] and Mtb
in guinea pigs [55,56]. 

 Maturation and maintenance of the intracellular vacuole 
in which Salmonella replicates is controlled by virulence 
proteins including the type III secretion system, encoded by 
salmonella-pathogenicity island 2 (SPI-2). Several hours 
after bacterial uptake into different host cell types, salmo-
nella induces the formation of an F-actin meshwork around 
bacterial vacuoles. This structure is assembled de novo from 
the cellular G-actin pool in close proximity to the salmonella 
vacuolar membrane [45]. It was demonstrated that the phe-
nomenon does not require the Inv/Spa type III secretion sys-
tem or cognate effector proteins, which induce actin polym-
erization during bacterial invasion. It does however require a 
functional SPI-2 type III secretion system, which plays an 
important role in intracellular replication and systemic infec-
tion in mice. Treatment with actin-depolymerizing agents 
significantly inhibited intra-macrophage replication of wild-
type S. Typhimurium. Furthermore, after this treatment, 
wild-type bacteria were released into the host cell cytoplasm, 
whereas SPI-2 mutant bacteria remained within vacuoles. 

Taken together these results lead to the conclusion that actin 
assembly plays an important role in the establishment of an 
intracellular niche that sustains salmonella growth [45].  

 We found two intracellular pathogens for which the actin 
cytoskeleton plays opposite roles during the late stages of 
infection. For pathogenic mycobacteria the blockade of actin 
assembly by phagosomal membranes will prevent phago-
some maturation and bacteria killing within phagolysosomes. 
For salmonella, the activation of actin assembly around the 
SVC will sustain an intracellular survival niche.  

 It would similarly be expected that actin blocking lipids 
will have a distinct role on the intracellular survival of these 
pathogens. Inhibition of actin assembly by an omega-3 fatty 
acid would be expected to strongly inhibit, the maturation of 
phagosomes containing mycobacteria. Consequently, this 
would either help Mtb growth or have no effect as the actin 
assembly is already blocked by the pathogen. For salmonella 
two kinds of situations could arise: 1) the lipid will not have 
any effect as an actin meshwork was already established 
around the SVC for salmonella survival or 2) a decreased 
amount of actin around the SVC will help bacteria killing.  

 Given this situation, we recently decided to test diets 
enriched in omega-3 or omega-6 fatty acids in mouse models 
of S. Typhimurium and Mtb infection [17,18]. The results 
obtained were surprising in that the opposite effects were 
seen in the animals, compared with observations in macro-
phages. For mycobacteria infected macrophages the omega-3 
fatty acid, EPA, enhanced intracellular survival of Mtb while 
in infected mice an omega-3 fatty acid enriched diet pro-
moted bacteria killing [17,18]. The lack of effect of an 
omega-3 fatty acid enriched diet on salmonella survival is in 
good agreement with our hypothesis but in total disagree-
ment with previous published results [54]. 

 When we looked at the effects of an omega-6 fatty acid 
enriched diet on the intracellular survival of these pathogens 
we found no effect on Mtb infected mice while for salmo-
nella infected animals the bacteria survival was improved. 
From the perspective of actin assembly, our results were in 
agreement with the salmonella model because AA, by stimu-
lating actin assembly will create an even higher actin mesh-
work around the SCV thus protecting the bacteria. For the 
mycobacteria model the results, in infected macrophages, 
also agree with our model as AA, by increasing actin around 
Mtb phagosomes will help bacteria killing.  

 In animals it may be the case that downstream break-
down products of the omega-6 fatty acid added to the diet 
could play opposite and more complex effects thus reflecting 
the lack of agreement regarding the outcome of the infection. 
This led us to explore, in more detail the cyclooxygenase 
(COX) and the 5- lipoxygenase (5-LO) pathways in the con-
text of mycobacteria infection. 

OMEGA-3 OR -6 FATTY ACIDS AND INFLAMMA-

TION: COX AND 5-LO PATHWAYS  

 On the basis of the observations of Metchnikoff macro-
phages have classically been recognized as scavenger cells 
possessing phagocytic and intracellular digestive properties. 
The secretory function of macrophages however, maybe as 
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important as their phagocytic capacity. For example, depend-
ing on the nature of the stimulus and the local pulmonary 
environment, the alveolar macrophage can be triggered to 
selectively release AA (20:4 6) [57]. Free AA thus be-
comes the substrate for the COX and 5-LO enzyme cascades 
that convert 20:4 6 to a complex array of prostanoids and 
leukotrienes. These eicosanoids may contribute to the im-
munoregulatory and host defence functions exercised by the 
alveolar macrophage [57]. 

 Eicosanoids are responsible for many of the effects found 
in acute inflammation [58]. The inflammatory response play 
a key role in shaping the adaptive response in large part 
through the secretion of an array of mediators such as inter-
leukin 1  (IL-1 ), tumor necrosis factor  (TNF- ), prosta-
glandin E2 (PGE2) and leukotriene B4 (LTB4) in response 
to the pathogen. The last two mediators are final products of 
AA conversion by COX and 5-LO, respectively. EPA, an-
other major source of eicosanoids present in membranes, 
inhibits these conversions and has a general anti-inflam-
matory role (Fig. (1)).  

Fig. (1). Anti-inflammatory effects of EPA.

 Recently was reported that the membrane of latex bead 
containing phagosome has the enzymes required to convert 
AA to a number of prostaglandins (PGs) (Griffiths G., 
EMBL-HD, personal communication). Moreover, some of 
these PGs, such as PGE2 inhibit actin assembly by LBP. In 
contrast, AA the precursor of PGE2, is a potent stimulator of 
phagosomal actin assembly. Here depending on whether 
there is accumulation of the precursor (AA) or the ending 
product (PGE2) opposite effects will be observed on the abil-
ity of phagosomal membranes to assemble actin. AA stimu-
lating actin assembly will induce phagosome maturation and 
lysosomal pathogen killing while its product, with an inhibi-
tory effect on actin assembly, will contribute to pathogen 
survival. 

 Determining a role in host defence against tuberculosis 
for the other class of eicosanoid mediators of inflammation, 
the leukotrienes (LTs), has received far less attention. As 
stated above LTs are metabolites of AA generated by the 5-
LO pathway. Many studies have demonstrated that LTB4 is 
a powerful leukotropic, pro-inflammatory, and immunoregu-
latory mediator [59,60]. Moreover, it has been shown that 
these mediators are involved in antimicrobial host defence in 
a variety of infectious diseases [61,62]. LTs exert potent 
effects on phagocytosis and killing of microorganisms by 
both alveolar macrophages [63] and neutrophils [64]. Indeed, 
LTs have been reported to be necessary for optimal killing of 

M. bovis by neutrophils [65]. In light of these findings, we 
hypothesize that the absence of LTs during infection de-
creases the antimicrobial action of neutrophils and mononu-
clear cells, allowing persistence and growth of the bacilli in 
the lung. This may reflect indirect effects mediated by the 
modulation of Th1 cytokines. Other authors have shown that 
LTB4 is involved in T-cell activation and up-regulation of 
IL-2, IL-4, IFN- , IL-1  and TNF-  [66,67]. 

 Replacement of AA by EPA in cellular membranes will 
prevent AA conversion into this group of potent pro-
inflammatory modulators. Furthermore it will generate a 
class of PGs of the 3-series that are far less pro-inflammatory 
than those of the 2-series [68].  

 However the opposite effect can be also induced by EPA 
supplementation if the degradation of AA to LTs by the 5-
LO pathway will be blocked. Lipoxins represent another 
class of 5-LO-derived eicosanoids, but in contrast to LTs, 
these mediators possess anti-inflammatory properties. It has 
been shown that high levels of lipoxin A4 (LXA4) are gen-
erated during infection with Toxoplasma gondii [69]. Bafica 
et al. [70] showed that mice genetically deficient in leukot-
riene production had improved bacterial clearance in a model 
of Mtb; these results were attributed to the abrogation of syn-
thesis of the alternative 5-LO metabolite, LXA4, which has 
immunosuppressive and anti-inflammatory effects.  

 A decreased LT biosynthesis was associated with im-
pairment of IL-12 and IFN-  generation. Mtb infection in-
duces local production of LTB4 in the lungs of mice. This 
endogenous production of LTs is important for the develop-
ment of a protective host immune response. LTs likely con-
tribute to such protection by virtue of their effects on phago-
cyte ingestion and killing of microbes, processes which are 
themselves influenced by the further ability of LTs to pro-
mote Th1 cytokine synthesis. Since LT production can be 
down-regulated by immunosuppressive circumstances such 
as HIV infection [71] and malnutrition [72], the recognition 
of the role of LTs in the immune response to TB may be 
clinically important and may define a potential target for 
immuno-modulatory therapy. Diets enriched in AA within 
this context would be expected to induce a protective immu-
nity within Mtb infected lungs but via lipoxins pathway AA 
is expected to have the exactly opposite effect. 

OMEGA-3 OR -6 FATTY ACIDS AND INFLAMMA-

TION: TRANSCRIPTIONAL LEVEL REGULATION  

 A critical regulator of genes involved in inflammation is 
NF- B [73]. This transcription factor consists of two sub-
families: the ‘NF- B’ proteins and the ‘Rel’ proteins which 
are present in the cytoplasm as hetero-dimers, in a complex 
with an inhibitor, I B [74]. When pro-inflammatory signal-
ling occurs via activation of cell surface receptors such as the 
Toll-like receptors (TLR), I B becomes phosphorylated. 
This releases the active subunits that enter the nucleus, 
where they up-regulate the transcription of hundreds of 
genes, a reflection of the complexity of this part of the in-
flammatory response [75]. In a recent study we showed that 
NF- B is transiently activated early after infection of J774 
cells and primary bone marrow derived macrophages with 
M. smegmatis. This activation is essential for mycobacterial 
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killing since when NF- B is blocked M. smegmatis survives. 
One role of NF- B in this system is to induce synthesis of a 
family of lysosomal enzymes and potential regulators of 
phago-lysosome fusion [16].

 Many links have been described between lipids and NF-
B activation in different systems. For example, in Caco-2 

cells AA activates NF- B whereas EPA had no effect [76]. 
Moreover, in the same cells phosphatidylcholine, which in-
hibits LBP actin assembly, inhibited NF- B activation in-
duced by TNF-  [14]. In macrophages infected with patho-
genic mycobacteria, AA potentiates NF- B activation while 
EPA failed to activate these processes (Anes E., Gutierrez 
MG, Griffiths G., EMBL-HD, personal communication). 

 As stated above, NF- B signalling could also be induced 
by TNF-  [14]. TNF-  signalling involves binding to mem-
bers of TNF receptor super-family and recruitment of a com-
plex of adapter proteins. Among these, TNF-receptor associ-
ated factors (TRAFs) activate several intracellular signall 
transduction pathways, in particular NF- B and, Map 
kinases (MAPKs) that lead to modulation of gene expression 
by different transcription factors [77]. Pathogenic mycobac-
teria tends to inhibit all these pathways [16,78] 

 MAPKs are central players in cell signalling and much of 
their activities are localized on membranes [79]. There are 
three different classes of these kinases, namely ERK, JNK 
and p38 [80]. A number of studies have shown that these 
kinases are activated upon infection with mycobacteria [81]. 
Moreover, p38 and ERK are activated more during infection 
with non-pathogenic compared with pathogenic mycobacte-
ria, implying that the pathogens inhibit these kinases [78,81]. 
The kinase p38 has been implicated in early endosome fu-
sion; Fratti and colleagues also associated p38 activation 
with an inhibition of phagosome maturation in cells infected 
with Mycobacterium bovis (BCG) [82,83]. We additionally 
provided evidence for its importance in regulating phagoso-
mal actin assembly, a process linked to some membrane fu-
sion events [53]. By inhibiting this kinase, a block on 
phagosome actin assembly in vitro was observed. In vivo p38
inhibition, blocked phagosome maturation and, increased 
survival of M. smegmatis within J774 macrophages [12].

 We also found that in Mtb-infected macrophages TNF-
secretion was stimulated by treatment with AA, whereas 
EPA inhibited this process [17,18]. In line with this, AA 
strongly activated the pro-inflammatory MAPK p38 in unin-
fected cells but Mtb infected cells blocked the ability of AA 
to activate p38 leading us to conclude that AA-dependent 
killing is therefore independent of p38.  

 It was demonstrated that non-pathogenic mycobacteria 
strongly induces TNF-  secretion and therefore, the MAPKs 
[78]. Recently, using J774 macrophages infected with M. 
smegmatis, we showed alternate cycles of (pro-inflamma-
tory) killing and (anti-inflammatory) growth before total 
bacterial clearance by macrophages [12]. Unexpectedly both 
AA and EPA could be either pro-inflammatory (more death) 
or anti-inflammatory (more growth) depending on when they 
were added during M. smegmatis infection [17]. Treatment 
with EPA between 12-16 h post-infection enhances bacteria 
killing, while the supplementation between 16-24 h enhances 
bacteria growth. When infected macrophages were treated 

with AA between 8-12 h an increase in bacteria survival was 
observed. The opposite result was observed when AA was 
added between 16-24 h (more killing). Moreover the time 
window between 12 h and 24 h is independent of p38 signal-
ling in M. smegmatis infected cells, while the killing phase 
between 8-12 h is p38 dependent (Fig. (2)). Therefore, lipid 
signalling for boosting the macrophage bactericidal mecha-
nisms is dependent on the course of the infection status, and 
on other mediators in addition to p38. 

Fig. (2). Bactericidal effects induced by MAPK p38 during Myco-
bacterium smegmatis infection within J774 macrophages (adapted 

from [12]).

CONCLUDING REMARKS  

 Nutritional status is generally recognized as an essential 
factor involved in the modulation of immune response [22]. 
Hence, lymphocyte proliferation, cytokine production, phago-
cytic activity, adhesion molecule expression, and CD4/CD8 
cell activity are susceptible to modification by the action of 
certain dietary lipids in both animals and humans. Given the 
several pro and anti-inflammatory mediators that can result 
from the same dietary lipid during the course of malnutrition 
infectious diseases such us tuberculosis, we suggest that fur-
ther testing would be prudent. We recommend improving our 
understanding of how omega-3 fatty acids, omega-6 fatty 
acids and other dietary lipids affect host responses to human 
pathogens. Collectively our data argue against the idea of 
considering a simple recommended lipid-based diet against 
mycobacteria and other intracellular pathogens. 
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ABBREVIATIONS 

AA = Arachidonic acid 

COX = Cyclooxygenase 

EPA = Eicosapentaenoic acid 

IL = Interleukin 

IFN = Interferon 

LBP = Latex beads phagosomes 

LT = Leukotriene 

LXA4 = Lipoxin A4 

5-LOX = 5-Lipoxygenase 
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MAPK = Mitogen-activated protein kinase 

Mtb = Mycobacterium tuberculosis 
NF- B = Nuclear factor- B

PG = Prostaglandin 

SCV = Salmonella containing vacuole 

TNF-  = Tumour necrosis factor alpha 
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