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Dendritic cells (DCs) are profes-
sional antigen-acquiring, -processing 
and -presenting cells [1-4]. As such, 
DCs form the key link between the 
innate and acquired immune responses 
playing a role in host defence and in 
immune tolerance [1-4]. Accordingly, 
defects in the ability of DCs to function 
can lead to increased susceptibility to in-
fection, loss of tolerance, autoimmunity 
and tumour growth [1-4]. Sub-classes 
of DCs are defined and discriminated 
by the expression of different cell sur-
face markers. Identification of factors 
that affect the activation or function 
of DCs is important in increasing our 
understanding of how these cells are 
regulated physiologically and of how 
they may become impaired leading to 
pathological conditions. Furthermore, 
knowledge of these factors and of their 
mechanisms of action may aid the de-
sign of strategies aimed at avoiding or 
repairing the consequences of poor DC 
function. 

Many different lipids, including fatty 
acids, phospholipids, sphingolipids, 
sterols, lipoproteins, their breakdown 
products, and their oxidation products 
produced either enzymatically or non-
enzymatically, have been demonstrated 
to influence immune cell function, 
although their effect on DCs have not 

been intensively studied. However, in 
the last few years a series of papers 
have appeared focusing on the impact of 
specific fatty acids on DC function.  Lo-
scher et al. [5] showed that conjugated 
linoleic acid suppresses nuclear factor 
(NF) κB activation and interleukin (IL)-
12 production in murine bone marrow-
derived DCs and acts through induction 
of IL-10 mediated by ERK. Weatherill 
et al. [6] reported that several saturated 
fatty acids directly activate murine bone 
marrow-derived DCs via toll-like re-
ceptor (TLR) 4 engagement leading to 
upregulation of several co-stimulatory 
molecules and pro-inflammatory cytok-
ines. They also demonstrated that these 
effects could all be antagonized by the 
omega-3 fatty acid docosahexaenoic 
acid (DHA). DHA also inhibited the 
pro-inflammatory effects of bacterial li-
popolysaccharide (LPS) on DCs. Zeyda 
et al. [7] showed that both the omega-3 
fatty acid eicosapentaenoic acid (EPA) 
and the omega-6 fatty acid arachidonic 
acid (ARA) inhibited LPS-induced 
upregulation of several co-stimulatory 
molecules and pro-infammatory cy-
tokines like IL-12 and tumor necrosis 
factor-α (TNF-α) and impaired the 
ability of these DCs to stimulate al-
logeneic T cells. The effects of EPA 
and ARA on co-stimulatory molecules 
and cytokines were seen at the level of 
gene expression but did not involve an 
effect on ERK or JNK or on the NFκB 
system. Wang et al. [8] confirmed the 

inhibitory effects of EPA and DHA on 
co-stimulatory molecule expression, 
IL-12 and TNF-α gene expression and 
production, and T cell stimulation by 
human monocyte-derived DCs. Fur-
thermore, EPA and DHA were found to 
suppress the phosphorylation, and so 
the activity, of p38 MAPK [8], suggest-
ing an effect of the fatty acids on early 
signaling events in DCs. The authors 
speculated about the possible involve-
ment of TLR4 upstream and NFκB 
downstream in the fatty acid effects 
they observed. Zapata-Gonzalez et al. 
[9] also confirmed the effects of DHA 
on co-stimulatory molecule expression, 
cytokine production and T cell stimula-
tion by human monocyte-derived DCs 
and they demonstrated that EPA, the 
omega-6 fatty acid linoleic acid and the 
monounsaturated fatty acid oleic acid 
had similar effects to DHA but were 
weaker in activity. Importantly, these 
authors showed that DHA had actions 
rather like peroxisome proliferator ac-
tivated receptor (PPAR) γ agonists and 
indeed the effects of DHA on DCs were 
blocked by an inhibitor of PPARγ [9]. 
PPARγ is expressed in DCs and blocks 
induction of pro-inflammatory re-
sponses. DHA-derived metabolites have 
been shown to act as PPARγ ligands 
and activators [10]. Furthermore, while 
PPARγ directly regulates inflammatory 
gene expression, it also interferes with 
the activation of NFκB creating an 
intriguing interaction between these 



Cell Research | Vol 20 No 10 | October 2010

1090
npg

two transcription factors [11]. Most re-
cently, Kong et al. [12] confirmed lower 
co-stimulatory molecule expression, 
and TLR-induced pro-inflammatory 
cytokine and chemokine production 
by murine bone marrow-derived DCs 
exposed to DHA. DHA was shown to 
enhance PPARγ activity and reduce 
NFκB activation. However, the effect of 
DHA on NFκB appeared to be PPARγ-
independent and to involve inhibition of 
IκB degradation [12]. Thus, the picture 
that emerges from this series of reports 
is that several fatty acids may have a 
crucial role in regulating DC maturation 
and function and that fatty acids most 
likely act within signaling pathways 
with possible actions on membrane 
receptors (TLR), cytosolic protein ki-
nases, and nuclear transcription factors 
(PPARγ, NFκB). These actions may be 
linked by a single unifying mechanism 
or by two (or more) parallel mechanisms 
which may also involve membrane 
rafts and lipid mediator generation by 
DCs [13]. 

A report published in the August is-
sue of Nature Medicine has suggested 
a novel and intriguing mechanism by 
which exogenous lipids can affect DC 
function [14]. In this study DCs from 
several sites in tumor-bearing mice 
were seen to accumulate intracellular 
lipid mainly in the form of triglyceride. 
Furthermore, DCs from patients with 
various cancers also showed lipid ac-
cumulation. In vitro studies with murine 
bone marrow-derived DCs showed that 
one or more substances released from 
tumors induced lipid (i.e. triglyceride) 
accumulation. Uptake of the saturated 
fatty acid palmitic acid into DCs was 
also increased by exposure of DCs to 
tumor conditioned medium, suggest-
ing that the lipid accumulation may be 
driven by enhanced cellular uptake of 
fatty acids (and other lipids) and their 
subsequent storage. An examination of 
expression of four scavenger receptors 
revealed that one of these, macrophage 
scavenger receptor A (SRA) or CD204, 
was enhanced by exposure of DCs to 

the tumor conditioned medium. Fur-
thermore, DCs from tumor-bearing 
mice that had accumulated high levels 
of intracellular lipid expressed higher 
levels of SRA. Finally lipid accumula-
tion by cultured DCs was prevented by 
blocking scavenger receptors or by an 
antibody to SRA and did not occur for 
DCs from SRA knockout mice. Thus, 
SRA appears to be involved in tumor-
associated lipid accumulation by DCs in 
vivo and in vitro.  Rather little is known 
about the mechanism of fatty acid up-
take into immune cells, including DCs, 
and SRA is certainly not fatty acid, or 
even lipid, specific. It would have been 
interesting to examine whether blocking 
or absence of SRA prevented lipid accu-
mulation driven by exposure to palmitic 
acid rather than to the tumor conditioned 
medium and to investigate expression of 
membrane fatty acid transporters in DCs 
[15]. DCs that had accumulated lipid 
either in vivo or in vitro had impaired 
T cell stimulatory activity which was 
related to the reduced ability to process 
and present antigen. It is not clear how 
the accumulated lipid interferes with 
antigen handling in DCs. The final 
experiments presented by Herber et al. 
[14] involve the use of an acetyl-CoA 
carboxylase inhibitor. Acetyl-CoA car-
boxylase catalyses the conversion of 
acetyl-CoA to malonyl-CoA, the rate 
limiting step in fatty acid synthesis. 
Typically this process uses acetyl-CoA 
generated from glucose metabolism, 
but recycling of acetyl-CoA from fatty 
acid β-oxidation and from elsewhere 
is also a possible source of substrate. 
The inhibitor prevented accumulation 
of “lipids”, clearly shown elsewhere to 
be triglyceride, in DCs upon exposure 
to the tumor conditioned medium. This 
curious finding is never explained by the 
authors, but suggests one of three pos-
sibilities. The first is that extracellular 
lipids being taken up via SRA (and other 
lipid uptake mechanisms) need to be de-
graded to the level of acetyl-CoA before 
resynthesis of fatty acids and their sub-
sequent incorporation into triglyceride 

which is then accumulated. An experi-
ment examining the effect of palmitic 
acid in the presence of the acetyl-CoA 
inhibitor would have been enlightening 
in this regard. The second possibility 
is that the accumulated lipid is derived 
from glucose and that the process of 
lipid accumulation from glucose via 
acetyl-CoA is driven by a factor present 
in the tumor conditioned medium. This 
possibility is not entirely compatible 
with the effects of palmitic acid and of 
blocking SRA. The third possibility is 
that the inhibitor sequesters coenzyme 
A, since it is capable of forming a CoA 
ester itself,  and that this disrupts the 
ability of triglycerides to form, since 
this requires fatty acyl-CoA to be syn-
thesized as the fatty acid donor. Thus, 
the situation of triglyceride hydrolysis 
and inability to reform triglycerides 
would, over time, favor intracellular 
triglyceride loss. 

These new findings [14] suggest a 
novel mechanism by which fatty acids 
and other lipids might affect DC func-
tion. There are a number of physiologic 
and pathologic conditions involving 
a state of hyperlipidaemia, including 
many cancers, diabetes, obesity, athero-
sclerosis, pregnancy and the response 
to injury. The findings presented by 
Herber et al. [14] show that there is a 
link between tumor bearing and lipid 
accumulation in DCs which in turn is 
related to an impairment of DC func-
tion that may be of significance in the 
host-tumor battle. It will be important 
to see if DC lipid accumulation and 
subsequent loss of function is a gener-
alizable phenomenon that occurs across 
other hyperlipidaemic conditions, or 
whether it is tumor-derived factors that 
drive the process marking this out as a 
cancer-specific concern. Thus, whether 
lipid accumulation by DCs is a central 
mechanism to explain the immune 
impairments that occur in the above 
conditions remains to be seen. Although 
it is not clear how lipid accumulation 
might impair DC function, such accu-
mulation seems to be exclusive from the 
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mechanisms outlined in earlier work in 
the field of fatty acids and DC function 
[5-12]. Nevertheless, given the different 
reported effects of various fatty acids 
on DC responses [5-12], it would be of 
interest to ascertain whether exposure 
to different fatty acids, either alone or 
in combination, can influence lipid ac-
cumulation in DCs and the functional 
consequences.   

The lipid accumulated in DCs as a 
result of their exposure to tumor con-
ditioned medium [14] has a similar ap-
pearance under the electron microscope 
to so-called “lipid droplets” [16, 17]. 
Lipid droplets, also known as lipid bod-
ies, have been described in many cell 
types, including immune cells. Lipid 
droplets form upon immune stimulation 
and they have been described to appear 
or to become larger and more evident 
during infection and in inflammatory 
conditions [16, 17]. They seem to play 
a role in the generation of eicosanoids 
which are often pro-inflammatory and 
immunosuppressive and, interestingly, 
the formation of lipid droplets is inhib-
ited by a fatty acid synthesis inhibitor 
[17]. Clearly intracellular accumula-
tion of lipid, most likely in structured 
droplets, is a routine response of cells, 
including immune cells, to certain 
environments. It will be important to 
identify the mechanism of lipid ac-
cumulation and the precise source of 
the lipid stored, how lipid accumula-
tion impairs DC function, strategies to 
modulate lipid accumulation, and how 
lipid accumulation relates to and links 
with membrane, cytosolic and nuclear 
sites of action of fatty acids and other 
lipids on DCs. 
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