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Toll-like receptors (TLRs) belong to the
family of pattern recognition receptors
and participate to immune surveillance by
detecting pathogen-associated molecular
patterns (PAMPs). Upon recognition of
PAMPs, TLRs recruit adapter molecules
and initiate a wide range of reactions lead-
ing to both innate and adaptive immune
responses.

TLR4 is expressed at the surface of
innate immune cells (monocytes, macro-
phages and dendritic cells [DCs]) and
also on some nonimmune cells like epi-
thelial and endothelial cells. TLR4 forms
a heterodimer with MD-2 and this associa-
tion is necessary for recognition of a wide
variety of PAMPs from bacteria, fungi,
viruses, plants and cyanobacteria. The
majority of these PAMPs are agonists of
the TLR4-MD-2 complex.

Detection of bacterial endotoxins
(e.g., Gram-negative bacterial lipopoly-
saccharides [LPS] or lipooligosaccharides)
by TLR4 initiate an inflammatory reaction
necessary for optimal immune responses

to invading Gram-negative bacteria.
Lipopolysaccharide binding protein and
CD14 are essential to the recognition pro-
cess leading to the formation of (TLR4.
MD-2.LPS), heterodimer at the plasma
membrane. The surface heterodimer even-
tually undergoes endocytosis and activates
two different intracellular pathways, one
involving the formation of the Myddosome
and the other, the recruitment of TRAM
and TRIF adaptors, leading to the produc-
tion of inflammatory cytokines. CD14 is
essential for the endocytosis of (TLR4.
MD-2.LPS), and the subsequent activa-
tion of TRAM-TRIF pathway leading
to the production of type I interferon.
Although TLR4 is essential in mounting
host responses to Gram-negative bacteria,
an excessive or prolonged TLR4 response
can promote life-threatening disorders,
such as acute sepsis and septic shock.
TLR4 can also be activated by endog-
enous factors generally defined as damage-
associated molecular patterns (DAMDPs).
DAMPs are extremely diverse molecules
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“The therapeutic potential of
TLR4 antagonists in the treatment
or prevention of symptoms
directly related to PAMP-TLR4 and
DAMP-TLR4 activation motivated
the development of novel classes
of compounds like FP7.”
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“ Virus-induced DAMPs—
TLR4 activation can be
deleterious for the host by
inducing an uncontrolled
inflammatory reaction.”
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derived from damaged, necrotic or infected tis-
sues ranging from proteins to lipoproteins and
oxidized phospholipids [11. DAMPs-mediated
TLR4 activation is suspected to play a major role
in infectious and noninfectious inflammatory
diseases.

The TLR4 pathway is not an ‘isolated sys-
tem’ and is under the influence of other pathways
involved in the initiation and regulation of the
inflammation process. By regulating the inten-
sity of TLR4-mediated responses, these pathways
are becoming interesting therapeutic targets for
the control of TLR4 activity in pathological situ-
ations. A good example is the synergistic activity
of TREM-1 that leads to a massive increase in
TLR4-mediated proinflammatory cytokine pro-
duction. This molecular crosstalk is restricted
to monocytes—macrophages and neutrophils
that co-express TREM-1 and TLR4. Another
example is the modulation of TLR4 response
to LPS by MIF. In the absence of MIF, TLR4
expression is reduced on macrophages that
become hyporesponsive to LPS. By contrast to
TREM-1, MIF is co-expressed with TLR4 by
various nonimmune cells including epithelial
and endothelial cells which are in direct con-
tact with microbial pathogens. Therefore, TLR4
stimulation triggers signaling pathways depend-
ing on cell types, expression of co-receptors, con-
comitant stimulation of regulatory receptors and
regulates the expression of many genes involved
in antimicrobial response, innate immunity,
endocytosis and metabolic reprogramming.

Metabolic reprogramming has emerged as
a key checkpoint for the activation of innate
immune cells such as murine macrophages and
DCs, for which TLR4 activation results in the
preferential use of glycolysis rather than mito-
chondrial catabolic pathways [2-4]. This process
recalls the Warburg effect observed in tumor
cells. Upon TLR4-MD-2 engagement, cells
adapt their metabolism so that glucose remains
a source of energy while becoming a source of
carbon for new biosynthetic intermediates. We
have shown that the stimulation of TLR4 in
human DCs triggers a metabolic shift result-
ing in increased glycolytic activity, which is
important for the fine-tuning of DC function [s).
Mechanisms involved in the coupling of TLR4
signaling with glycolysis regulation mainly
remain to be identified.

In noninfectious diseases, chronic stimu-
lation of TLR4-MD-2 pathway by DAMPs
is suspected to contribute to the development
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of a wide array of inflammatory syndromes,
including type II diabetes [6], atherosclerosis (7],
neurodegenerative and autoimmune diseases
like rheumatoid arthritis and multiple sclero-
sis. Several studies have shown that increased
TLR4 expression and signaling is an important
mechanism in insulin resistance. It has been
established that free fatty-acid-induced insulin
resistance required the presence of fetuin-A, an
endogenous serum ligand of TLR4 produced
by the liver [8]. Ischemia/reperfusion injury
is another example where activation of TLR4
pathway by DAMPs exacerbates tissue damage.

Viruses have evolved strategies to interfere with
TLR4 signaling by several means. The TLR4—
MD-2 pathway can be activated by viral proteins
like the RSV F protein [9], the circulating Ebola
shed-GP [10] and NS1 protein from dengue, West
Nile and yellow fever flaviviruses [11]. Although
mechanisms of TLR4-MD-2 targeting may vary,
itis clear that this pathway plays a crucial role in a
number of viral infections by participating to the
inflammatory responses orchestrated by immune
cells as well as to epithelium and endothelium
integrity. Since TLR4-dependent metabolic
reprogramming can promote innate antiviral
responses while providing enough energy and
biosynthetic intermediates for a virus to replicate,
pathogens may exploit this TLR4-dependent
regulation of glycolysis to respond to increased
energetic demands or to modulate the function
of antigen-presenting cells.

Although TLR4 stimulation by viral protein
could trigger a protective immune response to
infection [12], it may also be detrimental to the
host by triggering inappropriate or excessive
inflammation. TLR4 activation by the envelop
protein of mouse mammary virus induced IL-10
secretion that could favor viral persistence [13].
The endogenous multiple sclerosis-associated
retrovirus stimulates TLR4 and induces a
proinflammatory Thl response that could
contribute to chronic inflammatory and auto-
immune pathologies [14]. Our previous work has
shown that viral particles from hepatitis C virus
chronically infected patients altered the signal-
ing of TLR4 in DCs, resulting in a deficient Th1
response that could favor viral persistence [15,16].

Secreted viral proteins can target the TLR4—
MD-2 pathway, triggering signaling or alter-
ing its activation/regulation by other ligands.
This strategy affects TLR4-expressing cells
whether they are infected or not. Interestingly,
the soluble Ebola virus glycoprotein that is shed
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from infected cells and the secreted NS1 pro-
tein of dengue virus both disrupt endothelial
cell monolayer integrity in a TLR4-dependent
manner [11,17]. Viral proteins can also interfere
with intracellular actors of the TLR4 signaling.
For example, RSV G protein selectively inhib-
its the TRIF-dependent signaling pathway of
TLR3/4, inhibiting IFN-B production by DCs
stimulated by LPS [18].

Viral infection can also lead to the release
of DAMPs from infected cells. Some of these
danger signals, such as HMGBI (1], are MD-2
ligands triggering TLR4 signaling. Virus-
induced DAMPs-TLR4 activation can be
deleterious for the host by inducing an uncon-
trolled inflammatory reaction. This is the case
for instance when influenza virus infection is
inducing a cytokine storm with accumulation
of oxidized phospholipids and HMGBLI in the
infected lungs.

Molecules mimicking lipid A, the part of LPS
that directly interacts with MD-2 and CD14
receptors, have been developed as TLR4 antag-
onists. Eritoran (E5564, developed by Eisai) is
a synthetic lipid A mimetic that acts as a TLR4
antagonist by binding with high affinity to MD-2
in a manner similar to lipid A. In a murine model
of TLR4-dependent severe influenza infection,
the treatment by Eritoran prevented influenza-
induced lethality and acute lung injury, reduc-
ing the secretion of inflammatory cytokines [19].
Unfortunately, despite high activity in animal
models, Eritoran failed to pass clinical Phase IIT
as antisepsis agent in human.

The therapeutic potential of TLR4 antag-
onists in the treatment or prevention of symp-
toms directly related to PAMP-TLR4 and
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DAMP-TLR4 activation motivated the devel-
opment of novel classes of compounds like FP7.

FP7 is a synthetic monosaccharide bearing two
lipid chains and two phosphate groups that
mimics the monosaccharide lipid X, a natural
TLR4 antagonist [20]. FP7 is a potent TLR4
antagonist that can inhibit DAMP-induced

inflammation 77 vitro and in a series of animal

models of inflammatory diseases. For instance,
FP7 inhibits HMGBI-mediated TLR4 cell
activation and reduces lung tissue damages and
lethality in the TLR4-dependent severe influ-

enza infection model [5]. Because of its mono-

saccharide structure, FP7 requires less synthesis

steps than Eritoran or other disaccharidic lipid

A analogs. Even though its pharmacokinetic has
to be fully characterized, FP7 shows better water
solubility than other lipid A derivatives, good

bioavailability and low toxicity. The chemical

structure of the FP7 scaffold is now serving as a

starting point for the design of novel compounds

for selective TLR4-directed therapeutics.
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