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Recent studies have identified the
liver X receptor-α (LXR-α) and
LXR-β as important transcriptional
regulators of cholesterol metabo-
lism and transport. In Proceedings of
the National Academy of Science,
Tangirala et al. show that LXRs
expressed by macrophages protect
against atherosclerosis in mouse
models of the disease.

LXRs were first identified in the
liver, and they are members of the
nuclear hormone receptor super-
family of transcription factors. They
bind and are activated by cholesterol,
whereupon they are involved in regu-
lating the expression of genes involved
in sterol absorption and transport,
and several genes involved in choles-
terol and fatty-acid metabolism.
However, LXRs are also expressed in
non-hepatic cells, and are involved in
regulating the expression of ATP-
binding cassette 1 (ABC1) and apo-
lipoprotein E; proteins that have
important functions in promoting
the transfer of cholesterol to recep-
tors, such as high-density lipoprotein
(HDL), in a process known as reverse
cholesterol transport. The importance

of this process of reverse transport
can be seen in the rare genetic condi-
tion Tangier disease, in which patients
do not express ABC1. The patients
have reduced HDL levels, they accu-
mulate cholesterol in tissues and have
an increased risk of atherosclerosis.As
LXRs are expressed on macrophages
— a cell type that is involved in the
formation of atherosclerotic plaques
— the authors sought to identify a
direct link between LXR signalling
from macrophages and the patho-
genesis of cardiovascular disease.

To investigate the role of LXR
expression on macrophages in
atherosclerosis, macrophage-selective
knockout mice were created. The use
of selective knockouts is a useful tech-
nique to investigate a cell-specific
contribution without interference of
the loss of function in other tissues.
Bone marrow from Lxr-deficient
mice was transferred to lethally irradi-
ated mouse models of atherosclerosis.
The recipient mice showed selective
loss of LXR activity in bone-marrow-
derived cells, increased cholesterol
accumulation and accelerated athero-
sclerosis. These results show a direct
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What is good for the embryo is not
necessarily good for the adult, as a new report
in Nature Medicine illustrates. In this paper,
John et al. show that a signalling pathway that
controls oligodendrocyte maturation in the
embryo might contribute to the pathogenesis
of multiple sclerosis (MS) if it is reactivated
in the adult.

MS is an inflammatory disease that causes
progressive demyelination in the central
nervous system. This initially causes a deficit
in axonal conduction, and unless
remyelination occurs, the axons eventually
degenerate because they lack the trophic
support that myelin provides. In the early
stages of the disease, the lesions are repaired
quite efficiently, but the capacity for
remyelination declines with time. However,
even the most advanced lesions contain
oligodendrocyte precursors that should be
able to repair the damage, so why do they lose
this ability in the later stages of MS? 

The authors considered what other 
factors at the lesion site might be 
interfering with remyelination. The
cytokine TGF-β1 (transforming growth
factor-β1) is known to be present, and
reactive astrocytes have also been implicated
in the pathogenesis of MS. To examine 
how these components might interact to
prevent remyelination, John et al. used
microarray analysis to find out how TGF-β1
affects the gene-expression profile of
astrocytes in vitro.

One factor that was found to be
upregulated in the presence of TGF-β1 was a
protein called jagged 1. During normal
development, jagged 1 acts as a ligand for
Notch, which is expressed on the surface of
immature oligodendrocytes. Binding of
jagged 1 to Notch activates the expression of
the basic helix–loop–helix transcription
factor Hes5 in the oligodendrocyte
precursors, and this prevents them from

differentiating too early. The authors found
that jagged 1 was expressed in active
demyelinating lesions, but not in lesions in
which remyelination was successful. This
indicates that the jagged–Notch–Hes5
pathway is likely to be one of the factors that
prevent the oligodendrocyte precursors in
MS lesions from acquiring a mature
myelinating phenotype.

Although TGF-β1 is deleterious in terms of
remyelination, blocking its activity altogether
is not a viable option, because it also protects
against inflammation. These new findings
raise the possibility of intervention further
downstream — for example, by interfering
with Notch signalling — and this could lead
to the development of new therapeutic
strategies for the treatment of MS.

Heather Wood
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Lesions with a jagged edge
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High-throughput screening is usually
considered to be the method of choice for hit
generation, but has the important drawback that
to minimize false positives, considerable time
often needs to be devoted to the development 
of a robust assay specific for each target.
Consequently, alternative approaches based on
generally applicable binding assays that exploit
techniques such as NMR are attracting
increasing interest as a strategy to improve 
the efficiency of hit generation. Writing in the
Journal of the American Chemical Society,
van Dongen et al. now describe the application 
of such an approach to the discovery of high-
quality hits for the human adipocyte fatty-acid
binding protein FABP4, which is a potential
target for type 2 diabetes.

First, the authors assessed the binding of
a relatively small compound library (~500
compounds) — chosen on the basis of various
criteria, including relatively low molecular mass
(<350 Da), high water solubility and high
structural diversity — to FABP4 using an 
NMR-based assay. Binding of small molecules 
to any protein target alters the appearance of
their NMR spectra, and simple experiments can
be used to determine quickly if any significant
binding is occurring. Moreover, provided that
their spectra do not overlap too much, it is
possible to screen several molecules for binding
in the same experiment. So, the authors divided
their library into 57 ‘cocktails’ of 5–10
compounds chosen to avoid spectral overlap,
which allowed all the compounds to be screened
against FABP4 in two days.

Next, the 52 hits from the initial screen were
roughly ranked by binding strength using another
NMR experiment. Some of the highest ranked
hits, which had affinities in the high-micromolar
range, were then assessed fully for binding against
FABP4 and the closely related FABP3 using a
fluorescence-polarization assay, and the crystal
structure of a selective (≥25-fold) compound with
an affinity of 590 µM was obtained (one
advantage of highly soluble hits is that the
probability of obtaining a crystal structure is
reasonably high). On the basis of this structure,
12 analogues were synthesized, and one of these
combined an affinity of 10 µM with completely
retained selectivity for FABP4, which amply fulfils
the hit criteria that would have been set in a
conventional high-throughput screen.

In addition to the advantage of general
applicability of the NMR binding assays in 
early-stage drug development, the fact that the
approach starts from small, highly soluble
compounds facilitates the optimization of hits
into potent and selective leads, as groups can be
added without immediate risk of producing
compounds with disadvantageous bioavailability
properties. This is in contrast to many hits from
conventional high-throughput screens, which,
owing to their high molecular mass, can be
extremely difficult to optimize.

Peter Kirkpatrick
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Alternative route
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link between LXR activity and car-
diovascular disease.

Although these results have yet to
be achieved in other animal models
and humans, LXR agonists might be
useful drugs for the prevention of
cardiovascular disease. Such agonists
have been shown to reduce athero-
sclerosis in several mouse models of
the disease. However, it is possible
that such drugs would have to be
delivered to macrophages or athero-
sclerotic sites directly, because the
animals given LXR agonists have
shown elevated serum triglycerides,
probably as a result of fatty-acid
synthesis in the liver.

Melanie Brazil
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