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Because obesity is becoming increasingly
prevalent worldwide, much effort is

being devoted to understanding its patho-
genesis and treatment. One approach to in-
vestigating the pathology of obesity is to
inactivate or knock out specific genes in
mice. In addition to revealing biological
functions of the inactivated genes, these
knock-out mouse models may be used to
identify new pharmacological targets for
the treatment of obesity.

In recent years, several knock-out mouse
models of leanness and obesity resistance
have been reported (Table 1). Most of the
targeted genes can be divided into four cate-
gories: those that modulate intracellular sig-
naling pathways (for example, cAMP-
dependent protein kinase RIIβ, protein ty-
rosine phosphatase-1B); those that control
food intake (melanin-concentrating hor-
mone); those that affect lipid synthesis
(acyl CoA:diacylglycerol acyltransferase,
complement C3, acetyl-CoA carboxylase 2)
or hydrolysis (perilipin); and those that reg-
ulate adipocyte development (high mobil-
ity group protein I-C (HMGIC), peroxisome
proliferator–activated receptor-γ (PPAR-γ)).
Another obesity-resistant mouse lacking
the mahogany protein1 originated from a
spontaneous gene knock-out mutation.

Despite the diversity of the products of
these genes, the knock-out mouse models
share some similarities. Almost all have
increased energy expenditure with a
slight, possibly compensatory, increase in
food intake and most have enhanced glu-
cose disposal consistent with increased in-
sulin sensitivity. These results suggest the
existence of a final common mechanism
for increased energy expenditure, en-
hanced glucose disposal and obesity resis-
tance. It is unclear whether this common
mechanism is mediated through the cen-
tral nervous system (for example, hypo-
thalamus) or occurs directly in the
peripheral tissues (adipose tissue, skeletal
muscle). However, given the complexity
of regulating energy and glucose metabo-
lism, it most likely involves multiple lev-
els of interaction between the brain and
the periphery.

In this issue, Tsukiyama-Kohara et al. ex-
pand the list of genes involved in energy
and glucose homeostasis by reporting a
new lean mouse model generated by inacti-

vating the gene for an inhibitor of mRNA
translation2.

All nucleus-encoded mRNAs contain a 5′
cap that has an important role in transla-
tion. The cap is recognized by the eukary-

otic translation initiation factor 4E (eIF4E)
subunit of the eIF4F complex, and this
recognition is crucial in recruiting the 40S
ribosomal subunit to the mRNA as part of
the translational process. A family of in-
hibitors, the eIF4E-binding proteins (4E-
BP), regulates the formation of the eIF4F
complex in mammals. One of these bind-
ing proteins, 4E-BP1, is highly expressed in
white adipocytes. In the basal state, 4E-BP1
binds to eIF4E and prevents the formation
of the eIF4F complex, thereby inhibiting
cap-dependent translation (Fig. 1a). After

phosphorylation, as in response to insulin
treatment, 4E-BP1 dissociates from eIF4E
and this dissociation allows eIF4E to partic-
ipate in the formation of the eIF4F com-
plex, eventually increasing the translation
of a subset of mRNAs (Fig. 1b).

To investigate the biological function of
4E-BP1, Tsukiyama-Kohara et al. generated
4E-BP1–deficient (Eif4ebp1–/–) mice and
found that they had decreased adiposity.
Interestingly, the white adipose tissue
(WAT) of Eif4ebp1–/– mice had an increased
number of multilocular adipocytes—cells
containing small lipid droplets—that are
characteristic of the more metabolically ac-
tive brown adipose tissue (BAT). Indeed,
the inguinal WAT of Eif4ebp1–/– mice had a
six-fold increase in the mRNA expression
of uncoupling protein 1 (UCP1), a mole-
cule normally detected only in brown
adipocytes. Because UCP1 uncouples mito-
chondrial respiration from ATP synthesis
and results in thermogenesis, the increased
UCP1 expression most likely accounted for
the approximately 15% increase in the
metabolic rate of male Eif4ebp1–/– mice.

How could the disruption of a gene en-
coding a translational inhibitor cause this
phenotype? Although the mechanism is
not fully resolved, Tsukiyama-Kohara et al.
provide evidence supporting an attractive
model. Because UCP1 transcription is up-
regulated by PPAR-γco-activator 1 (PGC1), a
co-activator of nuclear receptors, the au-
thors investigated the expression of PGC1
in the inguinal WAT of Eif4ebp1–/– mice.
Whereas PGC1 mRNA expression was un-
changed, PGC1 protein expression was in-
creased two-fold in Eif4ebp1–/– mice. These
results suggest that the deficiency of 4E-BP1
increased the translation of PGC1 in WAT.
The increased PGC1 translation, in turn, en-
hanced the expression of UCP1 and con-
verted some WAT into BAT, leading to
increased energy expenditure, decreased
adiposity, and enhanced glucose disposal.

Besides identifying a new factor in-
volved in energy and glucose metabolism,
Tsukiyama-Kohara et al. report a novel
mechanism for the regulation of energy
expenditure at the translational level.
These findings may help to provide in-
sights into the molecular mechanisms of
increased energy expenditure in other
mouse models of obesity resistance. Like
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its lean, knock-out predecessors, the
Eif4ebp1–/– mouse provides more clues for
solving the mysteries of obesity.
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Table 1 Knock-out mouse models of leanness and obesity resistance

Inactivated gene Gene product Energy Food Insulin Proposed mechanism of leanness 
function expenditure intake sensitivity and obesity resistance

Protein kinase Mediator of cyclic AMP ↑ Slight NR Increased protein kinase A activity →
A-RIIβ (ref. 3) increase increased UCP1 level in BAT →

increased thermogenesis

Protein tyrosine Regulation of insulin signaling ↑ Slight ↑ Unknown
phosphatase-1B increase
(refs. 4,5)

Melanin-concentrating Stimulation of food intake ↑ ↓ NR Decreased food intake 
hormone6

Acyl CoA:diacylglycerol Synthesis of triglycerides ↑ Slight Probable Unknown
acyltransferase7 increase increase

HMGIC (ref. 8) Proliferation of mesenchymal cells NR No change NR Decreased pre-adipocyte differentiation

Complement C3 Production of acylation- NR ↑ Probable Decreased fatty-acid esterification and 
(ref. 9) stimulating protein(CC3a) increase glucose transport in adipocytes

PPAR-γ (heterozygous)10 Regulation of adipocyte ↑ ↓ Probable Decreased adipocyte size and 
differentiation increase increased leptin expression

Perilipin11,12 Regulation of triglyceride hydrolysis ↑ Increased in Probable Increased lipolysis
one study decrease

Acetyl-CoA carboxylase 2 Synthesis of fatty acids NR ↑ NR Increased fatty-acid oxidation
(ref. 13)

eIF4E-BP1 (ref. 2) Repression of mRNA translation ↑ No change Probable Increased PGC1 translation →
increase induction of UCP1 expression in WAT 

→increased thermogenesis

NR, not reported.  
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Epilepsy and all that jazz
Reflex epilepsies are caused by different sensory stimuli. The report of a gene that, when mutated, causes epileptic

seizures in response to loud noises may provide important clues into the mechanisms of neuronal excitability.
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Reflex epilepsy refers to a small subset 
(< 1%) of human epilepsies, in which

the epileptic seizure is triggered by a defin-
able and often controllable factor. The
most common trigger in humans is a vi-
sual stimulus. On 17 December 1997, hun-
dreds of children throughout Japan were
simultaneously stricken with epileptic
seizures triggered by flashing red lights in
the eyes of “Pikachu”, a creature in a
Pokemon cartoon1,2. Other stimuli, includ-
ing somatosensory, vestibular and audi-
tory stimuli, as well as intrinsic events

such as reading or solving mathematical
problems, have also been demonstrated to
trigger epileptic seizures in humans (Fig.
1). The reflex epilepsies are intriguing not
just because of the human-interest angle
but also because they are thought to pro-
vide clues to a seminal question that
haunts epilepsy investigators: What trig-
gers the transition from a normally func-

tioning brain to a seizing brain?
The answer to this question may begin

to emerge from a report by Ptacek and col-
leagues3, who have identified the mutant
gene that underlies a reflex epilepsy in the
mouse strain Frings. The Frings mutation,
which arose spontaneously on a Swiss
Albino background, causes epileptic
seizures to occur as a ‘reflex’ in response to
a high-intensity auditory stimulus. The
same group had previously mapped a ge-
netic locus (monogenic audiogenic seizure
susceptible 1 or Mass1) to an interval of ap-


