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Review of Olausson et al. (2006) (http://www.jneurosci.org/cgi/content/full/26/36/9196)

The nucleus accumbens (NAc) has long
been seen as the interface between limbic
and motor systems (Mogenson et al.,
1980) on the basis of its convergent gluta-
matergic inputs from many limbic corti-
cal structures, such as the prefrontal cor-
tex, and its outputs to structures involved
in motor control, such as the pallidum.
The NAc also receives a major dopami-
nergic innervation from the ventral teg-
mental area via the mesolimbic pathway
that is intimately involved in reward-
related processes and addiction. Within
the NAc, dopaminergic and glutamatergic
inputs might interact to control goal-
directed instrumental behavior (respon-
se– outcome processes) driven by natural
rewards (food, water, sex) or drugs of
abuse, and conditioned stimuli associated
with them.

Repeated drug exposure induces long-
lasting cellular and molecular changes
within the NAc that are thought to con-
tribute to the protracted compulsive be-
havior associated with addiction. Among
such adaptations, the induction of the
transcription factor �FosB within the
dynorphin-positive medium spiny neu-

rons is of major interest. �FosB has been
the first long-lasting transcriptional regu-
lator shown to be involved in the plastic
processes associated with the transition to
addiction. Indeed, it modulates the re-
warding and motivational effects of co-
caine and is associated with tolerance to
the effects of opiates. However, to date,
little was known about the role of �FosB
in the modulation of behaviors motivated
by natural rewards.

In their article recently published in
The Journal of Neuroscience, Olausson et al.
elegantly address this question by demon-
strating that overexpression of �FosB po-
tentiates and increases, respectively, both
the acquisition of instrumental condition-
ing for, and the motivation to obtain, food.

Olausson et al. first analyzed the impact
of repeated injections, under conditions
known to induce �FosB, of five different
drugs: cocaine, nicotine, (�)-3,4-methyl-
enedioxymethamphetamine (MDMA),
and amphetamine, on the acquisition of lever
pressing for food pellets in food-deprived
rats. Except for MDMA, all pretreatments in-
duced behavioral sensitization and all in-
creased both the number of active lever
presses emitted by the rats during instrumen-
tal conditioning [Olausson et al. (2006), their
Fig. 1 (http://www.jneurosci.org/cgi/content/
full/26/36/9196/F1)] and the motivation to
obtain food as measured by an increased
breaking point on a progressive ratio sched-
ule (PR) [Olausson et al. (2006), Fig. 2B
(http://www.jneurosci.org/cgi/content/full/
26/36/9196/F2)]. Thus, a treatment known to

induce �FosB in the NAc can increase in-
strumental responding for food. Olausson
et al. then attempted to demonstrate a
causal relationship between NAc expres-
sion of �FosB and the observed increased
motivation for food. For this, they used
two models of artificial induction of �FosB
in the NAc. They first studied transgenic
NSE-tTA-TetOP-�FosB mice, which over-
express the protein only in the dynorphin-
positive neurons of the striatal complex
when doxycycline (the molecular switch
that suppresses TA promoter activity) is re-
moved (Fig. 1A). These mice expressed
�FosB not only in the NAc but also in the
dorsal striatum, which is more involved
in habit learning (Yin et al., 2004) (i.e.,
automatic stimulus–response processes
characterized by insensitivity to reward deval-
uation). The authors thus induced specific
overexpression of �FosB in the core of the
NAc using viral-mediated gene transfer in
rats. In both experiments, artificial expression
of �FosB mimicked the potentiating effect of
repeated drug exposure on both the acqui-
sition of instrumental responding [Olaus-
son et al. (2006), their Figs. 3 (http: // www.
jneurosci.org/cgi/content/full/26/36/9196/F3)
and 5 (http://www.jneurosci.org/cgi/con-
tent/full/26/36/9196/F5)] and motivation
for food [Olausson et al. (2006), their Figs.
4A (http://www.jneurosci.org/cgi/content/
full/26/36/9196/F4) and 7 (http://www.
jneurosci.org/cgi/content/full/26/36/9196/
F7)] (Fig. 1B). However, it did not modify
the motivation to obtain food under ad li-
bitum conditions, suggesting that the ob-
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served phenotype is revealed only when the
animal faces a behavioral challenge,
which has been shown to depend on
dopaminergic neurons projecting to the
NAc (Salamone et al., 1994).

The observed effects were not attribut-
able to increased nonspecific activity, be-
cause in all experiments instrumental re-
sponding by both rats and mice was
directed only toward the active manipu-
landum. Moreover, it is unlikely that the
enhanced instrumental responding ob-
served in both experiments was attribut-
able to �FosB-induced habit learning,
because (1) the scores displayed by trans-
genic mice overexpressing �FosB in PR
were sensitive to satiety-induced rein-
forcer devaluation, and (2) even when in
rats the overexpression of �FosB followed
instrumental training, thus preventing
any interaction between the artificial
overexpression and training, it increased
the motivation to obtain food during a
subsequent PR.

These results clearly show that overex-
pression of �FosB in the NAc enhances
instrumental responding and increases
motivation for food (Fig. 1B). �FosB is
thus suggested to be a general molecular
switch involved in the modulation of mo-
tivational aspects of goal-directed behav-
ior. It is clear that this demonstration is a
key element in the understanding of
reward-related processes, which conse-
quently suggests interesting questions for
additional investigations.

The results of Olausson et al. were
based on induction of �FosB in the NAc
by either noncontingent experimenter-
delivered drug injections or artificial over-
expression, and only addressed goal-
directed behavior toward food. The next
step would thus be to address the role of
�FosB in the context of compulsive drug
seeking. Indeed, when addiction develops,
compulsive behavior is directed exclu-
sively toward the drug, whereas natural
rewards like food are neglected. It would
thus be very important to determine, after
the development of compulsive drug
seeking (Vanderschuren and Everitt,
2005), whether �FosB is induced in the
NAc or in more dorsal parts of the stria-
tum, involved in habit-based inflexible
behaviors and whether it is associated
with enhanced or reduced motivation for
natural rewards. A second hypothesis that
might be taken into account in future in-
vestigations relies on the demonstration
that different NAc neuronal subpopula-
tions respond specifically to different re-
wards during operant behavior (Carelli et
al., 2000). Because it seems unlikely that

noncontingent experimenter-delivered
injections or artificial overexpression of
�FosB can account for this reward-
specific neuronal response, network-
specific expression of �FosB might prof-
itably be investigated. Indeed, if
prolonged drug self-administration is as-
sociated with specific induction of �FosB
in the NAc subnetwork mediating moti-
vational responses for drugs, an enhanced
behavioral response for drugs, and only
for drugs, to the detriment of natural re-
wards like food would be expected. There-
fore, based on the present, exciting results,
it is now important to use current animal
models of compulsive drug seeking, based
on chronic self-administration. In this
way, we may gain additional insight into
the role of �FosB in the development of
compulsive drug-seeking behavior to the
detriment of the seeking of natural re-
wards that appear to be relatively deval-
ued in addicts (Diagnostic and Statistical
Manual of Mental Disorders IVR).

At a more theoretical level, these re-
sults are consistent with the gating hy-
pothesis of dopamine function (Grace,
2000). It can be proposed that, within the
NAc, �FosB may widen the functional win-
dow of control by dopamine of goal-
directed behavioral output in response to
presentation of salient stimuli (Fig. 1C). It

could thus be argued that, even without
higher incentive value, the same stimulus
could induce a greater behavioral response
when �FosB is artificially overexpressed.
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Figure 1. Overexpression of �FosB in the nucleus accumbens increases instrumental responding for food in mice and rats:
new insights for the gating hypothesis of dopamine? A, Experimental model. Control animals (left) were bitransgenic NSE-tTA-
TetOP-�FosB mice given doxycycline (Dox) or rats injected with LacZ-cDNA containing herpes virus. Both did not express �FosB.
Right, Bitransgenic NSE-tTA-TetOP-�FosB mice deprived from doxycycline expressed �FosB in the striatal complex, whereas
rats injected in the core of the NAc with �FosB -cDNA containing herpes virus expressed �FosB specifically in this structure. B,
Summary of the results. When challenged to acquire an instrumental conditioning (IC) (i.e., pressing a lever to obtain food) or
during a PR, animals overexpressing �FosB displayed an increased instrumental responding compared with control animals. BP,
Breaking point. C, Theoretical perspective. Under normal conditions (left), the behavior displayed by an animal facing a challenge
to obtain a reward is controlled both by the contingency between its action and the outcome, and the motivational value of the
reward. Within the NAc, dopamine could control a functional window through which the appropriate behavioral response to the
motivational cues would be selected. When �FosB is overexpressed (right), this window would be widened, and this would
contribute to a stronger behavioral response to the same motivational stimuli.
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