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Read the full article ‘The deletion of STOP/MAP6 protein in mice triggers highly altered mood and impaired cognitive performances’ on page 99.

Cognitive processes such as learning and memory as well as
the modulation of mood and emotions rely on mechanisms
that contribute to neuronal and synaptic plasticity. These
processes are based on a neuron’s ability to adapt itself
structurally and functionally in response to new stimuli.
Among others, this includes the modulation of cell contact
sites at the axonal nerve terminals, synaptogenesis, dendritic
spine formation, as well as the outgrowth and sprouting of
neurites. On the cellular level, the strength of neurotransmission between two or more neurons determines the shape
of intercellular connectivity. Another important aspect in
maintaining neuronal plasticity is the preservation of the
brain architecture, which not only determines the integrity of
distinct brain areas, but also growth and sprouting of axonal
projections between different brain areas as well as dendritic
branching. Serotonergic neurotransmission provides a concrete example for a defined population of neurons that
depends on the maintenance of an extensive neuronal
network. A small number of neurons located in the raphe
nuclei project their axonal fibres into distant brain areas such
as the prefrontal cortex or the hippocampus. Therefore, the
efficiency of serotonergic neurotransmission is not only
determined by the expression and function of proteins
involved in neurotransmission but also by the density of
serotonergic innervation of a targeted brain area. Here, reorganization of the neuronal cytoskeleton has been shown to
be essential for maintenance and growth of axons and
dendrites. Microtubule-associated proteins (MAPs) which
influence assembly of new and maintenance of established
neuronal microtubules have been shown to play a key role
concerning structural neuronal plasticity (reviewed in Bianchi et al. 2005). While fast assembly of microtubules is
desired in neuronal growth and migration, stable neuronal
microtubules are necessary to maintain established neurotransmission pathways. The stability of neuronal microtubules also depends on the phosphorylation state of neuronal

MAPs, which promote assembly and stabilization in their
dephosphorylated state.
In the focus of mental disorders including depression and
schizophrenia, it is discussed that the function of proteins
involved in maintenance of neuronal plasticity may be
disrupted in one way or another. With respect to affective
disorders a number of studies observed a deficit in neuronal
plasticity (reviewed in Bianchi et al. 2005). In this line, it has
been reported that in several animal models of depression
stress-induced release of glucocorticoids affects neuronal
microtubules and also interferes with the expression of
different classes of microtubule-binding proteins. The microtubule-associated protein TAU has been shown to be
hyperphosphorylated in response to acute stress, while
MAP-2 seems to be degraded; however, these processes
are yet not fully understood. In this regard, it is discussed that
stress-induced calcium influx and activation of different
kinase pathways leads to inhibition of microtubule dynamic
instability and thereby to a loss of neuronal plasticity.
Interestingly, several components of the neuronal microtubule system have been shown to respond to antidepressant
treatment for example by phosphorylation of MAP-2 which
in turn results in a gain of neuronal plasticity by strengthen
microtubule dynamics (reviewed in Bianchi et al. 2005). In
the case of schizophrenia, a number of proteins have been
identified which can functionally be linked to neuronal
microtubules. Disrupted in schizophrenia-1 (DISC-1) for
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example has been shown to interact with a number of
proteins including (i) transcription factors, (ii) proteins
involved in synaptic function, neurite extension, neuronal
migration, (iii) microtubule-associated proteins as well as (iv)
alpha-tubulin itself (reviewed in Porteous et al. 2006). A
DISC-1 containing protein-complex which interacts with the
dynein motor complex seems to be essential for microtubule
transport as well as for the organization of the microtubules
at the centrosome. This highlights DISC-1 role in neuronal
migration, in which it appears to be important for centrosome
assembly. DISC-1 also contributes to neurite outgrowth most
likely by interacting with actin-binding proteins to anchor
microtubules close to the plasma membrane.
Taken together, microtubule-associated proteins play a
major role in protein transport in dendrites and axons and
hence are important for proper neuronal development and
morphogenesis (see Fig. 1). Recently, one of these microtubular proteins, named ‘Stable Tubule Only Polypeptide’
(STOP), has been shown to be essential for neuron
stabilization, neurite formation and synaptic plasticity (Guillaud et al. 1998; Bosc et al. 1999). Cell culture experiments
using used both microinjection of STOP antibodies and cell
exposure to STOP antisense oligonucleotides revealed that
STOP inhibition impairs neurite formation in PC12 cells.
To further study the involvement of STOP in cognition
and behavior genetically modified mice with a disruption of
the STOP gene were generated (STOP null mice). Histolog-

ical and electrophysiological examinations revealed that
STOP null mice displayed no detectable defects in brain
anatomy but showed synaptic defects, with depleted synaptic
vesicle pools and impaired synaptic plasticity in different
regions of the hippocampus (Andrieux et al. 2002). In
addition, STOP null mice exhibited behavioral changes as
compared with wild-type mice such as enhanced anxiety-like
behavior, severe social withdrawal and perturbed interactions
with their physical environment (Andrieux et al. 2002).
Further experiments were then performed to find links
between disturbed behavioral performances and defined
neurotransmitter systems. Here, with respect to the dopaminergic system, it was shown that disruption of the STOP gene
led to restricted changes in the dopaminergic neurotransmission as revealed by decreased D2 dopamine receptor levels
and decreased synaptosomal dopamine uptake, preferentially
in the mesolimbic pathway (Bouvrais-Veret et al. 2008).
STOP null mice also exhibited hyper-locomotor activity and
hyper-responsiveness to amphetamines (Brun et al. 2005).
Further characterization of STOP null mice revealed that
deletion of the STOP gene more strongly affects the
serotonergic system (Fournet et al. 2010). Whereas the
number of serotonergic cell bodies in the raphe nuclei was
not changed, mutant mice had higher in vivo serotonin
synthesis resulting in higher tissue serotonin levels in this
brain area. In addition, serotonin transporter levels and
serotonin 1A autoreceptor levels were also elevated in the

Fig. 1 Microtubular-associated proteins in mental disorders. In axons
and dendrites, the microtubular network (MT), microtubule-associated
proteins and anchoring microtubules are necessary to transport and
deliver many proteins such as for example neurotransmitter receptors
(NTR) and transporters (NTT). This process also directs proteins
known to play a major role in mental disorders such as, for example,
DISC 1 to their cellular target sites and thus contributes to neuronal
plasticity. Hereby, STOP is essential for stabilization of neuronal

microtubules. In STOP knock-out phenotype, neuronal microtubular
dynamics are inhibited and thus axonal and dendritic transport of
proteins is blocked. With regard to mood disorders, chronic stressinduced enhanced glucocorticoid levels are thought to cause a loss of
neuronal plasticity via hyperphosphorylation of TAU (pTAU) and degradation of microtubule associated proteins (MAP2). Vice versa, antidepressant treatment enhances microtubule dynamics and results in a
gain of neuronal plasticity.
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raphe nuclei. Conversely, in the projection areas, both,
serotonin and serotonin transporter levels, were strongly
decreased in STOP null mice. These neurochemical changes
were paralleled by changes in anxiety- and depression-related
behaviors. Interestingly, in this study the mutant mice
showed a reduced degree of anxiety as determined in the
elevated plus maze and open field whereas STOP null mice
had displayed a highly anxious behavior in the light/dark box
test (Andrieux et al. 2002). Possibly, one reason for these
contradictory results may be that the different behavioral
studies were performed on mice featuring a non-inbred
BALBc/129 SvPas-F2 genetic background. To solve this
problem, Fournet et al. (2012) have now studied depressionand anxiety-related behavior as well as neurochemical
changes in serotonergic and noradrenergic neurotransmission
in mice with a homogeneous inbred C57BL6/129 SvPas-F1
genetic background.
As compared with WT mice, STOP null mice had higher
noradrenalin and serotonin levels in brain stem areas, but
lower neurotransmitter levels in the projection areas. In
addition, they had higher neurotransmitter transporter densities in the brain stem, but lower densities in the
hippocampus and prefrontal cortex. These changes in
monoaminergic systems obviously were associated with
behavioral changes such as that STOP null mice exhibited a
more depressive phenotype in different test paradigms. Very
importantly, the inbred, STOP null mice now displayed a
consistent, reduced anxiety-like behavior when using four
different tests for anxious phenotype such as elevated plus
maze, open-field, light/dark box and marble burying test.
In future, it certainly will be of high interest to use these
homogeneous inbred STOP null mice (or probably also
heterozygous STOP)/+ mice) to study the effect of different
antidepressants using the established behavioral protocols
presented in the article by Fournet and colleagues. This
procedure will then also allow to link antidepressant-induced
behavioral alterations to neurochemical changes in mono-

aminergic systems, microtubular networks and neurotrophic
factors known to be involved in the etiology of depression.
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