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Dysbindin-1 is encoded by the dystrobrevin-binding protein 1 gene (DTNBP1) and is
located in synaptic sites throughout human and mouse brain (1). Genetic variations in
DTNBP1 impact human cognitive abilities (2-3) and have been associated with risk for
schizophrenia (4). Moreover, reduced dysbindin gene and protein expression have been
reported in the hippocampus and prefrontal cortex (PFC) of schizophrenic patients (5-8).
This latter finding suggests that a molecular phenotype associated with schizophrenia is
reduced expression of dysbindin, perhaps of a specific isoform (8), but the role of secondary
factors (e.g. drugs, smoking, etc.) and whether altered expression of any dysbindin transcript
is the molecular mechanism of genetic risk have not been determined. These uncertainties
notwithstanding, mutant mice with diminished DTNBP1 expression have become an
informative animal model of reduced dysbindin protein (1,5-8).

While the statistical evidence for association of DTNBP1 and schizophrenia across diverse
population samples is variable, the molecular evidence for a role of dysbindin in dopamine
and glutamate signaling, two neurotransmitters at the core of neurochemical hypotheses of
psychosis, is fairly consistent. Early speculation that the molecular mechanism of
dysbindin's role in psychiatric illness had to do with the dystrophin protein complex, from
which its name is derived, has been eclipsed by current data that implicate a pathogenic role
of dysbindin as a partner in the biogenesis of lysosome-related organelles complex
(BLOC-1). Dysbindin is involved in intracellular protein trafficking involving lysosomes
and related organelles and it is important for synaptic homeostasis (1,9). A number of
receptor proteins, including D2 receptors and NR2A receptor subunits, are trafficked after
internalization via lysosomal-mediated degradation and dysbindin has been shown to impact
these trafficking events. Mice with disrupted dysbindin show selective alterations in internal
trafficking of these specific components of dopamine and glutamate signaling, and not of
other receptor components that are not trafficked through the lysosomal degradation
pathway (e.g. D1 receptors, NR2B components [10-12]). Thus, dysbindin reductions may
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represent a direct genetic bridge between these two schizophrenia related signaling systems,
and the molecular mechanism of DTNBP1 as a psychosis risk gene may involve this bridge.

The report by Karlsgodt and colleagues in this issue of Biological Psychiatry identifies a
novel effect of dysbindin reduction in mice, a decrease in NMDA excitation and NR1
mRNA expression in the PFC (13). This finding extends earlier evidence that dysbindin
impacts on both pre- and post-synaptic dopamine and glutamate signaling (10-12;14-15).
What are the consequences of reduced dysbindin function in the glutamate system? In the
hippocampus, dysbindin reduction has been shown to result in increased neuronal surface
expression of NR2A, but not NR2B; while total levels of NR2A, NR2B, NR1 and GluR1 are
not altered compared to wild-type mice. These modifications result in increased NMDA- but
not AMPA-mediated synaptic currents and increased LTP, but not LTD (12). In the PFC of
these dysbindin mutant mice, different modifications of the glutamate system have been
found, but as in the hippocampus, NR2A surface expression is increased in the PFC,
consistent with a defect in BLOC-1 trafficking of internalized NR2A. However, in contrast
to the hippocampus, dysbindin reduction in the PFC leads to a decrease in NR2B surface
expression (12) and, as now reported by Karlsgodt et al. (13), decreased NR1 mRNA.
Moreover, in contrast to that previously found in the hippocampus (12), Karlsgodt and
colleagues further report reduced NMDA-mediated current in the PFC of dysbindin mutant
mice. (See table 1 for a summary of differential dysbindin effects in the glutamate and
dopamine systems between the hippocampus and the PFC). Thus, it seems that dysbindin
reductions might differentially affect the glutamate system in the PFC compared with the
hippocampus, but it is unclear how dysbindin's predictable role in the BLOC-1 system
would have differential ramifications in these cortical regions. It is tempting to speculate
that the consistent effect of dysbindin on NR2A trafficking impacts differently on these
cortical regions due to their differing connectivity and developmental trajectories.

What are the consequences of reduced dysbindin function in the dopamine system? Quite
analogous to its impact on lysosomal trafficking of NR2A but not NR2B subunits, dysbindin
reduction increases expression of surface D2 receptors, but not D1, on cortical neurons
(10-11). This is due to an enhanced reinsertion of D2 to the neuronal membrane, presumably
because the lysosomal trafficking pathway is altered (11). It is interesting to note that the
total levels of D2 and D1 receptors are not changed in the cortex of dysbindin mutant mice
compared to wild-type mice. Only the levels of D2 receptors on the cell surface are
increased (11). The increase in surface D2 receptors results in enhanced sensitivity to D2
agonists, both behaviorally and in terms of the excitability of layer V interneurons and layers
II/III pyramidal neurons (11,16). This may have important consequences in the clinical
setting because genetic variations that result in decreased dysbindin functioning might
predict important differences in the efficacy and dosing of D2-related drugs (e.g. several
antipsychotics).

The effect of increased D2 receptors on the cell surface of dysbindin disrupted mice has
rather specific physiologic effects, both regional and cellular. In layer V of the PFC, there is
reduced excitability of interneurons but not of pyramidal neurons (11). In contrast, in the
more superficial layers II/III of the PFC, dysbindin disruption increases neuron excitability
in pyramidal neurons but not interneurons (16). These results implicate potential
microcircuit pathophysiological alterations in the PFC following dysbindin reduction. Thus,
dysbindin reduction results in a D2-dominated state and alters the pattern of excitability in
PFC microcircuits, both mechanisms implicated in schizophrenia and especially in its
cognitive deficits (17).

These molecular and physiologic effects of reduced dysbindin on cortical glutamate and
dopamine systems directly and the GABA system indirectly would be expected to impact on
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cortically mediated cognition. Indeed, there are several studies showing an effect of genetic
variation in DTNBP1 on human cognition (2-3) and dysbindin altered mice also show
abnormalities in cognitive performance. As reported by us (16) and by Karlsgodt et al.(13),
dysbindin reductions in C57BL/6J (B6) background mice produce spatial working memory
deficits. These working memory deficits seem to depend on the experimental condition and
are possibly dependent on altered dopamine/D2 pathways (16), glutamate/NR1 pathways
(13) or most likely both. Interestingly, dysbindin seems to have a stronger effect on
prefrontally-relevant cognition (e.g. working memory) in comparison to more hippocampal-
related cognitive functions (e.g. reference memory) (16). However, further investigation of
other executive functions and hippocampal-dependent tasks is required to fully address this
question.

In the interpretation of the present and future investigations, it is important to note that
dysbindin genetic variations likely interact with the genetic background. In particular, the
dysbindin genetic mutation in mice originally occurred spontaneously in the inbred DBA/2J
strain (the so called “sandy mice”). On this genetic background, dysbindin reduction
produces dramatic locomotor and coordination deficits which might make cognitive
investigation more difficult. Moreover, DBA/2J mice per se are impaired in theta burst long-
term potentiation, in aspects of learning and memory, and are homozygous for other
mutations related to cognitive behavior, and have higher dopaminergic activity in the
forebrain compared to the B6 background. This has encouraged backcrossing of the “sandy
mouse” with a B6 background strain to limit these confounders (16,18, and 13), though it is
not clear in the Karlsgodt et al., study to what degree the B6 backcrossing has been carried
out. Furthermore, a direct comparison of working memory performance between the
dysbindin mutation on different genetic backgrounds between (19) and the present work by
Karlsgodt et al. (13), is problematic because the test parameters have not been uniformly
analyzed.

Dysbindin has substantial value as a genetic link to neurochemical systems strongly
implicated in psychosis, particularly dopamine, glutamate and GABA. It illustrates, at least
in principle, a mechanism for genetic susceptibility that makes intuitive sense in terms of
what we already suspect is important in the pathophysiology of schizophrenia. The debate
will surely continue about whether the statistical evidence for genetic association is strong
enough and whether altered DTNBP1 expression in schizophrenic brain is a primary
phenomenon driven by the clinical risk SNPs. Nevertheless, the compelling biological
evidence for a role of dysbindin in modulating neuronal signaling implicated in psychosis
should encourage research to follow dysbindin in the search for strategies to individualize
outcome with available therapeutic agents and to find new ones.
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Figure 1. Modifications in dysbindin knockout mice versus wild-type
↑: increased; ↓: decreased; =: no change.
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