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dence cited above that such secretion may 
be facilitated by protection from PERPP. 
Similarly, increased intake of ω-3 fatty 
acids has been shown to result in a shift 
from small, dense LDLs to large, buoy-
ant LDLs (14). This effect is likely to be 
multifactorial, with an important role for 
reduced cholesteryl ester transfer protein–
mediated transfer of triglyceride to LDLs 
and subsequent lipolysis (10, 13). However, 
it is also consistent with evidence that larg-
er, triglyceride-rich VLDLs are metabolic 
precursors of smaller LDL particles (10), 
and with the findings of Pan et al. (5) that 
increased PERPP reduces hepatic output 
of particles in this pathway (Figure 1).

A possible role for oxidation products in 
modulating hepatic lipoprotein secretion 
in humans can be assessed by determina-
tion of whether antioxidant treatment 
increases plasma transport or concentra-
tions of ApoB-containing lipoproteins. In 
a randomized placebo-controlled study of 
20,536 adults with pre-existing vascular 
disease or diabetes, daily supplementation 
with 600 mg vitamin E, 250 mg vitamin C, 
and 20 mg β-carotene resulted in small but 
statistically significant increases in triglyc-
eride (11%), ApoB (5%), and LDL cholesterol 
(3%), along with a small reduction in HDL 
cholesterol (15). No changes in triglyceride 
or LDL levels following antioxidant supple-
mentation were found in a much smaller 
trial, but there was a reduction in the HDL2 
cholesterol fraction, which was associated 

with reduced benefit on coronary disease 
endpoints when antioxidants were com-
bined with simvastatin plus niacin therapy 
(16). Thus, although there is considerable 
evidence for the involvement of oxidative 
stress in many disease processes, including 
atherosclerosis, the potential for unintend-
ed outcomes of antioxidant therapy should 
serve as a warning against proceeding with 
such treatment in the absence of clinical-
trial evidence for benefit and safety.
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Schizophrenia is a common, severely dis-
abling, mental disorder (1), and understand-
ing its etiology and pathogenesis is one of 
the most important challenges facing psy-
chiatry. Despite great endeavor, achieving 
this has proven difficult given the absence 

of a diagnostic neuropathology or bio-
logical markers, and few clear insights have 
emerged. However, there is currently a con-
sensus that the disorder is, at least in part, 
neurodevelopmental (2). At the structural 
level, there are reductions in the neuropil 
and neuronal size that are widespread but 
not uniform, with temporal lobe structures, 
notably the hippocampal formation (HF), 
particularly affected (3). These changes in 
turn probably result from alterations in 
synaptic, dendritic, and axonal organization 
(3). At the functional level, accumulating 
evidence also implicates altered glutamate 
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neurotransmission in addition to classical 
hyperdopaminergic explanations (4).

The most robust body of evidence regard-
ing etiology comes from genetic epidemio-
logical studies, which show that individual 
differences in liability are predominantly 
genetic, with heritability estimates around 
80% (5). The most common mode of trans-
mission is probably oligogenic, polygenic, 
or a mixture of the two (5), but the number 
of loci, the disease risk conferred by each, 
the extent of genetic heterogeneity, and 
the degree of interaction among loci are 
unknown. As for other common genetic 
disorders, the small effect on susceptibility 
conferred by any given locus makes iden-
tifying susceptibility genes by positional 

genetics difficult. However, as sample sizes 
and hence power have increased, convinc-
ing linkages to a number of chromosomal 
regions have emerged (6). Moreover, sys-
tematic examinations of several of these 
linkage regions have produced replicated 
evidence implicating specific schizophre-
nia susceptibility genes (6, 7).

Evidence that DTNBP1 is a 
susceptibility gene for schizophrenia
Currently, the best-supported susceptibil-
ity gene is DTNBP1 (e.g., refs. 8–10), which 
encodes dysbindin-1 and is located within 
chromosome 6p22.3. Dysbindin-1 is a 40–50 
kDa protein that binds both α- and β-dystro-
brevin, which are components of the dystro-

phin glycoprotein complex (11). The dystro-
phin complex is found in the sarcolemma of 
muscle (11) but is also located in postsynap-
tic densities in a number of brain areas (12). 
Although its functions are largely unknown, 
its location initially suggested that genetic 
variation in DTNBP1 might confer risk of 
schizophrenia by mediating effects on post-
synaptic structure and function (8).

Despite the strong evidence implicating 
DTNBP1, in the absence of schizophrenia-
associated changes that alter the amino 
acid sequence of dysbindin-1, the actual 
susceptibility variants remain unknown. It 
even remains formally possible that these 
lie within an adjacent gene, but it is more 
likely that variation within DTNBP1 affects 
mRNA expression or processing. The latter 
possibility is indirectly supported by evi-
dence for as yet unknown cis-acting poly-
morphisms affecting DTNBP1 expression 
in human brain (13).

Presynaptic reductions of dysbindin-1 
in schizophrenia
In this issue of the JCI, Talbot and col-
leagues have tested this hypothesis by 
examining dysbindin-1 protein levels in 
human brain (14). Their findings provide 
several novel and important insights. First, 
while they confirmed fairly widespread 
neuronal distribution of dysbindin-1 and 
β-dystrobrevin, they also showed presyn-
aptic localization of dysbindin-1 but not 
β-dystrobrevin, suggesting that dysbindin-1 
plays a presynaptic role in the HF that is 
independent of β-dystrobrevin and the 
dystrophin glycoprotein complex. Second, 
they found high levels of dysbindin-1 in the 
cells providing the intrinsic glutamatergic 
pathways of the HF and an inverse corre-
lation with VGlutT-1, the main vesicular 
glutamate transporter present in the HF. 
This supports a relationship between dys-
bindin-1 and glutamate neurotransmission 
and suggests an effect on VGlutT-1 expres-
sion, synthesis, or degradation in the HF. 
Third, they found a significant reduction 
in dysbindin-1 expression at these hippo-
campal presynaptic sites in two separate 
populations of patients with schizophre-
nia. If correct, these findings suggest that, 
in the HF at least, dysbindin-1 may influ-
ence schizophrenia risk through presynap-
tic mechanisms that are independent of the 
dystrophin glycoprotein complex.

The authors have tried hard, by careful 
matching of cases and controls, to mini-
mize the potential impact of many of the 
possible confounding variables that bedevil 

Figure 1
Schematic representation of a glutamatergic synapse. Several genes have been implicated in 
susceptibility to schizophrenia that can potentially impact on glutamate (Glu) synaptic func-
tion including dysbindin-1, neuregulin 1 (NRG1), G72, D-amino acid oxidase (DAAO), and 
regulator of G protein signalling 4 (RGS4). Dysbindin-1 may influence VGlutT-1 expression, 
synthesis, or degradation and is a component of the postsynaptic density (PSD). NRG1 is 
present in glutamate synaptic vesicles, regulates expression of N-methyl-D-aspartate recep-
tors (NMDARs), activates ErbB4 receptors, which colocalize with NMDARs, and interacts 
with the PSD. G72 interacts with DAAO, which oxidizes D-serine, an endogenous modulator 
of NMDARs. RGS4 is a negative regulator of G protein–coupled receptors, especially the 
metabotropic glutamate receptor 5 (mGluR5), via its effects on the G protein Gq. Figure modi-
fied with permission from The Lancet (7).
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studies of postmortem brain. Most patients 
with schizophrenia have taken psychotro-
pic medication for many years, and post-
mortem material from drug-naive patients 
is extremely difficult to obtain. Talbot and 
colleagues showed that dysbindin-1 and 
VGlutT-1 levels were not correlated with 
antipsychotic drug dose in the month 
before death and provide evidence against 
an effect of chronic drug treatment from 
studies of chronic haloperidol administra-
tion to mice (14). However, as the authors 
acknowledge, the validity of drug-treated 
mice as a control is open to question, and 
also no mention is made of matching of 
cases and controls for agonal state. Given 
the difficulties confirming previous post-
mortem findings in schizophrenia, it is 
now imperative that multiple independent 
replications be obtained. From the genetic 
perspective, it would also strengthen the 
mechanistic case of Talbot and colleagues 
if disease-associated single nucleotide poly-
morphisms or haplotypes can be linked to 
effects on gene expression. Here, ethnic 
variation in risk haplotypes and possible 
allelic heterogeneity within populations 
might prove problematic.

Dysbindin-1 and the pathogenesis  
of schizophrenia
These findings raise a number of impor-
tant issues. First, what is the presynaptic 
function of dysbindin-1? A possible clue 
comes from recent evidence implicat-
ing it as a member of a protein complex 
involved in the trafficking of lysosome-
related organelles in association with the 
proteins muted, pallidin, and cappuccino 
(15). As Talbot et al. point out, lysosomes 
are found presynaptically in the HF, and 
reduced lysosomal trafficking might result 
in elevated VGlutT-1 (14). However, further 
studies are required to identify dysbindin-1 
interactors and to understand the control 
of DTNBP1 expression in brain. In addi-
tion, analysis of the mouse mutant sandy 
(sdy), which, in its homozygous form, 
expresses no dysbindin-1 protein due to a 

large deletion in Dtnbp1, and of conditional 
knockouts might also be expected to throw 
light upon the function of dysbindin-1 in 
brain. Second, Talbot and colleagues stud-
ied a restricted number of brain regions, 
particularly the HF. Dysbindin-1 is widely 
expressed in brain (11), and many lines of 
evidence suggest widespread involvement 
of different brain areas in the structural 
and functional abnormalities of schizo-
phrenia (3). There is now a need to deter-
mine whether reduced dysbindin-1 levels 
are found in other brain areas and whether 
the association with glutamate is general-
ized or specific to the relatively restricted 
population of hippocampal regions impli-
cated by Talbot and colleagues. Interest-
ingly, Talbot and colleagues report region-
al variation in the distribution of the two 
dysbindin isoforms studied: the HF and 
cerebral cortex contained both 50 and 40 
kDa isoforms while the cerebellar cortex 
contained only the 50 kDa variant, imply-
ing that there are differences in their tran-
scriptional control.

The identification of a potential role for 
dysbindin-1 in glutamate transmission is 
of considerable interest. Evidence for glu-
tamate dysfunction in schizophrenia is 
accumulating from both basic and clinical 
research (4). Moreover, a case can be made 
that other susceptibility genes identified 
on the basis of positional genetic studies, 
such as those encoding Neuregulin 1, G72, 
D-amino acid oxidase, and regulator of G 
protein signalling 4, may have convergent 
effects upon glutamate synapses (Figure 
1), although the links are speculative and 
several caveats remain (7).

Finally, if these findings are confirmed, 
they will indicate the potential power of 
positional genetics to home in on novel 
mechanisms. There are other linkages in 
schizophrenia that are as strong as that to 
6p22.3, indicating the location of other 
susceptibility genes (6). On the basis of 
Talbot and colleagues’ work (14) we can 
expect their identification to yield further 
crucial advances.
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