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Abstract In this review, we present the main findings of
the 6th Symposium for the Search for the Causes of
Schizophrenia, which took place between 3 and 6 February
2009, in Sao Paulo, Brazil. In a few short years, the
landscape of the causes of schizophrenia has changed
dramatically. The flat and featureless epidemiological
horizon has developed undulating contours, which promise
new avenues for research, particularly if we are able to
integrate such findings with tantalising new findings from
genetics as novel methods for identifying genuine sites of
genetic risk emerge. The Search highlighted and fostered
the emerging acknowledgement that we will need to inte-
grate knowledge across traditionally disparate disciplines
in psychiatry in order to develop complex, testable
hypotheses in the search for the causes of schizophrenia.
Such challenges are beginning to be addressed. From epi-
demiology, gene—environment studies are becoming more
sophisticated, while neuroscience is increasingly concerned
about social organisation and how social factors impinge
upon biological pathways to potentially lead to psychosis.
Tantalising new insights from genome-wide association
studies offer new clues about rare genetic mutations, which
have large effect sizes for schizophrenia, including copy
number variants and de novo mutations. It is only through
forums such as the 6th Symposium for the Search for the
Causes of Schizophrenia that the seeds of integrated
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collaborations across disciplines can be sown to address the
complex polyfactorial basis of schizophrenia.

Report

The Search for the Causes of Schizophrenia is now well
into their third decade. Originally established by Professors
Heinz Hafner and Wagner Gattaz to bring together
schizophrenia researchers from around the world, these
periodic, timely symposia offer an intimate, convivial
forum for academic discussion and debate of the latest
advances in schizophrenia research. The 6th Symposium
was no different. Dedicated to recognise the achievements
of Professor Hafner, the organisers Professor Wagner
Gattaz and Doctor Geraldo Busatto invited 36 speakers
from over 10 countries to the Institute of Psychiatry, Sao
Paulo, to discuss new findings from epidemiology, psy-
chopathology, pathophysiology genetics and treatment
since the fifth Symposium in 2003. Six years ago, there was
great hope and expectation that advances in genetic
research would lead to the identification of one or more
candidate genes for psychosis, if not schizophrenia [14]. In
the intervening years, the weight of expectation has only
been, disappointingly, matched by the absence of any clear
consensus on candidate genes for schizophrenia. Where the
failure to find consistent evidence for a mono- or poly-
genetic basis for schizophrenia might have otherwise led to
implosion [10], in Sao Paulo, the mood was not of failure,
but of optimism as to how we might capitalise on novel,
integrative approaches from traditionally disparate disci-
plines—including genetics, pharmacology, physiology,
neuroscience and epidemiology—in order to identify the
pathways that lead to schizophrenia. The absence of
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parallel sessions ensured each specific topic session was
well-attended, fostering many synergistic, interdisciplinary
debates as to how we might best conceptualise this rather
complex disease.

The meeting opened with a review of the major recent
findings from the epidemiology of schizophrenia by Paulo
Menezes. He himself has conducted robust epidemiological
research in Sao Paulo [35], curiously observing lower
incidence rates of schizophrenia in this urban setting
compared with other large cities. This finding, dubbed
“Sao Paulo Syndrome”, raises the possibility that the
socio-environmental processes involved in the aetiology of
schizophrenia may be different across cities, and more
complex than simple linear associations with urbanicity.
Professor Menezes went on to highlight other notable
research from the last decade, which has helped to dispel
the dogmatic paradigm that the incidence of schizophrenia
occurs equally worldwide [7, 23, 31]. It is now clear that
variation in the incidence of schizophrenia exists at a
variety of geographical levels—globally, nationally and
locally—paving the way for an environmental component
in the aetiology of disorder [27]. Much of this variation
appears to be contextually dependent [1, 3, 22, 50, 51],
such that the risk of schizophrenia for individuals is
dependent on the type of environment they are exposed to,
and, in part, their own individual level of social disad-
vantage [36]. Jim van Os went on to consider how variation
in environment risk factors might provide an explanation of
the absence of clearly elucidated genetic effects on
schizophrenia risk, proposing that gene—environment
interactions may hold the key to revealing aetiological
pathways, and that genetic variance may confound the
relationship, as well as lie on the causal pathway between
social disadvantage and schizophrenia. Judith Allardyce
reminded us that epidemiology has utility beyond the
identification of risk factors important in the aetiology of
schizophrenia, demonstrating evidence from systematic
reviews that the outcome of schizophrenia is characterised
by largely unexplained variance rather than universally
poor outcome [34, 49]. This challenges the prevailing
assumption that schizophrenia is associated with universal
deficit and deterioration.

Of particular note was the reception which the epide-
miological session received. At other meetings, epidemi-
ology has often been on the periphery of the research
agenda, at best attended by a self-selecting group of devout
researchers, and at worst abhorred by non-believers. It has
not been uncommon for psychiatric epidemiologists to find
themselves—as the saying goes—preaching to the choir. In
Sao Paulo, the absence of parallel sessions focused atten-
tion onto each session, and Ezra Susser’s ebullient sum-
mary of the state-of-play in psychiatric epidemiology, and
the need to incorporate epidemiology with epigenetics and
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genetics, was well received, stimulating lively discussion
as to how genetic and epidemiological research might
move together to elucidate the likely complex polygenetic,
poly-environmental aetiology of schizophrenia. The
absence of dissenting voices may present a notable shift in
the paradigm of psychiatric research and foster collabora-
tion between previously distal fields including genetics,
pathophysiology, neuroscience and epidemiology.

There was no evidence that this new epidemiological
congregation were mere passive consenters. In the session
dedicated to genetics, both Antony Grace and Andreas
Meyer-Lindenberg presented data from animal models
compatible with how environmental stressors might lead to
psychosis. Antony Grace presented new findings on genetic
and developmental animal models of schizophrenia, dem-
onstrating how the firing of mesolimbic dopamine neurons
in rats could be sensitised following the repeated admin-
istration of psychostimulants or via restraint stress para-
digms [26]. Andreas Meyer-Lindenberg presented evidence
showing how social hierarchies, and our position within
them, may affect neural networks, thus mediating the
impact of social status on human health and behaviour
[54]. He also presented some preliminary research, which
will test whether unstable social hierarchies in an animal
paradigm leads to increased stress response in the striatum,
potentially implicating a pathway through which social
hierarchies affect schizophrenia risk. This work marks a
significant step forward in linking findings from social
epidemiology regarding social isolation and fragmentation
with understanding how these effects impinge directly on
biological alterations in brain behaviour. As argued by
John McGrath [33], incorporating a more complete,
holistic understanding of how seemingly distal environ-
mental factors link to biological alterations in pathophys-
iology, via genetic and epigenetic processes, will be critical
in unravelling the multifactorial basis of schizophrenia.

The overall theme to emerge from the genetics session
was the emphasis on the importance of identifying path-
ways, which may lead to a better understanding of genetic
phenomena, such as epigenetic modulation, gene—envi-
ronment interactions and sites of high mutation, including
copy number variations and de novo mutations. Emmanuel
Dias-Neto focused on genetic and proteomic studies in
schizophrenia and presented the work conducted at the host
institution, in the laboratory directed by Prof. Gattaz. One
of the focuses of the team was to investigate DNA poly-
morphisms in neurogenesis-related genes mapped to
genomic regions relevant to schizophrenia. After identify-
ing and validating 41 DNA alterations in 39 different genes
the group found polymorphisms with positive associations
with schizophrenia. Examples given included a poly-glu-
tamine repeat in NUMBL (a gene in the NOTCH-pathway)
and a WNT-receptor. Most importantly, the reported
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associations were confirmed in an independent and larger
sample set of patients and controls from Denmark [41].
Dias-Neto also presented the results of an analysis of these
neurogenesis-related genes and brain morphometric alter-
ations seen in schizophrenia patients, with potential
markers for alterations in the gyrification index and in brain
ventricular measures [15]. Techniques are improving in the
field and candidate genes are emerging. Of particular
interest, the Serial Analysis of Gene Expression technique
has enabled researchers investigate the expression levels of
>20,000 genes that lead to up to 20 genes that might be
specific to schizophrenia. To conclude proteomic studies
done by shot-gun and 2D-gel analyses were presented,
reinforcing the link of schizophrenia and of pathways such
as calcium homeostasis, oligodendrocyte and energy
metabolism [28-30].

Due attention was devoted to pathophysiology and
biological systems in the onset of psychotic symptoms and
schizophrenia. Co-organiser Geraldo Busatto reviewed the
evidence for schizophrenia as a neurodevelopmental or
neurodegenerative disorder [44], finding more evidence in
favour of the former. A former proponent of the neurode-
velopmental hypothesis, Professor Robin Murray, argued
that all risk factors for psychosis, currently identified, made
their impact through dopaminergic pathways [11], pointing
to evidence from recent studies with regard to variation in
dopamine expression in the ventral striatum by age and sex
[37]. Further, Professor Murray highlighted the overlap in
striatal pre-synaptic dopamine synthesis in families as
consistent with the familial congregation of schizophrenia
[19], while there is also evidence that social defeat and
social isolation in animal models may sensitise the dopa-
mine system over time [16, 45]. In particular, there was
new evidence to support Kapur’s hypothesis [21] that risk
factors for psychosis impacted on the dopamine system
through aberrant salience—erroneous interpretation—of
otherwise neutral stimuli; Graham Murray and colleagues
in Cambridge have recently shown an excessive striatal
dopamine response in people with schizophrenia to neutral
stimuli [39]. It is salient to note, however, that the dopa-
mine hypothesis is only one potential pathway through
which psychosis may operate and Bita Moghaddam pro-
vided a sober reminder that other systems such as gluta-
mate and glutamate—dopamine interactions [18] or the
central role of the hippocampus [12] in regulating the
emotional context of our position in space and time may
provide equally illuminating avenues for research. Profes-
sor Moghaddam presented work that studied the targeting
of glutamate receptors as an alternative way of treatment
for schizophrenia [43]. Patients showed significant
improvements in their positive and negative symptoms and
did not seem to suffer from side effects commonly found in
classical anti-psychotics. She presented further data

showing that the use of NMDA receptors antagonist-
induced cognitive impairments similar to those found in
schizophrenia [46].

The current arguments for and against schizophrenia as
part of the continuum of psychotic experience in the gen-
eral population received due attention during the Sympo-
sium, with Richard Linscott reminding us that there is little
point searching for causes of a disorder, if we do not have a
good idea of what the disorder itself is. Using data from a
systematic review of studies which considered the taxo-
metric properties of schizophrenia [25], he suggested that
most research appears to support a categorical classifica-
tion of disorders. However, given heterogeneity of meth-
odological approaches, violation of modelling assumptions
and other threats to the validity of many of these studies, he
concluded that there was insufficient evidence to reject the
possibility that psychotic symptoms are continuously dis-
tributed in the general population, supporting current calls
for both dimensional and categorical classifications to be
included in forthcoming revisions to the Diagnostic and
Statistical Manual of Mental Disorders [DSM-V] and the
International Classification of Diseases [ICD-11] [2].

The session on psychopathology, cognition and outcome
focused mainly on the prodromal stage of schizophrenia
and the importance to recognise early symptoms. Tyrone
Cannon demonstrated that it is possible to predict the onset
of the disease relatively reliably and stressed the impor-
tance of biomarkers in that field [6]. Alison Yung empha-
sised on cognitive dysfunctions present at the prodromal
stage of the disease and its links with later onset [4]. Keith
Nuechterlein reminded us that cognitive deficits are one of
the best predictors of schizophrenia, highlighting their
centrality in symptomatology. He demonstrated that cog-
nitive deficits were most deleterious between the prodro-
mal stage and the first onset, making it critical to target
such deficits as early as possible [5]. Daniel Freeman added
a further contribution to this session, focusing on one
specific symptom of schizophrenia; paranoia. He showed
that people with high levels of paranoia were more likely to
suffer from anxiety, depression and perceptual anomalies,
as found in patients with schizophrenia [13]. Environ-
mental risk factors were also similar to those found for
schizophrenia and urban regions were shown to have a
detrimental impact on symptomatology.

The Symposium also devoted sufficient time to
advances in treatment and drug discovery. Rajiv Tandon
initiated a vibrant debate on the use of first- versus
second-generation anti-psychotics, presenting findings
from the CATIE and CUtLASS trials [20, 24]. Atypical
anti-psychotics did not seem to differ from typical anti-
psychotics, but Rajiv Tandon suggested that we should
be cautious when interpreting these results, since there
were notable differences in extra-pyramidal side-effect
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profiles. He also presented data which demonstrated that
treatment was more effective when patients did not
switch medication, prompting Professor Tandon to call
for a greater need for clinicians to offer individualised
drug regimes on a case-by-case basis [40, 48]. Anthony
David demonstrated the evidence supporting the use of
long-acting anti-psychotics on improved outcomes of
schizophrenia, arguing that use of depot medication
alone was not sufficient to enhance relapse prevention,
but should be used in conjunction with understanding the
patients’ beliefs and attitudes towards adherence and
associated benefits [42]. Advocacy for greater patient—
clinician dialogue, together with Wulf Rossler’s com-
mentary on stigma and treatment impairment, triggered
some of the most heated debate of The Symposium
regarding the role psychiatrists play in perpetuating
stigmatised beliefs within the field, and the degree to
which patients themselves are empowered during the
treatment, course and outcome of disorder. The jury was
hung.

In a few short years, the landscape of the causes of
schizophrenia has changed dramatically [32]. The flat and
featureless epidemiological horizon has developed undu-
lating contours which promise new avenues for research,
particularly if we are able to integrate such findings with
important new discoveries from genetics. Some of the
promising peaks of the genetic landscape, glimpsed from
afar over the last decade have turned out, in part, to be
cloudy mirages. Nevertheless, new tantalising findings
from genetics are emerging as novel methods for identi-
fying genuine sites of genetic risk emerge. More than
anything, the Search highlighted and fostered the emerging
acknowledgement that we will need to integrate knowledge
across traditionally disparate disciplines in psychiatry in
order to develop complex, testable hypotheses in the search
for the causes of schizophrenia. Such challenges are
beginning to be addressed. From epidemiology, gene—
environment studies are becoming more sophisticated,
while neuroscience is increasingly concerned about social
organisation and how social factors impinge upon biolog-
ical pathways to potentially lead to psychosis. Tantalising
new insights from genome-wide association studies offer
new clues about rare genetic mutations which have large
effect sizes for schizophrenia, including copy number
variants and de novo mutations [8, 38, 47, 52, 53]. The
importance of epigenetic processes in understanding the
relationship between genes, environment and schizophre-
nia is also beginning to gain traction in schizophrenia
research [9, 17]. It is only through forums such as the 6th
Symposium for the Search for the Causes of Schizophrenia
that the seeds of integrated collaborations across disci-
plines can be sown to address the complex polyfactorial
basis of schizophrenia.
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