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Discovery of a biomarker(s) for major mental illnesses such as
schizophrenia, bipolar, and major depression would revolutionize
psychiatry. The relatively recent beginning of the “omics” era has
inspired psychiatric researchers to investigate molecular profiles of
patients with psychiatric disorders in an effort to uncover distinct
genotypic variation, expression, translation, and/or perturbed
molecular networks that could then be used for screening, diagnosis,
staging, and/or prognosis of psychiatric illness [1]. However, to date,
the road to discovery has been quite turbulent and several major
challenges have hindered discovery efforts.

The Achilles’heal of psychiatricbiomarkerresearchisthe satisfactory
phenotypic classification of research participants. Classification of
major psychiatric disorders can have considerable flexibility, which
can result in heterogeneity within a sample, potentially concealing
underlying biological mechanisms and making comparisons between
biomarker studies difficult. Classification of major psychiatric disorders
depends on a set of subjective criteria used to assign individuals to
a diagnostic category based on relevant clinical similarities. Major
psychiatric disorder classification systems are polythetic in that two
individuals may have the same phenotypic classification but exhibit or
report variations in characteristic symptoms, in contrast to monothetic,
in which the members would be identical in all characteristics [2].
Further complicating the classification of psychiatric disorders is the
fact that there are two widely used classification systems: 1) Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV) [3] and 2)
International Classification of Diseases (ICD-10) [4]. While these
classification systems stem from similar scientific and conceptual
roots, clinical nuances of major psychiatric disorders are discordant
in the two systems despite attempts to unify them. This classification
challenge ultimately leads to an inherent heterogeneity within and
across studies that results in difficulties in replication of candidate
biomarkers. To address this challenge is remarkably difficult as current
classification systems are deeply embedded in clinical training and
practice. However, there is hope that new versions of both the DSM and
ICD classification systems, which are currently under development,
will make refinements to address these limitations in phenotypic
classification and in so doing improve psychiatric biomarker discovery
efforts.

Another major challenge in psychiatric biomarker discovery is
accounting for the effect of psychotropic medications. Previous research
has shown that psychotropic medications (e.g. antipsychotics, mood-
stabilizers) can alter mRNA [5], miRNA [6] as well as metabolomic
[7] and presumably proteomic profiles. Current research statistically
adjusts for medication exposure when conducting analysis, this is
typically done quite crudely (e.g. lifetime dose reported by patient) and
thus the extent of the effects that medication has on molecular profiles is
largely unknown. Our research group and others have utilized in vitro
studies in order to tackle this problem by exposing a variety of human
cultured cells to psychotropic medications preceded and followed
by ‘omic’ analysis [8,9]. However, cell models, although informative,
lack the complexity of normal in vivo central nervous system organ
environment and as a result are not necessarily representative of
what occurs in the human body. The ideal solution is recruitment of

medication-naive or first-episode patients into biomarker discovery
research. The challenge is that these patients are difficult to identify and
recruit in a timely and ethical manner.

Discovery of biomarkers for major psychiatric disorders will not
only require addressing the above mentioned challenges but will also
in part require a paradigm shift in biomarker discovery approach.
Currently, the field has adopted a traditional reductionist approach in
which focus is given to the examination of individual parts and their
links to a complex psychiatric condition. Although this approach has
enriched our understanding of major psychiatric disorders and assisted
in narrowing our search for viable biomarkers, it is overly simplistic in
its ability to provide robust biomarkers for complex phenomena in a
variety of contexts. A progressive shift to a systems-thinking approach
is required. Systems-thinking involves examination of all the individual
constituents of complex phenomena such as major psychiatric
disorders in the context of relationships with each other and other
systems, rather than in isolation [10]. Indeed, psychiatric disorders
cannot be explained by single factors and thus others have called for
a broader, systems-biology view of psychiatric disorders integrating
multiple “omics” and environmental factors and interactions [11].
A systems-biology approach emphasizes complex integration of
the transcriptome, metabolome, proteome, and interactome,
accounting for the context in which these networks operate [12].
Of course, our incomplete understanding of the individual constituents
of the genome and other “omes”, as well as technological limitations in
examining data from disparate sources relevant to major psychiatric
disorders and costs of existing technology obstruct the emergence of
this paradigm shift. Nevertheless, tools concordant with the systems-
thinking approach such as DOME (database for omes) [13], capable
of storing functional genomics, proteomic, and metabolomic data in
a single database, are being developed and will likely be transferable to
biomarker-discovery efforts in major psychiatric disorders. The further
development, availability, and use of these databases in the future will
hasten integration of data from varying “omics” domains and improve
our ability to identify biomarkers for psychiatric disorders.

Achieving this vision requires that new psychiatric biomarker
discovery efforts continue pushing forward with innovative and
sound methodological approaches, addressing challenges discussed
here. The “perfect” biomarker discovery study in psychiatric disorders
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may be unattainable. However, improved classification methods,
innovative study design, technological advancements, and accelerated
collaborative efforts between investigators will enhance our ability to
discover and apply biomarkers to major psychiatric disorders.
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