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Neurocognitive impairment is considered as a core symptom in schizophrenia [1,2]. A century ago, Kraepelin and
Bleuler were among the first clinicians to include impaired cognitive processes in their descriptions of schizophre-
nia [3,4]. They hold the view that the cognitive symptoms of patients have a relatively steady and persistent character
regardless of remitted or acute phases of the disease. Its occurrence can precede the first acute episode of the manifest
disease by many years and it is estimated that nearly two-thirds of patients show severe cognitive symptoms [5].
However, almost all schizophrenia patients develop cognitive symptoms to a certain degree during the course of
the disease [6]. In comparison with other symptomatic dimensions of schizophrenia like positive and negative
symptoms, cognitive dysfunctions represent a relatively stable feature and are crucial for the further outcome of the
disease and the prospect of achieving remission or even recovery [2,7]. These results have often been replicated and
expanded. As a consequence cognitive disorders moved into the focus of research interest for etiopathogenesis and
prognosis of schizophrenia [8].

Neurocognitive disorders in schizophrenia include numerous functional domains. An agreement on the presence
of deficits in the following cognitive domains was reached at a consensus conference (NIMH-MATRICS Confer-
ence): working memory, attention/vigilance, verbal learning and memory, visual learning and memory, reasoning
and problem-solving, speed of information processing as well as social cognition [9]. The cognitive deficits in the
designated dimensions are mostly from moderate-to-severe expression [10].

Attempts to delineate the pathophysiology of neurocognitive impairment revealed the dorsolateral prefrontal
cortex as playing a central role. In the dorsolateral prefrontal cortex dopaminergic neurotransmission is mainly
mediated by dopamine D1 receptors. In schizophrenia low levels of dopamine have been observed in this part of
the cortex [11].

Furthermore, due to its longitudinal trait stability, neurocognitive symptoms have been considered to be a
putative endophenotype in genetic studies [12,13].

Especially polymorphisms in the glutamatergic as well as in the dopaminergic system were associated with
different cognitive functions. In the dopaminergic system findings about the COMT gene are relevant [14]. In the
glutamatergic system or in its closely related regulation circuits associations between neurocognitive dysfunctions
and the following gene polymorphisms were described: DISC1, DTNBP1, NRG1, GAD1, RGS4, GRM3 and
G72 genes [15–19].

In recent years, many efforts have been made to positively influence cognitive symptoms. In addition to
cognitive remediation therapies, mainly antipsychotics were used, which are presumed to be effective against
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or even modulate the degree of cognitive symptom dimensions [20]. However, the results show only moderate
effect sizes in the treatment of cognitive dysfunctions in comparison with other symptomatic dimensions in
schizophrenia [20,21]. A possible explanation is that research has focused mainly on ‘me-too’ style drugs, developing
treatments with properties similar to approved treatments. Hence several new antipsychotics were identified and
developed with a wider receptor profile (e.g., serotonin 5-HT2A antagonism), but all remained primarily dopamine
D2 receptor antagonists [22]. This ‘me-too’ approach to treatment development limited research investigating the
cognitive deficits experienced by people with schizophrenia [20], despite the fact that neurobiological mechanisms of
cognitive dysfunctions are complex and include many neurotransmitter systems such as, for example, dopaminergic,
glutamatergic and cholinergic pathways [11,23]. New approaches to the treatment of neurocognitive disorders in
schizophrenia, including mechanisms such as the stimulation of metabotropic glutamate [24] or acetylcholine
receptors with muscarinic and nicotinic receptor agonists [23,25,26] have been investigated, but the results for
demonstrating their efficacy have not been conclusive.

Response to treatment is a complex interactional process involving various genetic and nongenetic environ-
mental factors. Nongenetic factors include numerous physiological parameters such as age and gender, liver and
kidney function, but also so-called environmental or lifestyle factors such as diet, exercise, alcohol and nicotine
consumption. Genetic factors influence these interactions at various levels, as they are involved in pharmacokinetic
parameters such as absorption, metabolism and excretion of the substances, but also have a considerable influence
on the pharmacodynamics, in other words the level of action on the target proteins.

Although strict approval and proof of efficacy is required in pivotal trials in the registration of antipsychotics, as
is the case for all medications, only about 30–60% of patients respond to treatment with a particular drug [27] and
about 7% develop serious adverse effects [28]. These interindividual differences in response to antipsychotic treatment
and its tolerability pose a tremendous challenge to the clinician. It is often similar to a ‘trial and error’ principle
until the patient receives an effective and tolerable drug. In order to minimize this effort, pharmacogenetics tries to
identify mutations or so-called genetic polymorphisms that can predict the treatment response or the occurrence
of side effects and thus enable a so-called ‘tailor-made’ or personalized therapy [29]. Although the original concept
concerned only the genes that influence the bioavailability of drugs, in psychopharmacological research those genes
are now being investigated, which are related to the etiopathology of schizophrenia or are considered as target
proteins of psychotropic drugs. For several years, it has also become possible to carry out genome-wide association
studies in addition to classical candidate-gene driven study approaches, which make it possible to study millions
of SNPs across the entire genome in a hypothesis-free manner with regard to an association with the efficacy and
tolerability of pharmaceuticals [28].

To date, only a few molecular genetic studies have been conducted to investigate the effect of antipsychotic
treatment on neurocognitive dysfunctions in schizophrenia patients, although neurocognitive dysfunctions as a
putative endophenotype of schizophrenia could be a major target criterion [30]. This applies in particular since the
execution and evaluation of neuropsychological test procedures can be a well objectifiable, standardized and reliable
alternative to the often more subjective assessment of clinical symptoms.

When 21 different response phenotypes with different clinical symptoms were evaluated as criteria of investigation
in 756 schizophrenic patients from the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) study,
the change in cognitive test results over 8 weeks was one of two phenotype–genotype constellations that withstood
the study-wide statistical correction of multiple testing. Regardless of which antipsychotic the study subjects had
received, those that possessed at least one copy of the rare allele of the polymorphism rs7778604 in the GRM8 gene
improved significantly with respect to a task in verbal learning, whereas the homozygous carriers of the more
frequent alleles showed a worsening in this psychological test task over 8 weeks [31]. Although the CATIE study was
not designed for pharmacogenetic issues this approach may show that changes in neurocognitive symptoms may
be a favorable target for pharmacogenetic issues. In the dopaminergic system, the enzyme COMT was investigated
in particular with regard to pharmacogenetic issues. One study showed that the genotype COMT Val158Met was
able to predict working memory performance and activation of the dorsolateral prefrontal cortex in schizophrenia
patients during 8 weeks of olanzapine treatment [32]. Carriers of the Met158 allele showed better cognitive function
as carriers of the Val158 allele variant. In a study by Woodward et al. Met158 allele carriers performed significantly
better in executive and working memory performance tests compared with Val158 allele carriers during a 6-month
treatment with clozapine [33]. Blasi et al. found that subjects with the rs1076560 T and rs6314 T alleles of
the dopamine D2 and serotonin 5-HT2A receptor genes have greater fMRI prefrontal activity during working
memory [34]. Similar results were obtained within the attentional domain. Furthermore, the concomitant presence
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of the rs1076560 T/rs6314 T alleles also predicted lower behavioral accuracy during working memory. Moreover,
they found that rs1076560 T carrier/rs6314 CC individuals had better responses to antipsychotic treatment in
two independent samples of patients with schizophrenia. These results indicated that DRD2 and HTR2A genetic
variants together may modulate physiological prefrontal efficiency during working memory and also modulate the
response to antipsychotics.

Despite the many associations described between candidate genes of the glutamatergic system and schizophrenia,
no known study on associations with a special focus on neurocognitive symptoms has so far been published from
a pharmacogenetic point of view. In an analysis of data from the CATIE study, significant associations between
SNPs in the GRM7 and GRM8 genes and an improvement in neuropsychological test results were shown [31,35],
indicating that these genes may be involved in changing neurocognitive dysfunction in schizophrenia patients
during antipsychotic treatment. Koola et al. described associations between single nucleotide polymorphisms in the
CHRNA7, NMDA, GRM1, DTNBP1 and KMO genes and prediction of treatment response to a galantamine and
memantine combination for cognitive impairments in schizophrenia [36].

Neurocognitive symptoms also served as a target in a genome-wide association study of the antipsychotic
response in a subset of 738 schizophrenia patients from the CATIE study [37]. In this study, six SNPs localized
within or in close proximity to the genes EHF, SLC26A9, DRD2, GPR137B, CHST8 and IL1A were identified and
associated with improvements in various neurocognitive domain areas. A significant result was found for the SNP
rs286913 in the EHF gene that was associated with the effect of ziprasidone on vigilance. Furthermore, the SNPs
rs11240594 in the SLC26A9 gene and rs11677416 in the IL1A gene were associated with the effect of olanzapine
on processing speed and working memory. Although the functional mechanisms of these genes on the pathogenesis
of schizophrenia and on the psychopharmacological treatment have not yet been elucidated, the authors concluded
that the inclusion of neurocognitive symptoms in pharmacogenetic issues may be useful.

Pharmacogenetic studies on cognitive effects of currently available antipsychotics, although in relatively early
stages, suggest that the treatment of cognitive deficits in schizophrenia can be advanced toward a more precise
future decision of antipsychotic treatment for individual needs. Furthermore, the future development of the area
may be enhanced by the use of pharmacogenomic strategies to identify novel factors that influence the response to
treatment. In addition to hypothesized candidate gene approaches, genome-wide studies may help identifying new
proteins and signaling pathways involved in antipsychotic treatment.
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