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ARTICLE INFO ABSTRACT

Keywords: The role of genetics in cognitive remediation therapies in schizophrenia has not been completely understood yet.
Cognitive remediation Different genes involved in neurotrophic, dopaminergic and serotonin systems have reported to influence cog-
Genetics nitive functioning in schizophrenia. These genetic factors could also be contributing to the variability in re-
CoMmT sponsiveness to cognitive treatments. No comprehensive synthesis of the literature of the role of genetics in the
BDNF i i . . . .

context of cognitive remediation has been conducted until now. We aimed to systematically review the pub-
EAAT2 . . . ..
5-HTIA-R lished works through three electronic database searches: PubMed, Scopus, and the Cochrane Library. Eligible

studies revealed a rising interest in the field although the number of published studies was rather small (n = 10).
Eventually, promising results showing a relationship between some phenotypic variations based on different
polymorphisms and different levels of responsivity to cognitive remediation therapies have been described al-
though results are still inconclusive. In case those findings will be replicated, they could be guiding future

research and informing clinical decision-making in the next future.

1. Introduction

Cognitive remediation in schizophrenia has proved to be an evi-
dence-based approach as confirmed in different meta-analytic studies
(McGurk et al., 2007; Grynszpan et al., 2011; Wykes et al., 2011; Revell
et al., 2015). However, effect sizes over cognition and functioning have
been reported to be only modest. Besides, in some studies showing
positive results it was found a percentage of participants who do not
benefit significantly from the treatment (Medalia and Richardson,
2005; Penadés et al., 2006; Bryce et al., 2018). Thus, the analysis of
putative moderators or mediators that could influence individual re-
sponse seems pertinent.

Searching for biomarkers in schizophrenia is an important line of
research to detect putative moderators or mediators in cognitive re-
sponse (Penadés et al., 2015). Recently, a growing number of studies
have pointed to a number of candidate genes and proteins that could
become excellent biomarkers (Chana et al., 2013). Unfortunately, bio-
markers are still waiting for validation but research on genetic candi-
dates is increasingly growing and they have a potentially big value to
define endophenotypes in schizophrenia. Recent meta-analyses based
on Genome-Wide Association Studies (GWAS) data for schizophrenia

demonstrate that polygenic risk scores are associated with decreased
cognitive abilities even in nonclinical cohorts (Smeland et al., 2017; Ohi
et al., 2018). Moreover, most of the loci found to be shared between
schizophrenia and cognitive traits confirmed a negative correlation
between risk of schizophrenia and cognitive performance (Davies et al.,
2018). Specifically, some genes have been identified with some influ-
ence on cognitive functioning in schizophrenia (Zai et al., 2017).

These genes are involved in different systems, particularly in the
neurotrophic, dopaminergic, glutamatergic and serotoninergic systems.
Genetic factors could influence not only cognition but they could also
contribute to the response variability to cognitive treatments
(O'Tuathaigh et al., 2017).

However, to date no comprehensive synthesis of the literature
concerning the role of genetics in the field of cognitive remediation has
been conducted yet. We aim to make available a review that could be
used to guide future research and to eventually inform clinical decision-
making. The main target of the current paper is to systematically review
the published works testing genetic variables in the context of cognitive
remediation in schizophrenia.
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2. Methods

Studies were identified through three electronic database searches:
PubMed, Scopus, and the Cochrane Library. Search terms were “cog-
nitive training” OR “cognitive remediation” OR “cognitive rehabilita-
tion” OR “cognitive enhancement” AND “schizophrenia” AND “ge-
netics” OR “gene” OR “CNV” OR “COMT” OR “BDNF” OR “GWAS”.
Eligibility was implemented independently in blinded conditions by
two of the authors: RP and RC. Screening was initially focused on ab-
stracts and later full articles were revised. Results from the search were
organized in a table (Table 1). Disagreements were resolved by dis-
cussion with a third party, the author CG.

As the study of genetic variables in the context of cognitive re-
mediation is nearly always exploratory and does not appear directly in
the titles and abstracts of the articles, we also hand searched for articles
included in the recent meta-analyses (McGurk et al., 2007; Grynszpan
et al., 2011; Wykes et al., 2011; Revell et al., 2015). Additionally, au-
thors manually search articles in all the aforementioned databases
following the search terms “cognitive training” OR “cognitive re-
mediation” OR “cognitive rehabilitation” OR “cognitive enhancement”
AND “schizophrenia” until the date of 29/06/2018.

Inclusion criteria were: a) Participants with a diagnosis of schizo-
phrenia or schizoaffective disorder; b) Use of a cognitive remediation
approach as defined in Wykes et al. (2011); c) Analysis of at least one
gene as a predictor or mediator of outcome; d) Peer reviewed work
being a randomized controlled trial, case-referent study or a single arm
trial.

3. Results

Ten articles, considering 809 participants were finally included in
the review. Fig. 1 presents the flow of studies through the selection
process. Seven studies showed positive association between different
genetic polymorphisms and responsiveness to cognitive remediation
whereas three studies (Greenwood et al., 2011; Mak et al., 2013; Burton
et al., 2015) did not find any relationship (Fig. 2). Single nucleotide
polymorphisms (SNPs) of the following genes were investigated by the
ten studies included in this review: COMT (catechol-O-methyl-
transferase), 8 studies; HTR1A (hydroxytryptamine receptor 1A) en-
coding 5-HTA1-R, 1 study; BDNF (brain derived neurotrophic factor), 2
studies; SLC1A2 (solute carrier family 1 member 2) encoding EAAT2
(excitatory amino acid transporter 2), 1 study.

3.1. COMT

The COMT gene is one of the main research targets in schizophrenia
because of its major role in the degradation of dopamine (DA). COMT is
widely expressed throughout the brain and strongly modulates DA le-
vels in the prefrontal cortex (PFC), due to the very low expression of DA
Transporter in this area. A functional SNP (rs4680, Val108/158Met)
modulates COMT expression, with the Val form associated to higher
enzymatic activity and therefore to lower prefrontal DA levels. Several
studies reported an association between COMT genotype and cognitive
functioning among both healthy subjects and patients with schizo-
phrenia (Egan et al., 2001). Specifically, subjects carrying the COMT
Met allele show optimal prefrontal dopamine availability, thus de-
termining an advantageous effect in both neurocognitive and neuro-
physiological terms, compared to Val/Val homozygotes (Witte and
Floel, 2012). COMT genotype was also found to predict antipsychotic
response among subjects with schizophrenia (Bertolino et al., 2004),
and to influence brain structure, being associated with variability of
cortical and subcortical volumes (Bollettini et al., 2018; Ira et al.,
2013). Moreover, Val allele is associated with higher expression D1
receptor, which is inversely related to cognitive improvement after
training (Slifstein et al., 2008). Given this strong evidence, different
studies examined the COMT genotype as predictor of cognitive
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remediation, with the hypothesis that COMT polymorphism could in-
fluence the degree of cognitive change achievable with cognitive re-
mediation. The first study, conducted by Bosia et al., 2007, analyzed the
possible additive effect of cognitive remediation and COMT genotype in
a sample of 50 patients with schizophrenia, through a randomized
controlled trial comparing 3 months cognitive remediation plus stan-
dard rehabilitation treatment (SRT) versus non-specific computerized
exercise plus SRT. Results indicated that subjects carrying the COMT
Met allele treated with cognitive remediation reached a significantly
greater cognitive improvement, especially in cognitive flexibility, as
well as a significantly higher change in quality of life, compared to Val/
Val homozygotes treated with placebo (Bosia et al., 2007). Following
these results, a second study analyzed the possible influence of COMT
genotype on cognitive remediation outcome in a sample of 87 patients.
In contrast with previous evidence, results showed no significant effects
of COMT polymorphism on cognitive improvement after treatment, nor
at follow-up (Greenwood et al., 2011), suggesting that cognitive change
relies on a complex medley of factors. In line with these results, a ne-
gative findings were also reported by Burton et al. (2015) and Mak et al.
(2013), observing no effect of COMT genotype on response to cognitive
training. An additional study by Panizzutti et al. (2013), further in-
vestigated the effect of dopamine availability on the dynamic changes
in cognition. In details, 48 patients with schizophrenia treated with a
computerized cognitive training were genotyped for 42 common single
nucleotide polymorphisms (SNP) within the COMT gene. Gene-based
analyses showed a significant aggregate effect of variation in the COMT
gene on the cognitive improvement observed after training. Moreover,
8 SNP were nominally associated with cognitive changes, including
rs165599, previously reported to interact with rs4680 on prefrontal
activation during working memory tasks (Meyer-Lindenberg et al.,
2006), supporting the hypothesis that COMT genotype may influence
cognitive remediation outcome in schizophrenia. Based on these con-
trasting results, two subsequent studies reanalyzed the possible COMT
effect on cognitive remediation. The first focused on the interaction
between COMT and serotonin 1A receptor (5-HT1A-R) genotypes. 5-
HT1A-R is able to modulate DA release in the PFC in dose dependent
manner and the functional polymorphism, rs6295, consisting of a C to G
substitution at position —1019, regulates transcription, with the G al-
lele leading to higher levels. The analysis confirmed a main effect of
COMT rs4680 and revealed a significant interaction with 5-HT1A-R
rs6295 on dynamic modulation of executive functions after cognitive
remediation (Bosia et al., 2014a). The second study investigated the
interaction between COMT and antipsychotic treatment in 98 patients
with schizophrenia, showing a significantly greater improvement in
processing speed among patients carrying the Met allele treated with
antipsychotics other than clozapine, compared to Val/Val treated with
the same antipsychotics (Bosia et al., 2014b). Finally, a larger study on
145 subjects with diagnosis of schizophrenia or schizoaffective dis-
order, confirmed an effect of COMT genotype on cognitive remediation
outcome. In details, the results showed a significant association be-
tween COMT Met allele and greater in cognitive domains of verbal and
visual learning, as well as attention vigilance after cognitive remedia-
tion (Lindenmayer et al., 2015).

Although further evidence in larger samples is needed to establish
the role genetic predictors of response to cognitive remediation, these
data overall suggest that COMT genotype may at least partially influ-
ence the degree of cognitive and functional improvement after cogni-
tive remediation and, consequently that cognitive treatment could be
personalized in order to optimize outcomes.

3.2. BDNF gene

The BDNF gene is located at chromosome 11p13-14 and it encodes
a precursor peptide, the so-called proBDNF, which is proteolytically
cleaved to form the BDNF protein. BDNF is a neurotrophin belonging to
the family of growth factors that can be found not only in the brain but
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Fig. 1. Flow diagram of the databases research.
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also in the periphery. BDNF gene contains a functional polymorphism,
Val66Met, which has been tested in different psychiatric conditions. It
is a frequent single nucleotide polymorphism (SNP) and it is found in
the position 196 of the gene (rs6265). It produces a nucleotide change
(G — A), which results in a substitution of amino acids at position 66, a
valine (Val) is replaced by a methionine (Met) in the amino acid 66 of
the protein.

Some preliminary evidence indicates the importance of this func-
tional polymorphism. Thus, the Val variant is related with higher levels

of BDNF activity in neurons (Chen et al., 2004). On the other hand,
carriers of the Met allele in the BDNF Val66Met polymorphism present
characteristics of worse overall prognosis with worse cognitive func-
tioning (Kambeitz et al., 2012), more hippocampus abnormalities
(Molendijk et al., 2012) and less cortical plasticity capacity (Strube
et al., 2014). In addition, the co-expression of Val and Met alleles is
associated with decreased BDNF secretion in heterozygotes resulting in
a less efficient trafficking and processing in cells (Egan et al., 2001).
Moreover, BDNF seems to be related with conditions like
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Fig. 2. Frequency that different genotypes have been tested in the context of
cognitive remediation.

schizophrenia although genetic studies are still not able to conclusively
establish that association. Thus, one meta-analytic study (Gratacés
et al., 2007) suggested that the polymorphism can increase the risk of
schizophrenia and other psychiatric disorders. Consequently, persons
with the Met/Met homozygous allele appeared to have 19% higher risk
of developing schizophrenia than those with the Val/Met alleles. On the
other hand, it was not possible to find that association of the Val66Met
polymorphism and the risk of schizophrenia on other meta-analytic
study (Kawashima et al., 2009). Furthermore, recent studies are pro-
viding growing evidence about positive associations between the BDNF
Val66Met polymorphism and some crucial aspects of schizophrenia
condition ranging from clinical symptoms and brain morphology to
cognitive function (Hong et al., 2011).

Not only the BDNF gene but also the BDNF protein itself, as de-
termined in plasma or serum, has been proposed as a marker of cog-
nitive recovery (Penadés et al., 2013). So far, the role of BDNF as a
response marker to cognitive remediation has been directly tested only
in two studies. Vinogradov et al. (2009) reported a significant increase
in serum BDNF levels in patients who followed cognitive training when
compared to the control group. The same authors published the study
with the complete sample confirming the preliminary results (Fisher
et al.,, 2016). Surprisingly, it was not possible to find a significant
correlation between increased BDNF levels and cognitive improvement,
suggesting that the relationship between BDNF levels and cognition is
not direct and linear. In a recent study, Penadés et al. (2017) tried to
replicate the study but it was not possible to reproduce the previous
results in terms of increased serum levels after cognitive remediation.
However, when the influence of genetic variability related to the BDNF
gene was taken into account, some interesting data were found sug-
gesting the potential value of genetic variability. Indeed, when the
sample was divided according to the resulting polymorphisms, the
carriers of the Met allele behaved totally differently from the non-car-
riers as no increase in serum BDNF levels was observed whatsoever for
Met carriers. On the other hand, Val/Val carriers did experience a
significant increase in BDNF serum levels that was similar to the in-
crement found in the previous studies.

Those findings could be reflecting the importance of genetic varia-
bility as a mediator factor in the determination of responsiveness to
cognitive remediation in persons with schizophrenia. Particularly, re-
garding the Val66Met polymorphism, the presence of the Met allele
could be considered like a putative marker of negative response to
cognitive remediation. However, in other study (Mak et al., 2013) no
association was found with the same polymorphism and the cognitive
improvement after cognitive remediation. Therefore, further data ob-
tained in prospective and more accurate trials are needed to specifically
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test if the genetic variability related to the BDNF gene is playing or not a
mediator role in the responsiveness to cognitive remediation.

3.3. EAAT2

EAAT2 is encoded by the SLCIA2 gene and plays a key role in
glutamatergic neurotransmission, being responsible for more than 90%
of cerebral glutamate uptake. Its activity is crucial in order to prevent
neuronal excitotoxicity, to maintain an efficient energy metabolism,
and to limit glutamate spillover between synapses, thus ensuring signal
input specificity (Kim et al., 2011; Robinson and Jackson, 2016).
EAAT2 expression is modulated by a functional SNP (rs4354668, T
—181 G), located in the promoter region (Mallolas et al., 2006). Pre-
vious studies showed that the G allele, linked to lower EAAT2 expres-
sion, is associated with worse working memory and executive functions
abilities among both healthy subjects and patients with schizophrenia
(Spangaro et al., 2012; Zhang et al., 2015). Moreover, Poletti and col-
leagues showed that poor working memory performance was associated
with reduced frontal cortical volumes among patients carrying the G
allele (Poletti et al., 2014). Based on these evidences, Spangaro et al.
recently investigated possible effects of rs4354668 on cognitive re-
mediation outcome. The study involved 88 patients with schizophrenia,
included in a cognitive remediation + SRT protocol. Authors reported
greater working memory improvements among subjects homozygous
for the T allele, also showing a significant interaction between phar-
macological treatment and rs4354668 on executive functions outcome
(Spangaro et al., 2018). In details, a greater improvement in executive
functions was observed among T/T patients treated with antipsychotic
other than clozapine. Consistently with previous literature, results of
this study further evidenced the influence of EAAT2 genotype on cog-
nitive functions, suggesting an effect of the transporter on both basal
cognition and the degree of improvement and a possible interaction
with antipsychotic treatment.

4. Discussion

Literature analyzing the role of genetics in cognitive remediation in
schizophrenia is very limited and results are still inconclusive. In spite
of the scarce and controversial results (Fig. 2), some relationships may
be proposed between some phenotypic variations based on different
polymorphisms and different levels of responsivity to cognitive re-
mediation therapies. However, it is not possible for this review to
provide any guidance on clinical decision-making.

COMT genotype seems to be a good candidate for a marker of re-
sponse owing to the association of cognitive remediation outcomes with
different genetic variants. The majority of studies showed that COMT
genotype influences the degree of cognitive and functional improve-
ment after cognitive remediation. Particularly, COMT Met allele has
been associated with greater response in cognitive flexibility, verbal
and visual learning, and attention vigilance. At different level, BDNF
Val66Met polymorphism could be playing a moderating effect on re-
sponsiveness. Thus, the presence of the BDNF Met allele could be
considered like a putative marker of negative response to cognitive
remediation in terms of inhibiting the positive changes in BDNF serum
levels after cognitive remediation. Finally, EAAT2 genotype has been
suggested to influence CRT outcome as well. Particularly, higher
transporter expression (T/T genotype) was associated to greater im-
provement of working memory, and of executive functions among T/T
patients treated with antipsychotic other than clozapine. Thus, an effect
of the transporter on the degree of cognitive improvement and a pos-
sible interaction with antipsychotic treatment has been proposed.

Despite this evidence concerning the influence of genetic variability
on cognitive remediation outcome, specific biological pathways un-
derlying cognitive remediation are still unclear and in order to confirm
these preliminary results, future studies will have to include larger
samples. This would also allow gaining a better understanding of
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biological correlates of cognitive remediation therapies. Moreover,
evaluating cost-effectiveness seems to be unavoidable. In addition, to
establish causal associations between genetic variations and treatment
response, prospective studies might be preferred.

The possibility that most or even all the reported positive findings
represent type I errors cannot be discarded, owing to the chosen error
rate (typically o = 0.05), the proportion of tested hypotheses, and the
low statistical power. Unfortunately, calculation of the false discovery
rate has not been normally performed. Besides, although GWAS instead
of candidate gene approach seems to be more appropriate to minimize
false discoveries, only studies with candidate-gene approach have been
published. In addition, cognition appears as unifactorial in larger-scale
studies (Keefe et al., 2006; Harvey et al., 2016) but studies in the cur-
rent revision are based on specific cognitive domains. Some authors
(Wilkening et al., 2009) still stand for the need of candidate gene stu-
dies and the choice of separate cognitive domains (Thomas et al.,
2017), especially for polymorphisms whose allele frequencies are low
or effect sizes are small, but only replication studies will reveal the true
meaning of that findings. Another caveat in this review is the lack of
control for the publication bias toward positive findings. The only way
to facilitate the necessary evidence for the decisive goal of offering
personalized remediation therapies to targeted participants with ap-
propriate genotypes is to generate more accurate research and trying to
overcome the current barriers.
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