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ABSTRACT

The forkhead-box P2 (FOXP2), involving in language and memory function, has been identified as susceptibility to
schizophrenia. However, no study examined the role of FOXP2 on cognitive impairment in schizophrenia. Total
1106 inpatients with schizophrenia and 404 controls were recruited and genotyped. Among them, 867 patients
and 402 controls were assessed through the Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS). SHEsis software was used to investigate the association of FOXP2 rs10447760 with schizophrenia,
followed by logistic regression. The model of covariance (ANCOVA) and multivariate analysis were conducted to
investigate the effect of FOXP2 rs10447760 on cognitive impairment in schizophrenia. No differences in the
genotypic and allelic frequencies of the FOXP2 rs10447760 were found between patients and controls (both p>
0.05). Except for the visuospatial/constructional score (p > 0.05), other five RBANS scores were lower in patients
compared to controls (all p < 0.0001). Interestingly, we found immediate memory score was lower in patients
carrying genotype CT compared to genotype CC (F=5.19, p=0.02), adjusting for confounding data. Our study
suggested that FOXP2 rs10447760 has no effect on the susceptibility to schizophrenia, while it may be associated
with its cognitive impairment, especially immediate memory in chronic schizophrenia.

INTRODUCTION language and learning [2, 3]. Previous lines of evidence

also demonstrated that either first-onset or chronic

Schizophrenia is a common mental disorder causing high
disability and heavy economic burden worldwide,
characterized by cardinal features including psychotic
symptoms and cognitive impairments [1]. Schizophrenia
was called “dementia praecox’ historically for the existed
cognitive impairments in memory, attention, visuospatial,

patients with schizophrenia displayed impairments of
cognitive domains involving in attention, memory,
learning, and executive functioning [4, 5]. Cognitive
impairment was usually present in the prodromal phase
of schizophrenia and persisted throughout the duration of
the disease [6, 7]. Furthermore, cognitive impairment in
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schizophrenia can predict the functional outcomes in
patients, affect quality of life, employment status and
social function, and even impeded treatment and
rehabilitation [8, 9]. Therefore, cognitive recovery is
considered to be the main target of clinical treatment for
schizophrenia [10]. However, until now, the underlying
pathophysiological mechanisms of cognitive impairment
in schizophrenia remain obscure.

Previous family and twins studies demonstrated that
genetic aspects explained the variability in cognition
including 50% in memory, 70% in verbal reasoning, and
79% in abstract reasoning [11-13]. Furthermore, cognitive
impairment was also present in unaffected relatives of
schizophrenia [14, 15]. These evidences indicated genetic
factors may contribute to cognitive impairment of
schizophrenia. Recently, neurodevelopmental hypothesis
of schizophrenia has generally been accepted, at least
partly, based on cognitive impairment presenting in
schizophrenia [16, 17]. Thus, neurodevelopmental
dysfunction may also be reasonable to be involved in
mechanisms of cognitive impairment in schizophrenia.

The forkhead-box P2 (FOXP2) is involved in the
development and function of the brain. FOXP2 is located
on chromosome 7q31 which has been identified as the
susceptible locus for schizophrenia through genome-wide
association studies [18]. FOXP2 was previously reported
as a causative gene for language and speech disorders,
especially in a large three-generation family [19].
Furthermore, there was evidence that FOXP2 contributed
to the development of the neuron which influenced
language and speech function [20, 21]. A previous study
determined that FOXP2 mRNA was most expressed in
brain deep cortical neurons, striatum medium spiny
neurons, and cerebellar Purkinje cells in mouse and
human development, and these neuronal cells were
essential for language function [22].

As we all know, speech and language functions are
essential components of cognition. Previous studies
indicated that specific language-related circuits were also
impaired in both patients with schizophrenia and in those
relatives with high genetic risk for developing
schizophrenia [23, 24]. Tolosa et al. [25] found significant
association of FOXP2 polymorphism rs2253478 with
poverty of speech in schizophrenia. These findings
suggest that FOXP2 may play a crucial role in patho-
physiology of cognitive impairment in schizophrenia.
Recently, the FOXP2 polymorphism 1510447760, located
in the S'regulatory region was found to correlated with
schizophrenia. For example, Sanjuan et al. [26]
demonstrated that the haplotype of FOXP2, containing
polymorphism  rs10447760, contributed to the
vulnerability to schizophrenia with auditory hallu-
cinations. Recently, Li et al. [27] also showed that FOXP2

polymorphism  rs10447760  correlated  with  the
suspectability of schizophrenia in Han population.
However, some studies did not replicate these results. For
example, the recent studies showed no correlation of
FOXP?2 polymorphism rs10447760 with schizophrenia in
Han population [28, 29]. Interestingly, the most recent
meta-analysis  demonstrated ~FOXP2 1510447760
conferred the vulnerability to schizophrenia in
Caucasians, however, such association was not found in
Chinese Han population [30]. Furthermore, our recent
study demonstrated significant correlation between
FOXP2 rs10447760 and the symptoms of chronic patients
with schizophrenia in a Chinese Han population [28].

From the results mentioned above, we hypothesized that
FOXP2 polymorphism rs10447760 might contribute to
the cognitive impairment, especially the language
function in patients with schizophrenia. To our best
knowledge, there has been no study to investigate the
association of cognitive performance with FOXP2
polymorphisms in schizophrenia. Therefore, the main
aim of present study was to determine the effect of this
polymorphism on cognitive impairment in schizophrenia.

RESULTS

Association analysis between FOXP2 rs10447760
and schizophrenia

A total of 1106 patients and 404 healthy controls who
completed FOXP2 rs10447760 genotyping were enrolled
(Table 1). Except for age, there were significant
differences in sex, years of education, and BMI between
them (all p<0.01), and they were controlled as covarites
in the following statistical analyses.

SHEsis analysis demonstrated that the distributions of
FOXP?2 1510447760 genotype both in patient group and
control group were consistent with Hardy-Weinberg
equilibrium (case: y* =0.25, p=0.61; control: x> =0.02, p
is 0.90). No significant differences were found in the
genotype and allele distributions of FOXP2 rs10447760
between patients and controls (= 3.67, P = 0.06; y*> =
3.63, P = 0.06; respectively). Concerning that the sex,
years of education and BMI differed between patients
and controls, logistic regression analysis (Backward
conditional) was conducted to control for these
confounding factors. There were still no differences in
the FOXP2 1510447760 genotype and allele distributions
between patient and control groups (both p>0.05).

Cognitive score between patients with schizophrenia
and healthy controls

867 patients and 402 controls had completed both
genotyping and cognitive assessment (Table 1). The

www.aging-us.com 6441

AGING



Table 1. Demographic characteristics in patients with schizophrenia and healthy controls (Mean + SD).

Association between rs10447760

and schizophrenia

Association between rs10447760 and
cognition score

Variable

Patients Controls L. Patients Controls L.
Statistic P Statistic P
(N=1106) (N=404) (N=867) (N=402)

Age (Years) 45.93£10.79  44.70+13.50 1.64 0.10 45.48+10.71 44.70£13.50 1.01 0.31
Gender (Male) 831 (75.1%) 162 (40.1%) 161.33  <0.0001 684 (78.9%) 158 (39.3%) 191.50 <0.0001
Education (Years) 8.73+4.76 9.71+5.59 3.21 0.001 8.88+5.02 9.71+5.59 2.61 0.009
BMI 23.94:+4.09 25.14+4.26 4.71 <0.0001 23.99+4.16 25.02+4.61 3.73 <0.0001
Age of onset 25.4248.65 - - - 24.72+7.20 - - -
Duration of - - - - - -
illness(Years) 24.17+9.34 23.82+9.70
Atypical - - - - - -
antipsychotic (N) 779 604
Typical - - - - - -
antipsychotic(N) 327 263
Daily antipsychotic - - - - - -
dose(chlorpromazin
e equivalents), mg/d  396.90+390.96 394.06+322.09
Duration of current - - - - - -
antipsychotic
treatment (Months) 31.93+£37.63 31.28+44.08
PANSS score
Positive symptoms 12.44+5.94 - - - 11.29+5.04 - - -
Negative symptoms 20.86+8.98 - - - 19.89+8.29 - - -
General - - - - - -
psychopathology 25.98+7.25 23.72+3.82
Total score 59.29+16.56 - - - 54.90+11.78 - - -

aTotal 1106 patients and 404 healthy controls; ®Total 867 patients and 402 healthy controls who had completed both

genotyping and cognitive assessment.

patients included 684 males and 183 females, with mean
age of 45.48+10.71 years, the duration of illness of
23.8249.7 years, and the average educational levels of
8.88+5.2 years.

Except for age, there were significant differences in sex,
education, and BMI between the patient group and the
control group (all p<0.01), which were controlled for in
the following covariance (ANCOVA) models. Except the
visuospatial/constructional score (p > 0.05), ANCOVA
showed that other RBANS scores were significantly
lower in patient group than those in control group (all p <
0.0001) after adjusting for confounding factors including
sex, education and BMI.

Association of the FOXP2 rs10447760 with cognitive
score

Further ANCOVA showed that immediate memory score
was significantly lower only in patients with genotype

CT than those in patients with genotype CC (F=5.19,
p=0.02), after controlling for age, sex, years of education,
illness duration, age of onset, antipsychotic types,
antipsychotic daily dose and current antipsychotic
medication duration (Table 2). However, no effects of
genotype and genotype X diagnosis were found on any
RBANS scores (all p > 0.05) (Table 2).

Multivariate regression (stepwise) further demonstrated
the following variables independently correlated with the
immediate memory score in patient group: the FOXP2
rs10447760 genotype (B=-7.01, t=2.39, p=0.02), age (p=-
0.28, t=4.64, p < 0.001), years of education (B=0.51,
t=3.06, p = 0.002), and illness duration ($=0.03, t=3.35, p
=0.001).

This sample had 0.83~0.92 statistical power to examine
the association of this polymorphism with schizophrenia
with log additive, and the assumption of a moderate size
effect of 1.5 (0< 0.05, two-tailed test).
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Table 2. Comparisons among the RBANS total and five subscale scores by diagnostic and genotypic groupings

(Mean % SD).
Patients with . . Diagnosis x

RBANS schizophrenia Controls Diagnosis Genotype Genotype
scores

CC(N=836) CT(N=31) CC(N=397) CT(N=5) F p F p F p
ﬁﬁiﬁ;ﬁe 57.77+1631°  5129+1343% 75.64+1728 78.60+23.52 28.73 <0.0001 047 049 085 0.36
Attention 6431+18.57  61.03£13.98 87.51+2031 80.20£20.63 20.97 <0.0001 131 025  0.19 0.66
Language 7477+18.11  71.94+18.10 94.02+13.03 86.00£17.94 1690 <0.0001 1.79 0.18  0.41 0.52
Visuospatiall 0 0 16 19 751641749 797541552 71.80+18.74 0001 097 126 026  0.58 0.45
construction
Delayed
memory 6423£19.54  62.19+19.08 86.21+1525 87.80£17.68 28.69 <0.0001 0.003 0.96  0.17 0.68
Total score  61.14+£14.55  57.94+10.72 79.88+15.57 76.00£19.85 26.13 <0.0001 097 033  0.01 0.93

2 A significant genotypic effect on the immediate memory in patients with schizophrenia: immediate memory score was
significantly lower in patients with CT genotype than those with CC genotype, p= 0.02.

DISCUSSION

To our knowledge, the present study firstly examines
the association of FOXP2 rs10447760 with cognitive
impairment in schizophrenia. The main results were
as follow (1) FOXP2 rs10447760 may not be associated
with suspectability of schizophrenia; (2) FOXP2
1510447760 correlated with immediate memory only in
patients with schizophrenia, showing that immediate
memory score was lower in patients with genotype CT
than those in patients with genotype CC.

A recent study identified FOXP2 as susceptible loci for
schizophrenia using genome-wide association method
[18]. The same research group demonstrated that FOXP2
polymorphism rs10447760 was strongly correlated with
susceptibility of schizophrenia in Chinese Han population
[27]. However, this finding was not confirmed in some
other recent studies including our current study in
Chinese Han population [28, 29]. The inconsistent results
also occurred in the studies among the Caucasians. For
example, Sanjuan et al. found that the haplotype
including rs10447760 was associated with schizophrenia
[26], while Tolosa et al. did not confirm this association
[25]. The most recent meta-analysis indicated that
FOXP2 1510447760 significantly correlated with
susceptibility schizophrenia in Caucasians, but not in
Chinese Han population [30]. The main reason for the
different results in Chinese Han population may result
from the rare variant of rs10447760 in the Chinese Han
population. We could not detect TT genotype in the
subjects in our current study, and only 1.2% of healthy
controls had CT genotype, which is consistent with three
recent association studies [27-29]. It is worthy of noting
that rare variants can easily lead to statistical variation.

Even one more or less low-frequency genotype could
change the significance of the p value.

Interestingly, our results showed significant association
between FOXP2 1510447760 and cognitive performance
in schizophrenia. We found that FOXP2 rs10447760 was
correlated with immediate memory, showing poor
immediate memory score in patients carrying CT
genotype than that in patients carrying CC genotype.
However, we did not find that FOXP2 rs10447760 was
correlated with language function in schizophrenia. Some
studies have demonstrated FOXP2 was associated with
some cognitive performance, such as memory. For
example, FOXP2-expressing spinal neurons could adjust
song motor output to tutor song memory during learning
[31]. Recent study showed that affected KE members
(aKE) (patients with FOXP2 gene mutation) selectively
impaired the phonological working memory [32].
Schreiweis et al. [33] demonstrated that humanized
FOXP2 promoted learning performance by heightening
transitions from declarative to procedural function,
suggesting that FOXP2 had a striking specific effect on
learning dynamics, striatal dopamine levels, and synaptic
plasticity. These studies provided the evidence that
FOXP2 gene could regulate memory function through
being expressed in specific regions of the brain. However,
we found no effects of FOXP2 rs10447760 on language
function in schizophrenia which was consistent with
recent study [34].

Although no direct evidence shows that FOXP2
rs10447760 is a functional SNP, we found that it was
correlated with immediate memory. Previous study
demonstrated that this SNP rs10447760 could regulate
the FOXP2 expression in thalamus and white matter area
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of the brain by using eQTL analysis extracted from the
BRAINEAC database [30].

Furthermore, previous studies have shown that FOXP2
mRNAs were highly preferentially expressed in the
striatum during neuronal development, and it also
remained in striosomes in the mature striatum [22, 35].
Such preferential expression is unique, since FOXP2 is
preferentially expressed in the “shell” domain in ventral
striatum, which was found to connect with limbic
function [22, 35]. The striatum is well known to
contribute to the procedure of programmed memory,
memory function [36, 37] and the formation of a memory
network connected with the hippocampus [38]. White
matter has also been proven to be correlated with clinical
symptoms, cognitive deficiency and social cognition in
patients with schizophrenia [39—41]. Taken together, we
speculated that FOXP2 rs10447760 might affect FOXP2
expression in specific region of the brain to regulate
memory function. However, the precise molecular
mechanisms underlying the association between FOXP2
1510447760 and immediate memory warrant further
investigation.

Some limitations should be concerned in our present
study. Firstly, as noted above, FOXP2 1s10447760 has
the rare variant allele T and we even did not detect TT
genotype. Thus, a small number of patients with CT
genotype could have changed the significance of p value
dramatically, and we could not rule out the false positive
results. Secondly, patients enrolled in present study were
treated with different antipsychotics for a long-term
period, which could affect cognitive function in chronic
patients with schizophrenia. Thirdly, we just examined a
single genetic polymorphism effect on cognitive
impairments of patients with schizophrenia, and other
polymorphisms and genes interaction should be
concerned [42]. Last but not the least, the RBANS has
five domains including immediate memory, attention,
language, visuospatial/ constructional, and delayed
memory. However, in fact, there are more cognitive
domains such as executive function, working memory
[43], emotional management, and facial emotion
perception [44-45]. In the future study, more cognitive
domains should be examined and the different ethnic
population should be recruited to confirm our findings.

In summary, we found that FOXP2 polymorphism
1510447760 may not be involved in the susceptibility to
schizophrenia, but may contribute to cognitive
performance, especially immediate memory in
schizophrenia. Patients carrying CT genotype had the
greater cognitive impairment in immediate memory than
those with CC genotype. Thus, FOXP2 rs10447760 may
be involved in pathophysiological mechanisms for
cognitive impairments in schizophrenia. Moreover, the

chronic patients with schizophrenia displayed extensive
severe cognitive impairments shown on all of RBANS
scores compared to healthy controls. However, our
findings still warrant to be confirmed in larger samples
from different ethnics before the firm conclusion could
be made.

MATERIALS AND METHODS
Subjects

The protocol was reviewed and approved by Institutional
Review Board of Beijing Hui-Long-Guan hospital.
Written informed consents were obtained from all
participants. All subjects gave written informed consent
in accordance with the Declaration of Helsinki. The
patients were enrolled from the inpatients, meeting the
inclusion criteria as following: (1) Han Chinese patients
with age from 18 to 75 years; (2) satisfying the diagnosis
of schizophrenia by the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV) according
to the screening of Structure Clinical Interview for DSM-
IV (SCID- I/P) by two psychiatrists; (3) with at least 5-
year illness duration; (4) with stable doses of oral
antipsychotics for at least 12 months.

A total of 1106 patients were enrolled, and among them,
867 patients completed cognition assessment (mean age
of 45.48+10.71 years, 684 males and 183 females), with
the duration of illness of 23.82+9.70 years, and the
average education levels of 8.88+5.2 years (demographic
data and clinical characteristics were shown in Table 1).
They had received current antipsychotic treatment for
31.28+44.08 months, and had mainly been treated with
one antipsychotic drug including clozapine (n = 370),
risperidone (n = 164), quetiapine (n = 70), chlorpromazine
(n = 55), sulpiride (n = 38), aripiprazole (n = 35),
perphenazine (n = 27), olanzapine (n = 23), haloperidol (n
= 16), and other antipsychotics (n = 69). The doses of
antipsychotics equivalent to chlorpromazine were
394.06+£322.09 mg/day [46-48].

A total 404 healthy controls were enrolled through
advertisement. Individuals with family history of mental
disorders or any major Axis I disorders were excluded.

Any subjects with cardiovascular disease, cerebrovascular
disease, infections, cancer, unstable diabetes, uncontrolled
hypertension, and pregnancy were excluded. Any subjects
with drug or alcohol abuse/dependence determined by the
laboratory urine tests were excluded.

Clinical and cognitive assessments

The self-designed questionnaire including socio-
demographic profile, physical and psychological situation
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was collected from all the subjects by the interview of
researchers. The Repeatable Battery for the Assessment
of Neuropsychological Status (RBANS, Form A) [49]
was used to assess the patient’s cognitive function. The
RBANS has been translated into Chinese version and the
clinical validity and test - retest reliability of the Chinese
version of RBANS was established [28]. The RBANS
contains 12 subtests, and five age-adjusted index scores
were calculated with a total score. The five indexes
scores include immediate memory, attention, language,
visuospatial/ constructional, and delayed memory. All the
patients were measured with the RBANS in their stable
state when they did not present acute psychotic
symptoms or deterioration of function.

DNA isolation and SNP genotyping

A total of 5 ml peripheral whole blood samples were
abstracted in tube with anticoagulant ethylene diamine
tetraacetic acid (EDTA), and genomic DNA was
extracted from whole blood samples using a salting-
out method [28]. The FOXP2 polymorphism rs10447760
was genotyped by using Matrix-Assisted Laser
Desorption/lonization Time of Flight Mass Spectrometry
(MALDI-TOF MS) (Sequenom Inc., San Diego, CA,
USA) according to the protocol [28]. The primers
and extent sequence were determined according to the
NCBI GenBank database (Sense: 5'- ACGTTGGATGA
ACACTGC-AGGCTTTGTTCG-3', Antisense: 5'- ACGT
TGGATGTTTGGAGTCAGCTAGCAC-AG-3") (extent
sequence: ~CAGAGCGCTAAACCC).  Genotyping
process was conducted by researchers who were blind to
the clinical information. Regarding quality control and
verification, 5% samples were randomly duplicate with an
error rate of <0.1%.

Statistical analyses

T-test for continuous variables and chi-square (y2) test
for categorical variables were used as appropriate. Hardy
- Weinberg equilibrium, genotypic and allelic frequencies
of FOXP2 rs10447760 were evaluated through SHEsis
(http://analysis.bio-x.cn) [50]. Further, to determine the
effect of FOXP2 rs10447760 on suspectibility of
schizophrenia, logistic regression was used to control the
confounding factors.

The models of covariance (ANCOVA) were based on
five subscale and total scores of RBANS as the
dependent variables respectively, with the diagnosis and
the FOXP2 rs10447760 genotype as the independent
variables, with sex, BMI, and years of education as the
covariates. Also, the main effects of diagnosis, genotype,
and genotype x diagnosis in each model were examined.
Further, ANCOVA was used to determine the differences
in RBANS scores in accordance with the genotypic

groups in patient group or control group respectively,
with sex, education and BMI as covariates in control
group, together with duration of illness, age of onset,
antipsychotic types, antipsychotic daily dose, and current
antipsychotics medication duration as covariates in
patient group. Bonferroni correction was performed to
adjust for each multiple test. Further, we used
multivariate analysis (stepwise) with the positive results
as the dependent variables to examine the effects of
variables including the FOXP2 rs10447760 genotype,
age, sex, education, duration of illness, age of onset,
antipsychotic types, antipsychotic daily dose and current
antipsychotic medication duration in patients.

Power analysis was conducted using software Quanto
(Version 1.2.3). All statistical analysis were conducted by
the PASW Statistics 18.0 software (SPSS Inc., Chicago,
IL, USA). All p values were two-tailed at the significant
level of below 0.05.

Ethical statement

The protocol was reviewed and approved by
Institutional Review Board of Beijing Hui-Long-Guan
hospital. Written informed consents were obtained from
all participants. All subjects gave written informed
consent in accordance with the Declaration of Helsinki.

ACKNOWLEDGMENTS

The authors would like to thank Dr. Dachun Chen, Mei
Hong Xiu, Humei An, Song Chen, and Gui Gang Yang
for all of their hard work and significant contributions
toward the study.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

FUNDING

This study was supported by the National Natural
Science Foundation of China (81371477, 81401127),
the Key Research Project in Shanxi Province of China
(201803D31098), Grant for clinical research by Wu
Jieping  Medical Foundation (320.6750.18336),
Shanghai Jiao Tong University Medical Engineering
Foundation (YG2016MS48), and Wuhan health and
planning Business Committee (WX15C06). All funding
for this study had no further role in study design, data
analysis, and in the decision to submit the paper for
publication. The authors declare no conflict of interest.

REFERENCES

1. Charlson FJ, Ferrari AJ, Santomauro DF, Diminic S,

www.aging-us.com 6445

AGING


http://analysis.bio-x.cn/

Stockings E, Scott JG, McGrath JJ, Whiteford HA.
Global Epidemiology and Burden of Schizophrenia:
Findings From the Global Burden of Disease Study
2016. Schizophr Bull. 2018; 44:1195-203.
https://doi.org/10.1093/schbul/sby058
PMID:29762765

Green MF, Harvey PD. Cognition in schizophrenia:
Past, present, and future. Schizophr Res Cogn. 2014;
1:e1-9.

https://doi.org/10.1016/j.scog.2014.02.001

11.

schizophrenia. Neuropsychol Rev. 2009; 19:324-35.
https://doi.org/10.1007/s11065-009-9103-4
PMID:19507034

McClearn GE, Johansson B, Berg S, Pedersen NL,
Ahern F, Petrill SA, Plomin R. Substantial genetic
influence on cognitive abilities in twins 80 or more
years old. Science. 1997; 276:1560-63.
https://doi.org/10.1126/science.276.5318.1560
PMID:9171059

12. Benyamin B, Wilson V, Whalley LJ, Visscher PM, Deary
PMID:25254156 1J. Large, consistent estimates of the heritability of
Jablensky A. The diagnostic concept of schizophrenia: cognitive ability in two entire populations of 11-year-
its history, evolution, and future prospects. Dialogues old twins from Scottish mental surveys of 1932 and
Clin Neurosci. 2010; 12:271-87. 1947. Behav Genet. 2005; 35:525-34.
PMID:20954425 https://doi.org/10.1007/s10519-005-3556-x
Gerretsen P, Voineskos AN, Graff-Guerrero A, Menon PMID:16184482
M, Pollock BG, Mamo DC, Mulsant BH, Rajji TK. Insight 13. Johnson W, Turkheimer E, Gottesman Il, Bouchard TJ

Into lliness and Cognition in Schizophrenia in Earlier and
Later Life. J Clin Psychiatry. 2017; 78:e390-97.
https://doi.org/10.4088/JCP.16m10741
PMID:28297590

Sharma T, Antonova L. Cognitive function in
schizophrenia. Deficits, functional consequences, and
future treatment. Psychiatr Clin North Am. 2003;
26:25-40.
https://doi.org/10.1016/50193-953X(02)00084-9
PMID:12683258

Dickerson F, Boronow JJ, Stallings C, Origoni AE, Cole
SK, Yolken RH. Cognitive functioning in schizophrenia
and bipolar disorder: comparison of performance on
the Repeatable Battery for the Assessment of
Neuropsychological Status. Psychiatry Res. 2004;
129:45-53.
https://doi.org/10.1016/].psychres.2004.07.002
PMID:15572184

Hughes C, Kumari V, Soni W, Das M, Binneman B,
Drozd S, O’Neil S, Mathew V, Sharma T. Longitudinal
study of symptoms and cognitive function in chronic
schizophrenia. Schizophr Res. 2003; 59:137-46.
https://doi.org/10.1016/50920-9964(01)00393-0
PMID:12414070

Malla A. The role of cognition in outcome in
schizophrenia and related disorders. Can J Psychiatry.
2014; 59:3-4.
https://doi.org/10.1177/070674371405900102
PMID:24444317

Shean GD. Recent developments in psychosocial
treatments for schizophrenic patients. Expert Rev
Neurother. 2007; 7:817-27.
https://doi.org/10.1586/14737175.7.7.817
PMID:17610389

14.

15.

16.

17.

18.

19.

Jr. Beyond Heritability: Twin Studies in Behavioral
Research. Curr Dir Psychol Sci. 2010; 18:217-20.
https://doi.org/10.1111/j.1467-8721.2009.01639.x
PMID:20625474

Sitskoorn MM, Aleman A, Ebisch SJ, Appels MC, Kahn
RS. Cognitive deficits in relatives of patients with
schizophrenia: a meta-analysis. Schizophr Res. 2004;
71:285-95.
https://doi.org/10.1016/j.schres.2004.03.007
PMID:15474899

Szoke A, Schiirhoff F, Mathieu F, Meary A, lonescu S,
Leboyer M. Tests of executive functions in first-
degree relatives of schizophrenic patients: a meta-
analysis. Psychol Med. 2005; 35:771-82.
https://doi.org/10.1017/50033291704003460
PMID:15997598

Lin Z, SuY, Zhang C, Xing M, Ding W, Liao L, Guan Y, Li
Z, Cui D. The interaction of BDNF and NTRK2 gene
increases the susceptibility of paranoid schizophrenia.
PLoS One. 2013; 8:e74264.
https://doi.org/10.1371/journal.pone.0074264
PMID:24069289

Wang P, Cai J, Ni J, Zhang J, Tang W, Zhang C. The
NCAN gene: schizophrenia susceptibility and cognitive
dysfunction. Neuropsychiatr Dis Treat. 2016;
12:2875-83.

https://doi.org/10.2147/NDT.5118160
PMID:27853371

Li Z, Chen J, Yu H, He L, Xu Y, Zhang D, Yi Q, Li C, Li X,
Shen J, Song Z, Ji W, Wang M, et al. Genome-wide
association analysis identifies 30 new susceptibility
loci for schizophrenia. Nat Genet. 2017; 49:1576-83.
https://doi.org/10.1038/ng.3973 PMID:28991256

Lai CS, Fisher SE, Hurst JA, Vargha-Khadem F, Monaco

10. Harvey PD. Pharmacological cognitive enhancement in AP. A forkhead-domain gene is mutated in a severe

AGING

www.aging-us.com 6446


https://doi.org/10.1093/schbul/sby058
https://www.ncbi.nlm.nih.gov/pubmed/29762765
https://doi.org/10.1016/j.scog.2014.02.001
https://www.ncbi.nlm.nih.gov/pubmed/25254156
https://www.ncbi.nlm.nih.gov/pubmed/20954425
https://doi.org/10.4088/JCP.16m10741
https://www.ncbi.nlm.nih.gov/pubmed/28297590
https://doi.org/10.1016/S0193-953X(02)00084-9
https://www.ncbi.nlm.nih.gov/pubmed/12683258
https://doi.org/10.1016/j.psychres.2004.07.002
https://www.ncbi.nlm.nih.gov/pubmed/15572184
https://doi.org/10.1016/S0920-9964(01)00393-0
https://www.ncbi.nlm.nih.gov/pubmed/12414070
https://doi.org/10.1177/070674371405900102
https://www.ncbi.nlm.nih.gov/pubmed/24444317
https://doi.org/10.1586/14737175.7.7.817
https://www.ncbi.nlm.nih.gov/pubmed/17610389
https://doi.org/10.1007/s11065-009-9103-4
https://www.ncbi.nlm.nih.gov/pubmed/19507034
https://doi.org/10.1126/science.276.5318.1560
https://www.ncbi.nlm.nih.gov/pubmed/9171059
https://doi.org/10.1007/s10519-005-3556-x
https://www.ncbi.nlm.nih.gov/pubmed/16184482
https://doi.org/10.1111/j.1467-8721.2009.01639.x
https://www.ncbi.nlm.nih.gov/pubmed/20625474
https://doi.org/10.1016/j.schres.2004.03.007
https://www.ncbi.nlm.nih.gov/pubmed/15474899
https://doi.org/10.1017/S0033291704003460
https://www.ncbi.nlm.nih.gov/pubmed/15997598
https://doi.org/10.1371/journal.pone.0074264
https://www.ncbi.nlm.nih.gov/pubmed/24069289
https://doi.org/10.2147/NDT.S118160
https://www.ncbi.nlm.nih.gov/pubmed/27853371
https://doi.org/10.1038/ng.3973
https://www.ncbi.nlm.nih.gov/pubmed/28991256

20.

21.

22.

23.

24,

25.

26.

27.

speech and Nature.
413:519-23.

https://doi.org/10.1038/35097076 PMID:11586359

Liégeois F, Baldeweg T, Connelly A, Gadian DG, Mishkin
M, Vargha-Khadem F. Language fMRI abnormalities
associated with FOXP2 gene mutation. Nat Neurosci.
2003; 6:1230-37.

https://doi.org/10.1038/nn1138 PMID:14555953

language disorder. 2001;

Vernes SC, Spiteri E, Nicod J, Groszer M, Taylor
JM, Davies KE, Geschwind DH, Fisher SE. High-
throughput analysis of promoter occupancy reveals
direct neural targets of FOXP2, a gene mutated in
speech and language disorders. Am J Hum Genet. 2007;
81:1232-50.

https://doi.org/10.1086/522238

PMID:17999362

Lai CS, Gerrelli D, Monaco AP, Fisher SE, Copp Al.
FOXP2 expression during brain development
coincides with adult sites of pathology in a severe
speech and language disorder. Brain. 2003;
126:2455-62.

https://doi.org/10.1093/brain/awg247
PMID:12876151

Callicott JH, Egan MF, Mattay VS, Bertolino A, Bone
AD, Verchinksi B, Weinberger DR. Abnormal fMRI
response of the dorsolateral prefrontal cortex in
cognitively intact siblings of patients with
schizophrenia. Am J Psychiatry. 2003; 160:709-19.
https://doi.org/10.1176/appi.ajp.160.4.709
PMID:12668360

Li X, Branch CA, Delisi LE. Language pathway
abnormalities in schizophrenia: a review of fMRI and
other imaging studies. Curr Opin Psychiatry. 2009;
22:131-39.
https://doi.org/10.1097/YC0O.0b013e328324bc43
PMID:19553866

Tolosa A, Sanjudn J, Dagnall AM, Molté MD, Herrero
N, de Frutos R. FOXP2 gene and language impairment
in schizophrenia: association and epigenetic studies.
BMC Med Genet. 2010; 11:114.
https://doi.org/10.1186/1471-2350-11-114
PMID:20649982

Sanjudn J, Tolosa A, Gonzdlez JC, Aguilar EJ, Pérez-Tur
J, Najera C, Molté MD, de Frutos R. Association
between FOXP2 polymorphisms and schizophrenia
with auditory hallucinations. Psychiatr Genet. 2006;
16:67-72.
https://doi.org/10.1097/01.ypg.0000185029.35558.bb
PMID:16538183

Li T, Zeng Z, Zhao Q, Wang T, Huang K, Li J, Li Y, Liu J,
Wei Z, Wang Y, Feng G, He L, Shi Y. FoxP2 is
significantly associated with schizophrenia and major

28.

29.

30.

31.

32.

33.

34.

35.

36.

depression in the Chinese Han population. World J
Biol Psychiatry. 2013; 14:146-50.
https://doi.org/10.3109/15622975.2011.615860
PMID:22404659

Rao W, Du X, Zhang Y, Yu Q, Hui L, Yu Y, Kou C, Yin G,
Zhu X, Man L, Soares JC, Zhang XY. Association
between forkhead-box P2 gene polymorphism and
clinical symptoms in chronic schizophrenia in a
Chinese population. J Neural Transm (Vienna). 2017;
124:891-97.
https://doi.org/10.1007/s00702-017-1723-x
PMID:28421313

Yin J, Jia N, Liu Y, Jin C, Zhang F, Yu S, Wang J, Yuan J.
No association between FOXP2 rs10447760 and
schizophrenia in a replication study of the Chinese
Han population. Psychiatr Genet. 2018; 28:19-23.
PMID:29346177

Chen Y, Fang X, Wang Y, Zhang C. Meta-analysis of
FOXP2 rs10447760 polymorphism with schizophrenia.
Asian J Psychiatr. 2018; 35:50-51.
https://doi.org/10.1016/].ajp.2018.05.012
PMID:29783134

Fisher SE, Scharff C. FOXP2 as a molecular window
into speech and language. Trends Genet. 2009;
25:166-77.

https://doi.org/10.1016/].tig.2009.03.002
PMID:19304338

Schulze K, Vargha-Khadem F, Mishkin M. Phonological
working memory and FOXP2. Neuropsychologia.
2018; 108:147-52.
https://doi.org/10.1016/j.neuropsychologia.2017.11.
027 PMID:29174050

Schreiweis C, Bornschein U, Burguiere E, Kerimoglu C,
Schreiter S, Dannemann M, Goyal S, Rea E, French CA,
Puliyadi R, Groszer M, Fisher SE, Mundry R, et al.
Humanized Foxp2 accelerates learning by enhancing
transitions from declarative to procedural performance.
Proc Natl Acad Sci USA. 2014; 111:14253-58.
https://doi.org/10.1073/pnas.1414542111
PMID:25225386

McCarthy NS, Clark ML, Jablensky A, Badcock JC. No
association between common genetic variation in
FOXP2 and language impairment in schizophrenia.
Psychiatry Res. 2019; 271:590-97.
https://doi.org/10.1016/].psychres.2018.12.016
PMID:30554107

Takahashi K, Liu FC, Hirokawa K, Takahashi H.
Expression of Foxp2, a gene involved in speech and
language, in the developing and adult striatum. J
Neurosci Res. 2003; 73:61-72.
https://doi.org/10.1002/inr.10638 PMID:12815709

Albouy G, King BR, Maquet P, Doyon J. Hippocampus

www.aging-us.com

6447

AGING


https://doi.org/10.1038/35097076
https://www.ncbi.nlm.nih.gov/pubmed/11586359
https://doi.org/10.1038/nn1138
https://www.ncbi.nlm.nih.gov/pubmed/14555953
https://doi.org/10.1086/522238
https://www.ncbi.nlm.nih.gov/pubmed/17999362
https://doi.org/10.1093/brain/awg247
https://www.ncbi.nlm.nih.gov/pubmed/12876151
https://doi.org/10.1176/appi.ajp.160.4.709
https://www.ncbi.nlm.nih.gov/pubmed/12668360
https://doi.org/10.1097/YCO.0b013e328324bc43
https://www.ncbi.nlm.nih.gov/pubmed/19553866
https://doi.org/10.1186/1471-2350-11-114
https://www.ncbi.nlm.nih.gov/pubmed/20649982
https://doi.org/10.1097/01.ypg.0000185029.35558.bb
https://www.ncbi.nlm.nih.gov/pubmed/16538183
https://doi.org/10.3109/15622975.2011.615860
https://www.ncbi.nlm.nih.gov/pubmed/22404659
https://doi.org/10.1007/s00702-017-1723-x
https://www.ncbi.nlm.nih.gov/pubmed/28421313
https://www.ncbi.nlm.nih.gov/pubmed/29346177
https://doi.org/10.1016/j.ajp.2018.05.012
https://www.ncbi.nlm.nih.gov/pubmed/29783134
https://doi.org/10.1016/j.tig.2009.03.002
https://www.ncbi.nlm.nih.gov/pubmed/19304338
https://doi.org/10.1016/j.neuropsychologia.2017.11.027
https://doi.org/10.1016/j.neuropsychologia.2017.11.027
https://www.ncbi.nlm.nih.gov/pubmed/29174050
https://doi.org/10.1073/pnas.1414542111
https://www.ncbi.nlm.nih.gov/pubmed/25225386
https://doi.org/10.1016/j.psychres.2018.12.016
https://www.ncbi.nlm.nih.gov/pubmed/30554107
https://doi.org/10.1002/jnr.10638
https://www.ncbi.nlm.nih.gov/pubmed/12815709

37.

38.

39.

40.

41.

42.

43.

and striatum: dynamics and interaction during
acquisition and sleep-related motor sequence memory
consolidation. Hippocampus. 2013; 23:985-1004.
https://doi.org/10.1002/hip0.22183

PMID:23929594

Packard MG, Knowlton BJ. Learning and memory
functions of the Basal Ganglia. Annu Rev Neurosci.
2002; 25:563-93.
https://doi.org/10.1146/annurev.neuro.25.112701.14
2937 PMID:12052921

Aggleton JP, O’Mara SM, Vann SD, Wright NF, Tsanov
M, Erichsen JT. Hippocampal-anterior thalamic
pathways for memory: uncovering a network of direct
and indirect actions. Eur J Neurosci. 2010; 31:2292-307.
https://doi.org/10.1111/j.1460-9568.2010.07251.x
PMID:20550571

Miyata J, Yamada M, Namiki C, Hirao K, Saze T, Fujiwara
H, Shimizu M, Kawada R, Fukuyama H, Sawamoto N,
Hayashi T, Murai T. Reduced white matter integrity as a
neural correlate of social cognition deficits in
schizophrenia. Schizophr Res. 2010; 119:232-39.
https://doi.org/10.1016/].schres.2009.12.038
PMID:20097045

Nestor PG, Kubicki M, Niznikiewicz M, Gurrera RJ,
McCarley RW, Shenton ME. Neuropsychological
disturbance in schizophrenia: a diffusion tensor
imaging study. Neuropsychology. 2008; 22:246-54.
https://doi.org/10.1037/0894-4105.22.2.246
PMID:18331167

Szeszko PR, Ardekani BA, Ashtari M, Kumra S, Robinson
DG, Sevy S, Gunduz-Bruce H, Malhotra AK, Kane JM,
Bilder RM, Lim KO. White matter abnormalities in first-
episode schizophrenia or schizoaffective disorder: a
diffusion tensor imaging study. Am J Psychiatry. 2005;
162:602-05.
https://doi.org/10.1176/appi.ajp.162.3.602
PMID:15741480

Carra G, Nicolini G, Lax A, Bartoli F, Castellano F,
Chiorazzi A, Gamba G, Bava M, Crocamo C, Papagno
C. Facial emotion recognition in schizophrenia: an
exploratory study on the role of comorbid alcohol
and substance use disorders and COMT Vall58Met.
Hum Psychopharmacol. 2017; 32.
https://doi.org/10.1002/hup.2630

PMID:28913946

Chen YT, Lin CH, Huang CH, Liang WM, Lane HY. PICK1
Genetic Variation and Cognitive Function in Patients
with Schizophrenia. Sci Rep. 2017; 7:1889.
https://doi.org/10.1038/s41598-017-01975-y
PMID:28507309

44,

45.

46.

47.

48.

49.

50.

Lin MT, Huang KH, Huang CL, Huang YJ, Tsai GE, Lane
HY. MET and AKT genetic influence on facial emotion
perception. PLoS One. 2012; 7:e36143.
https://doi.org/10.1371/journal.pone.0036143
PMID:22558359

Carra G, Nicolini G, Crocamo C, Lax A, Amidani F,
Bartoli F, Castellano F, Chiorazzi A, Gamba G, Papagno
C, Clerici M. Executive control in schizophrenia: a
preliminary study on the moderating role of COMT
Vall158Met for comorbid alcohol and substance use
disorders. Nord J Psychiatry. 2017; 71:332-39.
https://doi.org/10.1080/08039488.2017.1286385
PMID:28635556

Kane JM, Aguglia E, Altamura AC, Ayuso Gutierrez JL,
Brunello N, Fleischhacker WW, Gaebel W, Gerlach J,
Guelfi JD, Kissling W, Lapierre YD, Lindstréom E,
Mendlewicz J, et al. Guidelines for depot
antipsychotic treatment in schizophrenia. European
Neuropsychopharmacology Consensus Conference in
Siena, Italy. Eur Neuropsychopharmacol. 1998; 8:55—66.
https://doi.org/10.1016/50924-977X(97)00045-X
PMID:9452941

Lehman AF, Lieberman JA, Dixon LB, McGlashan TH,
Miller AL, Perkins DO, Kreyenbuhl J, and American
Psychiatric Association, and Steering Committee on
Practice Guidelines. Practice guideline for the
treatment of patients with schizophrenia, second
edition. Am J Psychiatry. 2004 (Suppl 2); 161:1-56.
PMID:15000267

Woods SW. Chlorpromazine equivalent doses for the
newer atypical antipsychotics. J Clin Psychiatry. 2003;
64:663-67.

https://doi.org/10.4088/JCP.v64n0607
PMID:12823080

Randolph C, Tierney MC, Mohr E, Chase TN. The
Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS): preliminary clinical
validity. J Clin Exp Neuropsychol. 1998; 20:310-19.
https://doi.org/10.1076/jcen.20.3.310.823
PMID:9845158

Shi YY, He L. SHEsis, a powerful software platform for
analyses of linkage disequilibrium, haplotype
construction, and genetic association at polymorphism
loci. Cell Res. 2005; 15:97-98.
https://doi.org/10.1038/sj.cr.7290272
PMID:15740637

www.aging-us.com

6448

AGING


https://doi.org/10.1002/hipo.22183
https://www.ncbi.nlm.nih.gov/pubmed/23929594
https://doi.org/10.1146/annurev.neuro.25.112701.142937
https://doi.org/10.1146/annurev.neuro.25.112701.142937
https://www.ncbi.nlm.nih.gov/pubmed/12052921
https://doi.org/10.1111/j.1460-9568.2010.07251.x
https://www.ncbi.nlm.nih.gov/pubmed/20550571
https://doi.org/10.1016/j.schres.2009.12.038
https://www.ncbi.nlm.nih.gov/pubmed/20097045
https://doi.org/10.1037/0894-4105.22.2.246
https://www.ncbi.nlm.nih.gov/pubmed/18331167
https://doi.org/10.1176/appi.ajp.162.3.602
https://www.ncbi.nlm.nih.gov/pubmed/15741480
https://doi.org/10.1002/hup.2630
https://www.ncbi.nlm.nih.gov/pubmed/28913946
https://doi.org/10.1038/s41598-017-01975-y
https://www.ncbi.nlm.nih.gov/pubmed/28507309
https://doi.org/10.1371/journal.pone.0036143
https://www.ncbi.nlm.nih.gov/pubmed/22558359
https://doi.org/10.1080/08039488.2017.1286385
https://www.ncbi.nlm.nih.gov/pubmed/28635556
https://doi.org/10.1016/S0924-977X(97)00045-X
https://www.ncbi.nlm.nih.gov/pubmed/9452941
https://www.ncbi.nlm.nih.gov/pubmed/15000267
https://doi.org/10.4088/JCP.v64n0607
https://www.ncbi.nlm.nih.gov/pubmed/12823080
https://doi.org/10.1076/jcen.20.3.310.823
https://www.ncbi.nlm.nih.gov/pubmed/9845158
https://doi.org/10.1038/sj.cr.7290272
https://www.ncbi.nlm.nih.gov/pubmed/15740637

