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Abstract

Background: Cognitive functions represent useful endophenotypes to identify the association between genetic
variants and schizophrenia. In this sense, the NR4A2 gene has been implicated in schizophrenia and cognition in
different animal models and clinical trials. We hypothesized that the NR4A2 gene is associated with working
memory performance in schizophrenia. This study aimed to analyze two variants and the expression levels of the
NR4A2 gene with susceptibility to schizophrenia, as well as to evaluate whether possession of NR4A2 variants
influence the possible correlation between gene expression and working memory performance in schizophrenia.

Methods: The current study included 187 schizophrenia patients and 227 controls genotyped for two of the most
studied NR4A2 genetic variants in neurological and neuropsychiatric diseases. Genotyping was performed using
High Resolution Melt and sequencing techniques. In addition, MRNA expression of NR4A2 was performed in
peripheral mononuclear cells of 112 patients and 118 controls. A group of these participants, 54 patients and 87
controls, performed the working memory index of the WAIS Il test.

Results: Both genotypic frequencies of the two variants and expression levels of the NR4A2 gene showed no
significant difference when in patients versus controls. However, patients homozygous for the rs34884856 promoter
variant showed a positive correlation between expression levels and auditory working memory.

Conclusions: Our finding suggested that changes in expression levels of the NR4A2 gene could be associated with
working memory in schizophrenia depending on patients’ genotype in a sample from a Mexican population.

Keywords: Schizophrenia, NR4A2 genetic variants, NR4A2 mRNA levels, Cognition, Endophenotype, Working
memory
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Background

Schizophrenia is a heterogeneous, severe, and disabling
mental illness that affects 1% of the world’s population
and is caused by interactions between environmental
and genetic factors [1]. It has also considered a neurode-
velopmental disorder with alterations in different neuro-
transmitters [2], and dopamine plays an essential role in
this disease.

It is recognized by diverse symptoms, with cognitive
deficits being a core feature of schizophrenia [3], and
which are present in up to 98% of patients [4].
Several studies show that schizophrenia and cognitive
dysfunction manifest considerable heritability between
70 to 90% and 24 to 55%, respectively [5, 6]. In par-
ticular, cognitive functions, such as working memory,
have been proposed as endophenotypes related to
schizophrenia [7]. An endophenotype is a subtype of
biomarker, a quantitative biological trait that is
thought to be related to genetic vulnerability and
disease onset [8], and is characterized by being inter-
mediate, measurable, heritable and independent traits
of the disease status (present both in the prodromal
stage and in patients with remission) [9].

Different genes involved in the neurodevelopment of
dopaminergic neurons can be considered candidate sus-
ceptibility genes for schizophrenia and cognitive deficits
[10, 11], for instance, the gene that codes for the nuclear
receptor subfamily 4, group A (NR4A2). This transcrip-
tion factor regulates the expression of genes involved in
the development, survival, and phenotype of dopamin-
ergic neurons [12, 13]. The NR4A2 gene (also known as
Nurrl) has been related to schizophrenia etiology and
cognitive function [10, 14—18]. Notably, in relation to
this gene, Nurrl heterozygous (+/-) mice show cognitive
impairment and pharmacological responses consistent
with a model for schizophrenia [19, 20]. This correlation
between NR4A2 deficiency and cognitive skills has been
found in other animal models for Alzheimer’s disease
and attention-deficit hyperactivity disorder [18, 21] as
well as its particular role in memory tasks as reported in
preclinical studies [17, 22-25].

On the other hand, different clinical studies have
analyzed genetic variants and gene expression levels, in
peripheral blood mononuclear cells (PBMC), both as
potential biomarkers for central nervous system disor-
ders [26, 27]. In this way, several genetic variants of the
NR4A2 gene have been analyzed, giving rise to non-
reproducible results in different populations [28-33].
The two genetic variants analyzed in the present study
have been associated with other neurological diseases,
psychiatric disorders, and addiction, which are also
related with dysfunction of the dopaminergic system. In
particular, the rs35479735 intronic 6 variant has been
associated with Parkinson’s disease in Asian, Caucasian,
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and Mexican populations [34-36]. In addition, the
rs34884856 promoter variant has been associated with
alcohol dependence in people with Mexican ancestry [37].

The association between the NR4A2 gene and cog-
nitive deficit in schizophrenia has been previously re-
ported in a Caucasian population [32]. In that study,
Ancin et al. 2013 [32] have identified an association
between NR4A2 variants and cognition (sustained
attention) in schizophrenia patients. In addition, pre-
clinical studies have been shown the importance of
the NR4A2 gene in cognition. Therefore, to study this
association is of importance in psychiatry field, espe-
cially in schizophrenia.

Furthermore, decreased expression of the NR4A2 gene
was found in the dorsolateral prefrontal cortex (DLPFC)
of patients with schizophrenia [14, 38, 39]. However, the
relationship of NR4A2 expression in PBMC with gene
variants in schizophrenia remains unclear. Likewise, the
expression of genes related to inflammation, metabolism,
and neuroprotection from PBMC have linked to alter-
ations in the activity of brain regions [40, 41].

To our knowledge, there is a lack of studies on the
relation of the NR4A2 gene with working memory defi-
cits in schizophrenia, as well as the need to prioritize di-
versity in human genomics research [42] in the field of
Psychiatry. Therefore, we investigate the association
between the NR4A2 gene with working memory deficit
in schizophrenia in the Mexican population, which is
under-represented in human genomic research.

We hypothesized that the NR4A2 gene is associated
with working memory performance in schizophrenia in
a sample Mexican population. Therefore, this study
aimed to analyze the genotype effect of two genetic vari-
ants (rs34884856 promoter variant and rs35479735
intronic 6 variant), and the expression levels of the
NR4A2 and their interactions on performance of work-
ing memory ability in schizophrenia.

The association analysis of genetic variants and levels
of expression with schizophrenia was first evaluated,
followed by the relationship of expression with variants,
and finally the relationship of cognition with expression
and variants. Thus, the interactions analyzed of working
memory were diagnosis-genotype (genetic variants),
genotype-expression, and diagnosis-genotype-expression.

Methods

Participants

This study included 187 (111 males and 76 females)
patients diagnosed with schizophrenia at the Instituto
Nacional de Neurologia “Manuel Velasco Sudrez” and
Hospital Psiquitrico Fray Bernardino Alvarez from
March 2012 to December 2017. Inclusion criteria:
patients confirmed by two psychiatrists, following Diag-
nostic and Statistical Manual of Mental Disorders Fourth
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Edition (DSM-IV) criteria [43] and the Composite Inter-
national Diagnostic Interview (CIDI) Version 21 [44],
and with at least 1 year of evolution. Exclusion criteria
included: patients with comorbidities due to toxic sub-
stance use (except nicotine) during 3 months prior to re-
cruitment, or other serious organic or neurological
diseases.

The control volunteers consisted of 227 unrelated par-
ticipants (127 males and 100 females) and recruited from
March 2011 to December 2017 through announcement
from population of Mexico City’s metropolitan area.
This group was screened by psychiatrists and completed
the Mini-International ~Neuropsychiatric —Interview
(MINI) [45] to rule out any personal history of neuro-
psychiatric disorder. After clinical evaluation the control
group was matched for age and sex with the group of
cases.

Control volunteers were without history of substance
abuse (except nicotine), and with no family history from
of schizophrenia, or other neurological, or psychiatric
disorders.

Both the patients and control group met the criteria of
Mexican mestizo [46]. The analysis did not include
ancestral-informative markers (AIMs). However, stand-
ard criteria were used to define the Mexican mestizo,
and to keep the effects of population stratification to a
minimum. According to the National Institute of An-
thropology and History of Mexico, Mestizos are defined
as individuals born in Mexico, having a Spanish-derived
last name, with family antecedents of Mexican ancestors
back at least to the third generation [47]. The study was
performed in accordance with principles of the 1964
Helsinki Declaration and its later amendments. The in-
stitutional ethics committee of the Instituto Nacional de
Neurologia y Neurocirugia, “Manuel Velasco Sudrez”
and Hospital Psiquidtrico Fray Bernardino Alvarez
approved the study protocol, and written informed con-
sent was obtained from all individual participants
included in the study. The experimental design is show
in Fig. 1.

The 187 schizophrenia patients and 227 controls were
genotyped for two of the most studied NR4A2 genetic
variants in neurological and neuropsychiatric diseases
(rs34884856 promoter variant and rs35479735 intronic 6
variant) (see below; Molecular analysis).

Clinical and working memory evaluation

The working memory function was evaluated in a group
of patients and controls (54 patients with paranoid
schizophrenia and 87 controls) of the total of partici-
pants using the Wechsler Adult Intelligence Scale
(WAIS-III) standardized for the Mexican population
[48]. This scale was conducted in literate patients and
controls. In addition, it was also confirmed that they
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were not undergoing any treatment associated with
drowsiness (benzodiazepine) and that they met the con-
ditions required to obtain a correct cognitive evaluation.
The severity of the schizophrenia symptoms was evalu-
ated in the same patients by means of the Positive and
Negative Syndrome Scale (PANSS) [49]. Clinical evalu-
ation and cognitive tests (WAIS-III) were carried out be-
tween 2012 and 2017 by psychiatry and psychology
experts, previously trained in the application of both
tests. Because the present study aimed to evaluate work-
ing memory in schizophrenia, the subtests that evaluate
this task are part of the WAIS-III. The experimental de-
sign is shown in Fig. 1.

WAIS is one of the most widely used tests to assess
general intellectual ability in adults 16 years of age and
older [50, 51]. From its original [52] development this
test has been revised on several occasions. The WAIS-III
is the fifth version of the intelligence scale and intro-
duced four index scores derived from factor analyses of
14 subtests. The four index scores, Verbal Comprehen-
sion (VC), Perceptual Organization (PO), Working
Memory (WM), and Processing Speed (PS) divide abil-
ities into more discrete units of functioning compared to
the traditional IQ scores [53].

The Working Memory Index (WMI) is commonly
used to evaluate working memory ability. The WAIS-III
WMI is derived from the performance on the Digit Span
(DS), Arithmetic, and Letter-Number Sequencing
subtests.

To evaluate the association between the NR4A2 gene
and working memory in schizophrenia, WMI and its
three subtests (DS, Arithmetic, and Letter-Number
Sequencing) that compose it were analyzed with genetic
variants and the expression levels of the NR4A2 gene.
The Backward Digit Span (BDS) task, aural evaluation
that is part of the DS subtest was considered for analysis.
The WMI score was obtained from WAIS-IIL

The DS subtest is composed of both a forward and a
backward recitation condition. On the digits forward
part of the subtest, the individual is verbally presented
with a string of numbers and asked to repeat back the
numbers in order immediately after stimuli presentation.
In the digits backward condition, the individual is ver-
bally instructed to repeat back the presented string of
numbers in reverse order. The DS score combines the
total number of digit strings correctly repeated in both
conditions.

Molecular analysis

DNA and RNA extraction

The PBMC obtained from the patients were stored in
stabilization solution (RNAlater, Invitrogen) at —20°C
until processing (DNA and RNA) to prevent the degrad-
ation of genetic material. The concentration and purity
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Fig. 1 Study flow-chart

of the RNA and DNA samples were measured by spec-
trophotometric analysis. The integrity of the samples
(DNA and RNA) was determined by horizontal electro-
phoresis in 1.5% agarose / TAE 1X gels at 100V / 30
min [54]. RNA and DNA samples with a concentration
greater than 50 ng/ul, a 260/280 ratio between 1.8 to 2
and with an electrophoretic pattern for high molecular
weight DNA and 18s and 28s ribosomal RNA were
chosen for the genotyping study and of genetic
expression.

Genotyping

Genomic DNA was extracted from PBMC using the
standard salting out procedure [55]. Two single nucleo-
tide variants (SNV) of NR4A2, rs35479735 in intron 6
and rs34884856 in the promoter, were genotyped in
patients and the control group. Genotyping was

performed using High Resolution Melt (HRM) and
sequencing techniques. The oligonucleotide design and
conditions of both genotyping methods have been previ-
ously described [36]. HRM analysis was performed using
the Rotor-Gene 6000 instrument (Corbett Research Pty
Ltd., Sydney, Australia). All analyzes were performed in
triplicates.

MRNA expression levels of NR4A2

NR4A2 expression levels were evaluated in 112 patients
and 118 control individuals. NR4A2 mRNA extraction
was performed in PBMC by the organic technique using
the TRIzol reagent, following the manufacturer’s instruc-
tions. Quantification of the expression levels of the
NR4A2 gene was carried out by qRT-PCR, as previously
reported [36].
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GAPDH was used as an internal reference gene to
normalize target gene transcript levels. The quantitative
PCR reactions were performed using predesigned primer
and probes from Applied Biosystems (Foster City, CA,
USA). The relative fold changes were determined by the
method of 274" as described previously [56]. The ana-
lysis was carried out in triplicate.

Statistical analysis

The study population is described using means and
standard deviations or frequencies and percentages.
Mann-Whitney U tests for non-parametric data, Student
t tests for continuous parametric data, and chi-square
tests for categorical parameters were used. The Hardy-
Weinberg equilibrium was evaluated for each variant
through Pearson’s chi-square. Genotype frequencies
were analyzed by chi square test and the odd ratio (OR)
with 95% confidence intervals (CI) between case and
control groups. A multivariate logistic regression was
used with confounding variables (age, gender and educa-
tional level).

For association analysis between genotypes, gene ex-
pression and working memory, we used the recessive
model considering the minor frequency allele and the
risk allele described in various studies [33-37]. The re-
cessive model postulates that the risk of the disease oc-
curs in the homozygotes for risk allele. Therefore,
genotypes were divided in two groups for each variant.

Logl0™ was used to transform the values of cognitive
scores and gene expression levels to approximate normal
distributions and to conduct an ANCOVA analysis and
linear regression adjusted for age, gender, and educa-
tional level.

The association between working memory function,
variant genetic and expression levels was analyzed by a
two-way ANCOVA. The two fixed factors were diagno-
sis (schizophrenia vs control) and the genotype (reces-
sive model). The expression levels of NR4A2 were used
as a covariant, as well as demographic data including
age, sex and education level. The interactions of “diagno-
sis x genotype”, “genotype x expression” and “diagnosis
X genotype x expression” were obtained. Posteriorly,
whether a significant effect was identified in any inter-
action or main effects on the genotype, a simple effects
analysis was performed in patients and controls separ-
ately. Gender, age and education (self-report of the num-
ber of years of study) were used as covariates in the
simple effect analysis.

All statistical analyzes were performed using the SPSS
Statistics Version 24 software (SPSS Inc., Chicago, IL,
USA) and the STATA SE version 12.0 statistical soft-
ware (Stata Corp, College Station, TX, USA). p <0.05
values were considered statistically significant. For the
cognitive tests, we used Bonferroni correction for
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counteract the problem of multiple comparisons for the
five cognitive analyzes.

The calculation of the sample size and the statistical
power were performed with the software named G *
Power version 3.1.9.6.

Results

Participant characteristics

Demographic and clinical characteristics of patients and
controls included in the study are shown in Table 1.
Gender (p =0.485), education (p =0.295), and age (p =
0.066) distributions did not show any statistically signifi-
cant difference between patients and control volunteers.

Comparison of allele and genotype frequencies between
case and control group

The two NR4A2 genetic variants analyzed in this study have
been associated with disorders related to dysfunction of
dopaminergic system; their genotypic and allelic frequencies
are shown in Table 1. The rs34884856 variant on the pro-
moter (alleles are a cytosine insertion (3C) and a deletion C
(2Q)), and rs35479735 variant in the intron 6 (a guanine in-
sertion (3G) and a deletion G (2G)), both indels, were ana-
lyzed in the group of patients and control participants. These
two variants were in Hardy-Weinberg equilibrium in both
groups of participants. In particular, rs34884856 (3C) minor
allele frequency (MAF) was identified in 44 and 43% of pa-
tients and control group, respectively for promoter variant.
In addition, rs35479735 (2G) MAF was shown in 45% of
study cases and in 46% of control individuals for the intron 6
variant. These two polymorphisms were found in strong
linkage disequilibrium (D’ = 0.87, r* = 0.67).

Distribution of allelic and genotypic frequencies was
similar between patients and control volunteers for
both variants. The bivariate logistic regression analysis
for the different inheritance models was not signifi-
cantly associated to schizophrenia for either variant
(Supplementary 1).

Comparison of NR4A2 mRNA peripheral expression
between schizophrenia patients and the control group as
well as with NR4A2 genetic variants

The mRNA expression levels of NR4A2 were not signifi-
cantly different between the patient and control groups
(p =0.766), or between the different genotypes of the
two variants in patients or controls (Supplementary 2).
Likewise, expression levels showed no differences by sex
(p =0.158), drug treatment (p =0.224), or family history
(p =0.528) in the schizophrenia group.

Analysis of the relation of schizophrenia and the
rs34884856 promoter variant on cognition

For association analysis between genotypes and work-
ing memory, we used the recessive model considering
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Table 1 Socio-demographic characteristics, clinical data, and genotype distribution of NR4A2 in schizophrenia patients and control

group
Characteristics Schizophrenia group Control group P
(n =187) (n =227)
Age, year (£SD) 3544(£10.07) 3833 (+13.17) 0.066°
Gender, n (%)

Male 111 (594) 127 (55.9)

Female 76 (40.6) 100 (44.1) 0485°
Education, year (£SD) 10.98 (+3.46) 11.52 (+447) 0.295 °
Family history of schizophrenia (%) 64 (34.2) -

Age of onset, year (+SD) 23.16 (£7.62) -
Disease duration, year (+DS) 12.39(+£9.76) -
Typical antipsychotics, n (%) 64 (34)
SSRI'n (%) 17.09)
rs34884856 promoter variant
Allele n (%)
2C 211 (56) 261 (57) 0757 °
3C 163 (44) 193 (43)
Genotype n (%)
2C/2C 54 (289) 72 (31.7)
3C/2C 103 (55.1) 117 (51.5) 0762°
3C/3C 30 (16.0) 38 (16.7)
HWE (p) 0.14 043
rs35479735 intron 6 variant
Allele n (%)
2G 168 (45) 211 (46) 0656
3G 206 (55) 243 (54)
Genotype n (%)
2G/2G 32(17.1) 48 (21.1)
3G/2G 104 (55.6) 115 (50.7) 0504 °
3G/3G 51(273) 64(28.2)
HWE (p) 0.11 0.89

Data are presented as mean + SD. Underlined allele denotes the minor allele

n Total participants, SD Standard deviation, SSR/ Selective serotonin reuptake inhibitors, HWE Hardy-Weinberg Equilibrium, 3C Insertion C, 2C Deletion C, 3G

Insertion G, 2G Deletion
2Mann Whitney U test; °Chi-squared test

the minor frequency allele and the risk allele
described in various studies [33-37]. The recessive
model postulates that the risk of the disease occurs in
homozygotes for the risk allele. This model is widely
used in genetic association studies [57, 58]. Therefore,
genotypes were divided in two groups for the
rs34884856 promoter variant: 3C/3C homozygous,
and 2C carriers (“3C/2C +2C/2C”), for the rs35479735
intronic 6 variant: 3G/3G homozygous, and 2G carriers
(3G/2G +2G/2G).

The genotypes of the rs35479735 intronic 6 variant
(recessive model) did not show significant differences

for sociodemographic, cognitive or clinic evaluations
in schizophrenia patients and the control group
(Supplementary material 3).

Table 2 shows both sociodemographic and clinical var-
iables for recessive model genotypes of the rs34884856
promoter variant. No significant differences were found
between genotypes for variables such as age, gender, and
education in patients and controls. Furthermore, no sig-
nificant differences in clinical variables such as age of
onset, family history of schizophrenia and treatment
between 3C/3C homozygous and carriers of the 2C allele
were found in patients.
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Table 2 Socio-demographic and clinical characteristics of patients and the control group to the rs34884856 promoter variant

Schizophrenia group

Control group

3C/3C 3C/2C+2C/2C p 3C/3C 3C/2C+2C/2C p
n=12 n=41 n=20 n =62
Age, year (£SD) 3293 (93) 33.50 (10.05) 0.984° 387 (128) 39.94 (1147) 0.841°
Gender, n (%) Male 8 (533) 26 (684) 0302° 10 (50) 30 (484) 0.900°
Education, year (£SD) 10.58 (2.57) 12.15 (2.97) 0.103° 14.05 (3.80) 13.13 (4.38) 0349 °
Family history of schizophrenia (%) 541.7) 12 (29.3) 0418°
Age of onset, year (+SD) 20.08 (8.86) 2335 (6.84) 0.077°
Disease duration, year (xDS) 11.58 (8.27) 10.68 (9.97) 0.515%
Typical antipsychotics, n (%) 5(334) 14 (41.7) 0.284°
SSRI N (%) 1(83) 5(119) 0718°
PANSS
Positive symptoms 21.00 (7.50) 2045 (7.98) 0.994°
Negative symptoms 26.58 (9.67) 21.94 (7.19) 0.156°
General symptoms 4191 (14.82) 37.14 (10.96) 0.323°
PANSS total 88.66 (28.78) 79.33 (22.17) 0378°
Working memory test
WMI 69.25 (10.59) 7534 (11.80) 0.103° 87.8 (10.04) 80.7 (14.85) 0.086°
Arithmetic 4.67 (2.06) 563 (2.55) 0.16° 8.65 (2.30) 7.69 (3.19) 032°
DS 4.92 (1.24) 6.19 (2.09) 0.033% 6.85 (2.11) 6.39 (1.94) 040°
BDS task 283 (1.11) 4.09 (1.97) 0.022% 4.95 (1.70) 5(1.91) 0.278°
LNS 467 (201) 6.14 (2.36) 0.051° 8.50 (1.99) 6.66 (3.08) 0.027°

Data are presented as mean + SD

This is a subset of the total sample submitted to cognition tasks, which had genotyping and quantification of NR42 expression levels
SD Standard deviation, n Total participants, 3C Insertion C, 2C Deletion C, SSRI Selective serotonin reuptake inhibitors, PANSS Positive and negative syndrome scale;

recessive model, 3C/3C vs 3C/2C + 2C/2C
®Mann-Whitney U, ®Fisher test, “Chi-squared test

Table 3 shows the ANCOVA analysis conducted for
the WMI, working memory subtests (Arithmetic, DS,
and Letter-Number Sequencing) and BDS task between
patient and control groups according to rs34884856 pro-
moter variant. This analysis showed that performance
scores on the BDS task, subtests and WMI were signifi-
cantly lower in patients compared to healthy controls

(Table 3). Further, no genotype effect was identified for
performance on any of the subtests or WML

Working memory and expression levels of the NR4A2
gene

We found a significant interaction effect for diagnosis
(schizophrenia vs control) x genotype (recessive model,

Table 3 Comparisons among working memory test by diagnostic, genotypic groups and interaction analysis for promoter variant

Test Diagnosis Genotype Diagnosis x Genotype x Diagnosis x genotype x Statistical Effect
genotype expression expression Power size F
F p F p F p F p F p

WMI 9.44 0.003* 0.104 0748 6.11 0.015 1.17 0.281 1.32 0.253 0.975 0.906
Arithmetic  12.257 0.001* 0.166 0685 259 0.110 1.19 0.276 0.609 0437 0.947 0.852
DS 5.26 0.024 286 0093 325 0.074 257 0.1 0673 0413 0.702 0.668
BDS task 5.01 0.027 7.48 0.007* 6.20 0.014 7.14 0.009* 1.719 0.192 0.772 0.706
LNS 403 0.047 0028 0868 8.89 0.003" 0.796 0374 213 0.147 0.732 0.684

Two-way ANCOVA analysis was performed for each cognitive analysis. The two fixed factors were the genotype (recessive model) and the diagnosis
(schizophrenia vs control). The expression levels NR4A2 was used as a covariant, as well as demographic data including age, sex, and education level. The
interaction of diagnosis x genotype, genotype x expression and diagnosis x genotype x expression were obtained

The WMI and its three subtests (DS, Arithmetic, and LNS) that compose it were analyzed. The BDS task that is part of DS subtest was also considered for analysis.
This is a subset of the total sample submitted to cognition tasks with 53 case and 82 controls, which had genotyping and quantification of NR42 expression levels
WMI Working memory index, DS Total Digit Span, BDS Backward Digit Span, LNS Letter-Number Sequencing, F Test statistic for ANCOVA, p p-value

* Bonferroni correction < 0.01
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“3C/3C” vs “3C/2C+2C/2C") on WMI (p =0.015),
Letter-Number Sequencing (p =0.003) and BDS task
(0.014), and a significant genotype x expression effect on
the BDS task (p =0.009, Bonferroni correction). Regres-
sion lineal analysis showed that BDS test was signifi-
cantly correlated (simple effect p =0.05, beta=0.256)
with expression levels NR4A2 in the patients. Also,
patients homozygous for the rs34884856 promoter vari-
ant (3C/3C) showed a simple effect (p =0.022, beta =
0.76) between expression levels and auditory working
memory (BDS) (Fig. 2). This graph shows that only in
3C/3C rs34884856 patients, a decrease of NR4A2 mRNA
expression was related to BDS impairment in
schizophrenia.

Discussion

It is important to mention that this is the first study to
analyze the association of two genetic variants of the
NR4A2 gene (rs34884856 in promoter and rs35479735
in intron 6) and NR4A2 mRNA expression with working
memory deficits in schizophrenia.

Genetic association study between NR4A2 variants and
schizophrenia

This study did not identify any association between
the genetic variants analyzed and the schizophrenia
diagnosis. Genetic association studies of NR4A2 vari-
ants with this mental disorder in different populations
have produced inconclusive and controversial results
[26-31, 33, 59]. This could be due to the heterogen-
eity of the disease diagnosis, the different populations
included, and the sample sizes analyzed in different
studies. The genotypic frequencies observed in our
study are similar to those identified in Asian popula-
tions and different from those reported for Caucasian
populations in diseases associated with dopamine
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dysfunction such as schizophrenia [30, 34, 35]. These
two variants were found in strong linkage disequeli-
brium, which agrees with a study in PD of these vari-
ants in the Mexican population [36]. However, with
the analyzed sample, an association with susceptibility
to schizophrenia was not identified for both variables.
Although no significant differences were identified by
age and sex between cases and controls, other causes
such as environmental factors and harmful substances,
that were not measured might were influencing the
lack of association.

The two genetic variants analyzed in this study have
been associated in other populations with different
neurological, and psychiatric disorders and addiction,
which are diseases with altered dopamine function. It is
important to emphasize that the differences between the
populations analyzed in other studies, as well as environ-
mental and epigenetics factors, cannot be ruled out, as
well as the possibility that NR4A2 is not relevant in the
susceptibility to schizophrenia. Accordingly, the study to
cognitive endophenotypes in association with variants
and levels of expression of the NR4A2 gene is important.

Analysis of NR4A2 mRNA peripheral expression levels
between schizophrenia patients and the control group as
well as with NR4A2 genetic variants

In contrast to other studies [14, 38, 39] where a
decreased mRNA expression level of NR4A2 was identi-
fied in brain tissue (DLPFC) of schizophrenia patients,
our study showed no significant differences in such
expression levels in the mRNA obtained from peripheral
blood. It should be noted, however, that the current
study analyzed a different type of biological sample
(blood vs cerebral cortex tissue). It has been reported
that peripheral expression of this gene was found to be
significantly decreased in Parkinson’s disease (PD),
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Fig. 2 Correlation between Working Memory and NR4A2 expression levels. Schizophrenia patients homozygous for 3C/3C of rs34884856
promoter variant showed a positive correlation between Backward Digit Span (BDS) and NR4A2 expression levels. In 3C/3C rs34884856 patients, a
decrease of NR4A2 mRNA expression was related to working memory impairment in schizophrenia




Ruiz-Sanchez et al. BMC Psychiatry (2021) 21:86

which is a disease associated mainly with the degener-
ation of dopaminergic neurons, as well as with aging in
different populations [33, 36, 60, 61]. In addition, we did
not find an influence of the genetic variants analyzed on
the expression levels of the NR4A2 gene in schizophre-
nia patients as seen in PD patients [36]. In this neurode-
generative disease it has been previously reported that
the levels of expression of the NR4A2 gene were de-
creased in 3C homozygous compared to the other geno-
types of the rs34884856 promoter variant [36].

Association between auditory working memory
performance and the rs34884856 promoter variant
Endophenotypes are a measurable and supportive tool to
improve the ability to identify the association of genetic
variants with clinical features, and also are the most dir-
ect expression of the effects of genes. In addition, it
helps to reduce the heterogeneity of the disease pheno-
type by facilitating the identification of susceptibility
genes. Furthermore, the use of endophenotypes is rele-
vant for a better understanding of the pathophysiology
of neuropsychiatric and neurological disorders [9, 62].

Working memory is one of the most widely researched
cognitive functions as a cognitive endophenotype of
schizophrenia given that it reflects prefrontal cortex al-
terations [63, 64]. Working memory refers to the mecha-
nisms or processes involved in the control, regulation,
and keeping of relevant information active for the execu-
tion of complex cognitive tasks [65]. This cognitive func-
tion is defined as a system for both temporal storage and
manipulation of information, with it participating in key
cognitive processes, such as language comprehension,
reading, and reasoning [66].

In the present study, an association between the
rs34884856 promoter variant of the NR4A2 gene and
auditory working memory in schizophrenia patients was
identified. The analysis for the recessive model of this
variant (3C/3C versus “3C/2C + 2C/2C”) showed signifi-
cant differences in BDS; the 3C homozygous patients
had a lower scores compared to the 2C allele carriers in
this task (Table 2, p =0.022). This is supported by a
study that showed the association of genetic variants of
this gene with sustained attention in schizophrenia
patients in a Caucasian population [32]. Nevertheless,
this association was not identified in the control group.
However, both the genetic variants analyzed and the
cognitive functions evaluated in that previously study are
different from those analyzed in our study. It is note-
worthy that in our study the relationship between the
promoter variant and the working memory functions
identified in schizophrenia patients were different from
the control group for the BDS task. For the analysis of
LNS, the diagnosis * genotype interaction was statisti-
cally significant. However, analysis of the single effect in
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patients and controls separately did not show statistically
significant difference.

The difference found between patients and control
group regarding the promoter variant can be related to
the way in which information is received for processing,
and to the affected brain regions in patients. For
example, working memory subtests can be classified as
verbal and nonverbal. In this context, the left side of
DLPFC is more related to verbal tests and the right side
of DLPFC is more related to visual spatial tests. Informa-
tion input divides working memory into auditory (for
instance, BDS) and visual spatial. It has been noted that
the prefrontal cortex regions involved in simple informa-
tion storage are different from the regions involved in
actively manipulating stored information [67]. In
addition, the left hemisphere shows greater pathological
alterations in schizophrenia compared to the right hemi-
sphere [68].

Our findings are consistent with studies evaluating
other genetic variants that have shown these inconsist-
encies related to the effects of the allele between differ-
ent tests and pathological conditions. One of the most
widely researched variants demonstrating this effect is
the BDNF genetic variant (Val66met) [69, 70]. In this
case, the Met allele has a differential effect between
patients and controls regarding the same cognitive
function.

In addition, the importance of the NR4A2 gene in rela-
tion with metabolism and neuroprotection of dopamin-
ergic neurons allows us to understand the association
identified with cognitive endophenotypes of a working
memory construct. In order to provide support for the
aforementioned, various studies with genes related to
dopaminergic metabolism have showed its association
with cognitive endophenotypes [71].

Association between cognitive functions and expression
levels of the NR4A2 gene
This is the first study to identify a positive correlation
between NR4A2 gene expression levels and working
memory function in schizophrenia patients. Our results
are consistent with previous studies that show that the
NR4A2 gene dosage is significantly related to cognitive
function in animal models of schizophrenia [19, 20]. The
association of NR4A2 deficiency and reduction in
performance on cognitive tasks has been reported for
Alzheimer’s disease and attention-deficit hyperactivity
disorder animal models [18, 21], as well as with reports
of its important role in diverse memory tasks in preclin-
ical studies [17, 22—25]. NR4A2 is also involved in neu-
rodevelopmental disorders and cognitive deficits as
reported in clinical trials [15, 16].

We identified a significant positive correlation of
NR4A2 mRNA expression levels with performance on
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the BDS task in 3C/3C patients (rs34884856 promoter
variant). The association between NR4A2 mRNA expres-
sion and better cognitive performance was found in this
task of working memory.

In particular, the analysis on the BDS task demon-
strated a key association when adjusting variables that
affect cognition, such as age, gender, and education level.
Our main result was the association of performance on
the BDS with the rs34884856 promoter variant and the
expression levels of the NR4A2 gene in schizophrenia
patients. For instance, the BDS task allows the evaluation
of alterations in auditory working memory, which is
related to the left DLPFC.

Our results are consistent with the relationship
between cognitive deficits in schizophrenia and dysfunc-
tion in different brain regions related to cortex, such as
the DLPFC, medial prefrontal cortex, and visual cortex
[64]. Therefore, a decrease in dopaminergic neurotrans-
mission in those brain regions could be related to the
cognitive deficits in this psychiatric disorder, in particu-
lar, the decrease in the NR4A2 gene in the left DLPFC
(area involved in working memory, mainly auditory) in
schizophrenia patients.

The first limitations of our study was the sample size
for cognitive analysis. In this way, the statistical power
identified in the study was borderline for DS, BDS task
and LNS (0.72, 0.77, 0.73, respectively), while the effect
size was medium for these analyzes. However, no signifi-
cant differences concerning characteristics that could
affect cognitive function were found between the differ-
ent genotypic groups in either patients or controls. The
current research is a pilot study that has shown the rela-
tionship of NR4A2 expression with genotype-dependent
working memory. It is important to increase the sample
size in future studies in order to verify this initial find-
ing. On the other hand, this study did not analyzed
AIMs. Nonetheless, various criteria were used to define
the Mexican mestizo [46, 47], and to keep the effects of
population stratification to a minimum. In addition, the
functional effect of the rs34884856 promoter variant of
the NR4A2 gene has not yet been described. Therefore,
this genetic variant could be in linkage disequilibrium
with another polymorphism that has a functional effect
on the expression levels of this gene and thus, on cogni-
tive function. The NR4A nuclear receptor subfamily has
recently been reported to be essential regulator of neu-
rohormonal mechanisms [72]. It could be interesting to
evaluate the relationship between the expression of
NR4A2, the thyroid gland and cognition, since a low thy-
roid function causes a deterioration in cognition [73], as
well as to study other hormones such as aldosterone. Fi-
nally, the effect of antipsychotics on cognition is not en-
tirely clear, but there is evidence that the dose, duration,
and side effects of antipsychotics may influence on
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cognitive function of schizophrenia patients [74]. There-
fore, another limitation of the present study was that the
dose of the antipsychotic treatment used by each patient
was not collected, however the type of antipsychotic ad-
ministered was available, and no significant differences
were found between genotypes.

Conclusion

In conclusion, we identified in this study a significant ef-
fect of the relationship of the rs34884856 promoter vari-
ant and the expression levels of the NR4A2 gene on
working memory endophenotypes in schizophrenia
patients. Our findings suggest that decreased NR4A2
gene expression could be associated with a deficit in
auditory working memory in schizophrenia patients
depending on their genotype in a sample from a Mexi-
can population.
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