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Abstract
Schizophrenia (SCZ) is a mental disorder arising from a complex interaction of genetic and environmental factors. It has
been suggested that treatment-resistant schizophrenia (TRS) is a distinct, more severe, and homogenous subgroup of
schizophrenia that could present specific biological markers. Our aim was to characterize expression of target genes in
blood of TRS patients compared with non-TRS (NTRS) patients and healthy controls (HC). TRS has been defined using
failure to respond to two previous antipsychotic trials. We hypothesized that genes involved in neurodevelopment,
myelination, neuroplasticity, neurotransmission, and miRNA processing could be involved in treatment resistance; then,
we investigated 13 genes related to those processes in 256 subjects, being 94 healthy controls and 162 schizophrenia
patients treated with antipsychotics. Of those, 78 were TRS patients and 84 were NTRS patients. Peripheral blood
samples were collected from all subjects and RNA was isolated. Gene expression analysis was performed using the
TaqMan low-density array (TLDA) technology. To verify the influence of expression quantitative trait loci (eQTLs), we
evaluated single-nucleotide polymorphism (SNP) of all genes using data from GTEx Project. SNP genotypes were
obtained from HumanOmniExpress BeadChip. We did not detect gene expression differences between TRS and
NTRS subjects, indicating candidate genes specific to treatment resistance. We detected an upregulation of CNR1 and
UFD1L gene expression in patients (TRS and NTRS groups) when compared to controls, that may be associated with
the release of neurotransmitters, which can influence neuronal plasticity, or with a stress response-activating protein
degradation. DICER1 and AKT1 expression increased slightly across the groups and could differentiate only the extreme
opposite groups, HC and TRS. Both genes act in heterogeneous pathways, such as cell signaling and miRNA processing,
and seem to have an increased demand in the TRS group. We did not detect any eQTLs in our sample that could explain
differences in mRNA levels, suggesting a possible regulation by other mechanism, not driven by genotypes. Our data
strengthen the importance of several biological pathways involved in the schizophrenia refractoriness and severity,
adding knowledge to develop more effective treatments in the future.
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Introduction

Schizophrenia (SCZ) is a complex disease with a heterogeneous
psychopathology. Several hypotheses have been raised about
the etiology of SCZ. In neurodevelopment hypothesis, it is pro-
posed that the disease has its origins in disturbed development of
the nervous system prior to the onset of clinical symptoms, due
to a combination of genetic and environmental factors [1].

Although genetic factors are considered the strongest risk
factor for SCZ [2], finding the genetic etiology of the disease
is still a challenge due to the complex combination of many
common genetic variants of small effect (predominantly
single-nucleotide polymorphisms—SNPs), rare variants with
high predictive value (such as copy number variations—
CNVs), and epigenetics [3]. Furthermore, complex diseases
such as SCZ tend to result not only from alterations in individual
genes, but from changes in molecular networks [4].

Antipsychotic drugs in current use can be classified into
two categories: typical antipsychotics and atypical antipsy-
chotics. The two classes have similar efficacy in the control
of positive and negative symptoms, but differ in the propen-
sity to trigger extrapyramidal symptoms [5]. Antipsychotic
therapy is an important approach in SCZ treatment, but psy-
chotic relapse rates remain high. It is estimated that 20–30% of
patients with schizophrenia do not respond to treatment with
conventional antipsychotics [6, 7].

The treatment-resistant schizophrenia (TRS) is defined by an
inadequate response to a sequence of treatments [8]. An inade-
quate response needs not to be restricted to the persistence of
positive symptoms, but this is the most common definition. The
concept of treatment resistance should not be confused with
Bchronic schizophrenia^ as chronicity and Bresistance^ are differ-
ent concepts. Chronic patients can respond to standard treatments
and treatment resistance may be as high as 15% even in first-
episode patients [9]. Studies have shown that individuals with a
family history of psychosis are more likely to poorly respond to
antipsychotic drugs [10, 11], suggesting a genetic influence in the
development of TRS. As TRS seem to be a distinct and homoge-
nous subgroup of schizophrenia [12, 13], studies have focused on
finding biological markers that could predict the response to anti-
psychotics and consequently improve the prognosis of the pa-
tients. Our main aim was to compare expression of target genes
in blood among TRS patients, non-TRS (NTRS) patients, and
healthy controls (HC) and to find eQTLs that could have an influ-
ence on the expression of those genes.

Materials and Methods

Study Population

SCZ group was comprised of chronically outpatients recruited
from Schizophrenia Program (PROESQ) of UNIFESP, treated

with diverse types of typical and atypical antipsychotics. The
diagnosis of SCZ was established according to the criteria of
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV) using the Structured Clinical Interview (SCID-I).
Treatment-resistant (TR) status was defined using modified
criteria of The International Psychopharmacology Algorithm
Project (IPAP)—schizophrenia algorithm. Patients were
regarded as TRS in the presence of (a) no response to at least
two antipsychotics used in monotherapy for a minimum peri-
od of 4 to 6 weeks with appropriate doses of the drug and (b)
presence of moderate to severe psychopathology, especially
positive symptoms [14]. Antipsychotic types, doses, and num-
ber of medications were registered and compared between the
TRS and NTRS groups. To evaluate the effect of dosages of
different medications in mRNA expression, chlorpromazine
(CPZ) equivalent doses were estimated using regression equa-
tions according to Andreasen et al. (2010) [15] and were com-
pared between the groups. In patients using more than one
type of medication, CPZ doses were calculated, summing
equivalent doses of each antipsychotic. Patients were also
evaluated using standardized instruments, including the
Positive and Negative Syndrome Scale (PANSS) and Global
Assessment of Functioning (GAF). The HC group comprised
volunteers with no current or previous psychiatric diagnoses
or first-degree family history of psychotic disorders. The
Research Ethics Committee of UNIFESP approved the re-
search protocol, and all participants and family members pro-
vided written informed consent prior to enrolment in the study
(CAAE 06191612.7.0000.5505).

Genetic Analyses

A total of 5 mL of whole blood was collected in PAXgene®
RNA tubes (PreAnalytix, Hombrechtikon, Switzerland) and
RNA was isolated using the PAXgene® Blood RNA kit
(Qiagen, Germantown, MD), according to the manufacturer’s
instructions. RNA quality and integrity was evaluated using
electrophoresis on a 1.0%-agarose gel and NanoDrop® ND-
1000 spectrophotometer (NanoDrop, Wilmington, DE),
respectively.

Approximately 400 ng of each RNA sample was reverse-
transcribed using the High-Capacity cDNA Reverse
Transcription Kit (Life Technologies, Foster City, CA).
Then, 20 to 100 ng of cDNAwas diluted in H2O, mixed with
the TaqMan®Universal PCRMaster Mix (Life Technologies,
Foster City, EUA), and loaded on TaqMan low-density array
(TLDA) microfluidic cards (Life Technologies, Foster City,
EUA). Probes and primers of 13 target genes, 2 housekeeping
genes (HKGs: ACTB and GAPDH), and 1 positive control for
the reaction (18S) were preloaded in the 384 wells of each
TLDA card (Life Technologies). The HKGs were selected
based on the detection of a strong correlation of relative
threshold method (Crt) values between ACTB and GAPDH
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genes in blood, no association of both gene Crt values with
SCZ diagnosis and psychopathology symptoms, and the detec-
tion of smallest stability values using NormFinder [16]. We
selected the candidate genes based on a review of the literature
considering the following aspects: (i) at least one report on
association with SCZ, (ii) plausibility of their involvement in
SCZ pathophysiology, and (iii) expression in blood according
to information in the Anatomy tool of GENEVESTIGATOR
[17]. Genes that presented medium to high mRNA levels in
blood in this tool were defined as expressed in whole blood.
We selected genes related to neurotransmission (COMT and
CNR1), inflammation and the immune system (TNF),
neurodevelopment (DISC1, PAFAH1B1, and NDEL1),
myelination (MBP), cell signaling (AKT1), the microRNA ma-
chinery (DGCR8, DICER1, and DROSHA), protein degrada-
tion (UFD1L), and adhesion (DGCR2). Some genes were se-
lected mainly because of being located in the genomic region
known as the most important genetic risk factor for psychotic
disorders: the 22q11.2 region (COMT, DGCR2, DGCR8, and
UFD1L) [18]. The experiments were performed in accordance
with the manufacturer’s instructions using the ViiA™ 7 Real-
Time PCR System (Life Technologies, Foster City, EUA).

Gene expression was quantified using the Crt, discounting
the ACTB and GAPDH geometric mean (GM) as endogenous
controls (ΔCrt = Crttarget gene − CrtGM). To each sample, a
ΔCrt was calculated and a fold change (FC) was calculated
using 2-ΔΔCrt, always considering the HC group as reference.
Gene expression and ΔCrt values are negatively correlated;
therefore, higher ΔCrt values mean lower gene expression.

Polymorphisms located within those 13 target genes were
extracted from the Genotyping Array using PLINK software
version 2.0, and the correlations between their genotype and
tissue-specific gene expression levels described in this manu-
script were obtained from the Single-Tissue eQTLs and/or
Gene eQTL Visualizer on GTEx Portal on dbGaP Accession
phs000424.v6.p1.

Statistical Analysis

The statistical analyses were performed in the Statistical
Package for the Social Sciences (SPSS), version 15.0 dataset.

Gender differences between the SCZ and HC groups were
verified using the chi-squared test. Age, disease, and treatment
duration were compared among the three groups (TRS,
NTRS, and HC) using analysis of variance (ANOVA) test
and between two groups (TRS and NTRS) using Student’s t
test.ΔCrt values were compared among each group using the
ANOVA, and post hoc comparisons were carried out using the
Bonferroni test. Pearson correlation was used to test correla-
tions between mRNA levels and PANSS scores, GAF scores,
and CPZ equivalent doses.

Results

Samples

We recruited a total of 94 healthy controls and 162 SCZ pa-
tients, 78 of whom were TRS patients and the other 84 were
NTRS patients. The characteristics of samples from SCZ pa-
tients (TRS and NTRS) and controls are described in Table 1.
Sex (chi-squared = 1.160; p = 0.560) and age (F(253,2) = 2.278;
p = 0.105) did not differ among the groups.

The number of antipsychotics being used between the TRS
and NTRS groups were different, with a smaller number of
TRS subjects being treated in monotherapy (N = 49; 43.4%) in
comparison to that of NTRS subjects (N = 64; 56.6%), and a
higher number of TRS patients (N = 26; 70.3%) being treated
with two or more antipsychotics than that of NTRS patients
(N = 11; 29.7%) (chi-squared = 9.288; p = 0.002). In mono-
therapy, olanzapine and risperidone accounts for the treatment
of 50 and 18.8% of the 64 NTRS subjects, respectively. In the
TRS group, clozapine was the antipsychotic used by 77.6%,
followed by olanzapine, used by 8.2% of the 49 patients. We
observed differences in CPZ equivalent doses of antipsy-
chotics between the groups, with TRS patients receiving
higher doses of medication (t − 6.421; df 142; p < 0.001) than
NTRS patients (Table 2).

No differences in disease or treatment duration between the
TRS and NTRS groups were detected. We observed that TRS
patients are affected earlier than NTRS patients, with mean
age of onset smaller than NTRS patients (t 2.142; df 160; p =

Table 1 Descriptive analysis of
sex and age of the HC, NTRS,
and TRS groups

HC NTRS TRS

Sex N % N % N % Χ2 pa

M 53 56.40 52 61.90 50 64.10 1.16 0.560
F 41 43.60 32 38.10 28 35.90

N Mean (SD) N Mean (SD) N Mean (SD) F(WG;BW) pb

Age (y) 94 35.9 (11.4) 84 39.35 (11.2) 78 38.18 (10.5) 2.278 (253;2) 0.105

F female, M male, HC healthy controls, TRS treatment-resistant schizophrenia, NTRS non-treatment-resistant
schizophrenia, SD standard deviation, y years, Χ2 chi-squared value, pa p value obtained in chi-squared test, F F
value obtained in ANOVA comparison among groups, pb p value obtained in ANOVA test,WG degree of freedom
within groups, BG degree of freedom between groups
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0.034). As expected, total PANSS (t − 4.116; df 153;
p < 0.001) and GAF (t 3.924; df 107; p < 0.001) scores were
higher in TRS patients in comparison to NTRS patients
(Table 2).

Gene Expression and eQTL Analyses

Regarding treatment resistance, we did not observe gene ex-
pression differences between the TRS and NTRS subjects. We
also did not detect gene expression differences between pa-
tients in use of clozapine compared to other antipsychotic
drugs. Although differences between CPZ equivalent doses
were detected between the groups, no correlation was ob-
served between CPZ equivalent doses and mRNA levels of
the 13 genes analyzed (p > 0.05).

We detected differences in CNR1 (F(174,2) = 7.00; p =
0.001) and UFD1L (F(237,2) = 12.69; p < 0.001) gene expres-
sion among the HC, TRS, and NTRS groups. The expression
of CNR1 and UFD1L increases proportionately with the se-
verity of the disease, being upregulated in patients (NTRS and
TRS) in relation to HC (Table 3). However, there was no
correlation between CNR1 and UFD1L mRNA levels and
psychopathology, measured by PANSS or GAF (p > 0.05).
Fold change and ANOVA p values, after Bonferroni post
hoc test, of CNR1 (NTRS: FC = 1.91, p = 0.004; and TRS:
FC = 1.96, p = 0.002) and UFD1L (NTRS: FC = 1.18, p =
0.01; and TRS: FC = 1.31, p < 0.001) are presented in
Fig. 1(a, b).

We observed differences in mRNA levels of AKT1
(F(240,2) = 4.47; p = 0.01) and DICER1 (F(241,2) = 3.81; p =
0.02) between the HC and TRS group. Both genes were up-
regulated in the TRS group in comparison to the HC group.
Fold change and ANOVA p values, after Bonferroni post hoc
test, of AKT1 (FC = 1.11, p = 0.01) and DICER1 (FC = 1.13,
p = 0.03) are presented in Fig. 1(c, d).

According to the GTEx database, the 13 genes studied
present 25 eQTLs of brain and blood tissues. Of those, we
had genotype information from 19 SNPs; however, none of

them were situated in genes differently expressed among the
groups.

Discussion

Although TRS patients present characteristics that support a
categorically different illness subtype [19], such as graymatter
alterations [20], glutamatergic abnormalities [21], and a lack
of dopaminergic abnormalities [22, 23], in our study, we did
not observe differences in whole blood gene expression that
could discriminate TRS and NTRS patients in a very specific
manner. However, we found two genes probably associated
with disease pathophysiology, CNR1 and UFD1L, that were
differentially expressed in the blood of HC subjects, when
compared to TRS and NTRS patients, and other two genes,
AKT1 and DICER1, that were differentially expressed be-
tween the extreme groups HC and TRS. CNR1 gene is located
on 6q14–15, a region of replicated linkage for SCZ, and en-
codes type-1 cannabinoid receptors (CB1) that are activated
by endocannabinoids neurotransmitters, by cannabinoids such
as the compound delta-9-tetrahydrocannabinol (THC) and by
synthetic analogues of THC [24].

CNR1 is proposed as a candidate gene to SCZ etiology
since the endocannabinoid system has emerged as a possible
link between cannabis and psychosis, especially after the com-
prehension that the psychogenic properties of cannabis are
mainly mediated by THC stimulation of CB1 [25]. Some
SNPs of this gene have been associated with central nervous
system effects [24, 26, 27] with SCZ subtypes [28–30] and
treatment refractoriness [31]. However, it is not clear how the
genetic variants could influence in disease development, since
most of them are not related to amino acid substitution and
protein structure changes [24]. Stress induced bymaternal diet
deprivation seems to trigger executive function deficits asso-
ciated to an overexpression of Cnr1, in mouse prefrontal cor-
tex (PFC) [32]. These executive function deficits, although
unspecific, are associated with different psychiatric diagnoses

Table 2 Comparison of clinical
variables between patients in the
NTRS and TRS groups

NTRS TRS t(df) p

N Mean (SD) N Mean (SD)

Age of onset 84 23.0 (11.5) 78 19.4 (10.1) 2.142(160) 0.034

SCZ duration (y) 82 14.3 (9.4) 73 16.3 (7.8) − 1.430(153) 0.155

Treatment duration (y) 68 13.1 (9.0) 63 14.6 (7.1) − 1.102(129) 0.272

PANSS 80 58.8 (19.0) 75 71.6 (19.8) − 4.116(153) < 0.001

GAF 57 56.3 (15.5) 52 45.0 (14.4) 3.924(107) < 0.001

CPZ equivalent dose 68 375.5 (261.5) 76 699.7 (334.8) − 6.421(142) < 0.001

SCZ schizophrenia, CPZ chlorpromazine, TRS treatment-resistant schizophrenia, NTRS non-treatment-resistant
schizophrenia, SD standard deviation, y years, PANSS Positive and Negative Syndrome Scale, GAF Global
Assessment of Functioning, df degree of freedom, t t value obtained in Student’s t test, p p value obtained in
Student’s t test

Mol Neurobiol (2018) 55:7000–7008 7003



[33–35]. Increased expression of Cnr1 gene was also reported
in the frontal cortex of male rats after maternal diet depriva-
tion, associated with depressive-like and psychotic-like symp-
toms [36]. Upregulation of CNR1 was also described in pe-
ripheral blood mononuclear cells (PBMCs) of SCZ patients in
comparison to HC, but not in subjects with bipolar disorder

types I and II, or major depressive disorder (MDD) compared
to controls [37]. Supporting this upregulation, decreased
promotor DNA methylation was observed in CNR1 of those
SCZ patients. Similarly, to what is observed in humans, in-
creased expression of Cnr1 was detected in the PFC of rats
exposed to methylazoxymethanol acetate (MAM), a

Fig. 1 Comparison of CNR1 (a),
UFD1L (b), DICER1 (c), and
UFD1L (d) mRNA levels among
groups.ΔCrt and gene expression
are inverse correlated; therefore,
TRS group exhibits the highest
expression levels of all genes.
ΔCrt delta relative threshold ob-
tained in real-time PCR, HC
healthy controls, TRS treatment-
resistant schizophrenia, NTRS
non-treatment-resistant schizo-
phrenia, p significance level for
ANOVA test after post hoc com-
parison between NTRS and HC
groups, p* significance level for
ANOVA test after post hoc com-
parison between TRS and HC
groups, FC mRNA expression
fold change of NTRS group using
HC as reference, FC* mRNA ex-
pression fold change of TRS
group using HC as reference

Table 3 Gene expression comparison among the HC, TRS, and NTRS groups using ANOVA test

Genes HC NTRS TRS ANOVA statistical analysis

N Mean ΔCrt SD N Mean ΔCrt SD N Mean ΔCrt SD F df (WG;BG) p

COMT 94 5.56 0.26 77 5.41 0.86 75 5.40 0.44 2.05 (243; 2) 0.13

TNF 91 6.88 0.37 72 6.83 0.42 74 6.71 0.66 2.45 (234; 2) 0.09

CNR1 43 11.81 0.82 67 10.88 1.90 67 10.84 1.23 7.00 (174; 2) 0.001*

AKT1 93 4.38 0.24 75 4.28 0.29 75 4.22 0.47 4.47 (240; 2) 0.012*

MBP 79 8.67 0.62 64 8.73 0.52 68 8.73 0.65 0.21 (208; 2) 0.81

DGCR8 92 6.94 0.40 74 7.05 0.42 71 7.02 0.66 1.16 (234; 2) 0.32

DICER1 94 5.46 0.35 75 5.34 0.39 75 5.29 0.54 3.81 (241; 2) 0.023*

DROSHA 90 6.49 0.41 73 6.52 0.39 74 6.48 0.63 0.12 (234; 2) 0.89

DGCR2 94 4.72 0.39 75 4.83 0.48 75 4.83 0.55 1.41 (241; 2) 0.25

UFD1L 92 7.16 0.45 74 6.92 0.42 74 6.77 0.64 12.69 (237; 2) < 0.001*

DISC1 83 8.50 0.81 73 8.08 1.51 71 8.10 0.99 3.50 (224; 2) 0.03

NDEL1 94 4.10 0.28 75 4.03 0.39 75 3.97 0.47 2.34 (241; 2) 0.10

PAFAH1B1 94 4.65 0.22 76 4.44 1.14 75 4.55 0.49 1.89 (242; 2) 0.15

N number of subjects in each group, SD standard deviation, ΔCrt delta relative threshold obtained in real-time PCR,HC healthy controls, TRS treatment-
resistant schizophrenia, NTRS non-treatment-resistant schizophrenia, F F value obtained in ANOVA comparison among groups, p p value obtained in
ANOVA comparison among groups, df degree of freedom, WG within groups, BG between groups

*Significant p values after Bonferroni post hoc test
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developmental animal model of SCZ, compared to a control
group of animals. Less DNA methylation at promoter region
was also reported inCnr1 gene of this animal model of SCZ. It
is important to highlight that these changes in mRNA expres-
sion and DNA methylation were investigated in other genes
which are part of endocannabinoid system, such as
endocannabinoid receptor 2 (CB2) among others, but only
CNR1 was significantly changed [37]. CB1 receptors regulate
the release of inhibitory and excitatory neurotransmitters such
as glutamate, dopamine, and gamma-aminobutyric acid
(GABA) that can influence neuronal plasticity [38] and may
be important to SCZ development. UFD1L gene is located
at chromosome 22q11.2, whose deletion is responsible for
the DiGeorge syndrome, considered one of the main ge-
netic risk factors for SCZ [39]; hence, genes located in
this region may contribute to SCZ susceptibility [40].
UFD1L gene encodes for the human homolog of yeast
ubiquitin-fusion-degradation 1 protein, expressed from fe-
tal to post-natal period [41], possibly acting in
neurodevelopment. It is suggested that UFD1L is directly
associated with stress response in endoplasmatic reticu-
lum (ER)-associated degradation (ERAD) [42], since this
protein, in complex with others, extracts misfolded pro-
teins from ER to be degraded in cytosol by the protea-
some [43]. Polymorphism of UFD1L was previously as-
sociated with the disease [40, 44], with age of onset [40],
and cognitive deficits in SCZ [45], but not to treatment
resistance. In other study of our group, increased UFD1L
expression was described in early stage of psychosis,
comparing gene expression between individuals in ultra-
high risk (UHR), those with first episode of psychosis
(FEP), and HC. Higher levels of UFD1L mRNA was ob-
served in those in UHR when compared to other groups,
and pointed this gene as candidate as biomarker of pro-
dromal phases of SCZ. Similarly to the findings in the
UHR study, the upregulation of UFD1L observed in our
patients could be associated with an increased demand of
UFD1L protein in response to cellular stress, via ERAD
pathways. Although reinforcing this gene importance in
SCZ etiology, it is not clear how UFD1L mRNA expres-
sion varies across SCZ stages.

Beyond genes possibly related to the disease, we also de-
tected alterations in mRNA levels of DICER1 and AKT1
genes in the blood of HC when compared to TRS. DICER1
and AKT1 expressions increased slightly across groups, and
could differentiate only the extreme opposite groups, HC and
TRS, not being associated with treatment resistance itself.
Both genes were upregulated in first episode of psychosis
patients who met bipolar disorder (with psychotic symptoms)
diagnostic criteria in comparison to first episode of psychosis
patients with SCZ diagnosis and HC [46]. Since AKT1 and
DICER1 act in heterogeneous processes, it is not clear if the
absence of differences between TRS and NTRS was due to

some variable not evaluated in the TRS group, such as pres-
ence of other comorbidities and use of other pharmacological
drugs, among others.

DICER1 is a ribonuclease that is central in the biogenesis of
miRNAs, being responsible for the processing of the pre-
miRNA hairpin structure to form mature miRNAs.
Upregulation of DICER1 was already shown in dorsolateral
prefrontal cortex [47, 48] and lymphoblastoid cell lines of
SCZ patients [49]. Upregulation of several specific miRNAs
was described both in the brain and blood of SCZ subjects
[50], and in plasma of TRS individuals compared to NTRS
individuals [51]. The upregulation ofDICER1 levels observed
in our TRS patients could be associated with an increased
demand of enzymes that process miRNAs throughout the dis-
ease evolution, being more pronounced in the TRS group.

AKT1 is a member of the serine-threonine protein kinase
involved in cell signaling and neural development [52].
Increased activity of AKT genes has been associated with
several human diseases, including different types of cancer
[53, 54]. Impairment of AKT signaling pathway was de-
scribed in a number of brain disorders, including SCZ [54,
55], in which decreased protein and mRNA levels of AKT1
were reported in the blood and brain [56, 57]. Activation of
AKT1 was described in the brain of mice after antipsychotic
treatment [58], reaffirming a role of AKT1 in SCZ develop-
ment. In the present study, different than others [58–60], we
detected an increase of AKT1 mRNA levels in SCZ patients,
specifically TRS patients, compared only to HC.

We did not detect any eQTLs in our sample that might
explain differences in mRNA levels, suggesting a possible
regulation by other mechanism, not driven by genotypes.
Following this line, D’Addario and co-workers presented ev-
idences of epigenetic regulation of CNR1 expression in
humans and animal model [37]. Other agents, like virus and
vitamins, can also change the expression ofDICER1 [61, 62].

Our sample of TRS patients was affected earlier by SCZ in
comparison to NTRS patients, and presented more severe psy-
chopathology, in line to other cases described in literature, and
reinforcing a possible pronounced genetic basis of the TR
outcome [63–65].

In the present study, we detected differences of CNR1 and
UFD1L expressions in the blood of healthy subjects and SCZ
patients, independently of treatment response, highlighting the
importance of these genes to SCZ etiological mechanisms.
Besides, we also detected differences of AKT1 and DICER1
mRNA expressions between TRS patients and HC, showing
these genes might be related to the severity rather than to the
disease itself. All genes were upregulated in TRS compared to
HC and seem to present a slightly increased expression
throughout the disease progression.

Although these findings should be interpreted in light of
some limitations, like the heterogeneity of disease and treat-
ment resistance, and the absence of data related to possible
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confounders (like the use of medications not related to anti-
psychotic, BMI index, and the presence of other comorbidi-
ties), our results can provide clues of biological pathways
involved in TRS that could contribute to better understand
treatment response and to develop more effective treatments
in the future.

Compliance with Ethical Standards The Research Ethics Committee of
UNIFESP approved the study, and all the participants and family mem-
bers provided written informed consent prior to enrolment in the study
(CAAE 06191612.7.0000.5505).
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