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Abstract

Background: Approximately 30% of individuals with schizophrenia (SZ) are resistant to conventional antipsychotic drug
therapy (AP). Of these, one-third are also resistant to the second-line treatment, clozapine. Treatment resistance and
refractoriness are associated with increased morbidity and disability, making timely detection of these issues critical.
Variability in treatment responsiveness is partly genetic, but research has yet to identify variants suitable for personalizing
antipsychotic prescriptions.

Methods: We evaluated potential associations between response to AP and candidate gene variants previously linked to SZ or
treatment response. Two groups of patients with SZ were evaluated: one receiving clozapine (n = 135) and the other receiving
another second-generation AP (n = 61). Single-nucleotide polymorphisms (SNPs) in the genes OXT, OXTR, CNR1, DDC, and
DRD2 were analyzed.

Results: Several SNPs were associated with response vs. resistance to AP or clozapine.

Conclusions: This is the first study of its kind, to our knowledge, in our admixed Chilean population to address the complete
treatment response spectrum. We identified SNPs predictive of treatment-resistant SZ in the genes OXT, CNR1, DDC, and DRD2.
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Significance Statement

In this manuscript, we present comparisons between individuals who respond to usual treatment, those who fail to respond
to the usual treatment but do respond to clozapine, and those who are also resistant to clozapine. Thus, we encompass the full
spectrum of possible treatment outcomes in our analysis. Our study is based on 196 patients with schizophrenia (and 80 healthy
controls) and, therefore, contributes to enrich the genetic database for schizophrenia pharmacogenetics with individuals of

Hispanic descent, which so far are almost entirely absent in them.

Introduction

Schizophrenia (SZ) is a common chronic disorder that signifi-
cantly contributes to disability-adjusted life years worldwide. SZ
symptoms can be grouped into 3 domains: positive (e.g., delu-
sions and hallucinations), negative (e.g., blunted affect and ap-
athy), and cognitive (e.g., impairments in memory and executive
functions) (Kahn et al., 2015). Antipsychotic drug therapy (AP) is
the first-line treatment in both acute SZ and maintenance. The
main mechanism of action of such drugs is to block postsynaptic
D2 dopamine receptors (DRD2) (Zhang & Malhotra, 2011). AP
provides significant symptom relief for most patients, but ap-
proximately 30% of cases are resistant to treatment. Treatment-
resistant SZ (TRS) is defined as persistent, clinically significant
psychotic symptoms after 2 courses of AP at an adequate dose
and duration (Andreasen et al., 2005).

TRS correlates with lower quality of life; elevated treat-
ment expenses; higher rates of smoking, alcohol, and drug
abuse; and greater risk of suicidal ideation. To manage TRS,
clinicians may increase dosage, offer a different medication, or
use a combination of AP and/or other drugs. In many patients,
the most effective alternative is clozapine (Kane et al., 2019).
This atypical AP is characterized by its high selectivity for the
mesolimbic system, with a preference for DRD2 and DRD4 over
DRD1, and a weak partial binding to DRD2 in the nigrostriatal
pathway. Clozapine can increase dopamine (DA) metabolism in
the prefrontal cortex and decrease DA activity in the nucleus
accumbens, thus relieving both negative and positive symp-
toms. Clozapine is effective in an estimated 30%-60% of pa-
tients who failed to respond to other drugs (Schennach et al.,
2012). Patients with TRS who show persistent symptoms after
using clozapine (i.e., clozapine treatment resistant) can be con-
sidered refractory to treatment (Schennach et al., 2012). These
patients may be viewed as a separate category within the SZ
population, given the specific therapeutic challenges and pre-
sumably unique neurobiological underpinnings of this type of
resistance. Clinically, it is vital to identify individuals likely to
show any degree of resistance to AP as quickly as possible, be-
cause early detection allows for timely adjustments to treat-
ment, avoiding complications and side effects from ineffective
drugs. Clozapine-dedicated services for managing complex
cases have shown long-term benefits. Because a significant pro-
portion of patients are resistant to clozapine as well as typical
AP, identifying novel treatments for this subgroup is a priority.

Genetic Factors in Treatment Resistance

Poor compliance, drug abuse, psychosocial stress, early age of
onset, and duration of untreated illness are associated with
treatment resistance (Nucifora et al., 2019). The role of gen-
etic factors in TRS has been also established by several studies
(Buckley and Gaughran, 2014). Strikingly, however, a recent re-
view that gathered data from 92 studies with a total of approxi-
mately 9600 patients included only 19 individuals of Hispanic
ancestry (Yoshida and Miller, 2019). This gap underscores the

need to adjust internationally developed tools to the local gen-
etic makeup and to update genetic databases with regional
information (Yoshida and Miller, 2019). Furthermore, genetic
variants that can be used to tailor AP prescriptions have yet to
be identified. In this study, therefore, we evaluated potential
associations between response to AP and variations in candi-
date genes previously linked to SZ and/or treatment response.
We studied the following single-nucleotide polymorphisms
(SNPs): 151799978 (A-241G) in the DRD2 gene, which codes
for the dopamine 2 receptor, the target of AP; rs11238133,
16951648, rs10499696, and rs921451 in DDC, which codes for
1-3,4-dihydroxyphenylalanine (DOPA) decarboxylase, the protein
that catalyzes conversion of L-DOPA to DA (Zhang and Malhotra,
2011); rs806368, rs1049353, rs806379, and rs806380 in CNRI,
which codes for the CB1 endocannabinoid receptor (Ujike et al.,
2002); rs877172, rs2740210, and rs2710204 in OXT, which codes
for oxytocin; and rs2254298, rs53576, and rs2228485 in OXTR,
which encodes the oxytocin receptor (Haram et al., 2016). We
previously studied the rs2228145 polymorphism in a sample of
TRS patients with and without improvement after receiving clo-
zapine for at least 3 months. We found no differences in geno-
type or allele frequency between patients who remitted with
clozapine and those with persistent symptoms. Furthermore, we
found no difference in the median interleukin-6 plasma level by
genotype (Cavieres et al., 2019). For the present study, we com-
pared the full spectrum of treatment responses, from respon-
sive to refractory. We aimed to identify whether these variants
could be useful in predicting 2 outcomes: AP responsiveness vs.
resistance; and, for AP-resistant individuals, clozapine respon-
siveness vs. resistance (i.e., “treatment refractoriness”).

METHODS

Study Sample and Clinical Evaluations

For purposes of avoiding genetic stratification, only individuals
of Chilean descent were included in the study. Based on their
income and occupation, all individuals belonged either to the
C2, C3, D, or E socioeconomic stratum. The average Amerindian
ancestry estimates for these strata range from 44.81% to 51.61%
(Barozet et al., 2021)

Healthy Controls.— Controls were 80 healthy individuals aged
18-55 years with no history of mental disorders according to
MINI interview results (Sheehan et al., 1998). Controls were re-
cruited independently from patients. Volunteers were invited
from consultants to other clinical departments in the same uni-
versity hospital where the SZ patients were recruited. Having
a personal history of mental disorders or a first-degree relative
with a mental disorder was an exclusion criterion.
Patients.—We studied 2 groups of patients; 1 group with estab-
lished TRS and 1 receiving standard treatment with a second-
generation AP (SGAP). All patients were evaluated using either the
18-item Brief Psychiatric Rating Scale (BPRS) or the Positive and



Negative Syndrome Scale (Kay et al., 1987). The BPRS is a widely
used, brief, standardized interview validated in Latin American
countries. When BPRS scores were not available, we derived them
from the Positive and Negative Syndrome Scale score using the
conversion rule suggested by Leucht et al. (Brenner et al., 1990).

1. The TRS group consisted of 135 patients from the out-
patient unit of Psychiatric Hospital del Salvador in Val-
paraiso, central region of Chile. Inclusion criteria were age
<60 years, diagnosed with SZ according to DSM-IV criteria,
having failed at least 2 adequate trials of AP including at
least 1 atypical AP drug, and currently receiving at least
300 mg of clozapine for at least 6 months. Exclusion criteria
were use of any AP other than clozapine; clozapine dose
<300 mg; and any diagnosis of mood disorder, intellectual
disability, substance abuse disorder, anxiety disorder, dis-
sociative disorder, somatoform disorder, eating disorder, or
personality disorder. Clozapine response status was classi-
fied as “remitted” (i.e., responsive to clozapine), defined as a
mild or lower score on BPRS items 4, 7, 8, 11, 12, 15, and 16;
or “refractory” (i.e., clozapine-treatment resistant), defined
as a global score >45 on the 18-item BPRS or a score >4 on 2
or more psychotic symptoms, according to the criteria pro-
posed by (Andreasen et al., 2005; Hasan et al., 2012). Those
with intermediate scores were excluded from this analysis.

2. The SGAP group consisted of 61 individuals recruited from
the main psychiatric centers in the northwestern area of
Santiago.

The study was approved by the local institutional review boards,
and all individuals included in this study provided written in-
formed consent.

Figure 1 illustrates the study design. Comparisons were per-
formed between the SGAP and TRS groups and between the
clozapine-responders and refractory individuals.

Procedures

DNA was extracted from whole blood for genotyping using
the NucleoSpin Blood L kit (Macherey-Nagel) and stored at
-80°C until analysis. Quantification and purity analyses were
performed in a microplate spectrophotometer (Epoch BioTek
Instruments, Inc.). Genotyping was carried out using allelic dis-
crimination by quantitative polymerase chain reaction (QPCR),
using predesigned TagMan assays (ThermoFischer). The PCRs
were performed following manufacturer’s instructions in an
Aria Mix Real-time PCR System (Agilent Technologies).
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Statistical Analysis

Descriptive statistics were performed using R software (lhaka
and Gentleman, 1996). Normality was evaluated using a Shapiro-
Wilks test. BPRS scores were compared using a Wilcoxon test.
Hardy-Weinberg equilibrium for markers with 5 or more ob-
servations in each genotype was evaluated using a y? test. For
analyses that did not meet the condition (<5), Fisher’s exact test
was used.

Comparison of SGAP and TRS Groups.—Allele and genotype fre-
quencies were compared using either a y? or Fisher’s test.
Multivariate logistic regression was performed for the subset of
58 AP and 83 TRS patients with extreme BPRS scores. The out-
come was response status, and the independent variables were
age, gender, and health care system affiliation (which in Chile
can be used as a proxy for income). Therefore, this variable could
provide information regarding sample stratification. Risk was
expressed as an odds ratio (OR). In all statistical analyses, the
false discovery rate was applied to correct P values (Benjamini
and Hochberg, 1995).

Association Between Variants and Clozapine
Response Status

We compared allele and genotype frequencies using a y2 or
Fisher’s test in the subsets of TRS individuals undergoing clo-
zapine treatment with extreme BPRS scores. Furthermore, we
evaluated BPRS score by genotype for the whole TRS group,
using an ANOVA or Wilcoxon test.

All analyses were carried out with a significance level of
.05. According to statistical power simulations for genetic com-
parison association studies (Hong and Park, 2012), the estimated
power was 80% for alleles with an OR of 1.8.

RESULTS

Clinical Description of Sample

The TRS group was composed of 135 individuals aged 18-69 years
(mean = 41.4 years), 68.6% males; the SGAP group was com-
posed of 61 individuals aged 18-58 years (mean = 27.7 years),
72.1% males; controls were 80 individuals aged 18-59 years
(mean = 26.2 years), 33.7% male.

Figures 2a and 2b and Table 2 show the BPRS scores for the
TRS and SGAP groups. Negative symptom scores did not differ
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Figure 1. Schematic representation of study design.
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Figure 2. (A) Distribution of positive symptoms in clozapine and second-generation antipsychotics (SGAP) groups. (B) Distribution of negative symptoms in clozapine

and SGAP groups.

significantly between groups, whereas positive symptom scores
were significantly lower in the SGAP group (P = .005).

Associations Between Variants and Treatment
Responsiveness

Multiple logistic regression analysis identified 4 SNPs where
minor allele homozygosity had a protective role: OXTR rs2228485
(OR =0.07), CNR1 rs806368 (OR = 0.01), rs1049353 (OR = 0.02), and
DDC 1510499696 (OR = 0.002). Heterozygosity for the OXTR, CNR1
rs1049353, and DDC SNPs was also associated with lower risk
(Table 1).

Analysis of deviance with the ANOVA function for each re-
gression model suggested that genotype and age accounted for
the largest proportion of the variation. The other variables did
not explain a significant part of the variation. Genotype and al-
lele frequencies for the 15 SNPs are provided in the supplemen-
tary materials.

Statistically significant differences in genotype frequency
were observed for 8 SNPs: OXT rs2740210 (P = .03); OXTR
1rs2228485 (P < .01); CNR1 rs806368 (P < .01), rs1049353 (P < .01),
rs806379 (P < .01), and rs806380 (P < .01); DDC rs10499696
(P = .001); and DRD2 rs1799978 (P = .005) (Figure 3). Of note,
statistical differences between SZ patients and controls were
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Table 1. Results for 4 markers significantly associated with treatment response in Chilean patients with schizophrenia
SNP Genotype P FDR OR 95% CI
OXTR A/A Reference - - - -
152228485 A/G 0.015" 0.0643 0.13 0.02 - 0.57
G/G 0.0039* 0.02* 0.07 0.01-0.37
CNR1 T/T Reference - - -
15806368 T/C 0.07 0.2625 0.11 0.01-0.84
C/C 0.0001* 0.001* 0.01 0.0005 - 0.07
CNR1 G/G Reference - - -
151049353 G/A 0.004* 0.02* 0.07 0.01-0.35
A/A 0.0001* 0.001* 0.02 0.002 - 0.10
DDC A/A Reference - - -
1510499696 A/G 0.002* 0.015* 0.09 0.01-0.39
G/G 1.1E-05* 0.0003* 0.002 0.0 -0.02
Abbreviations: CI, confidence interval; FDR, false discovery rate; OR, odds ratio; SNP, single-nucleotide polymorphism.
Table 2. Psychotic symptom scale scores
Symptoms sub-scale Second-generation antipsychotics Clozapine P
Total BPRS 35.9 (10.39) 39.72 (17.83) 0.78
Positive symptoms 7.39 (3.54) 10.01 (5.39) 0.005*
Negative symptoms 9.68 (4.11) 10.78 (4.18) 0.15
Abbreviation: BPRS, Brief Psychiatric Rating Scale.
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Figure 3. Single-nucleotide polymorphism (SNPs) with significant differences in the clozapine vs. second-generation antipsychotics groups.

detected only for the SNP CNR1 rs806379 (P = .001). Statistically
significant differences in allele frequencies were observed for
OXT rs877172 (P = .02) and rs2740210 (P = .02); OXTR rs2254298
(P = .02) and rs22228485 (P < .001); CNR1 rs806368 (P < .001),
151049353 (P < .001), rs806379 (P = .0004), and rs806380 (P < .001);
DDC rs11283133 (P = .04) and rs10499696 (P < .001); and DRD2
rs1799978 (P = .01) (Supplementary Table 2).

For all 8 SNPs with significant differences in genotype fre-
quency, allele frequencies were also found to differ. On the
other hand, some of the SNPs with significant differences
in allele frequency (OXT rs877172, OXTR 2254298, and DDC
rs11283133) showed no statistical differences in genotype fre-
quency. Allele frequency differed significantly between SZ in-
dividuals and controls for 3 SNPs: CNR1 rs1049353 (P = .04) and
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rs806379 (P <.001) and DRD2rs1799978 (P = .01) (Supplementary
Table 3).

Associations Between Variants and Clozapine
Response

No significant differences in genotype frequency were observed
for any of the SNPs (Supplementary Table 4). For CNR1 rs806379,
the frequency of the C-allele was higher in refractory individuals
(0.41 vs. 0.27, P = .025), as was the frequency of the rs1043953
A-allele (0.43 vs. 0.23, P = .021). For DRD2 rs1799978, the fre-
quency of the G-allele was lower in refractory individuals (0.05
vs. 0.23, P = .008) (Supplementary Table 4).

When all TRS individuals were compared, we found that
GG-homozygous DRD2 rs1799978 individuals had significantly
lower total (P = .038), negative symptom (P = .039), and positive
symptom (P =.015) BPRS scores. We did not find any associations
between the other genotypes and BPRS scores (Figure 4).

Discussion

Because of the impact of early treatment response on
long-term outcome, timely recognition of TRS and refractori-
ness is a pressing need in clinical practice. This is the first
study in our admixed Chilean population to test for associ-
ations between SZ-related genes and the full treatment re-
sponse spectrum. The historically poor representation of
Latin American individuals in genetic variation studies is pro-
gressively improving in new cohorts. The Psychiatric Genetics
Consortium of SZ included the largest Latino cohort to date,
with 1234 cases and 3090 controls. Results from this consor-
tium suggest that previously identified SNPs may increase SZ
risk across groups with different ancestries. This is a major
step in clarifying the application of GWAS results to SZ risk
estimation (Bigdeli et al., 2020). On the other hand, the evi-
dence regarding the applicability of SZ polygenic risk scores
to prediction of TRS is controversial, as results have been

inconsistent (Gasse et al., 2019; Werner et al., 2020; Wimberley
et al,, 2017).

Our study contributes to defining potential genetic predictors
of treatment response, with great potential clinical utility in
decision-making regarding standard antipsychotic therapies.
In addition, our findings may lead to a better characterization
of individuals who may benefit from novel therapies, such as
oxytocin and cannabinoids, which have been proposed for SZ in
recent years (Hamdani et al., 2008; Souza et al., 2010).

Furthermore, by studying the biological underpinnings of
TRS and refractoriness, we contribute to a better understanding
of the relationship between these 2 phenomena. We identi-
fied SNPs predictive of TRS harbored in OXTR, CNR1, and DDC.
Variants in OXTR, as well as epigenetic changes affecting this
gene, have been previously linked to SZ (Haram et al., 2016).
A single prior study found an association between this gene
and treatment response (Souza et al., 2010). Oxytocin is involved
in issues such as flattened affect and social withdrawal, nega-
tive symptoms that are less responsive to antipsychotic drugs.
Therefore, one might expect that variations in oxytocin function
might be associated with response to this family of drugs. As
oxytocin has been proposed as a potential treatment, variations
in oxytocin function should be assessed when deciding who
could benefit most from this novel treatment. In our study, the
OXT 152740210 C-allele and OXTR rs2228485 A-allele were pre-
dictors of poor response.

The issue of whether refractory SZ is a distinct category or
a more severe form of TRS remains unresolved. Some authors
propose that these are biologically different forms of the disease
(Schennach et al., 2012) while others do not; to the best of our
knowledge, we do not have sufficient evidence to exclude either
approach. Therefore, we first analyzed our sample of patients
undergoing clozapine treatment as a whole and then separated
the sample into 2 extreme groups based on their response to
clozapine. This latter approach is advantageous for studying
heterogeneous, complex phenotypes. However, we must also
acknowledge this step markedly reduced the sample size.

30 -
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1

DRD2 rs1799978
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B ce

BPRS Total

Negative symptoms Positive symptoms

Figure 4. Brief Psychiatric Rating Scale (BPRS) scores for the whole treatment-resistant schizophrenia (TRS) group by DRD2 rs179978 variant.
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Therefore, this second analysis must be viewed as exploratory.
Nevertheless, within the refractory group, we did find a higher
frequency of the T allele of CNR1 rs806379, the A allele of CNR1
rs1043953, and the T allele of DRD2 rs1799978 compared with
the responsive group. This finding is compatible with distinct
biological underpinnings for refractoriness and resistance in SZ.
This distinction is relevant for defining management protocols,
as there are already proven treatment strategies beyond those
whose main target is the dopaminergic system and others are
in development.

Limitations of the Study

The main limitations related to the clinical interpretation of the
study stem from the fact that this was carried out retrospect-
ively using a sample of individuals who presented primarily
for treatment purposes. Thus, the study’s clinical data records
are not exhaustive, and information regarding potential con-
founding factors was not available for analysis. This includes
objective measures of concomitant use of alcohol, presence
of polypharmacy, and treatment compliance. Even in the face
of these limitations of the research records, we are confident
that our clinical interpretation is sound, because the study
took place in the context of the Chilean mental health system
in which health care for persons with severe mental disorders
is provided in a sectorized, community-based, comprehensive
fashion. Dedicated teams use national, evidence-based guide-
lines for the differentiation of cases with TRS from those with
treatable conditions that negatively impact their clinical out-
come (Ministerio de Salud, Chile, 2009). Thus, we consider that
the presence of environmental causes of TRS as confounders is
not a systemic problem in our sample, but we must acknow-
ledge that we are not able to rule out all nongenetic factors that
may influence TRS because we did not purposefully record them
in our recruitment. A rough approximation to this would be
through observing the socioeconomic status, which is linked to
lower quality of life, increased stress, and less access to general
health services, and that in this study did not show an effect.

We defined TRS by the use of clozapine, which is a common
problem in these types of studies because of the lack of con-
sensus regarding standardization of diagnosis and follow-up
criteria for TRS (Kane et al., 2019). The average age of our SGAP
group was younger; therefore, some of these patients may have
been in an earlier stage of the disorder and will develop TRS
later. However, because the vast majority of TRS patients show
signs of resistance early in treatment, we do not expect that
our results would be affected even if a minor proportion of this
group goes on to develop secondary resistance after their ini-
tially favorable response.

Regarding the genetic design, we present here the re-
sults from a proof-of-concept study aimed to analyze a small
number of markers in a relatively large sample of patients with
severe mental disorders in Hispanic countries. Whereas gen-
omic research in Chile has been steadily growing in the past
decade, genetic studies of severe mental disorders are still
scarce. Because feasibility was a key concern, our selection of
genetic markers was limited. Considering this, our SNP selec-
tion was necessarily biased, and our choice was made with
our current research focus in mind (see supplementary Table
5 for information on each marker) (Sherry et al., 2001). We ac-
knowledge that we did not perform a systematic search for the
best candidates ranked according to functional or statistical
data, knowing that this information would be of limited value
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because the Hispanic population in these studies is strongly
under-represented. We are confident that with the present
study we have established the viability of our approach and we
can proceed in the future to study a wider selection of SNPs.
Although candidate gene studies have produced some lasting
contributions to the field of pharmacogenomics in psychiatry
(Corponi et al., 2018), they are progressively being abandoned
because of the poor replicability of many initial results. The
more promising strategy is the estimation of polygenic risk
scores, constructed from a subsample of all the risk SNPs for
a complex trait, which are extracted from genome-wide as-
sociation studies. The usefulness of polygenic risk scores will
depend on the frequency and effect size of each SNP on the
target population; therefore, understanding the distribution of
gene frequencies in a local sample is relevant for the imple-
mentation of personalized medicine. In this sense, the study
sample does not reflect the resistance/responsiveness ratio in
the general population; in fact, our sample of TRS patients was
twice as large as the SGAP group. To adequately estimate the
proportion of the TRS risk captured, our findings should be rep-
licated in a sample with the expected 1:3 proportion of TRS to
responsive individuals.

Conclusions

In our study, we have identified potential genetic predictors
of AP treatment resistance in a Chilean population of individ-
uals with SZ, a relevant first step to establishing a precision
medicine strategy for facing this relevant health problem. In
our country, patients with severe mental disorders are treated
in a protocolized fashion in a community-based context. We
consider that this setting is ideal for searching to replicate the
present findings in a new study using prospective collection
for clinical and demographic data and an unbiased genetic ap-
proach. The nature of our existing resources for the care of per-
sons with severe mental health disorders makes it a promising
environment for testing pharmacogenetic applications, toward
which our study contributes a preliminary step.
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