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Abstract: Objectives: Genetic variations contribute significantly to inter-individual responses to drugs and side ef-
fects. Pharmacogenomics has the potential to be utilized as a tool in disorders like schizophrenia with a high
degree of genetic inheritance, although data on pharmacogenomics of schizophrenia are limited. Olanzapine and
risperidone are the frequently used anti-psychotic drugs used in clinics. Studies have observed the variability in
the response of both drugs in schizophrenic individuals. Considering the pharmacogenomics importance of both
drugs, we aim to examine the cytochrome P 4501A1 (CYP1A1) and regulator of G-protein signaling 4 (RGS4) vari-
ants and their metabolizing status in 94 schizophrenic individuals of Indian descent. Methods: The present study is
retrospective observational study. The metabolizing status of schizophrenic individuals was examined using Axiom
Precision Medicine Diversity Array (PMDA) and the data were analyzed with the help of SNP Axiom Analysis Suite
vb.1 (Affymetrix). The pharmacogenomics annotation was performed using PharmGKB. Results: Genotype and al-
lele frequencies were observed. The results reveal the high frequency of poor metabolizers of olanzapine and
risperidone in the studied cohort. In lieu of the high distribution of poor metabolizers, we compare observed allele
frequencies with global populations’ data to understand the variability of the genetic pool attained by Indian schizo-
phrenic individuals. Conclusions: Interestingly, the Indian schizophrenic cohort forms a different cluster compared
to global populations, suggesting that pharmacogenomics testing might play an important role in clinical decision
making for schizophrenia drug management.
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Some disorders interfere with and reduce
health, cause pain and discomfort, and some-

Introduction

Schizophrenia is a neurodevelopmental disor-
der with higher rates of heritability and is usu-
ally chronic. It is diagnosed only on the basis of
psychiatric symptoms such as impairments in
perception, changes in behavior, delusions, hal-
lucinations, and difficulty in cognitive function-
ing. There are no diagnostic tests and biomark-
ers available for the disorder [1, 2]. The herita-
bility of this disorder is 70-80% which puts for-
ward genetics as a significant role in its etiology
[3, 4]. With the evolution of technology, genetic
research has made advances in understanding
the genetic architecture and pharmacogenom-
ics of schizophrenia.

For personal well-being, inter and intra relation-
ships, mental health plays an important role.

times may be fatal [5]. Major mental disorders
such as schizophrenia and depression affect
more than 30 million individuals globally [6].
The drugs that are used to treat these individu-
als only work on a limited number of people.
Patients diversely respond to drugs. Pharmaco-
genomics biomarkers could be a potential tool
for the treatment of such traits where there is
variability in inter-individual response to drug
metabolism and with high explained genetic
heritability [7].

While treating schizophrenic patients, symp-
toms such as hallucinations, delusions, and
psychotic symptoms are managed to lower the
odds of relapse and enhance their functional
ability. Olanzapine and risperidone are the
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approved antipsychotic drugs that are used to
treat psychotic disorders like schizophrenia,
bipolar, etc. [8-10]. These medications may
relieve the patients but have adverse drug reac-
tions [11]. To overcome this variability of drug
response, pharmacogenomics plays a pivotal
role in identifying new genomic biomarkers
(variations) susceptible to the drug response or
drug dosages. CYP1A1 has been validated as
one of the significant gene that was observed
to be associated with olanzapine concentration
in plasma by a genome-wide association
(GWAS) [12]. Whereas, RGS4 variation was
observed to be associated with schizophrenia
in three populations [13]. RGS4 variants have
shown functional evidence to have a role in
antipsychotic treatment efficacy in schizophre-
nia. Both olanzapine and risperidone are used
widely in India to treat negative symptoms and
overall clinical severity in schizophrenia [14-
16]. Their response to these drugs varies in dif-
ferent studies conducted in Indian population
groups [15, 17], indicating a dire need to per-
form pharmacogenomics evaluation to deci-
pher this variability puzzle in Indians.

Keeping this in mind, we perform genotyping of
the two variants of CYP1A1 (rs2472297) [12]
and RGS4 (rs2842030) [18] in Indian schizo-
phrenic cases (ISC) that have previously shown
an association with the olanzapine and risperi-
done, respectively. These two variations were
also annotated in PharmGKB with their geno-
types and their effect on the metabolizing sta-
tus of these two drugs. Such pharmacogenet-
ics study results can aid clinicians in the selec-
tion of the drug, optimize the dosage according
to the individual need, and may reduce the side
effects [19].

Methodology
Subject criteria and selection

The present study was retrospective study con-
ducted among 94 Indian schizophrenic cases
recruited from the Department of Psychiatry,
Government Hospital Kanpur, India. All recruit-
ed cases were diagnosed by psychiatrist using
International Classification of Diseases, tenth
Edition (ICD-10). All the subjects are descent of
North India. The study has been approved by
Military Hospital Kanpur (wide letter No.
15965/58%"/9/2020/DGAFMS/DG-3B  dated

March 2019) (Supplementary File 1).
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DNA isolation and genotyping

3 ml blood samples were collected from the
individuals and stored at 4°C. Genomic DNA
extraction was done using QIAGEN DNA MINI
Kit according to the recommendations of the
manufacturer. Qualitative and Quantitative
DNA test was done with the help of agarose gel
electrophoresis (Supplementary Figure 1) and
Qubit 4 fluorometer. 150 ng of total genomic
DNA was hybridized on the Axiom Precision
Medicine Diversity Array (PMDA) using Axiom
2.0 Plus assay kit as per the manufacturer
instruction. The PMDA was hybridized, washed,
and scanned on the Thermo Fisher GeneTitan
Multichannel Microarray system, and raw data
in the form of “.cel’ format were utilized for fur-
ther analysis. After genotyping accessions,
genotype calling and QC metrics were per-
formed with SNP Axiom Analysis Suite v5.1
(Affymetrix) using diploid threshold configura-
tions and default DishQC settings (DQC > 0.82
and call rate > 0.97). Genotype clustering plots
were obtained to observe the call threshold
for the variant rs2472297 (AX-39946805) of
CYP1A1 gene and rs2842030 (AX-88821682)
of RGS4 gene (Supplementary Figures 3 and 4).
The genotype of all samples was exported in
plink format using Axiom Analysis Suite v5.1

(Supplementary Figure 2).

Statistical analysis

Continuous data of socio-demographic and
anthropometric were presented as average and
count of individuals with frequency in percent-
age and standard deviation in age, height, and
weight. The genotype frequencies were evalu-
ated using Plink v.1.9 [20] for both variations.
Global allele frequencies were obtained from
gnomAD (https://gnomad.broadinstitute.org/)
using whole genome data. The super popula-
tion groups selected for phylogenetic analysis
were Africans/African Americans (AFR), Indian
Schizophrenic Cases (ISC), Latino/Admixed
Americans (AMR), Ashkenazi Jews (ASJ), East
Asians (EAS) and South Asians (SAS). F_. was
calculated using Arlequin Version 3.5.2.2 with
10,000 permutations [21], and the model
was selected for calculation of ANOVA from
our previous study [22]. Metabolizing status of
individual subjects with respect to drugs was
performed using clinical annotations using
PharmGKB (https://www.pharmgkb.org) and
was assessed on 01 February 2023.
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Table 1. Allele and genotype frequency distribution observed in the studies of schizophrenia cohort

Gene and drug (dbSNP ID)

Poor metabolizer* Good metabolizer*

(N =94)

CYP1A1 (rs2472297) Alleles C=96.8 T=3.2
Olanzapine Genotypes CC=93.6 TC+TT=6.4
RGS4 (rs2842030) Alleles T=33.0 G=67.0
Risperidone Genotypes TT+GT = 55.3 GG = 44.7

*Classification for the poor and good metabolizers based on the annotation provided by PhamGKB.

CYP1A1_Olanzapine

Poor

RGS4_Risperidone

Good

Figure 1. Sankey diagram showing the metabolizing
status observed for Olanzapine and Risperidone on
the basis of CYP1A1l and RGS4, respectively in the
studied schizophrenic cohort. The first column in-
dicts the proportion of metabolization observed, and
the second column indicates genes evaluated with
their respective drugs.

Results

The study was conducted in 94 unrelated
schizophrenic cases belonging to North India,
and samples were stratified on the basis of
age-matched gender consisted of 42 males
and 52 females. The distribution of individuals
on the basis of socio-demographics, anthropo-
metrics, and clinical observations is provided in
Supplementary Table 1. The observed allele
and genotype frequencies of both the variants
of CYP1A1 (rs2472297)and RGS4 (rs2842030)
are summarized in Table 1.

The predicted prevalence of allele C (poor
olanzapine metabolizer) of variant rs2472297
CYP1A1 was 96.8%, with a genotype frequency
of 93.6%. Similarly, for the variant rs2842030
of RGS4, the frequency of allele T (poor risperi-
done metabolizer) was 33.0%, while the risk
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genotype combination TT+GT was 55.3%. The
genotype and allele frequencies observed for
the CYP1A1l and RGS4 variants suggest that
the studied schizophrenia cohort have a great-
er percentage of patients who are poor metab-
olizers of olanzapine and risperidone (Figure 1).

Moreover, the high frequency of poor metabo-
lizers variations in the studied cohort indicates
that the studied population should be com-
pared with global populations’ allele frequen-
cies of both variants, to understand the vari-
ability of the genetic pool attained by Indian
schizophrenic individuals.

Using genomAD, the allele frequencies from the
ISC cohort were compared to the worldwide
allele frequencies of studied variants (Tables 2
and 3). For CYP1A1 variant, the effective allele
frequency of ISC cohort is 96.8% which is in
concordance with South Asians (SAS) popula-
tion i.e., 96.42%. The only population group
that has higher allele frequency than ISC and
SAS was East Asians (EAS) with effective allele
prevalence of > 99%.

Furthermore, the observed RGS4 variant’s
effective allele frequency in ISC cohort was
55.3% which is higher than SAS. The global
population groups that have higher frequencies
than ISC are Ashkenazi Jews (ASJ) and Admixed
Americans (AMR) (Table 3). Based on compara-
tive results, the higher genetic heterogeneity
was observed among different population. To
estimate the extent of genetic variability
attained by the studied cohort F_. was calcu-
lated, and the average number of pairwise dif-
ferences within and between populations using
Slatkin’s linearized F. model [22] was further
used for generating the multi-dimensional scal-
ing (MDS) plot (Figure 2). The results obtained
from the MDS showed that the ISC forms a dif-
ferent cluster than other global populations
when evaluated for both the variants of CYP1A1
and RGS4 (Figure 2).

Am J Transl Res 2023;15(7):4763-4769
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Table 2. Allele frequency distribution of
CYP1A1 variant rs2472297 associated with
pharmacogenomics of schizophrenia in
global population groups

Allele frequency of Allele frequency of

Population C (in percentage) T (in percentage)
AFR 95.81 4.19

ISC 96.8 3.2

AMR 90.45 9.55

ASJ 92.08 7.92

EAS 99.92 0.08

SAS 96.42 3.58

AFR: Africans/African Americans; ISC: Indian Schizo-
phrenic Cases; AMR: Latino/Admixed Americans; ASJ:
Ashkenazi Jews; EAS: East Asians; SAS: South Asians.

Table 3. Allele frequency distribution of RGS4
variant rs2842030 associated with phar-
macogenomics of schizophrenia in global
population groups

Allele frequency of Allele frequency of

Population ¢ in percentage) T (in percentage)
AFR 56.55 43.45
ISC 44.70 55.30
AMR 43.84 56.16
ASJ 41.67 58.33
EAS 48.16 51.80
SAS 62.38 37.62

AFR: Africans/African Americans; ISC: Indian Schizo-
phrenic Cases; AMR: Latino/Admixed Americans; ASJ:
Ashkenazi Jews; EAS: East Asians; SAS: South Asians.

Discussion

Olanzapine is the first-line drug used for the
treatment of schizophrenia and shows improve-
ment in cognitive functions and less extrapyra-
midal effects [23]. However, in some cases, it
affects the metabolic and cardiovascular sys-
tem [24]. It is an analog of clozapine that is
most effective in managing treatment-resistant
symptoms but is ranked last due to safety con-
cerns [25]. It is mainly absorbed by hepatic
cells with the help of CYP1A2, CYP2D6, and
CYP3A4. Patients show variations in olanzapine
concentration and response due to age, gen-
der, ethnicity, and lifestyle, which should be
considered while calculating the dose [26].

Likewise, Risperidone is a second generation of
antipsychotics and has lower extrapyramidal
effects as compared to the first generation
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[27]. Genetic polymorphism affects the thera-
peutic response as well as the side effects [28].
RGS4 gene is a risk gene for schizophrenia
[29]. In the patients, its expression level is
reduced in the frontal cortex. It regulates the
activity of dopamine, acetylcholine, and sero-
tonin receptors. RGS4 is a target of antipsy-
chotic medications, and decreased amounts of
this protein are seen in patients [18].

In presently studied dataset, the variants
were selected based on PharmGKB annota-
tions for CYP1A1 (https://www.pharmgkb.org/
clinicalAnnotation/1444704067) and RGS4
(https://www.pharmgkb.org/clinicalAnnotation/
655384979). The observed genotype and
allele frequencies for the CYP1A1l and RGS4
variations suggest that ISC might have a higher
number of people who were poor metabolizers
of olanzapine and risperidone.

The frequency of the C allele of rs2472297 is
96.8%. Since, practically every member of the
cohort carries at least one copy of the C allele,
which is linked to poor olanzapine metabolism.
Assumed that impaired metabolism can lead to
higher medication concentrations and a higher
risk of side effects, this suggests that olanzap-
ine may be less successful in treating schizo-
phrenia in this population.

Similarly, rs2842030’s T allele frequency was
33.0%, which is comparatively higher as com-
pared to some other groups. This shows that a
higher percentage of the cohort's members
may not metabolize risperidone well. Moreover,
the frequency of the TT+GT genotype is relative-
ly high, which is 55.3%. Risperidone’s reduced
metabolism has been linked to this genotype,
which can lead to higher drug concentrations
and a high adverse effect.

When compared among them, the allele and
genotype frequencies, it was observed that on
the basis of pharmacogenomics, the studied
cohort has less poor metabolizers of risperi-
done than olanzapine. This indicates that ris-
peridone may be a better treatment option for
this specific population of patients if the cohort
has a lower frequency of poor metabolizers of
the drug than olanzapine. Overall, the reported
allele and genotype rates indicate that caution
should be used when giving risperidone or
olanzapine to this population since some peo-
ple may be more susceptible to side effects
because of poor drug metabolism.

Am J Transl Res 2023;15(7):4763-4769
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Figure 2. MDS analysis performed among global population and Indian schizophrenic cases. Plot was generated
from the F . values obtained from different population groups retrieved from gnomAD (https://gnomad.broadin-
stitute.org/) and 94 schizophrenic cases from India. Plot was generated using 05 different super population sets
and 94 samples from the present dataset as a whole set for both Olanzapine and Risperidone. AFR: Africans/Afri-
can Americans; ISC: Indian Schizophrenic Cases; AMR: Latino/Admixed Americans; ASJ: Ashkenazi Jews; EAS: East

Asians; SAS: South Asians.

Considering the variability observed in the
allele frequencies of different super popula-
tions when compared with a studied cohort, it
becomes pertinent to understand the genetic
variability the ISC possesses and has been sug-
gested by many studies conducted in Indian
population groups [22, 30]. When comparing
the genetic diversity of our cohort with that of
other populations, F . was utilized to spot any
plausible genetic variations that can account
for the higher frequency of poor metabolizers in
the population. Interestingly, the ISC forms a
different cluster for both variants indicating
that the schizophrenia cohort of India is geneti-
cally distinct from the other five populations
around the world in terms of pharmacogenom-
ics variations, according to the observed
results. These findings may have a number of
effects on how schizophrenia is identified,
treated, and managed in India. It implies that
pharmacogenomics testing might be crucial in
this demographic to guarantee that patients
get the best medications possible.

Additionally, it underlines the necessity of addi-
tional studies to comprehend the genetic
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causes of schizophrenia in India and create
more specialized treatments for this group.
This work may have a few limitations that need
to be addressed, such as the necessity to
assess more pharmacogenomics variations in
the Indian schizophrenic cohort with higher
sample counts. Moreover, genome-wide stud-
ies focused on the psychiatry pharmacogenom-
ics of Indian sub-population groups may pro-
vide insight into the more effective manage-
ment of psychic traits like schizophrenia.
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Positive controls

Supplementary Figure 1. 94 samples’ extracted DNA from 1% Agarose gels are shown, along with a ladder (L), and
two positive controls.
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Supplementary Figure 2. Representative genotyping quality observed in sample positioning map derived from SNP
Axiom Analysis Suite v5.1 (Affymetrix). All samples have DQC score > 0.82 and call rate > 0.97. Samples that are not
able to match the DQC score have been removed from the downstream analysis.
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Supplementary Figure 3. Cluster plot obtained for the variant rs2472297 (AX-39946805) of CYP1A1 gene. The
cluster plot showing the clear clustering of the three clusters of genotypes indicating good clustering resolution and
precision in genotyping methodology.
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Supplementary Figure 4. Cluster plot obtained for the variant rs2842030 (AX-88821682) of RGS4 gene. The clus-
ter plot showing the clear clustering of the three clusters of genotypes indicating good clustering resolution and
precision in genotyping methodology.

Supplementary Table 1. Socio demographic, anthropometric and clinical observations in studied
schizophrenia cohort

Average/Number Frequency (in

Parameters of individuals percentage)
Age 46.55

Gender Male 42 44.68
Female 52 55.32

Total 94

Education Graduation & Above 35 37.23
Illiterate 11 11.70
Intermediate 16 17.02
Primary Marticulation 32 34.04

Total 94

Marital Status Married 70 74.47
Unmarried 17 18.09
Divorced 1 1.06
Widow/Widower 4 4.26
Separated 2 213

Total 94

Religion Hindu 91 96.81
Muslim 3 3.19

Total 94

4
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Domicile

Total

Total
Type of Family

Total
Occupation

Total
Suicidality

Total
Range of Schizophrenia (Scale used - BPRS)

Total

Duration of illness (Average in years) (N = 91)
Age of onset (in years ) (N = 92)

Nature of onset of illness

Total
Course of illness

Total
Progress (as per the consultation)

Total

Precipitating factor

Total
Family history of significant psychiatric/medical iliness

Total

Urban
Semi-urban
Rural

Height
Weight

Broken
Extended
Joint

Not living with family

Nuclear

Employed
Ex-serviceman
Unemployed

Present
Absent

Mild

Mildly

Mildly ill
Minimal
Moderate
Moderately ill
Severe
Severely ill

Abrupt
Acute
Insidious

Continuous
Episodic
Static

Deteriorating
Improving
Static

Present
Absent

Present
Absent

47
17
30
94

163.3
69.3

94

11
12
2
69
94
23

66
94
28
66
94
14

B~

12

15
77
94
80

92

67
20
93
36
55
91
51
33
84

10.52
36.07

50.00
18.09
31.91

0.00
11.70
12.77

2.13
73.40

24.47
5.32
70.21

29.79
70.21

27.45
13.73
1.96
7.84
23.53
13.73
9.80
1.96

213
15.96
81.91

86.96
9.78
3.26

6.45
72.04
21.51

39.56
60.44

60.71
39.29




