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Background: It has been suggested that the pharmacogenomic response to antipsychotics in schizophrenia patients partially
contributed by drug metabolism enzyme polymorphism, including P450 2D6 (CYP2D6). However, CYP2D6 gene polymorphism
across populations is largely unknown.
Materials and Methods: Here, we investigated the differences of CYP2D6 gene polymorphism between Chinese Han and Tibetan
schizophrenia patients. We analyzed five CYP2D6 gene related polymorphic locus in 103 patients with schizophrenia, including 60
Han ethnicity and 43 of Tibetan ethnicity, by nucleic acid MALDI-TOF.
Results: Polymorphisms of rs1065852, rs1135840 and rs16947 were significantly different between Han and Tibetan patients.
rs1065852 AA genotype had a low frequency of 9.3% in Tibetan patients in comparison with a frequency of 41.7% in Han patients,
whereas rs16947 AA genotype had a low frequency of 3.3% in Han patients in comparison with a frequency of 34.9% in Tibetan
patients. Additionally, the two patient groups showed distinct distribution of CYP2D6 haplotypes, with the highest frequency of *10/
*10 and *1/*2 in Han and Tibetan patients, respectively. Furthermore, Han and Tibetan patients showed differential CYP2D6
metabolic activity.
Discussion: Taken together, this exploratory study showed the differences of CYP2D6 gene and metabolic polymorphism between
Han and Tibetan schizophrenia patients, and therefore may improve our understanding of the pharmacogenomic response to
antipsychotics in schizophrenia patients across populations.
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Introduction
Schizophrenia is a chronic psychotic disorder with typical onset in early adulthood, and the disease affects approximately
1% of worldwide population. Patients with schizophrenia have the hallmark symptoms of psychosis, such as delusions,
hallucinations, disordered thinking, and also may experience negative symptoms, such as apathy, loss of emotional
expression and cognitive deficits.1 The etiology of schizophrenia is complex and associated with genetic, environmental
and behavioral risk factors, as well as higher levels of economic development, industrialization and urbanization.2 Recent
studies have suggested a critical role of epigenetics in the onset and/or development of schizophrenia.3,4 The prevalence
and absolute number of patients with schizophrenia is increased significantly over the last several decades in China, and
it has been shown that the prevalence of schizophrenia patients in China doubled from 1990 to 2010, with rates
particularly high in the most developed parts of modern China.5 However, the prevalence and treatment of schizophrenia
across populations in China is still largely unknown, especially in remote parts of China.
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Cytochrome P450 2D6 (CYP2D6) is an important pharmacokinetics gene involved in the metabolism of about 20%
commonly used drugs including psychiatry, pain management, oncology and cardiology.6,7 CYP2D6 contributes to the
metabolism of many drugs including antidepressants, antipsychotics, antineoplastic agents, adrenergic antagonists, and
analgesics.8,9 However, CYP2D6 is highly polymorphic, and the frequency of CYP2D6 gene polymorphism is different
across populations, which significantly affect the metabolism function, efficacy and safety of drug.10,11 The CYP2D6
gene is considered highly polymorphic since more than 105 different alleles have been identified so far, and many
CYP2D6 alleles encode enzymes that have reduced or no function compared with the wild-type enzyme.12,13

It has been suggested that CYP2D6 is the main metabolic pathway of many antidepressants and a number of
antipsychotics.14 The metabolic rate of antipsychotics substrate for CYP2D6 can be affected by these genetic variants.15

Patients with genetically determined CYP2D6 poor metabolizer (PMs) status may require lower doses of antipsychotic.
Alternatively, CYP2D6 ultrarapid metabolizers (UMs) may need increased drug dosage to obtain optimal therapeutic
response.16–18 Additionally, five CYP2D6 gene related polymorphic locus, rs1065852, rs1135840, rs16947, rs28371725
and rs3892097, have been suggested to be associated with CYP2D6 pharmacokinetics.19,20 Thus, this study used mass
spectrometry to explore the differences of the five CYP2D6 gene and metabolic polymorphisms between Han and
Tibetan schizophrenia patients.

Materials and Methods
Participants
The project recruited 103 schizophrenia patients, 60 of Han ethnicity and 43 of Tibetan ethnicity. Han patients were
recruited from the Third People’s Hospital of Foshan, Foshan, Guangdong, China. Tibetan patients were recruited from
the People’s Hospital of Ngari, Ngari, Tibet, China. The diagnosis of patients with schizophrenia were made by
experienced psychiatrists according to The International Classification of Diseases-10 and The Structured Clinical
Interview of DSM-5.

Before the collection of samples and data, consents were obtained for each participant or relative in the study.
Patients’ oral epithelial cells were collected through standardized procedures. The study protocol was reviewed and
approved by the ethics committee at the Third People’s Hospital of Foshan, and the patients and relatives were informed
about the purpose of the study.The experiments were conducted in accordance with the Declaration of Helsinki.

Analysis of SNP with Mass Spectrometry
Agena MassARRAY platform was used for SNP genotyping. It is a robust tool with high accuracy and is cost-effective
which combines multiplex PCR and high resolution LC-MS/MS (Triple Quad 3200, AB SCIEX,), and the detailed
protocol was described in a previous literature.21 The haplotype results were determined according to the haplotype
definition criteria of CYP2D6 provided by pharmGKB. For each haplotype, the standardized scoring method was used to
determine the metabolic function and predicted the metabolic enzyme activity at the individual level.22

Data Analyses
In this study, Fisher’s exact test was used to compare the differences of CYP2D6 gene polymorphism and metabolic
activity polymorphism between Han and Tibetan populations. Data analysis and statistical test were performed by R
(version 4.0.3) statistical software.

Results
Differences of CYP2D6 Gene Polymorphism Between Han and Tibetan Patients
In this study, five CYP2D6 gene related polymorphic locus, rs1065852, rs1135840, rs16947, rs28371725, rs3892097,
were assessed in 103 patients, 60 of Han ethnicity and 43 of Tibetan ethnicity. As shown in Table 1, the polymorphisms
of rs1065852, rs1135840 and rs16947 were significantly different between Han and Tibetan patients. The rs1065852 and
rs1135840 genotypes were more evenly distributed in Han patients compared with Tibetan patients. rs1065852 AA
genotype had a low frequency of 9.3% in Tibetan patients in comparison with a frequency of 41.7% in Han patients,
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whereas rs16947 AA genotype had a low frequency of 3.3% in Han patients in comparison with a frequency of 34.9% in
Tibetan patients. Additionally, rs1065852 GG genotype had a high frequency of 65.1% in Tibetan patients in comparison
with a frequency of 18.3% an patients, whereas rs16947 GG genotype had a high frequency of 65.1% in Han patients in
comparison with a frequency of 16.3% in Tibetan patients.

Additonally, it should be noted that the five SNPs tested in this study followed the Hardy-Weinberg equilibrium (p >
0.05 in all the analyses).

Distribution of CYP2D6 Haplotypes in Han and Tibetan Patients
We next analyzed the distribution of CYP2D6 haplotypes in Han and Tibetan patients (Table 2). The Han and Tibetan
schizophrenia patients showed distinct haplotype distribution, with the highest frequency of *10/*10, followed by *1/*10,

Table 1 CYP2D6 Gene Polymorphism Differences Between Han and Tibetan Patients

SNP Genotypes Han Tibetan p

rs1065852 AA 25 4 <0.001
AG 24 11

GG 11 28

rs1135840 CC 19 3 0.008
CG 19 20
GG 22 20

rs16947 AA 2 15 <0.001
AG 17 21

GG 41 7

rs28371725 CC 55 36 0.35
CT 4 4

TT 1 3

rs3892097 CC 60 42 0.418

CT 0 1

TT 0 0

Note: The p value of CYP2D6 gene polymorphism between Han and Tibetan patients was calculated by Fisher’s exact probability method.

Table 2 Distribution of CYP2D6 Haplotype in Han and Tibetan Patients

Haplotypes Han Tibetan

*10/*10 23 1

*1/*10 14 4
*2/*10 8 5

*1/*1 4 2

*1/*2 4 12
*10/*11 2 0

*10/*41 2 0

*1/*41 1 3
*2/*41 1 1

*41/*41 1 2

*1/*4 0 1
*114/*114 0 2

*2/*114 0 1

*2/*2 0 8
*69/*69 0 1

Note: *indicates allele.
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accounting for 61.7% of haplotypes in Han patients. The haplotype with the highest frequency in Tibetan patients was *1/*2,
followed by *2/*2, accounting for 46.5% of haplotypes.

Differences of CYP2D6 Metabolic Activity Between Han and Tibetan Patients
Our analysis suggested that there was significant difference in CYP2D6 metabolic activity between Han and Tibetan
patients (P < 0.001) (Table 3). Normal and intermediate metabolism in Han patients were 53% and 47%, respectively.
However, fast metabolism or poor metabolism was not detected in Han patients. Tibetan patients were mostly normal
metabolism, accounting for 81.4%, and the patients with intermediate metabolism and poor metabolism accounted for
11.6% and 7%, respectively.

Discussion
Schizophrenia affects nearly 1% of the world population and is among the top 10 global causes of disability.23 The
disease is considered caused by genetic and environmental factor interactions, the environmental factors include
obstetrical complications, early-life adversity, and childhood residence in urban.24,25 Therefore, schizophrenia is a very
heterogeneous disease across populations and even at the individual level. There is an increased awareness that the
treatment of schizophrenia should be more individualized. Now, the “precision medicine” has become very populous in
recent years. Precision medicine focus on the stratification of patients, including clinical, lifestyle, genetic and biomarker
information.26 This study analyzed the key drug metabolism gene of schizophrenia patients across populations, and also
in dramatic different environments, might help to make better treatment strategies in schizophrenia across populations.
For example, Tibetan patients had rare haplotypes *69/*69 and *114/*114, and these are metabolically inactive
haplotypes which were not found in Han patients from our present study. Therefore, these patients with rare haplotypes
may need lower dose of antipsychotics, due to the poor metabolism of CYP2D6 in Tibetan patients.Additionally, our
study showed high frequency of CYP2D6 *10/*10 and *1/*10 in Han patients, but not in Tibetan patients, and it has been
demonstrated that schizophrenia patients with CYP2D6 *10 genotype had poor metabolic activity.27

China is a multi-ethnic country with vast territory, and the cause of mental disorders across populations may be affected
by multiple factors, including genetics, culture, education and geographical location. Our research showed differences of
CYP2D6 gene polymorphisms and haplotypes between Han and Tibetan patients, and poor metabolism was more common
in Tibetan patients. However, the limitation of our study is that it is unclear whether the differences in CYP2D6 gene and
metabolic polymorphisms in schizophrenia patients are simply due to different populations, or contributed by the environ-
ment factors. In fact, samples of Tibetan patients were collected from Ngari, with an average elevation of over 4500 meters,
also known as the “Roof of the World”. People in Tibetan areas, especially in Ngari, have been affected by high altitude and
low oxygen for a long time. Over thousands of years, some high-altitude populations have adapted to this environment, with
genetic signatures revealing natural selection around hypoxia-sensing pathways.28,29 Additionally, studies showed the
changes in the blood-brain barrier and gut microbiota of people living at high altitudes.30,31 Therefore, the environmental
factors should be especially considered for understanding of mental disease etiology and treatment in these populations.

Now the genetic testing is slowly coming to fruition, individualized medicine will take advantage of available tests,
and utilize the information as part of the clinical decision. Our results showed the differences in gene polymorphism and
metabolic polymorphism of in Han and Tibetan patients of schizophrenia, and therefore may improve our understanding
of the pharmacogenomic response to antipsychotics in schizophrenia patients across populations.

Table 3 Differences of CYP2D6 Metabolic Activity Between Han and Tibetan Patients

Metabolic Activity Han Tibetan p

NM 32 35 <0.001

IM 28 5

PM 0 3

Note: Fisher’s exact probability method was used to calculate p values.
Abbreviations: NM, normal metabolism; IM, intermediate metabolism; PM, poor metabolism.
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