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Abstract

man correlation analysis.

Background: About 20-30% of patients with schizophrenia develop tardive dyskinesia (TD). Oxidative stress is one
potential causes of TD. CYP2ET is considered as an oxidative stress-related gene, however, no study has been reported
on the DNA methylation levels of the CYP2ET in schizophrenia or TD.

Methods: A total of 35 schizophrenia patients with TD, 35 schizophrenia patients without TD (NTD), and 35 health
controls (HCs) were collected in Beijing, China. DNA was extracted from peripheral blood samples. The promoter
methylation levels of CYP2ET were detected using pyrosequencing. The generalized linear model (GLM) was used to
examine the methylation levels of three CpG sites among three diagnostic groups (TD vs. NTD vs. HQ).

Results: The average methylation levels were 8.8+ 10.0, 14.5£ 11.9and 15.1£ 11.3in TD, NTD and HC groups,
respectively. The F-test in GLM revealed overall differences in the average of methylation levels of three CpG sites
among three diagnostic groups (p=10.0227) and in the third CpG site (p =0.0026). Furthermore, the TD group had
lower average methylation levels than HC and NTD groups (p=0.0115 and 0.0268, respectively). Specifically, TD group
showed lower methylation levels in the third CpG site than HC and NTD groups (p=0.0012 and 0.0072, respectively).
Additionally, associations of the methylation levels with clinical features in the TD group were observed using Spear-

Conclusion: This study provides the first evidence of DNA methylation levels in the promoter of CYP2ET gene associ-
ated with schizophrenia and TD. The abnormal DNA methylation might serve as a potential mechanism for TD.
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Background

Tardive dyskinesia (TD), with a prevalence of 20-30%
in schizophrenia (SCZ) patients and up to 50% in SCZ
patients > 50 years old, is characterized by repetitive,
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involuntary movements of the extremities or trunk
and is considered as one of the serious adverse effects
of long-term antipsychotic medications for SCZ
and other mental disorders [1-4]. TD is potentially
irreversible and linked with poor quality of life and
increased medical co-morbidity and mortality [5]. Fur-
thermore, TD is a frequent disorder that can occur in
early stages of SCZ and intensifies with increasing age
and duration of illness, even in patients treated with
atypical antipsychotics. Despite a considerable number
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of related research have been conducted, the patho-
genesis of TD remains poorly understood [6].

Oxidative stress is a state when there is an imbal-
ance between the antioxidant defense system and pro-
oxidant process in favor of the latter and it is one of
the potential causes of TD [7, 8]. One hypothesis based
on both in vivo and in vitro studies of oxidative stress
pointed out that neurotoxic free radical production is
likely a consequence of antipsychotic medication and
might result in the occurrence of TD [9]. Recently,
mounting evidence suggested the role of disturbance
of antioxidant defense system and presence of oxida-
tive stress via the biochemical mechanisms underly-
ing TD [10-12]. Ala9Val polymorphism of the MnSOD
gene has been found to be associated with TD [13].

In recent years, researchers have proposed that
genetic predisposition, environment and epigenetic
processes and their interactions may play important
roles in the development of psychiatric disorders,
especially in SCZ and TD [2, 3, 14-16]. DNA meth-
ylation is an important epigenetic modification involv-
ing the addition of a methyl group at the 5th carbon
of cytosines preceding guanines (CpG dinucleotides)
and may play a role in regulating gene expression when
implicated in SCZ [17-20]. It has been shown that
pyrosequencing can quantify DNA methylation lev-
els of single CpG site [21-23], which has been used to
detect methylation levels in SCZ [24-28] and TD [29].

The CYP2E1 (also known as CPEI; CYP2E; P450-];
P450C2E) is located at 10g26.3 [30] and involved in
drug metabolism and synthesis of cholesterol, ster-
oids and other lipids, and is associated with gluco-
neogenesis, cancers, liver conditions, diabetes, SCZ,
Parkinson’s disease, cognitive and neurobiological
phenotypes [31-38]. Furthermore, the CYP2E1 level
is related to oxidative stress and mitochondrial dys-
function, especially, enhanced CYP2E1 activity could
further facilitate the formation of potentially toxic
metabolites, leading to more severe oxidative stress
and mitochondrial dysfunction [39]. Moreover, it has
been reported that the CYP2EI is an oxidative stress-
related gene in several pathophysiological conditions
including obesity, diabetes, and metabolism [39-42].
To our knowledge, no study has analyzed the DNA
methylation levels of the CYP2E] using pyrosequenc-
ing in SCZ or TD. The purpose of the current study
was to examine whether the promoter methylation
levels of the CYP2E1 were altered in SCZ patients and
TD. In addition, we sought to explore the relationships
between the promoter methylation levels of CYP2E1
gene and clinical features in SCZ patients and TD.

Page 2 of 9

Methods

Subjects

Totally, 35 SCZ patients with TD (TD group) and 35 SCZ
patients without TD (NTD group) meeting DSM-1V cri-
teria for SCZ were recruited from Beijing HuiLongGuan
Hospital, Beijing, China. Clinical diagnosis of TD was
confirmed by two experienced psychiatrists using the
criteria of Schooler and Kane (1982) [43]. The severity of
TD symptoms was rated by two experienced investiga-
tors using the Abnormal Involuntary Movements Scale
(AIMS), with an inter-rater correlation coefficient (ICC)
greater than 0.80. The patients’ psychotic symptoms were
assessed using the Positive and Negative Syndrome Scale
(PANSS) [44] with an ICC greater than 0.85 maintained
for the PANSS total score after the scale training. Indi-
viduals in the TD group had the Abnormal Involuntary
Movement Scale (AIMS) scored higher than 3 in at least
one part or at least 2 in two or more parts. The same cri-
teria were used for NTD group except that AIMS =0. At
the same period, 35 age-, sex- and education-matched
health controls (HC group) assessed by the same inves-
tigators were also enrolled from the local community.
Data on duration of disease, current medication time and
medication types were also collected for further statisti-
cal analysis.

Genomic DNA extraction, bisulfite treatment

and pyrosequencing

Fasting venous blood from forearm vein was obtained
from each participant at 7:00 am in the next morning
after the day of clinical assessment. DNA was extracted
from peripheral blood samples using a standard genomic
DNA extraction kit (QIAGEN, Germany). The purified
DNA was processed with DNA bisulfite conversion kit
(TIANGEN BIOTECH Co., Ltd., Beijing, China). Then
PCR assays were performed to amplify parts of the CpG
islands in the promoter region within the CYP2E1 gene.
The PCR temperature was 95°C for denaturation, 60°C for
renaturation, and 20°C for termination. Final components
of PCR reagents included 34.8ul water, 10ul 5xbuffer
(KAPA), 1ul ANTP (10 mM/each), 1ul primer (up 50
pM/ul), 1ul primer (down 50 pM/ul), 2ul template, and
0.2ul Taq (5U/ul). Generally, DNA fragments were ampli-
fied using the PyroMark PCR Kit (QIAGEN, Germany)
from 2 pl bisulfite-treated genomic DNA sample. Sam-
ple preparation and pyrosequencing reaction were then
carried out using the PyroMark Q96 ID (QIAGEN, Ger-
many). For pyrosequencing, we used the PyroMark Assay
Design 2.0 software to design primers for the analysis
of CYP2E1. With the relative best primer designed by
PyroMark Assay Design 2.0 software, we obtained and
evaluated the methylation levels of three of them in the
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Table 1 Primer sequences used in the pyrosequencing analysis

Primer type Primer sequence CpG sites Position 5/ — 3/

Forward 5/- AGGGGGAAGAGATTTATTGAAA-3’ 3 chr10:135342648-135,342,669
Reverse 3/- ACCCAAAAAAAAATAAAAACTTCCATAT-5/ chr10:135342997-135,342,970
Sequencing 5/- TTAGGGAGAGGAGGG-3! chr10:135342782-135,342,814

PCR product. The three CpG sites are located at posi-
tion, chr10:135342782-135,342,814 (based on Human
GRCh37/hgl9 assembly). The forward primer sequence
was 5-AGGGGGAAGAGATTTATTGAAA-3, the
reverse one was 3-ACCCAAAAAAAAATAAAAACT
TCCATAT-5/, and the probe sequencing was TTAGGG
AGAGGAGGG (Table 1). Electrophoresis detection with
Gel Imaging System 1600 (Tanon Science & Technology
Co., Ltd., Shanghai, China) was used to ensure the accu-
racy and specificity of the PCR product. The methylation
status of each site was automatically analyzed with the
Pyro Q-CpG software and the percentage of methyla-
tion (5%-mC) at each CpG site was calculated as a ratio
of the methylated signal intensity to the sum of both
methylated and unmethylated signals after background
subtraction, ranging from 0 (completely unmethylated)
to 1 (completely methylated). Quantitative methylation
results were considered both as percentage of individual
CpG sites and as average of the methylation percentage
of the three investigated CpG sites. All individual sample
passed quality control (the total amount of DNA more
than lug, the OD260/0OD280 ratio between 1.7 and 1.9,
and single DNA band); therefore, the analysis was based
on 35 SCZ with TD, 35 SCZ without TD and 35 controls.

Statistical analysis

The categorical variables were presented in their raw
values and continuous variables were presented in the
form of mean =+ standard deviation (SD). The chi-square
(%) test was used to analyze sex across TD, NTD and
HC groups. The F-/t-test in a generalized linear model
(GLM) was used to compare means of continuous vari-
ables between diagnostic groups.

The normality of DNA methylation levels was tested by
the SAS PROC UNIVARIATE. Because the methylation
data is percentage, we used arcsine transformation-one
of the most common methods for transforming per-
cent, proportions, and probabilities [45]. The association
between potential predictors and transformed methyla-
tion levels were detected using SAS PROC GLM. The dif-
ferences in the transformed methylation levels among the
TD, NTD and HC diagnostic groups for each CpG site
and the average of the methylation percentage of three
CpGs sites were compared using the F-/t-test in GLM.
The F-test in the GLM was used to detect the overall

significance among three groups, while the ¢-test was
applied to assess difference between two groups. To deal
with the multiple testing problem, Bonferroni correction
was used for statistical significance. Considering three
CpG sites, the Bonferroni corrected significant level will
be a p value <0.05/3=0.0167.

Spearman’s rank correlation analyses were performed
to explore the relationship among methylation levels
of each CpG site, the average methylation level of three
CpG sites, and clinical features in TD and NTD groups.

All statistical analyses were performed with SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA).

Results

Demographic and clinical characteristics

There were no significant differences in age, educa-
tion, and sex among HC, NTD and TD groups (all p
values >0.05) (Table 2). SCZ patients with and without
TD did not differ in duration of disease, current medi-
cation time and medication types (both p values>0.05).
Compared to the NTD group, the TD group had signifi-
cantly higher PANSS negative and PANSS total scores
(p=0.012 and 0.037, respectively) (Table 2).

Comparison of methylation levels among three diagnostic
groups
The mean values of three CpG sites (5'—3'
chr10:135342782-13,542,783, 135,342,800-135,342,801,
and 135,342,812-135,342,813) were 8.8+10.0,
14.54+11.9 and 15.1£11.3 for TD, NTD and HC groups,
respectively (Table 3). After arcsine transformation,
the DNA methylation levels were close to normal dis-
tribution based on the Kolmogorov-Smirnov statistics.
The skewness values for three CpG sites were — 0.439,
—0.118, and —0.041, respectively and kurtosis values
were = —0.781, —1.415, —1.534, respectively. These
values are within (— 2, 2) indicating normal distribution.
The Levene F Statistics showed homogeneity of the vari-
ance for three CpG sites and the average of the three CpG
sites among three groups (all four p values are >0.05).
Then the linear GLM was used to detect associations of
potential factors with methylation levels.

The results of the differences in the transformed
methylation levels among the TD, NTD and HC
groups for each CpG site and the average of the
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Table 2 Demographic and clinical characteristics of health controls and schizophrenia patients with and without tardive dyskinesia

Variables HC group NTD group TD group FIxX It p
(n=35) (n=35) (n=35)

Age (years) 444 4+116° 449+£113 451+£123 0.03 0.968
Education (years) 120 £ 3.1 114+£29 103+27 3.09 0.051
Sex (male/female) 20/15 20/15 20/15 0 1.000
PANSS score - 67.1£160 756+ 162 213 0.037
Total (PANSST)

Positive (PANSSP) - 175+£68 194 £6.1 1.19 0.240
Negative (PANSSN) - 178 +65 222470 2.60 0.012
General psychopathology (PANSSG) - 306+ 84 339470 1.75 0.086
AIMS total score - - 146+538 - -
Duration of disease (years) 2154121 21.14+£113 —0.14 0.887
Current medication time (months) - 30(98) 30(132) —0.79 0428
Medication types (atypical/typical antipsychot- - 30/5 32/3 0.57 0452

ics)

AIMS Abnormal involuntary movement scale; HC Health controls; TD Tardive dyskinesia; NTD Without tardive dyskinesia; PANSS Positive and negative syndrome scale

2 indicates mean = SD for continuous variables; x? value is based on the chi-square test; F value is based on the generalized linear model for comparing three groups; t

value is based on the generalized linear model for comparing two groups

Table 3 Generalized linear model analysis of DNA methylation levels of three CpG sites in promoter of the CYP2ET gene

Group Parameters Site 1 Site 2 Site 3 Average
™D Mean %+ SD 11.1£106 8.7 +£10.8 6.6 +96 8.8+ 10.0
NTD 164+£123 143£125 127£110 145£119
HC 159+£113 155£121 13.8+109 151 +£11.3
Levene's F Statistics F 0.045 0316 0.559 0.199

p 0.956 0.730 0.574 0.920
TD vs. NTD vs. HC F 2.64 3.79 6.23 3.93

p 0.0762 0.0258 0.0026* 0.0227
TD vs. HC t —1.89 —2.58 —333 — 257

p 0.0615 0.0114% 0.0012% 0.0115%
NTD vs. HC t 0.19 — 045 — 059 —033

p 0.8531 0.0657 0.5561 0.7442
TD vs.NTD t —208 —2.13 — 274 —225

p 0.0404 0.0355 0.0072* 0.0268

Abbreviations: TD, tardive dyskinesia; NTD, without tardive dyskinesia; HC, health controls; F value is based on the generalized linear model for comparing three
groups; t value is based on the generalized linear model for comparing two groups. * p <0.0167 based on Bonferroni correction

methylation percentage of three CpG sites were pre-
sented in Table 3. The F-test revealed that three groups
had significant differences in DNA methylation level for
the second and the third CpG site and the average DNA
methylation level of three CpG sites (p =0.0258, 0.0026
and 0.0227, respectively) (Table 3; Fig. 1). Furthermore,

group (p=0.0114, 0.0012, and 0.0115, respectively). P
values smaller than 0.0167 (indicated with a “*”) show
statistical significance based on Bonferroni correction
in Table 3.

the ¢-test showed TD group had lower methylation lev-
els in each CpG site and in the average of three CpG
sites comparing with NTD group (p =0.0404, 0.0355,
0.0072, and 0.0268, respectively); while TD had lower
methylation levels in the second and the third CpG sites
and the average of three CpG sites comparing with HC

Correlation between methylation level and clinical features
Table 4 showed that the methylation level in the second
CpG site had borderline correlation with AIMS score
in the TD group (p <0.05). In addition, the average of
three CpG sites had borderline correlations with dura-
tion of disease in the TD group (p <0.05).
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Fig. 1 Marginal means plot of arcsine transformed average methylation of three CpG sites in CYP2E1 gene for comparing three groups. TD, tardive

Discussion

In this study, we analyzed promoter methylation levels of
CYP2E]I involved in oxidative stress in three diagnostic
groups, TD, NTD and HC. There were overall differences
in the average of methylation levels of three CpG sites of
the CYP2E] among three groups. Furthermore, the TD
group showed that average methylation levels was lower
than HC and NTD groups. Specifically, TD showed much
lower methylation levels at the third CpG site than HC
and NTD groups.

In the oxidative stress hypothesis for the pathogen-
esis of TD, it has been proposed that long-term neuro-
leptic exposure and dopamine receptor blockade could
increase free radical generation and lipid peroxidation
(LPO) through elevating dopamine turnover and aug-
menting monooxygenases activity [7]. Among all kinds
of monooxygenases, the CYP2E] encoding cytochrome
P4502E1 monooxygenase is responsible for metabolizing
a broad range of small, hydrophobic substrates and drugs
[46, 47]. Notably, CYP2E1 may generate reactive oxygen
metabolites (ROM) by oxidation during the metabolism
of those exogenous and endogenous compounds [48].
Additionally, CYP2E1 undergoes “uncoupling” of its
catalytic cycle wherein electrons are consumed to gener-
ate reactive oxygen species (ROS). To protect the organ-
ism against ROM and ROS, a variety of enzymatic and
nonenzymatic mechanisms have evolved [49]. Oxidative
stress occurs when the equilibrium of the oxidant/anti-
oxidant balance is disrupted and tilts toward the former,
which is usually accompanied with harmful effects to

cell survival including LPO and oxidative modification
of proteins and nucleic acids [50]. Mitochondria and
mitochondrial components such as DNA are particularly
vulnerable to CYP2E1 induced oxidative stress, and that
have been reported in multiple pathophysiological con-
ditions, including obesity, diabetes and non-alcoholic
steatohepatitis [39]. Nevertheless, relatively few studies
of DNA methylation have been published on psychiat-
ric disorders, specifically on SCZ and TD. In the present
study, we found significantly decreased DNA methyla-
tion levels at the promoter of the CYP2EI gene in SCZ
patients with TD. Previous study has shown that pro-
moter methylation has been shown to be inversely corre-
lated with transcription activity and gene expression [35,
51, 52]. Accordingly, we hypothesized that, SCZ patients
with TD might have higher transcriptional activity and
translational level of CYP2E1 compared to SCZ patients
without TD and health controls. It has been reported that
CYP2E1 plays an important role in oxidative stress and
mitochondrial dysfunction [39]. Obviously, this is con-
sistent with the aforementioned oxidative stress hypoth-
esis for the pathogenesis of TD.

The CYP2EI has been suggested to be associated with
drug metabolism and cancers, liver conditions, diabetes,
SCZ, Parkinson’s disease, cognitive and neurobiologi-
cal phenotypes [31-38, 53, 54]. Previously, one Japanese
case-control study did not find linkage of the CYP2EI
cl/c2 polymorphism to SCZ [55]; whereas one Chi-
nese case-control study revealed that CYP2EI polymor-
phisms (SNP rs8192766 and rs2070673) were associated
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with susceptibility to SCZ [34]. Furthermore, Kaut et al.
(2012) reported a decreased methylation of CYP2EI
and increased expression of CYP2EI messenger RNA in
patients with Parkinson’s disease, suggesting that epige-
netic variants of this cytochrome contribute to Parkin-
son’s disease susceptibility [35]. Catanzaro et al. (2012)
demonstrated associations between certain CYP2EI
VNTR genotypes and drinking and/or smoking habits.
Accordingly, they hypothesized that the A1/A1 VNTR
genotype of CYP2E] gene may have a protective role
against drinking- and/or smoking related cancers, and
that A4/A4 of CYP2EI-VNTR may be a high-risk geno-
type during the early stages of cancer [33]. Recently, the
methylation at CYP2E] was found to be associated with
both autism spectrum disorder and expression differ-
ences in brain [56]. To the best of our knowledge, our
present study provided the first evidence about the epige-
netics of CYP2E] gene regarding the link to TD, a neuro-
logical disease.

Moreover, several studies have suggested that genet-
ics, environment, and epigenetics may interact each
other in the development of TD [2, 3, 13, 15]. However,
the DNA methylation study in TD is still in its infancy
[29, 57]. The present study focused on one oxidative
stress-related gene - CYP2E] and provided the first evi-
dence of altered methylation levels in the promoter of
this gene involved in the pathogenesis of TD. Interest-
ingly, Naselli et al. examined the polymorphisms and
methylation of CYP2E] in correlation to its expression
in both tumor and non-neoplastic liver cell lines [36].
They found that reduced DNA methylation, assessed
both at genomic and gene level, was not consistently
associated with the increase of enzyme expression; how-
ever, A2 and A3 CYP2E] alleles played a more important
role in the expression of the enzyme. Furthermore, they
found that both untreated tumor cell lines and Chang
liver cells showed a hypermethylation of the two sites in
DNA methylation analysis [36]. It will be necessary and
promising to study the complex roles of genetic polymor-
phisms, gene expression and epigenetics of CYP2E] in
SCZ and TD.

However, there are several limitations need to be
stated. First, DNA methylation is organ or tissue-spe-
cific, the sample here we collected was peripheral blood,
mainly due to the following two considerations: the diffi-
culty in obtaining brain tissue for central nervous system
disorders and the feasibility of biomarker research con-
duction. Blood samples may not provide reliable results
and therefore, current results need further confirmation
and validation. However, significant correlation in DNA
methylation levels was found between the peripheral tis-
sues and brain tissues for CYP2EI (rho=0.8451) [58].
Furthermore, dysmethylation of CYP2EI was observed
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in Parkinson’s diseased brains [54]. Second, our sample
size was relatively small to moderate. We used PROC
POWER in SAS 9.4 to compute power for the three inde-
pendent groups based on one-way ANOVA [59]. Based
on the sample size of 35 individuals for each group, the
power to detect the difference among three means of
three CpG sites could reach 64% and the power could
reach 78% for the third CpG site. Third, the methylation
level differences between groups are very small. There-
fore, our findings still need to be replicated in the future
studies with larger groups of patients. Forth, age and
education may influence the methylation levels though
we did not find the associations of these covariates (age
and education) with DNA methylation levels in the cur-
rent study. Fifth, factors that may affect gene methylation
level (such as age, medication, etc.) have been taken into
account in present research, but they were not so spe-
cific. Hence, the confounding factors mentioned above
need to be controlled more strictly in future studies.
Besides, to explore the concrete effect of a relative small
DNA methylation drop in the TD group on the expres-
sion of CYP2EI and to better understand the mecha-
nisms of CYP2E] in TD, functional analysis such as gene
expression are absolutely necessary to be involved in the
future study. Additionally, there are potential genetic
effects influencing the methylation level of CYP2EI,
hence, information about family history of mental ill-
ness, and ideally, the methylation levels of other family
members should also be measured in future studies. Last
but not least, we did not genotype CYP2EI in our stud-
ied subjects, thus no correlation was conducted between
CYP2E] genotypes and DNA methylation level. In future
studies, the possibility that polymorphisms are also nec-
essarily to be determined to better clarify the role of this
gene in the pathology. After all, the DNA methylation
of a gene it is not “per se” but oriented to predict gene
expression and its regulation.

Conclusion

Our study revealed that the DNA methylation level of the
CYP2E] in TD group was significantly lower compared
with the NTD and HC groups. Abnormal methylation of
oxidative stress-related CYP2EI may well be associated
with the susceptibility of TD. Furthermore, the methyla-
tion level in the second CpG site had borderline correla-
tion with AIMS score in the TD group, while the average
of three CpG sites had borderline correlation with dura-
tion of disease in the TD group. These findings may serve
as a resource for replication in other ethnic popula-
tions. Future functional studies of this gene such as gene
expression, a quantitative PCR analysis may help to bet-
ter characterize the genetic architecture of TD.
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