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ARTICLE INFO ABSTRACT

Keywords: Human endogenous retroviruses (HERV) have been widely associated with schizophrenia etiology. Aberrant
Retrovirus epigenetic processes may play a role in the etiology of schizophrenia. In this study, we tested whether schizo-
Inﬂamfflaﬁon phrenia patients at different stages of illness might present alterations in the levels of HERV-K methylation. We
Immunity recruited 49 first-episode schizophrenia (FES) patients with 47 age- and sex-matched healthy controls (HCs), and
Ez;:zz‘;cs 100 multi-episode schizophrenia (MES) patients with 50 age- and sex-matched HCs. Based on the Schedule for

Deficit Schizophrenia, patients with MES were also divided into two subgroups: deficit (D-SCZ) and non-deficit
schizophrenia (ND-SCZ). DNA methylation levels of HERV-K sequences were examined in peripheral blood
leukocytes. We found significantly lower levels of HERV-K methylation in FES patients compared to HCs.
Patients with MES and matched HCs had similar levels of HERV-K methylation. There was a significant positive
correlation between chlorpromazine equivalent dosage and HERV-K methylation levels in MES patients, but not
in FES individuals. No significant differences in HERV-K methylation levels between D-SCZ and ND-SCZ as well
as HCs were found. Our results indicate lower HERV-K methylation levels at early stages of schizophrenia. This
difference might normalize with subsequent exacerbations of schizophrenia, likely due to the effects of anti-
psychotics.

1. Introduction

Schizophrenia represents neurodevelopmental disorders with com-
plex causal mechanisms. The neurodevelopmental hypothesis of schi-
zophrenia states that the disorder develops due to interactions between
several genetic factors and environmental insults that impact critical
windows of brain development (Marin, 2016; Misiak et al., 2018b).
Environmental factors that are believed to play a causal role in the
etiology of schizophrenia include i.e. infections in the prenatal period.
Their causal role is supported by several studies showing subthreshold
inflammatory state in schizophrenia. Indeed, patients with schizo-
phrenia have been found to present distinct cytokine alterations
(Miller et al., 2011), abnormal counts of peripheral blood lymphocytes
(Miller et al., 2013; Karpinski et al., 2016), elevated levels of several
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antibodies or indices of central neuro-inflammation (Najjar and
Pearlman, 2015; Trepanier et al., 2016). It should be noted that a pro-
inflammatory state in schizophrenia has been associated with neuro-
structural brain abnormalities, cognitive impairment (Misiak et al.,
2018a), poor outcome of psychosis (Frydecka et al., 2014) as well as
deficit schizophrenia (D-SCZ) features associated with primary and
enduring negative symptoms (Kirkpatrick et al., 2001; Garcia-Rizo
et al., 2012). Our recent study also revealed that variation in the CD28
gene, encoding the protein that regulates T-cell activity, might impact
the risk of D-SCZ (Mak et al., 2018).

The exact mechanisms underlying subthreshold inflammation in
this disorder remain unclear. One of potential explanations might ori-
ginate from the role of endogenous retroviruses (ERVs). Notably, ERVs
have been detected in DNA of several species and represent relics of
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past infections with exogenous retroviruses that occurred about 100
million years ago (Slokar and Hasler, 2015). Human endogenous ret-
roviruses (HERVs) represent almost 8% of the human genome and are
distributed across numerous loci (Lander et al., 2001). They are clas-
sified based on similarities to exogenous retroviruses, sequence simi-
larities and primer binding sites (Blomberg et al., 2009). These se-
quences are unable to initiate the development of viral particles or
retrotransposition events due to acquired mutations. However, it has
been found that about 7% of ERVs might be transcriptionally active
(Oja et al., 2007). Interestingly, it has been shown that exogenous
viruses and hypoxia, which are believed to serve as schizophrenia risk
factors, might reactivate ERVs (Brutting et al., 2017). A recent study by
Melbourne et al. (2018) demonstrated that the levels of type W human
endogenous retrovirus (HERV-W) transcripts might be associated with a
pro-inflammatory phenotype in terms of elevated interleukin-6 and
interferon-y levels in patients with schizophrenia.. Interestingly, ele-
vated levels of HERV-K transcripts have been reported in brain samples
of patients with schizophrenia and bipolar disorder (Frank et al., 2005).
Furthermore, HERV-K has been found to serve as enhancer of the
proline dehydrogenase 1 (PRODH) gene that is believed to play a role of
in the etiology of schizophrenia (Suntsova et al., 2013).

Several lines of evidence indicate that aberrant epigenetic processes,
including DNA methylation, are associated with schizophrenia (Ibi and
Gonzalez-Maeso, 2015). Interestingly, a recent study by
Gao et al. (2018) provided evidence that aberrant DNA methylation
may play a role in the development of D-SCZ. The authors demonstrated
higher levels of matrix metalloproteinase-9 (MMP-9) gene expression in
peripheral blood mononuclear cells together with its hypomethylation
at some CpG sites in exon 4 and exon 5 in patients with D-SCZ. Given
that HERV-K sequences might be differentially expressed in patients
with schizophrenia, we tested the hypothesis whether there are differ-
ences in the levels of DNA methylation at HERV-K sites between pa-
tients with schizophrenia at different stages of illness and healthy
controls (HCs). To test this hypothesis, DNA methylation levels of
HERV-K were assessed in patients with first-episode schizophrenia
(FES), D-SCZ and those with non-deficit subtype of illness (ND-SCZ) as
well as healthy controls.

2. Methods
2.1. Participants

Patients and controls were recruited in two independent studies.
Study protocol was approved by the Ethics Committee of Wroclaw
Medical University and Pomeranian Medical University in Szczecin. All
participants gave written informed consent for participation in this
study. The first group of participants included 49 FES patients, aged
25.9 = 5.1 years and 47 HCs, aged 26.1 * 2.8 years. Patients with
FES were minimally medicated (chlorpromazine equivalents:
134 = 112mg/day and treatment duration: 5.3 + 4.6 days). They
were a convenience sample selected from our previous study that was
based on consecutive admissions to Lower Silesian Centre of Mental
Health, Wroclaw, Poland (Misiak et al., 2016). The second group con-
sisted of 100 multi-episode schizophrenia (MES) patients (48 males and
52 females), aged 37.5 + 10.9 years and 50 healthy controls, aged
37.2 + 17.8 years. These patients were a convenience sample derived
from our previous study, investigating genetics of D-SCZ (Mak et al.,
2018). In both groups, a diagnosis of schizophrenia was established
based on the DSM-IV and ICD-10 criteria. In addition, a diagnosis of
schizophrenia was confirmed using the Operational Criteria for Psy-
chotic Illness checklist (OPCRIT) (McGuffin et al., 1991). Patients with
MES were divided into two groups — D-SCZ and ND-SCZ patients, using
the Schedule for Deficit Schizophrenia (SDS) (Kirkpatrick et al., 1989).
According to the SDS, a diagnosis of D-SCZ can be established if at least
two negative symptoms are primary or idiopathic to the disease pro-
cess, persistent and present in the preceding 12 months. The following
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negative symptoms are captured by the SDS: 1) flat and restricted af-
fect; 2) poverty of speech; 3) reduction in content of speech; 4) atten-
tion deficits; 5) curbing of interests; 6) alogy, avolition and apathy and
7) reduced social interaction. Additionally, psychopathological mani-
festation on the day of recruitment was assessed using the Positive and
Negative Syndrome Scale (PANSS) (Kay et al., 1987).

In the study of FES patients, HCs were recruited by the word of
mouth among university students and medical staff. They had negative
family history of psychotic disorders in first- and second-degree re-
latives and reported no physical health impairments. In the study of
MES patients, HCs had also negative family history of psychotic dis-
orders in first- and second-degree relatives. Additionally, they had no
psychiatric disorders based on the Prime MD questionnaire
(Spitzer et al., 1999).

2.2. Assessment of HERV-K methylation status

Bisulfite treatment of 1 mg genomic DNA obtained from peripheral
blood leukocytes was performed using the EpiTect kit (Qiagen). HERV-
K methylation levels were assessed by the Combined Bisulfite
Restriction Assay (COBRA), using primer pairs previously described by
Jintaridth and Mutirangura (2010). In addition, we applied cubic
polynomial regression to correct HERV-K methylation levels for the
PCR bias and to reduce technical artefacts between multiple COBRA
runs. Detailed procedure of the PCR bias correction by cubic poly-
nomial regression was described by Moskalev et al. (2011).

2.3. Statistics

Between-group differences in the distribution of categorical vari-
ables were assessed using the y? test. Normality of data distribution and
homogeneity of variances were checked using the Shapiro-Wilk test
and the Levene's test. In case of normal distribution and homogeneity of
variance, t-test and one-way analysis of variance (ANOVA) were used.
Otherwise, differences in continuous variables between distinct groups
of patients and controls were evaluated using the Kruskal-Walis test or
the Mann-Whitney U test. Analysis of between-group differences in the
levels of HERV-K methylation was performed after removing outliers
that were identified by inspection of boxplots. Analysis of co-variance
(ANCOVA) was performed to test significance of between-group dif-
ferences after co-varying for the effects of age, sex, chlorpromazine
equivalent dosage and cigarette smoking. Correlations between con-
tinuous variables were tested using the Pearson's correlation coeffi-
cients. Differences were considered as statistically significant if the p-
value was less than 0.05. Statistical analysis was performed using the
Statistical Package for Social Sciences, version 20 (SPSS Inc., Chicago,
Ilinois, USA).

3. Results

General characteristics of patients and controls were presented in
Table 1. There were no significant differences in age and sex between
patients and HCs in both groups of participants. A number of in-
dividuals with higher education level was significantly higher among
HCs compared to patients with D-SCZ or ND-SCZ. Patients with D-SCZ
had significantly higher PANSS scores of positive, negative and general
symptoms.

HERV-K methylation levels in MES and FES patients compared to
HCs were shown in Fig. 1. Patients with FES had significantly lower
levels of HERV-K methylation compared to HCs (t = 2.092, df = 91,
p = 0.039). No significant differences in HERV-K methylation levels
between MES patients and HCs were found (t= 0.036, df = 133,
p = 0.971). In addition, patients with D-SCZ, those with ND-SCZ and
HCs had similar HERV-K methylation levels (df = 133, F = 0.319,
p = 0.727) (Fig. 2). Patients with MES had significantly higher HERV-K
methylation levels compared to FES patients (U = 3743, p < 0.001).
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Table 1

General characteristics of patients and controls.

D-SCZ, n = 48 ND-SCZ, n = 52 HCs, n = 50 P FES, n = 49 HCs, n = 47 P

Age 38.3 = 10.9 36.8 = 10.9 372 = 17.8 0.203 259 = 5.1 26.1 = 2.8 0.576
Sex, M(%) 24 (50.0) 24 (43.2) 25 (50.0) 0.835 27 (55.1) 23 (48.9) 0.545
Education, higher (%) 9 (18.75) 8 (15.4) 19 (38.0) 0.016 11 (22.4) 10 (21.3) 0.890
BMI, kg/m2 29.0 = 0.8 279 = 5.7 - 0.267 22.8 = 3.3 225 = 2.7 0.965
Cigarette smoker, n(%) 21 (43.75) 26 (50.0) - 0.532 16 (32.6) 12 (25.5) 0.443
PANSS-P 13.7 + 4. 11.9 + 5.4 - 0.007 22.8 = 54 - -
-PANSS-N 249 = 74 14.0 = 5.6 - < 0.001 18.5 *+ 6.6 - -
PANSS-G 36.2 = 10.1 26.8 = 9.1 - < 0.001 422 = 7.3 - -
CPZeq, mg/day 647 = 503 626 = 521 - 0.908 134 = 112 - -
Treatment duration, days - - - - 53 + 4.6 - -

Data expressed as mean + SD or the number of cases (%).

p-values calculated using the Mann-Whitney U test (continuous variables) and the xz test (categorical variables).
Abbreviations: BMI - body-mass index, CPZeq — chlorpromazine equivalents, FES — first-episode schizophrenia, HCs — healthy controls, D-SCZ — deficit schizophrenia

patients, ND-SCZ - non-deficit schizophrenia patients.
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Fig. 1. HERV-K methylation levels in distinct subgroups of patients and con-
trols. Mean levels are presented. Error bars represent 95%CI. P-values were
calculated using the independent samples t-test. Abreviations: FES - first-epi-
sode schizophrenia, HCs — healthy controls, MES — multiple-episode schizo-
phrenia.
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Fig. 2. HERV-K methylation levels with respect to a diagnosis of deficit schi-
zophrenia. Mean levels are presented. Error bars represent 95%CI. P-value was
calculated using the one-way ANOVA. Abbreviations: D-SCZ — deficit schizo-
phrenia, ND-SCZ — non-deficit schizophrenia, HCs — healthy controls.

Similarly, HCs for the sample of MES patients had significantly higher
HERV-K methylation levels in comparison with HCs for the sample of
FES patients (U = 1419, p < 0.001). However, there were also sig-
nificant differences in age between FES and MES patients (U = 4084,
p <0.001) as well as between both groups of HCs (U= 1631,
p = 0.001). The difference in HERV-K methylation levels between FES
patients and HCs remained significant after co-varying for age, sex,
cigarette smoking status and chlorpromazine equivalent dosage
(Table 2). In turn, the difference in HERV-K methylation between MES
patients and HCs, even after distinction of D-SCZ and ND-SCZ patients,
was insignificant after controlling for age, sex and chlorpromazine
equivalent dosage.

There was a significant positive correlation between HERV-K me-
thylation level and chlorpromazine equivalent dosage in the group of
MES patients (r = 0.241, p = 0.021) (Fig. 3). However, this correlation
was insignificant in FES patients (r = —0.208, p = 0.166). Similarly,
treatment duration was not associated with HERV-K methylation levels
in FES patients (r = —0.062, p = 0.681). Finally, we found no sig-
nificant correlations between the levels of HERV-K methylation and
scores of PANSS subscales neither in FES patients nor in MES in-
dividuals (Table 3).

4. Discussion

In this study, we found significantly lower levels of HERV-K me-
thylation in FES patients in comparison with HCs. We did not observe
significant differences in HERV-K methylation levels between MES pa-
tients and HCs. However, we also found that a dosage of antipsychotics
was positively but weakly correlated with the levels of HERV-K me-
thylation in MES patients. In addition, patients with D-SCZ and ND-SCZ
as well as HCs had similar levels of HERV-K methylation. These results
imply that methylation of HERV-K sequences may not play a role in the
pathophysiology of D-SCZ. However, it has recently been show that
aberrant epigenetic processes might be involved in the development of
D-SCZ (Gao et al., 2018). Negative findings in the group of MES patients
might be attributed to the effects of antipsychotic treatment since we
found a significant positive correlation between a dosage of anti-
psychotics and the levels of HERV-K methylation (weak correlation).
This correlation was insignificant in FES patients; however, exposure to
antipsychotics in this group of patients was relatively low. Therefore, it
might be hypothesized that antipsychotic treatment can restore normal
methylation levels. Indeed, several studies have found that anti-
psychotic might impact epigenetic processes, including DNA methyla-
tion (Reynolds and Fachim, 2016). In some studies, the dosage of an-
tipsychotics has been found to impact the extent of DNA methylation
changes (Ovenden et al., 2018).

Given that DNA hypomethylation is associated with up-regulation of
DNA expression, lower levels of HERV-K methylation in FES patients
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Table 2
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Results of the analysis of co-variance testing for differences in the HERV-K methylation levels between patients and controls after co-varying for age, sex, cigarette

smoking status and chlorpromazine equivalent dosage.

FES patients vs. HCs

MES patients vs. HCs D-SCZ vs. ND-SCZ vs. HCs

Group (patients vs. HCs) F =4.29, p = 0.041

Age F=0.27,p = 0.604
Sex F=10.08,p =0.776
Cigarette smoking (yes/no) F =0.06, p = 0.810
CPZeq F=157,p=0.214

F=0.66, p = 0.417
F=0.44, p = 0.510 F = 0.500, p = 0.481
F=0.97,p=0.326 F=0.85, p = 0.359

F=1.83,p=0.178 F=1.76,p = 0.187

F=1.20, p = 0.306

Abbreviations: CPZeq - chlorpromazine equivalent dosage, D-SCZ — deficit schizophrenia, FES - first-episode schizophrenia, MES — multiple-episode schizophrenia,

ND-SCZ - non-deficit schizophrenia.
Significant effects (p < 0.05) were marked with bold characters.
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Fig. 3. Correlation between chlorpromazine equivalent dosage and HERV-K
methylation in multiple-episode schizophrenia patients.

Table 3
Correlations between HERV-K methylation levels and psychopathological
manifestation.

FES patients MES patients

PANSS-P r=10.031, p = 0.840 r=0.065, p = 0.532
PANSS-N r= —0.105, p = 0.488 r= —0.025, p = 0.810
PANSS-G r =0.066, p = 0.662 r= —0.094, p = 0.364

Abbreviations: FES - first-episode schizophrenia, MES — multiple-episode
schizophrenia, PANSS-G - the Positive and Negative Syndrome Scale — score of
general psychopathology, PANSS-N - the Positive and Negative Syndrome Scale
— score of negative symptoms, PANSS-P — the Positive and Negative Syndrome
Scale - score of positive symptoms.

are in agreement with a recent study showing up-regulated expression
of HERV-K10 in brain samples from patients with schizophrenia and
bipolar disorder (Frank et al., 2005). Although we analysed DNA me-
thylation in peripheral blood leukocytes, highly concordant patterns of
DNA methylation between blood and brain tissues have been reported
in patients with schizophrenia (van den Oord et al., 2016). Moreover,
one study tested the association between HERV-K115 insertional
polymorphism and schizophrenia (Otowa et al., 2006). Authors found
no significant difference in the frequency of this polymorphism between
patients and controls. However, the HERV-K115 insertional poly-
morphism was significantly more frequent in patients with early onset
of psychosis (<18 years) compared to those with late onset of psychosis
(=18 years). Polymorphisms within the HERV-K18 locus have been
also associated with type 2 diabetes in patients with schizophrenia
(Dickerson et al., 2008; Nyegaard et al., 2012).

DNA methylation is largely influenced by aging processes. It has
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been reported that global hypomethylation together with hy-
permethylation of certain gene promoters appears with aging (Jung and
Pfeifer, 2015). Similarly, methylation of endogenous retroelements is
subjected to various age-related changes (Cardelli, 2018). Although the
majority of studies have reported age-related hypomethylation of en-
dogenous retroelements, there is also some evidence for hypermethy-
lation of these sequences in certain diseases associated with aging e.g.
atherosclerosis (Zaina et al., 2014). Only in one study, a negative cor-
relation between age and HERV-K methylation levels was reported
(Jintaridth and Mutirangura, 2010). In addition, the authors found that
a loss of HERV-K methylation occurs at the age of 40-63 years. Mean
age of participants from all subgroups of our study was lower than 40
years. This difference might potentially explain why we did not observe
a loss of HERV-K methylation in MES patients and matched HCs. Ac-
celerated aging in terms of indices of inflammation, cytotoxicity, oxi-
dative stress, metabolic homeostasis, gene expression and receptor or
synaptic functions has been also observed in patients with schizo-
phrenia (Nguyen et al., 2018). This observation might also potentially
explain a lack of differences in HERV-K methylation between MES pa-
tients and age-matched HCs. Moreover, a number of environmental
factors, including i.e. stress exposure or dietary intake of various nu-
trients, acting throughout the lifespan, might further impact DNA me-
thylation and might account for a lack of differences between MES
patients and HCs (Dauncey, 2014). These factors were not controlled in
our study.

Our study has certain limitations that need to be raised. Firstly, we
did not assess the levels of HERV-K transcripts and thus it is hard to
imply whether observed differences might have a functional impact.
Secondly, our subgroups of patients and HCs were not large. Therefore,
the risk of type I and type II errors cannot be excluded. Another point is
that patients with FES were not drug-naive; however, we did not find
significant correlations between chlorpromazine equivalent dosage or
treatment duration and the levels of HERV-K methylation. Another
point is that we did not record cigarette smoking status in HCs who
were a comparison group for MES patients. Finally, it should be noted
that the sample of MES patients, with almost equal numbers of D-SCZ
and ND-SCZ patients, was not a representative sample.

In summary, our results indicate hypo-methylation of HERV-K sites
in patients with FES. These findings cannot be observed in patients with
MES, most likely due to long-term exposure to antipsychotic treatment.
Similarly, methylation of HERV-K may not play a role in the patho-
physiology of D-SCZ. Future studies should disentangle whether DNA
methylation has a functional impact on the levels of HERV-K tran-
scripts. Longitudinal studies are also needed to unveil the mechanisms
underlying changes in HERV-K methylation in the course of illness.
Finally, investigating the effects of antipsychotics on DNA methylation
of HERV-K sequences might provide a broader insight into epigenetic
processes involved in their mechanisms of action.
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