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Abstract 
Differential DNA methylation in peripheral tissues has been associated with Borderline Person- 
ality Disorder (BPD). Alterations have been found in several genes, among them the Catechol- 
O-methyltransferase ( COMT ) gene. COMT is a known neuropsychiatric candidate gene, which 
contains a genotype variant (Val 108/158 Met) that affects protein function and has been found 
associated with several psychiatric disorders. In addition, this variant also affects COMT DNA 
methylation. However, in previous epigenetic studies, the DNA methylation results have not al- 
ways been controlled for genotype, even though overrepresentation of the Met allele has been 
frequently reported in cohorts of BPD patients. Therefore, in the present study, we investigated 
whether alteration of COMT DNA methylation in BPD patients is indeed associated with mental 
health status or merely influenced by a differential distribution of the COMT genotype between 
BPD patients and healthy control individuals. We found significant group differences, as well 
as a strong effect of genotype on COMT DNA methylation. While the direction of effect was 
different compared to a previous study, our study supports the finding of altered COMT DNA 
methylation in patients with BPD and reinforces the need to include genotype information in 
future DNA methylation studies of COMT . 
© 2019 Elsevier B.V. and ECNP. All rights reserved. 
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1. Introduction 

Epigenetic modifications, such as DNA methylation (DNAm),
regulate gene expression and have been described as
biomarkers for various diseases, among them psychi-
atric disorders. DNAm within regulatory regions of the
genome, such as the gene promoter, is typically associ-
ated with decreased gene expression ( Jones, 2012 ). To date,
the investigation of DNAm alterations in psychiatric pa-
tients has mainly focused on genes of known neuropsy-
chiatric relevance. One of these genes is the Catechol-
O-methyltransferase ( COMT ), a catecholamine degrading
enzyme that is expressed in various tissues including the
brain. COMT exists in two isoforms. The soluble form (S-
COMT) is mainly expressed in peripheral tissues, while the
membrane-bound form (MB-COMT) is mainly expressed in
the central nervous system ( Chen et al., 2004 ). The COMT
gene contains a common functional single nucleotide poly-
morphism (SNP) that influences the thermostability of COMT
( Chen et al., 2004 ) and has high relevance for psychi-
atric disorders ( Taylor, 2018 ). At this locus, substitution
of the wild-type guanine (G) allele for an adenosine (A)
causes an amino acid exchange from Valine to Methionine
(Val 108/158 Met). This exchange leads to structural changes
and, ultimately, reduced activity of the COMT protein,
which causes disturbances of the dopamine metabolism, es-
pecially in prefrontal areas of the brain ( Chen et al., 2004 ).
In line with this, the Met allele has been frequently found to
be associated with increased levels of prefrontal dopamine
as well as with psychiatric disorders ( Taylor, 2018 ). Besides
these well-known genotype-dependent differences in COMT
activity, altered expression levels of COMT may also influ-
ence the dopamine metabolism and, therefore, be rele-
vant for psychiatric disorders. Here, COMT DNAm may be
informative about expression levels, as both in vivo and in
cell line experiments report that COMT gene expression is
correlated with COMT DNAm ( Swift-Scanlan et al., 2014 ;
Ursini et al., 2011 ). Indeed, altered COMT DNAm has been
reported to be associated with risk for psychiatric disorders
such as schizophrenia (hypermethylation in exon 1 and pro-
moter of MB-COMT ( Gao et al., 2017 )), bipolar disorder (hy-
pomethylation in MB-COMT promoter ( Abdolmaleky et al.,
2006 )) and Borderline Personality Disorder (BPD) (hyperme-
thylation in S - and MB-COMT promoters ( Dammann et al.,
2011 )). 

However, the COMT Val 108/158 Met genotype has a strong
influence on DNAm such that methylation is higher in Met
allele carriers ( Schreiner et al., 2011 ). In several previous
epigenetic studies of the COMT promoter, most of the ob-
served inter-individual differences in methylation could be
accounted for by the underlying variation in Val 108/158 Met
genotype (shown in brain ( Murphy et al., 2005 ), buccal
( Mill et al., 2006 ) and blood samples ( Schreiner et al.,
2011 )). The remaining variation is attributed to environ-
mental influences. However, not all previous studies have
controlled for genotype when studying COMT methylation
and the respective findings may have been confounded by
group differences in Val 108/158 Met genotype frequencies. We
investigated COMT DNAm in patients with BPD, which has
previously been reported to be altered ( Dammann et al.,
2011 ), while controlling for COMT Val 108/158 Met genotype.
We sought to investigate whether DNAm alterations are
truly associated with mental health status or merely in-
fluenced by an overrepresentation of the Met allele in co-
horts of BPD patients, as has been frequently reported
( Liu et al., 2017 ). Therefore, we chose two CpG sites in
the S-COMT promoter, whose DNAm levels are known to
depend on Val 108/158 Met genotype, but also display a high
level of genotype-independent variance ( Mill et al., 2006 ;
Murphy et al., 2005 ). 

2. Experimental procedures 

2.1. Study population 

44 hospitalized BPD patients and 44 healthy control individuals
without any history of psychiatric disorders participated in the
study. All subjects were of Caucasian origin and groups were
matched for age and sex. BPD patients were diagnosed according
to the International Personality Disorder Examination (IPDE) and
met at least five diagnostic criteria for BPD as defined in DSM-
IV. Healthy participants did not have current or past diagnosis of
BPD or any other psychiatric disorder. This cohort is the same as
investigated in Knoblich et al. (2018 ) and partially overlaps with
the cohort investigated in Thomas et al. (2018 ). All study partic-
ipants were further characterized with additional questionnaires
as previously described ( Thomas et al., 2018 ), of which the Child-
hood Trauma Questionnaire (CTQ) ( Bernstein et al., 2003 ), as well
as nicotine and alcohol consumption (Audit ( Saunders et al., 1993 )
and Fagerstrom-Test ( Fagerstrom, 1978 )) were included as covari-
ates in this study. Missing nicotine and alcohol consumption data of
one BPD patient were imputed from the patients’ group mean. The
study was approved by the ethics committee of the University of
Tuebingen and was conducted in accordance with the Declaration
of Helsinki. Written informed consent was obtained from all study
participants. 

2.2. Sampling and DNA extraction 

Venous blood was drawn from all subjects, collected in Ethylenedi-
aminetetraacetic acid (EDTA) tubes and stored at −80 °C until fur-
ther analysis. DNA extraction was performed using the QIAamp DNA
Blood Maxi-Kit (Qiagen, Hilden, Germany). 

2.3. DNAm analysis 

DNA was bisulfite converted using the EpiTect Fast Bisulfite Con-
version Kit (Qiagen) and the region of interest within the COMT
promoter was amplified using the PyroMark PCR Kit (Qiagen) ac-
cording to the manufacturer’s instructions and with previously pub-
lished primers (F: 5-GAGTAGGTTGTGGATGGGTTGTA-3, R: 5-Biotin-
ACATTTCTAAACCTTACCCCTCTA-3) ( Mill et al., 2006 ). Several PCR
runs were performed as technical replicates for each sample (min-
imum two replications). DNAm at two CpG sites within the S-COMT
promoter (CpG22:19962541, CpG22:19962532) (hg38) was analyzed
and quantified by pyrosequencing of the PCR products using the
PyroMark Q24 system, PyroMark GoldReagents, PyroMark Q24 soft-
ware version 2.0.6 (all from Qiagen) and a previously published se-
quencing primer (S: 5- GTAATATAGTTGTTAATAGTAGA-3) ( Mill et al.,
2006 ). Only samples with standard deviation of < 3% between tech-
nical replicates were included in the analysis. Samples were bal-
anced in all steps of the analysis to avoid batch effects. 
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Table 1 Overview of patient and control cohorts. Data shown as mean ± standard deviation. P-value is reported from Student’s 
T-test (for group mean comparisons) and Chi-Square-Test (for differences in percentages between groups). 

Variable Controls Mean ± SD Patients Mean ± SD p-value 

Age 29.7 ± 8.8 29.5 ± 8.4 0.92 
Sex (% women) 91.6% 91.6% 1 
% Audit total score 3.4 ± 3.2 9.4 ± 8.7 < 0.001 
% Fagerstrom total score 0.1 ± 0.6 3.3 ± 3.2 < 0.001 
% under psychopharmacological medication 0% 90.9% < 0.001 
CTQ 34.1 ± 8.3 60.5 ± 24.4 < 0.001 
Val 108/158 Met Val/Val: 11 

Val/Met: 19 
Met/Met: 14 

Val/Val: 14 
Val/Met: 17 
Met/Met: 13 
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.4. Genotyping 

OMT Val 108/158 Met (rs4680) was genotyped on a StepOne system
sing TaqMan R © SNP Genotyping Assay C__25746809_50 (Thermo 
isher Scientific, Waltham, U.S.). Accuracy was assessed by dupli- 
ating 20% of the original sample, and reproducibility was 100%. The
enotype frequencies did not deviate from Hardy–Weinberg equilib- 
ium (HWE; p = 0.14 for patients, p = 0.79 for controls). 

.5. Statistical analysis 

tatistical analysis was performed using R version 3.4.1 ( RC 
eam, 2018 ). Multiple regression analysis was used to test the ef-
ect of group (patients vs. controls) on DNAm, including nicotine
onsumption (Fagerstrom total score), alcohol consumption (Audit 
otal score), childhood trauma (CTQ total score) and genotype as
ovariates. Covariates that resulted in a change of estimate (CIE)
elow 10% were removed from the model. Age and sex were not
onsidered as covariates, as groups were matched for these vari- 
bles. Group mean comparisons were performed using Student’s 
-test. Differences in percentages between groups were assessed 
ith Chi-Square-Test. 

. Results 

atient and control cohorts did not differ significantly in 
OMT Val 108/158 Met genotype frequencies, age and sex. Sig- 
ificant differences were observed for drinking and smoking 
ehavior, intake of psychopharmacological medication, as 
ell as all psychiatric questionnaires ( Table 1 ). 
There was a significant effect of group on DNAm at

pG22:19962532 ( β = −7.6, SE = 0.89, 95% CI [ −9.371,
5.827], t(85) = −8.53, p -value = 4.86 × 10 −13 ), but not
pG22:19962541 ( β = 0.87, SE = 0.88, 95% CI [ −0.887,
.631], t(85) = 0.97, p -value = 0.33) ( Fig. 1 A). In addition,
here was a significant effect of genotype on DNAm at
oth analyzed sites, with carriers of Met alleles show- 
ng higher methylation in both groups (CpG22:19962541: 
= 4.9, SE = 0.58, 95% CI [3.752, 6.041], t(85) = −8.51, p -
alue = 5.42 × 10 −13 , CpG22:19962532: β = 5.65, SE = 0.58,
5% CI [4.493, 6.798], t(85) = 9.74, p -value = 1.74 × 10 −15 )
 Fig. 1 B). Childhood trauma, nicotine and alcohol con- 
umption were not included in the models, as their ad-
ition resulted in a CIE of less than 10% for the signif-
cant CpG sites (1.8% CIE for group effect, 0.27% and 
.74% CIE for genotype). There was no interaction effect of
roup and genotype for neither CpG site (CpG22:19962541: 
= −0.3, SE = 1.16, 95% CI [ −2.601, 2.007], t(84) = −0.26,
 -value = 0.8, CpG22:19962532: β = 0.33, SE = 1.17, 95% CI
 −1.994, 2.648], t(84) = 0.28, p -value = 0.78). Post-hoc sex-
pecific analysis revealed that the observed effects were 
resent in both male ( N = 14) and female ( N = 74) study par-
icipants (data not shown). 

. Discussion 

e found that patients with BPD display significantly lower
NAm than healthy controls at one of the two analyzed CpG
ites in the promoter region of COMT, even after control-
ing for Val 108/158 Met genotype. This finding of altered COMT
NAm is in line with several previous studies reporting dif-
erential COMT DNAm in patients with BPD ( Dammann et al.,
011 ) and other psychiatric disorders, such as schizophrenia
 Abdolmaleky et al., 2006 ; Gao et al., 2017 ; Nohesara et al.,
011 ; Nour El Huda et al., 2018 ) and bipolar disorder
 Abdolmaleky et al., 2006 ; Zhang et al., 2018 ), even though
ifferent genomic regions of COMT were studied. While for
PD, the only previous study reports increased DNAm in pa-
ients ( Dammann et al., 2011 ), there are mixed reports for
chizophrenia and bipolar disorder, finding both decreased 
 Abdolmaleky et al., 2006 ; Nohesara et al., 2011 ; Nour El
uda et al., 2018 ), and increased ( Dammann et al., 2011 ;
ao et al., 2017 ) COMT DNAm in patients. However, compar-
sons between studies are difficult, as they differ not only in
ohort characteristics, such as ethnicity, age and sex, but
lso tissue type, type of DNAm analysis, as well as number
nd location of analyzed CpG sites. While the majority of
-COMT promoter CpG sites analyzed in the previous BPD
tudy showed hypermethylation in BPD patients, no signifi- 
ant difference was found for the two sites analyzed in the
resent study ( Dammann et al., 2011 ). These varying re-
ults may be explained by the effects of genotype frequen-
ies on COMT DNAm. We found that carriers of the Met al-
ele display higher DNAm, which is in line with a previous
tudy analyzing DNAm and genotype at the same CpG sites
n growth-discordant monozygotic twins and healthy adults 
 Schreiner et al., 2011 ). The effect of the Val 108/158 Met geno-
ype on COMT DNAm indicates that the respective SNP is
 methylation quantitative trait locus ( Smith et al., 2014 )
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Fig. 1 DNAm at CpG22:19962541 and CpG22:19962532 in BPD patients and controls (A), as well as shown for each Val 108/158 Met 
genotype Val (G/G), Val/Met (G/A), Met (A/A) (B). Boxplots represent values between 25% and 75% quantile, whiskers extend to most 
extreme values that are within 1.5x interquartile range (IQR) of boxplot hinges. ∗∗∗ = p -value < 0.001, ∗∗ = p -value < 0.01,N.S. = not 
significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

or is in linkage with one. Since the Met allele has been
reported to be overrepresented in BPD patients, this effect
may have confounded previous studies towards higher DNAm
in BPD patients. Lastly, we found that the observed alter-
ations in COMT DNAm were present in both male and female
study participants, even though sex-specific effects of the
COMT Val 108/158 Met genotype have been frequently reported
( Tunbridge and Harrison, 2011 ). Factors that may have con-
founded our analysis are lifetime stress and socioeconomic
status, as both were found associated with COMT DNAm
( Swift-Scanlan et al., 2014 ; Ursini et al., 2011 ) and were not
assessed in our cohort. In addition, comorbid psychiatric or
somatic disorders, as well as drug abuse were not assessed
and may have influenced our results. Further, we cannot
disentangle effects of BPD from effects of psychopharma-
cological medication, as they were highly correlated with
each other. Two other limitations of our study are the use of
blood as analysis tissue for the study of psychiatric disorders
as well as the lack of evidence for functional relevance of al-
tered COMT DNAm. With regards to analysis tissue, previous
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tudies suggest that peripheral measures of COMT DNAm can 
erve as surrogates for its methylation status in the brain
 Murphy et al., 2005 ; Nohesara et al., 2011 ; Ursini et al.,
011 ). In agreement with this, an imaging epigenetics study 
howed that COMT promoter DNAm measured in blood is as- 
ociated with neural activity in the prefrontal cortex, fur- 
her supporting the informative value of COMT DNAm in 
lood for the study of psychiatric disorders ( Walton et al.,
014 ). With regards to functional relevance, previous re- 
earch indicates that COMT DNAm is relevant for gene ex- 
ression ( Abdolmaleky et al., 2006 ; Ursini et al., 2011 ).
urphy et al. report that the differentially methylated site 
pG22:19962532 is embedded in GATA-1, GATA-2 and c-ETS 
lements and may therefore be involved in the regulation 
f S-COMT expression. Since both sites are located in the S-
OMT promoter, the predicted consequence of the observed 
ecreased promoter DNAm would be increased S-COMT gene 
xpression in BPD patients. In addition, both sites are within
he gene body of MB-COMT ( Tenhunen et al., 1994 ) and their
ethylation status may also exert influence on MB-COMT 

xpression ( Jjingo et al., 2012 ). A cell culture study showed
hat higher COMT DNAm is associated with decreased ex- 
ression, however the study did not differentiate between 
-COMT and MB-COMT expression and the methylation as- 
ay covered a larger genomic region, including 14 additional 
pG sites adjacent to the two sites analyzed in the present
tudy ( Swift-Scanlan et al., 2014 ). Interestingly, increased 
OMT expression is found in brain tissue of depressed sui- 
ide victims as compared to healthy controls matched for 
al 108/158 Met genotype ( Du et al., 2014 ). This finding sup-
orts the relevance of increased COMT expression for psy- 
hiatric disorders and is in line with our finding of decreased
OMT DNAm in BPD patients. 
Lastly, we did not observe differences in genotype fre- 

uencies between healthy controls and BPD patients, even 
hough such differences have previously been reported 
 Liu et al., 2017 ). One reason may be that our study was
ot adequately powered to detect differences in the range 
f the reported effect sizes. However, one previous large 
tudy with sufficient power had also reported no difference 
n Val 108/158 Met genotype between BPD patients and healthy 
ontrols ( Rujescu et al., 2003 ), so that our study may sup-
ort this finding. 
In conclusion, we observed significant alterations of 

OMT DNAm in blood of patients with BPD as compared to
ealthy controls, even after controlling for genotype. Fur- 
her studies are necessary to corroborate and extend our 
ndings, but we assume that the observed alterations can 
e of relevance to the pathophysiology of BPD and its associ-
ted symptoms. In addition, we found a strong effect of the
al 108/158 Met polymorphism on COMT DNAm in all subjects. 
herefore, we recommend including genotype information 
n future studies of COMT DNAm. 
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