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Abstract
Introduction: Obsessive-compulsive disorder (OCD) is asso-
ciated with high chronicity and treatment resistance, indi-
cating the need for early therapy response markers enabling 
fast and personalized treatment adaptations. Although epi-
genetic mechanisms such as DNA methylation of the oxyto-
cin receptor (OXTR) gene have previously been linked to 
OCD pathogenesis, epigenetic markers as predictors of 
treatment success have not yet been investigated in OCD. 
Objective: For the first time, this therapyepigenetic study 
aimed to investigate the role of OXTR methylation as a treat-
ment response marker in OCD. Methods: In total, 113 inpa-
tients with OCD (57 females) were compared to 113 age- and 
sex-matched healthy controls. Patients were investigated 
over a 10-week course of standardized, OCD-specific cogni-

tive-behavioral psychotherapy. Clinical response was mea-
sured using the Yale-Brown Obsessive Compulsive Scale (Y-
BOCS) at baseline, before in vivo exposure, and after therapy. 
OXTR exon III methylation was analyzed via direct sequenc-
ing of sodium bisulfite-treated DNA extracted from blood 
cells. Results: Relative OXTR hypermethylation was observed 
in OCD patients compared to healthy controls. In OCD, high-
er baseline OXTR methylation was found to predict impaired 
treatment response at both categorical (responders vs. non-
responders) and dimensional (relative Y-BOCS reduction) 
levels, whereas lower baseline methylation was related to 
treatment response and greater symptom improvements. 
Analysis of Y-BOCS subdimensions revealed that the associa-
tion between OXTR hypermethylation with impaired treat-
ment response applied especially to symptoms related to 
obsessions, but not compulsions. Conclusions: OXTR hyper-
methylation may constitute a predictive marker of impaired 
treatment response in OCD and thus carries great potential 
for future personalized treatment efforts in OCD.

© 2020 S. Karger AG, Basel
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Introduction

Obsessive-compulsive disorder (OCD) is a highly bur-
densome, often chronic mental disorder with a lifetime 
prevalence of 1–3% [1, 2]. The etiology of OCD is multifac-
torial, entailing complex interactions between environ-
mental and genetic factors with a heritability of 27–65% [3]. 
For the treatment of OCD, besides pharmacological op-
tions, cognitive-behavioral therapy entailing exposure and 
response prevention exercises has been established as first-
line, evidence-based psychotherapeutic treatment. Ap-
proximately 50% of patients treated for OCD respond well 
to standard-of-care treatment; however, the remaining half 
are considered partial responders or nonresponders [4]. 
Consequently, there is an urgent need to identify predictive 
treatment response markers that could potentially guide 
clinical decision making towards more personalized and 
thus more efficacious therapeutic interventions.

Epigenetic mechanisms, prominently DNA methyla-
tion, have been crucially implicated at the crossroads be-
tween genetic and environmental factors by critically in-
fluencing gene regulation and mediating adaptation to 
environmental factors [4–6]. While some previous stud-
ies (ns = 9–65) have reported epigenetic alterations asso-
ciated with OCD [7–12], no study has so far evaluated 
DNA methylation patterns as predictors of therapy out-
come in this phenotype.

A promising candidate in the pathogenesis of OCD is 
the oxytocin system [13]. In rats, oxytocin injection into 
the central nucleus of the amygdala has been shown to 
induce hypergrooming, assumed to reflect OCD-related 
behavior [14]. Accordingly, elevated plasma and cerebro-
spinal fluid oxytocin levels were found in OCD [15, 16]. 
On an epigenetic level, increased OXTR exon III meth-
ylation was discerned in OCD patients compared to 
healthy controls [12].

Thus, in the present study, OXTR exon III methylation 
was investigated using (i) a case-control design as well as 
for the first time a longitudinal approach enabling the 
evaluation of (ii) the potential of OXTR methylation as a 
predictor of the clinical response to standardized cogni-
tive-behavioral therapy in OCD, and (iii) the temporal 
dynamics in OXTR methylation as a potential mechanism 
conveying treatment response. Given the aforementioned 
body of literature, we expected OXTR methylation (i) to 
be increased in patients with OCD relative to healthy 
 controls, (ii) to predict impaired treatment response, and 
(iii) to decrease along with treatment response if consid-
ered a state marker, or to remain stable if considered a 
trait marker in OCD.

Materials and Methods

Samples and Treatment
In total, 113 Caucasian patients with OCD (mean age ± SD: 

34.31 ± 11.57 years; 57 females) were recruited at the Psychoso-
matic Hospital Windach, Germany, between 2014 and 2017. OCD 
diagnosis was ascertained based on a structured clinical interview 
according to DSM-IV criteria (SCID-I) by experienced psychia-
trists and/or clinical psychologists. Patients underwent an 8- to 
10-week semi-standardized cognitive-behavioral therapy com-
prising psychoeducation, exposure and response prevention/man-
agement (phase I), and intensive in vivo exposure (“flooding”) 
(phase II). Eighty-four patients additionally received psychiatric 
medication at baseline (see online suppl. Material, for all online 
suppl. material, see www.karger.com/doi/10.1159/000509910); cf. 
[17]). 

Healthy controls (n = 113; age: 33.63 ± 10.12 years; 57 females) 
of Caucasian background without a history of mental disorder 
matched for age and sex to the patient group were recruited at the 
Department of Psychiatry, University of Würzburg, Germany, 
within the Collaborative Research Center SFB-TRR58 between 
2013 and 2016 [18, 19].

Inclusion/exclusion criteria and sample characteristics are de-
tailed in the online supplementary Material.

In patients, OCD severity was assessed via the Yale-Brown Ob-
sessive Compulsive Scale (Y-BOCS) at baseline (T0) and after 
treatment phases I (T1) and II (T2; for details see online suppl. 
Material), with items 1–5 reflecting symptoms related to obses-
sions and items 6–10 symptoms related to compulsions [20]. 

Genetic and Epigenetic Analyses
Genotyping for OXTR rs53576 as well as OXTR exon III DNA 

methylation analyses were performed according to published pro-
tocols (cf. [21, 22]; see online suppl. Material). 

Statistical Analyses
Between-group differences in dimensional variables were 

tested by means of independent-sample t tests or univariate AN-
COVA, and differences in dimensional variables by means of 
correlation analyses. Binary logistic regression was applied for 
categorical, linear regression for dimensional treatment re-
sponse analyses (see online suppl. Material). The significance 
level was set at p < 0.05. For secondary analyses (single CpG 
sites), Benjamini-Hochberg correction for multiple testing was 
applied.

Results

Sample Descriptives
For methylation levels (average, single CpGs) at T0, 

T1, and T2 see Table 1. In patients, OXTR T0 methylation 
did not correlate with total Y-BOCS scores (r = 0.060, p = 
0.531) or obsessive (r = 0.004, p = 0.970) and compulsive 
(r = 0.095, p = 0.317) subscales at T0. See online supple-
mentary Material for further descriptive statistics and 
confounder analysis.
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Case-Control Differences in Baseline OXTR 
Methylation
At baseline, average OXTR methylation was signifi-

cantly higher in OCD patients than controls (p < 0.001), 

which also held true for CpGs 1, 2, 4, 8, 11, and 12 (all  
p < 0.001). For CpGs 3, 5–7, and 9, no differences (all p ≥ 
0.132) or lower methylation at CpG10 (p < 0.001) were 
observed.

Table 1. OXTR exon III methylation levels in the total sample of healthy controls and patients with obsessive-
compulsive disorder

Controls Patients

T0 T0 T1 T2

M SE M SE M SE M SE

Average 0.091 0.007 0.131 0.006 0.131 0.006 0.131 0.007
CpG1 0.028 0.007 0.102 0.005 0.095 0.004 0.109 0.006
CpG2 0.008 0.005 0.077 0.004 0.074 0.004 0.076 0.004
CpG3 0.097 0.013 0.120 0.006 0.121 0.007 0.117 0.008
CpG4 0.008 0.003 0.095 0.005 0.097 0.005 0.095 0.006
CpG5 0.129 0.013 0.147 0.008 0.148 0.007 0.144 0.009
CpG6 0.171 0.015 0.189 0.008 0.192 0.009 0.185 0.009
CpG7 0.142 0.012 0.165 0.007 0.165 0.007 0.164 0.009
CpG8 0.020 0.006 0.107 0.005 0.103 0.006 0.107 0.007
CpG9 0.130 0.013 0.151 0.006 0.150 0.007 0.149 0.008
CpG10 0.301 0.019 0.208 0.008 0.214 0.008 0.208 0.010
CpG11 0.009 0.003 0.076 0.004 0.076 0.004 0.077 0.005
CpG12 0.044 0.009 0.137 0.007 0.134 0.007 0.136 0.008

M, mean; SE, standard error of the mean; T0: baseline, T1: after treatment phase I, T2: after treatment (for 
details, see Methods section). For statistics see Results section.

Table 2. Prediction of responder status after therapy (T2) by OXTR exon III methylation at baseline (T0) in pa-
tients with obsessive-compulsive disorder 

Methylation B SE Wald df p OR (95% CI)

Average –0.135 0.057 5.500 1 0.019 0.874 (0.781–0.978)
CpG1 –0.142 0.060 5.565 1 0.018 0.867 (0.771–0.976)
CpG2 –0.151 0.068 4.931 1 0.026 0.860 (0.752–0.982)
CpG3 –0.082 0.048 2.917 1 0.088 0.921 (0.838–1.012)
CpG4 –0.100 0.063 2.548 1 0.110 0.904 (0.800–1.023)
CpG5 –0.076 0.040 3.565 1 0.059 0.927 (0.857–1.003)
CpG6 –0.097 0.042 5.249 1 0.022 0.908 (0.835–0.986)
CpG7 –0.120 0.048 6.128 1 0.013 0.887 (0.807–0.975)
CpG8 –0.137 0.062 4.902 1 0.027 0.872 (0.773–0.984)
CpG9 –0.106 0.049 4.634 1 0.031 0.900 (0.817–0.991)
CpG10 –0.084 0.039 4.539 1 0.033 0.919 (0.851–0.993)
CpG11 –0.149 0.070 4.476 1 0.034 0.862 (0.751–0.989)
CpG12 –0.143 0.053 7.290 1 0.007 0.867 (0.782–0.962)

Responder status defined by the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) score ≤12 at T0 (indicating 
“wellness” as defined by symptom remission, good quality of life, and a high level of adaptive functioning; cf. 
Farris et al. [39]). Analyses were corrected for age, Y-BOCS sum at baseline, and illness duration. p values 
significant at Benjamini-Hochberg corrected significance level of p < 0.038 are in bold. B, unstandardized beta; 
SE, standard error of the mean; df, degrees of freedom; OR, odds ratio; 95% CI, 95% confidence interval.
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OXTR Methylation and Treatment Response 
Prediction
Categorical Analysis
Average OXTR methylation and methylation at single 

CpG sites 1, 2, and 6–12 at T0 significantly predicted cat-
egorical treatment response (total Y-BOCS ≤12; see on-
line suppl. Material) at T2 (for statistics, see Table 2). For 
each unit (%) increase in methylation, the odds of being 
classified as a responder decreased, i.e., relative OXTR hy-
permethylation was related to treatment nonresponse, 
whereas hypomethylation was linked to treatment re-
sponse. 

Dimensional Analysis
Total Y-BOCS Score. Average OXTR methylation at T0 

significantly predicted changes in total Y-BOCS score 
from T0 to T1 (β = 0.221, t = 2.10, p = 0.039) (Fig. 1), with 
lower T0 methylation levels associated with greater Y-
BOCS reductions. For single CpGs, methylation at CpG1 
(β = 0.224, t = 2.25, p = 0.028), CpG2 (β = 0.250, t = 4.41, 
p = 0.019), CpG10 (β = 0.224, t = 2.10, p = 0.039), CpG11 
(β = 0.268, t = 2.61, p = 00.011), CpG12 (β = 0.224, t = 

2.20, p = 0.031), but not CpGs 3–9 (all p ≥ 0.07), was re-
lated to changes in total Y-BOCS scores from T0 to T1  
on a suggestive significance level following Benjamini- 
Hochberg correction.

For T0–T2 changes, only methylation at CpG12 was 
nominally related to differences in Y-BOCS total score  
(β = 0.223, t = 2.18, p = 0.032), with lower T0 methylation 
linked to greater Y-BOCS reduction, whereas average T0 
methylation and methylation at all other CpGs failed to 
reach statistical significance (all p ≥ 0.10) related to 
changes in Y-BOCS scores (Fig. 1). 

Y-BOCS Subscale “Obsessions”. Average OXTR meth-
ylation at T0 (β = 0.297, t = 2.78, p = 0.007) (Fig. 1) as well 
as methylation at CpG1 (β = 0.283, t = 2.78, p = 0.007), 
CpG2 (β = 0.336, t = 3.21, p = 0.002), CpG3 (β = 0.239,  
t = 2.25, p = 0.028), CpG4 (β = 0.265, t = 2.46, p = 0.016), 
CpG5 (β = 0.241, p = 0.030), CpG6 (β = 0.265, t = 2.44,  
p = 0.017), CpG7 (β = 0.268, t = 2.42, p = 0.018), CpG8  
(β = 0.255, t = 2.35, p = 0.021), CpG9 (β = 0.268, t = 2.46, 
p = 0.017), CpG10 (β = 0.277, t = 2.54, p = 0.013), CpG11 
(β = 0.342, t = 3.29, p = 0.002), and CpG12 (β = 0.298, t = 
2.89, p = 0.005) were predictive of T0–T1 changes in the 
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Fig. 1. Prediction of dimensional treatment response by OXTR exon III methylation at baseline (T0). Y-BOCS, 
Yale-Brown Obsessive Compulsive Scale; T0, baseline; T1, after treatment phase I; T2, after treatment (for details, 
see Methods section).
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Y-BOCS “obsessions” subscale, all withstanding Ben-
jamini-Hochberg correction for multiple testing. Again, 
lower T0 OXTR methylation was related to greater reduc-
tions in Y-BOCS “obsessions” scores.

Average T0 methylation significantly predicted chang-
es in the Y-BOCS “obsessions” subscale (β = 0.235, t = 
2.14, p = 0.035) from T0 to T2 (Fig.  1), with lower T0 
methylation accompanying greater reductions in the Y-
BOCS “obsessions” scale. With respect to single CpGs, 
although not withstanding Benjamini-Hochberg correc-
tion, methylation at CpG1 (β = 0.247, t = 2.34, p = 0.022), 
CpG7 (β = 0.250, t = 2.20, p = 0.031), CpG8 (β = 0.233,  
t = 2.10, p = 0.039), and CpG12 (β = 0.289, t = 2.75, p = 
0.008), but not CpGs 2–6 and 9–11 (all p ≥ 0.052) was 
suggestively related to T0–T2 changes in Y-BOCS “obses-
sions” scores.

Y-BOCS Subscale “Compulsions.” Neither average T0 
methylation (Fig. 1) nor single CpG methylation was sig-
nificantly related to changes in the Y-BOCS “compul-
sions” subscale for T0–T1 (all p ≥ 0.165) or T0–T2 (all  
p ≥ 0.236) comparisons. 

OXTR Methylation and Treatment Response 
Mechanism
Comparing average methylation levels and methyla-

tion at single CpGs over time (T0, T1, T2) between re-
sponders (Y-BOCS ≤12 at T2) and nonresponders (Y-
BOCS > 12 at T2) revealed no significant changes in OXTR 
methylation over the course of treatment in interaction 
with responder status (all p ≥ 0.311) or independently of 
group (all p ≥ 0.090).

Dimensional symptom changes (Δ%) were also unre-
lated to simultaneous changes in methylation levels (av-
erage, single CpGs; Δ%) for T0–T1 and T0–T2 compari-
sons (all p ≥ 0.280).

Discussion

OXTR exon III hypomethylation at baseline was for 
the first time observed to be associated with posttreat-
ment symptom improvement both categorically and di-
mensionally in OCD patients, and thus might serve as a 
potential early biomarker predictive of treatment re-
sponse, while relative hypermethylation at baseline – 
possibly constituting a trait marker of OCD as evidenced 
by the presently observed case-control differences – pre-
dicted treatment nonresponse. This pilot finding thus 
replicates and extends a previous observation of in-
creased OXTR exon III methylation in OCD [12]. While 

increased methylation of the promoter/exon I gene re-
gion has been shown to entail silenced gene transcrip-
tion, hypermethylation of the gene body has been linked 
to enhanced transcription [23]. Accordingly, the pres-
ently observed increased OXTR exon III methylation – 
and thus presumably heightened oxytocinergic trans-
mission – conferring impaired treatment response is fur-
thermore in accordance with elevated plasma as well as 
cerebrospinal fluid oxytocin levels in OCD patients [15, 
16] and with oxytocin inducing OCD-like behavior in 
the rodent model [14]. Along these lines, oxytocin ad-
ministration – although proposed as a treatment adjunct 
in other mental disorders [23–26] – has been shown to 
be ineffective in treating OCD [27, 28]. A detrimental 
role of increased oxytocin in OCD pathogenesis and 
treatment response could be interpreted in the context of 
oxytocin having been linked to volitional and emotional 
ambivalence [29], and an observed strong ambivalence 
regarding apparently opposing interpersonal styles of 
prosocial attitudes and latent aggression in OCD [30]. 
Furthermore, analysis of OCD symptom subdimensions 
revealed that the presently observed predictive value of 
increased OXTR exon III methylation regarding im-
paired dimensional treatment response applied in par-
ticular to symptoms related to obsessions, but not com-
pulsions. This finding could be interpreted in light of pa-
tients with predominant obsessions displaying worse 
memory deficits than those with cleanliness/washing 
compulsions [31] and the proposition of oxytocin as an 
“amnesic” neuropeptide. Indeed, oxytocin appears to at-
tenuate memory consolidation and retrieval [32–35], 
suggesting that increased oxytocin could thereby perpet-
uate obsessive thoughts and thus impair treatment re-
sponse via memory deficits. Interestingly, the predictive 
quality of relative OXTR hypermethylation was particu-
larly apparent for impaired dimensional treatment re-
sponse during the early stages of treatment (i.e., follow-
ing phase I), which is in line with oxytocin administra-
tion having been shown to increase fear responding in 
the early stages of extinction learning [36, 37] and to even 
impair response to exposure therapy [38]. Therefore, as-
suming higher oxytocinergic transmission as a conse-
quence of increased OXTR methylation, the link to im-
paired treatment response particularly in the early stages 
of exposure-based therapy may partially be due to the 
effects of increased anxiety resulting in less confidence in 
the therapeutic alliance and treatment efficacy, and, ulti-
mately, impaired consolidation effects in the long term 
[35, 38]. Thus, epigenetically conferred, increased oxyto-
cin transmission might constitute one of several biologi-
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cal factors contributing to a hampered treatment re-
sponse in OCD, particularly during early stages of treat-
ment and in conjunction with predominantly obsessive 
symptoms. Future studies are thus warranted to investi-
gate whether blockade of the oxytocin receptor with a 
blood-brain barrier-penetrating oxytocin receptor an-
tagonist might constitute an effective treatment adjunct 
towards alleviating OCD symptoms.

When analyzing the temporal dynamics of OXTR 
methylation in the course of treatment, no relationship 
between OXTR methylation changes and categorical 
treatment response or dimensional symptom changes 
was observed, thus not supporting the notion of OXTR 
methylation to be involved in treatment response mecha-
nisms. Instead, differential OXTR methylation may con-
stitute a predictive marker facilitating – or hindering – 
treatment success. 

Despite the strengths of the present study, e.g., com-
prising the largest sample size so far in the field of OCD 
epigenetics, a case-control approach, high clinical and de-
mographic homogeneity, strict inclusion and exclusion 
criteria minimizing the risk of confounding factors, and 
a longitudinal epigenetic approach, our findings ought to 
be interpreted in light of some limitations as detailed in 
the online supplementary Material. 

Conclusion

The present data corroborate and extend a previous 
study implicating increased OXTR exon III methylation 
in OCD [12] by for the first time suggesting relative OXTR 
exon III hypermethylation as (i) a trait marker of OCD 
and (ii) a predictive marker of impaired therapy response 
in OCD, particularly related to obsessive symptoms. The 
present results thus carry genuine potential to translate 
into clinical routine by informing indicated preventive 
measures in at-risk individuals and personalized treat-
ments in OCD in order to determine the most accurate 
treatment for the individual patient and to enable early 
treatment modification or augmentation based on epi-
genetic information.

Acknowledgments

We gratefully acknowledge the skillful technical assistance by 
C. Gagel, P. Veratti, U. Wering, U. Götzinger-Berger, B. Günter, 
and S. Meixensberger. K.D. and M.A.S. are members of the Anxi-
ety Disorders Research Network (ADRN), European College of 
Neuropsychopharmacology (ECNP).

Statement of Ethics

This study was approved by the Ethics Committee of the Uni-
versity of Würzburg, Germany (votes 07/08, 79/12, 128/14) and 
conducted in agreement with the Helsinki Declaration. All par-
ticipants gave written informed consent prior to participation. 

Conflict of Interest Statement

K.D. is a member of the Janssen Pharmaceuticals, Inc. Steering 
Committee Neurosciences. All other authors have no conflicts of 
interest to declare.

Funding Sources

Funding of this study was provided by the EQUIP Medical Sci-
entist Program of the Medical Faculty of the University of Freiburg, 
Germany (to M.A.S.), and the German Research Foundation 
(DFG) – project No. 44541416 – SFB-TRR 58, subprojects C02 and 
Z02 (to K.D.); neither of the funding agencies had a role in the 
study design or in the collection, analysis, and interpretation of the 
data, in the writing of the report, or in the decision to submit the 
paper for publication.

Author Contributions

K.D., M.Z., and G.B. designed the study. L.F., L.P., R.K., W.H., 
and M.M. coordinated or performed patient recruitment and as-
certainment of psychometric data as well as blood samples. M.Z. 
and G.B. supervised sample recruitment. E.R. and M.G.G. contrib-
uted to data curation. C.T. and L.K. performed genotyping and 
DNA methylation analyses. M.A.S. managed the database and per-
formed the statistical analyses. M.H. was instrumental in the intel-
lectual discussion. M.A.S. and K.D. managed the literature search-
es and wrote the first draft of the manuscript. All authors contrib-
uted to and have approved the final manuscript.

References  1 Ruscio AM, Stein DJ, Chiu WT, Kessler RC. 
The epidemiology of obsessive-compulsive dis-
order in the National Comorbidity Survey Rep-
lication. Mol Psychiatry. 2010 Jan; 15(1): 53–63.

 2 Robbins TW, Vaghi MM, Banca P. Obsessive-
compulsive disorder: puzzles and prospects. 
Neuron. 2019 Apr; 102(1): 27–47.

 3 van Grootheest DS, Cath DC, Beekman AT, 
Boomsma DI. Twin studies on obsessive-
compulsive disorder: a review. Twin Res Hum 
Genet. 2005; 8(5): 450-8.

 4 Schiele MA, Domschke K. Epigenetics at the 
crossroads between genes, environment and 
resilience in anxiety disorders. Genes Brain 
Behav. 2018 Mar; 17(3):e12423.

 5 Schiele MA, Gottschalk MG, Domschke  
K. The applied implications of epigenetics  
in anxiety, affective and stress-related disor-
ders – a review and synthesis on psychosocial 
stress, psychotherapy and prevention. Clin 
Psychol Rev. 2020 Apr; 77: 101830.

D
ow

nl
oa

de
d 

by
: G

. F
av

a 
- 

28
04

8
87

.8
.1

61
.2

16
 -

 3
/3

/2
02

1 
7:

20
:4

8 
P

M

https://www.karger.com/Article/FullText/509910?ref=1#ref1
https://www.karger.com/Article/FullText/509910?ref=2#ref2
https://www.karger.com/Article/FullText/509910?ref=3#ref3
https://www.karger.com/Article/FullText/509910?ref=3#ref3
https://www.karger.com/Article/FullText/509910?ref=4#ref4
https://www.karger.com/Article/FullText/509910?ref=4#ref4
https://www.karger.com/Article/FullText/509910?ref=5#ref5
https://www.karger.com/Article/FullText/509910?ref=5#ref5


OXTR Methylation and Treatment 
Response in OCD

63Psychother Psychosom 2021;90:57–63
DOI: 10.1159/000509910

16 Leckman JF, Goodman WK, North WG, 
Chappell PB, Price LH, Pauls DL, et al. Elevat-
ed cerebrospinal fluid levels of oxytocin in 
obsessive-compulsive disorder. Comparison 
with Tourette’s syndrome and healthy con-
trols. Arch Gen Psychiatry. 1994 Oct; 51(10): 

782–92.
17 Baldessarini RJ, Tondo L. Effects of treatment 

discontinuation in clinical psychopharmacol-
ogy. Psychother Psychosom. 2019; 88(2): 65–
70.

18 Schiele MA, Herzog K, Kollert L, Schartner C, 
Leehr EJ, Böhnlein J, et al. Extending the vul-
nerability-stress model of mental disorders: 
three-dimensional NPSR1 × environment × 
coping interaction study in anxiety. Br J Psy-
chiatry. 2020 Apr; 1–6.

19 Schiele MA, Ziegler C, Holitschke K, Schart-
ner C, Schmidt B, Weber H, et al. Influence of 
5-HTT variation, childhood trauma and self-
efficacy on anxiety traits: a gene-environ-
ment-coping interaction study. J Neural 
Transm (Vienna). 2016 Aug; 123(8): 895–904.

20 Goodman WK, Price LH, Rasmussen SA, Ma-
zure C, Fleischmann RL, Hill CL, et al. The 
Yale-Brown Obsessive Compulsive Scale. I. 
Development, use, and reliability. Arch Gen 
Psychiatry. 1989 Nov; 46(11): 1006–11.

21 Ziegler C, Dannlowski U, Bräuer D, Stevens S, 
Laeger I, Wittmann H, et al. Oxytocin recep-
tor gene methylation: converging multilevel 
evidence for a role in social anxiety. Neuro-
psychopharmacology. 2015 May; 40(6): 1528–
38.

22 Unternaehrer E, Luers P, Mill J, Dempster E, 
Meyer AH, Staehli S, et al. Dynamic changes 
in DNA methylation of stress-associated 
genes (OXTR, BDNF) after acute psychoso-
cial stress. Transl Psychiatry. 2012 Aug; 

2(8):e150.
23 Scheele D, Lieberz J, Goertzen-Patin A, En-

gels C, Schneider L, Stoffel-Wagner B, et al. 
Trauma disclosure moderates the effects of 
oxytocin on intrusions and neural responses 
to fear. Psychother Psychosom. 2019; 88(1): 

61–3.
24 Zhao W, Becker B, Yao S, Ma X, Kou J, Ken-

drick KM. Oxytocin enhancement of the pla-
cebo effect may be a novel therapy for work-
ing memory impairments. Psychother Psy-
chosom. 2019; 88(2): 125–6.

25 Hurlemann R, Scheele D, Kinfe TM, Berger R, 
Philipsen A, Voncken MJ, et al. Increased 
temporal discounting in social anxiety disor-
der normalizes after oxytocin treatment. Psy-
chother Psychosom. 2019; 88(1): 55–7.

26 Singewald N, Schmuckermair C, Whittle N, 
Holmes A, Ressler KJ. Pharmacology of cog-
nitive enhancers for exposure-based therapy 
of fear, anxiety and trauma-related disorders. 
Pharmacol Ther. 2015 May; 149: 150–90.

27 den Boer JA, Westenberg HG. Oxytocin in 
obsessive compulsive disorder. Peptides. 1992 
Nov-Dec; 13(6): 1083–5.

28 Epperson CN, McDougle CJ, Price LH. Intra-
nasal oxytocin in obsessive-compulsive disor-
der. Biol Psychiatry. 1996 Sep; 40(6): 547–9.

29 Preckel K, Scheele D, Eckstein M, Maier W, 
Hurlemann R. The influence of oxytocin on 
volitional and emotional ambivalence. Soc 
Cogn Affect Neurosci. 2015 Jul; 10(7): 987–93.

30 Moritz S, Niemeyer H, Hottenrott B, Schilling 
L, Spitzer C. Interpersonal ambivalence in ob-
sessive-compulsive disorder. Behav Cogn 
Psychother. 2013 Oct; 41(5): 594–609.

31 Nakao T, Nakagawa A, Nakatani E, Nabeya-
ma M, Sanematsu H, Yoshiura T, et al. Work-
ing memory dysfunction in obsessive-com-
pulsive disorder: a neuropsychological and 
functional MRI study. J Psychiatr Res. 2009 
May; 43(8): 784–91.

32 Bohus B, Kovács GL, de Wied D. Oxytocin, 
vasopressin and memory: opposite effects on 
consolidation and retrieval processes. Brain 
Res. 1978 Nov; 157(2): 414–7.

33 Ferrier BM, Kennett DJ, Devlin MC. Influ-
ence of oxytocin on human memory process-
es. Life Sci. 1980 Dec; 27(24): 2311–7.

34 Heinrichs M, Meinlschmidt G, Wippich W, 
Ehlert U, Hellhammer DH. Selective amnesic 
effects of oxytocin on human memory. Physi-
ol Behav. 2004 Oct; 83(1): 31–8.

35 Heinrichs M, von Dawans B, Domes G. Oxy-
tocin, vasopressin, and human social behav-
ior. Front Neuroendocrinol. 2009 Oct; 30(4): 

548–57.
36 Acheson D, Feifel D, de Wilde S, McKinney 

R, Lohr J, Risbrough V. The effect of intrana-
sal oxytocin treatment on conditioned fear 
extinction and recall in a healthy human sam-
ple. Psychopharmacology (Berl). 2013 Sep; 

229(1): 199–208.
37 Eckstein M, Becker B, Scheele D, Scholz C, 

Preckel K, Schlaepfer TE, et al. Oxytocin fa-
cilitates the extinction of conditioned fear in 
humans. Biol Psychiatry. 2015 Aug; 78(3): 

194–202.
38 Acheson DT, Feifel D, Kamenski M, Mckin-

ney R, Risbrough VB. Intranasal oxytocin ad-
ministration prior to exposure therapy for 
arachnophobia impedes treatment response. 
Depress Anxiety. 2015 Jun; 32(6): 400–7.

39 Farris SG, McLean CP, Van Meter PE, Simp-
son HB, Foa EB. Treatment response, symp-
tom remission, and wellness in obsessive-
compulsive disorder. J Clin Psychiatry. 2013 
Jul; 74(7): 685–90.

 6 Gottschalk MG, Domschke K, Schiele MA. 
Epigenetics underlying susceptibility and re-
silience relating to daily life stress, work stress, 
and socioeconomic status. Front Psychiatry. 
2020 Mar; 11: 163.

 7 Stewart SE, Yu D, Scharf JM, Neale BM, 
Fagerness JA, Mathews CA, et al; North 
American Brain Expression Consortium; UK 
Brain Expression Database. Genome-wide as-
sociation study of obsessive-compulsive dis-
order. Mol Psychiatry. 2013 Jul; 18(7): 788–98.

 8 Schiele MA, Thiel C, Deckert J, Zaudig M, 
Berberich G, Domschke K. Monoamine oxi-
dase A hypomethylation in obsessive-com-
pulsive disorder – reversibility by successful 
psychotherapy? Int J Neuropsychopharma-
col. 2020 May; 23(5): 319–23.

 9 Grünblatt E, Marinova Z, Roth A, Gardini E, 
Ball J, Geissler J, et al. Combining genetic and 
epigenetic parameters of the serotonin trans-
porter gene in obsessive-compulsive disorder. 
J Psychiatr Res. 2018 Jan; 96: 209–17.

10 Nissen JB, Hansen CS, Starnawska A, Mat-
theisen M, Børglum AD, Buttenschøn HN, et 
al. DNA methylation at the neonatal state and 
at the time of diagnosis: preliminary support 
for an association with the estrogen receptor 
1, gamma-aminobutyric acid B receptor 1, 
and myelin oligodendrocyte glycoprotein in 
female adolescent patients with OCD. Front 
Psychiatry. 2016 Mar; 7: 35.

11 Yue W, Cheng W, Liu Z, Tang Y, Lu T, Zhang 
D, et al. Genome-wide DNA methylation 
analysis in obsessive-compulsive disorder pa-
tients. Sci Rep. 2016 Aug; 6(1): 31333.

12 Cappi C, Diniz JB, Requena GL, Lourenço T, 
Lisboa BC, Batistuzzo MC, et al. Epigenetic 
evidence for involvement of the oxytocin re-
ceptor gene in obsessive-compulsive disor-
der. BMC Neurosci. 2016 Nov; 17(1): 79.

13 McDougle CJ, Barr LC, Goodman WK, Price 
LH. Possible role of neuropeptides in obses-
sive compulsive disorder. Psychoneuroendo-
crinology. 1999 Jan; 24(1): 1–24.

14 Marroni SS, Nakano FN, Gati CD, Oliveira 
JA, Antunes-Rodrigues J, Garcia-Cairasco N. 
Neuroanatomical and cellular substrates of 
hypergrooming induced by microinjection of 
oxytocin in central nucleus of amygdala, an 
experimental model of compulsive behavior. 
Mol Psychiatry. 2007 Dec; 12(12): 1103–17.

15 Marazziti D, Baroni S, Giannaccini G, Cate-
na-Dell’Osso M, Piccinni A, Massimetti G, et 
al. Plasma oxytocin levels in untreated adult 
obsessive-compulsive disorder patients. Neu-
ropsychobiology. 2015; 72(2): 74–80.

D
ow

nl
oa

de
d 

by
: G

. F
av

a 
- 

28
04

8
87

.8
.1

61
.2

16
 -

 3
/3

/2
02

1 
7:

20
:4

8 
P

M

https://www.karger.com/Article/FullText/509910?ref=16#ref16
https://www.karger.com/Article/FullText/509910?ref=17#ref17
https://www.karger.com/Article/FullText/509910?ref=18#ref18
https://www.karger.com/Article/FullText/509910?ref=18#ref18
https://www.karger.com/Article/FullText/509910?ref=19#ref19
https://www.karger.com/Article/FullText/509910?ref=19#ref19
https://www.karger.com/Article/FullText/509910?ref=20#ref20
https://www.karger.com/Article/FullText/509910?ref=20#ref20
https://www.karger.com/Article/FullText/509910?ref=21#ref21
https://www.karger.com/Article/FullText/509910?ref=21#ref21
https://www.karger.com/Article/FullText/509910?ref=22#ref22
https://www.karger.com/Article/FullText/509910?ref=23#ref23
https://www.karger.com/Article/FullText/509910?ref=24#ref24
https://www.karger.com/Article/FullText/509910?ref=24#ref24
https://www.karger.com/Article/FullText/509910?ref=25#ref25
https://www.karger.com/Article/FullText/509910?ref=25#ref25
https://www.karger.com/Article/FullText/509910?ref=26#ref26
https://www.karger.com/Article/FullText/509910?ref=27#ref27
https://www.karger.com/Article/FullText/509910?ref=28#ref28
https://www.karger.com/Article/FullText/509910?ref=29#ref29
https://www.karger.com/Article/FullText/509910?ref=29#ref29
https://www.karger.com/Article/FullText/509910?ref=30#ref30
https://www.karger.com/Article/FullText/509910?ref=30#ref30
https://www.karger.com/Article/FullText/509910?ref=31#ref31
https://www.karger.com/Article/FullText/509910?ref=32#ref32
https://www.karger.com/Article/FullText/509910?ref=32#ref32
https://www.karger.com/Article/FullText/509910?ref=33#ref33
https://www.karger.com/Article/FullText/509910?ref=34#ref34
https://www.karger.com/Article/FullText/509910?ref=34#ref34
https://www.karger.com/Article/FullText/509910?ref=35#ref35
https://www.karger.com/Article/FullText/509910?ref=36#ref36
https://www.karger.com/Article/FullText/509910?ref=37#ref37
https://www.karger.com/Article/FullText/509910?ref=38#ref38
https://www.karger.com/Article/FullText/509910?ref=39#ref39
https://www.karger.com/Article/FullText/509910?ref=6#ref6
https://www.karger.com/Article/FullText/509910?ref=7#ref7
https://www.karger.com/Article/FullText/509910?ref=8#ref8
https://www.karger.com/Article/FullText/509910?ref=8#ref8
https://www.karger.com/Article/FullText/509910?ref=9#ref9
https://www.karger.com/Article/FullText/509910?ref=10#ref10
https://www.karger.com/Article/FullText/509910?ref=10#ref10
https://www.karger.com/Article/FullText/509910?ref=11#ref11
https://www.karger.com/Article/FullText/509910?ref=12#ref12
https://www.karger.com/Article/FullText/509910?ref=13#ref13
https://www.karger.com/Article/FullText/509910?ref=13#ref13
https://www.karger.com/Article/FullText/509910?ref=14#ref14
https://www.karger.com/Article/FullText/509910?ref=15#ref15
https://www.karger.com/Article/FullText/509910?ref=15#ref15

	TabellenTitel
	StartZeile
	TabellenFussnote

