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Background

Childhood and lifetime adversity may reduce brain serotonergic
(5-HT) neurotransmission by epigenetic mechanisms.

Aims

We tested the relationships of childhood adversity and recent
stress to serotonin 1A (5-HTq,) receptor genotype, DNA methy-
lation of this gene in peripheral blood monocytes and in vivo
5-HT, 4 receptor binding potential (BPr) determined by positron
emission tomography (PET) in 13 & priori brain regions, in parti-
cipants with major depressive disorder (MDD) and healthy
volunteers (controls).

Method

Medication-free participants with MDD (1 = 192: 110 female,

81 male, 1 other) and controls (n = 88: 48 female, 40 male)
were interviewed about childhood adversity and recent
stressors and genotyped for rs6295. DNA methylation was
assayed at three upstream promoter sites (-1019, —1007, —681)
of the 5-HT, receptor gene. A subgroup (n=119) had regional
brain 5-HT, A receptor BPe quantified by PET. Multi-predictor
models were used to test associations between diagnosis,
recent stress, childhood adversity, genotype, methylation

and BP.

Brain serotonin 1A receptor binding: relationship
to peripheral blood DNA methylation, recent life
stress and childhood adversity in unmedicated

Hanga Galfalvy, Eileen Shea, Jacqueline de Vegvar, Spiro Pantazatos, Yung-yu Huang, Ainsley K. Burke,
M. Elizabeth Sublette, Maria A. Oguendo, Francesca Zanderigo, Jeffrey M. Miller and J. John Mann

Results

Recent stress correlated positively with blood monocyte
methylation at the —681 CpG site, adjusted for diagnosis, and had
positive and region-specific correlations with 5-HT+ BPg in par-
ticipants with MDD, but not in controls. In participants with MDD,
but not in controls, methylation at the —1007 CpG site had
positive and region-specific correlations with binding potential.
Childhood adversity was not associated with methylation or BP¢
in participants with MDD.

conclusions

These findings support a model in which recent stress increases
5-HT4 receptor binding, via methylation of promoter sites, thus
affecting MDD psychopathology.
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Childhood adverse experiences, including abuse and neglect,
increase risk for major depressive disorder (MDD) and suicidal
behaviour in adulthood." Childhood adversity reduces brain seroto-
nergic (5-HT) neurotransmission implicated in MDD, aggressive
behaviour and suicidal behaviour.> However, it is not clear how
childhood adversity or recent life stressors may affect the serotoner-
gic system via epigenetics or how epigenetic effects may increase the
risk for MDD and other psychopathology in adulthood. Genetic
polymorphisms of the 5-HT; receptor gene have been associated
with MDD in a meta-analysis,” and early-life stress may moderate
this association,® potentially via epigenetic effects, as it has been
associated with DNA methylation of serotonergic pathway genes.”
One of the single nucleotide polymorphisms (SNPs) of the
5-HT) 5 receptor gene (—1019C/G; 1s6295)° that regulate its expres-
sion” has a G allele with lower affinity for inhibitory transcription
factors.®* MDD is associated with a higher frequency of the rs6295
G/G genotype,’ and this genotype has been associated with
greater 5-HT;, binding in the raphe nuclei.” Methylation of two
CpG sites (—681 and —1007) increases autoreceptor expression,
reducing serotonin release and affecting psychiatric illness and
treatment response.10

We hypothesised a potential mediator role for DNA methyla-
tion at the regulatory sites listed above in the upstream promoter
region of this gene (—681, —1007 and —1019) for the effect of
childhood and recent stress on expression in the brain, potentially
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moderated by diagnosis for recent stress. To our knowledge, this
is the first study to examine associations between (a) 5-HT; pro-
moter genotype, childhood and recent life stress and (b) blood
mononuclear cell DNA methylation and 5-HT, 5 binding potential
in brain, in order to better understand the role of 5-HT} 4 binding as
it relates to effects of stress on MDD.

Method

Participants

The sample included 192 participants with MDD (165 in a current
major depressive episode) and 88 healthy volunteers (controls).
MDD diagnosis was determined by DSM-IV criteria according to
the Structured Clinical Interview for Axis I Disorders.'’ Positron
emission tomography (PET) 5-HT;, receptor binding potential
(BPg) was available for 119 participants (62%), including 69 with
MDD and 50 controls. Subsets of the PET imaging data have
been previously utilised in papers examining 5-HT;, binding in
people with depression and controls during an episode of MDD
or between episodes.'”™"® Exclusion criteria included fluoxetine
use within 6 weeks of PET scanning, or exposure to a 5-HT 4 recep-
tor agonist such as antipsychotic medications within 6 months of
scanning. Participants in the MDD group on other antidepressant
treatment at study enrolment underwent a medication washout
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and were drug-free for at least 2 weeks prior to neuroimaging, with
the exception of short-acting benzodiazepines, which could be used
as needed for anxiety/insomnia up to 72 h prior to scanning. The
control participants had no history of DSM-IV Axis I or Axis II psy-
chiatric disorders, no psychotropic medication exposure and no
family history of a mood disorder. Exclusion criteria common to
both groups included presence of significant active medical condi-
tions, recent alcohol or other substance use disorder, dementia,
neurological disease, head injury with loss of consciousness, preg-
nancy, first-degree family history of schizophrenia if younger than
33 years old and greater than three lifetime exposures to 3,4-
methylenedioxymethamphetamine.

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. All procedures
involving human participants/patients were approved by the
Institutional Review Board of the New York State Psychiatric
Institute, New York, NY, USA, in protocol number 6786. All parti-
cipants provided informed written consent after an explanation of
the study protocol and associated risks. Data on ethnicity were col-
lected using self-report according to categories as required by the
funding agency (National Institute of Mental Health).

Assessment of childhood adversity and recent life stress

Childhood physical or sexual abuse was self-reported as present or
absent during a semi-structured interview in 259 participants (93%)
and was coded yes/no. Recent life stressors in the previous 2 years
were recorded in 220 participants (79%) using the Recent Life
Changes Questionnaire (RLCQ),'® which measures stressors in
the previous four 6-month epochs on 76 items grouped in five
domains: health; work; home/family; personal/social; and financial.
Weights (in life change units, or LCU) for each item on the scale
were as previously established.'”

Genotyping and methylation

Participants were genotyped at SNP rs6295 on the 5-HT; 5 receptor
gene (details are given in the Supplementary material, available at
https://dx.doi.org/10.1192/bjp.2023.13). The Hardy-Weinberg equi-
librium test in the control group was not significant (P=0.084).
DNA methylation at the —1019 CpG site was assayed except for
GG genotypes, which are not methylated, and five other participants
had missing values, at the —1007 CpG site in all participants and
at the —681 CpG site in 279 (99.6%) of participants (see the
Supplementary material for methodological details).

PET measurement of 5-HT, binding potential

[''CIWAY100635 was administered as a bolus over 30 s for quan-
tification of 5-HT,, binding. Preparation of ["'CIWAY100635
was as previously described.'® Radiotracer radioactivity in arterial
plasma, parent fraction and free fraction in plasma (fp) were deter-
mined."” Unmetabolised parent fraction levels were fit with a Hill
function and then multiplied by the total radioactivity levels in
plasma. The resulting metabolite-corrected arterial data were
fitted using a straight line and the sum of three decreasing exponen-
tials as the model before and after the curve peak respectively, to
generate the final metabolite-corrected arterial input function
(AIF). PET images were acquired with an ECAT EXACT HR+
scanner (Siemens/CTI, Knoxville, Tennessee). A T1-weighted mag-
netic resonance imaging (MRI) scan was acquired for each partici-
pant for co-registration with PET images. Thirteen brain regions of
interest (ROIs) were chosen a priori based on areas of abundant
binding: the raphe nuclei, anterior cingulate, cingulate, dorsal pre-
frontal cortex, hippocampus, insula, medial prefrontal cortex,
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parietal cortex, parahippocampal gyrus, occipital cortex, orbital
cortex, temporal cortex and amygdala. Cerebellar white matter
was used as a reference region."> All ROIs except for the raphe
nuclei were identified on each individual T1-weighted MRI using
a previously described algorithm."” Briefly, ROIs were drawn by
trained technicians to approximate brain atlases and published
reports and then refined using the segmented MRI. Owing to their
small size, raphe nuclei were labelled using a standard space mask
of the average location of the raphe nuclei in 52 healthy participants,
created using ['CJWAY100635 voxel binding potential maps.*’

Binding measure estimation

Arterial plasma radioactivity, metabolites and plasma free fraction
(fp) were collected and assayed as previously described.'? Total
volumes of distribution (V1) of ["'"C]WAY100635 were estimated
for each ROI using the AIF and a two-tissue compartment con-
strained (2TCC) model. Briefly, each ROI’s time activity curve
was fitted with a 2TCC model in which the ratio of two of the
model’s free parameters (K;/k,, representing tracer non-displace-
able volume of distribution) was constrained to equal that of the ref-
erence region. The outcome measure, binding potential BPp, was
calculated as (Vrror — Vrwrer)/fp» where Vrgor is the Vrin a spe-
cific ROI and Vyrgr) is the Vr in the reference region.

Statistical method

All statistical analyses were performed in R version 4.09 run on
MacOS.”! DNA methylation values and BP were log-transformed
and outliers, defined as more than 1.5 interquartile range below
the first quartile or above the third quartile, were censored to the
nearest non-outlier value (less than 4% of values per variable).
Genotype was coded as a three-level factor, although models with
allele number were also explored. For models including methylation
at the —1019 CpG site, GG genotypes were excluded, as that geno-
type cannot be methylated. Since childhood adversity was rare in the
control group (reported by n = 5), all analyses involving childhood
adversity were run only in the MDD group.

In preliminary analyses, logistic regression tested for association
of childhood adversity history with genotype, age and gender.
Recent stress in all participants was modelled in a multiple regres-
sion model as a function of genotype, diagnosis, age and gender.

The analysis was performed in three steps. First, associations
between childhood adversity or recent stress and gene methylation
level at the three sites were tested separately using linear regression,
with methylation as dependent variable and stress/adversity, genotype,
their interaction, age and gender as independent variables. Non-signifi-
cant interactions were removed. Second, BPy was modelled as a func-
tion of stress or adversity, genotype and their interaction, with age and
gender as covariates. For recent stress, diagnostic group was included
both as a main effect and through interaction with stress. Third, BPg
was modelled as a function of methylation, including group as main
effect and in interactions. For BPy, first mixed-effects models were
run including brain region as a main effect and through interaction
with each predictor, and subject-specific random intercepts.
Observations were weighted inversely proportionally to the squared
standard errors of the BPy estimates, calculated via bootstrapping, as
described elsewhere.”> When interactions of predictors with brain
region were significant, weighted least squares analyses were run at
the region level. Analyses were not adjusted for multiple testing.

Results

There were no significant differences between the MDD and control
groups in age or gender (Table 1). Childhood physical or sexual
abuse was reported by 6% of the control group, compared with
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Table 1 Demographic and clinical characteristics of the sample (n = 280)
Major depressive disorder Healthy volunteers
n group (n=192) (n=88) P

Age, years: mean (s.d.) 280 37 (12.5) 36 (13) 0.2800
Gender (male), n (%) 280 81 (42.4%) 40 (45.5%) 0.7453
Total education, years: mean (s.d.) 278 16 (3) 16 (2) 0.3810
Ethnicity 271

American/Native 1(0.5%) 0 0.0005°%

Asian 4(2.1%) 5 (5.9%)

Black or African American 11 (5.9%) 10 (11.9%)

White 166 (88.8%) 68 (81%)

More than one ethnicity 5 (2.7%) 0

unknown 0 1(1.2%)
Childhood abuse, n (%) 258 56 (33%) 5(5.7%) <0.0001
17-item HRSD total, mean (s.d.) 280 18 (7) 252 <0.0001
Aggression history (BGLAH), mean (s.d.) 264 17 (4) 13 (3) <0.0001
Barratt Impulsivity Scale, mean (s.d.) 230 50 (16) 36 (13) <0.0001
Buss-Durkee Hostility Index, mean (s.d.) 237 30 (11) 18 (9) <0.0001
Recent Life Changes Questionnaire, mean (s.d.) 220 501 (326) 364 (242) 0.0012
a. No significant pairwise differences were found between racial groups in post hoc comparisons with Holm's adjustment. Bold denotes significant group differences at the 5% level.
HRSD, Hamilton Rating Scale for Depression; BGLAH, Brown-Goodwin Lifetime Aggression History scale.

33% of the MDD group. Recent stress was slightly more severe in the
MDD group compared with controls (Cohen’s d = 0.46, t = 3.28, d.f.
=218, P=0.0012), but in the MDD group did not correlate with
depression severity on the Hamilton Rating Scale for Depression
(Spearman r,=0.02, P=0.8501) or with childhood adversity
(d=0.29, t=1.56, d.f. =132, P=0.1219).

Genotype, MDD diagnosis, childhood adversity and
recent life stress

5-HT 4 receptor genotype distribution at SNP rs6295 did not differ
between the MDD and control groups ()(2 =2.55,df.=2,P=0.2788)
or between those with and without reported childhood adversity in
the MDD group (XZ =359, d.f.=2, P=0.1665). In a linear model
adjusted for age and gender, recent stress was not associated with
genotype in the full sample (F=0.07; d.f. =2,214; P=0.9365) or
in the MDD group (F=0.15; d.f. =2,135; P=0.8590) and diagno-
sis-related differences remained significant after adjustment for
genotype, age and gender (F=11.5; d.f. =1,213, P=0.0008).

Correlates of 5-HT,, receptor gene methylation

Methylation levels at —1019 and —1007 CpG sites were modestly
positively correlated with each other (Spearman r,=0.28, P < 0.0001),
but neither correlated with methylation at the —681 CpG site
(r,=0.10, P=0.1319; r, = 0.02, P = 0.7087).

Log-transformed methylation level measured at the —681 CpG
site in a model with group and genotype as predictors, adjusting for
age and gender, did not differ between groups (MDD versus control:
b=-0.04,s.e.=0.03,t=—1.16,d.f. =272, P = 0.2479) and was unre-
lated to genotype (F=0.76, d.f. = 2,272, P =0.470). Methylation at
—681 declined with age (b=—0.004, s.e.=0.001, t=—3.35, d.f. =272,
P =0.0009), but showed no gender differences (b=—0.01, s.e.=0.03,
t=-0.34, d.f. =272, P=0.7339). In the MDD group, —681 methy-
lation was positively correlated with depression severity
(Spearman r,=0.18, P=0.0194) but not with childhood adversity
(b=0.02, s.e. =0.04, t = 0.42, d.f. = 164, P=0.6776). Across all par-
ticipants, —681 methylation was positively correlated with recent
stress in a model adjusted for group, genotype, age and gender
(b=0.0001, s.e. =0.0001, t=2.01, d.f. =212, P = 0.0457). The strength
of association did not differ by group (interaction t = —0.28, d.f. = 211,
P=0.7782).

DNA methylation level at the —1007 CpG site did not differ
between diagnostic groups or between genotypes, neither was
there a correlation with recent stress (Supplementary Table 1 and
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Fig. 1). In the MDD group, —1007 methylation was not associated
with childhood adversity (b=0.03, s.e.=0.04, r=0.71, d.f. =164,
P=0.478), neither was it correlated with depression severity
(Spearman ry=—0.01, P=0.8300).

DNA methylation at the —1019 CpG site (excluding the partici-
pants with GG genotype) did not differ by diagnostic group or cor-
relate with recent stress (Supplementary Table 1 and Fig. 1). In the
MDD group, adjusted for age and gender, methylation levels at the
—1019 CpG was not associated with childhood adversity (b =0.06,
s.e.=0.07, t=0.94, d.f. = 134, P = 0.348), neither was there a correl-
ation with depression severity (Spearman r; = —0.02, P = 0.6400).

5-HT, 4 binding potential: correlations with childhood
adversity and recent stress, and group and genotype
differences

In a model of the (log-transformed) ['C]JWAY100635 BPy. in all
regions, with genotype, diagnosis, age and gender as independent
variables, we confirmed our previous finding of higher binding in
the MDD group compared with controls across all brain regions
(b=0.23, s.e.=0.07, t=3.37, df. =113, P=0.0010) but did not
find a main effect for genotype (F=1.22; d.f. =2,113; P =10.3000).
There was evidence of significant differences between brain
regions in the diagnosis effect (F=5.22, d.f. =12,1356, P <0.0001)
and even in the genotype effect (F=4.36, d.f. =24,1356, P <0.0001),
although region-wise post hoc analyses (Supplementary Table 2) did
not identify any significant genotype effects.

In the MDD group, there was evidence of differential associ-
ation between adversity and BPg by genotype and brain region
(three-way interaction between region, childhood adversity and
genotype F=5.87; d.f. =24,504; P <0.0001). However, region-wise
analyses did not find significant effect of childhood adversity or
genotype effects on BPg in any individual region, either as main
effects or through interaction (Supplementary Fig. 3).

In the full sample, when testing association of BPg with recent
life stress, there was evidence of differential stress—BPp association
by genotype and brain region (three-way interaction F=3.88;
d.f.=24,1056; P<0.0001). Diagnosis also moderated the recent
stress—BPy association (three-way interaction F=2.01, d.f. = 12,1080;
P=0.0210). To interpret these associations, separate analyses by
diagnostic group and region were run to test the effect of stress
on BPg and a possible moderation by genotype. Region-wise ana-
lyses in the MDD group found that recent stress had positive asso-
ciation with BPg in amygdala, orbital prefrontal cortex and insula
(Table 2, Fig. 1, Supplementary Fig. 4) but no interactions were
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Table 2 Region-wise associations between recent life change (RLCQ) and receptor binding potential (BPg)?

Region

Raphe nuclei

Amygdala
Hippocampus
Parahippocampal gyrus
Temporal cortex
Anterior cingulate
Cingulate

Dorsal prefrontal cortex
Medial prefrontal cortex
Orbital cortex

Insula

Occipital cortex

Parietal cortex

Major depressive disorder group

Estimate

0.0005
0.0004
0.0003
0.0001
0.0003
0.0003
0.0003
0.0003
0.0003
0.0004
0.0004
0.0003
0.0003

Standardised

0.35
0.38
0.28
0.11
0.25
0.23
0.28
0.25
0.25
0.34
0.37
0.28
0.30

estimate P

0.09
0.02*
0.06
0.49
0.1
0.14
0.10
0.1
0.11
0.04*
0.02*
0.06
0.06

Healthy volunte

ers

—0.0002
0.0001
—0.0001
—0.0001
0.0000
0.0000
0.0000
0.0000
0.0001
0.0000
0.0000
0.0000
0.0000

Estimate

Standardised estimate

-0.09
0.04
-0.04
—-0.05
0.01
0.01
-0.01
0.01
0.08
0.02
-0.02
0.02
<0.01

a. Separate analyses (adjusted for age and gender) are presented for participants with major depressive disorder and healthy volunteers. Outcome is log-transformed binding.

* Significant at the 5% level.

0.38
0.77
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0.96
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Fig. 1 Serotonin 1A receptor binding potential (BPy) in four brain regions as a function of recent life stress and of methylation level at the 5-HT 5

promoter site —1007.

RN, raphe nuclei; AMY, amygdala; HIP, hippocampus; ORB, orbital cortex; MDD, major depressive disorder.

found between genotype and life stress, indicating that higher recent
stress levels were associated with higher BPg in these regions,

regardless of genotype.
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In contrast, in controls, no regions showed an association
between recent stress and BPy; neither were there interaction

effects with genotype (Table 2, Fig. 1, Supplementary Fig. 4).
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Table 3 Effect sizes for region-wise associations between the three methylation sites and receptor binding potential (BPg)?

Major depressive disorder group Healthy volunteers
Region Methyl_681 Methyl_1007 Methyl_1019 Methyl_681 Methyl_1007 Methyl_1019
Raphe nuclei 0.32 0.49* -0.21 -0.14 -0.03 0.03
Amygdala 0.24 0.22 <0.01 -0.17 -0.08 0.08
Hippocampus 0.30 0.33* -0.02 -0.19 -0.19 0.06
Parahippocampal gyrus 0.16 0.29 0.13 -0.23 -0.20 0.12
Temporal cortex 0.25 0.32 0.06 -0.19 -0.12 0.10
Anterior cingulate 0.29 0.34 0.13 -0.19 -0.12 0.19
Cingulate 0.36 0.40* 0.09 -0.20 -0.17 0.18
Dorsal prefrontal cortex 0.24 0.35* 0.03 -0.18 -0.12 0.18
Medial prefrontal cortex 0.33 0.37* 0.03 -0.24 -0.16 0.15
Orbital cortex 0.39 0.47* -0.07 -0.17 -0.15 0.13
Insula 0.42 0.32 0.08 -0.18 -0.13 0.1
Occipital cortex 0.29 0.29 0.07 -0.17 -0.11 0.15
Parietal cortex 0.39 0.39* 0.07 -0.20 -0.12 0.14
Methyl_, methylation level at the corresponding 5-HT1, promoter site (=681, —1007, —1019).
a. Separate analyses (adjusted for age, gender and genotype; sample excludes GG genotypes) are presented for participants with major depressive disorder and healthy volunteers.
(3ust"§gmgainstlca)tg-tthr2rgsuzolrg\1/§j binding. Effect sizes are standardised estimates of (log-transformed) binding difference for 1 standard deviation difference in methylation level.

5-HT, 4 binding potential and DNA methylation

In a model of BPr by methylation on the three sites and by diagnos-
tic group, adjusted for genotype, age and gender, there was evidence
of differential methylation effect by region and by group for two of
the methylation sites (three-way interaction of region, diagnosis
and methylation at the —1007 CpG site: F=2.35; d.f. =12,1044;
P=0.0057; and at the —681 CpG site: F=6.17; d.f.=12,1044;
P <0.0001). For the —1019 CpG site, the methylation-BP associ-
ation differed by region but not by diagnostic group (methylation x
region interaction: F=8.54; d.f. =12,1044; P=<0.0001). Region-
wise analyses in each group run separately revealed that participants
with MDD, but not controls, displayed a positive correlation of
DNA methylation at the —1007 CpG site with BPg in 7 of the 13
brain regions studied (raphe nuclei, hippocampus, cingulate, dorso-
lateral, medial prefrontal, orbital and parietal cortex); see Table 3 for
numerical results, Fig. 1 for scatterplots of BPy correlation with
DNA methylation at the —1007 CpG site in four brain regions,
and Supplementary Figs 5-7 for pairwise scatterplots of BPr and
DNA methylation level at each of the three sites in all brain regions.
Supplementary Fig. 8 summarises all model findings.

Discussion

In this study, we report associations between recent stress and DNA
methylation at the —681 CpG promoter site of the 5-HT  receptor
gene. Additionally, in participants with MDD but not in controls,
positive correlations were found between DNA methylation at the
—1007 CpG 5-HT,4 receptor promoter site and higher 5-HT);5
receptor binding potential and also between recent stress and
binding potential. However, since the findings occurred in disparate
CpG sites, mediation could not be tested formally.

Genotype, reported childhood adversity, recent stress
and MDD

Our finding that a history of childhood adversity was essentially
restricted to the MDD group is consistent with previous
reports.23,24 In addition, our findings of no association between
5-HT;5 receptor promoter genotype and history of childhood
adversity in the MDD group and no association with recent stress
in either the full sample or the MDD group alone are consistent
with a previous study in healthy volunteers.* Others report an asso-
ciation of the G-allele at the C(—1019)G site with greater stress
reactivity, depression and suicide in adulthood.**™®
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5-HT,5 receptor DNA methylation, reported childhood
adversity, recent life stress and MDD

Childhood adversity was not related to DNA methylation levels at
the three promoter sites (—1019, —1007, —681) in peripheral
blood monocytes in either the MDD group or controls; however,
we cannot rule out DNA methylation effects of childhood adversity
on the brain.

Recent stress was positively correlated with DNA methylation at
the —681 CpG site, and this was not altered after controlling for
group, genotype, age and gender. In contrast, DNA methylation
at the —1019 and —1007 sites did not correlate with the —681
CpG or recent life stress. Similarly to our findings in humans, in
stress-sensitive adult BALB/c mice, chronic mild unpredictable
stress increased DNA methylation at the —681 CpG site.'”

5-HT, 4 receptor binding potential, MDD, DNA
methylation and stress

We found that recent stress had a positive association with 5-HT 5
receptor binding potential in the amygdala, orbital cortex and insula
in the MDD group, consistent with the report that chronic adult
stress increased 5-HT; 4 receptor RNA and receptor levels in both
medial prefrontal cortex and midbrain in stress-sensitive BALB/c
mice."” In the same study, increased 5-HT, 5 receptor binding was
accompanied by an increase in DNA methylation at the —681
CpG site, which is consistent with our finding of a positive correl-
ation of DNA methylation at the —681 CpG site with recent
stress, although our findings are for peripheral methylation.
However, in our study, only methylation at the —1007 site was posi-
tively correlated with PET binding in post hoc testing. The effects of
peripheral DNA methylation at the —681 site appeared to be more
variable among individual brain regions because of a complex three-
way group X region X stressor interaction effect. This complexity
meant that we could not posit a simple mediation model in which
the effect of recent stress on 5-HT; 4 receptor binding is mediated
through elevated DNA methylation levels at the —681 and/or
—1007 CpG sites.

Limitations and strengths

A limitation of this study is that it was not possible to measure DNA
methylation in brain in vivo, so we used peripheral blood monocyte
DNA to assay methylation. Additionally, even though this is one of
the largest PET studies of MDD, the numbers are still limited for an
epigenetic study and we therefore did not adjust for multiple testing.
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We did not include participants with other Axis I disorders and did
not adjust for comorbid axis II disorders such as borderline person-
ality disorder. Our stress measurement method could not determine
whether stress might be caused by the depressed state itself. Last,
childhood adversity in this sample was almost exclusively reported
in the MDD group and therefore its effect in controls could not be
reported. Strengths of the study include the large sample of partici-
pants undergoing PET scans and that the MDD group were off anti-
depressant medication at the time of study.
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Pink Floyd’s ‘Comfortably Numb’: a clinical reflection

Psychiatry
in music Filippo Besana

‘Comfortably Numb' is one of the most famous tracks from Pink Floyd’s masterpiece album The Wall. The songis conceived
as a dialogue between a patient, afflicted by a deep and intolerable pain, and a doctor, who offers him an anaesthetic to
soothe his inner suffering.

The patient’s pain is so severe that it isolates him and does not allow him to communicate (‘Just nod if you can hear me/Is
there anyone home?’). The doctor attempts to calm him, asking ‘Can you show me where it hurts?’. Incommunicability and
emotional isolation are pivotal themes, to the point where the patient claims ‘l can’t explain, you would not understand/This
isnot how lam’. The only response to this dull, loud and incommunicable pain is to become ‘comfortably numb’. The numb-
ness is emotional: the pain is intolerable to such an extent that it prevents the patient from ‘seeing’ reality, from perceiving
his own emotions. The emotional isolation brings to mind the isolation that can occur during a delusional experience or in
substance misuse, both defences against an intolerable reality.

On the journey to ‘comfortable numbness’, the protagonist perceives himself as immersed in the sea, and sees the doctor
like ‘a distant ship smoke on the horizon': the sea and the water, in literature and philosophy, are often juxtaposed with the
unconscious. On the inner journey, the protagonist partially comes into contact with his suffering core, which seems to be
associated with adverse experiences during childhood (‘When | was a child | had a fever/My hands felt just like two bal-
loons’), leading him back to his current state of suffering (‘Now I've got that feeling once again’).

However, the doctor is unable to see the deep core of the suffering, limiting himself to treating the symptom. In the scene
from the movie The Wall, when ‘Comfortably Numb' is played, the protagonist Pink is a performer before a concert, and he's
found unconscious by the doctors (probably, in an overdose). He is then administered the ‘little pin prick’, which the doctor
claims will make him feel better. The possible contents of the injection have been argued at length: many claim it was nalox-
one, for a heroin overdose, but others argue that it was a mixture of amphetamines, to increase wakefulness, or corticos-
teroids, for stress management.

Broadening the reflection, the meaning of the song can be extended to what usually happens in mental health contexts,
where the patient manifests a symptom (a delusion, a depression, an addiction), which cannot be traced back to inner suf-
fering and which stems from experiences that they have repressed, such as childhood trauma and abuse. The task of the
therapist is not only to treat the symptom, but to really get to ‘where it hurts'. Only in this way will the suffering be cured.

It may be worth questioning, as mental health practitioners, how often we try to get to the core of the inner suffering, with a
longer and emotionally intense pathway, or how often we simply treat the symptom with a ‘little pin prick’, as in the passage
described.
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