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Introduction: Interpersonal violent (IPV) experiences when they begin in
childhood and continue in various forms during adulthood often lead to
chronic post-traumatic stress disorder (PTSD) that is associated in multiple
studies with hypocortisolism and lower percentage of methylation of the
promoter region of the gene coding for the glucocorticoid receptor (NR3C1).
This prospective, longitudinal study examined the relationship of NR3C1
methylation among mothers with IPV-related PTSD and their toddlers and
then looked at the relationship of maternal NR3C1 methylation and child
psychopathology at school age.

Methods: Forty-eight mothers were evaluated for life-events history
and post-traumatic stress disorder via structured clinical interview
when their children were ages 12-42 months (mean age 26.7 months,
SD 8.8). Their children’s psychopathology in terms of internalizing
symptoms and externalizing behaviors was evaluated using the Child
Behavior Checklist at ages 5-9 years (mean age 7 years, SD 1.1).
Percentage of methylation for the NR3C1 gene promoter region was
assessed from DNA extracted from maternal and child saliva using
bisulfite pyrosequencing. Data analysis involved parametric and non-
parametric correlations and multiple linear and logistic regression modeling.

01 frontiersin.org


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2022.919820
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2022.919820&domain=pdf&date_stamp=2022-08-19
mailto:daniel.schechter@nyumc.org
https://doi.org/10.3389/fpsyt.2022.919820
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.919820/full
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Cordero et al.

10.3389/fpsyt.2022.919820

Results: Logistic regression models using child NR3C1 methylation as the
dependent variable and maternal NR3C1 methylation and PTSD group status
as predictors, as well as the interaction indicated that all three of these
significantly predicted child NR3C1 methylation. These findings remained
significant when controlling for child age, sex and maternal child abuse
history. Overall, maternal NR3C1 methylation when children were toddlers
was negatively and significantly associated with child externalizing behavior
severity at school age.

Discussion: We found that correlations between mothers and their children of
NR3C1 methylation levels overall and at all individual CpG sites of interest were
significant only in the IPV-PTSD group. The latter findings support that NR3C1
methylation in mothers positively and statistically significantly correlates with
NR3C1 methylation in their children only in presence of IPV-PTSD in the
mothers. This maternal epigenetic signature with respect to this glucocorticoid
receptor is significantly associated with child behavior that may well pose a risk
for intergenerational transmission of violence and related psychopathology.

intergenerational transmission of aggression, maternal PTSD, glucocorticoid
receptor, epigenetics, child psychopathology

Introduction

The nuclear receptor subfamily 3, group C, member
1 (NR3C1) gene encodes the glucocorticoid receptor (GR)
involved in the hypothalamic-pituitary-adrenal axis (HPA).
The NR3Cl1 exon 17 in rats and 1y in humans behave as a
promoter whose methylation levels are important for response
to stress (1). One of the most extreme forms of stress at
least among humans is that of a threat to one’s life and/or
bodily integrity such as during the experience or witnessing
of violent physical, sexual or otherwise interpersonal violence
(2, 3). This type of traumatic event(s) is particularly pathogenic
for the development of posttraumatic stress disorder (PTSD),
a psychiatric illness affecting on average 10.4% of women in
community samples (4), but can affect 51-75% of women
who are victims of domestic violence depending on the
measures used to evaluate PTSD (5, 6). PTSD is characterized
by a combination of re-experiencing symptoms, avoidance
of traumatic reminders—at great cost of psychic energy,
as well as hyperarousal symptoms and negative cognitions
involving anticipation of a foreclosed future, feelings of guilt
and even suicidal ideation (7, 8). Previous published studies
have demonstrated the relationship of the posttraumatic stress
disorder and decreased methylation of the NR3C1 promoter
region (9-11). Furthermore, Yehuda et al. had promising
findings (though with a very small sample of combat veterans
with PTSD) that suggest that DNA methylation of NR3Cl
exon 1F could predict the outcome of a psychotherapy-based
treatment (12).
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Decreased methylation of the NR3CIl gene promoter
region has, in turn, been associated with lower peripheral
glucocorticoid levels and reduced reactivity to stressful
laboratory stimuli (13).

The first direct demonstration of NR3Cl exon 1f
methylation alterations in relation to parental PTSD was
reported in the context of Holocaust survivors; the presence of
both maternal and paternal PTSD resulted in lower methylation
of NR3C1 exon I in the offspring (14). Despite this finding,
while exposure to trauma and subsequent PTSD has often been
linked to hypomethylation of NR3CI exon 1f in adults, yet
with increased methylation of NR3C1 in children exposed to
traumatic events. Recently, a systematic review conducted on
child maltreatment reported that methylation in exon 1 of
NR3CI increased in presence of child maltreatment as well as in
children exposed to intimate partner violence in the majority of
the studies (11).

We previously assessed NR3C1 methylation in mothers with
Interpersonal violence-related posttraumatic stress disorder
(IPV-PTSD), all of whom having a history of adult exposure
to interpersonal violence and the vast majority of those,
having experienced childhood maltreatment and family violence
exposure (10). We found that maternal IPV-PTSD and its
severity were associated with decreased methylation of the
NR3C1 promoter region, which in turn, correlated with
functional brain activity in the mothers involving decreased
ventral medial prefrontal cortical activity and increased right
hippocampal activity (10). In a study derived from the same
sample examining salivary cortisol levels, we found that mothers
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with IPV-PTSD and their children- by the age of 12-42
months, as compared to mothers without PTSD, and their
children showed lower salivary cortisol baseline levels, mothers
in particular having altered circadian rhythms, and children,
lower cortisol reactivity to separation stress (14).

The goal of the present study involving mothers and children
was to take our previous study one step further, by considering
the relationship of maternal and child methylation of the
NR3C1 promoter regions during an early developmental period
sensitive to the caregiving environment that is adversely affected
by maternal IPV-PTSD and its perturbation of psychobiological
regulation of emotion and arousal. We then went on to look
at the relationship between this early NR3Cl methylation
signature, in terms of overall methylation and that of specific
CpG islands as reported in our previous study (10, 15) and
child behavior 4-years later during school age (5-9 years). One
stimulus to write this paper was the publication of a recent study
that investigated epigenetic covariance in mother-child dyads’
degrees of methylation among four stress-regulation related
genes (5SHTT, NR3C1, FKBP5, and BDNF) in a sample of 160
typical peri-pubertal youth (ages 8-16) and their mothers (16).
Results showed that mother and offspring NR3C1 methylation
signatures were significantly correlated in that latter study.
Interestingly, in a previous study, Yehuda et al. (9) reported
a significant positive correlation of methylation in another
gene that also regulates glucocorticoid receptor activity (FK506
binding protein 5, FKBP5) between parents and their offspring,
in a sample including Holocaust survivors (n = 32) and match
controls (n = 8) and their adult offspring (Holocaust offspring,
n = 22; control offspring, n = 9); the correlation was significant
when considering the total sample or the Holocaust sample, but
not for the control sample (17). Yehuda et al. (9) argued that
this intergenerational epigenetic transmission in the offspring
of highly traumatized individuals may increase vulnerability to
psychopathology in the F1 generation.

Van Aswegen et al. also pointed to the importance of
considering this maternal-child relationship in the context of
problematic mother-child relationships (16). Indeed, in our
previous study, we showed maternal methylation of the NR3Cl
promoter region as negatively and significantly associated
with parenting stress, which is a known marker of parent-
child relationship disturbance and is predictive of both child
internalizing (i.e., anxiety and depression) and externalizing
problems (i.e., disruptive behavior disorder symptoms such as
those of attention deficit hyperactivity, oppositional defiant and
disruptive mood dysregulation disorder) (10, 18). Parenting
stress is known to be increased both in the context of maternal
history of maltreatment and other interpersonal violence
exposure as well as in the context of psychopathology such
as PTSD and depression (19-22). In turn, child internalizing
and externalizing symptoms have been associated with maternal
history of maltreatment and exposure to other interpersonal
violence (23, 24).

Frontiers in Psychiatry

03

10.3389/fpsyt.2022.919820

With these associations in mind, we reviewed the literature
to see whether methylation of the maternal NR3Cl gene
promoter region had been studied in relation to child
psychopathology. With the exception of one study finding
increased prenatal maternal NR3C1 methylation in the context
of maternal prenatal anxiety as associated to subsequent child
behavioral problems (25), we found no other studies that
looked at this question in relation to maternal trauma-related
psychopathology specifically.

We thus wanted to see if we could replicate and extend the
Aswegen et al. (16) study findings. We wanted to do this by:
(a) focusing on whether- in the context of maternal IPV-PTSD-
maternal NR3C1 promoter region methylation would correlate
with child methylation, and (b) investigating whether maternal
NR3C1 promoter region methylation during an early sensitive,
developmental period for emotion regulation in children would
predict child internalizing and externalizing problems at school-
age using prospective longitudinal data. Preschool age has
been noted to be an important early sensitive period for
emotion regulation and related brain development within the
context of the mother-child relationship (26, 27). Moreover,
psychopathology noted in later childhood and adolescence has
been linked to relational difficulties and emotion regulation
difficulties during infancy and preschool periods (28-30).

We hypothesized the following in the present study:

e Maternal and child methylation of the NR3Cl gene
promoter region would significantly correlate with each
other during early childhood,

e Maternal methylation of the NR3C1 gene promoter region
during early childhood would negatively and significantly
correlate with internalizing (i.e., anxious and depressed)
and externalizing (i.e., aggressive and impulsive) symptoms
and behavior at school age among children of mothers
with IPV-PTSD.

Materials and methods

Procedure

The data of the present paper stem from the first and
second phase of Geneva Early Childhood Stress conducted
between 2010 and 2015 when children were ages 12-42
months and 5-9 years old, respectively. Flyers were posted at
different locations, including the Geneva University Hospitals,
faculties of medicine, psychology and social sciences, domestic
violence agencies and shelters, community centers, daycares,
and supermarket bulletin boards. Mothers exposed to domestic
violence were oversampled for fear that otherwise, there would
not be enough participants with IPV-PTSD—ironically, the
inverse was the case and the study recruited many more
traumatized mothers than non-traumatized. The procedure has
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been described in detail elsewhere (31). In short, the protocol
included several visits, including one during which mothers
completed questionnaires mostly about themselves and one
during which they came with their child for the filming of
mother child interactions and the acquisition of biological
samples including repeated saliva swabs of both the mother and
the child using Sarstedt Salivettes® (Salivette®, Sarstedt Inc.,
Rommelsdorf, Germany; www.sarstedt.com).

The Institutional Ethics’
University Hospitals gave its approval to the protocol prior

Committee of the Geneva
to the study, which itself is in accordance with the Helsinki
Declaration (32). All adult participants gave written consent
after being appropriately informed, mothers gave consent for
their child.

Participants

Inclusion criteria included the following: mothers needing
to speak French, consenting to their child’s participation in the
study and being the biological mothers of their child. Children
were needing to be between 12 and 42 months of age. Mothers
with active substance abuse or psychotic disorder were excluded;
and mothers or children with a handicapping physical or mental
problem precluding performance of required study tasks were
also excluded. A total of 84 mother-child dyads participated in
Phase 1. For 48 mothers and children (25 girls, 23 boys, mean
age = 27.8 months, SD = 8.8) we had complete data for the
measures included in the study as well as sufficient quantity and
quality of biological samples for methylation analysis. Of these
dyads, 26 had mothers who experienced significant symptoms
of IPV-PTSD and 22 had not. These groups did not differ
significantly on child age, or sex. However, mothers in the IPV-
PTSD group had also experienced more abuse during their own
childhood than controls (p = 0.024). Nineteen of these dyads
did not participate in phase II; but, an additional 7 dyads that
had maternal but no child methylation data, did participate
in phase II and consequently did provide child behavioral
outcome data.

Measures

Lifetime maternal IPV-PTSD symptoms were assessed
using the Clinician Administered PTSD Scale or “CAPS” for
the DSM-IV-R (33). The CAPS includes 30 items, which
correspond to the DSM-IV diagnosis for PTSD, and yields
a total symptom severity score. It is widely used for PTSD
assessment, and is characterized by high sensitivity (90%) and
specificity (95%), as well as a Cronbach’s alpha coefficient of
0.97 (34).

Additionally, physical and sexual abuse during the mothers
childhood were measured using the Brief Physical and Sexual
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Abuse Questionnaire [BPSAQ; (35)] and the Traumatic Life
Events Questionnaire [TLEQ; (36)] to supplement questions on
traumatic life events not covered by the BPSAQ (37). The TLEQ
assesses 22 life events that could fulfill the “A-Criterion” for the
DSM-IV diagnosis. The TLEQ shows stability and convergent
validity across various studies and minority populations (36).
Twelve items that asked about the same type of childhood events
as the BPSAQ were eliminated from the TLEQ. Scoring of the
BPSAQ was undertaken as described in a previous paper by the
first author (38).

Parenting Stress was measured via the Parenting Stress
Index-Short Form (39). This score includes items related to
distress that parents feel in relation to their role as a parent
and in light of other personal stressors, as well as parent-child
relationship dysfunction, and child behavior that poses difficulty
to parents. The PSI-SF has 36 items and each item is assessed
on a five-point Likert scale, from 1 (strongly disagree) to 5
(strongly agree). It is a standardized instrument with a validated
French translation. The PSI-SF shows high internal consistency
(Cronbach’s alpha 0.92) (39).

The Child Behavior Checklist [CBCL; (40)] and its subscales
were used to measure child psychopathology during Phase
II of the study when children were 5-9 years of age (40).
The CBCL (6-18-year-old version) is a well-validated parent-
report questionnaire that provides a total problems score as
well as composite scores for externalizing items encompassing
aggressive behavior and internalizing items encompassing
anxiety-depressive symptoms. The CBCL shows convergent
validity with clinical interviews that take into account child and
parental report at the child ages considered (41).

NR3C1 methylation status

We assessed the methylation levels at 13 CpG sites
in NR3Cl exon Ip using bisulfite pyrosequencing, as
previously described (10). Briefly, salivary extracted DNA
samples in mothers and their children belonging to IPV-
PTSD and control groups were bisulfite-converted then
PCR amplified using NR3C1 oligonucleotides NR3HumF:
5 -TTTGAAGTTTTTTTAGAGGG-3’ and NR3HumR: 5'-
biotin-7-CCCCCAACTCCCCAAAAA-3'. The 403 bp fragment
amplicons were pyro-sequenced using the sequencing primer
NR3HumSI1: 5-GAGTGGGTTTGGAGT-3'. The Pyro Q-
CpG Software determined then automatically the degree
of methylation at each CpG site using the C over T pics
intensities at the 13 successive CpG sites. Figure2 shows
the original sequence of the bisulfite-converted and pyro-
sequenced region with the 13 successive numerated CpG sites.
Supplementary Figures 1, 2 shows the levels of methylation by
group for mothers and children.

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.919820
http://www.sarstedt.com
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Cordero et al.

Data analysis

We initially performed ordinal logistic regression using
the R-based Jamovi Graphic User Interface (version 2.2.5.0).
We performed a primary model with two additional models
to test for the impact of potential confounders. The initial
model used child methylation of the NR3C1 gene across CpGs
as the dependent variable; while maternal IPV-PTSD group
and maternal average methylation as well as their interaction
served as independent variables. Average child and maternal
methylation were converted to ranks for analyses, as Shapiro-
Wilks tests indicated that they were not normally distributed.
A second model further controlled for child sex and age;
and, a third model additionally controlled for whether or not
mothers reported having experienced abuse (physical or sexual)
during their own childhood. To indicate whether results were
only reliable using non-parametric methods, we also repeated
these models with multiple linear regression and without any
transformation. We also performed post-hoc power analysis as
described in Supplementary material.

Initial omnibus regression analysis was then followed by
post-hoc tests looking at the individual CpGs with a special focus
on those that, according to the available literature, had provided
pertinent results in a previous publication that was focused on
the mothers (10). Specifically, we investigated the correlations of
maternal and child methylation for each group and each CpG.

To test the second hypothesis, we performed regression
analyses between maternal NR3C1 methylation at phase I
and report of child symptoms during Phase II for overall
CBCL as well as the internalizing and externalizing subscales.
Given that this combination of phase I and phase II data led
to a different subsample, Shapiro-Wilks tests were repeated.
Spearman correlations were used if the Shapiro-Wilks tests
indicated non-normality.

Results

In the context of maternal IPV-PTSD,
does maternal methylation of the NR3C1
gene promoter region correlate with
child NR3C1 gene methylation?

child NR3Cl1
methylation as the dependent variable along with three

Logistic regression models included
independent variables: maternal NR3C1 methylation, PTSD
group status, and their interaction. These analyses indicated
that all three of these independent variables were significantly
predictive (Group: Z = 2.22, p = 0.026, Maternal NR3C1: Z
= 3.64, p < 0.001, interaction: Z = —2.66, p = 0.008). These
findings remained significant when controlling for child age,
sex and maternal abuse history during childhood as potential
confounders in models 2 and 3 (see Table 1).
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TABLE 1 Ordinal logistic regression models for child methylation of
the NR3C1 gene across CpGs as the dependent variable.

Maternal Model 1 Model 2 Model 3
variables
PTSD group OR=10.6 OR=11.0 OR=111
(1.4-92.5) (1.3-101) (1.3-103)
7=222 7 =220 Z=219
P =0.026 p=0.028 p=0.028
Maternal NR3C1 OR=1.11 OR=1.11 OR=1.11
Methylation (1.05-1.17)  (1.05-1.18) (1.05-1.18)
Z =364 7 =3.66 Z=362
p < 0.001 p < 0.001 p < 0.001
PTSD group® ~ OR=0.89 OR =0.89 OR =0.89
Maternal NR3C1 (0.83-0.97)  (0.82-0.97) (0.82-0.97)
Methylation Z=-2.66 Z=-2.64 Z=-261
p=0.008 p=0.008 p=0.009

Model 1, maternal IPV-PTSD group and maternal average methylation as well as their
interaction were independent variables. Model 2 controlled for child sex and age, and
Model 3 additionally controlled for whether or not mothers reported having experienced
abuse (physical or sexual) during their own childhood.

Reliability analysis using parametric models indicated that,
among the independent variables, both maternal NR3C1 alone
and the interaction effect of maternal NR3Cl and group
remained significant in all models tested (Model 1: Group: 8
= —0.16, p = 0.14, Maternal NR3Cl: 8 = 0.63, p < 0.001,
interaction: f = —0.57, p = 0.043), while the variable PTSD-
group by itself was no longer significant. Post-hoc Spearman
correlations indicated that interaction was significant because
maternal NR3C1 correlated with child NR3C1 methylation
among mothers in the PTSD group, but not among mothers
in the non-PTSD group (see Figure 1, Spearman correlations
overall: rs = 0.36, p = 0.014, PTSD: rs = 0.71, p < 0.001, non-
PTSD: rs = —0.08, p = 0.73). All together, these findings show
that in the context of maternal PTSD, maternal methylation
of the NR3C1 gene promoter region predicted child NR3Cl
gene methylation.

Individual sites tested for correlation are shown in Figure 2.
We analyzed first the normality of data distribution at the CpG
sites using the Shapiro-Wilk test (R function “Shapiro.test”).
Then, using non-parametric correlations of CpG methylation
in mothers and their children, we tested each site of interest
[CpG3, CpG4, CpG5, and CpGll, see Supplemental material
in Schechter et al. (10)], using the Spearman’s rank correlation
(R function “cor.test” with method = “Spearman”). Graphics
produced in R with the full possible methylation ranges (0-
100%) showed a blue line resulting from a linear model fit
only when a correlation is present (Figure 2). The significance
of the correlation between the methylation of CpG11 among
mothers and that of children in the maternal IPV-PTSD group
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FIGURE 1
Scatter plot of rank of average methylation of the NR3C1 gene
for children and mothers across all 13 CpGs, split by whether
mothers had significant symptoms of interpersonal violence
related post-traumatic stress disorder

survived the Bonferroni correction for multiple comparisons (p
<0.0125).

Does maternal NR3C1 promoter region
methylation during the early sensitive
developmental period for emotion
regulation in children predict child
internalizing and externalizing problems
at school-age?

We tested whether methylation of the NR3C1 promoter
region during early sensitive periods of development would
be negatively and significantly associated with increased
internalizing and externalizing behavior in children later on
at school age. To do so, we examined the relationship of
maternal NR3C1 methylation to child behavior Phase II of
the study when children were 5-9-years-old (7.5 years, SD
0.95). In order to maximize the sample size, we decided
not to restrain the sample to include only mothers NR3Cl
methylation whose children had sufficient quantities of salivary
DNA for child methylation. As a result, 36 mothers’ NR3Cl1
percentage of overall methylation used as an independent
measure to predict child symptoms and behavior as reported
by mothers 4-5 years later. We performed the Shapiro-Wilk
test for normality within this subsample and found a normal
distribution for maternal methylation and CBCL Total problems
and Externalizing problems score (Shapiro-Wilk W NS) and
a non-normal distribution for CBCL Internalizing problems
score (Shapiro-Wilk W p = 0.007). Maternal overall NR3Cl
methylation was negatively and significantly correlated with
CBCL Total Problems score (r = —0.359; p = 0.031) which
was largely accounted for by the moderate correlation to
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Externalizing Behaviors (r = —0.376; p = 0.0.024). Internalizing
(i.e., anxiety and mood) symptoms were not significantly
correlated (Spearman correlation, rs = —0.197, p = 0.259)
at this level of analysis. We were finally able to show that
externalizing behavior was significantly associated not only to
maternal NR3C1 methylation, but also to parenting stress during
early childhood (r = —0.402, p = 0.017).

Discussion

We
longitudinal study of a rare cohort of mothers and their

have presented findings from the prospective,

very young children (ages 12-42 months at baseline) during a
sensitive period for the development of emotion and arousal
regulation. These mothers share adult histories of interpersonal
violence, as well as, for the majority of mothers, childhood
physical, sexual abuse and/or family violence exposure, and
subsequent related PTSD. We compared these traumatized
mothers to a parallel group of mothers and children of the same
age, the mothers of whom may or may not have experienced
interpersonal violence, but did not have clinically significant
PTSD [for more details of the cohort, see Schechter et al. (10)].

Within this particular cohort of mothers and children,
among the many multimodal data points collected (10, 31,
42), we have examined the relationship of maternal and
child DNA extracted from saliva for methylation of stress-
related gene promoter regions including NR3C1 as we discuss
here. This paper has examined the relationship of NR3Cl
Exon 1F Promoter region methylation between mothers and
children, by comparing mothers with vs. without IPV-PTSD and
their children during this sensitive period in early childhood.
We additionally examined how maternal methylation of this
gene during this early period of formative development
might independently relate to child psychiatric symptoms and
behaviors during school-age. This is the first paper in the
literature to do so to our knowledge.

We found that the correlations between mothers and
their children of NR3C1 methylation levels overall and at all
individual CpG sites of interest were significant only within
the IPV-PTSD group. The latter findings support that NR3C1
methylation in mothers is positively and significantly correlated
with NR3C1 methylation in their children only in presence
of IPV-PTSD in the mothers. Our findings thus replicate and
extend those of the recent paper by Van Aswegen et al. (16).
The latter study had demonstrated that maternal and child
NR3C1 methylation patterns correlated and supported that
child and maternal methylation levels with respect to NR3Cl
promoter Exon 1f region covary within a sample of 160 typical
mothers and children ages 8-16 years. Our present study albeit
with a smaller and clinical subsample has indeed similarly
demonstrated the significant correlation of maternal and in
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this instance early childhood NR3C1 methylation yet with the
extension of the added dimension of IPV-PTSD.

Our study furthermore supports that a lower percentage of
methylation of the NR3C1 promoter region (signifying greater
production of the glucocorticoid receptor protein and thus less
circulating cortisol), as a “signature” of complex, chronic IPV-
PTSD in mothers is related to child relationship problems as
marked by parenting stress, and child externalizing behaviors.
We previously showed that children of IPV-PTSD mothers
showed a blunted cortisol response to a laboratory stressor (14).
All together, these findings echoes two previous studies in which
childhood adversity in the presence of lower cortisol reactivity
moderated the effects of that adversity (i.e., childhood physical
abuse) on greater externalizing behaviors (43). Moreover, greater
externalizing behavior during early and middle childhood in
the wake of parental interpersonal violence has been associated
significantly to greater risk for intergenerational transmission
of enactment of interpersonal violence with a romantic partner
during adolescence and young adulthood (44).

Moreover, we have learned that the latter effects among
children have persisted on prospective, longitudinal follow-up
and that lower cortisol levels are associated with greater child-
self report of peer aggression at ages 5-9 years [Schechter et
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al., (45), 40th annual meeting of the Swiss Society of Biological
Psychiatry (SSBP)] (46). One previous study however has
suggested a link by looking directly in the post-mortem human
brain (47): the NR3Cl1 gene promoter region showed decreased
methylation among the brains of suicide victims with a history
of childhood abuse compared with those of controls (victims of
sudden, accidental death with no history of abuse). McGowan
et al. (47) noted that, in sum, their findings were particularly
relevant, as pituitary ACTH directly reflects central activation
of the HPA stress response and hippocampal glucocorticoid
receptor activation dampens HPA activity.

One limitation of the present study is indeed the size
of the sample that precluded analyses including confounding
variables, for example as to gender differences in externalizing
vs. internalizing symptoms that have been identified as noted
above in studies with larger samples. One factor that affects
the ability to obtain complete data on all participants in our
study was the necessity of reliance on salivary derived DNA
extraction for the methylation analyses. DNA extractions from
the child saliva was often insufficient despite our best efforts. We
decided in any case to examine the intergenerational aspect of
maternal to child behavior through focusing solely on maternal
NR3C1 methylation.
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Clinical implications of this paper include the use of NR3C1
promoter region 1F methylation as a biomarker to identify
children at higher risk of psychopathology. In addition, further
research could explore whether modulation of epigenetic targets
such as the methylation of the NR3C1 promoter region would
influence the orientation toward more personalized mental
health care that is more specifically adapted to the relevant
endophenotypes (48). Male oftspring of mothers who experience
male-perpetrated aggression and who show enduring signs of
stress in both human and rodent models are a) more likely to
display low cortisol baseline and reactivity (and therefore likely
greater CG receptor methylation); and b) more likely to express
aggressive behavior (14, 46). It is these offspring who are likely
to be at greater risk for the perpetuation of intergenerational
transmission of violence and related psychopathology; and
greater CG receptor methylation (14, 46, 49-51).

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Commission éthique des Hopitaux Universitaires
de Geneéve, later known as: Commission cantonale d’éthique
de la recherche. Written informed consent to participate in
this study was provided by the participants’ legal guardian/next
of kin.

Author contributions

MC performed initial analyses, initiated the paper, and
was involved in writing of methods and discussion as well
as overall editing. LS performed final analyses involving the
methylation and having been actively involved in the initial
sample processing and epigenetic analyses under supervision of
AP-G. LS and AP-G contributed to the writing of all sections
of the paper. DM created the data analysis plan, checked all
statistical analyses, worked on the main and supplementary

References

1. Palma-Gudiel H, Cordova-Palomera A, Leza JC, Fananas L. Glucocorticoid
receptor gene (NR3C1) methylation processes as mediators of early adversity in
stress-related disorders causality: a critical review. Neurosci Biobehav Rev. (2015)
55:520-35. doi: 10.1016/j.neubiorev.2015.05.016

2. Hedtke KA, Ruggiero KJ, Fitzgerald MM, Zinzow HM, Saunders BE,
Resnick HS, et al. longitudinal investigation of interpersonal violence in relation

Frontiers in Psychiatry

08

10.3389/fpsyt.2022.919820

figures, and editing. DS and SR as PI and co-PI designed
the experimental protocol, were involved at all levels of the
prospective, and longitudinal study the data from which this
study analyzed and interpreted. DS was furthermore involved in
the writing and editing of all sections of this paper. All authors
contributed to the article and approved the submitted version.

Funding

This research was supported by the National Center of
Competence in Research (NCCR) SYNAPSY—The Synaptic
Bases of Mental Diseases financed by the Swiss National Science
Foundation (No. 51AU40_125759).

Acknowledgments

This research would not have been possible without the
inspiration, support, and guidance of the late Alexandre
G. Dayer.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fpsyt.2022.919820/full#supplementary-material

to mental health and substance use. J Consult Clin Psychol. (2008) 76:633-
47. doi: 10.1037/0022-006X.76.4.633

3. Cisler JM, Begle AM, Amstadter AB, Resnick HS, Danielson CK, Saunders
BE, et al. Exposure to interpersonal violence and risk for PTSD, depression,
delinquency, and binge drinking among adolescents: data from the NSA-R. J
Trauma Stress. (2012) 25:33-40. doi: 10.1002/jts.21672

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.919820
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.919820/full#supplementary-material
https://doi.org/10.1016/j.neubiorev.2015.05.016
https://doi.org/10.1037/0022-006X.76.4.633
https://doi.org/10.1002/jts.21672
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Cordero et al.

4. Woods §J. Intimate partner violence and post-traumatic stress disorder
symptoms in women: what we know and need to know. ] Interpers Violence. (2005)
20:394-402. doi: 10.1177/0886260504267882

5. Nathanson AM, Shorey RC, Tirone V, Rhatigan DL. The prevalence of mental
health disorders in a community sample of female victims of intimate partner
violence. Partner Abuse. (2012) 3:59-75. doi: 10.1891/1946-6560.3.1.59

6. Golding JM. Intimate partner violence as a risk factor for mental disorders: a
meta-analysis. ] Fam Violence. (1999) 14:99-132. doi: 10.1023/A:1022079418229

7. Krysinska K, Lester D. Post-traumatic
suicide risk: a systematic review. Arch Suicide
23. doi: 10.1080/13811110903478997

8. Association AP. Diagnostic and Statistical Manual of Mental Disorders: DSM-

5TM Washington, DC: American Psychiatric Publishing, a division of American
Psychiatric Association (2013).

9. Yehuda R, Flory JD, Bierer LM, Henn-Haase C, Lehrner A, Desarnaud F, et
al. Lower methylation of glucocorticoid receptor gene promoter 1F in peripheral
blood of veterans with posttraumatic stress disorder. Biol Psychiatry. (2015)
77:356-64. doi: 10.1016/j.biopsych.2014.02.006

10. Schechter DS, Moser DA, Paoloni-Giacobino A, Stenz L, Gex-Fabry M,
Aue T, et al. Methylation of NR3C1 is related to maternal PTSD, parenting
stress and maternal medial prefrontal cortical activity in response to child
separation among mothers with histories of violence exposure. Front Psychol.
(2015) 6:690. doi: 10.3389/fpsyg.2015.00690

11. Youssef NA, Lockwood L, Su S, Hao G, Rutten BPFE. The effects of trauma,
with or without PTSD, on the transgenerational DNA methylation alterations in
human offsprings. Brain Sci. (2018) 8:83. doi: 10.3390/brainsci8050083

12. Yehuda R, Daskalakis NP, Desarnaud E Makotkine I, Lehrner AL, Koch E,
et al. Epigenetic biomarkers as predictors and correlates of symptom improvement
following psychotherapy in combat veterans with PTSD. Front Psychiatry. (2013)
4:118. doi: 10.3389/fpsyt.2013.00118

13. Vukojevic V, Kolassa IT, Fastenrath M, Gschwind L, Spalek K, Milnik A, et al.
Epigenetic modification of the glucocorticoid receptor gene is linked to traumatic
memory and post-traumatic stress disorder risk in genocide survivors. ] Neurosci.
(2014) 34:10274-84. doi: 10.1523/JNEUROSCI.1526-14.2014

14. Cordero MI, Moser DA, Manini A, Suardi F, Sancho-Rossignol A, Torrisi
R, et al. Effects of interpersonal violence-related post-traumatic stress disorder
(PTSD) on mother and child diurnal cortisol rhythm and cortisol reactivity
to a laboratory stressor involving separation. Horm Behav. (2017) 90:15-
24. doi: 10.1016/j.yhbeh.2017.02.007

15. Moser DA, Aue T, Suardi E Kutlikova H, Cordero MI, Rossignol AS,
et al. Violence-related PTSD and neural activation when seeing emotionally
charged male-female interactions. Soc Cogn Affect Neurosci. (2015) 10:645-
53. doi: 10.1093/scan/nsu099

and
14:1-

disorder
(2010)

stress
Res.

16. Van Aswegen T, Bosmans G, Goossens L, Van Leeuwen K, Claes S, Van Den
Noortgate W, et al. Epigenetics in families: covariance between mother and child
methylation patterns. Brain Sci. (2021) 11:20190. doi: 10.3390/brainsci11020190

17. Yehuda R, Daskalakis NP, Bierer LM, Bader HN, Klengel T, Holsboer F, et al.
Holocaust exposure induced intergenerational effects on FKBP5 methylation. Biol
Psychiatry. (2016) 80:372-80. doi: 10.1016/j.biopsych.2015.08.005

18. Tupper R, Bureau JE Deneault AA, Dixon-Luinenburg T, St-Laurent D. The
contributions of child-mother attachment, maternal parenting stress, and military
status to the prediction of child behavior problems. Infant Ment Health J. (2020)
41:723-37. doi: 10.1002/imhj.21854

19. Morelli NM, Duong J, Evans MC, Hong K, Garcia ], Ogbonnaya
IN, et al. Intergenerational transmission of abusive parenting: role of
prospective maternal distress and family violence. Child Maltreat. (2021)
26:172-81. doi: 10.1177/1077559520947816

20. Pereira J, Vickers K, Atkinson L, Gonzalez A, Wekerle C, Levitan
R. Parenting stress mediates between maternal maltreatment history and
maternal sensitivity in a community sample. Child Abuse Negl. (2012) 36:433—
7. doi: 10.1016/j.chiabu.2012.01.006

21. Samuelson KW, Wilson CK, Padrén E, Lee S, Gavron L. Maternal
PTSD and children’s adjustment: parenting stress and emotional availability
as proposed mediators. J Clin Psychol. (2017) 73:693-706. doi: 10.1002/jclp.
22369

22. Kuckertz JM, Mitchell C, Wiggins JL. Parenting mediates the impact of
maternal depression on child internalizing symptoms. Depress Anxiety. (2018)
35:89-97. doi: 10.1002/da.22688

23. Harris M, MacMillan H, Mepham J, Joshi D, Wekerle C,
Atkinson L, et al. Maternal childhood maltreatment history and child
behavior problems: developmental patterns and mediation via maternal

Frontiers in Psychiatry

09

10.3389/fpsyt.2022.919820

depressive symptoms and parenting behavior. Child Maltreat. (2022)

2022:10775595221074364. doi: 10.1177/10775595221074364

24. Kernic MA, Wolf ME, Holt VL, McKnight B, Huebner CE, Rivara FP.
Behavioral problems among children whose mothers are abused by an intimate
partner. Child Abuse Negl. (2003) 27:1231-46. doi: 10.1016/j.chiabu.2002.12.001

25. Cao-Lei L, van den Heuvel ML, Huse K, Platzer M, Elgbeili G,
Bracken M, et al. Epigenetic modifications associated with maternal
anxiety during pregnancy and children’s behavioral measures. Cells. (2021)
10:92421. doi: 10.3390/cells10092421

26. Luby JL, Belden A, Harms MP, Tillman R, Barch DM. Preschool is
a sensitive period for the influence of maternal support on the trajectory
of hippocampal development. Proc Natl Acad Sci USA. (2016) 113:5742-
7. doi: 10.1073/pnas.1601443113

27. Callaghan BL, Tottenham N. The neuro-environmental loop of plasticity:
a cross-species analysis of parental effects on emotion circuitry development
following typical and adverse caregiving. Neuropsychopharmacology. (2016)
41:163-76. doi: 10.1038/npp.2015.204

28. Lyons-Ruth K, Bureau JE, Holmes B, Easterbrooks A, Brooks NH. Borderline
symptoms and suicidality/self-injury in late adolescence: prospectively observed
relationship correlates in infancy and childhood. Psychiatry Res. (2013) 206:273-
81. doi: 10.1016/j.psychres.2012.09.030

29. Rubin KH, Burgess KB, Dwyer KM, Hastings PD. Predicting preschoolers’
externalizing behaviors from toddler temperament, conflict, and maternal
negativity. Dev Psychol. (2003) 39:164-76. doi: 10.1037/0012-1649.39.1.164

30. Vargas TG, Mittal VA. Testing whether implicit emotion regulation mediates
the association between discrimination and symptoms of psychopathology
in late childhood: an RDoC perspective. Dev Psychopathol. (2021) 2021:1-
14. doi: 10.1017/50954579421000638

31. Schechter DS, Moser DA, Aue T, Gex-Fabry M, Pointet VC, Cordero
MI, et al. Maternal PTSD and corresponding neural activity mediate effects
of child exposure to violence on child PTSD symptoms. PLoS ONE. (2017)
12:e0181066. doi: 10.1371/journal.pone.0181066

32. Association WM. Proposed revision of the Declaration of Helsinki. Bull Med
Ethics No. (1999) 147:18-22.

33. Blake DD, Weathers FW, Nagy LM, Kaloupek DG, Gusman FD, Charney DS,
et al. The development of a Clinician-Administered PTSD Scale. ] Trauma Stress.
(1995) 8:75-90. doi: 10.1002/jts.2490080106

34. Pupo MC, Jorge MR, Schoedl AF, Bressan RA, Andreoli SB, Mello ME, et
al. The accuracy of the Clinician-Administered PTSD Scale (CAPS) to identify
PTSD cases in victims of urban violence. Psychiatry Res. (2011) 185:157-
60. doi: 10.1016/j.psychres.2009.11.006

35. Marshall RD, Schneier FR, Fallon BA, Knight CB, Abbate LA, Goetz
D, et al. An open trial of paroxetine in patients with noncombat-related,
chronic posttraumatic stress disorder. J Clin Psychopharmacol. (1998) 18:10-
8. doi: 10.1097/00004714-199802000-00003

36. Kubany ES, Haynes SN, Leisen MB, Owens JA, Kaplan AS, Watson SB, et
al. Development and preliminary validation of a brief broad-spectrum measure of
trauma exposure: the Traumatic Life Events Questionnaire. Psychol Assess. (2000)
12:210-24. doi: 10.1037/1040-3590.12.2.210

37. Weathers FW, Keane TM. The Criterion A problem revisited: controversies
and challenges in defining and measuring psychological trauma. J Trauma Stress.
(2007) 20:107-21. doi: 10.1002/jts.20210

38. Schechter DS, Coots T, Zeanah CH, Davies M, Coates SW, Trabka KA, et
al. Maternal mental representations of the child in an inner-city clinical sample:
violence-related posttraumatic stress and reflective functioning. Attach Hum Dev.
(2005) 7:313-31. doi: 10.1080/14616730500246011

39. Abidin R, Flens JR, Austin WG. The Parenting Stress Index, Forensic Uses
of Clinical Assessment Instruments. Mahwah, NJ: Lawrence Erlbaum Associates
Publishers (2006). p. 297-328.

40. Achenbach TM, Dumenci L. Advances in empirically based assessment:
revised cross-informant syndromes and new DSM-oriented scales for the CBCL,
YSR, and TRF: comment on Lengua, Sadowski, Friedrich, and Fisher (2001). J
Consult Clin Psychol. (2001) 69:699-702. doi: 10.1037/0022-006X.69.4.699

41. Brasil HHA, Bordin IA. Convergent validity of K-SADS-PL by comparison
with CBCL in a Portuguese speaking outpatient population. BMC Psychiatry.
(2010) 10:83. doi: 10.1186/1471-244X-10-83

42. Moser DA, Suardi F, Rossignol AS, Vital M, Manini A, Serpa SR, et al.
Parental Reflective Functioning correlates to brain activation in response to video-
stimuli of mother-child dyads: links to maternal trauma history and PTSD.
Psychiatry Res Neuroimaging. (2019) 293:110985. doi: 10.1016/j.pscychresns.2019.
09.005

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.919820
https://doi.org/10.1177/0886260504267882
https://doi.org/10.1891/1946-6560.3.1.59
https://doi.org/10.1023/A:1022079418229
https://doi.org/10.1080/13811110903478997
https://doi.org/10.1016/j.biopsych.2014.02.006
https://doi.org/10.3389/fpsyg.2015.00690
https://doi.org/10.3390/brainsci8050083
https://doi.org/10.3389/fpsyt.2013.00118
https://doi.org/10.1523/JNEUROSCI.1526-14.2014
https://doi.org/10.1016/j.yhbeh.2017.02.007
https://doi.org/10.1093/scan/nsu099
https://doi.org/10.3390/brainsci11020190
https://doi.org/10.1016/j.biopsych.2015.08.005
https://doi.org/10.1002/imhj.21854
https://doi.org/10.1177/1077559520947816
https://doi.org/10.1016/j.chiabu.2012.01.006
https://doi.org/10.1002/jclp.22369
https://doi.org/10.1002/da.22688
https://doi.org/10.1177/10775595221074364
https://doi.org/10.1016/j.chiabu.2002.12.001
https://doi.org/10.3390/cells10092421
https://doi.org/10.1073/pnas.1601443113
https://doi.org/10.1038/npp.2015.204
https://doi.org/10.1016/j.psychres.2012.09.030
https://doi.org/10.1037/0012-1649.39.1.164
https://doi.org/10.1017/S0954579421000638
https://doi.org/10.1371/journal.pone.0181066
https://doi.org/10.1002/jts.2490080106
https://doi.org/10.1016/j.psychres.2009.11.006
https://doi.org/10.1097/00004714-199802000-00003
https://doi.org/10.1037/1040-3590.12.2.210
https://doi.org/10.1002/jts.20210
https://doi.org/10.1080/14616730500246011
https://doi.org/10.1037/0022-006X.69.4.699
https://doi.org/10.1186/1471-244X-10-83
https://doi.org/10.1016/j.pscychresns.2019.09.005
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Cordero et al.

43. Kuhlman KR, Geiss EG, Vargas I, Lopez-Duran N. HPA-axis activation
as a key moderator of childhood trauma exposure and adolescent mental
health. J Abnorm Child Psychol. (2018) 46:149-57. doi: 10.1007/s10802-017-
0282-9

44. Narayan AJ, Englund MM, Egeland B. Developmental timing and
continuity of exposure to interparental violence and externalizing behavior as
prospective predictors of dating violence. Dev Psychopathol. (2013) 25:973—
90. doi: 10.1017/5095457941300031X

45. Schechter DS, Poirier GL, Zutshi I, Gupta S, Zanoletti O, Rusconi-
Serpa S, et al. The transgenerational transmission of violence. Effect of
intimate partner violence on offspring’s stress reactivity and aggressive behaviour
across species. In: 40th Annual Meeting of the Swiss Society of Biological
Psychiatry (SSBP) “From high-risk to mood disorders”. Campus Biotech Geneva,
Switzerland: (2021).

46. Papilloud A, Veenit V, Tzanoulinou S, Riccio O, Zanoletti O, Guillot
de Suduiraut I, et al. Peripubertal stress-induced heightened aggression:
modulation of the glucocorticoid receptor in the central amygdala and
normalization by mifepristone treatment. Neuropsychopharmacology. (2019)
44:674-82. doi: 10.1038/541386-018-0110-0

Frontiers in Psychiatry

10

10.3389/fpsyt.2022.919820

47. McGowan PO, Sasaki A, D’Alessio AC, Dymov S, Labonté B, Szyf M, et al.
Epigenetic regulation of the glucocorticoid receptor in human brain associates with
childhood abuse. Nat Neurosci. (2009) 12:342-8. doi: 10.1038/nn.2270

48. Pizzimenti CL, Lattal KM. Epigenetics and memory: causes, consequences
and treatments for post-traumatic stress disorder and addiction. Genes Brain
Behav. (2015) 14:73-84. doi: 10.1111/gbb.12187

49. Aiyer SM, Heinze JE, Miller AL, Stoddard SA, Zimmerman MA.
Exposure to violence predicting cortisol response during adolescence and early
adulthood: understanding moderating factors. J Youth Adolesc. (2014) 43:1066-
79. doi: 10.1007/s10964-014-0097-8

50. Wright N, Hill J, Pickles A, Sharp H. Callous-unemotional traits,
low cortisol reactivity and physical aggression in children: findings from
the Wirral Child Health and Development Study. Transl Psychiatry. (2019)
9:79. doi: 10.1038/541398-019-0406-9

51. Platje E, Jansen LM, Raine A, Branje S], Doreleijers TA, de Vries-
Bouw M, et al. Longitudinal associations in adolescence between cortisol and
persistent aggressive or rule-breaking behavior. Biol Psychol. (2013) 93:132-
7. doi: 10.1016/j.biopsycho.2013.01.002

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.919820
https://doi.org/10.1007/s10802-017-0282-9
https://doi.org/10.1017/S095457941300031X
https://doi.org/10.1038/s41386-018-0110-0
https://doi.org/10.1038/nn.2270
https://doi.org/10.1111/gbb.12187
https://doi.org/10.1007/s10964-014-0097-8
https://doi.org/10.1038/s41398-019-0406-9
https://doi.org/10.1016/j.biopsycho.2013.01.002
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	The relationship of maternal and child methylation of the glucocorticoid receptor NR3C1 during early childhood and subsequent child psychopathology at school-age in the context of maternal interpersonal violence-related post-traumatic stress disorder
	Introduction
	Materials and methods
	Procedure
	Participants
	Measures
	NR3C1 methylation status
	Data analysis

	Results
	In the context of maternal IPV-PTSD, does maternal methylation of the NR3C1 gene promoter region correlate with child NR3C1 gene methylation?
	Does maternal NR3C1 promoter region methylation during the early sensitive developmental period for emotion regulation in children predict child internalizing and externalizing problems at school-age?

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


