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Stressful events during early-life are risk factors for psychiatric disorders. Brain-derived
neurotrophic factor (BDNF) is implicated in psychosis pathophysiology and deficits in
BDNF mRNA in animal models of psychiatric disease are reported. DNA methylation
can control gene expression and may be influenced by environmental factors such as
early-life stress. We investigated BDNF methylation in first-episode psychosis (FEP)
patients (n=58), their unaffected siblings (n=29) and community-based controls (n=59),
each of whom completed the Childhood Trauma Questionnaire (CTQ); BDNF
methylation was also tested in male Wistar rats housed isolated or grouped from
weaning. DNA was extracted from human blood and rat brain (prefrontal cortex and
hippocampus), bisulphite-converted and the methylation of equivalent sequences
within BDNF exon IV determined by pyrosequencing. BDNF methylation did not
differ significantly between diagnostic groups; however, individuals who had
experienced trauma presented higher levels of methylation. We found association
between the mean BDNF methylation and total CTQ score in FEP, as well as
between individual CpG sites and subtypes of trauma. No significant correlations were
found for controls or siblings with child trauma. These results were independent of age,
gender, body mass index, BDNF genotype or LINE-1 , a measure of global
methylation, which showed no significant association with trauma. Isolation rearing
resulted in increased bdnf methylation in both brain regions compared to group-
housed animals, a correlate of previously reported changes in gene expression. Our
results suggest that childhood maltreatment may result in increased BDNF
methylation, providing a mechanism underlying the association between early-life
stress and psychosis.

Kyla Pennington
KPennington@lincoln.ac.uk
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Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Opposed Reviewers:

Response to Reviewers:

Idesou@lsuhsc.edu

Sintia Belangero
sinbelangero@gmail.com

We thanks all reviewers for the constructive comments and for the chance to revise
and improve our manuscript. We have provided a poin-by-point response, an updated
version of our manuscript and supplementary material, and we hope that now our
manuscript meet all their requirements.

Reviewer #1: This manuscript includes two approaches for exploring the role of
childhood trauma on BDNF methylation. First, a clinical study included first-episode
psychosis (FEP) patients (n=58), their unaffected siblings (n=29) and community-
based controls (n=59), each of whom completed the Childhood Trauma Questionnaire
(CTQ). Second, an animal study in male Wistar rats housed isolated or grouped also
assessed BDNF methylation in the hippocampus. They found increased BDNF
methylation in people with a history of childhood trauma (independent of the diagnosis)
and in rats with social isolation. In a stratified analysis by diagnosis, CTQ scores were
associated with greater methylation in FEP patients but not in siblings or healthy
controls (although the group of siblings was smaller, and the proportion of childhood
trauma in these groups was lower too). The manuscript is well-written and the results
are interesting. | enclose several comments that might be addressed to

improve the quality of the manuscript:

1. The Introduction could be improved by being more specific on the relationship
between stress, epigenetics and BDNF, as well as the effects of early life stress on
BDNF expression in the hippocampus (which has been quite studied in animal models
[Duman's lab among other authors] and even in patients with first episode psychosis
[studies by Carmine Pariante and Valeria Mondelli]). For instance, the second
paragraph of the introduction is quite vague, particularly the use of the terms
'hormones' or 'drugs'. | suggest to be more specific and cite HPA axis hormones, as
well as the relationship between stress hormones and BDNF. | suggest to cite some
studies on first episode psychosis that have explored the relationship between BDNF,
childhood trauma and hippocampal volumes (Mondelli et al. 2011. Journal of Clinical
Psychiatry. 72(12): 1677-1684; Aas et al., 2013. Progress in
Neuropsychopharmacology and Biological Psychiatry. 2013. 46: 181-188).

We have improved our introduction as suggested.

2. In the Methods, | suggest to briefly explain the meaning of the open field in
animal research in terms of behavioural analysis. | am not sure why did the authors
decide to choose this experimental design in line with their hypothesis. | recommend to
justify in the methods the selection of this experimental procedure.

The required information is now added to the methods section in the updated version
of our manuscript.

3. The results of BDNF methylation (Figure 2) include all participants (patients,
siblings, controls). Although the authors already mentioned that they did not found a
significant interaction between diagnostic group and childhood trauma for mean BDNF
methylation, | think that a stratified subanalysis by diagnostic group could be placed in
the supplementary material (one figure for each subgroup). This might be considered
exploratory, but it would help the reader to see whether the methylation follows the
same pattern in all three groups. | know that the proportion of people with history of
childhood trauma is lower for the healthy control group, and that the number of siblings
is also small, but the inclusion of an additional figure with these analyses would be
helpful.

We have added the subanalysis suggested and the figures related to it in our updated
version of the manuscript.

4. In line with the previous comments, Figure 3 represents the relationship between
CTQ and BDNF methylation in FEP patients. | suggest to include additional figures as
supplementary material for the other two diagnostic groups.

We have added the details of statistical correlations analysis for the other groups as
well as the figures related to it in our updated version of the manuscript.

5. Inthe Discussion section, | suggest to discuss a little bit more previous studies
dealing with the role of BDNF and childhood trauma in clinical populations (first
episode psychosis or schizophrenia). You can cite previous studies already mentioned
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before. You may also cite a recent systematic review that highlights that the results
regarding BDNF methylation and childhood trauma in humans have shown mixed
results (Cecil CAM, Zhang Y, Nolte T. Childhood maltreatment and DNA methylation: A
systematic review. Neurosci Biobehav Rev. 2020;112:392-409.
doi:10.1016/j.neubiorev.2020.02.019).

We have added more information about the above-suggested studies in our
discussion.

6. In the figure titles, the authors indicate methylation "changes", but as it is a cross-
sectional study Figures reflect methylation rates (not changes).

We have removed “changes” as suggested.

7. | suggest to also discuss in the Limitations that the study is cross-sectional, which
limits the possibility to infer causal pathways between childhood trauma, BDNF
methylation and psychosis risk.

We have now included this in our limitations.

8. In the conclusions the authors state that "...our findings reinforce the hypothesis that
DNA methylation may be a possible mechanism underlying the association between
childhood maltreatment and

psychosis, supporting the proposed gene-environment interaction model of psychosis".
However, the authors did not find an interaction between childhood trauma and
diagnosis in relation to BDNF methylation (Page 10). Although correlation analyses
showed stronger correlations between CTQ and BDNF methylation in FEP (when
compared to siblings and healthy controls), as the sample size is larger for patients
than for siblings, and CTQ scores are higher in FEP patients than in controls, it is also
probable that significant associations are detected only in FEP for statistical power
issues. | suggest to tone down the conclusions on the specificity of psychosis in the
childhood trauma and BDNF methylation link, because the other diagnostic groups
have a lower proportion of childhood trauma.

We agree with the reviewer’s opinion and we have modified our conclusion
accordingly.

Reviewer #2: The paper by Fachim and colleagues reports an association between
childhood maltreatment and increased BDNF methylation in patients with first-episode
psychosis, their unaffected siblings and community-based controls.

The results of the study would surely be more complete if the authors were able to
supplement the research by the measurement of BDNF mRNA and protein levels. This
limitation has been addressed in the discussion

Statistical analysis has been carefully done with all information given in methods and
results. Therefore, | have some minor comments or advices for ameliorating the paper.

Methods

Participants: In the line 52, where you mention SCID you should also give a full name
for DSM-IV.

We described it in our methods.

Why did you use SCID and not SCID-57

As our recruitment was conducted between 2012-2015, the current valid criteria then
were DSM-IV; DMS-V was published in 2013 when we had already started recruitment.
In the line 64 you should delete one extra comma after the word AREA.

Thanks for the observation; we now deleted the extra comma.

Statistical Analysis: How did the authors determine the required sample size for their
analysis? Has it been during the study design? The authors report the sample size as
the limitation of the study, especially in the case of genetic association study regarding
BDNF rs6265.

We utilised all the samples in our disposal for the genotyping analysis and a
subsample was selected in order to perform the DNA methylation analysis. It is
important to point out that previous papers [1,2] including some of our work [3,4] have
similar numbers of participants (or less) than those included in this study and still
showing significant results.

1. Thaler, L.; Gauvin, L.; Joober, R.; Groleau, P.; de Guzman, R.; Ambalavanan, A.;
Israel, M.; Wilson, S.; Steiger, H. Methylation of BDNF in women with bulimic eating
syndromes: Associations with childhood abuse and borderline personality disorder.
Prog. Neuro-Psychopharmacology Biol. Psychiatry 2014, 54, 43-49.

2. Perroud, N.; Salzmann, A.; Prada, P.; Nicastro, R.; Hoeppli, M.E.; Furrer, S.; Ardu,
S.; Krejci, |.; Karege, F.; Malafosse, A. Response to psychotherapy in borderline
personality disorder and methylation status of the BDNF gene. Transl. Psychiatry 2013,
3, e207.
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3. Fachim, H.A_; Srisawat, U.; Dalton, C.F.; Reynolds, G.P. Parvalbumin promoter
hypermethylation in postmortem brain in schizophrenia. Epigenomics 2018, 10.

4. Fachim, H.A.; Loureiro, C.M.; Corsi-Zuelli, F.; Shuhama, R.; Louzada-Junior, P.;
Menezes, P.R.; Dalton, C.F.; Del-Ben, C.M.; Reynolds, G.P. GRIN2B promoter
methylation deficits in early-onset schizophrenia and its association with cognitive
function. Epigenomics 2019, epi-2018-0127.

Results

Subsection 3.3., line 215-224: The results that the authors present here are already
presented in tables so there is no need to report them in such details in the text, the
authors should only refer to the corresponding table (Table 4).

We have removed data from the text as suggested.

Subsection 3.4., line 227-228: The authors report that BDNF genotype frequencies
were in HWE. Did you check HWE each group of subjects separately? If not, please do
so and supplement the results.

Table 5: BDNF rs6265 is usually reported with alleles A and G in the literature. My
advice would be to label the genotypes AA, GA and GG to avoid confusion. | am also
worried about the fact that when you compared the distribution of BDNF rs6265
genotypes between 3 analyzed 0 TT genotype carriers in two groups and 1 in the third
group. | would suggest combining TT with CT carriers and repeating the analysis (X2
test).

We have done the analysis considering both ways and neither showed significance.
We have added more details about the analysis in our updated manuscript.

Discussion

Line 224: Please replace the uppercase letter with the lowercase in the word WITHIN:
"Additionally, within each group..."

Thank you for the observation, we have now modified it.

Reviewer #3: In this manuscript the authors investigate Bdnf methylation in the
periphery of adult psychosis patients and in the brain of rats isolated post-weaning.
The human component of this manuscript is interesting, and the combination of data
on genotype, methylation, psychosis, and childhood trauma is not necessarily novel
but could be useful for the field if this part of the study was presented alone in a brief
communication style.

Major comments:

1. Peripheral studies of Bdnf methylation have been common in studies of psychiatric
disease and this only adds minimally to the current knowledge base.

We believe that our findings add important knowledge of relevance to the scientific
community, as we find BDNF methylation is associated more with past trauma
experiences than with psychosis. Thus, we emphasize that the environmental changes
have a strong effect in modifying DNA methylation. Additionally, no other studies using
this specific animal model of early life trauma (isolation rearing from weaning) showed
BDNF methylation changes previously, which reinforce the importance of the model to
study early-life adversities consequences in mimic psychosis.

2. The animal component of this study is completely unrelated to the human
component. Rat studies of post-weaning isolation (adolescent/adult stress) is not
directly linked to human psychosis and is not relevant to childhood trauma. This seems
to be haphazardly placed in the manuscript.

We have now included further references (41,43,45,47) providing evidence that the
isolation reared rat is indeed a valuable model of several features of schizophrenia with
construct validity and demonstrating both neuropathological and behavioural/symptom
correlates.

Minor comments:

1. Authors should distinguish between human and animal gene nomenclature by
making animal genes lowercase.

We have modified the nomenclature for BDNF accordingly.

2. Figures are blurry and of low quality/not visually appealing. Figure 2 does not have a
line for the Y axis.

It was our choice to leave the Y axis without a line, although we are happy to adapt it to
the journal style.
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3. Figure 1 is unnecessary.

We opted to preserve figure 1 in the manuscript as it may be useful for other
researchers interested in designing primers to study the same CpG Island and be able
to replicate our results.
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Cover Letter

Cover Letter

6th August 2020
Dear Editor-in-Chief: Louis Gendron,

We are submitting our manuscript entitled “Early-life stress effects on BDNF
DNA methylation in first-episode psychosis and in rats reared in isolation”
as an Original Article to be considered for publication in Progress in Neuro-
Psychopharmacology & Biological Psychiatry.

In this study, we analysed the BDNF DNA methylation changes in humans in first-
episode psychosis, compared to their unaffected siblings and community-based
controls and the effects of childhood trauma experiences. In parallel, we
analysed equivalent changes in brain areas of rats reared in isolation. The most
exciting and interesting result was that BDNF methylation changes were more
linked to childhood trauma than with psychosis, and this effect was also seen in
important areas of the rat brain (hippocampus and prefrontal cortex).

We believe that these results are very important to share with the scientific
community and will bring new insights regarding BDNF methylation changes
triggered by environmental factors in psychosis as well as in its animal model.
We assure that this manuscript has not been submitted elsewhere and that all
authors checked and agreed with the version submitted.

Thanks for considering our manuscript for publication in Progress in Neuro-
Psychopharmacology & Biological Psychiatry,

Best Regards,

Helene A. Fachim,

Postdoctoral Research Scientist
Salford Royal NHS Foundation Trust
Salford-UK
Helene.fachim@manchester.ac.uk



Cover Letter

Cover Letter

26th October 2020
Dear Editor: Nela Pivac,

Thanks for the opportunity to revise our manuscript. We have made the changes
as the reviewers suggested along the main file and provided the point by point
response to the reviewer’s comments. We are submitting an updated version of
our manuscript with and additional supplementary file as requested by the
reviewer 1. It is important to point out that reviewer 3 shows little
understanding of the topic, and perhaps further comment from him may not be
helpful.

We hope you agree that our manuscript is now suitable for publication in
Progress in Neuro-Psychopharmacology & Biological Psychiatry.

Thanks once again for considering our manuscript for publication in Progress in
Neuro-Psychopharmacology & Biological Psychiatry,

Best Regards,

Helene A. Fachim,

Postdoctoral Research Scientist
Salford Royal NHS Foundation Trust
Salford-UK
Helene.fachim@manchester.ac.uk



Response to Reviewers

Reviewer #1: This manuscript includes two approaches for exploring the role of childhood
trauma on BDNF methylation. First, a clinical study included first-episode psychosis (FEP)
patients (n=58), their unaffected siblings (n=29) and community-based controls (n=59), each
of whom completed the Childhood Trauma Questionnaire (CTQ). Second, an animal study in
male Wistar rats housed isolated or grouped also assessed BDNF methylation in the
hippocampus. They found increased BDNF methylation in people with a history of childhood
trauma (independent of the diagnosis) and in rats with social isolation. In a stratified analysis
by diagnosis, CTQ scores were associated with greater methylation in FEP patients but not in
siblings or healthy controls (although the group of siblings was smaller, and the proportion
of childhood trauma in these groups was lower too). The manuscript is well-written and the
results are interesting. | enclose several comments that might be addressed to

improve the quality of the manuscript:

1. The Introduction could be improved by being more specific on the relationship
between stress, epigenetics and BDNF, as well as the effects of early life stress on BDNF
expression in the hippocampus (which has been quite studied in animal models [Duman's lab
among other authors] and even in patients with first episode psychosis [studies by Carmine
Pariante and Valeria Mondelli]). For instance, the second paragraph of the introduction is
quite vague, particularly the use of the terms ‘hormones' or 'drugs’. | suggest to be more
specific and cite HPA axis hormones, as well as the relationship between stress hormones
and BDNF. | suggest to cite some studies on first episode psychosis that have explored the
relationship between BDNF, childhood trauma and hippocampal volumes (Mondelli et al.
2011. Journal of Clinical Psychiatry. 72(12): 1677-1684; Aas et al., 2013. Progress in
Neuropsychopharmacology and Biological Psychiatry. 2013. 46: 181-188).

We have improved our introduction as suggested.

2. Inthe Methods, | suggest to briefly explain the meaning of the open field in animal
research in terms of behavioural analysis. | am not sure why did the authors decide to choose
this experimental design in line with their hypothesis. | recommend to justify in the methods
the selection of this experimental procedure.

The required information is now added to the methods section in the updated version of our
manuscript.

3. The results of BDNF methylation (Figure 2) include all participants (patients, siblings,
controls). Although the authors already mentioned that they did not found a significant
interaction between diagnostic group and childhood trauma for mean BDNF methylation, |
think that a stratified subanalysis by diagnostic group could be placed in the supplementary
material (one figure for each subgroup). This might be considered exploratory, but it would
help the reader to see whether the methylation follows the same pattern in all three groups. |
know that the proportion of people with history of childhood trauma is lower for the healthy
control group, and that the number of siblings is also small, but the inclusion of an
additional figure with these analyses would be helpful.

We have added the subanalysis suggested and the figures related to it in our updated
version of the manuscript.



4. In line with the previous comments, Figure 3 represents the relationship between CTQ
and BDNF methylation in FEP patients. | suggest to include additional figures as
supplementary material for the other two diagnostic groups.

We have added the details of statistical correlations analysis for the other groups as well as
the figures related to it in our updated version of the manuscript.

5. Inthe Discussion section, | suggest to discuss a little bit more previous studies dealing
with the role of BDNF and childhood trauma in clinical populations (first episode psychosis
or schizophrenia). You can cite previous studies already mentioned before. You may also cite
a recent systematic review that highlights that the results regarding BDNF methylation and
childhood trauma in humans have shown mixed results (Cecil CAM, Zhang Y, Nolte T.
Childhood maltreatment and DNA methylation: A systematic review. Neurosci Biobehav Rev.
2020;112:392-409. doi:10.1016/j.neubiorev.2020.02.019).

We have added more information about the above-suggested studies in our discussion.

6. In the figure titles, the authors indicate methylation "changes"”, but as it is a cross-sectional
study Figures reflect methylation rates (not changes).

We have removed “changes” as suggested.

7. 1 suggest to also discuss in the Limitations that the study is cross-sectional, which limits
the possibility to infer causal pathways between childhood trauma, BDNF methylation and
psychosis risk.

We have now included this in our limitations.

8. In the conclusions the authors state that "...our findings reinforce the hypothesis that DNA
methylation may be a possible mechanism underlying the association between childhood
maltreatment and

psychosis, supporting the proposed gene-environment interaction model of psychosis".
However, the authors did not find an interaction between childhood trauma and diagnosis in
relation to BDNF methylation (Page 10). Although correlation analyses showed stronger
correlations between CTQ and BDNF methylation in FEP (when compared to siblings and
healthy controls), as the sample size is larger for patients than for siblings, and CTQ scores
are higher in FEP patients than in controls, it is also probable that significant associations are
detected only in FEP for statistical power issues. | suggest to tone down the conclusions on
the specificity of psychosis in the childhood trauma and BDNF methylation link, because the
other diagnostic groups have a lower proportion of childhood trauma.

We agree with the reviewer's opinion and we have modified our conclusion accordingly.

Reviewer #2: The paper by Fachim and colleagues reports an association between childhood
maltreatment and increased BDNF methylation in patients with first-episode psychosis, their
unaffected siblings and community-based controls.

The results of the study would surely be more complete if the authors were able to
supplement the research by the measurement of BDNF mRNA and protein levels. This



limitation has been addressed in the discussion
Statistical analysis has been carefully done with all information given in methods and results.
Therefore, | have some minor comments or advices for ameliorating the paper.

Methods
Participants: In the line 52, where you mention SCID you should also give a full name for
DSM-IV.

We described it in our methods.
Why did you use SCID and not SCID-5?

As our recruitment was conducted between 2012-2015, the current valid criteria then were
DSM-1V; DMS-V was published in 2013 when we had already started recruitment.

In the line 64 you should delete one extra comma after the word AREA.
Thanks for the observation; we now deleted the extra comma.

Statistical Analysis: How did the authors determine the required sample size for their
analysis? Has it been during the study design? The authors report the sample size as the
limitation of the study, especially in the case of genetic association study regarding BDNF
rs6265.

We utilised all the samples in our disposal for the genotyping analysis and a subsample was
selected in order to perform the DNA methylation analysis. It is important to point out that
previous papers [1,2] including some of our work [3,4] have similar numbers of participants
(or less) than those included in this study and still showing significant results.

1. Thaler, L.; Gauvin, L.; Joober, R.; Groleau, P.; de Guzman, R.; Ambalavanan, A.; Israel, M.;
Wilson, S.; Steiger, H. Methylation of BDNF in women with bulimic eating syndromes:
Associations with childhood abuse and borderline personality disorder. Prog. Neuro-
Psychopharmacology Biol. Psychiatry 2014, 54, 43-49.

2. Perroud, N.; Salzmann, A;; Prada, P.; Nicastro, R.; Hoeppli, M.E,; Furrer, S,; Ardu, S,;
Krejci, I.; Karege, F.; Malafosse, A. Response to psychotherapy in borderline personality
disorder and methylation status of the BDNF gene. Transl. Psychiatry 2013, 3, e207.

3. Fachim, H.A,; Srisawat, U.; Dalton, C.F.; Reynolds, G.P. Parvalbumin promoter
hypermethylation in postmortem brain in schizophrenia. Epigenomics 2018, 10.

4. Fachim, H.A.; Loureiro, C.M.; Corsi-Zuelli, F.; Shuhama, R.; Louzada-Junior, P.; Menezes,
P.R; Dalton, C.F.; Del-Ben, C.M.; Reynolds, G.P. GRIN2B promoter methylation deficits
in early-onset schizophrenia and its association with cognitive function. Epigenomics
2019, epi-2018-0127.

Results
Subsection 3.3, line 215-224: The results that the authors present here are already presented



in tables so there is no need to report them in such details in the text, the authors should
only refer to the corresponding table (Table 4).

We have removed data from the text as suggested.

Subsection 3.4., line 227-228: The authors report that BDNF genotype frequencies were in
HWE. Did you check HWE each group of subjects separately? If not, please do so and
supplement the results.

Table 5: BDNF rs6265 is usually reported with alleles A and G in the literature. My advice
would be to label the genotypes AA, GA and GG to avoid confusion. | am also worried about
the fact that when you compared the distribution of BDNF rs6265 genotypes between 3
analyzed O TT genotype carriers in two groups and 1 in the third group. | would suggest
combining TT with CT carriers and repeating the analysis (X2 test).

We have done the analysis considering both ways and neither showed significance. We have
added more details about the analysis in our updated manuscript.

Discussion
Line 224: Please replace the uppercase letter with the lowercase in the word WITHIN:
"Additionally, within each group..."

Thank you for the observation, we have now modified it.

Reviewer #3: In this manuscript the authors investigate Bdnf methylation in the periphery of
adult psychosis patients and in the brain of rats isolated post-weaning. The human
component of this manuscript is interesting, and the combination of data on genotype,
methylation, psychosis, and childhood trauma is not necessarily novel but could be useful for
the field if this part of the study was presented alone in a brief communication style.

Major comments:

1. Peripheral studies of Bdnf methylation have been common in studies of psychiatric disease
and this only adds minimally to the current knowledge base.

We believe that our findings add important knowledge of relevance to the scientific
community, as we find BDNF methylation is associated more with past trauma experiences
than with psychosis. Thus, we emphasize that the environmental changes have a strong
effect in modifying DNA methylation. Additionally, no other studies using this specific animal
model of early life trauma (isolation rearing from weaning) showed BDNF methylation
changes previously, which reinforce the importance of the model to study early-life
adversities consequences in mimic psychosis.

2. The animal component of this study is completely unrelated to the human

component. Rat studies of post-weaning isolation (adolescent/adult stress) is not directly
linked to human psychosis and is not relevant to childhood trauma. This seems to be
haphazardly placed in the manuscript.



We have now included further references (41,43,45,47) providing evidence that the isolation
reared rat is indeed a valuable model of several features of schizophrenia with construct
validity and demonstrating both neuropathological and behavioural/symptom correlates.

Minor comments:
1. Authors should distinguish between human and animal gene nomenclature by making
animal genes lowercase.

We have modified the nomenclature for BDNF accordingly.

2. Figures are blurry and of low quality/not visually appealing. Figure 2 does not have a line
for the Y axis.

It was our choice to leave the Y axis without a line, although we are happy to adapt it to the
journal style.

3. Figure 1 is unnecessary.

We opted to preserve figure 1 in the manuscript as it may be useful for other researchers
interested in designing primers to study the same CpG Island and be able to replicate our
results.



Highlights

Highlights

Stressfull events in early-life can modify the epigenome

Early-life stress is a risk factor for psychiatric disorders

BDNF is a key mediator of neural plasticity in brain areas has been associated
with both early-life events and psychosis

Environmental influences shape genomic expression through epigenetic
mechanisms

BDNF methylation changes could be a biomarker for early life adversity and

hence for adult psychiatric illness



Abstract

ABSTRACT

Stressful events during early-life are risk factors for psychiatric disorders. Brain-derived
neurotrophic factor (BDNF) is implicated in psychosis pathophysiology and deficits in BDNF
mMRNA in animal models of psychiatric disease are reported. DNA methylation can control
gene expression and may be influenced by environmental factors such as early-life stress. We
investigated BDNF methylation in first-episode psychosis (FEP) patients (n=58), their
unaffected siblings (n=29) and community-based controls (n=59), each of whom completed
the Childhood Trauma Questionnaire (CTQ); BDNF methylation was also tested in male
Wistar rats housed isolated or grouped from weaning. DNA was extracted from human blood
and rat brain (prefrontal cortex and hippocampus), bisulphite-converted and the methylation
of equivalent sequences within BDNF exon IV determined by pyrosequencing. BDNF
methylation did not differ significantly between diagnostic groups; however, individuals who
had experienced trauma presented higher levels of methylation. We found association
between the mean BDNF methylation and total CTQ score in FEP, as well as between
individual CpG sites and subtypes of trauma. No significant correlations were found for
controls or siblings with child trauma. These results were independent of age, gender, body
mass index, BDNF genotype or LINE-1, a measure of global methylation, which showed no
significant association with trauma. Isolation rearing resulted in increased BDNF methylation
in both brain regions compared to group-housed animals, a correlate of previously reported
changes in gene expression. Our results suggest that childhood maltreatment may result in
increased BDNF methylation, providing a mechanism underlying the association between
early-life stress and psychosis.
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1. Introduction

Childhood trauma, including physical, sexual, emotional abuse and neglect, are events
known to compromise neural structure and function. This can result in increased susceptibility
to developing cognitive deficits and psychiatric illness including schizophrenia, major
depression and bipolar disorder (1-3) . It is already known from clinical and experimental
studies that the prefrontal cortex (PFC) and hippocampus play a crucial role in the cognitive
deficits and aberrant emotional behaviours originating from early-life adversity (4,5). Brain-
derived neurotrophic factor (BDNF) is a neurotrophin that regulates synaptic transmission and
plasticity (6), and it has a role in proliferation, differentiation, survival, and death of neuronal
and non-neuronal cells. BDNF is also a key mediator of neural plasticity in both PFC and
hippocampus and its decrease in the brain has been associated with both adverse early-life

events (7-11) and schizophrenia (12).

BDNF gene regulation appears to be “‘stressor specific”; it was previously demonstrated

in animal models that the BDNF regulation can be modulated by early life stress (13).

Environmental influences, including nutrition, maternal care and behaviour,

hypothalamus-pituitary-axis (HPA) hormonal variationses, drug_treatmentss, and early-life

experiences (14), shape genomic expression through epigenetic mechanisms (15).
Furthermore, some studies have shown that childhood abuse has a long-lasting effect on both
the HPA axis and BDNF -in the brain (16) and blood (17,18,20). DNA methylation is one
epigenetic mechanism that can inhibit or enhance gene transcription by, for example,

modifying transcription factor (TF) binding sites within the promoter region of the gene (19).

Exposure to stress and maternal neglect in early life can disrupt epigenetic
programming in the brain (21), with lasting consequences for brain gene expression and

behaviour. This evidence is primarily derived from animal studies, with limited evidence in
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humans (15) due to the inaccessibility of the target brain tissues. However, emerging evidence
suggests that epigenetic biomarkers in peripheral tissues may be used to predict disease
phenotypes in humans (22). Among the molecular alterations seen in schizophrenia, a decrease
in BDNF mRNA was previously demonstrated in the brain in both animal models of psychosis

(23-25) and human disease in post-mortem samples (26,27).

It has previously been suggested, from studies of the effects of an environmental toxin,
that BDNF methylation changes could be a biomarker for early-life adversity, and hence, for
adult psychiatric illness (21). Furthermore, BDNF methylation has also been proposed as an
epigenetic mechanism underlying changes in gene expression and behaviour incited by early-
life stress in rodents (28). We investigated if BDNF DNA methylation changes would be
present in the peripheral blood of patients after a first-episode of psychosis (FEP) compared
with their unaffected siblings and community-based controls and if childhood trauma could be
a possible environmental factor associated with such DNA methylation changes among the
three groups. We also studied the possible influence of the BDNF single nucleotide
polymorphism (SNP) rs6265 (Val/Met), which has been associated with psychosis (29-31), on
DNA methylation and its interaction with trauma. Furthermore, we investigated potential
BDNF methylation changes in the PFC and hippocampus in a pre-clinical model of
schizophrenia induced by early-life stress, namely rats reared in social isolation after weaning
compared with group-housed animals. We hypothesised that early-life stress would be
associated with changes in BDNF methylation in the clinical samples as well as in this animal

model.

2. Methods

2.1. Participants
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This study belongs to the epidemiological research “Schizophrenia and Other Psychosis
Translational Research: Environment and Molecular Biology” referred to as STREAM (32),
which is part of the international consortium European Network of National Schizophrenia

Networks Studying Gene-Environment Interactions (EU-GEI; http://www.eu-gei.eu/) (33).

For the current study, we retrieved a subsample from the epidemiological study
selecting FEP patients with the diagnosis of schizophreniform disorder or schizophrenia,

bipolar disorder or depression with psychotic symptoms, confirmed by the Structural Clinical

Interview for the Diagnostic and Statistical Manual of Mental Disorders (DSM-1V) (SCID)
(34,35). In total, we included 60 individuals with FEP, 60 age- and sex- matched community-
based controls, and 30 unaffected siblings of patients, as described previously (36,37). All
participants were between the ages of 16 and 64 years and from the catchment area of Ribeir&o
Preto, S&o Paulo, Brazil (38). We excluded patients with psychotic symptoms due to other
medical conditions or associated with substance intoxication/withdrawal. The details of

inclusion and exclusion criteria followed those of other EU-GEI studies (38,39).

The unaffected siblings of patients were included to represent a high-risk sample, which
would serve as an intermediate group between patients and controls. They were asked to
volunteer to join the study following agreement by the patient to the invitation and if they had

no life-time history of psychotic symptoms.

The recruitment of controls, followed the population distribution of the Ribeirdo Preto
catchment area,; as defined by the 2010 Brazilian Official Census Bureau (Instituto Brasileiro

de Geografia e Estatistica, IBGE). Controls had a lifelong absence of psychotic symptoms.

The study was approved by the local Ethics committee (process number 15280/2011),

and all participants gave written informed consent.
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2.2. Stress measurements

As previously described (40), we assessed the history of childhood maltreatment in our
sample using the Childhood Trauma Questionnaire (CTQ) (41,42). The CTQ short form is a
self-reporting questionnaire consisting of 25 items rated on a 5-point Likert scale (1 = never
true; 5 = very often true) to assess separately the exposure to sexual, physical and emotional
abuse, and physical and emotional neglect. The sum of values of the five sub-scales generates
the CTQ total score, which ranges from 25 to 125 points. In addition, 4 cut-off scores are
provided for each scale: none to low; low to moderate; moderate to severe and severe to
extreme. Subjects who scored at or above the “moderate to severe” cut-off scores (> 13 for
emotional abuse; > 10 for physical abuse; > 8 for sexual abuse; > 15 for emotional neglect; and
> 10 for physical neglect) on at least one of the five subscales of the CTQ were defined as a

“maltreated” group (42).

2.3. Animals and housing

The animal experiments were carried out as described in an earlier publication (43).

Isolation rearing from weaning is a well-recognised animal model used to study psychosis as

the isolation period results in behavioural, molecular and neurochemical changes which are

similar to those found in schizophrenia (44-47). Male Wistar rat pups were purchased from the

animal facility of the University of S&o Paulo (Ribeirdo Preto) and transported with their
mothers (6 pups per mother), on the day of birth, to the animal house associated to the
Laboratory of Neuropsychopharmacology. They remained with their mother until weaning (21
days) in a temperature-controlled room (23 £ 1°C) on a 12:12 h light/dark cycle (lights on from
06:30 to 18:30), with free access to food and water, and were handled one to three times a
week. Handling consisted of suspending the rats by the tail and moving them to a clean cage

(approximately 5 seconds); the same person performed all animal handling. At weaning, when
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the pups weighed 40 grams, they were allocated randomly to one of the two conditions for 10
weeks: (1) grouped (n = 10), housed (3 or 4 per cage) and handled three times a week; (2)
isolated (n = 10), housed individually and handled once a week for cleaning purposes only.
Animals (grouped or isolated) were housed in 48.5 cm x 25.8 cm x 15.6 cm plastic cages and

could see, hear and smell the other animals.

The experiments were carried out according to the Council for Control of Animal
Experimentation (CONCEA), and all efforts were made to minimize animal suffering. This

study was approved by the local ethical committee (024/2016).

The Open Field test was performed in order to confirm the effectiveness of the isolation

rearing protocol. Hyperlocomotion measured by the Open Field test is a reliable, consistent and

easily-measured behavioural change seen in this animal model, characterized by the lack of

normal habituation following placement in a novel arena (44).

The behavioural analysis was performed in the open field, exposing the animals to a
squared arena (dimensions 40 cm x 72 cm x 72 cm) over 20 minutes, divided into four time
bins (0-5; 5-10; 10-15; 15-20 min), and square crossings evaluated in the periphery and centre

(horizontal exploration), as well as elevations (vertical exploration) as described before (43).

2.4. DNA extraction, Bisulphite Conversion and Pyrosequencing

Genomic DNA from human (blood) and rat (PFC and hippocampus) was extracted
using QlAamp DNA Blood Mini Kit (Qiagen, Valencia, CA), and was bisulphite-modified to
convert unmethylated cytosine residues to uracil using the EpiTec Fast DNA Bisulphite Kit
(Qiagen) with a calculated mean conversion of 99%. We identified equivalent DNA sequences
for both species (Fig. 1), within the exon IV region of the BDNF gene as previously studied by
Kundakovic et al. (2015), and developed a pyrosequencing method for determination of

methylation at each CpG site following bisulphite reaction (4 CpGs in Human and 3 CpGs in
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rats). The respective sequences for each species were amplified by PCR using primers
(Eurofins MWG Operon), including a biotinylated reverse primer. PCR reactions,
amplification conditions and the methylation profile were carried out according to our previous

studies (37,48,49).

PyroMark Q24 CpG LINE-1 sequence-based pyrosequencing was used to quantify
methylation at four CpG sites in positions 331 to 318 of LINE-1 in humans (GenBank accession
number X58075) (Qiagen), and to design equivalent primers for LINE-1 in rats, we used Basic

Local Alignment Search Tool (BLAST: https://blast.ncbi.nlm.nih.gov/Blast.cgi), to find the most

similar genomic region between species.

Pyrosequencing setup and data reading were conducted by PyroMark Q24 2.0.6.20
software (UK). Samples underwent PCR and pyrosequencing in duplicate; any inconsistencies
between samples were resolved following further repetition. Two samples from controls, one
from siblings and one from FEP were excluded due to failure of PCR amplification. The

primers for humans and rats are showed in Table 1.

2.3. Genotyping

We genotyped the SNP rs6265 for BDNF in all participants (60 FEP, 60 community-
based controls and 30 unaffected siblings) using TagMan® SNP Genotyping Assay
C__11592758_10. Genotyping reactions were carried out in MicroAmp® Fast Optical 96-Well
Reaction Plate with Barcode 0.1 mL (REF: 4346906), each containing: 5ul of TagMan®
GTpress™ Master Mix 2X (Applied Biosystems), 0.25uL. TagMan® genotyping assay mix
(20X), 2 ul DNA and 2.5uL of DNAse-free water.

The reactions were done according to the following thermocycling program
(StepOnePlus™), stage 1: pre-PCR reading at 60°C for 1 minute; stage 2: holding of DNA

polymerase activation at 95 °C for 20 seconds; stage 3: 40 cycles of denaturation at 95°C for 3
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seconds and annealing at 60°C for 20 seconds; stage 4: 10 cycles of post-PCR reading of
denature at 95°C for 3 seconds and annealing at 60°C for 20 seconds. The allelic discrimination
analyses were performed in the Tagman® Genotype (Software Real Time PCR Systems
Version 2.0 - Applied Biosystems®, 2007) program, with the specific algorithm compatible

with the results generated by the equipment for the polymorphism.

2.4. Statistical Analysis

All the analyses were done using SPSS 20.0 (IBM Corp: Armonk, NY, USA). For the
clinical sample, demographic and clinical data were analysed using descriptive statistics. Data

were checked for normality using the Kolmorogov-Smirnov test.

We firstly tested the overall association of diagnostic groups and history of childhood
trauma with BDNF methylation. Because our dependent variable (BDNF methylation) was not
normally distributed we used the generalized linear model with gamma family and log link
function and Bonferroni corrections with statistical significance set at p<0.05 (Wald Chi
Square, %?), adjusting for the effects of age and gender, body mass index (BMI), and LINE-1
(a measure of global methylation). We included BDNF methylation levels at CpG1, CpG2,
CpG3 and CpG4 as well as the mean methylation as the dependent variables, and childhood
trauma (yes or no), diagnostic groups (first-episode psychosis (FEP) patients, unaffected
siblings, and community-based controls), sex, and childhood trauma by diagnostic groups as
the independent variables, while adjusting for the effects of age, BMI and LINE-1 methylation.
Among the whole sample and for each subgroup, correlations between methylation and CTQ
scores, and methylation and CTQ subtypes were tested by Spearman’s correlation. Genotype
rs6265 frequency differences for BDNF gene were compared among FEP patients, siblings and
controls using Fisher's exact test and Chi-square test. We also analysed the genotype effects on

methylation and association with trauma using the generalized linear model with gamma family
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and log link function and Bonferroni corrections with statistical significance set at p<0.05

(Wald Chi Square, %2) controlling for age, gender, LINE-1 and BMI.

For the isolation rearing study in rats, between-group differences were evaluated using
the Student’s t test and associations between methylation and behaviour were tested by

Pearson’s correlation.

3. Results

3.1.Socio-demographic and clinical characteristics of the sample

The socio-demographic and clinical characteristics of all the groups included in this
study are shown in Table 2. The categories of duration of untreated psychosis (DUP) followed

the same categorisation as published in our previous study (36).
3.2. Childhood maltreatment in FEP, unaffected siblings and community-based controls

Our final sample was composed by 58 FEP patients (28 without and 30 with childhood
trauma experiences), 29 unaffected siblings (21 without and 8 with childhood trauma) and 59
community-based controls (52 without and 7 with childhood trauma experiences). The
distribution of severity of trauma subtypes (sexual, physical and emotional abuse, and physical
and emotional neglect) are described for each group in Table 3. Chi-square analysis shows
childhood trauma to be significantly different between groups (51% in FEP, 27% in siblings
and 12% in controls, x?>=18.329, p<0.0001), reflecting greater proportions in the FEP patients

and their relatives.

3.3. BDNF methylation levels and childhood maltreatment in FEP, unaffected siblings and

community-based controls
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Considering only the diagnostic groups, we found no significant differences in mean
methylation of BDNF (group factor Wald 3%2=2.702; p=0.259). Among the four individual
CpG sites, a significant group difference was found for CpG3 (CpG3: Wald y?2=6.710,
p=0.035), but not for the remaining CpG sites (CpG1: Wald y%12=2.784; p=0.249; CpG2: Wald
2=0.674, p=0.714;; CpG4: Wald »*»=1.989, p=0.370). BDNF methylation was not

significantly related to age, BMI or sex in the sample.

When considering childhood trauma exposure independent of diagnosis, we found that
those individuals who had experienced childhood trauma presented higher levels of
methylation than those without childhood trauma (BDNF mean methylation: Wald y?2=7.863,
p=0.005). This reflected significant changes in all four CpG sites studied (CpG1l: Wald
12=7.318, p=0.007; CpG2: Wald y%2=8.507, p=0.004; CpG3: Wald y*2=6.159, p=0.013;
CpG4: Wald y*»=4.359, p=0.037), as shown in Fig. 2. These results were essentially
unchanged after including mean LINE-1 methylation as covariate, with significantly higher
methylation remaining in individuals who experienced trauma for CpG1, 2 and 3 (CpG1: Wald
¥22=5.729, p=0.017; CpG2: Wald x%2=7.804, p=0.005; CpG3: Wald x%»=5.055, p=0.025;
CpG4: Wald y%2=2.882, p=0.090), all results were already adjusted for sex, age and BMI. Our
results also showed the absence of a significant interaction between diagnostic group and
childhood trauma for mean BDNF methylation, nor any correlation between BDNF

methylation and LINE-1 methylation.

In a subanalysis stratified by diagnostic group, we found a strong association between

BDNF mean methylation and occurrence of childhood trauma in FEP patients, also for each of

the individual CpGs (Suppl. 1A). We did not seen any association for Controls and BDNF

mean methylation, however we found significance between CpG1 methylation and trauma but

no association for the remaining CpG sites in the Control group (Suppl. 1B). And considering

only Siblings we did not find association between BDNF mean methylation and trauma, neither
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for any of the specific CpGs analysed (Suppl. 1C). The statistic results for these analyses are

described on the Supplementary Tablel.

Exploring the relationship between CTQ scores and BDNF methylation among the
whole sample, we observed no significant correlation between total CTQ score and mean
BDNF methylation (rho=0.060, p=0.410), although significant correlation was found with
CpG2 (rho=0.203, p=0.014). Among the five subscores contributing to CTQ, these effects were
seen between CpG2 in relation to three of five subscores, with significant correlations of CpG2
with emotional abuse (rho=0.236, p=0.004) sexual abuse (rho=0.188, p=0.023) and physical
neglect (rho=0.190, p=0.021). These results appeared to be driven primarily by effects in the
FEP subjects; within the sample group, no such significant correlations were identified in the
control and/or sibling subjects while strong correlations were observed in the FEP group
between total CTQ score and BDNF mean methylation (rho=0.430, p=0.001) (Figure 3), an
effect also seen between specific CpGs and CTQ subscores specifically in the FEP sample

(Table 4), but not in siblings_(rho=-0.187, p=0.332; Suppl.2A) or controls_(rho=-0.200,

p=0.123; Suppl.2B).

3.4. BDNF rs6265 genotype distribution and associations with trauma and DNA methylation
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Genotype frequencies of BDNF gene were in Hardy-Weinberg equilibrium for FEP

patients, siblings and control groups (x*=2.46, p=0.652), also considering groups stratified by

diagnosis (FEP: %?=0.373, p=0.830: Siblings: %?=0.429, p=0.807; Controls: %?=0.383,

p=0.536). The frequency distribution of rs6265 is showed in Table 5. No significant

association with sample subgroup is apparent (p>0.05).

We found no significant association of genotype with mean BDNF methylation (Wald
122=0.159, p=0.690) or with individual CpG sites, nor was there interaction of genotype by

trauma with BDNF methylation (Wald ¥?(2=0.392, p=0.531).
3.5. Isolation rearing from weaning and BBNF-bdnf methylation

Isolation rearing resulted in changes including increased locomotor activity in the open
field (previously reported in ref. (43)). Isolation-reared animals exhibited greater methylation
at CpG1 of BDNF-bdnf in PFC (t=-2.13 p=0.046) and at CpG1 and 2 in hippocampus (CpG1:

t=-2.20, p=0.007; CpG2: t=-2.64 p=0.016) compared to the group-housed animals (Fig. 4).

4. Discussion

The present study showed that BDNF methylation did not significantly differ among
FEP patients, their unaffected siblings and community-based controls; however, greater DNA
methylation at CpG1, 2 and 3 was present in individuals who experienced childhood trauma,
regardless of diagnostic group. Additionally, wW/ithin each group, we found that FEP had
positive correlations between all CpGs analysed and the total CTQ score as well as with the
specific subtypes of emotional abuse and neglect, but such correlations were not found in
siblings or controls. These results were independent of LINE-1 methylation, as a measure of

global DNA methylation, age, gender, BMI or BDNF genotype. Animal data provided
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additional support, since increased BBNF-bdnf methylation was observed in two brain regions

implicated in psychosis, the PFC and hippocampus, of rats reared in isolation.

BDNF gene expression is altered in many psychiatric disorders, and consequently, the
DNA methylation status has been investigated in several previous studies, albeit with
inconsistent results, some showing association with psychosis (50-53), and others failing to
find such associations (54,55). Our results reveal an interesting trait that may explain these
inconsistencies, with BDNF methylation being linked to psychosis only in the presence of
early-life adversity. Although there is previous evidence supporting the link between BDNF
methylation and early-life adversity targeting psychosis (21,56-60), none investigated all four
factors (BDNF methylation, trauma, FEP and genotype) together. Meta-analysis has shown an
association of BDNF rs6265 with several psychiatric disorders, including schizophrenia (61).
Others have previously shown an influence of this SNP in gene-environment interactions with
childhood sexual abuse on depressive symptoms (62), although we did not find any such

genotype association in our relatively small sample.

Since BDNF has a functional role in cerebral regions involved with emotional and
behavioural regulation (61), and knowing that life stressors can modulate the methylome
(56,63-65), the evidence supports the correlations we found between the CTQ subtypes and
total scores with BDNF hypermethylation. Some evidence from animal studies have shown
that BDNF methylation can be modified by negative early-life stressors (28,66), and increased
BBNF-bdnf exon IV methylation was previously associated with female maltreated rats (66).
Additionally, recent studies in humans demonstrated an interaction between higher BDNF
methylation and a greater history of childhood trauma in major depressive disorder patients
(67,68), and an association was seen between maternal trauma and BDNF methylation in the

newborn (69). A recent review (60) summarized studies showing evidence of childhood trauma

and BDNF DNA methylation in different situations. Increased methylation was associated with
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bulimia nervosa (57), patients exposed to psychotherapy intervention also demonstrated higher

methylation levels compared to controls and childhood abuse severity predicted higher levels

of BDNF methylation pre-therapy (58), and depressive symptoms in monozygotic twins were

associated with BDNF methylation (70).

We have demonstrated BBNF-bdnf methylation changes in two important brain regions
of rats reared in isolation from weaning. The results from this animal model are consistent with
our human findings representing a translational change in this gene as a result of early-life
stress. The increased open field exploratory activity previously reported in these animals (43)
is a hallmark behavioural change observed in isolation-reared rats that reflects increased
vulnerability to psychiatric disorders related to early-life stress exposure, such as schizophrenia
(71). Epigenetic modification of BBNFbdnf has been reported in prenatally-stressed mice
modelling psychosis (72). Altogether, this evidence further supports the influence of early-life

adversity in modifying the BDNF-hdnf epigenetic profile.

Recent studies support the hypothesis that BDNF may create an important link between
stress and mental illness. Stress is a well-established environmental risk factor triggering
mental disorders, presumably due to impaired BDNF signalling, with the participation of other
neurobiological mechanisms (73). It has been consistently demonstrated that exposure to a
variety of stress models impairs BDNF expression in different cortical and limbic brain areas
(74-76). For instance, rats subjected to chronic unpredictable mild stress show a significant
decrease in BDNF hippocampal levels (77). Additionally, rats submitted to olfactory
bulbectomy, modelling depression/anxiety, also had diminished concentrations of BDNF in
the medial PFC accompanied by hyperlocomotion, both features being reversed by deep brain
stimulation (78). Regarding rats undergoing isolation rearing from weaning, the majority of the

findings using this animal model reported decreased BDNF mRNA and/or protein expression
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in the hippocampus, while no change or increased levels after re-socialization have been

reported in PFC (76).

To investigate the BDNF methylation profile in human and rat samples, we chose
equivalent gene regions in both species in exon 1V that included a cAMP-response element
(CRE)-binding protein (CREB) TF binding site. As BDNF transcription is CREB dependent
(79), the changes in methylation seen in our results may underlie the protein and gene
expression BDNF alterations reported before in psychosis (80-87) and in its animal models
(24,88). Methylation in this DNA sequence have been shown to affect CREB binding and
consequent BDNF transcription (79,89). It is notable that the greatest effects of early-life
trauma on methylation appear to be in CpG2 in the human samples, and CpG1 in the rat. These
two methylation sites are equivalent and within the methylation-sensitive CREB binding

sequence (figure 1).

Therefore, although we were unable to determine BBNFbdnf mRNA and protein in our
samples, the increased methylation in the BDNF gene may represent an important epigenetic
mechanism underlying reduced BDNF protein in brain regions important for emotional
regulation throughout brain development, as earlier reported (24,74). However, since increased
DNA methylation does not always reflect decreased gene expression, additional studies are

necessary to confirm our hypothesis.

The human sample was limited in size, particularly in the small number of unaffected
siblings included in this study, reflecting the difficulty in recruiting siblings. We relied on self-
reporting to obtain CTQ data which may be open to systematic bias between the sample groups.
In addition, our patients were not drug naive, which could influence methylation levels,
however, inclusion of the duration of treatment as a covariate did not qualitatively influence

our results. This study is cross-sectional, which limits the possibility to infer causal pathways
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between childhood trauma, BDNF methylation and psychosis risk. The sample size was not

powered for a genetic association study, and hence, we cannot rule out a weak association of
rs6265 with psychosis. Nevertheless, we can conclude that the effect of genotype relative to

the influence of DNA methylation is small.

5. Conclusion

Altogether, our findings reinforce the hypothesis that DNA methylation may be a
possible mechanism underlying the association between childhood maltreatment and

psychesismental health difficulties in adult life, supporting the proposed gene-environment

interaction model of psychosis (64). Considering that BDNF methylation has been associated
with both childhood maltreatment and psychosis, replication and confirmation of our findings
would indicate the value of BDNF expression or BDNF methylation as potential targets for

amelioration of the psychiatric consequences of early-life trauma.

Funding

This work was funded by FAPESP (grants 2012/05178-0, 2012/17626-7 and
2013/08216-2) and was financed in part by CAPES — Finance Code 001. HAF, FC-Z and RS
are recipients of fellowships from FAPESP (grants 2017/00624-5 and 2015/02948-7;
2019/13229-2 and 2017/17480-6; 2013/11167-3, respectively). CML is a recipient of a
scholarship from CAPES. SJ (level 1C), PRM (level 1B), PL-Jr (level 2) and CMD-B (level
1B) are recipients of fellowships from CNPq. GPR has received honoraria for lectures and/or
advisory panel membership from Lundbeck, Otsuka, Sumitomo and Sunovion, and a research

grant from Sunovion. The authors have no other relevant financial interests to disclose.

References

1. Cicchetti D, Toth SL (2005): Child maltreatment. Annu Rev Clin Psychol 1: 409-38.



359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

17

. De Bellis MD (2005): The psychobiology of neglect. Child Maltreat 10: 150-72.

. Levine A, Worrell TR, Zimnisky R, Schmauss C (2012): Early life stress triggers sustained

changes in histone deacetylase expression and histone H4 modifications that alter

responsiveness to adolescent antidepressant treatment. Neurobiol Dis 45: 488-498.

. Kaffman A, Meaney MJ (2007): Neurodevelopmental sequelae of postnatal maternal care

in rodents: clinical and research implications of molecular insights. J Child Psychol

Psychiatry 48: 224-44.

. Teicher MH, Andersen SL, Polcari A, Anderson CM, Navalta CP, Kim DM (n.d.): The

neurobiological consequences of early stress and childhood maltreatment. Neurosci

Biobehav Rev 27: 33-44.

. Lu B (2003): BDNF and Activity-Dependent Synaptic Modulation. Learn Mem 10: 86-98.

. Fumagalli F, Molteni R, Racagni G, Riva MA (2007): Stress during development: Impact

on neuroplasticity and relevance to psychopathology. Prog Neurobiol 81: 197-217.

. Branchi I, Francia N, Alleva E (2004): Epigenetic control of neurobehavioural plasticity:

the role of neurotrophins. Behav Pharmacol 15: 353-62.

. Branchi | (2009): The mouse communal nest: investigating the epigenetic influences of the

early social environment on brain and behavior development. Neurosci Biobehav Rev

33:551-9.

10. Bock J, Gruss M, Becker S, Braun K (2005): Experience-induced changes of dendritic

spine densities in the prefrontal and sensory cortex: correlation with developmental time

windows. Cereb Cortex 15: 802-8.

11. Fenoglio KA, Brunson KL, Baram TZ (2006): Hippocampal neuroplasticity induced by

early-life stress: functional and molecular aspects. Front Neuroendocrinol 27: 180-92.



382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

18

12. Angelucci F, Brene S, Mathé AA (2005): BDNF in schizophrenia, depression and

corresponding animal models. Mol Psychiatry 10: 345-52.

13. Nair A, Vadodaria KC, Banerjee SB, Benekareddy M, Dias BG, Duman RS, Vaidya VA
(2007): Stressor-specific regulation of distinct brain-derived neurotrophic factor
transcripts and cyclic AMP response element-binding protein expression in the postnatal
and adult rat hippocampus. Neuropsychopharmacology.

https://doi.org/10.1038/sj.npp.1301276

14. Pishva E, Kenis G, Van Den Hove D, Lesch KP, Boks MPM, Van Os J, Rutten BPF
(2014): The epigenome and postnatal environmental influences in psychotic disorders.

Soc Psychiatry Psychiatr Epidemiol 49: 337-348.

15. McGowan PO, Kato T (2008): Epigenetics in mood disorders. Environ Health Prev Med

13: 16-24.

16. Durany N, Michel T, Zéchling R, Boissl KW, Cruz-Sanchez FF, Riederer P, Thome J
(2001): Brain-derived neurotrophic factor and neurotrophin 3 in schizophrenic

psychoses. Schizophr Res 52: 79-86.

17. Aas M, Steen NE, Agartz I, Aminoff SR, Lorentzen S, Sundet K, et al. (2012): Is
cognitive impairment following early life stress in severe mental disorders based on

specific or general cognitive functioning? Psychiatry Res 198: 495-500.

18. Mondelli V, Cattaneo A, Murri MB, Forti M Di, Handley R, Hepgul N, et al. (2011):
Stress and inflammation reduce brain-derived neurotrophic factor expression in first-
episode psychosis: A pathway to smaller hippocampal volume. J Clin Psychiatry 72:

1677-1684.

19. Rao S, Chiu T-P, Kribelbauer JF, Mann RS, Bussemaker HJ, Rohs R (2018): Systematic



405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

19

prediction of DNA shape changes due to CpG methylation explains epigenetic effects on

protein—-DNA binding. Epigenetics Chromatin 11: 6.

20. Aas M, Andreassen OA, Aminoff SR, Faerden A, Romm KL, Nesvég R, et al. (2016): A
history of childhood trauma is associated with slower improvement rates: Findings from
a one-year follow-up study of patients with a first-episode psychosis. BMC Psychiatry

16: 126.

21. Kundakovic M, Gudsnuk K, Herbstman JB, Tang D, Perera FP, Champagne FA (2015):
DNA methylation of BDNF as a biomarker of early-life adversity. Proc Natl Acad Sci U

S A112: 6807-13.

22. Guidotti A, Auta J, Davis JM, Dong E, Gavin DP, Grayson DR, et al. (2014): Toward the
identification of peripheral epigenetic biomarkers of schizophrenia. J Neurogenet 28:

41-52.

23. Lipska BK, Khaing ZZ, Weickert CS, Weinberger DR (2001): BDNF mRNA expression
in rat hippocampus and prefrontal cortex: effects of neonatal ventral hippocampal

damage and antipsychotic drugs. Eur J Neurosci 14: 135-44.

24. Murinova J, Hlavacova N, Chmelova M, Rie¢ansky I (2017): The Evidence for Altered
BDNF Expression in the Brain of Rats Reared or Housed in Saocial Isolation: A

Systematic Review. Front Behav Neurosci 11: 101.

25. Katanuma Y, Numakawa T, Adachi N, Yamamoto N, Ooshima Y, Odaka H, et al.
(2014): Phencyclidine rapidly decreases neuronal mRNA of brain-derived neurotrophic

factor. Synapse 68: 257-65.

26. Wong J, Hyde TM, Cassano HL, Deep-Soboslay A, Kleinman JE, Weickert CS (2010):

Promoter specific alterations of brain-derived neurotrophic factor mMRNA in



428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

217.

28.

29.

30.

31.

32.

33.

34.

20

schizophrenia. Neuroscience 169: 1071-1084.

Carlino D, De Vanna M, Tongiorgi E (2013): Is Altered BDNF Biosynthesis a General

Feature in Patients with Cognitive Dysfunctions? Neurosci 19: 345-353.

Roth TL, Lubin FD, Funk AJ, Sweatt JD (2009): Lasting Epigenetic Influence of Early-

Life Adversity on the BDNF Gene. Biol Psychiatry 65: 760-769.

Ursini G, Cavalleri T, Fazio L, Angrisano T, lacovelli L, Porcelli A, et al. (2016): BDNF
rs6265 methylation and genotype interact on risk for schizophrenia. Epigenetics 11: 11—

23.

Decoster J, Van Os J, Kenis G, Henquet C, Peuskens J, De Hert M, Van Winkel R
(2011): Age at onset of psychotic disorder: Cannabis, BDNF Val66Met, and sex-specific
models of gene-environment interaction. Am J Med Genet Part B Neuropsychiatr Genet

156: 363-369.

Lodhi RJ, Wang Y, Macintyre G, Crocker C, Loverock A, Henriques BC, et al. (2019):
Trend level gene-gender interaction effect for the BDNF rs6265 variant on age of onset

of psychosis. Psychiatry Res 280. https://doi.org/10.1016/j.psychres.2019.112500

Del-Ben CM, Shuhama R, Loureiro CM, Ragazzi TCC, Zanatta DP, Tenan SHG, et al.
(2019): Urbanicity and risk of first-episode psychosis: incidence study in Brazil. Br J

Psychiatry 1-4.

Jongsma HE, Gayer-Anderson C, Lasalvia A, Quattrone D, Mule A, Szbke A, et al.
(2018): Treated Incidence of Psychotic Disorders in the Multinational EU-GEI Study.

JAMA Psychiatry 75: 36.

Del-Ben CM, Vilela JAA, Crippa JA de S, Hallak JEC, Labate CM, Zuardi AW (2001):

Confiabilidade da &quot;Entrevista Clinica Estruturada para 0 DSM-IV - Versao



451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

35.

36.

37.

38.

39.

40

41.

21

Clinica&quot; traduzida para o portugués. Rev Bras Psiquiatr 23: 156-159.

First MB, Spitzer RL, Gibbon M, Williams JBW (1997): Structured Clinical Interview
for DSM-1V Axis | Disorders SCID-/ : Clinician Version, Administration Booklet.

American Psychiatric Publishing.

Loureiro CM, Shuhama R, Fachim HA, Menezes PR, Del-ben CM, Louzada-junior P
(2018): Low plasma concentrations of N -methyl- D -aspartate receptor subunits as a

possible biomarker for psychosis. Schizophr Res 2-10.

Fachim HA, Loureiro CM, Corsi-Zuelli F, Shuhama R, Louzada-Junior P, Menezes PR,
et al. (2019): GRIN2B promoter methylation deficits in early-onset schizophrenia and its

association with cognitive function. Epigenomics epi-2018-0127.

Del-Ben CM, Shuhama R, Loureiro CM, Ragazzi TCC, Zanatta DP, Tenan SHG, et al.
(2019): Urbanicity and risk of first-episode psychosis: incidence study in Brazil. Br J

Psychiatry 1-4.

Di Forti M, Quattrone D, Freeman TP, Tripoli G, Gayer-Anderson C, Quigley H, et al.
(2019): The contribution of cannabis use to variation in the incidence of psychotic
disorder across Europe (EU-GEI): a multicentre case-control study. The Lancet

Psychiatry 6: 427-436.

. Corsi-Zuelli F, Loureiro CM, Shuhama R, Fachim HA, Menezes PR, Louzada-Junior P,

et al. (2019): Cytokine profile in first-episode psychosis, unaffected siblings and
community-based controls: the effects of familial liability and childhood maltreatment.

Psychol Med 1-9.

Bernstein DP, Stein JA, Newcomb MD, Walker E, Pogge D, Ahluvalia T, et al. (2003):

Development and validation of a brief screening version of the Childhood Trauma



474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

22

Questionnaire. Child Abus Negl 27: 169-190.

42. Grassi-Oliveira R, Stein LM, Pezzi JC (2006): Traducdo e validagdo de contetdo da
versdo em portugués do Childhood Trauma Questionnaire. Rev Saude Publica 40: 249—

255,

43. Corsi-Zuelli F, Fachim HA, Loureiro CM, Shuhama R, Bertozi G, Joca SRL, et al.
(2019): Prolonged Periods of Social Isolation From Weaning Reduce the Anti-

inflammatory Cytokine IL-10 in Blood and Brain. Front Neurosci 12: 1011.

44. Fone KCF, Porkess MV (2008): Behavioural and neurochemical effects of post-weaning
social isolation in rodents-Relevance to developmental neuropsychiatric disorders.

Neurosci Biobehav Rev 32: 1087-1102.

45. Okada R, Matsumoto K, Tsushima R, Fujiwara H, Tsuneyama K (2014): Social isolation
stress-induced fear memory deficit is mediated by down-regulated neuro-signaling

system and Egr-1 expression in the brain. Neurochem Res 39: 875-82.

46. Matsumoto K, Fujiwara H, Araki R, Yabe T (2019, November 1): Post-weaning social
isolation of mice: A putative animal model of developmental disorders. Journal of

Pharmacological Sciences, vol. 141. Japanese Pharmacological Society, pp 111-118.

47. Walker DM, Cunningham AM, Gregory JK, Nestler EJ (2019): Long-Term Behavioral
Effects of Post-weaning Social Isolation in Males and Females. Front Behav Neurosci

13: 66.

48. Fachim HA, Srisawat U, Dalton CF, Harte MK, Marsh S, Neill JC, Reynolds GP (2016):
Subchronic administration of phencyclidine produces hypermethylation in the
parvalbumin gene promoter in rat brain. Epigenomics 8. https://doi.org/10.2217/epi-

2016-0050



497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

49.

50.

51.

52.

53.

54.

55.

23

Fachim HA, Srisawat U, Dalton CF, Reynolds GP (2018): Parvalbumin promoter
hypermethylation in postmortem brain in schizophrenia. Epigenomics 10.

https://doi.org/10.2217/epi-2017-0159

Ikegame T, Bundo M, Sunaga F, Asai T, Nishimura F, Yoshikawa A, et al. (2013): DNA
methylation analysis of BDNF gene promoters in peripheral blood cells of schizophrenia

patients. Neurosci Res 77: 208-214.

Fuchikami M, Morinobu S, Segawa M, Okamoto Y, Yamawaki S, Ozaki N, et al. (2011):
DNA methylation profiles of the brain-derived neurotrophic factor (BDNF) gene as a
potent diagnostic biomarker in major depression. ((K. Hashimoto, editor)). PLoS One 6:

€23881.

Dell’Osso B, D’Addario C, Carlotta Palazzo M, Benatti B, Camuri G, Galimberti D, et al.
(2014): Epigenetic modulation of BDNF gene: differences in DNA methylation between

unipolar and bipolar patients. J Affect Disord 166: 330-3.

Kordi-Tamandani DM, Sahranavard R, Torkamanzehi A (2012): DNA methylation and
expression profiles of the brain-derived neurotrophic factor (BDNF) and dopamine
transporter (DAT1) genes in patients with schizophrenia. Mol Biol Rep 39: 10889

10893.

Sertan Cépoglu ACD U, ici CDE M, Bozgeyik EE, Hanifi Kokagya ACF M, Ziya Igci
YC, Dokuyucu RE, et al. (2016): DNA Methylation of BDNF Gene in Schizophrenia.

22: 397-402.

Keller S, Errico F, Zarrilli F, Florio E, Punzo D, Mansueto S, et al. (2014): DNA
methylation state of BDNF gene is not altered in prefrontal cortex and striatum of

schizophrenia subjects. Psychiatry Res 220: 1147-1150.



520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

24

56. Unternaehrer E, Meyer AH, Burkhardt SCA, Dempster E, Staehli S, Theill N, et al.
(2015): Childhood maternal care is associated with DNA methylation of the genes for
brain-derived neurotrophic factor (BDNF) and oxytocin receptor (OXTR) in peripheral

blood cells in adult men and women. Stress 18: 451-61.

57. Thaler L, Gauvin L, Joober R, Groleau P, de Guzman R, Ambalavanan A, et al. (2014):
Methylation of BDNF in women with bulimic eating syndromes: Associations with
childhood abuse and borderline personality disorder. Prog Neuro-Psychopharmacology

Biol Psychiatry 54: 43-49.

58. Perroud N, Salzmann A, Prada P, Nicastro R, Hoeppli ME, Furrer S, et al. (2013):
Response to psychotherapy in borderline personality disorder and methylation status of

the BDNF gene. Transl Psychiatry 3: e207.

59. Frayling TM, Timpson NJ, Weedon MN, Zeggini E, Freathy RM, Lindgren CM, et al.
(2007): The Wellcome Trust Case Control Consortium { , Science. Nicholas J Wareham

14: 889-894.

60. Cecil CAM, Zhang Y, Nolte T (2020, May 1): Childhood maltreatment and DNA
methylation: A systematic review. Neuroscience and Biobehavioral Reviews, vol. 112.

Elsevier Ltd, pp 392-409.

61. Gratacds M, Gonzélez JR, Mercader JM, de Cid R, Urretavizcaya M, Estivill X (2007):
Brain-derived neurotrophic factor Val66Met and psychiatric disorders: meta-analysis of
case-control studies confirm association to substance-related disorders, eating disorders,

and schizophrenia. Biol Psychiatry 61: 911-22.

62. Aguilera M, Arias B, Wichers M, Barrantes-Vidal N, Moya J, Villa H, et al. (2019): Early
adversity and 5-HTT/BDNF genes: new evidence of gene-environment interactions on

depressive symptoms in a general population.



544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

25

https://doi.org/10.1017/S0033291709005248

63. Labonté B, Suderman M, Maussion G, Navaro L, Yerko V, Mahar I, et al. (2012):
Genome-wide epigenetic regulation by early-life trauma. Arch Gen Psychiatry 69: 722—

731

64. Tomassi S, Tosato S (2017): Epigenetics and gene expression profile in first-episode

psychosis: The role of childhood trauma. Neurosci Biobehav Rev 83: 226-237.

65. Ryan J, Saffery R (2014): Crucial timing in schizophrenia: role of DNA methylation in

early neurodevelopment. Genome Biol 15: 495.

66. Blaze J, Roth TL (2017): Caregiver maltreatment causes altered neuronal DNA
methylation in female rodents. Dev Psychopathol.

https://doi.org/10.1017/S0954579417000128

67. Ferrer A, Labad J, Salvat-Pujol N, Barrachina M, Costas J, Urretavizcaya M, et al.
(2019): BDNF genetic variants and methylation: effects on cognition in major

depressive disorder. Transl Psychiatry. https://doi.org/10.1038/s41398-019-0601-8

68. Wang P, Zhang C, Lv Q, Bao C, Sun H, Ma G, et al. (2018): Association of DNA
methylation in BDNF with escitalopram treatment response in depressed Chinese Han

patients. Eur J Clin Pharmacol. https://doi.org/10.1007/s00228-018-2463-z

69. Pilkay SR, Combs-Orme T, Tylavsky F, Bush N, Smith AK (2020): Maternal trauma and
fear history predict BDNF methylation and gene expression in newborns . PeerJ.

https://doi.org/10.7717/peerj.8858

70. Peng H, Zhu Y, Strachan E, Fowler E, Bacus T, Roy-Byrne P, et al. (2018): Childhood
Trauma, DNA Methylation of Stress-Related Genes, and Depression. Psychosom Med

80: 599-608.



567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

26

71. Méller M, Swanepoel T, Harvey BH (2015, July 15): Neurodevelopmental Animal
Models Reveal the Convergent Role of Neurotransmitter Systems, Inflammation, and
Oxidative Stress as Biomarkers of Schizophrenia: Implications for Novel Drug
Development. ACS Chemical Neuroscience, vol. 6. American Chemical Society, pp

987-1016.

72. Dong E, Dzitoyeva SG, Matrisciano F, Tueting P, Grayson DR, Guidotti A (2015): Brain-
derived neurotrophic factor epigenetic modifications associated with schizophrenia-like

phenotype induced by prenatal stress in mice. Biol Psychiatry 77: 589-96.

73. Notaras M, van den Buuse M (2020): Neurobiology of BDNF in fear memory, sensitivity
to stress, and stress-related disorders. Molecular Psychiatry. Springer Nature.

https://doi.org/10.1038/s41380-019-0639-2

74. Chmelova M, Balagova L, Marko M, Vrankova S, Cebova M, Jezova D, et al. (2019):
Behavioral alterations induced by post-weaning isolation rearing of rats are
accompanied by reduced VGF/BDNF/TrkB signaling in the hippocampus. Neurochem

Int 129: 104473.

75. Mosaferi B, Babri S, Mohaddes G, Khamnei S, Mesgari M (2015): Post-weaning
environmental enrichment improves BDNF response of adult male rats. Int J Dev

Neurosci 46: 108-14.

76. Murinova J, Hlava¢ova N, Chmelova M, Riecansky I (2017): The Evidence for Altered
BDNF Expression in the Brain of Rats Reared or Housed in Social Isolation: A

Systematic Review. Front Behav Neurosci 11. https://doi.org/10.3389/fnbeh.2017.00101

77. Hamani C, Machado DC, Hipélide DC, Dubiela FP, Suchecki D, Macedo CE, et al.
(2012): Deep Brain Stimulation Reverses Anhedonic-Like Behavior in a Chronic Model

of Depression: Role of Serotonin and Brain Derived Neurotrophic Factor. Biol



591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

78.

79.

80.

81.

82.

83.

84.

85.

27
Psychiatry 71: 30-35.

Jiménez-Séanchez L, Linge R, Campa L, Valdizan EM, Pazos A, Diaz A, Adell A (2016):
Behavioral, neurochemical and molecular changes after acute deep brain stimulation of

the infralimbic prefrontal cortex. Neuropharmacology 108: 91-102.

Vermehren-Schmaedick A, Khanjian RA, Balkowiec A (2015): Cellular mechanisms of
activity-dependent BDNF expression in primary sensory neurons. Neuroscience 310:

665-73.

Autry AE, Monteggia LM (2012): Brain-Derived Neurotrophic Factor and

Neuropsychiatric Disorders ((L. C. Daws, editor)). Pharmacol Rev 64: 238-258.

Primavera D, Manchia M, Deriu L, Tusconi M, Collu R, Scherma M, et al. (2017):
Longitudinal assessment of brain-derived neurotrophic factor in Sardinian psychotic
patients (LABSP): a protocol for a prospective observational study. BMJ Open 7:

€014938.

Fernandes BS, Molendijk ML, Kéhler CA, Soares JC, Leite CMGS, Machado-Vieira R,
et al. (2015): Peripheral brain-derived neurotrophic factor (BDNF) as a biomarker in

bipolar disorder: a meta-analysis of 52 studies. BMC Med 13: 289.

Cattaneo A, Cattane N, Begni V, Pariante CM, Riva MA (2016): The human BDNF gene:
peripheral gene expression and protein levels as biomarkers for psychiatric disorders.

Transl Psychiatry 6: €958—958.

Miranda M, Morici JF, Zanoni MB, Bekinschtein P (2019): Brain-Derived Neurotrophic
Factor: A Key Molecule for Memory in the Healthy and the Pathological Brain. Front

Cell Neurosci 13. https://doi.org/10.3389/fncel.2019.00363

Hernaus D, van Winkel R, Gronenschild E, Habets P, Kenis G, Marcelis M, et al. (2014):



614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

28

Brain-Derived Neurotrophic Factor/FK506-Binding Protein 5 Genotype by Childhood
Trauma Interactions Do Not Impact on Hippocampal Volume and Cognitive

Performance ((J. B. Potash, editor)). PLoS One 9: €92722.

86. Murphy BP, Pang TY, Hannan AJ, Proffitt T-M, McConchie M, Kerr M, et al. (2014):
Vascular Endothelial Growth Factor and Brain-Derived Neurotrophic Factor in

Quetiapine Treated First-Episode Psychosis. Schizophr Res Treatment 2014: 1-10.

87. Duclot F, Kabbaj M (2015): Epigenetic mechanisms underlying the role of brain-derived
neurotrophic factor in depression and response to antidepressants. J Exp Biol 218: 21—

3L

88. Grech AM, Ratnayake U, Hannan AJ, van den Buuse M, Hill RA (2018): Sex-Dependent
Effects of Environmental Enrichment on Spatial Memory and Brain-Derived
Neurotrophic Factor (BDNF) Signaling in a Developmental “Two-Hit” Mouse Model
Combining BDNF Haploinsufficiency and Chronic Glucocorticoid Stimulation. Front

Behav Neurosci 12. https://doi.org/10.3389/fnbeh.2018.00227

89. Martinowich K, Hattori D, Wu H, Fouse S, He F, Hu Y, et al. (2003): DNA methylation-
related chromatin remodeling in activity-dependent BDNF gene regulation. Science 302:

890-3.



Figures

Figure 1.

Rat 5 ATTCTGATTCTGGTAATTCGTGCACTAGAGTGTCTATITCGAGGCAGAGGAGGTATCATA
Human 5" ATTTTGATTCTGGTAATTCGTGCACTAGAGTGTCTATT TCGAGGCAGCGGAGGTATCATA

Rat IGAQB‘E{IC&CGT AGGCAGCGTGGAGCCCTCTCGTGGACTCCCACCCACTTTCCCATT 37
Human TGACAGCGCACGTCAAGGCACCGTGGAGCCCTCTCGTGGACTCCCACCCACTTTCCCATT 3

CREB

Figure 2.
10 * %k
*

8

-

)

z 6

£

()

£

[N

=2

o 4

o

Y

o

X
2

CpG1 CpG2 CpG3 CpG4

B No trauma M Trauma



Figure 3.

16
14 .
|y
=
= 12
=
+ 10
E
5 B
w
E
= &
=)
i
4
2
20 30 40 50 &0 70 BO
CTQ total score
Figure 4.
14
12
C
2 10
E *
>
IS
Z 6 .
[a)]
o
S 4
®
2
0
CpG1 CpG2 CpG3 CpG1 CpG2 CpG3
Hippocampus PFC

B Grouped M Isolated



Table

Click here to access/download

Table
Table_Demographics_BDNF_final.docx


https://www.editorialmanager.com/pnp/download.aspx?id=65878&guid=cc87ebf4-f78a-4310-a66e-c3a1aa26d948&scheme=1

Conflict of Interest

Conflict of interest

We disclosure that the work described has not been published previously and it is not under
consideration for publication elsewhere. We also declare that its publication is approved by all
authors, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder.

All the authors declare no conflict of interest.



Ethical Statement

Ethical Statement

Hereby, | Helene Fachim, consciously assure that for the manuscript “Early-life stress effects on BDNF
DNA methylation in first-episode psychosis and in rats reared in isolation” the following is fulfilled:

1) This material is the authors' own original work, which has not been previously published elsewhere.
2) The paper is not currently being considered for publication elsewhere.

3) The paper reflects the authors' own research and analysis in a truthful and complete manner.

4) The paper properly credits the meaningful contributions of co-authors and co-researchers.

5) The results are appropriately placed in the context of prior and existing research.

6) All sources used are properly disclosed (correct citation). Literally copying of text must be indicated as
such by using quotation marks and giving proper reference.

7) All authors have been personally and actively involved in substantial work leading to the paper, and
will take public responsibility for its content.

The violation of the Ethical Statement rules may result in severe consequences.

| agree with all the above statements and declare that this submission follows the policies of

Progress in Neuro-Psychopharmacology and Biological Psychiatry as outlined in the Guide for Authors
and in the Ethical Statement.

Date: 30.07.2020

Corresponding author’s signature:



Author Statement

Author Statement

HAF, FCZ, CML were involved in the Conceptualization; Data curation and Formal analysis; HAF was
responsible for Funding acquisition and Investigation; HAF, CML, FCZ, RS and SAl participated of the
Methodology; CMDB, PRM, PLJ, CFD SRJ, AH and GPR were responsible for the Project
administration, Resources and Supervision; all the authors were involved in Validation; Visualization;
Roles/Writing - original draft; Writing - review & editing.



Supplementary Material

Click here to access/download
Supplementary Material
Supplementary material.docx


https://www.editorialmanager.com/pnp/download.aspx?id=65865&guid=44b7576a-a96b-446b-a4f7-df8325db339c&scheme=1

Figures Legends updated

Click here to access/download
Supporting File
Figures legends updated.docx


https://www.editorialmanager.com/pnp/download.aspx?id=65867&guid=9fd7aee2-e219-418d-834f-6aa8dbee197f&scheme=1

