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Introduction

Childhood abuse is a highly prevalent global health concern that significantly increases the lifetime risk for stress-related psychopathologies and other related outcomes, including depression and suicide [START_REF] Afifi | Population attributable fractions of psychiatric disorders and suicide ideation and attempts associated with adverse childhood experiences[END_REF][START_REF] Felitti | Relationship of childhood abuse and household dysfunction to many of the leading causes of death in adults. The Adverse Childhood Experiences (ACE) Study[END_REF]. A safe and secure relationship between a child and their caregiver is a critical factor in the development of healthy attachment patterns, appropriate emotional responses to environmental stimuli, and stress resilience throughout the lifespan [START_REF] Ainsworth | Attachments beyond infancy[END_REF][START_REF] Ainsworth | Attachment, exploration, and separation: illustrated by the behavior of one-year-olds in a strange situation[END_REF][START_REF] Ainsworth | Patterns of attachment : a psychological study of the strange situation[END_REF][START_REF] Bowlby | The making and breaking of affectional bonds. I. Aetiology and psychopathology in the light of attachment theory. An expanded version of the Fiftieth Maudsley Lecture, delivered before the Royal College of Psychiatrists[END_REF][START_REF] Cassidy | Emotion regulation: influences of attachment relationships[END_REF][START_REF] Harlow | The effect of rearing conditions on behavior[END_REF]. Abuse by parental figures, caregivers or other close relatives, signals a hostile and unreliable environment that may interrupt the formation of secure attachments and result in long-lasting neurobiological changes [START_REF] Cyr | Attachment security and disorganization in maltreating and high-risk families: a series of meta-analyses[END_REF][START_REF] Van Ijzendoorn | Disorganized attachment in early childhood: meta-analysis of precursors, concomitants, and sequelae[END_REF]. Childhood abuse may, for instance, associate with altered braindevelopment trajectories and affect circuits involved in threat detection, emotional processing and regulation, reward anticipation and social behaviour [START_REF] Teicher | The effects of childhood maltreatment on brain structure, function and connectivity[END_REF][START_REF] Tottenham | Prolonged institutional rearing is associated with atypically large amygdala volume and difficulties in emotion regulation[END_REF]. The anterior cingulate (ACC) cortex, a critical region involved in emotional regulation and the processing of social pain, is among the brain regions most structurally altered by childhood abuse [START_REF] Cohen | Early life stress and morphometry of the adult anterior cingulate cortex and caudate nuclei[END_REF][START_REF] Eisenberger | Why rejection hurts: a common neural alarm system for physical and social pain[END_REF][START_REF] Etkin | Emotional processing in anterior cingulate and medial prefrontal cortex[END_REF][START_REF] Gerritsen | BDNF Val66Met genotype modulates the effect of childhood adversity on subgenual anterior cingulate cortex volume in healthy subjects[END_REF][START_REF] Rotge | A meta-analysis of the anterior cingulate contribution to social pain[END_REF][START_REF] Thomaes | Reduced anterior cingulate and orbitofrontal volumes in child abuse-related complex PTSD[END_REF]. While neuroimaging studies have been invaluable to our systems-level understanding of the long-term consequences of childhood abuse, only a handful of post-mortem studies have been conducted [START_REF] Boldrini | Resilience Is Associated With Larger Dentate Gyrus, While Suicide Decedents With Major Depressive Disorder Have Fewer Granule Neurons[END_REF]Labonte et al., 2012a;Labonte et al., 2012b;[START_REF] Lutz | Non-CG methylation and multiple histone profiles associate child abuse with immune and small GTPase dysregulation[END_REF]Lutz et al., 2017a;Lutz et al., 2017b;[START_REF] Mcgowan | Epigenetic regulation of the glucocorticoid receptor in human brain associates with childhood abuse[END_REF][START_REF] Tanti | Child abuse associates with an imbalance of oligodendrocyte-lineage cells in ventromedial prefrontal white matter[END_REF][START_REF] Underwood | Early-Life Adversity, but Not Suicide, Is Associated With Less Prefrontal Cortex Gray Matter in Adulthood[END_REF][START_REF] Underwood | Less NMDA Receptor Binding in Dorsolateral Prefrontal Cortex and Anterior Cingulate Cortex Associated With Reported Early-Life Adversity but Not Suicide[END_REF][START_REF] Underwood | Serotonin receptors and suicide, major depression, alcohol use disorder and reported early life adversity[END_REF].

Oxytocin is an evolutionarily conserved hypothalamic neuropeptide hormone that modulates complex emotional and social behaviors, including the formation of social attachments, social affiliation, trust, and support [START_REF] Insel | The neurobiology of attachment[END_REF][START_REF] Kosfeld | Oxytocin increases trust in humans[END_REF][START_REF] Young | The neurobiology of pair bonding[END_REF]. Oxytocin has also been shown to regulate the activity of the HPA axis, as well as regions, such as the ACC, involved in the processing and regulation of emotions [START_REF] Grinevich | Brain oxytocin: how puzzle stones from animal studies translate into psychiatry[END_REF][START_REF] Kirsch | Oxytocin modulates neural circuitry for social cognition and fear in humans[END_REF][START_REF] Meyer-Lindenberg | Oxytocin and vasopressin in the human brain: social neuropeptides for translational medicine[END_REF][START_REF] Pisansky | Oxytocin enhances observational fear in mice[END_REF]. Interestingly, the oxytocinergic system is sensitive to early-life experiences, such that variations in maternal care associate with alterations to the system later in life [START_REF] Beery | Natural variation in maternal care and cross-tissue patterns of oxytocin receptor gene methylation in rats[END_REF][START_REF] Champagne | Naturally occurring variations in maternal behavior in the rat are associated with differences in estrogen-inducible central oxytocin receptors[END_REF][START_REF] Francis | Variations in maternal behaviour are associated with differences in oxytocin receptor levels in the rat[END_REF][START_REF] Francis | Naturally occurring differences in maternal care are associated with the expression of oxytocin and vasopressin (V1a) receptors: gender differences[END_REF]. Preclinical studies of early-life adversity also show evidence of persistent alterations at both the level of the hormone [START_REF] Kojima | Maternal contact differentially modulates central and peripheral oxytocin in rat pups during a brief regime of mother-pup interaction that induces a filial huddling preference[END_REF][START_REF] Winslow | Rearing effects on cerebrospinal fluid oxytocin concentration and social buffering in rhesus monkeys[END_REF], and the oxytocin receptor (OXTR) [START_REF] Hill | The influence of infant-caregiver experiences on amygdala Bdnf, OXTr, and NPY expression in developing and adult male and female rats[END_REF][START_REF] Lesse | Chronic Postnatal Stress Induces Depressive-like Behavior in Male Mice and Programs second-Hit Stress-Induced Gene Expression Patterns of OxtR and AvpR1a in Adulthood[END_REF]. Notably, long-lasting alterations to this system have been observed in individuals with a history of childhood abuse, as well as in the context of psychopathology and suicidal behaviour [START_REF] Chatzittofis | CSF and plasma oxytocin levels in suicide attempters, the role of childhood trauma and revictimization[END_REF][START_REF] Jahangard | Serum oxytocin concentrations in current and recent suicide survivors are lower than in healthy controls[END_REF][START_REF] Jokinen | Low CSF oxytocin reflects high intent in suicide attempters[END_REF][START_REF] Lee | Oxytocin receptor mRNA expression in dorsolateral prefrontal cortex in major psychiatric disorders: A human post-mortem study[END_REF][START_REF] Purba | Increased number of vasopressin-and oxytocin-expressing neurons in the paraventricular nucleus of the hypothalamus in depression[END_REF]. These investigations were, however, mostly conducted using peripheral [START_REF] Chatzittofis | CSF and plasma oxytocin levels in suicide attempters, the role of childhood trauma and revictimization[END_REF][START_REF] Jahangard | Serum oxytocin concentrations in current and recent suicide survivors are lower than in healthy controls[END_REF][START_REF] Krause | Child Maltreatment Is Associated with a Reduction of the Oxytocin Receptor in Peripheral Blood Mononuclear Cells[END_REF][START_REF] Opacka-Juffry | Experience of stress in childhood negatively correlates with plasma oxytocin concentration in adult men[END_REF][START_REF] Pierrehumbert | Adult attachment representations predict cortisol and oxytocin responses to stress[END_REF][START_REF] Fries | Early experience in humans is associated with changes in neuropeptides critical for regulating social behavior[END_REF] or cerebral spinal fluid samples [START_REF] Chatzittofis | CSF and plasma oxytocin levels in suicide attempters, the role of childhood trauma and revictimization[END_REF][START_REF] Heim | Lower CSF oxytocin concentrations in women with a history of childhood abuse[END_REF][START_REF] Jokinen | Low CSF oxytocin reflects high intent in suicide attempters[END_REF]. Studies investigating epigenetic regulation of the OXTR gene, in the context of childhood abuse, have similarly done so using peripheral samples [START_REF] Fujisawa | Oxytocin receptor DNA methylation and alterations of brain volumes in maltreated children[END_REF][START_REF] Gouin | Associations among oxytocin receptor gene (OXTR) DNA methylation in adulthood, exposure to early life adversity, and childhood trajectories of anxiousness[END_REF][START_REF] Smearman | Oxytocin Receptor Genetic and Epigenetic Variations: Association With Child Abuse and Adult Psychiatric Symptoms[END_REF]. Although there is evidence to support a role for central changes in the expression of oxytocin related genes in the context of psychopathology, their relationship with childhood abuse has not been investigated [START_REF] Dai | Direct Involvement of Androgen Receptor in Oxytocin Gene Expression: Possible Relevance for Mood Disorders[END_REF][START_REF] Lee | Oxytocin receptor mRNA expression in dorsolateral prefrontal cortex in major psychiatric disorders: A human post-mortem study[END_REF][START_REF] Purba | Increased number of vasopressin-and oxytocin-expressing neurons in the paraventricular nucleus of the hypothalamus in depression[END_REF]. Genetic factors also play a role in oxytocin related signalling, particularly when focusing on the rs53576 variant located in the third intron of the OXTR gene. Previous investigations have revealed functional associations between rs53576 and stress reactivity [START_REF] Rodrigues | Oxytocin receptor genetic variation relates to empathy and stress reactivity in humans[END_REF], sociality [START_REF] Li | Association of Oxytocin Receptor Gene (OXTR) rs53576 Polymorphism with Sociality: A Meta-Analysis[END_REF], optimism [START_REF] Saphire-Bernstein | Oxytocin receptor gene (OXTR) is related to psychological resources[END_REF]), self-esteem (Saphire-Bernstein et al., 2011), affect [START_REF] Lucht | Associations between the oxytocin receptor gene (OXTR) and affect, loneliness and intelligence in normal subjects[END_REF] and suicidal behaviour [START_REF] Parris | Attempted suicide and oxytocin-related gene polymorphisms[END_REF]. On the neuroanatomical level, imaging genetic studies have demonstrated that genetic variation in the OXTR gene is associated with alterations to the structure, connectivity, and function of the ACC [START_REF] Furman | Variant in oxytocin receptor gene is associated with amygdala volume[END_REF][START_REF] Kumsta | Oxytocin, stress and social behavior: neurogenetics of the human oxytocin system[END_REF][START_REF] Luo | Resting-state brain network properties mediate the association between the oxytocin receptor gene and interdependence[END_REF][START_REF] Tost | Neurogenetic effects of OXTR rs2254298 in the extended limbic system of healthy Caucasian adults[END_REF][START_REF] Wang | Relationship of a common OXTR gene variant to brain structure and default mode network function in healthy humans[END_REF]. This is further suggestive of the ACC being sensitive to oxytocinergic signalling.

In this study, we aimed to examine the relationship between childhood abuse and OXTR expression in the dorsal ACC. Using post-mortem samples, we compared OXTR expression and epigenetic regulation between MDD suicides with and without history of childhood abuse, as well as psychiatrically healthy controls. We then investigated Oxtr expression in the cingulate cortex of adult rats raised by dams displaying high and low levels of licking and grooming (LG) behaviour. Overall, our results indicate that childhood abuse associates with an upregulation of OXTR expression, and that this relationship is also observed in adult rats raised by low-LG dams.

Additionally, we found a similar upregulation of OXTR expression in carriers of the A risk allele of rs53576. The effects of early-life adversity and rs53576 genotype on OXTR expression are, however, not explained by differences in DNA methylation within and around the MT region of the OXTR gene.

Materials & Methods

Brain Samples

This study was approved by the Douglas Hospital Research Ethics Board, and written informed consent was obtained from the next-of-kin for each subject through an agreement with the Quebec Coroner's Office. As indicated in Table 1, post-mortem brain samples were obtained from the Douglas-Bell Canada Brain Bank (www.douglasbrainbank.ca) from i) control subjects who died suddenly without prolonged agonal state or medical illness, and with no psychiatric nor childhood abuse history (C, N = 23), ii) subjects who died by suicide in the context of a major depressive episode and had a history of severe childhood abuse (DS-CA, N = 26) and iii) subjects who died by suicide in the context of a major depressive episode and had no history of childhood abuse (DS, N = 24). Dorsal anterior cingulate cortex (corresponding to Brodmann Areas (BAs) 24 and 32) tissue dissections were previously described by Lutz et al. (2017b).

Groups were matched for age, post-mortem interval (PMI), and tissue pH. For each individual, the cause of death was determined by the Quebec Coroner's office, and psychological autopsies were performed as described previously [START_REF] Dumais | Risk factors for suicide completion in major depression: a case-control study of impulsive and aggressive behaviors in men[END_REF], with diagnoses assigned based on DSM-IV criteria. Characterization of early-life history was based on adapted Childhood Experiences of Care and Abuse interviews assessing experiences of sexual and physical abuse, as well as neglect [START_REF] Bifulco | Childhood Experience of Care and Abuse (CECA): a retrospective interview measure[END_REF][START_REF] Bifulco | Memories of childhood neglect and abuse: corroboration in a series of sisters[END_REF]. This information was collected for all subjects included in the study. We considered adversity reports of non-random major physical and/or sexual abuse, up to age 15. Only cases with the maximum severity ratings of 1 and 2 were included in the abuse group. Histories of abuse were validated with available reports from medical charts, coroner files, or reports from youth protection services. Toxicology reports were used to determine presence of antidepressants and/or other psychotropic substances at death.

Other psychotropic substances included ethanol, benzodiazepines, barbiturates, cocaine, amphetamines, opioids, and cannabinoids.

RT-PCR Analysis of Gene Expression

RNA was extracted from human brain tissue using the RNeasy Lipid Tissue Mini Kit (Qiagen). Quantity and quality of extracted RNAs were measured using an Agilent 2100 Bioanalyzer. All samples had an RNA integrity number (RIN) of ≥ 5.5. Extracted RNA was reverse-transcribed using M-MLV reverse transcriptase (Invitrogen). mRNA levels were quantified by real time polymerase chain reaction (RT-PCR) using SYBR Green DNA intercalating dye and master mix (Bio-Rad) via the QuantStudio 6 Real-Time PCR system and software (v1.1) (Thermofisher). Primers for human OXTR and GAPDH mRNA were designed using Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/), synthesized by Integrated DNA Technologies (IDT), and validated in house by gel migration and dissociation curves (Supplementary Table 1). All samples were run in technical PCR replicates of three. A no template control (NTC) was used to check for non-specific amplification. Relative OXTR expression was calculated using the 2 -ΔΔCT method with GAPDH as the reference gene [START_REF] Livak | Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method[END_REF]. A pool of cDNA from all subjects was used as the reference sample.

Animals and Maternal Behaviour

Maternal behaviour, in Long-Evans rats, was scored as previously described [START_REF] Champagne | Natural variations in maternal care are associated with estrogen receptor alpha expression and estrogen sensitivity in the medial preoptic area[END_REF][START_REF] Francis | Variations in maternal behaviour are associated with differences in oxytocin receptor levels in the rat[END_REF][START_REF] Liu | Maternal care, hippocampal glucocorticoid receptors, and hypothalamic-pituitary-adrenal responses to stress[END_REF]. The frequency of maternal licking and grooming (LG) behaviour was scored on postpartum days 1-6. Observers were trained to a high level of interrater reliability (greater than 0.90). Dams were observed in their home cage and undisturbed for the duration of the observation period. Daily observations occurred during five 75 min sessions: three occurring during the light phase (10.00, 13.00 and 17.00 h) and two during the dark phase (07.00 and 20.00 h) of the light cycle. Within each observation session, the behaviour of each mother was scored 25 times (one observation per 3 min) for pup LG (including both body and anogenital licking). Thus, the frequency score of pup LG was expressed as percentage occurrence (number of occurrences per number of observations x 100%). Mothers were designated as high-or low-LG dams on the basis of the pup LG frequency score relative to the mean ± 1 standard deviation for the cohort (generally 40-60 mothers per cohort). Accordingly, high-LG mothers were defined as females for which the LG frequency scores were greater than 1 standard deviation above the cohort mean. Low-LG mothers were defined as females for which the LG frequency scores were greater than 1 standard deviation below the cohort mean. In this study, 13 adult male rats raised by high-LG dams and 12 adult male rats raised by low-LG dams were compared (Supplementary Table 2).

Tissue collection consisted of rapid removal of the brain, followed by flash freezing and storage at -80℃. Frozen brains were sliced coronally at 200 µm thickness. A 0.8 mm diameter tissue puncher was used to punch Cg1 region from bregma 3.7 to bregma 2.7 [START_REF] Paxinos | The Rat Brain in Stereotaxic Coordinates[END_REF]. RNA was extracted from rat tissue using the AllPrep DNA/RNA Mini Kit (Qiagen). Quantity and quality of extracted RNAs were measured using an Agilent 2200 Tapestation. All samples had a RIN of ≥ 8.9. Extracted RNA was reverse-transcribed using M-MLV reverse transcriptase (Invitrogen™). mRNA levels were quantified by real time polymerase chain reaction (RT-PCR) using SYBR® Green DNA intercalating dye and master mix (Bio-Rad) and the Quant Studio Real-Time PCR machine (Thermofisher). Primers for rat Oxtr and B2m mRNA were designed using Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/), synthesized by Integrated DNA Technologies (IDT) and validated by gel migration and dissociation curves (Supplementary Table 1). All samples were run in technical PCR replicates of three. A no template control (NTC) was used to check for non-specific amplification. Relative Oxtr expression was calculated using the 2 -ΔΔCT method and B2m as the reference gene. A pool of cDNA from all subjects was used as the reference sample.

Genotyping of rs53576

Genomic DNA was extracted from brain using the QIAamp DNA Mini Kit (Qiagen) and quantified using a NanoDrop2000 spectrophotometer. The region of interest flanking rs53576 in OXTR intron III was amplified by Touch-down PCR using Platinum Taq DNA Polymerase (Invitrogen) on a ProFlex thermocycler (Thermofisher). Forward and reverse primers, as well as cycling conditions, were based off of a previously published study by an independent group [START_REF] Reiner | Methylation of the oxytocin receptor gene in clinically depressed patients compared to controls: The role of OXTR rs53576 genotype[END_REF]. Primers were synthesized by Integrated DNA Technologies (IDT) (Supplementary Table 3). In brief, PCR reactions were carried out using the following conditions: 97°C -1 min, then 15 cycles of [95°C for 30s, 70°C for 45s, 72°C for 60s], then 25 cycles of [95°C for 30s, 60°C for 45s, 72°C for 60s], and a final extension at 72°C for 5 min.

Amplicons were then sent for Sanger sequencing, on a 3730xl DNA Analyzer (Applied Biosystems), at the McGill University and Genome Quebec Innovation Center. Sequence trace files in ABI format, as well as reference sequences in FASTA format, were loaded into the novoSNP 3.0.1 program for Windows users [START_REF] Weckx | novoSNP, a novel computational tool for sequence variation discovery[END_REF]). Variation at each location was determined by following the procedures outlined in [START_REF] Weckx | novoSNP, a novel computational tool for sequence variation discovery[END_REF]. A subset of male subjects were used for genotyping (Supplementary Table 4).

Targeted Bisulfite Sequencing

Genomic DNA was extracted using the QIAmp DNA Mini Kit (Qiagen) and quantified using a NanoDrop2000 spectrophotometer. Four of the seventy three subjects used in our initial expression based analysis were removed as a result of low DNA concentrations. DNA was bisulfite converted using the EpiTect Fast 96 Bisulfite Kit (Qiagen). We next used a PCR-based library preparation procedure, described by [START_REF] Chen | Medium throughput bisulfite sequencing for accurate detection of 5methylcytosine and 5-hydroxymethylcytosine[END_REF]. Briefly, a first round of PCR amplification was performed on bisulfite-converted DNA (BS-DNA) using the Kapa HiFi HotStart Uracil+ master mix (Kappa Biosystems). Primers were designed using the MethylPrimer Express software v1.0 (ThermoFisher) against the OXTR gene on the negative strand (GRCh37/hg19) (see Supplementary Table 5). BS-DNA was PCR amplified on a ProFlex thermocycler (Thermofisher): 95°C, 3 min then 45 cycles of 98°C for 20s, 60°c for 15s, 72°C for 15s, and finished with 72°C for 1 min. Next, PCR amplicons were purified using AMPure Beads at a 1x concentration. A second round of PCR (10 cycles) was then performed using "universal" primers and the same conditions described above (see Supplementary Table 6). The PCR reaction was again purified with AMPure beads, and a third round of PCR (10 cycles) was performed to add Illumina adapters (P5 and P7) and indices (see Supplementary Table 7). After a final purification, libraries were quantified using an Agilent TapeStation. All samples were normalized based on their molarity, pooled, denaturated using NaOH, diluted to a final concentration of 8 pM, and loaded onto an Illumina MiSeq. Libraries were sequenced with the v3, 600-cycle kit to perform 300bp paired-end sequencing, using custom sequencing primers [START_REF] Chen | Medium throughput bisulfite sequencing for accurate detection of 5methylcytosine and 5-hydroxymethylcytosine[END_REF].

Bioinformatic Analyses

As described previously by [START_REF] Chen | Medium throughput bisulfite sequencing for accurate detection of 5methylcytosine and 5-hydroxymethylcytosine[END_REF], universal primers sequences were trimmed and sequencing reads with a Phred quality score less than 20 were discarded. Bismark v0.14.4 was used to align the remaining reads to the GRCh37/hg19 genome. Bismark was run using Bowtie 2 (version 2.1.0). The extraction of the number of unconverted and converted CpGs for each cytosine was done with the script bismark_methylation_extractor provided with Bismark with the following parameters: -p --no_overlap --cytosine_report --counts -s -bedGraph. DNA methylation percentage was calculated for each cytosine as the unconverted (cytosine) read counts divided by total read counts (cytosine and thymine). Only negative strand methylation was examined. All fifty nine CpG dinucleotides covered by our three amplicons met our criteria of having an average coverage of ≥ 10x. Subjects with more than 10% of missing CpG data were removed from further analyses. This resulted in the exclusion of six subjects. Of the remaining sixty three subjects, information was available for all fifty nine CpG sites.

Supplementary Table 8 details the final cohort of subjects used in all methylation analyses after filtering. Supplementary Table 9 details the position, genomic location, average coverage and average % of methylation for all fifty nine CpG sites.

Statistical Analyses

Statistical analyses were carried out by the IBM SPSS package v27. Group differences in age, PMI, pH, and RIN, were assessed via a univariate one-way ANOVA. Chi squared tests were used to investigate the distribution of categorical variables between groups. Though some group differences did emerge, variables were only controlled for if found to be a significant predictor of gene expression or methylation.

Outliers in expression data were identified by having a z score of ≥ 2.5. As opposed to discarding these values, a 90% Winsorization of the data was used to minimize their effects.

Possible contributions of covariates were assessed using a backward stepwise linear regression, with a removal value of p ≥ 0.1, to select the most parsimonious set of factors that influenced expression. The input factor list included, age, post-mortem interval, pH, alcohol/drug abuse, sex and presence of antidepressants or other psychotropic substances at death. The effect of group on OXTR expression was then assessed using a one-way ANCOVA while controlling for the effects of RIN, alcohol/drug abuse, and presence of other psychotropic substances at death. The normality assumption for the unstandardized residuals of this model was assessed via the Lilliefors-corrected Kolmogorov-Smirnov test, while equality of variance was assessed via Levine's test. Bonferroni corrected post-hoc comparisons were used to investigate differences in OXTR expression between groups. The same steps were then taken to study the effect of rs53576 genotype on expression. In this case expression data were log transformed to meet the normality assumption and the effect of alcohol/drug use was controlled for.

For the rodent model, group differences in RIN were assessed via a student t-test. There were no outliers identified in the rodent expression data. A Pearson's correlation was used to determine whether RIN significantly correlated with Oxtr expression. Given that RIN was significantly correlated with Oxtr expression, it was controlled for in a one-way ANCOVA used to investigate the effect of group on Oxtr expression. Both the normality and equality of variance assumptions were met.

All 59 CpG sites were inspected for outliers. In cases where outliers were identified, a 90% Winsorization of the data was used to minimize their effects. CpG sites within the entire region covered by our amplicons (chr3: 8,810,477-8,811,300, 59 CpG sites), or within the MT2 region specifically (chr3:8,810,719-8,811,124, 26 CpG sites), were then averaged together (Figure 4).

Relevant covariates were once again identified using a backward linear regression. This was done separately for average methylation across all three amplicons and average methylation within the MT2 region specifically. In the former case, the effects of sex and presence of other psychotropic substances at death were controlled for, while for MT2 methylation only the effect of sex was controlled for. The normality and equality of variance assumptions were met for both models. The same steps were then taken to study the effect of rs53576 genotype on methylation, but in this case no covariates were identified or controlled for and test assumptions were once again met. Pearson's correlations were used to determine whether average methylation or methylation at individual CpG sites correlated with OXTR expression. Visualization of the data was carried out via Prism 9.1.0.

Results

Table 1 lists sample demographics and tissue characteristics, by group.

OXTR expression is upregulated in the dACC of subjects with a history of childhood abuse and the cingulate cortex of adult rats raised by low-LG dams

We first used qPCR to determine whether OXTR expression in the dACC is influenced by a history of childhood abuse. In doing so, we observed a significant effect of group on OXTR expression (F(2,67) = 5.616, p = 0.006). Bonferroni corrected post-hoc comparisons revealed a significant upregulation of OXTR expression in MDD suicides with a history of childhood abuse versus non-abused MDD suicides (p = 0.022) and controls (p = 0.016). Notably, OXTR expression was not significantly different between non-abused MDD suicides and controls (p = 1.000). Given that in previous studies, parallels were observed in how the genome responds to early-life stress in humans and other species [START_REF] Suderman | Conserved epigenetic sensitivity to early life experience in the rat and human hippocampus[END_REF], we assessed if our findings could be "back translated" to a model of early-life environmental variation. In doing so, we found a significant upregulation of Oxtr expression in the cingulate cortex of adult rats raised by low-versus high-LG dams (F(1,22) = 8.175, p = 0.009) (Figure 2).

rs53576 genotype influences OXTR expression in the dACC

After finding a convergent effect of early-life environment on OXTR expression in both human and rat, we next wondered whether genotype impacts expression in a similar way.

Focusing on the well-studied rs53576 variant located in the third intron of the OXTR gene, we genotyped a subset of subjects for the presence of the minor A risk allele. We found a significant effect of rs53576 genotype on OXTR expression (F(1,27) = 5.991, p = 0.021). Specifically, presence of the A risk allele (AA/AG) was associated with upregulated OXTR expression (Figure 3).

We next performed a chi squared test in order to rule out the possibility that our findings of increased OXTR expression in the childhood abuse group be driven by genotype. Importantly, genotype frequencies did not vary by group, X 2 (2, N = 30) = 0.67, p = 0.72 (Table 1). Nor did the distribution of subjects with a history of childhood abuse vary by genotype, X 2 (1, N = 30) = 0.55, p = 0.46 (Supplementary Table 4).

DNA methylation in the dACC is not influenced by a history of childhood abuse or rs53576 genotype

To investigate epigenetic regulation of OXTR expression, we next focused on DNA methylation in and around the MT2 region, in the first exon and intron of the OXTR gene (chr3:8,810,719-8,811,124, 26 CpG sites). The MT2 region is located in the CpG island that extends from the promoter into the coding region of the third exon (chr3:8,808,962-8,811,280), and has been demonstrated to influence expression [START_REF] Kusui | DNA methylation of the human oxytocin receptor gene promoter regulates tissue-specific gene suppression[END_REF] (Figure 4). In order to profile DNA methylation, at base-pair resolution, we used a previously described targeted bisulfite sequencing approach [START_REF] Chen | Medium throughput bisulfite sequencing for accurate detection of 5methylcytosine and 5-hydroxymethylcytosine[END_REF]. Importantly, the region covered by our three amplicons (chr3: 8,810,477-8,811,300, 59 CpG sites) encompassed the entire MT2 region (chr3:8,810,719-8,811,124, 26 CpG sites) (Figure 4). CpG sites within the entire region covered by our amplicons (chr3: 8,810,477-8,811,300, 59 CpG sites), and within the MT2 region specifically (chr3:8,810,719-8,811,124, 26 CpG sites), were averaged. Average methylation in either region was not correlated with OXTR expression (p > 0.05), nor did we observe a significant effect of group on methylation (p > 0.05) (Figure 5). We next investigated individual CpG sites, asking whether methylation at individual sites was correlated with OXTR expression. This analysis revealed six CpG sites that were significantly correlated with expression: 8,810,545 (r(61) = 0.296, p = 0.018), 8,810,774 (r(61) = -0.283, p = 0.024), 8,810,957 (r(61) = 0.250, p = 0.048), 8,811,165 (r(60) = -0.292, p = 0.020), 8,811,212 (r(61) = 0.356, p = 0.004), 8,811,256 (r(61) = 0.281, p = 0.026). However, none of these sites remained significant after correcting for multiple testing (Supplementary Table 9).

Lastly, we investigated whether genotype had a significant effect on methylation, but did not find any significant differences in methylation between genotypes (p > 0.05) (Figure 6, Supplementary Table 10).

Discussion

In the present post-mortem study, we investigated whether a history of childhood abuse might trigger long-lasting alteration to the oxytocinergic system. While previous studies have probed the relationship between childhood abuse and the oxytocinergic system, these studies were conducted using peripheral [START_REF] Fujisawa | Oxytocin receptor DNA methylation and alterations of brain volumes in maltreated children[END_REF][START_REF] Gouin | Associations among oxytocin receptor gene (OXTR) DNA methylation in adulthood, exposure to early life adversity, and childhood trajectories of anxiousness[END_REF][START_REF] Krause | Child Maltreatment Is Associated with a Reduction of the Oxytocin Receptor in Peripheral Blood Mononuclear Cells[END_REF][START_REF] Opacka-Juffry | Experience of stress in childhood negatively correlates with plasma oxytocin concentration in adult men[END_REF][START_REF] Pierrehumbert | Adult attachment representations predict cortisol and oxytocin responses to stress[END_REF][START_REF] Smearman | Oxytocin Receptor Genetic and Epigenetic Variations: Association With Child Abuse and Adult Psychiatric Symptoms[END_REF][START_REF] Fries | Early experience in humans is associated with changes in neuropeptides critical for regulating social behavior[END_REF] or CSF samples [START_REF] Heim | Lower CSF oxytocin concentrations in women with a history of childhood abuse[END_REF]. This is, to our knowledge, the first study to employ post-mortem human brain samples, with the aim of clarifying the impact of severe childhood abuse on the oxytocinergic system.

We first began our investigation by using qPCR to quantify OXTR expression, in the dACC, of individuals with depression who died by suicide, with and without a history of childhood abuse, as well as psychiatrically healthy controls. Upregulation of the OXTR was specifically associated with a history of childhood abuse, independent of depression and suicide.

These results are in contrast to previous findings of increased OXTR mRNA expression in the dorsolateral prefrontal cortex [START_REF] Lee | Oxytocin receptor mRNA expression in dorsolateral prefrontal cortex in major psychiatric disorders: A human post-mortem study[END_REF], and increased OXTR immunoreactivity in the paraventricular nucleus [START_REF] Purba | Increased number of vasopressin-and oxytocin-expressing neurons in the paraventricular nucleus of the hypothalamus in depression[END_REF], of subjects with a diagnosed mood disorder. In our cohort, OXTR expression was not significantly different between non-abused MDD suicides and controls. This difference may, however, be explained by the two previous investigations not stratifying subjects by a history of childhood abuse. Our findings are also in contrast to reports of decreased oxytocin levels in subjects with a history of childhood abuse [START_REF] Heim | Pituitary-adrenal and autonomic responses to stress in women after sexual and physical abuse in childhood[END_REF][START_REF] Opacka-Juffry | Experience of stress in childhood negatively correlates with plasma oxytocin concentration in adult men[END_REF]. In reconciling this difference, it must be noted that the aforementioned studies investigated the oxytocin hormone and not its receptor. It remains to be determined whether OXTR expression in the human ACC is correlated with circulating levels of oxytocin. The effects of early-life adversity on the oxytocinergic system may also be brain region-specific.

With our human findings in mind, we next turned to a rodent model to investigate the impacts of maternal care on Oxtr expression in the adult cingulate cortex. In doing so, we observed that rats raised by low-LG dams also showed an upregulation of Oxtr expression.

While these results seem to contradict previous reports of increased OXTR binding in the central nucleus of the amygdala and bed nucleus of the stria terminalis of female rats raised by high-LG dams, the previous investigation was carried out with female rats in brain regions not explored in our study [START_REF] Francis | Naturally occurring differences in maternal care are associated with the expression of oxytocin and vasopressin (V1a) receptors: gender differences[END_REF]. Early-life adversity combined with a stressor in adulthood, on the other hand, has been shown to associate with increased hippocampal Oxtr expression in male mice [START_REF] Lesse | Chronic Postnatal Stress Induces Depressive-like Behavior in Male Mice and Programs second-Hit Stress-Induced Gene Expression Patterns of OxtR and AvpR1a in Adulthood[END_REF]. In another study, maternal separation associated with increased Oxtr binding in the medial preoptic area, as well as the ventromedial hypothalamus [START_REF] Lukas | Maternal separation interferes with developmental changes in brain vasopressin and oxytocin receptor binding in male rats[END_REF]. The impacts of early-life experiences on the oxytocinergic system may, therefore, be sex and brain-region-specific. Indeed, in a study with male rats, maternal separation associated with both increased and decreased Oxtr binding, depending on brain region and age [START_REF] Lukas | Maternal separation interferes with developmental changes in brain vasopressin and oxytocin receptor binding in male rats[END_REF].

After observing a convergent effect of early-life environment in both human and rat, we next wondered whether a genetic variant in the OXTR gene also associated with expression. We choose to focus on the well characterized rs53576 variant located in the third intron of the OXTR gene. Previous studies have shown that the A risk allele associates with reduced empathetic abilities [START_REF] Gong | Revisiting the impact of OXTR rs53576 on empathy: A population-based study and a meta-analysis[END_REF][START_REF] Rodrigues | Oxytocin receptor genetic variation relates to empathy and stress reactivity in humans[END_REF], increased stress reactivity [START_REF] Rodrigues | Oxytocin receptor genetic variation relates to empathy and stress reactivity in humans[END_REF], reduced sociality [START_REF] Li | Association of Oxytocin Receptor Gene (OXTR) rs53576 Polymorphism with Sociality: A Meta-Analysis[END_REF], reduced levels of optimism and self-esteem [START_REF] Saphire-Bernstein | Oxytocin receptor gene (OXTR) is related to psychological resources[END_REF], reduced trust [START_REF] Krueger | Oxytocin receptor genetic variation promotes human trust behavior[END_REF] and reduced positive affect [START_REF] Lucht | Associations between the oxytocin receptor gene (OXTR) and affect, loneliness and intelligence in normal subjects[END_REF]. In our sample, presence of the A risk allele (AG/AA) associated with a significant upregulation of OXTR expression. Importantly, these results are consistent with a previous report of upregulated OXTR expression, in carriers of the A risk allele, across multiple brain regions [START_REF] Voinsky | Peripheral Blood Mononuclear Cell Oxytocin and Vasopressin Receptor Expression Positively Correlates with Social and Behavioral Function in Children with Autism[END_REF]. Taken together, our findings suggest that both environmental and genetic risk factors for negative mental health outcomes, regulate OXTR expression in the same direction.

While these results may seem at odds with the role that oxytocin plays in social attachment [START_REF] Insel | The neurobiology of attachment[END_REF] stressors have been shown to significantly increase central and peripheral levels of oxytocin [START_REF] Ebner | Release of oxytocin in the rat central amygdala modulates stress-coping behavior and the release of excitatory amino acids[END_REF][START_REF] Ebner | A single social defeat experience selectively stimulates the release of oxytocin, but not vasopressin, within the septal brain area of male rats[END_REF][START_REF] Engelmann | Emotional stress triggers intrahypothalamic but not peripheral release of oxytocin in male rats[END_REF][START_REF] Ivanyi | Differential effects of emotional and physical stress on the central and peripheral secretion of neurohypophysial hormones in male rats[END_REF][START_REF] Kojima | Maternal contact differentially modulates central and peripheral oxytocin in rat pups during a brief regime of mother-pup interaction that induces a filial huddling preference[END_REF][START_REF] Pierrehumbert | Adult attachment representations predict cortisol and oxytocin responses to stress[END_REF][START_REF] Torner | Forced swimming-induced oxytocin release into blood and brain: Effects of adrenalectomy and corticosterone treatment[END_REF]. While stress-induced oxytocinergic signalling may serve to dampen the activity of the HPA axis, it has also been shown to enhance contextual fear conditioning [START_REF] Guzman | Fear-enhancing effects of septal oxytocin receptors[END_REF]. Notably, these later effects were shown to be mediated through increased Oxtr expression [START_REF] Guzman | Fear-enhancing effects of septal oxytocin receptors[END_REF]. Consistent with these findings are that administration of intranasal oxytocin leads to a memory bias towards negative information [START_REF] Striepens | Oxytocin facilitates protective responses to aversive social stimuli in males[END_REF], increased recollection of childhood memories of less caring mothers [START_REF] Bartz | Effects of oxytocin on recollections of maternal care and closeness[END_REF], increased perception and awareness of psychosocial stress [START_REF] Eckstein | Oxytocin facilitates the sensation of social stress[END_REF], and increased fear learning [START_REF] Eckstein | Oxytocin Facilitates Pavlovian Fear Learning in Males[END_REF]. In recently trauma-exposed individuals, oxytocin administration impeded emotion regulation network functioning in response to trauma reminders, and higher flashback intensity [START_REF] Frijling | Intranasal Oxytocin Affects Amygdala Functional Connectivity after Trauma Script-Driven Imagery in Distressed Recently Trauma-Exposed Individuals[END_REF]. In subjects with a history of early-life stress, oxytocin administration led to increased hormonal reactivity and limbic deactivation during an acute psychosocial stressor [START_REF] Grimm | Early life stress modulates oxytocin effects on limbic system during acute psychosocial stress[END_REF]. Altogether, while increased oxytocinergic signalling may serve to dampen activity of the HPA axis, it may also lead to enhanced sensitivity towards aversive social stimuli.

In order to get an understanding of whether epigenetic mechanisms may serve as the molecular link between a distal history of childhood abuse and OXTR expression, we next turned to targeted bisulfite sequencing of the OXTR gene. Due to its observed functional relevance to expression, we focused on DNA methylation in and around the MT2 region [START_REF] Kusui | DNA methylation of the human oxytocin receptor gene promoter regulates tissue-specific gene suppression[END_REF]. Specifically, methylation within the MT2 region has been shown to negatively correlate with OXTR expression [START_REF] Kusui | DNA methylation of the human oxytocin receptor gene promoter regulates tissue-specific gene suppression[END_REF]. Though many studies have investigated changes in OXTR methylation in response to the environment, or in association with behavioral outcomes, nearly all of them were limited to utilizing peripheral tissue [START_REF] Cecil | Environmental risk, Oxytocin Receptor Gene (OXTR) methylation and youth callous-unemotional traits: a 13-year longitudinal study[END_REF][START_REF] Fujisawa | Oxytocin receptor DNA methylation and alterations of brain volumes in maltreated children[END_REF][START_REF] Gouin | Associations among oxytocin receptor gene (OXTR) DNA methylation in adulthood, exposure to early life adversity, and childhood trajectories of anxiousness[END_REF][START_REF] Gregory | Genomic and epigenetic evidence for oxytocin receptor deficiency in autism[END_REF][START_REF] Puglia | Epigenetic modification of the oxytocin receptor gene influences the perception of anger and fear in the human brain[END_REF][START_REF] Smearman | Oxytocin Receptor Genetic and Epigenetic Variations: Association With Child Abuse and Adult Psychiatric Symptoms[END_REF][START_REF] Unternaehrer | Dynamic changes in DNA methylation of stressassociated genes (OXTR, BDNF ) after acute psychosocial stress[END_REF][START_REF] Ziegler | Oxytocin receptor gene methylation: converging multilevel evidence for a role in social anxiety[END_REF]. It, however, remains to be determined whether peripheral levels of OXTR methylation are reflective of central processes. The one study that did investigate OXTR methylation in post-mortem brain tissue, focused on autism and the temporal cortex, and had a relatively small sample size [START_REF] Gregory | Genomic and epigenetic evidence for oxytocin receptor deficiency in autism[END_REF]. In our sample, average methylation within or around the MT2 region was not significantly correlated with expression. Nor did we observe a significant effect of group or genotype on average methylation levels. While these results may seem at odds with the study by Kusui and colleague, the relationship between MT2 methylation and expression was observed in HepG2 cells [START_REF] Kusui | DNA methylation of the human oxytocin receptor gene promoter regulates tissue-specific gene suppression[END_REF]. When looking at individual CpG sites, we observed that methylation at six CpG sites was significantly correlated with expression. However, these sites did not remain significant after correcting for multiple testing. One possibility is that DNA methylation within another region of the OXTR gene may better explain our findings of OXTR regulation by early-life experiences and rs53576 genotype.

For example, rs53576 genotype has been previous shown to have an effect on exon 2 but not exon 1 methylation levels in peripheral samples [START_REF] Reiner | Methylation of the oxytocin receptor gene in clinically depressed patients compared to controls: The role of OXTR rs53576 genotype[END_REF]. Another explanation is that the heterogeneity of cell types within tissue homogenates may have masked any childhood abuse or genotype associated changes in DNA methylation. DNA methylation within specific cell types in the ACC may, for instance, be more sensitive to these factors. Indeed, when looking at the CpG sites covered by our amplicons, six of these sites overlapped with a previously published report investigating the effects of cell-type composition on methylation (8,810,549,8,810,592,8,810,980,8,811,004,8,811,092,8,811,279) [START_REF] Edgar | BECon: a tool for interpreting DNA methylation findings from blood in the context of brain[END_REF]. An effect of cell-type composition on methylation was observed for two of these six sites (8,810,549,8,810,592) [START_REF] Edgar | BECon: a tool for interpreting DNA methylation findings from blood in the context of brain[END_REF]. Finally, other epigenetic mechanisms, not explored here, may better explain our findings.

In sum, we provide novel evidence that OXTR expression in the ACC is sensitive to both early-life experiences, as well as genotype. This study is, however, not without its limitations.

Due to the reduced availability of female donors who died by suicide, they were underrepresented in our cohort [START_REF] Canetto | The gender paradox in suicide[END_REF][START_REF] Schrijvers | The gender paradox in suicidal behavior and its impact on the suicidal process[END_REF]. While we did not find an effect of sex on human OXTR expression, the under-representation of female subjects may have masked any differences. Indeed, studies in both humans and rodents have shown evidence of sex differences in the oxytocinergic system [START_REF] Dumais | Sex differences in oxytocin receptor binding in forebrain regions: correlations with social interest in brain region-and sexspecific ways[END_REF][START_REF] Dumais | Vasopressin and oxytocin receptor systems in the brain: Sex differences and sex-specific regulation of social behavior[END_REF][START_REF] Li | A Cortical Circuit for Sexually Dimorphic Oxytocin-Dependent Anxiety Behaviors[END_REF][START_REF] Luo | Sex-dependent neural effect of oxytocin during subliminal processing of negative emotion faces[END_REF][START_REF] Marazziti | Sex-Related Differences in Plasma Oxytocin Levels in Humans[END_REF][START_REF] Rilling | Sex differences in the neural and behavioral response to intranasal oxytocin and vasopressin during human social interaction[END_REF][START_REF] Rubin | Sex-specific associations between peripheral oxytocin and emotion perception in schizophrenia[END_REF]. Future research is, therefore, needed to investigate whether the effect of early-life adversity on OXTR expression is sex specific. Beyond this, other epigenetic mechanisms that may serve as the link between early-life adversity and dysregulated OXTR expression in the adult ACC should also be explored. Table 1. Cohort demographics. Mean +/-standard error are shown. chr3:8,808,962-8,811,280). The protein-coding region is indicated by gray shading. ATG denotes the start codon located in exon 3, while TGA denotes the stop codon located in exon 4. The rs53576 SNP, located in intron 3 (chr3:8,804,371), is displayed. The region covered by the three amplicons used in targeted bisulfite sequencing is also displayed (chr3: 8810477-8811300, 59 CpG sites). The MT2 region (chr3:8,810,811,124,26 CpG sites) of the OXTR gene, is located within the region covered by our amplicons. 
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 1234 Figure1. OXTR expression is upregulated in the anterior cingulate cortex of subjects with a history of childhood abuse. Relative qPCR was used to assess OXTR/GAPDH mRNA expression in the ACC of psychiatrically healthy controls (C, N = 23), depressed suicides with a history of childhood abuse (DS-CA, N = 26), and depressed suicides without a history of childhood abuse (DS, N = 24). In doing so, we observed a significant effect of group on OXTR expression (F(2,67) = 5.616, p = 0.006). Bonferroni corrected post-hoc comparisons revealed a significant upregulation of OXTR expression in MDD suicides with a history of childhood abuse versus nonabused MDD suicides (p = 0.022) and controls (p = 0.016). Notably, OXTR expression was not significantly different between non-abused MDD suicides and controls (p = 1.000). Group values are presented as estimated marginal means +/-standard error.
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 5 Figure 5. Methylation within the CpG island of the OXTR gene does not vary by group. A. Average methylation within the region covered by the three amplicons used in targeted bisulfite sequencing (chr3: 8,810,477-8,811,300, 59 CpG sites). B. Average methylation within the MT2 region of the OXTR gene (chr3:8,810,719-8,811,124, 26 CpG sites). C, controls; DS-CA, depressed individuals who died by suicide with a history of childhood abuse; DS, depressed individuals who died by suicide without a history of childhood abuse. Means +/-standard error are shown.
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 6 Figure 6. Methylation within the CpG island of the OXTR gene does not vary by genotype. A. Average methylation within the region covered by the three amplicons used in targeted bisulfite sequencing (chr3: 8,810,477-8,811,300, 59 CpG sites). B. Average methylation within the MT2 region of the OXTR gene (chr3:8,810,719-8,811,124, 26 CpG sites). Means +/-standard error are shown.
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