1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Biol Psychiatry. Author manuscript; available in PMC 2022 March 15.

-, HHS Public Access
«

Published in final edited form as:
Biol Psychiatry. 2021 March 15; 89(6): 570-578. doi:10.1016/j.biopsych.2020.09.013.

Associations between maternal lifetime stress and placental
mitochondrial DNA mutations in an urban multi-ethnic cohort

Kelly J. Brunstl, Li Zhang!, Xiang Zhang!, Andrea A. Baccarelli2, Tessa Bloomquist?,
Rosalind J. Wright3

1University of Cincinnati, College of Medicine, Department of Environmental and Public Health
Sciences, 160 Panzeca Way, Cincinnati, OH 45267

2Columbia University, Mailman School of Public Health, Department of Environmental Health
Sciences, 722 West 168™ Street, New York, NY 10032

Slcahn School of Medicine at Mount Sinai, Department of Pediatrics and Department of
Environmental Medicine & Public Health, 1 Gustave L. Levy Place, New York, NY 10029

Abstract

Background: Disrupted placental functioning due to stress can have lifelong implications.
Cumulative stress and trauma are likely to have lasting impacts on maternal physiological
functioning and offspring development resulting in increased risk for later life complex disorders
for which racial disparities exist.

Methods: This study examines the association between maternal lifetime stress and placental
mitochondrial DNA (mtDNA) mutational load in an urban multi-ethnic cohort. Maternal lifetime
exposure to stressful events was assessed using the validated Life Stressor Checklist-Revised.
Whole mtDNA sequencing was performed and mutations were determined for 365 placenta
samples with complete exposure and covariate data. Multivariable regression was used to model
maternal lifetime stress in relation to placental mtDNA mutational load. Racial/ethnic differences
were examined by cross-product terms and contrast statements. Gene-wise analyses were
conducted.

Results: We identified 13,189 heteroplasmies (phred score >10000, MAF < 0.5, # of mutant
reads > 1). Women experiencing increased psychosocial stress over their lifetime exhibited a
higher number of total placental mitochondrial mutations ($=0.23, 95% CI 0.03-0.42) and
heteroplasmic ($=0.18, 95% CI 0.05-0.31) but not homoplasmic (f= -0.008, 95% CI -0.03 —
0.01) mutations; the strongest associations were observed among Black women and genes coding
for NADH dehydrogenase and cytochrome ¢ oxidase subunits.
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Conclusions: Cumulative maternal lifetime stress is associated with a greater mitochondrial
mutational load, particularly among Black women. The impact of racial/ethnic differences in
mutational load on placental function directly impacting offspring development and/or leading to
chronic disease disparities warrants further investigation.
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INTRODUCTION

Research in the field of developmental origins of health and disease has underscored effects
of prenatal stress on maternal and offspring physiology and function (1). Compared to
prenatal stress, cumulative stress and trauma exposure are more likely to have a lasting
impact on maternal physiological functioning carried into pregnancy with greater
implications for fetal and offspring development and later life complex disorders (2-5).
Preconception stress, even when occurring during the mother’s childhood, can have effects
on maternal stress response during pregnancy (5), infant birthweight (6,7), child cognition
(8), and asthma (9). Moreover, lifetime exposure to psychosocial stressors including
traumatic events not only varies by race (10), but how the body physiologically and
psychologically responds differs by race (11,12). Ethnic minorities experiencing more severe
(i.e., meeting DSM-V PTSD Criterion A) and chronic stressors (e.g., trauma, violence,
discrimination) that continue to negatively impact their life, may be more likely to
demonstrate disrupted stress hormone activity (5,13,14) that, in turn, can exert lasting effects
on physiological processes influencing fetal development (15).

The placenta plays a central role in optimal fetal maturation (16) and perturbations in the
maternal environment can be transmitted across the placenta impacting fetal development. A
hallmark of the placenta is its capacity to adapt in response to variations in the maternal-fetal
environment making it an excellent target for the identification of biomarkers/mechanisms of
adverse development. Although it is unclear if racial/ethnic differences in placental response
to stress exist, altered placental function has been linked to racially disparate pregnancy
complications and birth outcomes (17,18).

Oxidative stress (OS) is a key pathway linking stress and health including cognitive,
emotional and physiological health (19). Mitochondria are major intracellular sources and
targets of reactive oxygen species (ROS), making mitochondria susceptible to increases in
systemic ROS and subsequent damage (20) by sustaining systemic oxidative stress (21). One
key feature of mitochondria is their maternally inherited genome; mitochondrial DNA
(mtDNA) contains 37 genes and, compared with nuclear DNA, has diminished repair
capacity making it highly mutable and susceptible to accumulating oxidative damage. The
most commonly studied mtDNA biomarker of environmental toxicants and OS in
epidemiological studies is mtDNA copy number (22). Race-specific effects of maternal
stress on mtDNA copy number in placenta and peripheral blood have been observed (23,24).

Within each mitochondrion multiple copies of mtDNA exist and mutations can affect all
(homoplasmy) or a portion (heteroplasmy) of the molecules. Heteroplasmy has been
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identified as a marker of oxidative damage (25) and linked to numerous human diseases
ranging in severity, prevalence, and complexity (26) and serves as a marker of inefficient
cellular respiration (27). Research reporting identical mtDNA variants in placenta and cord
blood support the use of placenta suggesting both are adequate sources to obtain fetal
mitochondrial biomarkers (28). Interestingly, mitochondrial haplogroups (a marker of
genetic ancestry) have been shown to modify the effect of environmental exposures with
similar OS mechanisms of action (i.e., air pollution) on cognitive outcomes (29). Thus, we
hypothesize that maternal lifetime exposure to psychosocial stress will be associated with
increased placental mtDNA mutations/heteroplasmy particularly among racial/ethnic
minorities.

METHODS AND MATERIALS

Study Population

Participants were from the Programming of Intergenerational Stress Mechanisms (PRISM)
study, an urban pregnancy cohort designed to investigate associations among maternal
psychosocial stress and other environmental actors (i.e., air pollution, smoking, diet) and
pre- and postnatal child development. Pregnant English- and Spanish-speaking women aged
18 years and older carrying a singleton fetus were recruited from prenatal clinics at the Beth
Israel Deaconess Medical Center and the East Boston Neighborhood Health Center in
Boston, Massachusetts between the years of 2011 and 2013 and from the prenatal clinic at
Mount Sinai Hospital in New York City from 2013 to 2018. Exclusion criteria included
maternal intake of =7 alcoholic drinks per week before and/or any alcohol after pregnancy
recognition as usage above these thresholds has been associated with increased risk for
numerous health problems impacting child development (30-32). Birth details were
ascertained by postnatal questionnaires and medical chart review. Study procedures were
approved by the relevant institutional review boards. Written informed consent was obtained
in the participant’s preferred language.

Maternal Lifetime Stress Exposure

Maternal lifetime exposure to traumatic and non-traumatic stressful events was assessed
using the validated 30-item Life Stressor Checklist-Revised (LSC-R) during the second
trimester (25.4 + 7.0 weeks of gestation) (33) in person and by phone. The LSC-R has
established test-retest reliability and validity in diverse populations(33) and assesses
exposure to 30 stressful life experiences including potentially traumatic events particularly
relevant to women (e.g., sexual assault, interpersonal violence). For each endorsed event,
women were asked to rate the severity of the negative impact (ranging from 1 [not at all] to 5
[extremely]) of each endorsed event during the past 12 months. A maternal lifetime stress
score was derived by summing the rate of severity across endorsed events [e.g., a score of
150 would mean every event was 1) endorsed and 2) severely impact their life (rated a ‘5’ on
the Likert scale)] with scores ranging from 0 to 96 in our sample (LSCRwt); outliers were
winzorized to reduce spurious associations. Higher scores indicate greater exposure to and
impact of exposure to stressful and traumatic events.
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Placental Mitochondrial DNA Sequencing

Placental Processing—Placenta samples (~1-2 cm3) were taken on the fetal side ~1 —
1.5 cm below the fetal membrane to avoid membrane contamination and approximately 4
cm from the cord insertion site, taking care to avoid large vessels (details available in online
supplement). Fetal placental tissue origin was confirmed by the previously reported near-
perfect agreement of placenta and cord blood samples in 64 genotyping probes used for
identity verification (34).

Whole Mitochondrial DNA Sequencing—~Placenta DNA extraction was conducted
using the Promega Wizard Genomic DNA Purification Kit (Promega — Madison, W1, USA).
Whole mtDNA sequencing was performed by the Genomics, Epigenomics and Sequencing
Core at the University of Cincinnati. To amplify whole mtDNA genome (complete genome
sequence ID AY495156.2, 16569 bp), Illumina (San Diego, CA) protocol (Document #
15037958 v01) was followed with modifications. For each sample two pairs of primers that
cover the entire mtDNA sequence were used in two individual amplifications: MTL-F1/
MTL-R1 and MTL-F2/MTL-R2. TaKaRa LA Taq (Takara Bio USA, Mountain View, CA)
was used in long range PCR with 2 ng human gDNA as input in each 50 pl PCR reaction.
The volumes of the two PCRs were then adjusted and pooled to make roughly equal amount
of the two PCR products in the pool. After DNA clean up using Wizard SV Gel and PCR
Clean-Up kit (Promega), about 100 ng DNA was used as input for library preparation using
NEBNext Ultra Il FS DNA Library Prep kit (NEB, Ipswich, MA). After Bioanalyzer QC
analysis (Agilent, Santa Clara, CA) of the library and pPCR quantification using NEBNext
Library Quant Kit (NEB), individually indexed and compatible libraries were proportionally
pooled and sequenced using HiSeq 1000 sequencer (Illumina). Under the sequencing setting
of paired-end 2x101 bp, about 8 million pass filter reads per sample were generated. The
demultiplexed fastq files were used downstream for bioinformatic analysis. The online
supplement contains information on primer sequences, amplicon sizes, and detailed methods
on checking amplification specificity/yield.

Mitochondrial Sequencing Data Processing—A mitochondria consensus genome,
based on analyses of the complete mtDNA sequence of 53 humans of diverse origins, was
used for alignment (URL: https://www.ncbi.nlm.nih.gov/nuccore/AF346978.1) (35). Picard
(version 2.17.8) was used to align the reads to the reference genome and remove adapters
and duplicates.(36) The Genome Analysis Toolkit (GATK) was used to make variant calls.
(37) Phred-based quality scores (i.e. QUAL in GATK) were computed as the sum of depth of
coverage multiplied by the Phred score at the variant site. To reduce the effects of
sequencing errors, we removed variant calls with a QUAL score < 10000 (i.e., probability of
having an incorrect base call is less than 1 in 10,000) (38). The potential for strand bias was
interrogated and ruled out (Figure S1). Repeated sequencing was carried out on 20% of our
sample and concordance in mutation calls ranged from 80-95% (Online Supplement).

Insertions, deletions, and variants observed only once were ignored; variants occurring only
once had lower quality scores and are likely prone to artifacts in the sequencing and/or
alignments. Single nucleotide substitutions account for approximately 90% of somatic
mutations in the mitochondrial genome (39) (96.3% in our data- Figure S2) and were used in
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this analysis to determine mutational load. Positions were considered heteroplasmic if less
than 50% of the reads support alternative alleles (MAF computed as read counts of variant
allele/total depth of coverage < 0.5); all other mutations were considered homoplasmic. This
criteria is used to reduce the effects of potential homoplasmic mutations in the germline
(40), represent risk alleles of complex disease (41), and obtain good concordances among
cell types at the heteroplasmy level (42) which is important for epidemiological studies
unable to analyze cell-type specific biomarkers. Total mutational load is the total number of
heteroplasmic and homoplasmic mutations present in a sample. For gene-wise analyses,
protein-coding genes and ribosomal RNAs were examined independently; the number of
mutations observed in tRNAs was minimal (n=395) with only 5 out of 22 tRNAs
accumulating more than 30 mutations. Thus, mutational loads for tRNAs were summed to
create one tRNA total mutational load variable. Although we sampled the feto-placenta, it
should be noted that the mutational loads observed do not necessarily correspond to
mutational loads of embryonic tissue.

Covariates included maternal race [White, Black, Hispanic, Other/multi-race], nativity status
(United States vs. Other), and education status (< high school degree, some college or/
college degree) which were ascertained at enrollment; child sex and maternal age at delivery
were obtained postnatally. Mode of delivery (vaginal vs. C-section), pregnancy
complications (i.e., gestational diabetes, hypertension, and/or preeclampsia), and maternal
smoking have been shown to impact placental functioning/response leading to inflammation,
oxidative stress, and mitochondrial dysfunction (43-47) and may be related to maternal
stress response, thus these were considered confounders. Women were classified as prenatal
smokers if they reported smoking at enrollment or during the third trimester. Birth weight
was extracted from delivery records and gestational age was determined by reported last
menstrual period and compared to the first trimester ultrasound,; if there was a discrepancy
of more than two weeks, obstetrical values were used. Sex-specific Fenton birthweight for
gestational age z-scores were then derived (48). Genetic ancestry was determined by
mitochondrial haplogroup and categorized as African (L), Native American/Asian (A, B, C,
D,F,G,N,PY,Z ME,R),or European (H, I, J, K, T, U, V, W, X) (49).

Statistical Analysis

Descriptive statistics, including mutational loads, were examined for the overall sample as
well as by race/ethnicity and child sex using t-tests and chi-square where appropriate.
Multivariable regression was used to model maternal lifetime stress in relation to total
mtDNA mutational loads; race-specific and gene-wise analyses were conducted using
multivariable Poisson regression with a log link function given the count nature of the data
(i.e., distribution not binomial due to fewer mutations by race or gene). Covariates/
confounders were determined using augmented backward elimination (ABE) (50). Gene-
specific mutational loads were used in similar regression models as outlined above. Further,
given our group’s previous finding regarding the race-specific impact of maternal
psychosocial stress on other mitochondrial function biomarkers (i.e., mtDNA copy number),
we evaluated our models for non-additive (interaction) effects between stress and race/
ethnicity (23) by including cross-product terms in the model and contrast statements to test
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for differences in slopes; we removed the other/multi-race category due to small sample size
for these analyses. Lastly, multiple imputation using the Fully Conditional Specification
method was performed and the results are similar under both conditions (i.e., using complete
data vs. imputed). Thus, we report results for the complete case analysis in the manuscript.
All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC, USA) or RStudio
v1.1.447. Multiple comparisons were addressed by controlling FDR (false discovery rate) at
0.05 (51).

Maternal and child characteristics for the total sample with sequencing data (N = 420) and
the analytic sample with complete stress, covariate, and sequencing data (n = 365) are
presented in Table 1. The average maternal age at delivery was 29.4 years; the majority of
women were racial/ethnic minorities (Black, 40%; Hispanic, 19%; multi-racial, 8%) with
26% reporting less than or at most a high school degree, 9% reporting smoking during
pregnancy, and 28% delivering their child via C-section; 54% of the children were male;
levels of psychosocial stress did vary by race/ethnicity (p=0.0001). All three haplogroups are
present with the majority (74%) of Black women belonging to the African (L) haplogroup
(Table S9). There were no significant differences between the total sample and the analytic
sample on maternal age, race/ethnicity, education, smoking during pregnancy, pregnancy
complications, mode of delivery, nativity status, or child sex.

The average depth of coverage (i.e., number of unique reads) was 1494. A list of all
identified variants (n=13,335), frequencies, and Mitomap (http://www.mitomap.org)
associations are available (Table S1-S3) (52). After we applied our criterion thresholds
(QUAL >10000, MAF < 0.5, # of mutant reads > 1) to define heteroplasmy, we identified
13,189 heteroplasmies and 146 homoplasmies; all individuals had at least one heteroplasmy.
Total mutational load did vary by race/ethnicity (p=0.001) but not child sex (p=0.24);
mutational loads did not vary by child sex within race (p-values ranging 0.15-0.82). The
majority of mutations were transitions (93.2%), 2,742 were nonsynonymous, 1404 have
been reported in Mitomap and 801 associated with disease (43 confirmed pathogenic) (Table
S3) (52). Heteroplasmies were present at low frequencies (Figure 1A) and found in all
mitochondrial genes (Figure 1B).

Maternal lifetime exposure to psychosocial stress and mutational load

Figure 2 shows the regional distribution of mutations by high and low lifetime psychosocial
stress level using the median cut point for descriptive purposes only (LSCRwt score > 10 =

high exposure). All regions of the genome exhibit some degree of mutational variability and
the mutational load across the genome varies by lifetime psychosocial stress level and race/
ethnicity (Figure 2).

Women experiencing increased psychosocial stress over their lifetime exhibited a higher
number of mitochondrial mutations in the placenta. Specifically, in regression models
treating the maternal lifetime psychosocial stress score as a continuous variable, we
observed increased stress to be associated with a higher mutational load across the entire
genome (B=0.23, 95% CI 0.03-0.42, p=0.02) after controlling for maternal race (p <
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0.0001), education (p = 0.92), and age (p=0.11) (Figure 3, Table S5); although the effect is
weaker, increased stress was also significantly associated with more nonsynonymous
mutations ($=0.04, 95% CI 0.002-0.08, p=0.04) (Table S6). This association remained
significant in models considering only heteroplasmic mutations (f=0.18, 95% CI 0.05-0.31,
p=0.01) (Table S7) but not homoplasmic (= —0.008, 95% CI —0.03 — 0.01, p=0.40) (Table
S8) and given the fact that very few homoplasmic mutations were identified (1.1%),
remaining analyses focused on total and nonsynonymous mutations.

In order to determine if increased maternal lifetime psychosocial stress was more strongly
related to mutations in a particular region, we conducted gene-wise regression analyses for
13 protein-coding, 2 rRNAs, and tRNA total (i.e. sum of all mutations in tRNA genes). After
corrections for multiple comparisons, greater maternal lifetime stress was associated with a
higher mutational load in three out of seven genes that code for various subunits of NADH
dehydrogenase [Complex | of the electron transport chain (ETC)]. These include MT-ND1
(FDR=0.04), MT-ND5 (FDR=0.04), and MT-ND6 (FDR=0.04). Increased maternal lifetime
stress was also significantly associated with a higher mutational load in MT-C01 (gene
coding for the catalytic subunit of cytochrome c oxidase, Complex 1V of the ETC)
(FDR=0.01) (Figure 4). Of the 1544 variants observed in MT-ND5, 50% (n=777) were
nonsynonymous. The highest percentage of disease-associated variants was observed among
MT-ND1 variants (126 out of 605, 23% were nonsynonymous) and these variants were
associated with metabolic, cardiac, and neurodevelopment outcomes (Table S3) (52). Table
S4 provides the breakdown of the number of mutations by gene and race/ethnicity.

Differences by maternal race/ethnicity or haplogroup

Significant racial/ethnic differences were observed in the relationship between maternal
psychosocial stress and mutational load (Prace*stress < 0.0001). Compared to Hispanic
participants, White (x 2= 16.91, p < 0.0001) and Black (x 2= 41.39, p < 0.0001) women
reporting more lifetime psychosocial stress exhibited a greater degree of placental mtDNA
mutations (Figure 5A). Compared to Hispanics, Black women were also more likely to
exhibit a greater degree of nonsynonymous mutations associated with lifetime psychosocial
stress (Figure 5B, x 2= 9.92, p = 0.0016) but not White women (2= 0.19, p =0.66). The
effects observed when modeling heteroplasmic mutations only were the same (Figure S3).
Haplogroup specific findings were also similar with the L (African) haplogroup being most
at-risk for increased mtDNA mutations (Figure S5). Gene-wise comparisons did not reveal
statistically significant racial/ethnic effects.

DISCUSSION

This study presents novel findings linking maternal lifetime stress to placental mtDNA
mutations in a diverse urban sample. Women experiencing increased stress over their
lifetime exhibited a higher number of placental mitochondrial mutations, particularly among
genes coding for Complex | and IV of the ETC. Further, the effect of maternal lifetime stress
was more pronounced among Black women.

Mitochondria are life-sustaining organelles that sense, assimilate, and relay environmental
information including that of stress exposure. Steroidogenesis of glucocorticoids, the adrenal
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steroid stress response hormones, is partly regulated by mitochondria (53,54) and, in turn,
can regulate placental mitochondrial oxidation and expression of mitochondrial genes
(55,56). Under cumulative stress conditions and altered glucocorticoid levels, mtDNA can
accumulate damage (57) which may reduce the proliferation and migration of trophoblast
cells, thereby affecting placental formation and development (58,59). Animal studies support
the hypothesis that psychological stress induces mitochondrial dysfunction; however, the
number of human studies pales in comparison (60). Most human studies focus on the impact
of Adverse Childhood Experiences (ACEs) suggesting adults who experience ACEs and/or
have a history of depression have significantly higher levels of mtDNAcn in whole blood
compared to those who do not experience childhood adversity or depression (61,62).
Maternal lifetime stress exposure has been shown to impact placental mtDNAcn (23);
however, its impact on mtDNA mutations/heteroplasmy is unclear. Using a human/
experimental paradigm, Cai and colleagues (2015) (63) identified increased rates of
heteroplasmy in women with major depression disorder and support their finding using mice
to suggest the relationship is likely due to stress. Mitochondrial mutations have been
reported in blood, placenta, cord blood, and buccal cells in the context of aging (64). This is
the first study to examine and find an association between maternal lifetime psychosocial
stress exposure and increased placental mutational load.

Greater maternal lifetime stress was predominantly associated with a higher placental
mutational load in three out of seven genes (i.e., MT-ND1, MT-ND5, MT-ND6) that code for
various subunits of NADH dehydrogenase (Complex 1 of the ETC) and MT-CO01, catalytic
subunit of cytochrome c oxidase (complex 1V of the ETC). Complex | is a large enzyme that
catalyzes the first step of the ETC that oxidizes NADH. Cytochrome C oxidase is the final
enzyme in the ETC and plays a key role in the regulation of aerobic energy production.
Cytochrome C oxidase and NADH dehydrogenase are targets of stress response. Hypoxic
placentas have been shown to suppress complexes 1 and 4 compromising energy metabolism
and potentially leading to impaired fetal growth (65). Abnormal electron transport and
excessive oxidative stress may be related to the pathogenesis of early onset preeclampsia
(66). Mitochondrial genetic variants located in MT-ND1 and MT-C01 have also been linked
to body mass index in adults (67). Mutations in MT-ND6 have been observed among
psychiatric cases of bipolar disorder, schizophrenia, and major depressive disorder (68);
variants in MT-ND5 may also influence Autism Spectrum Disorder phenotypes (69). In
addition to obesity and neurological outcomes, mtDNA mutational load might be associated
with atherosclerosis (70). Interestingly, 50% and 23% of the mutations in MT-ND5 and MT-
ND1, respectively, were nonsynonymous which may have direct impact on energy
production capacity, aging, and systemic metabolism that could have later-life health
consequences but should be confirmed in future studies.

Higher stress-related mtDNA mutational loads were observed for Black and White women
compared to Hispanics; Black mothers also exhibited more nonsynonymous mutations.
Given the disproportionate exposure to stressors among racial minorities and women of
lower socioeconomic status, it is possible that stress-related variations in mtDNA contribute
to disparities in health as has been observed for other outcomes such as cancer (71), insulin
sensitivity (72), and low resting energy expenditure (a risk factor for obesity) (73) with
African American women being at increased risk. Another explanation could be the
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“Hispanic Paradox”- that despite exposure to more stress, sociocultural dynamics specific to
Hispanics may attenuate psychophysiological response to stress leading to better outcomes
(74). Further, differences in oxidative capacity and mitochondrial respiration in other tissues,
such as skeletal muscle, have been documented between African American and Caucasian
women(75). We did not observe racial/ethnic differences in our gene-wise analyses. Perhaps
racial/ethnic differences are more related to systemic oxidative damage and cumulative
damage rather than differential mechanisms at the gene level. Our haplogroup results mimic
our self-reported race/ethnicity findings that participants of the African (L) haplogroup
exhibit more stress-related mutations. Haplogroups have been shown to modify the effects of
other oxidative stress generating exposures (i.e., air pollution) on biomarkers of systemic
inflammation (76). Additional studies linking stress, genetic ancestry and culture,
mitochondrial dysfunction and subsequent health disparities are needed.

To our knowledge this is the first epidemiological study to sequence the mitochondrial
genome and examine the impact of maternal lifetime psychosocial stress on mtDNA
mutations. The urban minority population provides the opportunity to examine this
relationship among women experiencing trauma, community and domestic violence,
discrimination and disrupted stress response (5,13,14). There are limitations worth noting.
We were unable to adjust for the cell-type heterogeneity as placental cell reference-based
estimates for mitochondrial heteroplasmy are not available. We were unable to characterize
origins of mutations (i.e., inherited or acquired) and patterns of single-cell mtDNA
mutations in relation to child health outcomes. While the mechanisms around the
transmission of mutations from mother to fetus are unclear, research suggests that the
frequency of de novo mutations in the placenta is low (28). Further work is needed to
delineate not only the mechanisms involved in transmission (e.g., bottlenecking during
oogenesis vs. postnatal oocyte maturation, accumulated mutational rates associated with
aging) but also the critical timing of stress exposure to inform interventions. Although
pregnancy complications did not impact results, the frequency, clustering, and severity of
pregnancy complications should be explored more deeply in studies with extensive obstetric
data. Further, although 93.2% of the mutations identified in our study are transitions and this
is in line with other literature in regards to inherited polymorphisms and disease-causing
somatic mutations (Tables S2-S3),-we do not have adequate power to investigate other
mutations such as transversions which have been shown to have larger regulatory effects
(77). However, our analysis did see an association between lifetime stress and increased
nonsynonymous variants. We also observed 20% discordance among mutations with low (<
5) read counts, likely due to sequencing errors, and mutations not present in MitoMap which
could be due to the study population for which sequencing was conducted (i.e. healthy
pregnant women), the tissue source (i.e. placenta rather than blood), and the use of a
consensus genome which accounts for the genetic diversity of our population rather than the
Revised Cambridge Reference Sequence which is based on European decent. We also
detected relatively low levels of heteroplasmy which likely will not lead to gross
mitochondrial function and disease (78); however, they may represent a reservoir of mtDNA
variants that can alter the functional capacity of mitochondria and perhaps be used as novel
biomarkers reflecting stress exposures that ultimately impact child development. Further,
inherited heteroplasmies can persist across many generations once they reach intermediate
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frequencies suggesting potential for transgenerational effects beyond the contemporaneous
period (40). A deeper investigation into the role of mitochondrial function and the
intergenerational (and potentially transgenerational) consequences of women’s experiences
of cumulative stress and trauma on disparities of childhood and later-life outcomes among
offspring is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2. Circos plot of mutations on the mitochondria genome by level of maternal lifetime
stress exposure by race/ethnicity.

Mutational load (# of mtDNA mutations) was stratified according to the level of maternal
lifetime exposure to psychosocial stress [LSCRwt score > 10 (median) is colored red, < 10 is
blue].
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Figure 3. Association between maternal lifetime stress exposure and number of placental
mitochondrial DNA mutations (homoplasmic + heteroplasmic = mutational load).

Model is adjusted for maternal age at birth (XZ: 2.61, p = 0.11), education (XZ: 0.01,
p=0.92), and race/ethnicity (XZ: 27.78, p < 0.0001) based on augmented backward
elimination algorithm. Results are similar for analyses using only heteroplasmic mutations
(Table S7).
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Figure 4. Gene-wise association between maternal lifetime stress exposure and number of
placental mitochondrial DNA mutations (homoplasmic + heteroplasmic).

All models are adjusted for maternal age at birth, education, and race/ethnicity based on
augmented backward elimination algorithm. Red dashed line represents FDR=0.05; gray
dashed line p-value=0.05
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Figure 5. Race/ethnic differences in the association between maternal lifetime stress and
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mutational load.

The likelihood ratio type 3 analysis for the three-way interaction (i.e., LSCRwt x race/
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ethnicity) was significant in both models (p<0.0001 and p=0.005, respectively). Contrast
statements were used to test for differences in slopes across levels of race/ethnicity. Model
adjusted for maternal age at birth and maternal education.
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Specific Reagent or o Additional
Resource Type ResOUIce Source or Reference Identifiers Information
Include name of Include catalog
manufacturer, company, numbers, stock numbers,
repository, individual, or database 1Ds or Include any
Add additional rows as needed Include species and sex Irae'\sllelascgrlano:r}%Irude :ﬁg?cs;?oer]?{rl]lg?bSSI’Ds ?r?f(grt:ggg:)n or
for each resource type when applicable. references; use “this are highly encouraged; notes if
paper” if new. search for RRIDs at necessary.
https://scicrunch.org/
resources.
: p TaKaRa LA Taq DNA
Commercial Assay Or Kit Polymerase Takara Bio RR002B
: : Wizard SV Gel and PCR
Commercial Assay Or Kit Clean-Up kit Promega A9282
. - NEBNext® Ultra™ 11 FS
Commercial Assay Or Kit DNA Library Prep Kit New England Biolabs E7805L
: : Bioanalyzer High Sensitivity
Commercial Assay Or Kit DNA Kit Agilent 50674626
Commercial Assay Or Kit NEBNext Library Quant Kit New England Biolabs E7630L
: . TruSeq SBS KIT v3 - HS
Commercial Assay Or Kit (200 CYCLES) Illumina FC-401-3001
Deposited Data; Public
Database
Genetic Reagent
Organism/Strain
Peptide, Recombinant Protein
Recombinant DNA
Sequence-Based Reagent Primer for PCR This paper

Software; Algorithm

Transfected Construct
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