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Abstract

Background: Childhood adversity is reliably associated with immune alterations in adulthood,
including increases in inflammatory processes. However, relatively few studies have investigated
these associations in clinical populations such as cancer patients who are at risk for negative
immune-related health outcomes. The current study tested the hypothesis that childhood
maltreatment would be associated with alterations in immune-related gene expression in
monocytes from women with breast cancer.

Methods: Women (n=86) were recruited after diagnosis with early-stage breast cancer but before
onset of adjuvant therapy with radiation, chemotherapy, and/or endocrine therapy. Participants
completed questionnaires to assess childhood maltreatment (Childhood Trauma Questionnaire;
CTQ) and depressive symptoms (CESD) and provided blood samples for immune assessment.
CD14+ monocytes were isolated for RNA extraction and gene expression analyses.

Results: Based on responses to the CTQ, 28% of participants were classified as experiencing
physical and/or emotional abuse or neglect and 7% as experiencing sexual abuse. Genome-wide
transcriptional profiling of isolated monocytes identified 202 gene transcripts that differed in
average expression level by >25% over the range of maltreatment exposure. Bioinformatics
analyses of those gene transcripts identified a significantly greater prevalence of NF-xB-binding
motifs within the promoters of up-regulated vs. down-regulated genes (p = .028) in women
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exposed to childhood maltreatment, indicating greater inflammatory signaling. Parallel analyses of
Type | interferon signaling also indicated greater prevalence of Interferon Response Factor (IRF)-
related binding sites in women with a childhood maltreatment history (p = .020). Results remained
significant in analyses controlling for current depression; however, NF-xB and IRF-related gene
expression was higher in women with both maltreatment exposure and current depression.

Conclusions: In women recently diagnosed with early-stage breast cancer, childhood
maltreatment was associated with increases in the classical NF-kB-related proinflammatory
signaling pathway and with increases in the Type | interferon system. These results suggest

a broad pattern of chronic immunologic activation in breast cancer patients with a history of
childhood maltreatment, particularly those who are currently experiencing clinically significant
depressive symptoms. These findings have implications for the long-term health and well-being of
maltreatment exposed breast cancer patients.

INTRODUCTION

Childhood adversity predicts a variety of mental and physical health problems in adulthood,
including depression, cardiovascular disease, diabetes, autoimmune disease, and cancer
(Chapman et al., 2004; Dube et al., 2009; Felitti et al., 1998; Wegman & Stetler, 2009).

One of the biological processes that is thought to mediate the effects of childhood adversity
on poor adult health is alterations in immune function (Kuhlman, Chiang, Horn, & Bower,
2017; Miller, Chen, & Parker, 2011). There is now substantial evidence that exposure to

a variety of stressors in childhood is associated with elevated inflammatory activity and
other immune alterations in later life. In particular, childhood adversity is associated with
elevated levels of circulating inflammatory markers, including CRP, IL-6, and TNF-a., in
adulthood (Baumeister, Akhtar, Ciufolini, Pariante, & Mondelli, 2016) and with alterations
in inflammation-related gene expression (Levine, Cole, Weir, & Crimmins, 2015). Exposure
to childhood adversity is also associated with dysregulation in the adaptive immune system,
including alterations in T cells and elevated antibody titers to latent viruses (indicating poor
immune control) (Elwenspoek, Kuehn, Muller, & Turner, 2017). However, most of this work
has focused on non-clinical samples, with fewer studies conducted among individuals with
inflammation- or immune related medical conditions who are arguably most at risk for the
negative effects of inflammatory activity.

Inflammation is particularly relevant in the context of cancer given its role in tumor
growth and progression (Hanahan & Weinberg, 2011). Preclinical models have elegantly
demonstrated the role of monocytes/macrophages in breast cancer where they are recruited
into the tumor microenvironment to promote angiogenesis, invasion, and metastasis (Sloan
et al., 2010; Williams, Yeh, & Soloff, 2016). In studies with breast cancer survivors,
systemic markers of inflammation (e.g., CRP) predict breast cancer recurrence and
mortality, supporting the relevance of systemic inflammation for breast cancer prognosis
(Pierce et al., 2009; Villasenor et al., 2014).

Despite the importance of immune function in this population, only a handful of studies
have examined links between childhood adversity and markers of inflammation and other
indices of immune dysregulation in cancer patients and survivors. We have previously
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reported that childhood adversity is associated with elevated circulating levels of IL-6

in breast cancer survivors (Crosswell, Bower, & Ganz, 2014). Further, Fagundes and
colleagues found that childhood adversity was associated with higher antibody titers to
latent herpesviruses (EBV and CMV) in breast cancer survivors, suggesting poor cellular
immune control over viral latency (Fagundes, Glaser, Malarkey, & Kiecolt-Glaser, 2013).
To our knowledge, only one small study (n=20) of newly diagnosed breast cancer patients
has examined links between childhood adversity and alterations in immune-related gene
expression, which may be a more sensitive indicator of cellular inflammatory activity (Han
et al., 2016). This study found that peripheral blood mononuclear cells (PBMC) from
patients with a history of childhood trauma showed altered expression of gene transcripts
related to inflammatory signaling as well as other aspects of immunologic activation,
including 1L-22, IL-17, and C-C chemokine receptor 5 signaling. This study also suggested
increased activity of genes regulated by the NF-xB family of transcription factors, which
play a key role in both classical inflammatory responses in monocytes as well as activation
of adaptive immune responses by T and B lymphocytes. The observed alterations suggest
that childhood adversity may affect a broad range of immunoregulatory processes beyond
the classical monocyte pro-inflammatory program involving IL-1p, IL-6, IL-8/CXCLS8, and
TNF-a, with these results also suggesting potential alterations B cell and Th17 helper T cell
activation.

The current study was designed to examine the association between childhood maltreatment
and alterations in inflammatory and immune-related gene expression in monocytes from
women recently diagnosed with early-stage breast cancer. We have previously shown that
childhood maltreatment is associated with elevated depressive symptoms and fatigue in this
sample (Bower et al., 2019; K. R. Kuhlman et al., 2017). The present analyses examined
whether childhood maltreatment might also be associated with alterations in monocyte gene
regulation, including activation of pro-inflammatory and antiviral transcription pathways

as well as differentiation toward CD16- classical monocyte transcriptomes vs. CD16+ “non-
classical” monocyte transcriptome.

Monocyte gene regulation and cell differentiation is particularly relevant for the health of
breast cancer patients due the monocyte’s role as a systemically circulating precursor to
tumor-associated macrophages (TAMs). TAMs mediate innate immune, inflammatory, and
tissue regenerative responses in the tumor microenvironment that can either promote tumor
progression and metastasis (e.g., via angiogenesis, tumor invasion, and other manifestations
of the “M2” gene expression profile) or promote anti-tumor immune responses (e.g., via
“M1” gene expression profiles and antigen-presenting cell support for cellular immune
responses by cytotoxic T lymphocytes) depending on the particular gene expression profile
they express (Lamkin et al., 2016; Lamkin et al., 2019). Previous studies have shown that
chronic stress can upregulate monocyte production and alter monocyte gene expression

and differentiation profiles via beta-adrenergic signaling from the sympathetic nervous
system (Heidt et al., 2014; Lamkin et al., 2016; Lamkin et al., 2019; McKim et al., 2018;
Miller et al., 2014; Powell et al., 2013), resulting in increased tumor progression and
metastasis in mouse models of human cancer (Sloan et al., 2010; Williams et al., 2016).
Monocyte/macrophage differentiation toward tumor-promoting or tumor-suppressive gene
expression profiles is mediated in part by the effects of beta-adrenergic signaling on the key
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pro-inflammatory transcription factor, NF-xB, as well as the family of Interferon Response
Factor (IRF) transcription factors involved in mediating Type | interferon innate antiviral
responses (Heidt et al., 2014; Irwin & Cole, 2011; McKim et al., 2018; Powell et al.,

2013). However, stress-related differences in circulating monocyte gene expression have not
previously been examined in human cancer patients or survivors.

Based on research linking childhood adversity with inflammatory activity (Baumeister et al.,
2016; Levine et al., 2015), we hypothesized that exposure to childhood maltreatment would
be associated with elevated proinflammatory gene expression in circulating monocytes

from breast cancer patients. In addition, we examined depressive symptoms as a potential
modifier of this association, based on research showing that adult depression current
depression may exacerbate immune effects of childhood adversity (Danese et al., 2008).

Patients and Procedures:

Measures:

Patients were recruited from oncology practices in Los Angeles to participate in a
longitudinal, observational study of cancer-related fatigue (RISE study)(Bower et al., 2019).
Women were eligible if they had been recently diagnosed with Stage 0-111A breast cancer
and had not yet started adjuvant or neoadjuvant therapy with radiation, chemotherapy, or
endocrine therapy. Primary recruitment sites were UCLA and Cedars Sinai Medical Center
(CSMC).

Participants completed a baseline assessment after diagnosis but before onset of adjuvant
therapy (with radiation, chemotherapy, and/or endocrine therapy) as well as four post-
treatment follow-ups. The focus here is on the baseline assessment, when monocytes were
collected. Monocyte isolation was conducted for the first 88 participants, based on funding
availability, and 86 of those participants also provided questionnaire data. The Institutional
Review Boards at UCLA and CSMC approved the study, and all participants provided
written informed consent.

Data were collected from self-report questionnaires, blood collection, and medical chart
review.

Demographic characteristics were obtained from self-report at baseline and included age,
race/ethnicity, marital status, income, and education. In addition, height and weight were
measured for determination of body mass index (BMI).

Disease and treatment-related information was obtained from medical record abstraction
and included cancer stage, type of surgery received (if any), and time from diagnosis to
baseline assessment. The Charlson Comorbidity Index was used to assess other medical
comorbidities (Katz, Chang, Sangha, Fossel, & Bates, 1996). Patients were also asked about
previous history of breast or other cancers.
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History of childhood maltreatment was assessed with the Childhood Trauma Questionnaire
(Bernstein, 1998), a 28-item measure that includes questions about physical, emotional, and
sexual abuse, as well as physical and emotional neglect that occurred during childhood.
Women were categorized into one of three groups based on type and severity of
maltreatment using an algorithm with established sensitivity and specificity (Walker et al.,
1999). These groups were: no maltreatment (scored 0), physical and/or emotional abuse or
neglect but no sexual abuse (scored .5), and sexual abuse with or without physical and/or
emotional abuse or neglect (scored 1).

Depressive symptoms were assessed with the Center for Epidemiologic Studies - Depression
Scale (CES-D; Radloff, 1977). The CES-D is a 20-item scale assessing frequency of
depressive symptoms over the past week. This scale was developed for use in the general
population and has been found to be valid and reliable in samples of breast cancer survivors
(Hann, Winter, & Jacobsen, 1999). Participants rate each symptom with response options
ranging from O (rarely or none of the time) to 3 (most or all of the time). Responses are
summed to create an overall score reflecting depressive symptoms, with scores of 16 or
above suggesting clinically significant depressive symptoms (Radloff, 1977).

Monocyte gene expression. Blood samples were collected by venipuncture, peripheral
blood mononuclear cells (PBMC) were isolated by standard ficoll gradient centrifugation,
and CD14+ monocytes were isolated from PBMC by immunomagnetic positive selection
(MACS, Miltenyi Biotec). CD14+ cells were selected because they are a primary source

of proinflammatory cytokines and proinflammatory gene expression in the context of
chronic stress (Miller et al., 2008; Miller et al., 2014; Powell et al., 2013). RNA was
extracted (Qiagen RNeasy), tested for suitable mass (Nanodrop ND1000) and integrity
(Agilent TapeStation), converted to fluorescent cRNA (Ambion TotalPrep) and hybridized
to Illumina Human HT-12 v4 BeadArrays following the manufacturer’s standard protocol
in the UCLA Neuroscience Genomics Core Laboratory. All samples were assayed in a
single batch, quantile normalized, and log,-transformed for statistical analysis as described
below. All samples yielded technically valid results according to study-specific probe signal
distribution metrics (median intensity > 100 units).

Our primary analysis quantified the relationship between CTQ maltreatment and
inflammatory gene expression using genome-wide transcriptional profiles as input into the
TELIS promoter-based bioinformatics analysis quantifying activity of the proinflammatory
transcription factor, NF-xB, using methods described in our previous research (Bower et
al., 2015; Cole, Yan, Galic, Arevalo, & Zack, 2005). Briefly, normalized gene expression
values were log2 transformed for standard linear statistical model analyses estimating

the magnitude of differential gene expression as a function of CTQ classification while
controlling for age, race (White vs. Non), BMI, and timing of questionnaire completion
relative to surgery (before vs. after). All genes showing a point estimate of >25%
differential expression over the range of CTQ maltreatment scores (0/.5/1) served as input
into TEL.IS analyses testing differential prevalence of NF-xB-binding motifs (quantified
by TRANSFAC V$NFKAPPAB_01 position-specific weight matrix) in core promoter
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sequences of up- vs. down-regulated genes. Motif prevalence was quantified by the average
(log-) ratio of transcription factor-binding motifs in up- vs. down-regulated promoters across
9 combinations of 3 core promoter sequence lengths (—300, —600, and —1000 to +200
nucleotides relative to the RefSeq transcription start site) and 3 motif detection stringencies
(TRANSFAC mat_sim values of .80, .90, and .95).

To determine whether maltreatment exposure was associated with activation of the other
major axis of monocyte gene regulation involving the Type | interferon system, we also
tested for differential prevalence of Interferon Response Factor-binding sites / interferon-
stimulated response element (ISRE) motifs using TRANSFAC VS$ISRE_01. In all analyses,
statistical testing of the average log-ratio’s difference from the null hypothesis value

of 0 was based on standard errors derived from bootstrap resampling of linear model
residual vectors, which provides a non-parametric assessment of statistical significance
while appropriately controlling for correlation among genes.

To cross-validate results from the primary analysis of transcription factor activation, we
also conducted secondary Transcript Origin Analyses (TOA) (Cole, Hawkley, Arevalo,

& Cacioppo, 2011) to address the same general question through the lens of monocyte
cellular differentiation programs - specifically testing whether the same set of genes showing
>25% differential expression across the maltreatment severity groups derived from classical
CD16- pro-inflammatory monocytes or from the CD16+ non-classical monocyte phenotype
associated with chronic immunologic activation. TOA mapped the empirically observed
differences in gene expression onto the transcriptomic differences in isolated classical vs.
non-classical monocytes (Wong et al., 2011), with statistical testing of deviation from the
null hypothesis value of 0 based on standard errors derived from bootstrap resampling of
linear model residual vectors as above.

To determine whether the effects of childhood maltreatment might be mediated at least

in part by current depressive symptoms we conducted an ancillary follow-up analysis that
added to the basic analytic model an additional variable indicating whether participants
showed clinically relevant levels of depressive symptoms (CESD = 16 = 1, 0 otherwise).
To ensure estimated maltreatment effects were not confounded by any correlated differences
in cancer stage, other comorbid conditions, or history of breast cancer or other types of
cancer, ancillary follow-up analyses controlled for those variables. To determine whether
depressive symptoms might moderate the effect of maltreatment history, we conducted a
second ancillary follow-up analysis that additionally included a Depressive Symptoms x
Maltreatment Score interaction term. Throughout these ancillary analyses, genes showing
> 25% differential expression as a function of each substantive target parameter served as
input into TELIiS and TOA analyses as described above.

Characteristics of the 86 study participants are provided in Table 1. Participants were
predominantly White and college-educated and had been diagnosed with Stage 0, I, or
Il breast cancer, comparable to the parent sample of 270 women (Bower et al., 2019).
The majority had their tumors surgically resected via lumpectomy or mastectomy prior
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to baseline assessment, though some women were scheduled to receive neoadjuvant
chemotherapy and thus completed their baseline assessments before surgery. On average,
women scheduled to receive neoadjuvant therapy were younger than the rest of the sample,
though no differences in other demographic characteristics (i.e., income, education) or

in childhood maltreatment exposure were observed. Note that cancer stage could not be
determined for these women given that their tumors were not available for pathological
evaluation.

With respect to childhood maltreatment exposure, 28% of participants were classified as
experiencing physical and/or emotional abuse or neglect and 7% as experiencing sexual
abuse, with a total of 35% of the sample (n=30) classified as maltreatment exposed.

These rates are similar to those observed in the parent sample (Bower et al., 2019) and

in demographically comparable samples of women (Walker et al., 1999). For descriptive
purposes, we combined the two maltreatment groups when evaluating potential differences
in demographic and disease-related characteristics (see Table 1). There were no statistically
significant group differences on most characteristics, though there was a non-significant
trend for higher rates of maltreatment exposure among non-White women (p=.16) and a
higher level of medical comorbidities in the non-maltreated group (o = .045). Depressive
symptoms were elevated in the sample as a whole, with 31% of women endorsing clinically
significant depressive symptomatology (CESD = 16). Women with a history of childhood
maltreatment reported significantly higher levels of depressive symptoms (p=.01) and had
higher rates of clinically significant depression (p = .009).

Monocyte gene regulation

To test this study’s primary hypothesis that monocytes from women with a history of
childhood maltreatment would show increased proinflammatory signaling activity, we
conducted genome-wide transcriptional profiling of isolated monocytes and identified 202
gene transcripts that differed in average expression level by >25% over the range of
maltreatment exposure (119 up-regulated and 83 down-regulated), after controlling for

any correlated differences in age, race (White vs. Non), body mass index, and timing of
questionnaire response relative to surgery (before vs. after). TELIS analyses of those gene
transcripts identified a significantly greater prevalence of NF-xB-binding motifs within the
promoters of up-regulated vs. down-regulated genes (mean 1.69-fold asymmetry; mean logo
prevalence ratio = 0.76 + standard error 0.34, p=.028) in women exposed to maltreatment
(Figure 1A). Parallel analyses of Type | interferon signaling also indicated increased activity
in monocytes from women with a childhood maltreatment history (mean ISRE asymmetry
= 2.94-fold; 1.55 £ 0.67, p=.020). Similar results emerged in ancillary analyses that
additionally controlled for cancer stage (NF-xB: 1.68-fold; 0.75 + 0.43, p=.079; ISRE:
4.40-fold; 2.14 £ 0.77, p=.006), for previous history of breast cancer and previous history
of other cancers (NF-xB: 1.59-fold; 0.67 + 0.31, p=.031; ISRE: 3.30-fold; 1.72 + 0.47, p=
.003), and for comorbid medical conditions (NF-xB: 1.56-fold; 0.65 £ 0.31, p=.036; ISRE:
2.91-fold; 1.54 £ 0.62, p=.013).
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Monocyte subset differentiation

To cross-validate results from the primary analysis of transcription factor activation, we
conducted secondary Transcript Origin Analyses (TOA) to determine whether the genes
differentially expressed over the range of maltreatment exposure derived from classical
CD16- monocytes vs. non-classical CD16+ monocytes (Figure 1B). Results indicated a
significant bias toward non-classical monocyte origin for the 119 genes up-regulated in
association with maltreatment history (mean TOA diagnosticity score = 1.06 + 0.39, p
=.0037) and a significant bias toward classical monocyte origin for the 83 genes down-
regulated in association with maltreatment history (1.53 £ 0.31, p<.001).

Role of depressive symptoms

To determine whether the effects of childhood maltreatment were mediated by current
depressive symptoms, we conducted an ancillary follow-up analysis that added to the basic
analytic model a covariate identifying participants with clinically significant depressive
symptoms (CESD = 16). This analysis identified 54 gene transcripts that were differentially
expressed by > 25% as a function of depressive symptoms (23 up-regulated and 31 down-
regulated). TELIS analyses of those gene transcripts showed no significant indication of
differential NF-xB or IRF activity (both p> .80) and TOA analyses showed no differential
derivation from classical vs. non-classical monocytes (all p> .40) based on CESD scores.
However, in these analyses controlling for current depressive symptomatology, results
continued to link maltreatment to increased activity of NF-xB (2.24-fold; 1.16 £ 0.33, p
=.001) and IRFs (2.57-fold; 1.36 + 0.64, p=.037), and to implicate CD16+ non-classical
monocytes in up-regulated gene expression (0.83 £+ 0.40, p=.020) and CD16- classical
monocytes in down-regulated gene expression (1.83 + 0.36, p< .001)

To determine whether the effects of childhood maltreatment might be most pronounced in
participants who currently experience clinically significant levels of depressive symptoms
(i.e., moderation of maltreatment effects by depression), a second set of ancillary analyses
identified all gene transcripts showing >25% difference in the quantitative magnitude of
maltreatment effects among women showing CESD scores = 16 relative vs. those with
CESD scores < 16 (i.e., as a function of a CESD category x CTQ score interaction

term). Consistent with previous findings (Danese et al., 2008), the relationship between
maltreatment history and biological outcomes was more pronounced in those who also
reported current depressive symptoms. Analysis of a maltreatment history x depressive
symptom interaction term indicated higher levels of NF-kB activity (1.47-fold; 0.55 + 0.28,
p=.047) and IRF activity (3.53-fold; 1.82 + 0.66, p=.006). TOA analyses failed to
indicate any selective origin of genes up-regulated in association with this interaction (0.18
+ 0.37, p=.345) but did identify classical monocyte subset as a preferential source of genes
down-regulated in this interaction (0.83 + 0.31, p=.004).

DISCUSSION

The present data demonstrate significant alterations in immune-related gene expression
among breast cancer patients with a history of childhood maltreatment. We focused
specifically on monocyte gene expression and found that maltreatment was associated with
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increases in the classical NF-xB-related proinflammatory signaling pathway, consistent with
previous work on childhood adversity and elevated inflammatory processes (Baumeister

et al., 2016; Levine et al., 2015). In addition, we observed marked up-regulation of the

other major axis of myeloid cell immune response involving the Type | interferon system
and IRF transcription factors. Consistent with that observation, monocyte differentiation
analyses found that childhood maltreatment was associated with increased activity of the
non-classical CD16+ monocyte subset that is typically associated with broader chronic
immunologic activation involving T and B cell biology, rather than involving the more
classical CD16- monocyte subset typically involved in focal inflammatory reactions
generated by the innate immune system.

The profile of monocyte transcriptional alteration observed here in association with
childhood adversity is not consistent with the Conserved Transcriptional Response to
Adversity (CTRA) profile that has previously been linked to more contemporaneous forms
of adversity (Cole, 2019). The CTRA is mediated in part by sympathetic nervous system-
induced up-regulation of classical monocyte production by the bone marrow (Heidt et al.,
2014; McKim et al., 2018; Powell et al., 2013) and increased NF-xB activity accompanied
by decreased IRF activity. In contrast, the simultaneous up-regulation of NF-xB and IRF
activity and increased non-classical monocyte activation observed here appears to reflect

a distinct profile of immunologic dysregulation. Non-classical monocytes are often up-
regulated in association with chronic activation of the adaptive immune system (e.g., T and
B cell activation associated with chronic infections or autoimmune diseases) (Kapellos et
al., 2019). This monocyte-derived indication of broader immunoregulatory alteration would
be consistent with previous data linking childhood trauma exposure with alterations in EBV
and CMV antibody titers, T lymphocyte alterations, IL-17 signaling, and other forms of
adaptive immune dysregulation in women recently diagnosed with breast cancer (Han et al.,
2016) and in breast cancer survivors (Fagundes et al., 2013) .

Of note, the presence of Type I IFN activation in monocytes from maltreatment exposed
women does not mean that the proinflammatory system is not activated. Non-classical
monocytes have strong inflammatory potential (Wong et al., 2011) and we observed
upregulation of the proinflammatory transcription factor NF-xB associated with childhood
maltreatment. Consistent with this hypothesis, we observed incidentally that the NF-xB
family member showing the strongest indications of activation in promoter binding-site
bioinformatic analyses was the atypical p50 subcomponent (which showed a 2.64-fold
activity signal, p=.002, vs. the 1.69-fold, p = .041 signal for our a priori-targeted pan-NF-
kB pattern). NF-xB p50 plays a key role in non-classical myeloid cell differentiation and
development of M2 macrophages (Porta et al., 2009), and can thereby facilitate tumor
growth (Saccani et al., 2006). Non-classical monocytes are biased to differentiate into

M2 macrophages that can promote tumor progression and metastasis in the context of
breast cancer (Qian & Pollard, 2010). In addition, non-classical monocytes play a role in
wound healing (Olingy et al., 2017; Schmidl et al., 2014), and their ability to support
vascular remodeling could potentially facilitate tumor angiogenesis and other pro-metastatic
processes (Hanahan & Weinberg, 2011). These effects may be particularly relevant in the
perioperative period (Horowitz, Neeman, Sharon, & Ben-Eliyahu, 2015), which is when
immune assessment for the majority of study participants occurred.
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Childhood maltreatment is a strong predictor of adult depression, which is also associated
with immune dysregulation (Irwin & Miller, 2007). Indeed, levels of depressive symptoms
were significantly higher among women with a history of childhood maltreatment in

the current sample. However, results showed that the association between childhood
maltreatment and monocyte gene expression was not driven by current depressive symptoms
(i.e., effects of maltreatment remained significant despite control for current depressive
symptoms). However, moderation analyses examining the synergistic effects of depression
and childhood maltreatment suggest that the molecular correlates of maltreatment may

be particularly pronounced among those with clinically significant depressive symptoms.
More specifically, we observed greater NF-xB, IRF, and monocyte subset polarization
effects of childhood maltreatment among women who scored above the clinical cut-point on
the CESD. These results are consistent with previous research demonstrating heightened
inflammatory activity among individuals with a clustering of childhood adversity and
current depression (Danese et al., 2008). If confirmed in future studies involving larger
samples, these results may identify a subgroup of individuals who are particularly sensitive
to the biological effects of childhood adversity.

Despite the now robust literature documenting links between childhood adversity and poor
health across the lifespan, remarkably few studies have investigated these relationships
among patients with chronic illnesses, including cancer. Results from the current study
suggest that childhood maltreatment exposure is associated with elevated inflammatory
signaling as well as with broader indices of immune dysregulation among women with
early-stage breast cancer, suggesting a biological pathway through which childhood
adversity may increase risk for poor outcomes in this disease population. Limitations of
this study include the relatively homogeneous sample, which was comprised primarily of
White women with ER+/PR+/Her2- breast tumors and thus may not be generalizable to
other samples or tumors with other characteristics (e.g., triple negative tumors). Another
limitation is the absence of a non-cancer comparison group, which would inform whether
the maltreatment-related alterations in monocyte gene expression are specific to women
with breast cancer. The correlational nature of this study also precludes any conclusion
that maltreatment directly causes the immunoregulatory alterations observed here. Future
research should explore potential correlated alterations in adaptive immune activation and
define in more detail the mechanistic pathways that may underlie the observed skewing
toward non-classical myeloid differentiation. In addition, future work should consider
whether the pathways leading to inflammation are different for women who are in the
acute phase of breast cancer diagnosis and treatment as compared to breast cancer survivors,
and whether maltreatment has distinct immune correlates among women with breast cancer
relative to women with no cancer history. Finally, longitudinal studies with larger, more
diverse samples of patients are required to determine whether the observed alterations

in immune-related genes among women with childhood trauma are relevant for longer-
term outcomes, including cancer recurrence or development of other immune-related co-
morbidities.
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Figure 1.

(A) Bioinformatics analysis of transcription factor activity indicated increased activity of
the proinflammatory transcription factor NF-xB and increased activity of interferon-related
transcription factors (IRF) in breast cancer patients exposed to childhood maltreatment.

(B) Transcript origin analyses identified genes down-regulated in maltreatment-exposed
women as originating primarily from classical CD16- monocytes, and up-regulated genes as
originating predominately from non-classical CD16+ monocytes.
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Demographic and medical characteristics
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Full sample (n=86)

No trauma exposur e (n=56)

Physical, emational, and/or sexual
trauma (n=30)

Age (mean, SD) | 55.95 (11.8) | 56.5 (12.6) | 54.9 (10.3)
BMI (mean, SD) | 24.2 (5.3) | 24.1 (5.4) | 24.3(5.2)
Race
White 65 45 (69%) 20 (31%)
Non-white 21 11 (52%) 10 (48%)
Education
Less than college 19 13 (68%) 6 (32%)
College graduate 38 26 (68%) 12 (32%)
Post-graduate degree 29 17 (59%) 12 (41%)
Income
Under 60K 21 11 (52%) 10 (48%)
60-100K 12 8 (67%) 4 (33%)
100K+ 53 37 (70%) 16 (30%)
Comorbidities (Charlson Comorbidity Index) *
0 62 41 (66%) 21 (34%)
1 17 8 (47%) 9 (53%)
2+ 7 7 (100%) 0 (0%)
Stage at diagnosis
0 11 6 (54%) 5 (46%)
1 37 24 (65%) 13 (35%)
2 18 13 (72%) 5 (28%)
3 5 4 (80%) 1 (20%)
Indeterminate (neoadjuvant)/missing 15
ER/PR status
ER+ 67 43 (64%) 24 (36%)
ER- 5 4 (80%) 1 (20%)
PR+ 58 36 (62%) 22 (38%)
PR- 14 11 (79%) 3 (21%)
Indeterminate/missing 14
Her2 status
Her2+ 6 4 (67%) 2 (33%)
Her2- 57 39 (68%) 18 (32%)
Indeterminate/missing 23

Surgery at enrollment
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Full sample (n=86)

No trauma exposur e (n=56)

Physical, emational, and/or sexual
trauma (n=30)

None (neoadjuvant) 12 7 (58%) 5 (42%)

Lumpectomy 46 29 (63%) 17 (37%)

Mastectomy 28 20 (71%) 8 (29%)
History of previous cancer (breast or other) | 17 | 11 (65%) | 6 (35%)
Depressive symptoms (CESD) * | 11.93 (10.1) | 9.93 (9.6) | 15.67 (10.0)

*
p<.05
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