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Abstract

Background—Inflammation contributes to the development of depression in a subset of
individuals, but risk factors that render certain individuals vulnerable to inflammation-associated
depression are undetermined. Drawing from animal studies showing that reduced neuroplasticity
mediates effects of inflammation on depression, we hypothesized that individuals genetically
predisposed to lower levels of neuroplasticity would be more susceptible to inflammation-
associated depression. The current study examined whether the Met allele of the BDNF Val66met
polymorphism, which predisposes individuals to reduced levels of brain-derived neurotrophic
factor (BDNF), a protein vital for neuroplasticity, moderates the association between inflammation
and depressive symptoms.
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Methods—Our sample was 112 women with early-stage breast cancer who had recently
completed cancer treatment, which can activate inflammation. Participants provided blood for
genotyping and assessment of circulating inflammatory markers, and completed a questionnaire
assessing depressive symptoms, including somatic, affective, and cognitive dimensions.

Results—There was a significant interaction between C-reactive protein (CRP) and the BDNF
Val66met polymorphism in predicting cognitive depressive symptoms (p=.004), such that higher
CRP was related to more cognitive depressive symptoms among Met allele carriers, but not among
Val/Val homozygotes. Post-hoc longitudinal analyses suggested that, for Met carriers, higher CRP
at baseline predicted higher cognitive depressive symptoms across a one-year follow-up period

(0<.001).

Conclusion—The BDNF Met allele may be a risk factor for inflammation-associated cognitive
depressive symptoms among breast cancer survivors. Women with breast cancer who carry this
genotype may benefit from early identification and treatment.

Limitation—BDNF genotype is an indirect measure of BDNF protein levels.

Keywords
inflammation; CRP; BDNF; breast cancer; depression; Beck Depression Inventory-I|

Introduction

For most women, receiving a breast cancer diagnosis and undergoing cancer treatment is a
stressful experience. In general, this distress tends to decrease over time and is typically
resolved shortly after the completion of cancer treatment (Henselmans et al., 2010).
However, certain women are more profoundly and persistently impacted, with
approximately 25% of breast cancer patients experiencing clinically significant depressive
symptoms that persist well beyond the completion of treatment (Donovan et al., 2014).
Depression reduces quality of life, and may also lead to shorter survival time in women with
breast cancer (Pinquart and Duberstein, 2011).

Substantial evidence implicates inflammation in the development of depression. Elevated
inflammatory markers are associated with depression in both clinical and community
samples (Howren et al., 2009). Evidence of inflammation as a causal factor for depression
comes from studies of patients with Hepatitis C or cancer, who commonly develop major
depression after the initiation of IFN-a therapy, which elicits a potent inflammatory
response (Capuron and Miller, 2004; Raison et al., 2005). Additionally, administration of
inflammatory agents to healthy individuals leads to depressed mood (Reichenberg et al.,
2001; Eisenberger et al., 2010). Notably, vaccine studies in healthy individuals have shown
that even a mild inflammatory stimulus, one that does not cause a fever or any other
symptoms of physical sickness, can lead to depressive symptoms (Wright et al., 2005).

The mechanisms by which peripheral inflammation can access the brain and potentially lead
to depressed mood have begun to be elucidated. Pro-inflammatory cytokines can
communicate with the brain via various routes, including passage of circulating cytokines
through leaky regions in the blood brain barrier, active transport of cytokines via saturable
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transporters, activation of cytokine-producing cells lining the cerebral vasculature, and
binding to cytokine receptors on afferent nerve fibers which then transmit inflammatory
signals to the brain (Miller et al., 2013; Dantzer et al., 2008). Recent evidence has also
shown that the brain possesses functional lymphatic vessels, which are able to carry immune
cells from the cerebrospinal fluid (Louveau et al., 2015). Cytokines and their signaling
pathways can then have wide-ranging impacts on neurotransmitter metabolism,
neuroendocrine function, and neuroplasticity (Haroon et al., 2012), resulting in a
constellation of emotional, cognitive and behavioral changes referred to collectively as
“sickness behaviors” (Dantzer et al., 2008). These sickness behaviors include loss of
appetite, anhedonia, fatigue, depression, and cognitive impairment (Dantzer et al., 2008). In
the case of acute infection, sickness behaviors are thought to be an adaptive response
evolved to minimize the spread of infection and promote healing, and are generally
dismissed as the temporary and relatively benign byproduct of acute illness (Dantzer and
Kelley, 2007). However, in the context of prolonged immune activation, ongoing
inflammatory signaling to the brain may lead to more disruptive cognitive and behavioral
changes, including the development of clinical or subclinical depression, even in individuals
without any prior history of mental disorders (Dantzer et al., 2008).

In the context of cancer, the relationship between inflammation and depressive symptoms
may be particularly salient, because factors such as tumor cell burden, tissue destruction,
radiation treatments, and chemotherapy can activate inflammatory pathways (Miller et al.,
2008). Indeed, studies have demonstrated associations between inflammation and depressive
symptoms among cancer patients. For instance, several studies have shown that cancer
patients with major depression have higher plasma levels of interleukin-6 (1L-6) compared to
cancer patients without depression (Jehn et al., 2006; Musselman et al., 2001; Soygur et al.,
2007). A study assessing 61 breast cancer patients prior to the initiation of chemotherapy
found an association between C-reactive protein (CRP) and depressive symptoms (Pertl et
al., 2013). A longitudinal study found that, among colorectal cancer patients, levels of CRP
and tumor necrosis factor-alpha (TNF-a) prior to surgery predicted depressive symptoms
post-surgery (Archer et al., 2012).

Although there is compelling evidence linking inflammation and depression in the context of
cancer, these effects are typically modest and not found in all studies (e.g., Bower et al.,
2011). Even in the context of IFN-alpha therapy, major depression only develops in about
30% of initially non-depressed subjects (Lotrich et al., 2013). This suggests that certain
individuals may be more vulnerable to depression following an inflammatory stimulus.
Emerging evidence suggests that a single nucleotide polymorphism (SNP) in the brain-
derived neurotrophic factor (BDNF) gene could be a vulnerability factor for inflammation-
induced depression. BDNF is a protein vital for neuroplasticity and neurogenesis, and
decreased neurogenesis is one candidate pathway through which inflammation can lead to
depressive symptoms (Song and Wang, 2011). A common variant of the BDNFgene, a
valine to methionine substitution at codon 66 (Val66Met, rs6265), is associated with reduced
activity-dependent secretion of BDNF (Egan et al., 2003), and may increase vulnerability for
inflammation-associated depression. Indeed, Lotrich and colleagues examined the
relationship between the BDNF Met allele and depressive symptoms in a sample of 209
adults undergoing IFN-a therapy for Hepatitis C (Lotrich et al., 2013). Findings indicated
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that the Met allele was associated with lower levels of serum BDNF, and that individuals
who achieved the lowest BDNF nadirs over the course of IFN-a treatment were the most
likely to develop depression (Lotrich et al., 2013). Additionally, Kim et al. (2013; 2015)
found that both the BDNF Met allele and higher BONF gene methylation were associated
with suicidal ideation in a sample of 241 breast cancer patients assessed at one year after
surgery, though inflammation was not directly measured in these studies.

The present study

Methods

Participants

Cancer treatments can activate inflammatory processes, and inflammation can drive the
development of depression; yet, only a subset of women with breast cancer develop
significant and persistent depressive symptoms. The present study examined whether the
BDNF Met allele is a vulnerability factor for inflammation-associated depressive symptoms
among post-treatment breast cancer survivors. Because proinflammatory cytokines can
reduce BDNF (Yirmiya and Goshen, 2011), women who start out with low levels of BDNF
(by virtue of carrying a Met allele), may be more vulnerable to further reductions, leading to
depressive symptoms. Specifically, we hypothesized that Met carriers would demonstrate a
stronger positive relationship between inflammation and depressive symptoms, compared to
Val/Val homozygotes.

Additionally, theoretical and empirical work has suggested that depression is not a unitary
construct but is rather comprised of different dimensions or clusters of symptoms, each with
distinct pathophysiological underpinnings (Capuron and Miller, 2004; Vanheule et al.,
2008). These different symptom clusters can manifest independently, operate on distinct
time courses, involve disparate neural regions, and be differentially responsive to
antidepressant treatment. For example, among patients undergoing IFN-a therapy, a cluster
of symptoms including fatigue and abnormal appetite developed within two weeks, whereas
another set of symptoms including suicidal thoughts and feelings of guilt did not appear
until weeks later, and were more responsive to antidepressant treatment (Capuron et al.,
2002). Genetic factors may also influence symptom experience in the context of
inflammation; in particular, the BDNF Met allele has been shown to specifically increase
reports of suicidal ideation, sadness, and worthlessness among patients undergoing IFN-
alpha treatment (Lotrich et al., 2013). Similarly, one study showed that BDNF methylation
was specifically associated with suicidal ideation among breast cancer patients, controlling
for other depressive symptoms (Kim et al., 2013). Given this evidence, we examined
whether the Met allele was a vulnerability factor for specific dimensions of depression.

Data were drawn from a larger study on cognitive functioning following cancer therapy, the
Mind Body Study (MBS). Women recently diagnosed with breast cancer were primarily
identified through the Los Angeles County Surveillance Epidemiology and End Results
registry and invited to participate in the study, as previously described (Ganz et al., 2013,
2014, 2016). Eligibility criteria included females aged 21 to 65 years; newly diagnosed with
stage O-111A breast cancer; completion of primary breast cancer treatments (surgery,
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+radiation, xchemotherapy) within the past 3 months; had not yet received endocrine
therapy (if planned). Exclusion criteria included standard risk factors for preexisting
cognitive impairment, including current psychotic-spectrum disorder; prior cancer treatment;
autoimmune disease or insulin-dependent diabetes; chronic use of steroid or hormone
therapy; and uncontrolled depression (Ganz et al., 2013, 2014, 2016). Exclusions related to
age, hormone use, and inflammatory conditions were required due to other MBS study
questions regarding the pathophysiology of cognitive dysfunction.

Consenting women were invited to participate in three in-person assessments that were
performed at baseline (T1) before the initiation of endocrine therapy if prescribed, 6 months
(T2), and 12 months later (T3). All assessments included self-administered questionnaires,
neuropsychological testing, and blood draws (Ganz et al., 2013, 2014, 2016). The current
study focused primarily on data from the baseline visit, but post hoc analyses also included
data from the two follow-up time points. The research was approved by the University of
California, Los Angeles Institutional Review Board, and participants provided written
informed consent.

Demographic and clinical information was obtained from self-report and medical records.
The Beck Depression Inventory-11 (BDI-11) (Beck et al., 1996) assessed the presence and
severity of depressive symptoms experienced during the two weeks prior to the study visit,
with higher scores indicating more severe symptoms. The BDI-1I measures cognitive,
affective, and somatic dimensions of depression (Buckley et al., 2001; Vanheule et al.,
2008). The cognitive subscale, comprised of nine items from the BDI-II, captures negative
thoughts and maladaptive cognitions (e.g., feelings of being a failure, self-dislike,
worthlessness, pessimism, guilt). The somatic subscale is comprised of eight items and
generally represents the physical symptoms of depression (e.g., loss of energy, changes in
sleep, changes in appetite). Finally, the affective subscale, comprised of four items, generally
captures anhedonic symptoms (e.g., loss of pleasure, loss of interest). The Pittsburgh Sleep
Quality Index (PSQI) (Buysee et al., 1991) was used to assess subjective sleep quality and
disturbances over the prior month.

Blood samples for circulating inflammatory markers were collected by venipuncture into
EDTA tubes, placed on ice, centrifuged for acquisition of plasma, and stored at -80°C for
batch testing. We examined three inflammatory markers that have been investigated in
association with cancer-related depression in previous research: (1) IL-6; (2) CRP; and (3)
the soluble TNF receptor type 1l (STNF-RII) (Archer et al., 2012; Howren et al., 2009; Pertl
etal., 2013). IL-6 is a pro-inflammatory cytokine produced by monocytes (among other cell
types) that can signal the brain and plays a key role in sickness behavior (Bluthé et al.,
2000). CRP is a non-specific acute phase protein produced by cells in the liver in response to
stimulation from IL-6, and has been shown to be a sensitive marker of systemic
inflammation (Pepys & Hirschfield, 2003). The soluble TNF receptor type Il is shed from
the cell surface after stimulation by TNF-a and thus can serve as a marker for TNF activity
(Diez-Ruiz et al., 1995). Plasma levels of these three inflammatory markers were determined
as previously described (Bower et al., 2011; Ganz et al., 2013). Genomic DNA was extracted
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from peripheral-blood leukocytes and assayed by real-time PCR using a TagMan SNP
genotyping assay (ThermoFisher Scientific) as previously described (Cole et al., 2010).

Statistical analyses

Data analyses were performed using Stata Version 13.1 (StataCorp, College Station, TX,
USA). Thirteen participants were missing data for a single item on the BDI-II; we imputed
scores for these single items using the mean of the other items from the same subscale.

We used hierarchical multiple linear regression to test interactions between inflammatory
markers (at T1) and BDNF genotype in predicting BDI-11 total and subscale scores at T1.
Blocks of variables were entered in the following sequence: (1) control variables (see
below), (2) predictor variables (inflammatory markers and BDNF genotype), (3) the
interaction term (e.g., CRP x BDNF genotype). This strategy allowed us to examine the
variance specifically attributable to the predictor variables and to the interaction term.

BDNF genotype was treated as a dichotomous variable (0=Val/Val homozygotes; 1 =
Met/Met or Val/Met genotypes). CRP was treated as a continuous variable. Control variables
included in all analyses were cancer stage, type of cancer treatment received, time since last
cancer treatment, age, BMI, and sleep quality (PSQI total score), as these variables can
influence inflammation and/or depressive symptoms (Ganz et al., 2013; Irwin et al., 2013;
Howren et al., 2009). Cancer stage was treated as a categorical variable with four levels
(stages O, I, 11, and 111). Type of cancer treatment received was also treated as a categorical
variable with four levels (neither radiation nor chemotherapy, radiation only, chemotherapy
only, and both chemotherapy and radiation therapy). Time since treatment was calculated as
months between the last cancer treatment received (surgery, radiation, and/or chemotherapy)
and the baseline visit, and was treated as a continuous variable. Age, BMI, and sleep quality
were also treated as continuous variables. Ethnicity and education were not included as
covariates given the largely homogeneous demographics of the present sample.

In post hoc analyses, we examined whether the relationship between CRP, BDNF genotype
and cognitive depressive symptoms observed in cross-sectional analyses at baseline held
across the 1-year assessment period (baseline, 6-month, and 12-month assessments). These
analyses were conducted using multilevel growth curve models, specifically random
intercept and slope models, fit to the repeated measures data. Time (continuous) was
modeled as months since last cancer treatment. BDNF genotype, CRP at T1 and their
interaction were modeled as Level 2 (time invariant) predictors affecting the average level of
depressive symptoms across the 1-year study period. We included the same covariates as in
our regression analyses, with cancer stage, treatment type, and age (at T1) treated as Level 2
(time invariant) covariates, and BMI and sleep quality treated as Level 1 (time-varying)
covariates. Because some women received endocrine therapy at T2 and/or T3, we also
included endocrine treatment as a time-varying covariate, coded as dichotomous at each
assessment (0 = not receiving, 1 = currently receiving). Preliminary analyses revealed that
including a random slope did not improve model fit, so our final model included a random
intercept and fixed slope. We additionally tested a three-way interaction between CRP,
BDNF genotype, and time, to examine whether the interaction between CRP and BDNF
differed over time, but this interaction was non-significant (o=.28). Thus, our final model
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tested whether the interaction between CRP at T1 and BDNF genotype significantly
predicted average cognitive depressive symptoms across the three assessments.

Results

Descriptive statistics

Table 1 presents descriptive statistics for sample characteristics and study variables by
BDNF genotype at baseline. BDNF genotyping results revealed that 75 participants (67%)
were Val/Val genotype; 32 participants (28.6%) were Val/Met genotype, and 5 participants
(4.4%) were Met/Met genotype, which did not significantly deviate from Hardy-Weinberg
equilibrium (X2 = 0.33, df = 1, p=0.56). As is typically done in BDNF genotype studies in
predominantly Caucasian samples (Herbert et al., 2012), we grouped Val/Met and Met/Met
carriers together. Thus, in subsequent analyses, BDNF genotype was a dichotomous variable
consisting of two groups: 37 Met allele carriers (33% of the sample) and 75 Val
homozygotes. Chi-square, independent group t-tests, and Fisher's exact tests revealed that
the two genotype groups did not significantly differ by any demographic or medical
characteristics (ps > .05).

The average score for the total sample on the BDI-II indicated minimal depressive
symptoms; however, there was substantial variability and 10.5% of the sample had scores
greater than the clinical cutoff (>19) on the BDI-I1I, indicating that a subset of women were
experiencing moderate or severe depressive symptoms at the time of assessment. Levels of
CRP, IL-6, and sTNF-RII generally fell in the normal range, but again there was
considerable variability in each of these markers. For example, the mean value of CRP
(across both genotype groups) was 2.1 mg/L (SD=2.8), but scores ranged widely from 0.1 -
16.8, and 19% of the sample had a CRP level above the clinical cutoff (>3 mg/L), indicating
that a sizeable subgroup of women had clinically elevated CRP concentrations in this post-
treatment phase. Depressive symptoms and inflammatory markers did not significantly differ
between the two genotype groups (s > .3).

Table 2 presents correlations among study variables at baseline. The BDI-1I subscales were
significantly correlated with each other (15 = .54 - .66, ps < .001). IL-6 was significantly
correlated with CRP (r=.32, p<.001), but neither IL-6 nor CRP were significantly
correlated with STNF-RII (15 = .06 - .12, n15). Age, BMI, time since treatment, cancer stage,
treatment type, and PSQI scores were significantly correlated with one or more subscale of
the BDI-I1 and/or inflammatory markers, confirming the need to include these variables as
covariates in subsequent analyses.

Hierarchical multiple regression analyses

A three-step approach was used to evaluate the unique contribution of each set of predictors:
covariates were entered in step 1, main effects of inflammation and BDNF genotype in step
2, and finally the interaction term (inflammatory marker x BDNF genotype) in step 3.
Separate models were used for each of the three inflammatory markers. Additionally,
separate models were used to predict the BDI-II total score and each of the three BDI-II
subscales (cognitive, affective, and somatic symptoms). Models including IL-6 as the
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inflammatory marker revealed no significant main effects of IL-6 or BDNF genotype on
depressive symptoms (BDI-I1 total or subscale scores) (ps > .3), and no significant
interaction between IL-6 and BDNF genotype (s >. 3). Similarly, models examining sTNF-
RII as the inflammatory marker revealed no significant main effects STNF-RII or BDNF
genotype on depressive symptoms (s >.3), and no significant interaction between sTNF-RII
and BDNF genotype (ps > .2). A model examining CRP revealed no significant main effects
of CRP or BDNF genotype on depressive symptoms (gs >.19), and no significant interaction
between BDNF genotype and CRP in predicting BDI-II total scores, or the affective or
somatic subscales (ps > .17). However, there was a significant interaction between BDNF
genotype and CRP in predicting scores on the BDI-II cognitive subscale (Table 3). At step 1,
cancer stage and treatment type were unrelated to cognitive depressive symptoms (s > .11).
Older age was significantly associated with fewer cognitive depressive symptoms (p =.001).
Higher BMI was associated with more cognitive depressive symptoms (o = .003), as was
greater sleep disturbance (p < .001). Together these variables accounted for 28% of the
variance in cognitive depression scores (#(10, 101)= 3.9, p=.0002). At step 2, neither
BDNF genotype nor CRP were significantly related to depressive symptoms (gs > .3), and
the inclusion of these variables did not significantly improve the predictive ability of the
model (AR = .006, £ (2, 99)= 0.39, p=.68). At step 3, the interaction between BDNF
genotype and CRP was significantly related to cognitive depressive symptoms (b= .72, {98)
=2.94, p=.004), and the interaction accounted for an additional 6% of the variance (~ (1,
98) = 8.65, p=.004). The interaction term remained statistically significant after Bonferroni
correction for 12 comparisons (p = .048).

Tests of simple slopes showed that, among Met allele carriers, CRP was significantly
positively associated with the BDI-11 cognitive subscale (6= .52, {98) = 2.23, p=.028),
such that higher CRP was related to more cognitive depressive symptoms. Among Val
homozygotes, the relationship between CRP and the BDI-11 cognitive subscale was not
significant, and trended in the opposite direction (6=-.21, {98) =-1.87, p=.07). These
results are presented graphically in Figure 1. Because very high levels of CRP could reflect
an acute infection or illness rather than chronically elevated levels, we re-ran analyses
excluding participants with CRP levels equal to or greater than 10 mg/L (n = 3). Results
were not significantly changed after the exclusion of these participants.

In post hoc analyses, we examined whether the cross-sectional relationship observed at
baseline held across subsequent assessments (the 6- and 12-month follow-ups) (see
Supplementary Table 1 for descriptive statistics of the BDI-II scales at the follow-up
assessments). Specifically, we aimed to test whether, among BDNF Met allele carriers,
higher CRP levels following the completion of initial cancer treatment (at baseline) would
predict a higher average level of cognitive depressive symptoms across the three assessment
points. Results revealed that this interaction was significant (Supplementary Table 2; 6= .71,
z=3.57, p<.001). Tests of the simple slopes revealed that, among Met allele carriers, CRP
at T1 was significantly associated with cognitive depressive symptoms across the 1-year
assessment period (b= .53, z=2.87, p=.004). The same pattern of results was observed in
sensitivity analyses in which CRP was log-transformed or entered as a time-varying
predictor.
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Discussion

In a sample of 112 breast cancer survivors, CRP was positively associated with cognitive
depressive symptoms among women carrying a BDNF Met allele, but not among Val/Val
homozygotes. The positive association between CRP levels and cognitive depressive
symptoms among Met carriers held at treatment completion and across the 1-year follow-up.
These findings suggest that women with both the Met allele and elevated CRP at baseline
had, on average, higher cognitive depressive symptoms over time relative to those with the
Val/Val genotype and comparable baseline levels of CRP. These findings provide
preliminary support for the BDNF Met allele as a risk factor for inflammation-associated
cognitive depression among breast cancer survivors.

Prior work identified the BDNF Met allele as a vulnerability factor for inflammation-
associated depressive symptoms among Hepatitis C patients undergoing IFN-a treatment
(Lotrich et al., 2013). Our study extends these findings to a sample of early-stage, post-
treatment breast cancer survivors. Additionally, one prior study had shown an association
between the BDNF Met allele and suicidal ideation among breast cancer survivors (Kim et
al., 2013); our study builds on this work by examining the interaction between the BDNF
Met allele and inflammation in predicting depressive symptoms. Inflammatory cytokines
reduce the production of BDNF (Yirmiya and Goshen, 2011). We speculate that, for Met
allele carriers, who start out with lower levels of activity-dependent BDNF, the result of
inflammatory activity may be critically low BDNF levels, leading to depressive symptoms.

On average, levels of depressive symptoms were modest in the current sample, although a
subset of women demonstrated clinically significant depressive symptoms. These findings
were consistent with our expectations and with prior work showing that while the majority
of women have typically recovered to baseline psychological functioning shortly after the
completion of cancer treatment, a subgroup of women experience persistent psychological
distress well into the survivorship period (Donovan et al., 2014; Henselmans et al., 2010).
The current study attempted to better characterize this vulnerable subgroup, and findings
suggest that the combination of BDNF genotype and systemic inflammation at treatment
completion may have a contributing role.

In the present study, among Met allele carriers, inflammation was specifically associated
with the cognitive symptoms of depression. Consistent with this, Gimeno et al. (2009),
examining data from a prospective study of British civil servants, found an association
between CRP at baseline and cognitive depressive symptoms 12 years later. Additionally, the
Met allele has been associated with higher cognitive depressive symptoms on the BDI-11
among individuals receiving IFN-a treatment (Lotrich et al., 2013). Why would CRP and
BDNF genotype interact to uniquely predict cognitive depressive symptoms, as opposed to
other dimensions of depression? Cytokines access the brain and can influence virtually every
system (and, therefore, symptom) relevant to depression (Haroon et al., 2012). However, the
effect of inflammation on the BDNF pathway may be particularly relevant to the cognitive
dimension of depression. Indeed, studies have shown that the BDNF polymorphism is
associated with greater neural activation to negative stimuli (Molendijk et al., 2012) and
rumination (Beevers et al., 2010). Such processes (negative bias, rumination) are thought to
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give rise to the distorted thoughts and cognitions that characterize the cognitive dimension of
depression (Disner et al., 2011), and may not be as relevant for the other symptom clusters.

CRP was the only inflammatory marker of the three examined that was significantly
associated with depressive symptoms among Met allele carriers. In contrast to an
instantaneous marker of inflammatory activity such as IL-6, CRP is a downstream
inflammatory marker that may provide a more stable and time-integrated signal of chronic
inflammation (Bower and Lamkin, 2013; Pepys and Hirschfield, 2003), and thus may be
more relevant in the maintenance of depressive symptoms in the post-treatment phase.
Although sTNF-RII is also a downstream marker, in our studies of breast cancer patients,
STNF-RII has been more closely linked to fatigue (Bower et al., 2011).

One limitation of the present study is that we did not collect data prior to cancer diagnosis
and treatment; thus, we can only conjecture that elevations in CRP and/or depressive
symptoms were triggered by cancer diagnosis and treatment. It is possible that the observed
elevations may have preceded cancer diagnosis and/or treatment. While prospective studies
assessing women prior to cancer diagnosis are challenging to carry out, our lab is currently
conducting work assessing women prior to the start of cancer treatment (immediately
following breast cancer diagnosis and surgery), which will allow us to more carefully
examine mood and inflammatory responses to cancer treatment.

The present study focused on BDNF genotype, but did not assess BDNF gene expression
and/or circulating BDNF protein levels. There are several intervening biological steps
between an individual's genotype and its functional outcome, so an individual's BDNF
genotype does not necessarily determine BDNF protein levels. Although prior work has
shown an association between the Val66Met polymorphism and circulating levels of BDNF
(e.g., Lotrich et al., 2013; Minelli et al., 2011), suggesting that BDNF genotype may serve as
a reasonable proxy for protein levels at least in some samples, other studies have not found
this association (e.g., Terracciano et al., 2010). Thus, future work would benefit from more
direct measurements of BDNF.

Although we considered a number of potential confounders, we did not have information on
physical activity, which has been shown to influence both inflammation and depressive
symptoms (Schuch et al., 2016) and thus would have been a reasonable control variable to
include in analyses. Of note, our results did hold controlling for body mass index. Finally,
replication of this finding is needed in order to identify whether our findings would
generalize to more diverse samples of cancer survivors (our sample was relatively
homogeneous with regard to race and education), or to non-cancer populations.

Conclusions

The present study identifies a potential vulnerability factor for inflammation-associated
cognitive depressive symptoms among breast cancer survivors. Inflammation persisting into
the post-treatment survivorship period, in combination with a BDNF Met allele, may amount
to a “double hit” that leaves some women particularly vulnerable to depression. The present
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study may thus help to identify a subset of breast cancer survivors who may benefit from
early identification and treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
The cross-sectional relationship between CRP and cognitive depressive symptoms at

baseline as a function of BDNF genotype. At baseline, CRP was significantly, positively
related to cognitive depressive symptoms for Met allele carriers (6= .52, £98) = 2.23, p=.
028), but not for Val/Val homozygotes (6= -.21, {98) =-1.87, p=.07).

J Affect Disord. Author manuscript; available in PMC 2017 June 01.



Page 17

Dooley et al.

€S’
226
2S8'

260’

,8T

498

202

p6€’

S87

q69
pEL

2€6’

6T-0

¢€-0

6'€- L0

9T-T1

7 -81

¥9 - ¥€
abuey

gTFO0LT
L'EF502
SLF2Z6
ZIFVT
(sov) ST
(re)e
(L62) 1T
(ev2) 6

(ree) et
(9°29) sz

(T8 e
(ree)er
(Tge) et
(ev2) 6

9eF8L
(8€8) 1€
(7'19) 6T
(0L2) ot
(9T2) 8

9V F8'Y¢

0LFCTS

9T-0

7 -61

99-T¢€

(%)NI0asFN abuey

LTF8YT
87 F66T
V'L FE68
v6 F€0T
(e'2¢) 62
(eeT) o1
(28¢) 62
(Lom) 8

(L0g) e
(€'69) 2§

(€9) v
(e€e) se
(T°05) 8¢
(Lor) 8

SEFLITL
(0¥8) €9
(0'8y) 9¢
(L've) 92
(eLm)et

8V FT'Ge
68 F VIS
(%)NI0asFN

annosye |I-1ag
anmuboo |1-1ag
[el01 |1-1ag

(sow) Juswieas) 8uIs awil|
uolreIpel 79 oway)d
Auo owayd
Ajuo uoneipey
OW?ay2 Jou uolelpes JaynaN
JusWIEa.} Jsue)
Awoloaisey
AwordadwnT
adAy A1ebing
€

4

T

0
sisoubelp 1e abeis
(10sd) Anenb deajs
A21Uy38 UeISeINED

9a16ap ab3]10D <

9a1bap ab3]|0D

daubap ab9]10D >
uoneanp3
INg

aby

ansiIsIvRIRYD

(LE=U) 1BNIBIN 10 1BIN/IEA

(G2=u) 1eA/IeA

auljaseq 1e adAjousb Ag sejgelren Apnis pue sansiialoeaeyd sjdwes 10} sonsiels aandiiossg

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

d. Author manuscript; available in PMC 2017 June 01.

SOl

J Affect D



Page 18

Dooley et al.

"G> SUEaW |]30 Yl sa|qelieA [eatiobared uo sdnolb adAloush Buriedwod sisal 10exa sJaysi4 Wouj sanfe-d,
'sa|qelseA [eatiofisled uo sdnoib adAjoush Burredwiod s1s8) pasenbs-1yd wouy sanfen-dy

'$9|elIeA snonuiuod uo dnolb adAjoush Butredwod sisel-1 dnolb Juspusdapul 104 sanfeA-dy,

v96"  oyGe-€'¥SET 8089 F 2’862  8S8E-L'SOST 9’V F 6'S0EC (Tw/Bd) 119-4NLS

20€’ 8.L-T TZF8LT 89T -T' TEFOET (1/6w) dyo

208" grg-py 90TFLST 96— /¥ G6 F29T (wy/Bd) 971
slayJew Aloyewwrefjul

66’ Z1-0 LEFOVS ST-0 6'€FOV'S oneWos ||-1ag
d abuey (%) NJ0oaSFIN abuey (%) NJOASFIN ansLIgIoRIRYD

(L€=U) IBN/IBIN 10 IBN/IBA (G2=U) ren/IeA
Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

d. Author manuscript; available in PMC 2017 June 01.

SOl

J Affect D



Page 19

Dooley et al.

'SUOIR|81J02 JapJOo-yuel S,uewLIRadS aJe ‘Sa|geLIeA Snonuniuod pue adA)

JuaLIeall/abels 1aoued Usamiaq Jo ‘adA) Juswiieal) pue abels Jeoued Usamiag SUoIRIdosSe BulINseaw SjusIoa0) suoile}al09 [elissiq julod ase adAjoush 4NQg BUIA[OAUL SJUBIDIYB0D) "SUOIIR[SLI0D JUSLOW
-19npold uosiead ale sa|gelteA SNONUIIUOD OM] USMISQ SUOIIBID0SSe Bulinsesw sjusiolyao) “uolrelpel pue Adelsyiowsyd = ¢ ‘Ajuo Adessyrowsyd = g ‘Ajuo uonelpel = T ‘Adelayiowayd Jou uolelpes Jayiau
=0 papod Awwnp sem adAy uawiyeas] 1| abels = g ‘] abeis = g ‘| abeis = T ‘0 abels = o papod Awwnp sem abiels Jaaued 1BINASIN 10 18N/IBA = T ‘[BA/IBA = 0 Papod Awwnp sem adAiousb 4NAg a10N

"100°>d,

10>,

'S0">p

eC  Zr" ST- T0- 80 80 v0 w0 g0 9¥S 029 o¥E 508 10Sd ‘€T
— 289 08" goo o1- 90- ¢6¢ o 00 oV p0C oy oCE adA) Juswieal] €T
— /T- 80 €0- so- ¢8 L0 10- ¢S¢  or v lC abels 19oueD T

— 80- v0- 9T #%CT IT- 9T-  6T- 90- 60-  GT- JuSwieal souls dwil ‘TT

— 80T o~ pIT 99 468 o e #CC 9T INg 0T
— 10- ¢S¢ 90- gz’ ST- €T- 8T-  8I- abv 6

— T0- 0T- ¢20- €00- 90 IO 20 adAjousb 4Nag '8

— 90 I SO TO- 80 90 (wy/Bd) 119-4NLS 2

— 9% 0 g0- S0 2 (/6w) 4o "9

— G0- 2Z0- 90 SO0~ (w/Bd) 9115

— 099 o¥S 06 o1ewos |1-1ag ¥

— ol ¥ aAnaye 11-1a9 '€

—  ot% anmuBod |1-1ag 'z

— [er01 |1-1Q9 T

€ I 1T o1 6 8 L 9 5 v € z 1 a|qelIen

auljaseq 1e sajgelaeA Apnis Buowe suone|allo)d
¢ d|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

d. Author manuscript; available in PMC 2017 June 01.

SOl

J Affect D



Page 20

Dooley et al.

Author Manuscript

‘Adesayiowiayd Jou uoljelpels Jayau paniadal yeyy dnoub sy si dnoib souaiasal Uly

"0 86e1s st dnoub souaiagel 8y L,
HOOV Q\X**

T0>d,

'S0>d,

‘uia104d annjoeal-O = YD ‘101084 91ydoajoinau paALiap ulelg = 4NAQG ‘xapul Aljend das|s ybingsiid = DS ‘xapul ssew Apog = |INg 10N

*¥

v6z g, 9dAousb INAg, dHD

0«98 86T v ¢ dais
88-  60- dyo
6T- 1T~ adAjoush 4NAg

9000 680 66T 8T z dais
€07 g 10Sd
*x ote ST’ INgG
¥ vr'e- A mm<
QT'T- - Juswiyeal) aduls awl |

09'T- €£8T-  uoleIpel % oWwayd
1€T- 98T- Ajuo Adessylowsyd

92T~ 62T Ajuo uonerpey
gluBUIIEal) JadUED
S¢- 9¢g"- 111 9be1s
€91 9T 11 8beis
AR 14 T abeis
pabe1s 19oue)
~ xxx0% T0T'OT 82 1 daig
2=\% 4 p A 1 g a|qeLen

auljaseq 1e swoldwAs anissaadap aaniubos Bunaipaad sisAreue uoissaabal ajdinw eaiyssessiH

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Affect Disord. Author manuscript; available in PMC 2017 June 01.



	Abstract
	Introduction
	The present study

	Methods
	Participants
	Measures
	Statistical analyses

	Results
	Descriptive statistics
	Hierarchical multiple regression analyses

	Discussion
	Limitations
	Conclusions

	References
	Fig. 1
	Table 1
	Table 2
	Table 3



