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Abstract

The gut microbiota may play a role in breast cancer etiology by regulating hormonal, metabolic,
and immunologic pathways. We investigated associations of fecal bacteria with breast cancer and
non-malignant breast disease in a case-control study conducted in Ghana, a country with rising
breast cancer incidence and mortality. To do this, we sequenced the V4 region of the 16S rRNA
gene to characterize bacteria in fecal samples collected at the time of breast biopsy (N=379 breast
cancer cases, N=102 non-malignant breast disease cases, N=414 population-based controls). We
estimated associations of alpha diversity (observed amplicon sequence variants [ASVs], Shannon
index, and Faith’s phylogenetic diversity), beta diversity (Bray Curtis and unweighted/weighted
UniFrac distance), and presence and relative abundance of select taxa with breast cancer and
non-malignant breast disease using multivariable unconditional polytomous logistic regression.
All alpha diversity metrics were strongly, inversely associated with odds of breast cancer and
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for those in the highest vs. lowest tertile of observed ASVs, the odds ratio (95% confidence
interval) was 0.21 (0.13-0.36; Py;4<0.001). Alpha diversity associations were similar for non-
malignant breast disease and breast cancer grade/molecular subtype. All beta diversity distance
matrices and multiple taxa with possible estrogen-conjugating and immune-related functions were
strongly associated with breast cancer (all 7s<0.001). There were no statistically significant
differences between breast cancer and non-malignant breast disease cases in any microbiota
metric. In conclusion, fecal bacteria characteristics were strongly and similarly associated with
breast cancer and non-malignant breast disease. Our findings provide novel insight into potential
microbially-mediated mechanisms of breast disease.
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Introduction

Methods

Breast cancer incidence and mortality are rising in sub-Saharan Africa (1). Women of
African-ancestry tend to be diagnosed with breast cancer at younger ages, at a later stage,
and with more aggressive subtypes than women of non-African ancestry (1,2). Increasing
breast cancer incidence in sub-Saharan Africa is likely due to the adoption of Westernized
lifestyles, changes in reproductive factors, and population aging (due to increased life
expectancy) (2-4). However, breast cancer risk factors remain understudied among African
populations.

It is likely that some established breast cancer risk factors (e.g., obesity) (5,6), in addition
to other unknown risk factors, may influence the composition and function of the gut
microbiota, including trillions of bacteria. In turn, the gut microbiota influences multiple
pathways that are mechanistically linked to the initiation and growth of breast neoplasms
(7-10). For example, accumulating evidence supports the role of the gut microbiota in
regulating endogenous estrogens (7,11) and systemic inflammation (12,13).

The role of the gut microbiota in breast cancer risk remains unclear. Two previous studies
investigated the associations of the fecal microbiota with breast cancer, but they had small
sample sizes and conflicting findings, perhaps due to differences in study populations and
sequencing technologies (14,15). No studies have been conducted in an African population
or of the gut microbiota in association with non-malignant breast disease. Herein, we report
an investigation of the associations of fecal bacteria with breast cancer and non-malignant
breast disease in a population-based case-control study conducted in Ghana.

Study design and population

In the Ghana Breast Health study, described previously (16-18), 2,218 breast cancer cases
or non-malignant breast disease cases and 2,352 controls were recruited at three hospitals
in Ghana, including Korle Bu Teaching Hospital in Accra and Komfo Anokye Teaching
Hospital and Peace and Love Hospital in Kumasi.
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Eligible cases included women aged 18-74 years residing in the defined catchment areas
surrounding the two cities for =one year who were diagnosed, referred for biopsy due

to suspicion of breast cancer, or treated at breast clinics in the three hospitals. As the
majority of women were recruited at biopsy, both breast cancer and non-malignant breast
disease cases were included. Diagnoses were based on pathologic review of core biopsies by
pathologists in Ghana and the NCI. Population controls were identified using a household
census of randomly selected enumeration areas that gave rise to the cases.

To select participants for the microbiota study, we selected all breast cancer cases (N=415)
with = 1 stool sample available. We then selected controls frequency-matched by city
(N=447), prioritizing stool samples collected in the clinic over home-collected samples.
Next, we randomly selected enough city frequency-matched non-malignant breast disease
cases to reach 972 total samples total (N=110). Of the 972 study samples, we excluded

10 samples that failed sequencing, 62 samples with < 6,250 reads after rarefaction (see
below; 28 malignant cases, 7 non-malignant cases, and 27 controls), and five cases that were
diagnosed with a cancer other than breast. The final sample size for this study was N=895.

Tumor characteristics

Prior to undergoing treatment, 4-8 core-needle biopsies (14-gauge) were fixed in 10%
neutral buffered formalin for 24—72 hours. Then, they were processed into formalin-fixed
paraffin embedded blocks for diagnosis using standardized protocols (16). Blocks not
required for diagnosis were shipped to the NCI for additional pathological review (80%
of the 1,126 breast cancer cases in the original study). Since organized mammography
screening is not standard practice in Ghana, 96% of tumors presented clinically as > 2 cm
(18).

Information was obtained on key immunohistochemical estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) markers
from pathology departments in Ghana for 69% of the cases. If =210% of tumor cells stained
positive, tumors were considered ER and PR status positive. For HER2, tumors were
considered positive if they had a homogeneous, dark pattern of staining in =210% of the
tumor cells. Indeterminate and negative cases were combined and considered negative for
HER2. Agreement of the immunohistochemical assays was compared between pathology
departments in Ghana and an NCI laboratory for 87 cases using two tumor tissue samples
from the same patient. Agreement for the assays was: 79% for ER (P < 0. 0001), 78% for
HER2 (P < 0.0001), and 65% for PR (P = 0.002).

Data collection

The original interview response rate was 99.2% and 91.9% for non-malignant and malignant
cases and controls. Participants completed standardized questionnaires assessing breast
cancer risk factors, such as socioeconomic status, age at menarche and menopause, number
of births, age at first birth, breastfeeding history, family history of breast cancer, body size,
alcohol consumption, physical activity levels, occupational exposures, and screening history.
Weight using the Seca 869 Physician Scale and height measurements were taken by study
coordinators and recorded on standardized forms.
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Stool collection

Stool was collected among a subset of the Ghana Breast Health Study cases (prior to
undergoing treatment) and controls. When possible, case and control stool samples were
collected at the initial clinic study visit. Participants were provided a collection cup and
two empty pre-labeled stool collection Falcon tubes, and were instructed to add a single
scoop of the stool into each vial. At the study visit, if controls were unable to provide
stool they were provided the stool collection materials to take home and be collected and
transported immediately to the laboratory at a later date by study personnel. Upon receipt
in the laboratory, one Sarstedt vial was snap frozen at —80° C and one vial had RNA /fater
added and was then frozen at —80° C. Both home- and clinic-collected stool samples were
processed using the same protocol. The samples were shipped using liquid nitrogen every
3-4 months for storage at Fisher Biorepository (Frederick, Maryland).

Of 3,066 subjects approached, 58.1% of both case groups and 46.7% of controls provided
stool samples. On average, compared to those who did not provide stool, those who provided
stool were formally educated (o = 0.25) and had a similar distribution of family history of
breast cancer (p = 0.68). On average, they were similar ages (o = 0.94), breastfed for similar
lengths of time (p= 0.12), and had similar BMI (p = 0.25). Stool providers were more

likely to have had = 1 live birth (p < 0.001). Breast cancer cases had similar distributions

in cancer grades (p = 0.29). Of non-stool provider cases, 23.8% had triple-negative breast
cancer compared with 31% among stool provider cases (p= 0.02). In KBTH, 22% provided
stool; in KATH, 41% provided stool; in PLH, 27% provided stool (p < 0.001).

DNA extraction and sequencing

Stool samples were sent to the Knight Laboratory (University of California, San Diego)

on dry ice. Samples were thawed at 4°C and kept on ice during plating. Stool specimens
were sampled using a swab (Puritan Cotton Tipped Applicators — Puritan Medical Products),
which was then used for the DNA extraction. Within each DNA extraction batch, two
artificial community and two blank quality control (QC) samples were included (19). DNA
extraction and 16S rRNA amplicon sequencing were done using Earth Microbiome Project
(EMP) standard protocols (http://www.earthmicrobiome.org/protocols-and-standards/16s).
DNA was extracted using the MO-BIO PowerMag Soil DNA Isolation Kit with beadbeating.
Amplicon PCR was performed on the V4 region of the 16S rRNA gene using primer

pair 515f/806r with Golay error-correcting barcodes on the reverse primer (20,21).

Negative controls included no-template controls for DNA extraction and PCR amplification.
Amplicons were barcoded and pooled in equal concentrations for sequencing. The amplicon
pool was purified with the Qiagen UltraClean PCR cleanup kit and sequenced on the
Illumina MiSeq sequencing platform with paired end 150 cycle chemistry. Sequence

data were demultiplexed and minimally quality filtered using the QIIME 1.9.1 script
split_libraries_fastq.py, with a Phred quality threshold of 3 and default parameters to
generate FASTA sequence files.

Bioinformatics

Using the DADAZ pipeline 1.2.1 (22), sequence variant tables and phylogenetic trees were
generated based on pair-end sequence reads. For quality filtering, the first ten bases were
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trimmed from forward and reverse reads. Forward/reverse reads were truncated at 140 bases.
Then, the reads were merged using the default ‘mergePairs’ DADA2 function. After merging
and error correction, amplicon sequence variants (ASVs) (i.e., 100% OTUs) were identified.
After removal of chimeras, using the ‘removeBimeraDenovo’ function, 85% of the sequence
reads were retained. Taxonomy was assigned to the resulting ASVs using the SILVA v123
database. Six sequences aligning to human mitochondria were filtered.

Observed ASVs, Shannon Index, Faith’s Phylogenetic Diversity (PD) was computed using
QIIME 1.9.1 (g2-diversity). Beta diversity measures were calculated based on Bray-Curtis,
weighted UniFrac, and unweighted UniFrac distance matrices. For relative abundance
analyses, we restricted our analyses to taxa present in 50% of the population at a mean
relative abundance of >0.01% (56 taxa); for presence/absence analyses, we restricted to
those taxa present in 5 to 95% of the population (159 taxa). Based on rarefaction curves

for alpha diversity (Supplemental Figure 1), we rarefied the alpha and beta diversity metrics
to 6,250 reads. All participants excluded from alpha/beta diversity analyses were similarly
excluded from the relative abundance and presence/absence analyses. From the 895 samples
included in our analysis, 4,206 sequence variants were identified comprising 34 phyla, 58
classes, 103 orders, 156 families, and 414 genera. A median of 19,782 reads were generated
per sample.

For quality control analysis, the taxonomic composition of the artificial community was
compared to the known composition and was similar based on visual inspection. For
artificial community samples placed in separate batches, average inter-batch alpha diversity
coefficients of variation were 13.1%, 7.5%, and 10.9% for observed ASVs, Shannon index,
and Faith’s PD, respectively. In the QC blanks, the median number of reads was 231 and out
of 22 blanks only two remained after rarefaction.

Statistical analysis

We summarized and compared the characteristics of the study participants by case/control
status using chi-square tests for categorical variables and ANOVA for continuous variables.
We used multivariable polytomous logistic regression to estimate associations of the
microbiota parameters (alpha diversity, beta diversity, and taxa relative abundance or
presence/absence) with breast cancer and non-malignant breast disease. We also estimated
associations of alpha and beta diversity with breast cancer grade (grade 1 and 2 or grade 3)
and subtype, focusing our analyses on the most common subtypes (estrogen receptor [ER]
—/+, triple-negative (ER—, PR—, and HER2-), and luminal-like A (ER+ or PR+ and HER2-)
(4)) and tested for heterogeneity by grade/subtype using a case-only multivariable logistic
regression analysis with grade/subtype as the dependent variable. For all alpha diversity
analyses, we categorized participants into tertiles of the alpha diversity metrics based on the
distribution among the controls. To test for trend, we assigned each participant the median
value of their tertile and modeled the value continuously in the regression model.

For beta diversity analyses, we visually evaluated principle coordinate analysis (PCoA)

plots and estimated associations of each distance metric’s first six standardized (using the
controls’ standard deviation) principal coordinate axes with breast cancer and non-malignant
breast disease. The first six vectors of the principal coordinates explained 48%, 36%, and
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86% of the variability in Bray Curtis, unweighted UniFrac, and weighted UniFrac distance,
respectively. We also conducted the microbiome regression-based kernel association test
(23) (MIiRKAT), using exact methods, to calculate p-values for overall differences in
microbiome composition by non-malignant breast disease or breast cancer status based

on kernel similarity matrices for Bray Curtis and unweighted and weighted UniFrac
distance, individually and overall. For associations with P-values < 0.05, we repeated

the corresponding MiRKAT models with 10,000 permutations to check that the P-value
remained statistically significant under the empirical null distribution of the test statistic.
For the alpha diversity, beta diversity, and taxonomic analyses, we estimated pairwise
associations between alpha diversity metrics, principal coordinates axes, and taxa presence/
relative abundance using general linear regression. We assessed the sensitivity of the above
associations to excluding participants with stool collected at home and excluding those who
took antibiotics within the last 30 days.

We considered covariates in the above-described regression models based on biological
plausibility and previous literature. We also considered associations of the variable with
alpha and beta diversity among controls. As described below, observed ASVs were strongly,
inversely associated with odds of breast disease, and therefore may serve as a confounder
or mediator of the associations of beta diversity and taxa presence with disease. Based

on our conclusions from causal diagrams and observed changes in the magnitude of the
associations when including observed ASVs in the model, we evaluated the impact of
adjustment for observed ASVs in the beta diversity and taxa presence models. Other
possible covariates included age, study center (KATH, KBTH, or PLH), stool collection
method (home or hospital), body mass index (BMI) (kg/m?), education (junior secondary
school or lower, senior secondary school/some college or technical school or more, other
or unknown), family history of cancer (yes, no, unknown), antibiotic use (missing, < 30
days ago, and >30 days ago, this year, or never), number of full-term pregnancies (0,

1-2, 3—-4, 5+ pregnancies), history of breastfeeding, age at menarche, age at menopause,
and current hormonal contraceptive use. Final covariates are listed in table footnotes. We
assessed potential effect measure modification by age (=50 or <50), menopausal status, and
body mass index (BMI) category by comparing stratum specific estimates and calculating
P-interactions using the likelihood ratio test.

All statistical analyses were conducted using R, version 3.5.2. Two-sided P-values <0.05
or 95% confidence intervals (Cl) that excluded 1.0 were considered statistically significant.
To account for multiple comparisons in each analyses, we used Bonferroni correction of
P-values by the number of tests conducted (indicated in table footnotes).

Selected characteristics of the study participants are presented in Table 1. Compared to
breast cancer cases and controls, non-malignant cases were younger and more likely to

be premenopausal, nulliparous, and formally educated. Antibiotic use in the previous 30
days was more common among breast cancer cases than in non-malignant breast disease
cases and controls. The three groups did not differ in average BMI or use of hormonal
contraception. All three fecal microbiota alpha diversity estimates were lower in both case
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groups, compared to controls. Among the breast cancer cases, 31.4% had triple-negative
breast cancer and 71% had grade 3 histology.

All alpha diversity metrics were strongly, inversely associated with odds of breast cancer
and non-malignant breast disease (Table 2). Compared to controls, the odds of breast cancer
were incrementally lower with each higher tertile of alpha diversity (all Pygpqs < 0.001).

For example, women in the highest compared to the lowest tertile of observed ASVs had a
statistically significant 79% lower odds (95% CI: 64%—-87%) of breast cancer. The estimated
alpha diversity associations were similar for non-malignant cases compared to controls.
Alpha diversity estimates did not statistically significantly differ between breast cancer and
non-malignant cases. In our analysis of associations of taxa presence or abundance with
alpha diversity, multiple taxa were strongly, statistically significantly associated with the
alpha diversity metrics (Supplemental Table 1), most notably presence of taxa in Family
Ruminococcaceae and Lachnospiraceae.

Beta diversity was strongly and similarly associated with breast cancer and non-malignant
breast disease. Based on multivariable-adjusted MiRKAT tests, compared to controls,
Bray Curtis and weighted and unweighted UniFrac distance matrices were strongly
associated with breast cancer and non-malignant breast disease (all P-values < 0.001),

but comparing breast cancer to non-malignant cases the corresponding P-values were >
0.05 (Supplemental Table 2). As shown in Figure 1, based on principal coordinates plots
of the three distance matrices, both case groups visually clustered together and they
clustered separately from controls. Multiple principal coordinate axes of each distance
metric were statistically significantly associated with breast cancer and non-malignant
breast disease, with slightly fewer remaining statistically significant after adjusting for
observed ASVs (Supplemental Table 3). For example, after observed ASVs adjustment,
there was an 86% (95% CI: 52%—-227%) higher odds of breast cancer per one standard
deviation increase in the first Bray Curtis principle coordinate axis. Breast cancer cases
did not differ from non-malignant cases based on any principal coordinate axis. Presence
of multiple taxa, including Faecalibacterium, Ruminococcaceae UCG-002| UCG-005, and
Christensenellaceae R-7 group, were strongly associated with the principal coordinate axes
that were significantly associated with breast cancer (Supplemental Table 4).

Multivariable associations of taxa relative abundance with breast cancer and non-malignant
breast disease are shown in Figure 2A—C (all mean relative abundances, ORs, and 95%

Cls are presented in Supplemental Table 5). Bacteroides was most strongly, positively
associated with breast cancer and for every one-percentage increase in its relative abundance
there was a statistically significant 5% higher odds (95% CI: 3%-6%) of breast cancer.
Romboutsiaand Coprococcus 2were most strongly inversely associated with breast cancer,
and for every one-percentage increase in their relative abundance there was a statistically
significant 91% (95% CI: 76%-97%) and 55% (95% CI: 40%—-67%) lower odds of breast
cancer, respectively. Relative abundance associations were in similar directions but slightly
weaker for non-malignant breast disease and no taxon was statistically significantly different
comparing the two case groups.
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Multivariable associations of presence of taxa with breast cancer and non-malignant breast
disease are presented in Figure 2D-F (% presence, ORs, and 95% Cls are presented

in Supplemental Table 6). Prior to observed ASV adjustment, 53 taxa were statistically
significantly associated with breast cancer; whereas, after observed ASV adjustment, 12
taxa were statistically significantly associated with breast cancer (Supplemental Table 6).
Significant taxa included multiple genera in family Ruminococcaceae, Lachnospiraceae,
and Prevotellaceae. Faecalibacterium, which was present in almost 100% of controls and
only 90% of both case groups, was most strongly, inversely associated with odds of
breast cancer and non-malignant breast disease. Christensenellaceae R-7 group, Dorea,
[Eubacterium] coprostanoligenes group, Pseudobutyrivibrio, and Lachnospira were also
inversely associated with odds of breast cancer; whereas, Flavonifractorand Family
Ruminococcaceae were positively associated with breast cancer. Similar to our relative
abundance findings, associations were generally slightly weaker for non-malignant breast
disease and no taxon statistically significantly differed between the two case groups.

Alpha diversity associations by breast cancer grade and molecular subtype are shown in
Table 3 and by participant characteristics in Table 4. Compared to controls, the inverse

alpha diversity associations were similar for all grades/subtypes of breast cancer but slightly
stronger for Grade 3 breast cancers (Ppererogeneiy = 0.05 for Shannon and Faith’s PD). Beta
diversity, as assessed using a MiRKAT test, statistically significantly differed between each
grade/subtype of breast cancer compared to controls (all Zs <0.001) but did not significantly
differ when comparing the grades/subtypes to non-malignant cases (data not shown). Alpha
diversity associations were slightly stronger among those who were = 50 years old or
post-menopausal.

When excluding control stool samples collected at home or excluding those who used
antibiotics within the previous 30 days, alpha diversity (Supplemental Table 7), beta
diversity, relative abundance, and presence/absence associations were minimally affected
(data not shown).

Discussion

In this population-based case control study of breast cancer and non-malignant breast
disease in Ghana, we found that 1) breast cancer and non-malignant breast disease cases

had similar fecal microbial profiles, but different profiles from controls; 2) alpha diversity
was strongly, inversely associated with breast cancer and non-malignant breast disease; 3)
multiple taxa with multifunctional roles in estrogen metabolism and immune homeostasis, as
described below, were associated with breast cancer and non-malignant breast disease; and,
4) alpha diversity was similarly and strongly inversely associated with breast cancer by stage
and molecular subtype, including ER -/+ and triple-negative breast cancers. These findings
potentially support that the gut microbiota may have multifunctional roles in development of
breast disease.

We found that alpha diversity was strongly, inversely associated with breast cancer and
non-malignant breast disease. Similar to our findings, in a case-control investigation of
the association of 16S rRNA gene sequenced fecal bacteria with breast cancer (N=48
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postmenopausal breast cancer cases, N=48 postmenopausal controls), alpha diversity was
inversely associated with breast cancer (15). In contrast, in another study using shotgun
metagenomics to characterize the fecal microbiota of 62 breast cancer cases and 71 controls,
compared to their control counterparts, the mean observed species was higher among
post-menopausal breast cancer cases and the mean Shannon index was higher among pre-
menopausal cases; however, only unadjusted analyses were presented (14).

Collectively, the gut microbiota has a well-documented role in regulating systemic estrogens
(7,11,24-26), which are in turn mechanistically linked to the development of hormone-
receptor positive breast cancers (27-29). Among postmenopausal women, alpha diversity
was previously suggested to be negatively associated with estrogen concentrations in feces
and, in urine, positively associated with both estrogen concentrations (11) and the ratio of
estrogen metabolites to parent estrogens (25). Lower alpha diversity was also previously
positively associated with multiple metabolic markers—including markers of adiposity,
inflammation, and dyslipidemia (30))—which may be associated with breast cancer risk
(8-10).

We found strong taxa—breast disease associations for multiple genera. Some of our
taxonomic findings were similarly noted in previous 16S rRNA studies in the US (15);
however, of note, it is possible taxa-disease associations may differ by geographic location
(31). Intriguingly, some gut taxa associated with breast disease in our study were previously
present at higher abundances in breast tumor tissue compared to normal tissue (e.g., taxa in
Family Prevotellaceae and Family Ruminococcaceae) (32,33).

It is plausible that bacteria may be involved in breast disease through multiple

pathways including those related and unrelated to hormonal regulation. Taxa with
estrogen-deconjugating enzymatic activity, characterized by presence of genes for -
glucuronidase or B-galactosidase (7) are hypothesized to have enzymatic activities that
promote reabsorption of unconjugated estrogens into circulation, contributing to estrogenic
burden (7). We found that genus previously noted to contain B-galactosidase were both
positively associated (Ruminococcaceae [Family] and Bacteroides) and inversely associated
(Eubacterium coprostanoligenes group, Coprococcus, Dorea, Collinsella, Faecalibacterium,
and Prevotelld) (7) with breast disease. Additionally, genera previously noted to contain
B-glucuronidase (Collinsellaand Faecalibacterium) were inversely associated with breast
disease. We also found that bacteria previously suggested to be associated with

markers of systemic inflammation (34) (e.qg., Faecalibacterium, Prevotella, and Family
Ruminococcaceae) were associated with breast cancer and non-malignant breast disease.
Furthermore, some species within our breast disease-associated taxa (e.g., Bacteroides,
Dialister, Coprococcus, Faecalibacterium, Pseudobutyrivibrio, and Romboutsia) are thought
to be involved in short chain fatty acid metabolism, which in turn affects gut barrier integrity
and systemic inflammation (35-37). In the metagenomic case-control study described above,
the pathway for the short chain fatty acid, butyrate, was suggested to be inversely associated
with postmenopausal breast cancer (14). Higher resolution sequencing approaches are
required to provide further evidence of the role taxa functionality in breast disease.
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There are multiple strengths of our study. There are no published studies investigating
microbiota-breast disease associations in an African population, which is generally
underrepresented in the microbiota and disease literature. We had a well-defined population,
large sample size, and population-based controls. Also, our findings were robust across
multiple sensitivity analyses.

There were also some limitations. About half of the stool samples among controls were
collected at home, whereas all case samples were collected in the clinic. Despite this
potential bias, we found that excluding the home-collected samples had minimal impact
on our observed associations. Our findings are cross-sectional, so we cannot determine
the temporality of the associations, such that the presence of breast lesions or associated
behavioral differences could be driving the observed associations. We did not collection
information on certain potential confounders, such as diet and probiotic use, but future
studies should evaluate whether these variables are important confounders of microbiome-
breast disease associations. Finally, we used 16S rRNA gene sequencing which cannot
ascertain species-, gene-, and function-level detail of the bacteria.

Since this study was not originally designed to assess non-malignant breast diseases, an
additional limitation of this study was that we did not have detailed pathological information
on non-malignant breast disease diagnoses. Thus, this case group comprises those with

a variety of suspicious breast lesions that may not be representative of those in the

general population. Bearing this in mind, we found robust similarities in fecal microbiota
characteristics between breast cancer and non-malignant breast disease cases similar to
other studies that found similar associations of breast cancer risk factors (e.g., parity and
childhood body size) with both breast cancer and non-malignant breast diseases such as
fibroadenoma and proliferative benign breast disease (38-40). Since women with certain
types of non-malignant breast diseases may have higher breast cancer risk (38,41-43), future
studies should address this issue in detail.

In conclusion, our findings suggest that alpha diversity, overall microbiota composition,
and taxa with hypothesized estrogen-conjugation and immune-related functions may be
associated with breast diseases. Our findings support further study of the gut microbiota’s
role in breast disease etiology and should be followed with prospective studies and studies
with gene- and function-level of the gut microbiota among diverse populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and impact:

Our study is the largest study to investigate associations of the fecal microbiota with
breast cancer to date, and the first to investigate these associations in Sub-Saharan Africa,
a population with rising breast cancer incidence and mortality. Our findings set up
intriguing hypotheses whereby the gut microbiota may be associated with breast disease
and motivate continued study of gut microbiota-breast disease/breast cancer associations
in diverse study populations.
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Figure 1.

Principal coordinates plots based on (A) Bray Curtis, (B) Unweighted UniFrac, and (C)
Weighted UniFrac distance in fecal samples collected in the Ghana Breast Health study

(N=102 non-malignant breast disease cases, 379 malignant cases, and 414 controls). Ellipses
were calculated using the “stat_ellipse’ function to compute normal confidence ellipses in R

package ggplot2 (44).
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Figure 2.

1duosnue Joyiny

Multivariable associations of genus-level relative abundance comparing: (A) breast cancer
cases vs. controls, (B) non-malignant breast disease cases vs. controls, and (C) breast cancer
cases vs. non-malignant breast disease cases for the most abundant genera in the Ghana
Breast Health Study; multivariable associations of genus-level presence/absence comparing
(D) breast cancer cases vs. controls, (E) non-malignant breast disease cases vs. controls,

and (F) breast cancer cases vs. non-malignant breast disease cases among the most genera
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prevalent in 5% to 95% of the Ghana Breast Health Study (N=102 non-malignant breast
disease cases, 379 malignant cases, and 414 controls)
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