
Volume 27 Number xxx Month 2022 pp. 100786 1 

The breast tissue microbiome, 
stroma, immune cells and breast 
cancer 

✩ 

Tina J Hieken 

a , ∗; Jun Chen 

b ; Beiyun Chen 

c ; 

Stephen Johnson 

b ; Tanya L Hoskin 

b ; 

Amy C Degnim 

a ; Marina R Walther-Antonio 

a ; 

Nicholas Chia 

a , b , d 

a Department of Surgery, Mayo Clinic, Rochester, MN, United States 
b Department of Quantitative Health Sciences, Mayo Clinic, Rochester, MN, United States 
c Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, MN, United States 
d Department of Physiology and Biomedical Engineering, Mayo Clinic, Rochester, MN, United States 

Abstract 

Background 

Stromal and immune cell composition alterations in benign breast tissue associate with future cancer risk. Pilot data suggest the innate 
microbiome of normal breast tissue differs between women with and without breast cancer. Microbiome alterations might explain 

tissue microenvironment variations associated with disease status. 
Methods 

Prospectively-collected sterile normal breast tissues from women with benign (n = 16) or malignant (n = 17) disease underwent 
16SrRNA sequencing with Illumina MiSeq and Hybrid-denovo pipeline processing. Breast tissue was scored for fibrosis and fat 
percentages and immune cell infiltrates (lobulitis) classified as absent/mild/moderate/severe. Alpha and beta diversity were calculated 

on rarefied OTU data and associations analyzed with multiple linear regression and PERMANOVA. 
Results 

Breast tissue stromal fat% was lower and fibrosis% higher in benign disease versus cancer (median 30% versus 60%, p = 0.01, 70% 

versus 30%, p = 0.002, respectively). The microbiome varied with stromal composition. Alpha diversity (Chao1) correlated with fat% 

(r = 0.38, p = 0.02) and fibrosis% (r = -0.32, p = 0.05) and associated with different microbial populations as indicated by beta diversity 
metrics (weighted UniFrac, p = 0.08, fat%, p = 0.07, fibrosis%). Permutation testing with FDR control revealed taxa differences for 
fat% in Firmicutes, Bacilli, Bacillales, Staphylococcaceae and genus Staphylococcus , and fibrosis% in Firmicutes, Spirochaetes, Bacilli, 
Bacillales, Spirochaetales, Proteobacteria RF32, Sphingomonadales, Staphylococcaceae, and genera Clostridium, Staphylococcus, Spirochaetes, 
Actinobacteria Adlercreutzia . Moderate/severe lobulitis was more common in cancer (73%) than benign disease (13%), p = 0.003, but 
no significant microbial associations were seen. 
Conclusion 

These data suggest a link between breast tissue stromal alterations and its microbiome, further supporting a connection between the 
breast tissue microenvironment and breast cancer. 
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Introduction 

Worldwide, breast cancer is both the most common cancer and leading
cause of cancer death in women [1] . Most cases occur in the absence
of a clear strong predisposing risk factor such as a deleterious germline
mutation, prior radiation or atypical hyperplasia [2] . Thus identification of
modifiable factors that might prevent breast cancer in women thought to
be of average risk would have great societal value. The importance of the
stool microbiome, its relationship to immunity and cancer, and its role as a
therapeutic target to overcome resistance to immunotherapies to treat cancers,
has been established and is an area of active investigation [3] . Much less is
known about both the role of the microbiome in cancer prevention and the
microbiome of other tissue niches. Prior studies have established the existence
of a distinct breast tissue microbiome in samples collected under surgically
aseptic conditions [4–7] . However, a reproducible characterization of the
breast tissue microbiome in health and disease remains to be established,
as do the mechanistic links between this microbial niche and breast
carcinogenesis. 

The microenvironment of breast epithelial cells, or the tumor
microenvironment when breast cancer is present, is composed of stroma
(including matrix, adipocytes, fibroblasts and blood vessels) and immune
cells. Stromal changes, as well as alterations in the immune cell composition
of benign breast lobules, encompassing both innate and adaptive immune
effectors, have been described in association with future cancer risk
[8–10] . These changes may be manifest by changes in the radiographic
and histologic appearance of breast tissue [ 11 , 12 ]. Mammographic breast
density is a well-described risk factor for breast cancer. This risk extends
beyond the masking effect hindering detection of cancers, supporting
an underlying biologic mechanism inherent to the tissue composition
[ 13 , 14 ]. 

Obesity is a similar well-described risk factor for post-menopausal
breast cancer, yet somewhat paradoxically, is inversely associated with
mammographic breast density. This suggests there may be differences in
local versus systemic effects attributable to adipocytes in relation to breast
carcinogenesis [ 15 , 16 ]. Dysregulated adipocyte production of adipokines
such as adiponectin and leptin are observed in obese women and these
biologically active compounds influence cell metabolism and proliferation.
The secretion of adiponectin, which has anti-inflammatory, anti-proliferative
and pro-apoptotic effects, generally is inversely correlated with BMI, whereas
leptin, which has been shown to activate cell signaling pathways that
promote cell migration, invasion and survival, correlates positively with
BMI, yet epidemiologic studies cannot uncouple the effect of diet and
other factors from adipocyte presence or function within specific tissues
[ 17 , 18 ]. 

Perturbation of the microbiome influences cancer risk both locally
and at distant sites; proposed mechanistic links include induction of
inflammation, alteration of the tissue microenvironment, metabolic effects,
and direct toxic effects, but much remains to be explored, especially
beyond the gut microbiome [19–22] . In tandem, pilot data suggests
that the composition of the innate microbiome of sterilely obtained
histologically normal breast tissues is different between women with and
without breast cancer [4–6] . However, there is as yet no data linking
breast tissue microbial communities to specific histologic features of breast
tissue, particularly those associated with breast cancer risk. Thus we
undertook this study to explore whether microbiome alterations might
explain variation in the tissue microenvironment in women with and
without breast cancer and provide clues to mechanistic hypotheses linking
stromal and immune cell characteristics and breast cancer development. Our
aim was to evaluate characteristics of the stroma and immune cell tissue
microenvironment in association with the microbiome profile of sterilely
obtained normal breast tissue adjacent to either a benign or malignant breast
lesion. 
f
aterials and Methods 

With IRB approval, we prospectively collected surgically sterile adjacent 
ormal breast tissue samples from women undergoing lumpectomy for 
enign or malignant breast disease. We studied 33 women, median age 60 
ears (range 33 to 84 years), 16 with benign disease and 17 with breast cancer,
s previously characterized [4] . After intraoperative pathology confirmation 
f complete removal of the targeted lesion, we collected adjacent normal 
reast tissue under surgically aseptic conditions which was snap-frozen in 

iquid nitrogen in the operating room. From this group of patients, a subset
f 27 women in whom diagnostic histopathology slides could be reviewed 
or estimated percentages of fibrosis and fat and for extent of immune 
ell infiltrates (absent/mild versus moderate/severe) in the adjacent normal 
reast lobules form the basis of this report. The latter was defined based on
umbers of mononuclear cells per lobule as follows: none: < 10 mononuclear 
ells per lobule, mild: 10-50 cells per lobule; moderate: 50-100 cells per 
obule; marked: > 100 cells per lobule. The clinical characteristics of these 
omen are summarized in Supplemental Table 1. 16S rRNA sequencing was 
one using the Illumina MiSeq platform and processed with the Hybrid- 
enovo pipeline [23] . Average coverage was more than 135,000 reads per 
ample. Alpha diversity (Observed OTU numbers, Chao1 estimate, Shannon 
ndex and inverse Simpson index) and beta diversity measures (unweighted, 
eneralized, weighted UniFrac and Bray-Curtis distance) were calculated on 
he rarefied OTU data, and associated with histologic phenotypes using 
ultiple linear regression and PERMANOVA, respectively. The arcsine 

quare root transformation has been applied to percentage fat/fibrosis before 
ssociation testing. Differentially abundant taxa were identified using a linear 
odel-based permutation test, where the taxa relative abundance data after 

quare-root transformation were treated as the outcomes, and false discovery 
ate (FDR) control was used to correct for multiple testing [24] . Taxa with
n FDR less than 20% were reported. Analyses were adjusted for both final
iagnosis (benign versus malignant) and sequencing batch. As the benign 
nd malignant groups had distinct age distributions, adjusting for the final 
iagnosis also controlled for the effect of age, thus we did not additionally 
djust for age in the analysis. Comparisons were performed with the Wilcoxon 
ank sum test, Fisher’s exact test or Spearman rank correlation as appropriate. 

esults 

linical and Histologic Features 

Median patient age was 60 years (range 33 to 84 years), and median
MI was 27.2 (range 20.7 to 48.1). Of the 27 patients included in the

ull analysis, 12 (44%) had benign breast disease and 15 (56%) had breast
ancer. Those with benign breast disease had a diagnosis of atypical ductal 
yperplasia [2] , lobular carcinoma in situ [1] , papilloma with atypia [1] , and

ower-risk benign lesions in the remaining 8. Among patients with breast 
ancer, 13 had invasive breast cancer and 2 had ductal carcinoma in situ;
ll 15 breast cancers were estrogen receptor-positive. Patients with malignant 
isease were significantly older (median 65 versus 50 years, p = 0.006) and
ad lower mammographic breast density compared to patients with benign 
reast disease (73% versus 25% D1/D2, p = 0.009), but BMI did not vary
ignificantly by diagnosis (median 27.7 versus 25.9, p = 0.27), Supplemental 
able 1. Comparing patients with a benign diagnosis versus those with 
ancer with respect to the histologic characteristics of the lesion adjacent 
ormal breast tissue, we found that the stromal fat percentage was lower 
median 30% versus 60%, p = 0.01) and the fibrosis percentage was higher
median 70% versus 30%, p = 0.002) in samples from patients with benign
isease versus cancer, Figs. 1A and 2 . In terms of immune cell infiltrates,
oderate/severe lobulitis was more frequent in patients with cancer (73%) 

han among those with benign disease (17%), p = 0.003, Figs. 1B and 2 . We
ound no statistically significant correlations between BMI and the degree of 
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Fig. 1. Stromal fat and fibrosis percentage and immune cell infiltrates in benign and malignant disease states. (A) Association of adjacent normal breast tissue 
fat and fibrosis percentage with disease state and (B) frequency of moderate/severe lobulitis in adjacent normal breast tissue with disease state. 

Fig. 2. Histologic categorization of immune cell infiltrates, fat and fibrosis in breast tissue. Degrees of immune cell infiltrate (lobulitis) in adjacent normal 
breast tissues, panel A, mild, panel B, moderate, panel C, severe (20X magnification). Examples of histologic assessment of tissue composition, panel D, 10% 

fat and 90% fibrosis, panel E, 50% fat and 50% fibrosis, panel E, 90% fat and 10% fibrosis (10X magnification). 
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lobulitis (r = 0.09, p = 0.65), while we saw a trend with moderate correlation
between BMI and fat percentage (r = 0.37, p = 0.06) and BMI and fibrosis
percentage (r = -0.31, p = 0.12). 

Microbiome Diversity Correlations with Histologic Tissue 
Composition 

The breast tissue microbiome varied with stromal composition based
on percentage fat and percentage fibrosis in the tissue. Among 27 patients
in whom both the stromal composition and the breast tissue microbiome
could be assessed, we found evidence of association with both alpha and
beta diversity for stromal fat percentage and stromal fibrosis percentage.
Specifically, alpha diversity metrics that measure species richness, such as
observed OTU number or Chao1, correlated positively with stromal fat
percentage (observed OTU number: r = 0.32, p = 0.06; Chao1 estimate:
r = 0.38, p = 0.02) and correlated inversely with fibrosis percentage (observed
OTU number: r = -0.24, p = 0.09; Chao1 estimate: r = -0.32, p = 0.05)).
No significant associations were found with alpha diversity measures that
capture evenness such as Shannon (Fat %: p = 0.95; Fibrosis %: p = 0.77) and
nverse-Simpson indices (Fat %: p = 0.77; Fibrosis %: p = 0.97). In terms of
eta diversity, only weighted UniFrac distance associated with fat percentage
p = 0.08) and fibrosis percentage (p = 0.07), Fig. 3 . Other beta-diversity
etrics, such as UniFrac, generalized UniFrac, and Bray-Curtis distance 

id not show evidence of association. When we explored these histologic
mpressions as a ratio, the fat/fibrosis ratio was also found to be associated
ith alpha diversity (Chao1: r = 0.34, p = 0.04; Observed OTU number:
 = 0.3 p = 0.07) and beta diversity (Weighted UniFrac p = 0.07). 

icrobiota Correlations with Histologic Tissue Composition 

Permutation testing with multiple testing correction (FDR control) 
evealed breast tissue microbiome associations with stromal composition both 
or percentage fat, Table 1 , and percentage fibrosis, Table 2 , at 20% FDR. 

Taxa associations with percentage fat are illustrated in Fig. 4A . At the
hyla level, Firmicutes was positively associated with percentage fat, as were
he class Firmicutes Bacilli , order Firmicutes Bacillales , and family Firmicutes
taphylococcaceae . We identified one genus that positively correlated with
ercentage fat, Staphylococcus . Taxa associations with percentage fibrosis are
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Fig. 3. PCoA plots illustrating beta diversity in association with percentage fat and percentage fibrosis. The percentage fat (A) and percentage fibrosis (B) were 
dichotomized into high and low groups based on the median. 

Table 1 

Breast tissue microbiome associations with percentage fat estimates. 

Mean relative abundance Spearman Correlation Coefficient p- value FDR-adjusted p-value Direction 

Phylum 

Firmicutes 0.357 0.545 0.003 0.027 Positive 

Class 

Firmicutes;Bacilli 0.214 0.673 0.003 0.042 Positive 

Order 

Firmicutes;Bacillales 0.109 0.471 0.003 0.072 Positive 

Family 

Firmicutes;Staphylococcaceae 0.109 0.471 0.003 0.144 Positive 

Genus 

Firmicutes;Staphylococcus 0.109 0.471 0.003 0.192 Positive 

Table 2 

Breast tissue microbiome associations with percentage fibrosis estimates. 

Mean relative 

abundance 

Spearman Correlation 

Coefficient 

p- value FDR-adjusted 

p-value 

Direction 

Phyla 

Firmicutes 0.357 -0.495 0.008 0.072 Negative 

Spirochaetes 1.32E-3 0.053 0.029 0.131 Positive 

Class Firmicutes;Bacilli 0.214 -0.640 0.003 0.042 Negative 

Order Firmicutes;Bacillales 0.109 -0.479 0.004 0.096 Negative 

Spirochaetes;Spirochaetales 1.33E-3 0.053 0.029 0.198 Positive 

Proteobacteria;Sphingomonadales 7.48E-4 -0.365 0.029 0.198 Negative 

Proteobacteria;RF32 9.11E-4 0.323 0.033 0.198 Positive 

Family Firmicutes;Staphylococcaceae 0.109 -0.479 0.003 0.144 Negative 

Genera Firmicutes;Staphylococcus 0.109 -0.479 0.003 0.128 Negative 

Actinobacteria;Adlercreutzia 4.33E-4 0.626 0.004 0.128 Positive 

Firmicutes;Clostridium 1.80E-3 -0.131 0.006 0.128 Negative 

Spirochaetes;Spirochaetes 1.33E-3 0.053 0.029 0.203 Positive 
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illustrated in Fig. 4B . In terms of associations with percentage fibrosis,
at the phyla level we observed a negative association with Firmicutes and
positive association with Spirochaetes . Negative correlations with fibrosis
percentage were seen at the class level with Firmicutes Bacilli , order level
with Firmicutes Bacillales and Proteobacteria Sphingomonadales , the family
level with Firmicutes Staphylococcaceae , and with the genera Clostridium and
Staphylococcus . We saw positive associations with fibrosis percentage at the
order level with Spirochaetes Spirochaetales and Proteobacteria RF32 and with
the genera Spirochaeta and Actinobacteria Adlercreutzia . 

Despite the more frequent finding of moderate/severe lobulitis in adjacent
normal tissue in patients with cancer than in patients with benign disease, we
found no significant associations between microbial composition or diversity
and lobulitis. 
b  
iscussion 

In this study evaluating correlations between deep sequencing of the breast 
issue microbiome and histopathology findings in a prospective cohort of 
atients undergoing breast surgery for benign disease or cancer we observed 
everal key findings. First, we found significantly greater percentage fat and 
ower percentage fibrosis in the adjacent breast tissue of patients with breast 
ancer versus patients with a benign diagnosis. Secondly, the immune cell 
nfiltrate in the adjacent breast tissue was significantly more marked in 
atients with cancer than in patients with a benign diagnosis. Third, regarding 
he microbiota, we observed significant associations of 1) alpha diversity 2) 
eta diversity and 3) distinct microbial communities in the lesion adjacent 
reast tissue in relation to fat percentage, fibrosis percentage and their ratio in
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Fig. 4A. Differentially abundant taxa associated with stomal fat percentage. Y-axis shows the residuals of the taxa relative abundance data after removing the 
effect of final diagnosis and sequencing batch. X-axis shows the arcsine square root transformed percentage data. 

Fig. 4B. Differentially abundant taxa associated with stromal fibrosis percentage. Y-axis shows the residuals of the taxa relative abundance data after removing 
the effect of final diagnosis and sequencing batch. X-axis shows the arcsine square root transformed percentage data. 
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terms of tissue composition assessed histologically. Interestingly, these effects
were independent of patient BMI. We did not identify a clear relationship
between the degree of immune cell infiltrate and the tissue microbiota. While
prior studies have evaluated microbiome dysbiosis in the context of cancer
and cancer risk, most have focused on the gut microbiome, and ours is the
first to explore the relationship between the tissue microenvironment assessed
histologically in terms of stromal and immune cell composition and the breast
tissue microbiome. 

Our findings of a greater percentage fat and lower percentage fibrosis
in the adjacent breast tissue of patients with breast cancers is congruent
with epidemiologic data reporting elevated risk of hormone receptor-positive
breast cancer in post-menopausal women with obesity [ 15 , 16 ] although
these studies do not provide information on the histologic composition of
breast tissue nor the function of the adipocytes in breast tissue. While little
data exists on adipocyte dysfunction within breast tissue, obesity, manifest
frequently by increased number and altered functionality of adipocytes is
linked to chronic inflammation, a marker of which might be the increased
immune cell infiltrate we observed in the adjacent breast tissue of women
with cancer in the present study [16] . Further, the relative composition
of the adjacent normal breast might be different in our cancer patients
than in age-matched controls without either cancer or benign breast disease
and/or the spatial geographic distribution of adipocytes versus other matrix
components may affect cancer development and progression. While there are
beneficent adipokines such as adiponectin that can act by upregulation of
their receptors and ER β in the local tissue milieu to decrease proliferation
and exert tumor suppressive effects, other adipokines, such as leptin, can exert
local proliferative and pro-angiogenic effects [ 16 , 25 ]. 

Immune cells are another component of the tissue lesional or tumor
microenvironment along with adipocytes, stroma, blood vessels and
microbiota. Previous work has demonstrated the presence of a mucosal
immune system in normal breast tissue with both T cells and dendritic
cells intimately associated with the breast epithelial cells [8] . Additionally,
subsequent work has shown that specific immune cell subsets in normal
breast lobules varied across age-matched women with and without benign
breast disease, with an overall increase in immune cell infiltrates compared
to volunteer healthy donors [9] . In most studies, the predominant type of
immune cells in benign breast tissues is CD8 + T cells and their presence and
location along with dendritic cells suggest a role for antigen presentation and
immune effector function to mitigate stressors and maintain lobular integrity
[10] . These studies are aligned with our observation of a greater frequency
of moderate to marked immune cell infiltrates in the lobules of patients with
versus without cancer, although in the present study we evaluated immune
cells in aggregate and not with markers to delineate immune cell subsets.
As we have previously shown, data support the existence of an endogenous
microbiome in normal breast tissue [4] . Crosstalk between immune cells
and microbiota as well as other components of the tissue microenvironment
provide the potential conditions for cancer suppression or development via
suppression or promotion of anti-tumor immunity. 

We observed increased microbial alpha diversity associated with higher
fat percentage in breast tissue, despite a positive association with a current
malignant diagnosis. When assessed by mammographic breast density, many
epidemiologic and a few histologic studies have shown that a lower density,
or higher proportion of fat in breast tissue confers a lower risk of future
breast cancer in unaffected women [ 13 , 14 , 26 ]. While increased microbial
alpha diversity is generally reported to be favorable with respect to cancer
risk, as noted above, here we examined adjacent histologically normal tissue
in women with cancer and benign disease. Thus we are unable to assess
whether these observations may reflect a geographic phenomenon or might
be different than in normal breast tissue from age-matched controls without
breast disease. We also found differences in the breast tissue microbiome in
terms of beta diversity by weighted unifrac which considers both branch
distance on the phylogenetic tree and weighted relative abundance, with
 positive correlation in terms of both absolute percentage fat percentage 
nd the ratio of fat to fibrosis seen histologically in the breast tissue.
besity is well-established as a risk factor for post-menopausal breast 

ancer, felt to be driven largely by increased aromatase activity of adipose 
issue and hyperinsulinemic effects acting to increase unbound estrogen 
ioavailability [16] . Microbiota can act directly and indirectly via bacterial 
omponents, secreted bioactive products and derived metabolites and affect 
ignaling pathways governing cell proliferation, differentiation, cytokines, 
rowth factors and immunosurveillance [ 3 , 6 , 16 , 27 ]. Short-chain fatty acids
including acetate, propionate, and butyrate) are major metabolites of the gut 
icrobiome which have cancer preventive effects via direct and immunologic 

ffects [28] . Underlying mechanisms remain to be characterized and little 
s known about the role of microbiota in the tissue microenvironment 
n terms of cancer initiation and progression especially in niches outside 
he lung and gastrointestinal tract which are naturally colonized by 
ommensals. 

In the local breast tissue environment, perhaps influenced by commensal 
ocal microbiota, adipocytes may preferentially produce proliferation- 
nducing, pro-angiogenic adipokines such as leptin, or antiproliferative 
dipokines such as adiponectin. Adiponectin is an insulin-sensitizing 
ormone with anti-inflammatory and antiangiogenic as well as other 
ntiproliferative properties [16] . Bacterial cell wall components affect the 
ecretion of adipokines, depending on the presence of antigens from gram 

ositive or gram negative bacteria. Lipopolysaccharide markedly inhibits 
diponectin, leptin, and resistin secretion, whereas peptidoglycan ( e.g. the 
ntigens from Staphylococci) increase adiponectin secretion and decrease 
esistin secretion in vitro [29] . A recent study evaluated lipid signatures 
ith chromatography and mass spectometry in association with the breast 

issue microbiome in samples taken from clinically normal breast tissue from 

omen with cancer or undergoing breast reduction [30] . The investigators 
ound decreased ceramides, lipids with tumor suppressive antiproliferative 
ffects, in tissues from women with breast cancer while in samples from the
omen without cancer there was increased relative abundance of bacteria 
enera with the capacity to synthesize these lipids including diacylglycerols, 
econd messengers that drive activation, proliferation, migration, and effector 
unction of both adaptive and innate immune cells. To the best of our
nowledge no prior work has evaluated the histologic composition of breast 
issues adjacent to benign or malignant lesions in relation to the breast tissue
icrobiome. 

While we found increased relative abundance of Firmicutes at the phylum 

evel and Staphylococci at the genus level with increasing fat percentage 
n breast tissue, this finding has not been reported previously regarding 
reast tissue composition. Pre-clinical and human studies evaluating the gut 
icrobiome show associations between adipocyte-derived bacteria, including 

irmicutes , and chronic inflammation and cancer risk as well as lower diversity
nd increased Firmicutes to Bacteroidetes ratio in obesity and with female 
ex [ 16 , 31 ]. One study using 16S sequencing demonstrated the presence
f bacterial DNA in adipose tissue samples obtained under conditions 
f surgical sterility from omentum, mesentery and subcutaneous locations 
n obese subjects (median BMI 47.9) and found a predominance of the 
hyla Proteobacteria and Firmicutes as well as positive correlation between 
acterial load and immune cell infiltration among omental samples [31] . 
ithin the phyla Firmicutes , the genus Staphylococcus comprises at least 40 

pecies, some of which can act directly on tissue or indirectly by toxin or
nzyme production. A recent study showed an increased relative abundance 
f Staphylococcus in non-tumor breast tissues across adjacent normal tissue 
n patients with cancer, healthy controls without cancer and in high risk 
atients without prior or current cancer [7] . One species, Staphylococcus 
pidermidis was recently shown to have probiotic effects via fermentation of 
lycerol to butyrate via short chain fatty acid (SCFA) receptors to decrease 
ro-inflammatory cytokine production [32] . In turn, other preclinical 
nvestigation showed that microbiota are required for activated CD8 + T 
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cells to transition into memory cells and that the microbiota-produced SCFA
butyrate promoted memory potential of activated CD8 + T cells in vitro
[33] . Thus, immune surveillance might be the mechanistic link connecting
our finding of a potentially beneficent microbiome in the background breast
tissue to both a current benign disease state and lower future risk of breast
cancer. 

We observed a negative correlation between percentage fibrosis in breast
tissue and alpha diversity as well as differences in beta diversity assessed by
weighted unifrac distance. Percentage fibrosis in breast tissue was associated
with microbial community differences with a positive correlation with the
phyla Spirochaetes and genera Spirochaeta and Actinobacteria Adlercreutzia
and an inverse correlation with the phyla Firmicutes and with the genera
Clostridium and Staphylococcus . While no data exists on histologic assessment
of breast tissue fibrosis in association with the tissue microbiome, gut
microbiome studies have demonstrated microbiome associations with tissue
fibrosis in the liver, heart, kidney, lung and intestine with variations in
bacterial effects by anatomic site [34] . For example, one study reported a
decrease in the relative abundance of Actinobacteria in the gut microbiome
of patients with pulmonary fibrosis and others showed tissue-specific
associations with increased or decreased relative abundance of various
members of the phyla Firmicutes in association with fibrosis of various organs
[ 34 , 35 ]. Another study evaluated the gut microbiome with 16S sequencing
of V1-V2 in healthy post-menopausal women undergoing negative screening
mammography [36] . They reported increased alpha diversity and an
elevated Firmicutes to Bacteroidetes ratio in the stool of women with higher
mammographic breast density, which may be manifest as excess collagen with
or without fibrosis in the breast tissue from the mammographically dense area
[11] . 

Species of the Spirochaeta genus are common inhabitants of a variety
of predominantly aquatic environments, exhibit mobility behaviors even
through high viscosity environments, facilitated by their helical shape with
axial filaments. Recent genomic and proteomics analysis suggests this genus
clusters with the genera Treponema and Sphaerochaeta [37] . Associations with
tissue fibrosis or collagen production are unknown. Adlercreutzia , an obligate
anaerobe coccobacillus, has saccharolytic properties and when present in the
gut appears to have a role in the breakdown of isoflavones, which serve
as phytoestrogens, into daidzein and genistein, and subsequently to further
metabolize daidzein to equol. Genistein has tumor inhibitory properties in
vivo, although it’s role in breast tissue is unstudied [38] . In animal studies,
dietary modulation affects Adlercreutzia abundance in the stool where it may
serve as a biomarker of the efficacy of anti-cancer dietary supplements [39] .
Adlercreutzia abundance in the gut microbiome was positively correlated
with BMI and inflammation as measured by serum leptin and adipsin
concentrations in one study of obese patients [40] . The role of Adlercreutzia
within breast tissue and any effect on collagen production or fibrosis remains
to be explored. Within the current classification of the genus Clostridium ,
there are more than 200 species, including those that make collagenases such
as Clostridium histolyticum which produces a mixture of collagenases and
other proteinases that exhibits potent hydrolytic activity on connective tissue
[41] . Although we did not find significant associations at the species level
in the present study, collagenase-producing Clostridium may represent the
functional link between breast tissue fibrosis and the presence of this taxa
within breast tissue. 

Limitations of this study include the relatively small sample size and
those inherent to analysis of low microbial biomass tissues. However, this
work was performed under stringent collection and assay conditions with
appropriate negative controls as detailed previously. Strengths of our work
include the comprehensive histologic evaluation of the tissues in concert
with deep sequencing microbiome data from a prospective study in which
intraoperative sterile fresh tissue collection was performed, uncontaminated
by pathologic processing. 
These data suggest there is a link between stromal alterations in breast
issue and its microbiome, further supporting the connection between the
reast tissue microenvironment and breast cancer. Our observations suggest 
hat variation in the breast tissue microbiome might provide a mechanistic
ink between stromal alterations in the microenvironment and risk factors
or future breast cancer. A “healthy” core breast tissue microbiome remains
o be established, and the exact nature and sequence of events underpinning
he role of the microbiota in conjunction with other elements of the tissue
icrobiome in cancer prevention and development remain to be determined.
onetheless, our data suggest possible hypotheses to test regarding the

nfluence of the breast tissue microbiome and stromal composition on the
evelopment of breast cancer. 
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