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Abstract The microbiota plays essential roles in health and disease, in both the intestine and
the extra-intestine. Dysbiosis of the gut microbiota causes dysfunction in the intestine, which
leads to inflammatory, immune, and infectious diseases. Dysbiosis is also associated with dis-
eases beyond the intestine via microbial translocation or metabolisms. The in situ breast mi-
crobiome, which may be sourced from the gut through lactation and sexual contact, could be
altered and cause breast diseases. In this review, we summarize the recent progress in under-
standing the interactions among the gut microbiome, breast microbiome, and breast diseases.
We discuss the intestinal microbiota, microbial metabolites, and roles of microbiota in immune
system. We emphasize the novel roles and mechanisms of the microbiome (both in situ and
gastrointestinal sourced) and bacterial products in the development and progression of breast
cancer. The intestinal microbial translocation suggests that the gut microbiome is translocated
to the skin and subsequently to the breast tissue. The gut bacterial translocation is also due to
the increased intestinal permeability. The breast and intestinal microbiota are important fac-
tors in maintaining healthy breasts. Micronutrition queuine (Q) is derived from a de novo syn-
thesized metabolite in bacteria. All human cells use queuine and incorporate it into the
wobble anticodon position of specific transfer RNAs. We have demonstrated that Q modifica-
tion regulates genes critical in tight junctions and migration in human breast cancer cells
and a breast tumor model. We further discuss the challenges and future perspectives that
can move the field forward for prevention, diagnosis, and treatment of breast diseases.
Copyright ª 2020, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Introduction

The human body harbors far more microbial cells (100 tril-
lion) and viruses (quadrillion) than human cells.1,2 These
microbes constitute our microbiota, and the genes that they
encode are known as the microbiome. This complex com-
munity contains bacteria, eukaryotes, viruses, and archaea,
which greatly impact our health and physiology by inter-
acting with one another and the host. Themicrobiota, as our
“forgotten organ”,3 is most heavily colonized in the gastro-
intestinal tract and plays major roles, such as energy har-
vesting and storage, the metabolic functions of fermenting
and absorbing undigested carbohydrates,4 and interaction
with the immune system.5 Far beyond the crucial role in
nutrition6 and metabolism in intestine, the gut microbiome
is also known to influence the physiological functions of
other organs or tissues,7e9 including the breast.

Breast cancer is currently the major cancer in women in
many regions of the world, and its incidence has risen to
unprecedented levels in recent decades.10 Breast cancer is
broadly categorized into carcinoma in situ (also known as
non-invasive carcinoma) and invasive (infiltrating) carci-
noma. Breast carcinoma is further sub-classified as either
ductal or lobular, as distinguished by the growth patterns
and cytological features from the basis. Ductal carcinoma
in situ (DCIS) is considerably more common than the lobular
carcinoma in situ counterpart and encompasses a hetero-
geneous group of tumors.11 According to gene expression
profiles and immunohistochemistry of hormone receptors
[estrogen (ERþ) and progesterone (PRþ) and HER2 (human
epidermal growth factor receptor 2)], breast cancer is
categorized into five subtypes: Luminal A, Luminal B,
Normal-like, HER2þ without ER or PR (HER2-enriched), and
a “basal-like” or triple negative subtype that does not ex-
press any of the three receptors.12 Breast cancer is not only
the most frequently diagnosed cancer among women
worldwide (except for non-melanoma skin cancers) and
affects the entire lives of women but is also one of the
leading causes of cancer mortality in women.13,14 A com-
plex interaction exists between genes and the environment
in breast cancer. However, under perfect conditions of
uncommon genetic mutations and environmental exposure,
only a fraction of cases develop to cancer.15 Therefore,
other undescribed pathways should exist that lead to or
promote the development of breast cancer. The bacterial
communities within the host, and especially those in the
gastrointestinal (GI) tract, could be one of the environ-
mental factors related to breast cancer. It was reported
that women with HER2þ breast tumors compared to HER2e

ones shown 12e23% lower alpha diversity, Shannon index,
lower abundance of Firmicutes and higher abundance of
Bacteroidetes in the study performed with 37 breast cancer
patients with ERþPRþ, ERþPRe and ERPR status.16

This review highlights recent progress in understanding
the interactions between breast diseases (primarily breast
cancer) and the microbiome in intestine and breast. We
summarize the roles and mechanisms of the microbiome
(both in situ and GI sourced) in the cause, development,
and progression of breast cancer. We also discuss the
challenges and future perspectives in the fields of the
microbiome and breast diseases.
Basic roles of the gut microbiome in the
gastrointestinal (GI) tract and beyond

It is estimated that the human microbiota outnumbers
human cells present in our bodies, and this number is
increasing with the identification of candidate bacterial
species.17,18 The most heavily colonized organ is the GI
tract, and the colon alone is estimated to contain over 70%
of all of the microbes of the human body.17 Recent studies
further indicate that the ratio of bacteria to human cells is
about 1:1.19 Once fully developed by microbial acquisition
and influenced by host factors, environmental cues, and
self-assembly rules exerted by microbes themselves, the
microbiome becomes an essential acquired organ that
supplies many vital functions to the host. In the absence of
gut microbiota or after ablation by treatment with broad-
spectrum antibiotics, these functions can be destroyed or
significant consequences can occur, such as improper
development of the immune system and antibiotic-
associated colitis.20

The interactions between the gut microbiome and its
host were explored using metagenomic sequencing tech-
nologies that enable researchers to study the microbial
communities that colonize the body in a culture-
independent manner. The rough taxonomic disease associ-
ations can be analyzed based on the 16S ribosomal RNA
(rRNA) gene amplicon data. Moreover, the robust micro-
biome disease associations can be assessed with shotgun
metagenomics that enable analyses with high taxonomic
resolution and analyses of gene functions that were not
available in 16S rRNA sequencing.

The microbiota and immune system develop and mature
together beginning at birth, or even potentially in the
womb, and are probably essential in shaping the immune
system response to avoid unwanted immune reactions for
intestinal microbial components.21 Dietary changes are
known to affect both the composition and function of the
gut microbial communities, which in turn can modulate the
host’s innate and adaptive immune system. Commensals
exert profound effects on the development and function of
the immune system and therefore likely further influence
immune-mediated diseases. Indeed, the prevention, exac-
erbation or induction of intestinal bacteria in numerous
autoimmune, allergic or inflammatory diseases and malig-
nancies have been studied.22 Segmented filamentous bac-
teria (SFB), an unculturable, spore-forming, and potently
immunomodulatory species, was reported to support the
develop of autoimmune arthritis and experimental auto-
immune encephalomyelitis.22

The primarily general dysbiotic alterations of multiple
disease, including colorectal cancer, type 2 diabetes, Par-
kinson’s diseases, ulcerative colitis and Crohn’s dis-
eases,23e27 were studied by comparing the microbiome
changes, which highlighted the need to examine the dis-
ease specificity of microbiome signatures. Increasing evi-
dence suggests that the reach of the gut microbiome
extends beyond the intestine and further affects systemic
processes, such as metabolism and organ functions of the
brain through the gutebrain axis, cardiovascular system,
and others. Furthermore, deficiencies/dysbiosis of the gut
microbiota not only lead to intestinal inflammatory and
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infectious diseases,28 but also are importantly associated
with other diseases beyond the GI tract, such as allergic
diseases and nervous diseases.

Human gut microbiota contributes to brain function via
neural, humoral, and immune pathways and also via the
cumulative effects of microbial metabolites. Our studies
have been the first to report the associations between
dysbiosis and intestinal inflammation in the development of
ALS.29,30 Inversely, ALS affects the gastrointestinal tract, as
supported by the common complaint of constipation in ALS
patients.29,31 Furthermore, we demonstrated that the
bacterial product butyrate could slow ALS progression in an
ALS animal model.32,33

Overall, changes in the composition and structure of the
human microbiota may predispose individuals to many dis-
eases, although the relationships between the microbiota
and disease states beyond GI tract are not cause-and-effect
relationships. It is clear that the microbiome is an impor-
tant contributor to disease states, including diseases of the
immune system (multiple sclerosis, rheumatoid arthritis,
type 1 diabetes, systemic lupus erythematous (SLE)), ner-
vous system (Alzheimer’s disease, Parkinson’s disease,
ALS), respiratory system (asthma, chronic obstructive pul-
monary disease, cystic fibrosis), urinary system (chronic
kidney disease), and liver (non-alcoholic fatty liver disease,
non-alcoholic steatohepatitis, cirrhosis).

Breast microbiome and breast diseases

Breast microbiota in situ

The human breast contains a diverse and unique community
of microbiota that is distinct from that found at other body
sites, regardless of the sample location within the breast,
pregnancy history, presence/absence of breast malignancy,
age, country of origin, and sequencing technologies.34

Here, we refer to this community as the “breast micro-
biome” to differentiate it from the microbiome in other
locations of the human body. The bacterial populations in
human breast milk and breast tissue play a role in the
development of healthy infant gut microbiota and also in
the health of women. The diversity of breast bacteria is
comparable to that observed in other microbial compart-
ments (e.g., intestine) but is greater than that observed in
the vagina.35 Proteobacteria is the most abundant phylum
presented in breast tissue from women aged 18 to 90 with
(around the tumor) or without cancer, as reported, and
another common phylum is the Firmicutes.35 In our recent
study, we found Butyrivibrio fibrisolvens-related clones,
which belong to the Firmicutes phylum, in breast tumors
with a xenograft mouse model.36

The microbiota, one of the bioactive compounds in
human milk, have a key role in infant health. Although the
origin of the breast milk microbiome is not currently clear,
its presence corresponds to a perinatal period that starts
during the third trimester of pregnancy and continues
through lactation. It has been proposed that the human milk
microbiota could derive from the skin of themother, the oral
cavity of the infant during suckling, or the gut of the mother
via an entero-mammary pathway.37 Specific microbes are
shared among the maternal microbiota/breast milk and
infant intestinal microbiota, as well as in other maternal-
neonatal niches, including the meconium, placenta and
amniotic fluid.37e43 Butyrate-producing bacteria such as
Coprococcus, Faecalibacterium, and Roseburia spp. were
found to be shared in maternal feces and human milk.39 The
maternal microbial environment impacts the newborn’s
immune development and consequently the infant’s health
both early and later life. Dysbiosis of bacteria in the breast
could induce mastitis and can further influence infant
growth, adequate microbial colonization, immune system
maturation, and metabolic development during the breast-
feeding period, which in turn, may have an impact on the
programming of health later in life.44 Human milk contains
short-chain fatty acids (SCFAs), such as butyrate, acetate
and formic acid, which play a beneficial role in weight gain
and adiposity during infancy.44 Human milk feeding is a new
and important link among butyrate production, CAZymes,
and atopic diseases in babies.45
Breast microbiota and breast health

The bacterial population in human breast milk and breast
tissue plays a role in the development of a healthy infant
gastrointestinal microbiota system, and also in the health
of the female host. In breast tissue, Proteobacteria is the
most abundant phylum, and another common phylum is
Firmicutes. The diversity of bacteria in breast tissue is
comparable to that observed in other microbial compart-
ments (e.g., the intestine) but greater than that observed
in the vagina.35 However, it is currently unclear whether
the distribution of bacteria differs at the species level be-
tween normal and adjacent tumor tissues.

Using whole genome and transcriptome amplification, a
pan-pathogen microarray strategy, and hierarchical cluster
analysis of breast cancer samples, Banerjee et al detected
unique and common viral, bacterial, fungal and parasitic
signatures for each of the breast cancer types found
distinct patterns for triple negative and triple positive
breast cancer samples, whereas the ERþ and HER2þ sam-
ples shared similar microbial signatures.46 These signa-
tures, unique or common to the different breast cancer
types, offer a new understanding of the role of microbiome
in breast cancer. In a qualitative survey of breast micro-
biota DNA using breast tumor tissue (ERþ breast cancer) and
paired normal adjacent tissue from the same patient, Xuan
et al. found that the bacterium Methylobacterium radio-
tolerans was relatively enriched in tumor tissue and that
the bacterium Sphingomonas yanoikuyae was relatively
enriched in paired normal tissue. Therefore, the relative
abundances of these two bacterial species were inversely
correlated in paired normal breast tissue but not in tumor
tissue, indicating that dysbiosis is associated with breast
cancer.47 Another study described that normal adjacent
tissue from women with breast cancer (DCIS, invasive
lobular and ductal carcinoma) compared to tissue from
healthy controls had higher relative abundances of Bacillus,
Enterobacteriaceae and Staphylococcus.48 These findings
indicated that the bacteria or their components might in-
fluence the local immune microenvironment and that an
unrecognized link between dysbiosis and breast cancer
might exist. Urbaniak et al. investigated breast tissues
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collected from sites all around the breast in women age 18
to 90 with (around the tumor) or without cancer, and some
subjects had no history of lactation. They detected a
diverse population of bacteria, and the principal phylum
was Proteocacteria. Although none of the subjects had
signs or symptoms of infection, the presence of viable
bacteria was confirmed in certain samples via culture.35

Tumors of Asian patients had significantly higher immune
score, particular in the luminal B and HER2-enriched sub-
types by analyzing gene expression profiles from eight data
sets with both Asian (n Z 462) and Western (n Z 2186)
patients who included Luminal A, Luminal B, HER2-
enriched, basal and normal-like breast tumor types.49

Because the estrogen and breast local microenvironments
are much different in premenopausal and postmenopausal
women, the mechanism and related pathways of these
microbiomes in breast cancer development and progression
should be further studied in the future to offer greater
choice in treatment of breast cancer and breast diseases. In
breast tissues from patients with mastitis (inflammation of
the breast with or without infection), researchers found
that opportunistic pathogens, such as the mutually coop-
erative species Staphylococcus and Corynebacterium, were
maintained in balance by normal microbiota.50 Questions
still exist as to what role the breast microbiome plays in
breast cancer or mastitis. It is likely that the potential
source for those bacteria present in breast tissue is trans-
location from the gastrointestinal tract via the skin/nipple-
areolar orifices or blood to reach the breast tissue.51 The
potential intestinal bacterial translocation suggests that
the gut microbiome is translocated to the skin and subse-
quently to the breast tissue via nipple-areolar orifices,
nipple-oral contact via lactation, and/or sexual contact.52

Dendritic cells might transport bacteria to the breast via
gut translocation.53 Bacteria could also translocate from
intestine to other tissue or organs, such as the MLNs
(mesenteric lymph nodes)54 and liver.55 It is reasonable to
envision that a notably amount of bacteria might occa-
sionally breach the gut epithelium and quickly arrive in the
breasts through systemic circulation while the majority of
intestinal microbiota remain located in the gut lumen and
mucus layer. Gut dysbiosis can lead to impaired local, co-
regional and systemic immune responses with the break-
down of mucosal barriers and translocation of the gut
microbiome to the MLNs and into the peripheral
circulation.56
Gut microbiome and breast cancer

Breast cancer development is highly related to the alter-
ation of estrogen. Additionally, immune regulation,
endogenous and exogenous substance metabolism, obese
status and other factors involved with the gastrointestinal
microbiome are all potentially related factors in the cause
and development of breast cancer. Peroration of the
microbiota in the gut by antibiotics has been shown to have
negative impacts on breast cancer outcomes,57 and pre-
existing dysbiosis initiated by antibiotic treatment was
found to be a host-intrinsic regulator of tissue inflammation
and tumor cell dissemination in breast cancer.58 Therefore,
progression of breast cancer could be affected by estrogen
and integration of complicated biological behaviors of the
gastrointestinal microbiome.

Gastrointestinal microbiome in estrogen
metabolization and breast cancer

Estrogen is one of the most important factors in breast
cancer and breast diseases. Estrogen is cycled in the body
in complicated pathways involving various tissues and or-
gans. The metabolism of estrogen, including hydroxylation
and conjugation, takes place primarily in the liver and in-
volves a pattern of enterohepatic circulation. After excre-
tion in the bile and subsequently into the gastrointestinal
tract, conjugated estrogen and its metabolites are decon-
jugated into a wide array of estrogen metabolites. These
metabolites (free estrogens) are reabsorbed in the distal
intestine and pass into the portal vein and on to other tis-
sues, including the mammary glands.59 The ratios of es-
trogen metabolites (such as hydroxylated estrogen estrone
and estradiol) to parent estrogens are inversely associated
with the risk of breast cancer.60,61 Interestingly, the
gastrointestinal microbiome can modulate systemic estro-
gens, and gut dysbiosis has been linked to postmenopausal
breast cancer through interaction with a higher level of
circulating estrogen. The deconjugation process of circu-
latory estrogens is mainly involved in plausible mechanisms
for microbiota composition and diversity. It is reported that
the ratio of metabolites to parent estrogens was directly
associated with whole-tree phylogenetic diversity and the
relative abundances of the microbiome.62 In a study
including both men and postmenopausal women, re-
searchers found that the richness of the gastrointestinal
microbiome was inversely related to fecal estrogen
levels.63 A recent study has reported the associations
among dietary fiber, fecal microbiota, and estrogen meta-
bolism in postmenopausal women with breast cancer.64 The
objective of this cross-sectional study involved 29 newly
diagnosed (stage 0-II), post-menopausal breast cancer pa-
tients, including both in situ (n Z 7) and invasive (n Z 22)
clinical stage. There is a trend toward and inverse associ-
ation between soluble fiber and estradiol levels, though no
correlations between serum estradiol and estrone levels
and species/genera or dietary fiber.64 However, a limited
report on the association with systemic estrogen in pre-
menopausal women (for whom the hormone level is highly
variable throughout the menstrual cycle) confines the
interpretation to the results from non-ovarian estrogen,
such as in postmenopausal individuals. Although the similar
association was found in premenopausal women, this
observation has not been firmly established due to small
sample size and greater variation in hormone levels.65 In a
pilot study, the researchers found that early menarche (age
�11) compared with later menarche (age �12) was asso-
ciated with lower OTU, Chao1 index and lower abundance
of Firmicutes, in 37 breast cancer patients who were I/II or
III stage at diagnosis.16

Microbial and digestive products and breast cancer

The products of digestion and microbial products origi-
nating from the intestine play a significant role in the
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process and development of breast diseases through the
system in circulation. It has been reported that numerous
bacterial metabolites are either the own metabolites of the
microbes (such as short chain fatty acids, lactate, pyru-
vate) or modified products of the host (such as secondary
bile acids, metabolites of aromatic amino acids, redox-
modified sex steroids). These metabolites are bioactive and
act through various pathways that involve modification of
gene expression or modulation of signal transduction in the
host. In the body, breast cells cannot directly contact the
gut microbiota, but diseases could be influenced by these
bacterial metabolites, including secondary bile acids,
which are exclusively synthesized by the microbiome.
Secondary bile acid could reduce breast cancer cell pro-
liferation and aggressiveness and metastatic potential of
primary tumors by inducing the mesenchymal-to-epithelial
transition, as shown in both murine and bench experi-
ments.66 Butyrate is important as food for cells lining the
mammalian colon (colonocytes) and also serves as a histone
deacetylase (HDAC) inhibitor and has attracted consider-
able interest as a possible regulator of cancer cell death.
Sodium butyrate could promote apoptosis and ultrastruc-
tural changes67,68 and enhance anti-tumor activity
in vitro.69 Sodium butyrate and other HDAC inhibitors have
shown promising therapeutic outcomes against triple-
negative breast cancer, especially if they are used in
combination with other anticancer agents.70

Diet contents and quantity have major roles in shaping
the gut microbiota composition and functions. Lifestyle
could negatively affect breast cancer by impacting on the
gastrointestinal flora and further the microbial and diges-
tive products. Zengul et al. reported that the total dietary
fiber is inversely associated with Clostridium hathewayi,
while soluble fiber is inversely associated with Clostridium
and insoluble fiber is positively associated with Bacteroides
uniformis sp. by studying the newly-diagnosed (stage 0-II)
and post-menopausal breast cancer patients who were
in situ or invasive carcinoma.64 After 2-month of probiotics
(Bifidobacterium longum, Lactobacillus rhamnosus) and
Mediterranean diet administration, the bacterial species,
bacterial diversity and Bacteroidetes-to-Firmicutes ratio
were positively adjusted in the intervention group of breast
cancer survivors, compared to the controls.71 Dietary sup-
plementation and healthy diet could regulate the gut
microbiota structure and function through the interaction
with the commensal microbiota and the expression micro-
bial enzymes and metabolites.
Intestinal immune modulation and breast cancer

The intestinal microbiota interact with the immune system
of the host in the large surface area of the intestinal lumen.
Immune modulation based on the intestinal microbiome
should serve as a highly important component in breast
cancer development and progression. For example, the
systemic counter-interactions between microbes and im-
mune items of IL-6 and neutrophils have been indicated in
breast cancer.36,72 It is known that both neutrophils and
lymphocytes are modulated by the microbiota and inflam-
mation. The neutrophil-associated immune responses to
the GI microbiome significantly impact carcinogenesis
progress in non-intestinal tissues, such as mammary glands.
Lakritz et al. tested the function of neutrophils in etiopa-
thogenesis in the targeted pathogenic gut microbial infec-
tion animal model with a predilection to breast cancer.
They depleted FVB-Tg(C3-1-TAg)cJeg/JegJ female mice of
neutrophils with anti-Ly-6G antibody, and investigated that
the tumor development was even completely blocked in
this bacteria-triggered model by gastric gavage with Heli-
cobacter hepaticus.73,74 Inflammation contributes to the
breast malignancy. Gut bacteria may withhold the early
carcinogenetic processes in the epithelia located distally
from the intestine by down-regulating the systemic in-
flammatory index in the manner of proinflammatory cyto-
kines and inflammatory cells.59,75 Because specific resident
gut bacteria initiate mammary gland tumors in patients
with GI tract inflammation, microbiota research may reveal
novel targets for prevention and therapy of breast cancer.59

Moreover, the regular gastrointestinal microbiome is
involved in the maturation of effector CD8þ T-cells (also
known as killer T-cells), which are the most potent immune
cells that can eradicate HER2/neuþ breast tumor cells.76

The innate immune inflammation associated with intesti-
nal bacterial infections may play an important role in
breast cancer. Infection of Rag2-deficient C57BL/6 Apcmin/þ

mice with the intestinal bacterial pathogen Helicobacter
hepaticus significantly promoted mammary carcinoma in
females and enhances intestinal adenoma multiplicity via a
tumor necrosis factor a (TNFa)-dependent mechanism.77 As
symptoms of aggressiveness and invasiveness in breast
cancer, especially hormone receptor-positive (HRþ) breast
cancer, it is also important to identify the role of intestinal
microorganisms in metastatic dissemination of breast
cancer.

Toll-like receptors (TRLs) are transmembrane receptors,
an essential component of the innate immune system in a
pattern recognition receptor family. TLRs recognize path-
ogen-associated molecular patterns (PAMP), which are
molecular products derived from pathogens of bacteria,
fungi and viruses. The emerging evidence suggests strong
linkages between TLRs and breast cancer. Breast cancer
pathologists have systematically investigated the expres-
sion of TLRs in breast cancer cell lines and tissues. The
expression pattern of expressed TLRs is unique for each cell
line, and the levels are different in the same cell line, e.g.,
expression of TLR2 in MDA-MB-231 is higher than in poorly
invasive MCF-7 cells, whereas TLR3 expression was lowest
in the MDA-MB-231 cell line.78 TLR2 activation leads to
enhanced activity of NF-kB and increased levels of IL-6,
TGF-b, VEGF and MMP9, which showed that high invasive-
ness may be associated with TLR2 expression. Except for
the breast cancer cell lines, TLR3, 4, and 9 were also
identified as highly expressed at the mRNA level in samples
from breast carcinoma patients.78 Invasive ductal carci-
noma showed a significant correlation between patholog-
ical features and TLR4 expression.78
Dysbiosis of intestinal microbiota and breast cancer

Preexisting dysbiosis in the gut was reported as a host-
intrinsic regulator of tissue inflammation and tumor cell
dissemination in breast cancer.58 More importantly, the
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compositional and functional differences in the gut micro-
bial community between postmenopausal breast cancer
patients and healthy controls highlighted the importance of
the intestinal microbiome in breast cancer.79 Microbial di-
versity was higher in breast cancer patients than in con-
trols, although relative species abundance in gut
microbiota did not differ significantly between premeno-
pausal breast cancer and premenopausal controls.79 A
caseecontrol clinical study that examines the association
between intestine microbiota dysbiosis and the risk of
breast cancer (stages I and II) is ongoing and is the first to
evaluate the contribution to breast cancer of bacteria,
archaea, virus and fungi and their alterations.80 Preexisting
intestinal dysbiosis induced by antibiotics treatment was
reported as a possible host-intrinsic regulator of tissue
inflammation and tumor cell dissemination in hormone
receptor-positive breast cancer.58

Recently, a study with newly diagnosed breast cancer
patients (n Z 25) and benign breast disease control pa-
tients (n Z 25) reported that the abundance of Faecali-
bacterium was reduced in breast cancer patients, which
Figure 1 Microbiota-host interactions in local intestine and
distant breast. Gut microbiota influence amino acid bioavail-
ability, metabolites (such as secondary bile acids, SCFAs), and
PAMPs. Maternal milk plays an important role in establishing
the gut bacterial system of the infant. Intestinal dysbiosis is
associated with dysfunctions of estrogen enterogastric circu-
lation, altered immunity, and inflammation of the host (TLRs,
cytokines). However, the role of intestinal microbiota trans-
location between the gut and breast in the development and
progression of breast disease is still unknown. All of these
factors could potentially influence pathogenesis and progres-
sion of breast cancer and other breast diseases.
was negatively correlated with various phosphorylcho-
lines.81 Faecalibacterium prausnitzii, the inhibitor of the
secretion of interleukin-6 (IL-6) and the phosphorylation of
Janus kinases 2 (JAK2)/signal transducers and activators of
transcription 3 (STAT3) in breast cancer cells, was also re-
ported suppression the growth of breast cancer cells
through inhibition of IL-6/STAT3 pathway.81 Also, our
recent study has shown the potential involvement of the
microbiome in breast cancer development. Intestinal bac-
teria including Lachnospiraceae, Lactobacillus and Alis-
tipes were found to be markedly altered in xenograft nude
mice after challenging breast cancer cells.36

Micronutrients are essential elements needed by life in
small quantities. They include microminerals and vitamins.
Micronutrients from the diet and microbiota are essential to
human health. Queuine is derived from a de novo synthe-
sized metabolite in bacteria;82,83 it is considered as
micronutrition taken up through the intestine and circu-
lated in the blood. All human cells then use queuine and
incorporate it into the wobble anticodon position of specific
transfer RNAs (tRNA) by two protein enzymes encoded in
our genome.84 We have demonstrated that Q modification
regulates genes critical in cell proliferation, tight junc-
tions, and migration in human breast cancer cells in vitro
and a breast tumor mouse model in vivo. We found evi-
dence that microbiome was involved in the growth of breast
cancer in vivo.36 The correlation of the gut microbiome and
breast cancer is expected to aid future diagnostic assays for
clinical application. For instance, metabolites (estrogen
metabolites) combined with bacteria l biomarkers (Bac-
teroidetes-to-Firmicutes ratio) might be a new diagnosis
method for breast cancer.
Conclusions and future perspectives

Host-microbiome interactions can promote effects in the
gut and in distal organs, such as the breast. These effects
are mediated by many microbe-derived effectors, including
metabolites (free estrogens, SCFAs, secondary bile acids,
and vitamins), immune and inflammatory modulators (TLR,
cytokines), and secreted small natural products. Intestinal
bacterial translocation may play a marked role in the pro-
cess and development of breast cancer and other diseases.
Dysbiosis of gastrointestinal microbiota not only has con-
sequences for local diseases, but also for the distant breast.
Metagenomic sequencing technologies enable us to yield
glimpses into the complex and far more completely un-
derstood interactions between the gut microbiome and
breast cancer. Better understanding of gut microbiome and
breast microbiome will provide novel methods of treatment
and diagnosis of breast carcinoma by recovering the steady-
state of the microbiome (Fig. 1).

In the future, we need characterize the variability of the
microbiota both in situ and in the GI tract. A better un-
derstanding of how such variability can result in similar or
different functional profiles, and additional integrative
studies should consider the interactions among the micro-
biota, host, and environment. It could enhance many as-
pects of our daily lives, such as optimizing the composition
of infant formulas and offering new tools in our fight against
breast cancer and obesity. Finally, understanding the



Microbiome in health and breast cancer 587
cellular and organismal mechanisms of this microbiome-
dependent micronutrient will advance the prevention of
breast diseases and improve the life quality of patients. We
could potentially manipulate microbiome through pre-
biotics and probiotics. Overall, we should consider the
breast and intestinal microbiota as two important factors in
maintaining health and monitoring its changes in breast
diseases. Explore and understand the mechanisms of gut
microbiome and breast microbiome will provide insights
into effective approaches that manipulate microbiome in
prevention and treatment of breast diseases.
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