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Breast cancer is the leading malignancy in women worldwide. To date, much is known about the molecular subtypes of these ma-
lignant neoplasms and the mechanisms of drug resistance. Significant success has been achieved in approaches to early diagnosis,
which allows identifying the tumor process in the early stages of development. Recently, the study of the influence of the human
body microbiota on cancer development and the effectiveness of treatment has become an actively developing field of research.
This review presents an analysis of the literature data on this issue.
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Modern research projects Metagenomics of the
Human Intestinal Tract Consortium (MetaHIT) and Hu-
man Microbiome Project (HMP) using genetic research
methods have significantly deepened our knowledge
about the diversity, number and importance of bacteria
inhabiting the human body [1-3]. Further development
of these studies has shown that microorganisms signifi-
cantly affect multiple metabolic processes that occurinthe
human body [4, 5]. There is no doubt that bacteria affect
the development and functioning of many physiological
systems of the macroorganism, such asimmune, nervous,
respiratory, digestive, hormonal, and metabolic [6, 7].
It has been shown that certain compositions of microbiota
can be associated both with the healthy state of the human
organism and with certain pathological processes, such
as metabolic syndromes, cardiovascular pathologies and
malignant neoplasms [8, 9]. Itis known that approximately
20% of tumors that occur in humans are caused by the
activity of microorganisms [10, 11]. It haslong been known
that certain microorganisms have a direct carcinogenic
activity or are associated with the development of human
malignancies. For example, Helicobacter pyloriis associ-
ated with carcinomas and lymphomas of the stomach [12],
Fusobacterium nucleatum — with tumors ofthe colon [13],
and highly oncogenic types of human papillomavirus
cause malignancies of the cervix, vagina, and anus [14,
15]. It has recently been found that a microscopic fungus,
a representative of the skin microbiota, Malassezia glo-
bosa, is associated with malignant neoplasms of the pan-
creatic ducts [16]. In 2020, the journal Science published
the results of a large-scale study of 1,563 samples of tu-
mors of various histogenesis (melanoma, tumors of the
lung, breast, pancreas, bone, brain) and healthy adjacent
tissues for the presence of bacteria. Bacterial cells were
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found in samples of all studied tumors in much greater
numbers thanin compatible healthy tissues [17]. Interest-
ingly, many of the bacteria found were present in tumors
as intracellular L-forms. Of all the tumors studied, breast
tumors were characterized by the highest contentand di-
versity of bacteria. Reviews [18, 19] based on the analysis
of literature data showed that certain representatives of the
microbiota are involved in the induction of tumor growth,
affectthe growth and metastasis of tumors, the formation
ofimmune defense mechanisms against tumor cells, and
determine the sensitivity of tumors to drug therapy.

In the epidemiology of malignant neoplasms of wom-
en, breast cancer (BC) occupies the first place [20, 21].
It is now known that the genetic predisposition to BC ac-
counts for only 10-20% of the total number of various
influencing factors [22, 23]. Therefore, there is consider-
able interest in how the origin and development of these
tumors can be associated with the microbiota. This review
analyzes current literature data on the relationship and
influence of microbiota on the development of breast
malignancies in women. In the study of this problem
we will consider the following questions: 1) the differ-
ence between composition and activity of the microbiota
in healthy and malignantly transformed breast tissue;
2) howthe composition of intestinal microbiota can be as-
sociated with the development of breast tumors; 3) how
the microbiota affects the hormonal status of women;
4) whether there is a link between diet, microbiota and
BC in women.

COMPOSITION OF THE MICROBIOTA

IN NORMAL AND MALIGNANTLY

TRANSFORMED BREAST TISSUE

The breastis an organ that has a certain structure and
function in mammals. The main function of the breast
is the production of milk for breastfeeding. The maintypes
of cells presentinthe breast are epithelial cells, connective
tissue and immune system cells. The ducts of the breast
are lined with epithelium that has a secretory function.

Currently, there is no doubt that the breast has its
own microbiota, the composition of which is unique and
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different from the microbiota of other biotopes of the hu-
man body [24, 25]. According to current research on the
breasttissue, the most common are representatives of the
phylum Proteobacteria, then Firmicutes, as well as Bac-
teroides and Actinobacteria [26, 27]. Currently, there are
two models of breast microbiota formation: 1) constant
flow model; 2) model of mucosalinteraction. The constant
flow model assumes that the breast does not have a resi-
dent microbiota, and those microorganisms that appear
in the breast and breast milk are a kind of “tourists”. This
explains the relatively small number of microorganisms
in the breast. It is known that the epithelium of the breast
does not specialize in the production of mucins. Also, there
is still no experimental evidence that bacteria are able
to attach to the epithelium of the ducts of the breast and
multiply in the ducts of the organ. The “mucosal interface”
model assumes that the ducts of the breast contain their
self-renewing composition of the microbiota. Interest-
ingly, the microbiota of two breasts in one woman is also
somewhat different [28].

Throughoutawoman’slife, the breastis subject to de-
velopmentand isinvolved in performing such animportant
physiological function as lactation. It is known that normal
human breast milk contains a total of up to 800 species
of bacteria in the amount of approximately 1000 bacterial
cells per 1 mI[29]. It has been estimated that a breastfed
infant consumes 800,000 bacteria daily with breast milk.
The most frequent representatives in breast milk are:
Staphylococcus spp., Streptococcus spp., Cutibacterium
acnes, Corynebacterium spp., Bifidobacterium spp.,
Veillonella spp., Bacteroides spp., Parabacteroides spp.,
Clostridium spp., Collinsella spp., Faecalibacterium spp.,
Coprococcus spp. and Blautia spp. [30].

The presence of skin microbiota in the milk is easy
to understand (representatives of the genera Staphy-
lococcus, Streptococcus). For a long time, it remained
a mystery how intestinal bacteria got into milk. Microbial
associations of breast milk are unique and do not corre-
spond to that of woman’sintestines. Moreover, the content
of the representatives of certain genera (Bacteroides,
Enterococcus, Faecalibacterium) inthe milkis higher than
the representatives of other genera, which are rarely found
in breast milk (for example, Escherichia, Eubacterium).
This suggests the existence of a special selective mecha-
nism of vertical transport, which provides the representa-
tion in the microbiota of breast milk, the types of bacteria
from the mother’s intestine that are most “useful” for the
developing baby [31]. In addition, milk contains so-called
bifidogenic factors (human milk oligosaccharides, HMOs),
which promote colonization of the child’s intestines
by members of the genus Bifidobacterium and Lactobacil-
lus [32], as well as prevent the attachment of pathogenic
microorganismsin the biotope. By the way, breastfeeding
isassociated with a reduced risk of breast tumors [33, 34],
possibly because milk supports the development of ben-
eficial bacteria. Transport of bacteria from the intestines
to the breast occurs in non-pregnant and non-lactating
primates. This confirms the fact that bacteria are present
in the breast before pregnancy and lactation [35].

Thus, three main physiological mechanisms of micro-
organisms entering the breast are currently being consid-
ered: colonization of bacteria from the microenvironment
of the skin [36], from the oral cavity of the infant during lac-
tation [35] and by transporting bacteria to the breast from
woman’sintestines [37]. The idea of transferring bacteria
fromtheintestineis also confirmed by the results of studies
of breast milkinwomen after oral probiotics. The probiotic
strains of bacteria were later detected in breast milk [38].

The data on the breast microbiota in health and in the
tumor process are often contradictory. This is due to the
difference in approachesto the use of histological material
for research. For example, in some studies, the microbiota
of tumor tissue and adjacent healthy tissue is investigated
in the same woman. The result of such studies, for the
most part, indicates a minimal difference or no difference
in the composition of the microbiota of tumor tissue and
adjacent healthy breast tissue [27]. This approach raises
some doubts because the tumor develops in a certain
microenvironment, which is significantly different from
healthy tissue. Therefore, the tumor tissue is surrounded
by healthy tissues with altered microbiota, which contrib-
utedto the development of the tumor [39]. In other studies,
inwhich the microbiota of breast tumor tissue is compared
with the microbiota found in histological samples from
women without BC, differences in the composition of mi-
crobiota are more common [28, 40].

It is now established that the microbiota of the breast
of women of different countries, ethnic groups, races
is different. For example, one study has shown that the
composition of the breast microbiota of women from
Canada and Ireland differed [41]. In particular, Canadian
breast samples were dominated by bacteria of the genera
Bacillus (11.4%), Acinetobacter (10.0%), Enterobacte-
riaceae (8.3%), Pseudomonas (6.5%), Staphylococcus
(6.5%), Propionibacterium (5.8%), Comamonadaceae
(5.7%), Prevotella (5.0%) and Gammaproteobacteria
(5.0%). Bacteria of the Enterobacteriaceae family (30.8%)
and representatives of genera Staphylococcus (12.7%),
Propionibacterium (10.1%), Pseudomonas (5.3%), and
Listeria welshimeri (12.1%) predominated in breast tis-
sue from Irish population. Another study showed different
composition of the breast microbiota in women of different
races with the same histological subtypes of the BC [42].

The results of studies generally indicate that the micro-
biota of breasttumorsis dominated by bacteria belonging
to the phyla of Proteobacteria, Firmicutes, Bacteroidetes,
Actinobacteria (Table).

One study evaluated the microbiota in the tissue ad-
jacent to the tumor and the microbiota of healthy breast
tissue. Bacteria of the genera Lactococcus, Streptococ-
cus, Prevotella, Corynebacterium, and Micrococcus
have been shown to predominate in healthy breast tissue.
In contrast, women with BC had an increased content
of Staphylococcus, Bacillus, and Enterobacteriaceae,
Comamonadaceae, and Bacteroidetes [43]. It was further
investigated thatisolates of Escherichia coliand Staphylo-
coccus epidermidis derived from healthy breast tissue ad-
jacent to tumor had the ability to induce double-stranded
DNA breaksin HelLa cellsin vitro. The accumulation of such
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disorders in cells usually leads to genomic instability and
malignant transformation of cells (Fig. 1). The elevated
levels of Bacillus cereus were also found in breast tissue
involved intumor process. B. cereusis notarepresentative
of the microbiota of the human body, but can come from
the environment: soil, plant foods.

Another study showed the increased content of bac-
teria of the families Pseudomonadaceae, Dietziaceae,
Genellaceae, Neisseriaceae [28] in breast tumor tissue.
According to the authors, it may be associated with tumor
development. Bacteria of the family Genellaceae are
representatives of the intestinal microbiota of newborns
and are found in amniotic fluid and therefore, probably,
get into the breast from infants.

An increase in the number of members of the genera
Fusobacterium, Lactobacillus, Atopobium, Gluconac-
etobacter, Hydrogenophaga [40] and Ralstonia [27] has
been documented in BC tissue by other authors. From this
list of bacteria, Fusobacterium nucleatum has significant
carcinogenic potential and is associated with tumors
of the colon.

One study [48] analyzed the microbiota of the breast,
mouth and urine lavage of women with BC and healthy
women. No significant differences were found between
the oral microbiota in two study groups. Increased num-
bers of gram-positive bacteria, members of the genera
Staphylococcus, Corynebacterium and Actinomyces,
were found in the urinary microbiota in women with
BC. In the breast tissue of women with tumors, a de-
creased number of bacteria of the genus Methylobacte-
riumwas found compared with healthy women. In another
study, the authors found the presence of Methylobacte-
rium radiotolerans bacteriain 100% of breast tumor tissue
samples and revealed no significant differences in the
content of these bacteria between healthy breast tissue
samples and breast tumors [49]. Note that in this case,
healthy breast tissue was examined in the same patients
in whom breast tumors were detected.

In metagenomic studies, Banerjee et al. [46, 47] ana-
lyzed the breast tissue of patients with different histological
subtypes for microbiota content. Differences between the
composition of the microbiotain different histological sub-
types of BC were determined (Table). In addition, in these
studies, genetic material fromviruses, microscopic fungi,
and protozoa was found in women'’s breast tissue.

In one large-scale study involving 61 researchers,
9 medical centers from 4 countries analyzed the histologi-
cal material of 355 samples of breast tumors [17]. It was
determined that the microbiota of breast tumors is much
more numerous and diverse in species composition

Table. Microbiota of human breast tissue in health and BC [43—47]

compared to breast tissue of healthy women. Of particular
interest is the fact that many bacteria have been found
in the form of intracellular L-forms. The frequency of de-
tection of certain types of bacteria in samples of breast
tumors was: 30-50% for Streptococcus infantis, Lacto-
bacillus inners; 25-30% Corynebacterium US_1715 (US,
unknown species); 20—-25% Fusobacterium nucleatum;
15-20% Paracoccus marcusii, Staphylococcus cohnii,
10-15% Staphylococcus aureus, Acinetobacter US_424,
Enterobacter cloacae [17]. In this study, it was also
determined that histological subtypes of breast tumors
(ER+, HER2+ and triple negative) are also characterized
by a slightly different microbiota. In addition, certain fea-
tures of metabolic activity of BC tissue microbiota were
revealed. It was determined that the microbiota of ER+
breast tumors was characterized by such metabolic ac-
tivity as detoxification of arsenic and mycothiol synthesis.
The chemical element arsenic is a group | carcinogen. Its
effect on a woman’s body increases the risk of develop-
ing breast tumors. It is also known that arsenic induces
the expression of estrogen receptors on breast cells [50].
Mycothiol is a substance used by bacteria to neutralize
reactive oxygen species. It was studied that the microenvi-
ronment of breast tumors with the ER+ phenotype is more
oxidative than other histological subtypes of BC [51], which
explains the production of mycothiol by bacterial cells. The
increased expression of anaerobic bacterial enzymeswas
observed in samples of all histological subtypes of breast
tumors. The microbiota of breast tumors of different his-
tological subtypes was also characterized by increased
activity of anaerobic respiratory enzymes.

Thus, the microbiota of the breast has its own spe-
cific composition, which is different in women of different
races and ethnic groups. The species composition of the
microbiota changes with the development of the tumor
process [52]. Some representatives of the microbiota
of the breast have a certain carcinogenic activity. This
activity could be realized by direct DNA damage and/or in-
duction of regional inflammation (Fig. 1). Inaddition, there
is an associative relationship between the composition
of the microbiota and histological subtypes of malignant
neoplasms of the breast. The reasons for such changes
and associations still need more detailed study.

INTESTINAL MICROBIOTA

AND BREAST TUMORS

The microbiota of the human intestine plays an ex-
tremely important role in the life of the human body.
Bacteria carry out colonization resistance, break down
a number of nutrients inaccessible to human digestive
enzymes, produce vitamins (B and K), short-chain fatty

Histological type

Bacteria type

Breast tissue of healthy women
Adjacent to tumor healthy tissue

Lactococcus, Streptococcus, Prevotella, Corynebacterium, Micrococcus [43];
Buttiauxella, Nitrosomonas, Sphingobium,

Sphingomonas, Bacillus, Staphylococcus

The endocrine receptor positive BC tissue

Arcanobacterium, Bifidobacterium, Cardiobacterium, Citrobacter, Escherichia [47];

The human epidermal growth factor receptor 2 positive BC tissue Streptococcus [47];

The triple positive BC tissue
The triple negative BC tissue

Bordetella, Campylobacter, Chlamydia, Chlamydophila, Legionella, Pasteurella [47];
Aerococcus, Arcobacter, Geobacillus, Orientia, Rothia [47]; Arcanobacterium, Brevun-

dimonas, Sphingobacteria, Providencia, Prevotella, Brucella, Eschherichia, Actinomy-
ces, Mobiluncus, Propionibacteria, Geobacillus, Rothia, Peptinophilus, Capnocytoph-

aga [46]
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Fig. 1. Influence of microbiota on the development of breast tumors in women

acids, affect the metabolic transformation of some
biologically active substances of the human body
(bile acids, hormones), and promote the development
of such physiological systems of the body as digestive
and immune. The composition of intestinal microbiota
is influenced by such factors as genetic characteristics,
age, sex, lifestyle, hygiene, diet. The intestinal microbio-
ta, which is the most numerous in comparison with other
biotopes of the human body, has a significant impact
on the metabolism of the human body, and is also the
cause of systemic inflammatory processes. Currently,
the phenomenon of “leaky gut”, which is associated
with many pathological conditions of the human body,
is being actively studied. The development of leaky gut
can be induced by even minor stressful situations and
changes in the composition of intestinal microbiota
(dysbiosis). Due to the impaired intestinal permeability,
intestinal microbiota, bacterial cell components and
metabolites can penetrate the altered intestinal tight
junctions and enter the bloodstream that finally may
result in systemic inflammation [53].

Human intestinal microbiota comprises many phyla,
the key of which are Firmicutes (Clostridium, Faecalibac-
terium, Eubacterium, Ruminococcus, Peptostreptococ-
cus, Lactobacillus, Streptococcus) and Bacteroidetes
(Bacteroides). Representatives of these phyla make
up about 80-90% of the intestinal microbiota. The ratio
of the number of bacteria of these species Firmicutes/
Bacteroidetes (F/B ratio) is a fairly stable indicator
in a healthy ecological system of the macroorganism [49,
54]. For example, it has been studied that the F/B index
is increased in obese patients. The remaining 10-20%
of microbiota are Actinobacteria (Streptomyces, Bifido-
bacterium), Proteobacteria, Fusobacteria, \errucomicro-
bia (Akkermansia), Tenericutes, Lentisphaerae. Intestinal

microbiota significantly affects the development of tumors
in the intestine and in distant parts of the human body.

The study of the composition of the intestinal micro-
biota of women with BC and womenin the relevant control
group must be considered in the context of age and body
mass index (BMI), as these indicators significantly affect
the results. It is generally known that the development
of BCin postmenopausal women is often associated with
metabolic disorders accompanied by weight gain.

It has been shown that postmenopausal overweight
women have a higher risk of developing BC compared
to women of the same age group with normal weight.
Some studies have shown that the F/B ratio is higher
in overweight patients [55]. Another study showed an in-
creased content of bacteria of the genera Bacteroides,
Clostridia and Lactobacillus in the intestinal microbiota
of premenopausal BC patients [56].

It has been studied that in postmenopausal women
with BC, the composition of each woman’s fecal microbi-
ota (a-diversity) isless diverse than in healthywomen [57,
58]. Another study showed that the diversity of bacterial
species within the group of women studied (B3-diversity)
was more pronounced in the group of women with breast
tumors than in the control group [59].

In women with postmenopausal BC, the intestinal
microbiota had an increased content of Clostridiaceae,
Faecalibacterium, Ruminococcaceae, and a decrease
in Dorea and Lachnospiraceae levels. It has also been
shown that BC is often associated with conditions such
as obesity, insulin resistance, dyslipidemia, leukocytosis
and the elevated levels of C-reactive protein in peripheral
blood [56].

In postmenopausal women with BC, Jhu et al. [59]
demonstrated an increase in the intestinal microbiota
of 38 bacterial species was observed including Escherich-
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ia coli, Citrobacter koseri, Acinetobacter radioresistens,
Enterococcus gallinarum, Shewanella putrefaciens,
Erwinia amylovora, Actinomyces spp. HPA0247, Sal-
monella enterica, Fusobacterium nucleatum, Klebsiella
sp_1_1 55 and Prevotella amnii. In contrast, a decrease
in the number of bacteria of 7 species, such as Por-
phyromonas uenonis, Eubacterium eligens, Eubacte-
rium eligens, Roseburia inulinivorans and Lactobacillus
vaginalis, was observed. At the same time, no significant
difference in the composition of intestinal microbiota
in premenopausal women with BC and healthy premeno-
pausal women was found [59]. This study also showed
the association of intestinal microbiota enterotypes with
a BC diagnosis. The concept of enterotypes was first
proposed by Arumugam et al. in 2011 p. [60]. Three key
enterotypes with a predominance of bacteria of the genera
Bacteroides, Prevotella and Ruminococcus, belong-
ing to the 1%, 2" and 3 enterotypes, respectively, were
identified. No associations with intestinal enterotypes were
found in women with BC [59].

Inastudy by Luu etal. [61], anincrease in the number
of Blautia spp. cells was observed in patients with stage
Il BC in the intestinal microbiota compared with patients
with stage | [61]. Itwas also shown that the number of rep-
resentatives of Bacteroidetes, Clostridium coccoides
cluster, C. leptum cluster, Faecalibacterium prausnitzii
was significantly higher in clinical groups of patients with
BC stage lland lll compared to patients with stage 0 and .

What mechanisms of microbiota influence on the
development of BC are studied today? Breast tumors are
associated with estrogen-dependent and estrogen-inde-
pendent functions of the intestinal microbiota. Consider
estrogen-independent functions of microbiota, which can
be both tumor stimulating and antitumor (Fig. 2).

The intestinal microbiota is known to affect the devel-
opment of systemic inflammation in the human body. Such
systemic inflammation is a favorable background for the
development of breast tumors. For example, increased cir-
culating neutrophils and increased neutrophil/lymphocyte
ratios, as well as circulating cytokines interleukin (IL)-6,
IL-8, tumor necrosis factor-a (TNF-a), and C-reactive
protein, have been shown to be associated with BC [56].

Certain representatives of the intestinal microbiota
are able to break down dietary fiber to form short-chain
fatty acids (SCFA), which are mostly represented by bu-
tyrates, propionates and acetates. Butyrate is a group
of short-chain fatty acids that are a source of energy for
the epithelial cells of the large intestine. The producers
of butyrates are the bacteria Roseburia inulinivorans.
Butyrates are known to have anti-inflammatory and
immunomodulatory activity, which helps maintain the
integrity of the intestinal mucosa [62]. One of the known
mechanisms of anti-inflammatory activity of butyrates
is an inhibition of proinflammatory transcription factor
NF-kB in the intestinal epithelial cells.

The studies of the intestinal microbiota of women with
BC have shown a decrease in the number of bacteria
Roseburia inulinivorans, which, in turn, leads to the de-
velopment of local and systemic inflammatory process-
es [59]. In particular, in the microbiota of postmenopausal

women with BC, there was a decrease in the expression
of butyrate metabolism genes and an increase in the ex-
pression of lipopolysaccharide biosynthesis genes, iron
and vitamin B;, transport systems, phosphotransferase
systems and bacterial secretion systems. This profile
of bacterial gene expression indicates the formation
of such bacterial substances that contribute to the devel-
opment of systemic inflammation.

Butyrates and propionates also inhibit the activ-
ity of histone deacetylase enzymes (histone deacety-
lases — HDACSs) [63, 64]. The disruption of the intestinal
microbiota by antibiotics in mice leads to an increase
in HDAC?2 levelsin tissues, which is further associated with
carcinogenesis. In malignant neoplasms of the breast, el-
evated HDAC?2 levels correlate with increased metastasis,
increased expression of Ki67 cell proliferation antigen, and
resistance to chemotherapy [65]. Today, HDAC2 is con-
sidered as one of the markers of tumor progression
in BC. Thus, the intestinal microbiota through the produc-
tion of SCFA, namely, butyrates and propionates, has
an epigenetic regulatory effect on the expression of genes
inthe human body. Therefore, changesinthe composition
of the intestinal microbiota are related to the sensitivity/
resistance to chemotherapy.

Representatives of the microbiota are involved
inthe metabolic transformations of certain biologically ac-
tive substances produced in the human body, such as bile
acids [66]. Primary bile acids are synthesized in the liver
from cholesterol and are mostly represented by cholic
acid and chenodeoxycholic acid, which are further subject
to conjugation with glycine or taurine. Most of the primary
bile acids that come from the bile into the intestine are
actively reabsorbed in the terminal parts of the ileum and
returned to the liver through the portal vein. However,
approximately 5% of bile acids enter the large intestine,
where microbiota biotransformation/deconjugation
of primary bile acids with their conversion into secondary
bile acids such as deoxycholic acid (DCA), lithocholic
acid, ursodeoxycholic acid. Secondary bile acids are also
partially absorbed in the large intestine into the portal vein
oftheliver. After entering the liver, secondary bile acids are
re-conjugated with glycine or taurine and, together with
primary bile acids, enter the bile and are reused.

Representatives of the ileal microbiota of the genera
Clostridium, Bifidobacterium, Enterococcus, Lactobacil-
lus, Bacteroides, as well as Methanobrevibacter smithii,
Methanosphera stadmanae contain enzymes — hydro-
lases of bile acids (bile salt hydrolase), which deconjugate
bile acids with the creation of secondary bile acids like
DCA [67].

Primary and secondary bile acids, in addition to per-
forming functions in the digestive processes, perform
certain signaling functions, which scientists are still find-
ing out. As signaling molecules, bile acids interact with
certain bile acid receptors: farnesoid X receptor and
G-protein bile acid receptor 1 on the surface of muscle
cells, neurons and intestinal endothelium. These recep-
tors are also widely expressed by immune system cells:
monocytes, macrophages, dendritic cells, natural killer
cells (NK) and NKT cells [68]. Signals involving bile acid
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Fig. 2. Influence of human intestinal microbiota on the development of malignant neoplasms of the breast

receptor on dendritic cells and NKT macrophages lead
tothe development of such reactions, which are inhibitory
by their nature [69]. Thus, due to the involvement of bile
acid receptor receptors, atolerogenic signal is transmitted
tothe cells of the natural part of the immune system of the
liver and intestines.

Currently, information on the effect of bile acid me-
tabolites on the tumor processis somewhat contradictory.
It has been investigated that elevated levels of secondary
bile acid DCAwere elevated in the blood plasma of BC pa-
tients compared to healthy women [70]. Inmice, DCAwas
shown to act on Ito liver cells by stimulating them to pro-
duce pro-inflammatory cytokines. The effect of chemi-
cal carcinogens on the macroorganism against the
background of chronic inflammation further leads to the
development of hepatocellular carcinoma in mice [71].
Blocking the formation of DCA by intestinal bacteria
led to inhibition of hepatocellular carcinoma in these
animals [71]. An in vitro study using BC cell lines: T47D,
ZR-75-30, MDA-MB-175-VIl showed that cell proliferation
was significantly reduced by exposure to DCA. Genes
whose products are involved in DNA replication, DNA
repair, and cell cycle have been shown to be repressed
by DCA [71]. Another in vitro study showed that treatment
of BC celllines MCF-7, MDA-MB-231, MDA-MB-468 with
chenodeoxycholic acid resulted in tumor cell death
by apoptosis [72]. Aretrospective study of the metabolism
of breast tissue samples showed that the accumulation
of primary bile acids and certain metabolites in breast tis-
sueis associated with low tumor cell proliferation and less
aggressive type of tumor and increased survival [71]. For
example, it was investigated that the content of primary
bile acid DCA conjugated with glycine (glycochenode-
oxycholate) increased in certain types of breast tumors
and is associated with better survival of patients [71]. The
level of bile acid accumulation in tumor tissue was higher
thanin adjacent healthy tissue of the same patients. ltwas
shown thatin luminal A histological subtype the level of gly-
cochenodeoxycholate accumulation was higher. Thus,
primary bile acids and microbiota-derived secondary bile
acids accumulate in breast tumor tissue and inhibit tumor
growth and improve patient survival [71].

Indirect evidence of the involvement of intestinal
microbiota in tumor processes is the increased risk
of tumors, as well as recurrence of tumors after frequent
and prolonged use of antibiotics that disrupt the normal
composition of microbiota and induce dysbiosis [73, 74].

Of great interest are studies using laboratory animals.
After all, animals can be used to model and investigate
situations that cannot be created in humans. For example,
infemale C57BL/6 ApcMinRag2- mice, anincreaseinthe
incidence of breast tumors was observed in Helicobacter
hepaticus infection. In mice, changes in the composition
of the intestinal microbiota were also observed with the
development of breast tumors [75].

In one study in C57BL/6 mice, intestinal dysbac-
teriosis was induced by the use of antibiotics. Then,
against the background of dysbacteriosis, the animals
were transplanted with breast tumors. Under conditions
of dysbacteriosis, such tumors metastasized faster and
were infiltrated by myeloid cells [76]. It was shown that
mosttumor macrophages belonged to the M2 phenotype.
M2 macrophages promote angiogenesis, suppress ef-
fective antitumorimmune response, promote metastasis
of tumor cells. The dysbiotic microbiota of the mice was
then transferred to other mice sterilized by antibiotics,
which were also similarly inoculated with breast tumors.
Increased levels of tumor metastasis and tumor infiltration
by myeloid cells were also observed in these mice. and
local inflammation in the tumor tissue of the breast, which
contributes to the progression of the tumor process. Thus,
intestinal dysbiosis induces the development of systemic
inflammation and local inflammation in the breast tumor
tissue, which contribute to the progression of the tumor
process. Finally, we note that the factors that contribute
to the development of dysbacteriosis are diverse and
widely represented in the environment.

Thus, the intestinal microbiota has a significantimpact
on the development of breast tumors [77]. The mecha-
nisms of such influence are divided into two categories:
direct and indirect. The direct ones include the formation
of short-chain fatty acids and secondary bile acids, which
directly affect tumor cells. In addition, bacteria from the
intestine can be transferred to the tumor tissue and then
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be a direct factor in the microenvironment of the tumor.
Indirect mechanisms are realized under conditions
of development of the systemic inflammation induced
by a microbiota.

INFLUENCE OF MICROBIOTA ON ESTROGEN

METABOLISM

Estrogens are steroid sex hormones, which primarily
ensure the passage of sexual function in humans. These
hormones are also involved in the normal functioning
of many other organs, tissues and physiological systems
of the body, such as the functioning of the liver, adipose
and bone tissue, nervous, cardiovascular and immune
systems [78].

There are four main forms of endogenous estrogen
in the human body, which are formed as a result of meta-
bolic transformations of C21-cholesterol. 17-3 estradiol
(E2) is formed during the reproductive phase of life and
is present in the highest concentration in blood plasma.
When we talk about estrogen, we usually mean this hor-
mone. Estrone (E1) predominates in menopause and
estriol (E3) is produced in women during pregnancy [79].
Estretrol (E4) is exclusively produced by fetal liver cells.
This hormone is present during pregnancy from 9 weeks
of gestation and only a short time after birth. Its physiologi-
cal function is not yet fully understood [80].

The main producers of estradiol are gonadal cells
(mainly ovaries), adrenal cortex and adipose tissue cells.
Asmallamount of estrogen can be produced by cells of the
liver, pancreas and breast, placenta (during pregnancy).
Estrogens are formed from cholesterol, especially from the
fraction of low-density lipoprotein — cholesterol. Newly
formed estrogens in free form enter the circulation, act
on sensitive organs and tissues, the cells of which express
the corresponding nuclear and membrane estrogen
receptors ERa and ERB [81]. Estrogens undergo various
metabolic transformations, mostly in the liver [82]. Initially,
estrogens are subject to hydroxylation reactions at posi-
tions C2, C4 and C16 of the steroid ring. Members of the
superfamily of cytochrome P450 enzymes (CYP 1A1, CYP
1B1, CYP 1A2) catalyze the hydroxylation reactions of es-
tradiol and estrone. In liver cells, the expression of these
enzymes is highest, so the main events of estrogen
metabolism occur in the liver. However, in the cells of or-
gans and tissues such as kidneys, uterus, brain, pituitary
gland, breast, the activity of the enzyme CYP 1B1 is also
observed, which indicates their participation in estrogen
metabolism. Further estrogens in the liver are subject
to conjugation with hydrophilic molecular species with
the formation of sulfates and glucuronates that makes
their removal from bile possible (Fig. 3). The estrogen
metabolites formed have different lifespans and biologi-
cal effects on sensitive tissues. Estrogen metabolites are
excreted from the human body in the bile and then in the
feces, as well as in the urine. Studies using radiolabeled
estrogen have shown that 65% of administered estradiol,
48% of administered estrone and 23% of administered
labeled estriol are excreted in the bile [82].

Recently, a lot of data has been accumulated on the
effect of microbiota activity on estrogen metabolism [83].

It has even been shown that in postmenopausal women
less diversity of intestinal microbiota is associated with
highlevels of circulating estrogen, which is also associated
with anincreased risk of developing tumors of the breast,
ovaries, and endometrium [78, 84]. This effect is realized
through the involvement of estrogen metabolism.

The set of intestinal bacteria of a macroorganism, the
products of which participate in the biochemical transfor-
mations of estrogen, is called estrobolome. The concept
of estrobolome was first proposed by Plottel and Blaser
in 2011 [85]. Itis known that the enzymes B-glucuronidase
and B-glucosidase, produced by certain types of bacte-
ria, carry out the deconjugation of estrogen [86, 87]. For
example, such enzymes have been found in members
of the genera Bacteroides, Bifidobacterium, Clostridium,
Eubacterium, Faecalibacterium, Lactobacillus, Pepto-
coccus, Peptostreptococcus, Ruminococcus, Esch-
erichia [45, 57, 85, 88]. Free estrogen is reabsorbed into
the bloodstream, enters the circulation through the portal
vein of the liver, and then acts on all sensitive organs and
tissues, including the breast. The consequence of these
processes is an increase in the concentration of estro-
gen in blood plasma. Estrogen metabolism is individual
and differs in different women [57, 85]. Growth inhibition
of bacterial species with B-glucuronidase or 3-glucuronide
activity reduces the risk of estrogen-dependent tumors.

In postmenopausal women, the risk of BC develop-
ment increased with increasing circulating estrogen
compared with 2- and 4-hydroxylated estrogen me-
tabolites [89]. The high content of 2- and 4-deoxylated
metabolites of estrogen to free estrogen, in contrast, was
associated with a high level of diversity of the intestinal
microbiota and a reduced risk of developing BC [89].

FEATURES OF THE DIET AND MALIGNANT

NEOPLASMS OF THE BREAST

The microbiota of the human body, and especially the
most numerous intestinal microbiota, has a significant
impact on any metabolic processes in the body, which
are the background for health and the development
of pathological conditions. When conducting an analytical
study, it is impossible not to notice that the development
of tumors of the breast is often associated with inflamma-
tory processes, as well as overweight. Approximately 35%
of the adult population demonstrate overweight (BMI =
25-30 kg/m?) or obesity (BMI > 30 kg/m?) [82]. Weight
gain of 5 kg in postmenopausal women is associated
with an increased risk of developing tumors of the breast
by 11%, ovaries by 13%, endometrium by 39% [82].
In postmenopausal women, excess adipose tissue is as-
sociated with elevated levels of circulating estrogen, which
is a risk factor for developing BC.

Itis known that changes in the diet significantly affect
the composition and functions of intestinal microbiota.
Vegetarians have a higher content of conjugated estrogen
in the stool and a lower content of estrogen in the blood
plasma. It was investigated that the use of dietary fiber
affects the composition of the intestinal microbiota in the
direction of reducing B-glucuronidase activity, which,
in turn, leads to a decrease in the level of deconjugation
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and reabsorption of estrogen. Asian women who follow
a traditional low-fat diet have 30% lower systemic estro-
gen levels.

Let us consider the two best-studied diets — “West-
ern type” and “Mediterranean type”. For decades, the
Western diet (WeD, also called the Standard American
Diet, USA) pattern has been known to be rich in refined
starches, sugars, red and processed meats, saturated
fats and trans fats, low in vegetables, fruits and dietary
fiber. It significantly affects the development of diseases
such as metabolic syndromes, cardiovascular diseases
and tumors of the intestine, prostate, endometrium,
breast[90]. Hilletal. [91] suggested 50 years ago that the
“Westerntype” dietincreases the content and metabolism
of fecal bile acids and neutral sterols, which further leads
to anincrease in the incidence of cardiovascular disease
and hormone-dependent tumors. Then the authors noted
thatincreased consumption of dietary fiber by postmeno-
pausal women led to increased excretion of conjugated
estrogen in the stool.

It has now been investigated that WeD is associ-
ated with an increased risk of developing BC. Adherence
to such a diet contributes to the development of inflam-
mation and oxidative stress [92]. The Mediterranean Diet
(MeD) is one of the studied healthy diets because it con-
tains more unprocessed plant products. MeD presents
vegetables, fruits, whole grains, seeds, nuts, beans, olive
oiland animal proteins of fish, poultry and eggs, lactic acid
products. Most Mediterranean products are enriched
with polyphenolic flavonoids, carotenoids, omega-3 fatty
acids, antioxidants, vitamins, and minerals, essential and
non-essential amino acids. Many flavonoids and carot-
enoids have oxidizing properties and protect DNA from
damage by reactive oxygen species [93].

Adherence to MeD protects against the development
of diabetes, cardiovascular diseases and certain types
of cancer. It was also investigated that adherence to the
MeD is associated with a decrease in the development
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of BC of all histological subtypes, and the WeD is associ-
ated with an increased risk of BC [92].

It was shown that in the feces of individuals on MeD
the number of representatives of the genus Ruminococ-
cus is reduced and the content of bacteria of the genera
Lachnospira and Prevotella is increased. MeD is consid-
ered to be the closest diet to our ancestors of collectors/
hunters. The effect of WeD and MeD on the microbiota
ofthe mammary gland and intestines of animals was stud-
ied in an experiment on a model of non-human primates.
It was shown that in the breast and feces of monkeys
consuming MeD the content of Lactobacillus was higher.
In addition, the breasts of such animals had higher levels
of bile acid metabolites and conjugated phenolic metabo-
lites formed from food due to the activity of the microbiota.
It has been shown that monkeys kept on a WeD diet had
significantly increased levels of bacteria of the genera
Ruminococcus, Lachnospiraceae, Oscillospira and Co-
prococcus in their breast tissue [94]. In the breast tissue
of monkeys consuming MeD, the content of bacteria
of the genus Lactobacillus was 10 times higher. Also, the
content of bacteria of the genus Lactobacillus was higher
inanimal feces. Decrease in the number of Ruminococcus
and Coprococcus was observed in the feces of monkeys
kept on MeD [94].

Thus, the diet significantly affects the composition
ofthe intestinal microbiota, which, inturn, has a significant
impact on the functioning of various organs and systems
of the macroorganism. It has been proven that in healthy
individuals the intestinal microbiota is characterized
by a variety of bacterial species. The intestinal microbiota
mostly exhibits anti-inflammatory properties. Dysbiosis,
which is aviolation of the normal balance of the composi-
tion of the microbiota, leads to the development of local
inflammation (in Peyer’s patches and intestine lamina
propria) and systemic inflammation [95]. It is proved that
25% of tumors are formed due to the development of in-
flammation induced by bacteria.
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Fig. 3. Schematic representation of the metabolic conversion of estrogen in women.
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CONCLUSION

The microbiota is an integral part of the human body.
Researchers even call it an additional metabolic organ,
which by the number of cells exceeds that of the human
body 1.3 times [96], and by the number of genes —
100-150times. It is now clear that the presence of mi-
crobiota in the human body is not limited to the skin and
mucous surfaces that contact with the environment. The
microbiota is normally presentin such tissues and organs
that were previously considered sterile: lungs, uterus,
breast [97, 98].

Analysis of current research has shown thatthe human
breast has its own unique microbiota, which is closely relat-
ed to the physiological properties and biological purpose
of this organ. With the development of the tumor process
in the breast, the microbiota of the organ changes. What
is primary in this process still needs further investigation.
However, it is shown that histological subtypes of BC are
characterized by certain special compositions of micro-
biota. There is also no doubt that the human intestinal
microbiota, which is the most numerous, significantly
affects any physiological processes, both in the healthy
organism and in pathologies. Intestinal microbiota af-
fects the development of the tumor process in the breast.
Representatives of the intestinal microbiota are involved
inanumber of metabolic transformations that significantly
affect physiological and pathological processes in the
breast: estrogen metabolism (estrobolome), bile acid
metabolism and production of short-chain fatty acids.

How can the composition of microbiota be affected?
There are alot of influencing factors. Genetics, diet, envi-
ronmental stimuli and infectious agents play an important
role in shaping gut microbiota, which can influence immu-
nity. Itis also known that respiratory virus infections cause
perturbations in the gut microbiota [99]. Such association
was found in COVID-19 disease [100]. The associations
between gut microbiota composition, levels of cytokines
andinflammatory markers in patients with COVID-19 were
found [101]. Also it was shown that the gut microbiome
isinvolved in the magnitude of COVID- 19 severity possibly
via modulating host immune responses. Furthermore,
the gut microbiota dysbiosis 30 days after the disease
resolution could contribute to persistent symptoms [101].
It is also necessary to mention that cancer is a common
comorbidity in COVID-19. Infected cancer patients have
much more severe illness and a nearly threefold increase
inthe death rate compared with COVID- 19 patients without
cancer [102]. One of the causative factors could be micro-
biota. Some authors speculate that the estrobolome plays
arole in modifying susceptibility to COVID- 19 by modulat-
ing estrogen levels [103]. It means that it could be the as-
sociation between the composition of microbiota BC and
severity of COVID-19 disease.

Of course, the simplest, most effective and envi-
ronmentally friendly factor in the release of microbiota
composition is the diet [104]. There is currently no exact
answer as to the correct, healthy composition of the mi-
crobiota [105]. After all, the species composition of the
microbiota depends on genetic characteristics (including
belonging to a particular race and ethnic group), age,

sex, personal hygiene and diet, which depends on the
geographical region of residence. In this sense, a thor-
ough analysis of the microbiota of indigenous popula-
tions of people in certain areas is needed. Thus, local
consumer products (especially of plant and fungal origin)
affect the composition of human microbiota. Such stud-
ies are now a priority in many developed countries [106,
107]. Obtaining such knowledge is extremely important
because it allows you to create approaches to successful
personalized medicine. By using microbiota correction
approaches based on the diet, it is possible to reduce the
risk of life-threatening diseases such as cardiovascular
disease, cancer and diabetes.

In addition, manipulating the composition of micro-
biota can increase the individual sensitivity of patients
to drug and immunotherapeutic approaches to treatment
and provide support to cancer patients during and after
chemotherapy and radiotherapy.
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MIKPOBIOTA OPFAHI3MY JIIOAWUHU TA PAK
rPYAHOI 3AN103U

10.B. Illseup", 0.0. Jluxoea’, B.®. Yexyn’

THHI[ “Incmumym 6ionoeii i meduyunu” Kuiecvkoeo Hayionanrvhoeo
yHieepcumemy im. Tapaca Illeguenka

2[Hemumym excnepumermanbHoi namonoeii, onkoaoeii i padiodionoaii
im. P.€. Kageypvroeo Hauionanvhoi akademii nayx Yipainu,
Kuis 03022, Yxpaina

3n0sKiCHi HOBOYTBOPEHHS MPYAHOI 3271031 3a CTATUCTUKOIO B CBI-
Ti BUNEpemKatoTb YCi MYyX/IMHHI 3aXBOPIOBAHHSA Y XIHOK. HUHI BXe
faraTto BiOMO LLIOAO MONEKYISIPHUX MATUMIB LMX 3M0SIKICHMX
HOBOYTBOPEHb, MEXaHI3MIB PO3BUTKY NiKapCbKOi CTINKOCTi. 3Ha-
YHOrO YCNiXy AOCArHEHO B MiAxXoAax A0 PaHHbOI AiarHOCTUKW,
O O03BOJIAE BU3HAYUTU MYXJIMHHUA NMPOLLEC Ha paHHIX cTagisax
p03BUTKY. OCTaHHIM HaCOM aKTMBHO PO3BMBAETLCS rany3b JOCHI-
[KEHb LL0A0 BrIMBY MiKpOBIOTV OpraHiaMy NtoavHU Ha PO3BUTOK
Ta edeKTVBHICTb JliKyBaHHA MaLEHTIB 3 NYyX/IMHHUMU 3aXBOPIO-
BaHHSAMU, Y TOMY YMCAi | 3N0SIKICHNX HOBOYTBOPEHb MPYAHOI 3a-
nosun. Y upoMy ornagj npeactasneHo aHanis aaHux nirepatypu
3 LbOro NUTaHHS.

Knioyosi cnoBa: pak rpygHoi 3ano3u, MikpobioTa.



