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Abstract
Breast cancer affects one in eight women. The causes of breast cancer are not fully
known. Regarding breast cancer, one of the most important roles of the human microbiome is to regulate the metabolism of steroid hormones, because endogenous estrogens
are the most important risk factor in the development of breast cancer, especially in menopausal women.
Recent research has shown a correlation between the patient’s microbiome and the
presence of breast cancer. Risk factors are genetic predisposition, high-fat diet, alcohol
consumption, age. According to recent studies, the alteration of the microbiome is both
a risk factor for breast cancer and a possible explanation for the various responses to
therapy.
This paper reveals the potential etiological role of the gastrointestinal microbiome in
the occurrence of breast cancer, highlighting how the intestinal bacterial microbiome
and, in particular, how the “estroboloma” (all enteric bacterial genes capable of metabolizing estrogens) could influence the risk the appearance of “estrogen receptor positive”
breast cancer after menopause.
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In recent decades, the microbial composition of the human body (microbiota) has
attracted attention in various medical fields,
including cancer biology. The interaction
between the human microbiome and cancer is
called the „oncobiome”. Moreover, the human
host can modify the microbiota and its mechanisms.
The survival rate in breast cancer has increased, and the number of deaths associated
with this disease is steadily declining, due
to early diagnosis, personalized treatment
approach and better understanding of the disease.
Researchers have identified hormonal, lifestyle and environmental factors that increase the risk of breast cancer. Most likely, breast
cancer can be caused by an interaction between genetic and epigenetic factors.
It is estimated that about 5-10% of cases of
breast cancer are related to genetic mutations.
A number of mutant genes have been identified that may increase the risk of breast cancer, and the most common are the BRCA1 and
BRCA2 genes - both of which significantly
increase the risk of both breast and ovarian
cancer.
The etiology of breast cancer is complex
and several risk factors have been described
for different subtypes of breast cancer (1-5).
In postmenopausal women, an increased level
of circulating estrogen is associated with an
increased risk of breast cancer.
The gastrointestinal microbiome can
modulate systemic estrogens, and intestinal
dysbiosis has been linked to postmenopausal
breast cancer by interacting with higher levels of circulating estrogen. However, there

are few studies based on the association of the
microbiome with breast cancer compared to
other cancers.
This article aims to reveal the role of the
microbiome as a risk factor for breast cancer.
A decrease in the bacterial biodiversity of the
faecal microbiota has been shown to increase
the risk of breast cancer. About 70% of breast
cancer patients express estrogen receptor cells
and are affected by the concentration of estrogen.
The ovaries are the main source of estrogen. Estrogen production from androgen
precursors is catalyzed by aromatase. Breast
cancer is frequently diagnosed after menopause, when circulating levels of this hormone
decrease (6).
Breast cancer is the most common malignancy in women worldwide, with more than
half of women that develop the disease having
known risk factors.
Scientific research advances have identified a subset of the intestinal microbiota - estroboloma (which consists of those bacteria
that have the genetic ability to metabolize estrogen) that plays a key role in breast cancer.
Recent research provides evidence that the
intestinal microbiome plays a substantial role
in the regulation of estrogens. Compared with
controls, postmenopausal patients with breast
cancer had significant direct associations of
estrogens concentration with the intestinal
microbiota IgA + / IgA-, suggesting that the
intestinal microbiome influences the risk of
breast cancer by altering metabolism, estrogen
recycling and immune response. .
The author of this article presents the potential role of the gastrointestinal microbiome
in the development of breast cancer by medi-
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ating the metabolism of steroid hormones and
the synthesis of biologically active estrogens.
The intestinal microbiome is one of the main
regulators of circulating estrogens. Intestinal
dysbiosis disrupts homeostasis by disrupting
estrogen metabolism.
It is suggested that estroboloma, the total
number of bacterial genes in the human gut,
along with their products, which are involved
in estrogen metabolism, increases the risk of
developing after menopause the type of breast
cancer with estrogen receptors.
The microbiome is undoubtedly the second
genome of the human body and has various
roles in the periods of health and of disease.
Intestinal microbes encode enzymes capable
of deconjugating conjugated estrogen metabolites for excretion, reaching the enterohepatic
circulation in the biologically active form (4).
The terms “microbiome” and „microbiota” are, in fact, distinct. Since the early 2000s,
the role of the human gut microbiota and its
relationship to breast cancer has become a
major area of interest in the medical scientific
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community (7, 8), (Fig,1).
Regarding breast cancer, one of the most
important roles of the human microbiome is to
regulate the metabolism of steroid hormones,
because endogenous estrogens are the most
important in the development of breast cancer,
especially after menopause (4).
The development of breast cancer is closely
linked to changes in estrogen levels. Plottel
and Blaser define “estroboloma” as “the totality of enteric bacterial genes whose products
are capable of metabolising estrogen” (9).
Recent research indicates that the intestinal microbiome plays a substantial role in the
regulation of estrogen. Intestinal dysbiosis is
associated with dysfunctions of the enterogastric circulation of estrogen, alteration of
host inflammation and immunity (TLR toll-like receptors, cytokines).
Scientific advances have identified a subset of the intestinal microbiota: estroboloma,
those bacteria that have the genetic ability to
metabolize estrogen, which play a key role in
most breast cancers (7).

Fig. 1 The importance of the microbiota in breast cancer,
EMT= epithelial-mesenchymal transition (8)
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Recent research provides evidence that the
intestinal microbiome plays a substantial role
in the regulation of estrogen. An important
role of the intestinal microbiome is the modulation of systemic estrogens, because it affects
the enterohepatic circulation of estrogens and
their reabsorption.

use and breast cancer risk (11). The gastrointestinal microbiome acts as a symbiote that
provides protection against external pathogens, helps the development of the immune
system, the recovery and absorption of nutrients, and the breakdown of molecules (12,13),
(Fig.2).

It has long been assumed that the intestinal
microbiome contributes to breast carcinogenesis by altering systemic estrogen levels (10).
The source of estrogen involved in breast cancer with positive estrogen-receptors metastasizing is less clear (6). Estroboloma/microbiome influences circulating estrogens levels and,
consequently, the endogenous hormonal environment, which increases the risk of hormonal
malignancies, including breast and endometrial cancer, directly or indirectly, for example by
immunomodulation.

The human microbiome can influence the
development of prostate cancer. Studies have
shown that viral and bacterial infections of
the prostate are risk factors associated with
the development of prostate cancer (9, 12).

Several epidemiological studies have
suggested a possible association of antibiotic

Several previous studies have reported an
abundance of proteobacteria associated with
dysbiosis-related conditions, including cancer (13 - 16).
Liver-conjugated estrogens are deconjugated by the intestinal microbiota as “free”
estrogens; these are reabsorbed through the
enterohepatic circulation. Reabsorption causes an increased concentration of „estrogen-

Fig. 2 Possible mechanisms of gastrointestinal microbiome in the development of breast
cancer (13))
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like substances” that leads to the synthesis of
“estrogen-induced growth factors (estromedines)”, polypeptides with carcinogenic potential with breast tropism.
The role of β-glucuronidase and bacterial
β-glucosidase activity in breast cancer risk is
currently unknown.
Estrogens are determinants of hormone
receptor-positive breast cancer and play an
important role in initiating and maintaining
neoplastic growth (14). Adiposity has been
associated with high levels of circulating
estrogens in postmenopausal women, as
well as an increased risk of breast cancer. In
postmenopausal women, obesity and excess
adipocytes can lead to increased circulating
estrogens by peripheral aromatization of androgens (Fig.3).
Lifestyle recommendations also contribute to long-term survival. Such recommendations generally focus on diet and exercise.
A healthy diet could regulate the structure
and function of the intestinal microbiota by
interacting with the commensal microbiota

15

and by expressing microbial enzymes and
metabolites.
It is known that dietary changes affect the
composition and function of the intestinal microbiome. Vegetarians showed an increase in
the excretion of conjugated estrogens in feces compared to non-vegetarians, leading to
decreased plasma estrogen concentrations.
(Fig.4).
Diet plays a key role in the complex relationship between the human gut microbiota, estrogen metabolism and its influence on
breast cancer recurrence, as well as on the
metastatic potential. Diet is also an important
factor in immunotherapy, as it may influence
the gut microbiota.
A high-fiber diet increases the diversity
of the intestinal microbiota, with a positive
effect on the response to immunotherapy.
Diet may contribute to the development of
various diseases, including cancer, because it
has a direct role in controlling the microbial
composition.

Fig. 3 The impact of lifestyle on breast cancer (7)
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Little is known about the clinical applications of the microbiome, such as probiotics,
modulation of the microbiome genome, and
the use of microbiome enzymes in breast cancer therapy.
This diet results in decreased production
of short-chain fatty acids (butyrate, propionate, acetate), which play a major role in
preventing “permeable bowel syndrome”.
This syndrome is responsible for the flow of
harmful inflammatory products in the circulatory system, influencing the evolution of
breast cancer.
The microbiome could also decrease the
risk of breast cancer by modulating functional estrogens. The correlations between the
microbiome and breast cancer create new
opportunities for the stratification of the prognosis and, respectively, for the treatment of
cancer.
Unhealthy lifestyle negatively affects

breast cancer by impacting the gastrointestinal microbiota and microbial and digestive
products. Lifestyle medicine, in terms of survival after breast cancer, is based on 3 major
pillars: diet, physical activity and stress management.
Lifestyle changes focused on diet and
exercise have been shown to influence overall survival in breast cancer (7).
Obesity increases the risk of breast cancer,
especially after the onset of menopause.
Thus, it is recommended to eat vegetables
and fruits, whole grains and to give up, as
much as possible, fats and carbonated drinks;
it is also ideal to stop drinking alcohol or
drinking it in moderation, to quit smoking
and to exercise every day.
Alcohol increases the risk of breast cancer. Increased use of antibiotics has also been
linked to an increased risk of breast cancer.

Fig. 4 Influence of diet on intestinal microbiota/microbiome and estrogen metabolism (7)
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Fig. 5 Diet and interactions of intestinal microbiome in breast cancer (15)

Exposure to antibiotics (clarithromycin,
metronidazole, ciprofloxacin) has been observed to decrease biodiversity and the abundance of bacterial communities, disrupting
the balance of the intestinal microbiome associated with an increased risk of breast cancer.

There is a dynamic and complex relationship between the human host and the microbiota. Individuals who took oral supplements
of Lactobacillus acidophilus showed a reduction in faecal enzyme activity, including
β-glucuronidase (16 - 19)..

Pre-existing intestinal dysbiosis induced
by antibiotic treatment has been reported as
a possible intrinsic host-tissue inflammation
regulator and tumor cell dissemination in
hormone-positive breast cancer.

Micronutrients are essential elements for
life in small quantities. These include microminerals and vitamins.

Probiotics and fermented foods containing lactic acid bacteria have been explored
for anti-carcinogenic properties, which may
involve modulation of the intestinal microbiome and the host's immune response, (Fig.5).

Further studies are needed to find the
exact relationship between the microbiome,
micronutrients and cancer.

Dietary micronutrients are essential for
human health.
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Conclusion
Based on recent studies, the changes in the
microbiome are a risk factor for breast cancer. It is expected that the association between the intestinal microbiome and the breast
neoplasm will help to specify the analyzes
that will be performed in the future in order
to assess the clinical importance of this correlation.

Further studies are needed to assess the
hypothesis of the role of the stroboloma and
to define the impact of the metabolic capacity
of the microbiome on estrogen metabolism
and host physiology.

Declaration of conflict of
interest:
Competing interests: The author stated that
there are no competing interests.

Bibliographical references:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Clarke G, Stilling RM, Kennedy PJ, Stanton C, Cryan JF, Dinan TG. Minireview: Gut microbiota: the neglected endocrine
organ. Mol Endocrinol. 2014; 28(8): 1221-38.
Ge Y, Wang X, Guo Y, Yan J, Abuduwaili A, Aximujiang K, Yan J, Wu M. Gut microbiota influence tumor development and
alter interactions with the human immune system. J Exp Clin Cancer Res. 2021; 40(1): 42.
Baker JM, Al-Nakkash L, Herbst-Kralovetz MM. Estrogen-gut microbiome axis: physiological and clinical implications.
Maturitas. (2017) 103: 45-53.
Parida S, Sharma D. The Microbiome-Estrogen Connection and Breast Cancer Risk. Cells 2019, 8 (12): 1642.
Chen J, Douglass J, Prasath V, Neace M, Atrchian S, Manjili MH, Shokouhi S, Habibi M. The microbiome and breast cancer:
a review.Breast Cancer Res Treat. 2019; 178(3): 493-6.
Amanatullah DF, Tamaresis JS, Chu P. Local estrogen axis in the human bone microenvironment regulates estrogen receptorpositive breast cancer cells. Breast Cancer Res. 2017; 19(1): 121.
Bodai BI, Nakata TE. Breast Cancer: Lifestyle, the Human Gut Microbiota/Microbiome, and Survivorship. Perm J. 2020; 24:
19.129.
Vergara D, Simeone P, Damato M, Maffia M, Lanuti P, Trerotola M. The Cancer Microbiota: EMT and inflammation as
shared molecular mechanisms associated with plasticity and progression. Journal of Oncology. 2019.
Plottel CS, Blaser MJ. Microbiome and malignancy. Cell Host Microbe. 2011; 10(4): 324-35.
Wang H, Altemus J, Niazi F, Green H, Calhoun BC, Sturgis C, Grobmyer SR, Eng C. Breast tissue, oral and urinary
microbiomes in breast cancer. Oncotarget. 2017; 8(50): 88122-38.
Velicer CM, Heckbert SR, Lampe JW, Potter JD, Robertson CA, Taplin SH. Antibiotic use in relation to the risk of breast
cancer. JAMA. 2004; 291(7): 827-35.
Yang J, Tan Q, Fu Q, Zhou Y, Hu Y, Tang S, Zhou Y, Zhang J, Qiu J, Lv Q. Gastrointestinal microbiome and breast cancer:
correlations, mechanisms and potential clinical implications. Breast Cancer. 2017; 24: 220-8.
Rea D, Coppola G, Palma G Microbiota effects on cancer: from risks to therapies. Oncotarget. 2018; 9(25): 17915-27.
Russo J Russo IH. The role of estrogen in the initiation of breast cancer. J Steroid Biochem Mol Biol. 2006; 102(1-5): 89-96.
AlHilli MM, Bae-Jump V. Diet and gut microbiome interactions in gynecologic cancer. Gynecologic Oncology. 2020; 159:
299-308.
Kwa M, Plottel CS, Blaser MJ, Adams S. The intestinal microbiome and estrogen receptor-positive female breast cancer.
Journal of the National Cancer Institute. 2016; 108(8).
Jarman R, Ribeiro-Milograna S, Kalle W. Potential of the Microbiome as a Biomarker for Early Diagnosis and Prognosis of
Breast Cancer. J Breast Cancer. 2020; 23(6): 579-87.
Cojocaru M. Intestinal microbiota in the PCOS. Journal of Clinical Sexology.Vol 3: No.1,19-24, DOI:10.37072/JCS.2020.01.02, 2020
Dutta D, Lim SH, Bidirectional interaction between intestinal microbiome and cancer: opportunities for therapeutic
interventions. Biomarker Research,8-3,2020.

