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Abstract

The gut microbiota works in unison with the host, promoting its health. In particular, it
has been shown to exert protective, metabolic and structural functions. Recent evidence
has revealed the influence of the gut microbiota on other organs such as the central
nervous system, cardiovascular and the endocrine-metabolic systems and the digestive
system. The study of the gut microbiota is outlining new and broader frontiers every
day and holds enormous innovation potential for the medical and pharmaceutical
fields. Prevention and treatment of specific women's diseases involves the need to
deepen the function of the gut as a junction organ where certain positive bacteria can be
very beneficial to health. The gut microbiota is unique and dynamic at the same time,
subject to external factors that can change it, and is capable of modulating itself at
different stages of a woman's life, playing an important role that arises from the
intertwining of biological mechanisms between the microbiota and the female genital

system. The gut microbiota could play a key role in personalized medicine.
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Core Tip: The function of the gut microbiota on health is of primary importance, as it
educates and controls the immune system, allows to metabolize and absorb nutrients
correctly and protects from pathogens invasion. This paper focuses on the importance
of the microbiota for women’s physical and psychological well-being. The gut
microbiota has a strategic role in crucial moments at every stage of a woman's life: From
childhood to adolescence, from fertile age to pregnancy-partum, up to menopause. In
the future, the study of the gut microbiota could be useful in the treatment of

autoimmune and metabolic diseases and even in the fight against tumors, allowing the
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latest generation of oncological treatments, including immunotherapy, to be more

effective.

INTRODUCTION

Symbiotic microbes are present in several sites across the human body and contribute to
the healthy physiology of our organism. The microbiota consists of all these
microorganisms (bacteria, viruses, fungi and parasites) in a multicellular living
organism that live in symbiosis with it without harming it. The assemblage of microbes
and their respective genomes constitute our “microbiome” and contribute to shape and
regulate many aspects of healthy bodily function. Gastrointestinal, skin, vaginal, and
respiratory microbiomes are featured across those respective anatomical and functional
sitesl1l.

In particular, the gastrointestinal tract is composed of different anatomical structures
and is the theatre of complex biochemical processes, as well as parallel interactions with
sensory, neurological, and enE)crinological networks. Not surprisingly, the gut
environment is characterized by a heterogeneous collection of distinct habitats along the
rostral-caudal axis, which host the most abundant and diverse microbiota in the human
bodyl2l.

In recent years, a large body of studies on the human gut microbiota has increased
impressively, deepening the awareness that the composition of the gut microbiota can
greatly influence health status. Taking part in the digestive process, the gut microbiota
plays a fundamental role in the synthesis of short-chain fatty acids, certain vitamins and
essential amino acids, which contribute to the health of the body and the gut3l. The gut
microbiota has a strong influence on the immunoregulation, and on metabolic and
cardiovascular health#5l. Furthermore, it can contribute to the correct functioning of the
central nervous system and can even condition the response to drugsl3¢l. States of
dysbiosis can adversely affect host health by promoting enrichment of pathogenic
species, compromising the permeability of the intestinal barrier, and contributing to

localized or generalized inflammatory statesl’l. These conditions can lead to the onset of
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diseases such as cancer, inflammatory bowel disease, metabolic diseases, or even affect
the health of other body districts e.g., through gynaecological and dermatological
diseases.

The gut microbiota is directly involved not only in the genesis of gastroenterological
diseases, such as chronic inflammatory bowel disease, but also in the neurological and
psychiatric fields due to the role of the so-called gut-brain axisl®l. The microbiota-gut-
brain axis is a bidirectional communication system that connects the central nervous
system with the gut microbiota. This axis describes a bidirectional interaction between
the inside of the enteric environment (the intestinal epithelium, microbiota, enteric
nervous system) and the outside (the central nervous system), connecting centers of the
cognitive and emotional spheres, endocrine, and immunological activity. Growing
scientific evidence indicates that the gut microbiota can modulate the functions of the
central nervous system and vice versal®l. The marked synergy and continuous exchange
of information along this axis is possible because of the vast neurochemical pool
available to the enteric nervous system, which innervates the gastrointestinal tract,
comparable only to that of the central nervous system. Cells in both systems use the
same chemical mediators®l. Under stressful conditions, the autonomic nervous system
can alter intestinal motility and blood flow, and lead to an excessive secretion of
hormones and neurotransmitters such as adrenaline and cortisol™l: All this translates
into an alteration in the composition and functional activity of the gut microbiota
(Figure 1).

Due to dysbiosis, injurious molecules released from the gut and mediators of the
immune response (especially cytokines and interleukins) released during the
subsequent chronic inflammatory process can damage and overcome the blood-brain
barrier. As a result, brain areas that are critical for the control of emotions and
behaviour, such as the limbic and frontal lobes, can be damaged!'ll. The study
conducted by Carloni et all'2l highlighted that alteration of the blood-brain barrier,
induced by chronic intestinal inflammation, can be a cause of severe depressive and

anxiety disorders.
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The emerging role of the gut microbiota in women

There is a complex controlled exchange of bacteria and other microorganisms from
mother to child, even before birth. This dialogue prepares the newborn’s immune
system to face the outside world. Each individual acquires at birth his or her own
personal gut microbiota, which will be an integral part of his or her defence
mechanisms: An extremely heterogeneous set of bacteria, protozoa, fungi, and viruses
that form the barrier between the external environment and the internal part of the
organism (Figure 2). Its strength lies in diversity: A microbiota with high diversity can
maintain certain functions and is usually a guarantee of a healthy immune system,
while a low diversity microbiota can more easily undergo deficiencies and can cause
impaired immune defences['3l. At birth, the digestive tract of newborns is completely
sterile and is colonized immediately, starting from birth, by the microorganisms with
which it comes into contact!'3l. The gut microbiota of newborns delivered by caesarean
section and/or those artificially breastfed appears profoundly different and takes
longer to stabilize. In the first 4-36 mo of life, as a result of contact with parents, the
external environment and food, the gut microbiota develops and changes rapidly.

In the first years of life, a real genetic “imprinting” of the gut microbiota takes place,
which then determines the state of health in the rest of existence: There it is written
whether or not there is predisposition toward certain diseases!!4l. This is a crucial time
in an individual’s life, it occurs within the age of 4-6 years, and for this reason all factors
that can alter it should be avoided['>.

At this age, any intervention on the bacterial flora takes on a very important meaning
as it will leave an indelible mark on what will be the adult gut microbiota. From this
individual basic nucleus, various changes continue to be observed at different stages of

life or if particular pathological conditions are established (Table 1).

Differences in gut microbiota between men and women
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The factors that can influence the composition and balance of the gut microbiota in
adulthood are the most diverse: Environmental conditions, stress levels, genetic
predisposition, hormonal structure (such as pregnancy, menopause, premenstrual
period), pharmacological therapies, eating habits, styles of lifel'¢l. There are diversities
between male and female gut microbiotal'’l related to hormonall’8l, autoimmunel'?],
ethnic% or purely physiological differences such as body mass index body mass
index2!l and agel2l. Since microbes of the same species can produce different
metabolites depending on the gender of the host and interact differently with sex
hormones producing different effectslZ] for better characterization it is important to
take into account gender differences. These differences appear after puberty, suggesting
that sexual hormones have a key role in influencing composition of gut microbiotal?:l.
The gut microbiota progressively develops along with the maturation of the immune
and nervous system throughout the lifespan in men and women with resultant different
microbial communities as well as immune and neuro-inflammatory pathways in adult
males and females!24l.

The embryo differentiates in a male direction due to the Y chromosome and the genes
contained therein, which condition circulating testosterone levels. In mice, the
microbiota also seems to follow the same paradigm. There is a basic female-type
microbiota, which progressively differentiates into a male-type microbiota in parallel

ith the increase in circulating testosteronel2>26l. Boys and girls during childhood show
significant differences in Actinobacteria, Firmicutes, and Bacterojdetes phyla amount with
higher Bacteroidetes/Firmicutes ratio in boys compared to girls. In adult population men
and women maintain different amount of gut microbiota phyla (Firmicutes,

Verrucomicrobia, Bacteroidetes, Prevotella, Fusobacteria and Actinobacteria)?7l.

Gut microbiota during different stages of a woman'’s life
Puberty: In women, estrogens are important for differentiating the microbiota with
health-promoting characteristics. The vaginal microbiota, whose population of

microorganisms changes radically after puberty, is essential for the defence of the
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vagina throughout the fertile age, with a particular value for the pregnancy protection.
After menopause, the impoverishment of the microbiota by sexual hormones deficiency
leads to a depletion of many of its local, loco-regional and systemic beneficial health
functions[24-26],

The estrobolome is capable of producing and metabolizing estrogen, which plays a
key physiological role in maintaining women’s health therefore modulating estrogen
levels can have effects on weight, libido, and even mood, important dimensions for
well-being of every personl®l. As regards estrogens in particular, intestinal
microorganisms can modify their levels mainly through the activity of certain enzymes
with which some bacteria are equipped, thus transforming estrogens into their active
form capable of triggering physiological effects. An altered gut microbiota may play a
leading role in the onset and development of reproductive system disorders with
hormonal imbalances, such as polycystic ovary syndrome, endometriosis, and
infertility[?l. Similarly, it has been suggested that microbiota imbalances with
impairment of the gut’s physiological “barrier” function and consequent translocation
of microbes and/or microbial components have an active role in the development of

vaginal and urinary tract infections/3:31].

Pregnancy: Pregnancy represents the period most clearly exemplifying the existing
relationships between microbiota and hormone levels, where the modification of gut
bacteria produces relevant and evident alterations ranging from a “low-grade”
inflammatory condition typical of the pregnant state, to a reduced glucose tolerance,
increased adiposity, among other transmissible as has been demonstrated in some
experimental observations conducted on laboratory mice transplanted with the
microbiota of women in the third trimester of pregnancyl3%3ll. During pregnancy, the
gut microbiota primarily defends the health of the mother, for example, by helping her
not to develop gestational diabetes, and at the same time, it also preserves that of the
child who will be exposed to the first “transfer” of microorganisms at the time of

birth32l, The vertical transmission of the microbiota from mother to fetus, which
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appears to begin during intrauterine life, contributes to the development of the child’s
gastrointestinal microbiotal33l. Going toward the third trimester, the relative abundance
of some bacteria that are then transferred to the newborn in the peripartum (in the case
of vaginal birth) increases: In fact, the child’s gut microbiota consists of 22% bacteria
derived from the mother’s gut microbiota, particularly Bifidobacteria, Bacteroides, and
Escherichia coli®l. A more recent study showed important differences in the gut
microbiota related to the sex of the individual and allowed the identification of
microorganisms that remain in the female gut until fertile age and are then transmitted
from mother to child during birth34l. These strains are part of the genus Bifidobacterium,
a group of microorganisms that has been much studied because they are associated
with a positive impact on host health. Thus, knowing the composition of the microbiota
during pregnancy can be a most useful tool both for preserving a woman’s health status
and for “working” to ensure that a healthy stock of microorganisms is inherited at the

time of birth.

Menopause: In menopausal women it has been observedﬁ depletion of Firmicutes and a
progressive and recogenization of the gut microbiome (post-menopausal women tend
to be more similar to age-matched men as to pre-menopausal women regarding e.g.,
Firmicutes to Bacteroidetes ratio). This could suggest that testosterone may play a major
role in shaping the gut microbiota, but more studies focusing on differt—‘ﬁt ages with
data comparing both male and female subjects are warranted in order to enlighten the
distinct role of sexual hormones as direct or indirect choirmasters of human gut

microbiotal?7],

Gut micmbicﬁi and diseases in women

The fact that the gut microbiota differs between males and females can cause some sex-
specific changes in immunity and it has been demonstrated that differences in male and
female microbiota can drive ‘glronic diseases, ranging from gastrointestinal

inflammatory and metabolic conditions to neurological, cardiovascular, and respiratory
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B
illnessesl3?]l, Gut microbiota has a bidirectional relationship with inflammation and

depending on its composition, it can inhibit or stimulate inflammatory pathways.
Altered gut microbiota can contribute to subacute systemic inflammation reinforcing
thaj isease statel3¢l.

Potential role of the gut microbiota and its dysbiosis has been described inénany
diseases affecting women, such as polycystic ovarian syndrome, female cancers (breast,
cervical, and ovarian cancer) and postmenopausal period illnesses such as menopausal
obesity, Alzheimer's disease, and bone diseases/*”l. The International Cancer
Microbiome Consortium has suggested a key role of the gut microbiota in disease
development, tumour protection, response to therapies, and control of side effects of
cancer treatments(®l. Wang et all®! found that the feces composition of women with
benign pathology differed from that of women suffering from ovarian carcinoma where
Akkermansia were low. The researchers showed that transferring gut microbes from
ovarian carcinoma patients to mice with the same tumour increased their growth.
Subsequent addition of Akkermansia bacteria to the microbiota transplant slowed
tumour growth, probably due to increased T-cell activation. Akkermansia
supplementation increased levels of short-chain fatty acids, which are associated with
an improved ability of specific T lymphocytes to kill tumour cells.

The profile of the gut microbiota and its metabolites can serve as biomarkers for
breast cancer. Some potentially pathogenic bacteria such as Clostridium, Citrobacter, and
Escherichia may negatively influence the development and progression of breast cancer
cellsl4041], However, some bacterial species have shown a protective effect against this
disease. Faecalibacterium prausnitzii and Roseburia intestinalis are producers of butyrate,
this molecule has powerful anti-inflammatory and intestinal permeability-reducing
activities, demonstrating a protective effect against the development of tumour
cellsl4243],

The gut appears to be directly connected to the breast through an “axis”, which may
underlie a correlation between gut and breast microbiota dysfunction: The gut

microbiota-mammary axis#4l. Altered composition of the various bacterial populations,
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no longer harmoniously represented within the microbiota, could affect not only local
intestinal inflammation, but also systemic inflammation through “hyperactivation” of
the immune system. In fact, several studies have shown the presence of dysbiosis in the
breast microbiota of women with cancer, but not of healthy women!43. Costantini ef all4!
pointed out that the microbiota may predispose to neoplastic transformation. The
clinical importance of this observation suggests that “working” on the microbiota to
promote its rebalancing could result in a subsequent reduction in the risk of tumour
transformation.

The gut microbiota also actively and importantly influences the effectiveness of the
response to immunotherapy. Several studies have observed that patients in whom
immunotherapy is effective have a gut microbiome very rich in different species,
whereas in patients who are resistant to this treatment the microbiota repertoire is more
limited. Thus, the gut microbiota represents a first important modulation tool in
regulating the anti-tumour immune responsel¥l. For example, Bacteroidetes are
biomarkers of response in melanoma patients: Their pres&nce is associated with a
possible reduction in response rates. In melanoma patients, the presence of three types
of bacteria (Bifidobacterium pseudocatenulatum, Roseburia spp. and Akkermansia
muciniphila) appears to be associated with better response to immunotherapy, but the
link between microbiota and response to therapy involves different species in different
patient groupsl8l. On the other hand, Faecalibacterium, Bifidobacterium and
Ruminococcaceae can improve the response to immune checkpoint inhibitorsil. In
addition, the gut microbiota may also play a role in the response to chemotherapy and
in reducing the impact of treatment side effects, such as oral mucositis and

inflammation/50511,

CONCLUSION

Although there is a growing interest on influence of the gut microbiota on other organs,
our knowledge on the role of gut microbioa in diseases is currently still limited. Some

researchers have focused on the variation of the gut microbiome via diet and through
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supplementation with pre/pro/postbiotics in various female health issues.
Interdisciplinary studies on the microbiota are achieving progress toward a better
understanding of the molecular basis responsible for microorganism-host interaction
and possible positive or negative implications on women’s health. The modulation of
the gut microbiome as a both preventative and therapeutic strategy needs to be
accomplished. Theoretically, enriching the gut microbiota with “good” bacteria at the
expense of “bad” bacteria, good health is promoted. However, there cannot be an ideal
microbiota that is the same for everyone: Genes and individual characteristics play a
determining role. Increasingly advanced techniques for analyzing the gut microbiota

and its functions may also contribute to the development of precision medicine.
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