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MICROBALANCE MICROBIOMA AND MICROBIOTA

A healthy microbiota - the community of symbiotic microbial cells harbored by an Human organism is not a sterile environment: microbes are present both on its
individual - helps protect human wellbeing. surface and inside it, where they contribute to its health status.
MICROBALANCE by Bioscience Institute is a platform for the analysis of microbioma (the This community of microbes (bacteria, fungi, protozoan, and viruses) is called
genome of the microbiota) aimed at identify microbiota alterations and correct them by microbiota and comprises 100 billion billion bacteria.

means of lifestyle-based approaches and, if needed, food supplements. The genome of all of these microorganisms is called microbioma.

cancer inflammatory bowel
disease .
urinary fract and osteoarthritis
genital infections acne
urinary ' allergies

incontinence . .
celiac disease

cholelithiasis .
atherosclerosis

A

irritable bowel

syndrome type 1 and 2 diabetes

metabolic syndrome GUT MICROBIOTA FEATURES

obesity

constipation

mood disorders | liver disease Human microbiota inhabits different body districts: oral cavity, stomach,

blood pressure

regulation smallintestine, and colon; ear, nose and lung; urinary tract; vagina; and

pancreatitis
S . skin. The term “gut microbiota” refers fo microbes living in the intestines
cronic kidney filoromyalgia

disease

heumatoid arthritis — a community 10 fold more abundant than human body cells and

infectious disease whose genome (the so called "gut microbioma”) encodes a number of

familial Alzheimer's disease
mediterranean genes 100 fold greater than genes in human genome.

This community, also known as "*gut flora™, is more abundant in the colon,

where there are 100 billion bacteria each gram of intestinal content.

MICROBIOTA INFLUENCING FACTORS Weight 1 Kg

type of delivery (vaginal or c-section)

Phyla > 50
breastfeeding
nutritional status Kinds o'f > 15.000 mostly anaerobic (Bacteroidetes, Firmicutes,
bacteria Actinobacteria, and Proteobacteria)
age
lifestyle (diet, physical activity, stress) Distribution greater density in the colon (100 billion bacteria each
drugs gram of gut content)




MICROBIOTA FUNCTIONS

Microbiota acts as a shield against pathogens that could invade the skin, the oral cavity,
the digestive fract, and the vagina. It is fundamental for immune system and immune
tolerance development. Moreover, it plays a fundamental role in the digestion and the
absorption of food components (in particular, minerals and fiber), in the synthesis of some
vitamins and amino acids, in the production of molecules that regulate immune and
metabolic responses, in the detoxification of potentially dangerous compounds (such as
carcinogenic molecules), and in the inactivation of some medicines. However, in some
circumstances pathogens can proliferate, promoting health problems also outside the
digestive system, such as urinary tract infections (UTls) and bacterial vaginosis.

These and other dysbiosis (microbiota alterations) are associated with both gastrointestinal
acute inflammations and other inflammation-associated conditions, such as the so called

inflammaging, that is the inlammation associated to aging.

PATHOLOGY MICROBIOTA ALTERATION

intestinal inflammation Enterobacteriaceae (increase), Clostridia (decrease)

Crohn's disease Escherichia coli, Yersinia, Clostridium difficile
rheumatoid arthritis Prevotellaceae
constipation Enterobacteriaceae, methanogens (increase)

iritable bowel syndrome Ruminococcaceae (decrease)

cholelithiasis Mollicutes (decrease)
urinary incontinence Odoribacteraceae (decrease)

acne Deltaproteobacteria (decrease)

osteoarthritis Lentisphaeria (decrease)

Comamonadaceae, Enterococcaceae,
Bacteoidaceae (increase)
Bifidobacteriaceae, Ruminococcaceae, et al. (decrease)

food allergies

obesity Firmicutes/Bacteroidetes ratio increase

type 2 diabetes Escherichia coli (increase), Clostridia (decrease)
sfomach cancer Helicobacter pylori

colorectal cancer
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Prevotella (increase)

GUT AND VAGINAL MICROBIOTA, UTIS
AND VAGINAL INFECTIONS

Dysbioses of urinary trait microbiota are often characterized by a significative
increase in several strains of Escherichia coli, often harboring multidrug resistance.
Gut microbiota is a reservoir of such microbes.

In women vaginal microbiota could be involved too. In fact, the first step in UTls
pathogenesis is vaginal infroitus or urethra colonization. From there, pathogens can

move to the bladder and, sometimes, the kidney.

BACTERIAL VAGINOSIS UTIS

lattobacilli H20,-producing lactobacilli

streptococci, staphylococci,

Enterobacteriaceae, Candida, Tichomonas Escherichia colf

In other cases, vaginal microbiota is a gut-independent pathogen reservoir. In
particular, the loss of protective Lactobacillus speciesincreases the risk of both UTls and
bacterial vaginosis or infections by pathogens such as Neisseria gonorrhaeae. Among
vaginal microbiota altering factors are anfimicrobial freatment and spermicide use.

Strategies aimed at counteract gut and vaginal microbiota alterations could help

decrease the risk of UTIs and vaginal microbiota-related conditions.

GUT MICROBIOTA AND UTIS RISK FACTORS

sexual intercourses

recurrent UTls

spermicide with diaphragm
spermicide-tfreated condoms
recent anfimicrobial tfreatment

oral contraceptives



GUT AND VAGINAL MICROBIOTA, PREGNANCY AND BREASTFEEDING

The link between microbiota and human health
develops since the very first moments of life. That is why
it is important to take care of gut flora wellbeing during
pregnancy and breastfeeding.

Endocrine, metabolic and immune changes taking
place during pregnancy are associated with
significative gut microbiota variatfions. It is important
to distinguish between healthy changes — needed for
the physiologic maternal weight increase and for fetus
nutrifion — from undesirable ones that could lead to
health complications or compromise good baby gut
microbiota development.

Moreover, during pregnancy vaginal and oral cavity-
associated microbiota change too. Vaginal microbiota
helps avoid infections. During pregnancy its diversity
decreases, whereas its stability increases; Lactobacillus
species increase too, whereas pH decreases. Instead,
after delivery vaginal microbiota becomes more similar
fo gut microbiota, some Lactobacillus species are lost,
diversity increases, and vaginosis-associated bacteria
are more abundant. In the oral cavity, periodontal
disease-associated pathogens and Candida levels

increase.

Oral microbioma
Viable countsf*

Porphyromonas gingivalis ‘A
Aggregatibacter actinomycetemcomitans ﬁ
Candida 4

Placental microbioma
Presence of aerobic and
anaerobic bacteria

Gut microbioma
Actinobacteria ﬁ
Proteobacteria 4
Faecdlibacterium #
Diversity ‘y

Vaginal microbioma
Lactobacillus 4
Diversity

Stability 4

GUT MICROBIOTA DURING PREGNANCY

physiological changes pathological changes

richness diversity in early phases
Firmicutes/Bacteroidetes Gardnerella

A . . A
Actinobacteria Ureaplasma
Proteobacteria Candida albicans

butyrate-producing

" Faecalibacterium (third trimester) v iRt

4 Prevotella

4 Lactobacillus

v Propionibacterium
v Carynebacterium

v Enterobacteriaceae

v Streptococcus

A. Changes associated with mode of birth (vaginal vs. C-section)

The presence of gut microbes in the amniofic fluid of
women with preterm rupture of membranes suggests
that gut microbiota plays a role in intrauterine
infections too.

Moreover, there is another good reason to maintain
a healthy microbiota during pregnancy: the gut of
children born by vaginal delivery is first colonized by

bacteria in the vagina and the gut of their mother.

It has been hypothesized that in case of cesarean
section the absence of this transmission could have
long-term consequences on child health, such as
obesity, asthma, and celiac disease development.
Moreover, Bacteroides, which are most abundant
after vaginal delivery, influence immune system

maturation.

Breastfeeding plays a fundamental role in baby’s gut
microbiota development too. During the first year of
life microbial composition of breast milk changes.
Since bacteria in breast mik come from the gut,
taking care of gut microbiota during breastfeeding is

fundamental too.

Earlier colonization of Bacteriodetes
v Antibiotic resistance bacterial genes
4 Resemblence to mother's gut microbiota

4 Viable counts

B. Changes associated eith feeding (breast milk vs. formula)

Bacteroides fragilis
Bifidobacterium infantis 4
Sneathia 4
Staphylococcus |,

Diversity +




GUT MICROBIOTA AND IMMUNE SYSTEM

Gut microbiota is deeply involved in immune system induction, education, and
functioning. The interplay between microbes and immunity starts developing during
breastfeeding and reinforces for life the so called “barrier immunity” (that is, the
mechanisms that minimize the contact between microorganisms and intestinal cells).

The presence of a healthy gut flora guarantees good immunity functioning both in
physiological conditions and in the presence of inflammatory diseases. Moreover, it
protects tissues from inflammation-associated damage.

A microbiota characterized by good features (such as a greater diversity) is associated
with the reduction of the risk of pathologies such as asthma and allergies, whereas gut

dysbiosis can be associated with asthma, allergies, and eczema.

Bifidobacteriaceae

Lactobacillaceae

} allergies
eczema

Bacterioidaceae
asthma

Clostridiacceae

Enterobacteriaceae

innate immunity regulation

pathogens

virulence

immunomodulating
metabolites

MICROBIOTA

antimicrobial molecules

Gut microbiota alterations can influence immune responses both at the local level and
in organs distant from the intestines. For example, “*good” bacteria reduction associated
with antibiotic treatment can decrease the response to influenza virus infection in the
nose. The control operated by gut microbiota on systemic immunity exerts profounds
consequences on possible therapies. For example, the effect on microbiota of
radiotherapy associafed to some immunotherapy protocols promotes bone marrow
fransplantation good results. On the confrary, gut microbiota changes induced by

antibiotics can compromise the response to immunotherapy.

GUT MICROBIOTA, MOOD, AND BEHAVIOR

Just as brain influences gut functioning, so foo mood and behavior depend on gut
microbiota. This relationship rests on immune signals traveling from the gut to the brain,
on the interaction between microbiota and gut wall, and on the contact between
microbes and nerve terminals in the intestine.

The alteration of inflammatory responses caused by dysbiosis promotes a status of
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chronic inflammation that is associated with mood and behavior changes, greater stress
reactivity, and greater stress-associated diseases incidence.

Moreover, gut microbiota can influence eating habits. In fact, nerve and chemical signals
from the gut are elaborated by central nervous system to regulate appetite and food

intake.



GUT MICROBIOTA AND OBESITY

Obesity and obesity-related diseases are associated with gut microbiota changes.
This relationship depends at least in part on energy intake regulation by microbiota.
In fact, by fermenting fiber microbes extract additional energy from food.
Moreover, fiber fermentation leads to the production of short-chain fatty acids
that promote lipogenesis, triglycerides stockage, and adipocyte differentiation; at
the same fime, it inhibits lipolysis.

Also the better digestion of complex carbohydrates seems to increase energy
extraction from food. Finally, obesity-associated gut microbiota reduces fatty acids
oxidation and modifies gene expression in colon cells; this leads to the alteration of
triglycerides metabolism and promotes fatty acids accumulation.

Obesity-related diseases are influenced by shifts in some bacteria levels (for
example, the decrease of clostridia and the increase of lactobacilli associated
with insulin resistance), the decrease of microbiota richness (associated with both

insulin resistance and dyslipidemia), changes in hormones and other molecules

OBESITY-ASSOCIATED MICROBIOTA CHARACTERISTICS

diversity Firmicutes/Bacteroidetes richness

Blautia hydrogenotorophica, Coprococcus catus, Eubacterium ventriosum,
Ruminococcus bromii, Ruminococcus obeum, Lactobacillus reuteri

Bacteroides faecichinchillae, Bacteroides thetaiotaomicron, Blautia wexlerae,
Clostridium boltae, Flavonifractor plautii e diversi Bifidobacterium, Lactobacillus,
Methanobrevibacter smithii

produced by endocrine cells in the intestine, alteration of gut-brain communications and
of signals to the adipose tissue. Finally, dysbiosis can increase gut permeability, lefting
microbial molecules such as lipopolysaccharide (a bacterial toxin that can lead to systemic

inflammation) cross gut barrier.

MICROBIOTA AND INFLAMMATION

Microbiota changes can be associated with diseases characterized by the presence
of inflammation. In fact, the loss of health-friendly bacteria reduces the ability o
control the immune response. Moreover, inflammation can increase in response to
the exaggerated proliferation of opportunistic bacteria characterized by strong
invasiveness and inflammatory properties or able to proliferate in the presence of
inflammation-associated metabolites.

Overuse of anfibiotics, some eating habits, and chronic parasitic infection eradication
can confribute to inflammation development too. In fact, they promote the growth
of a microbiota lacking the resilience required to establish the balanced interaction
between gut microbes and the organism that is needed to develop immune defenses
and immune tolerance.

For example, mutations altering immune responses in the gut can induce the

proliferation of bacteria promofing inflammation, and this proliferation is associated

with inflammatory bowel diseases. Moreover, some microbiota features can contribute to
the chronic inflammation state associated to the increased risk of cancer development
and progression; for example, microbiota composition was associated with stomach,
esophagus, colorectal, and breast cancer. Finally, microbiota is associated with

inflammaging too.

PATOLOGY MICROBIOTA ALTERATION

complexity
inflammatory bowel . . . - L o
diseases 4 Enterobacteriaceae, Escherichia coli, Yersinia, Clostridium difficile

short-chain fatty acids producing Clostridia
rheumatoid arthritis Prevotellaceae
type 2 diabetes short-chain fatty acids producing Clostridia

cow milk allergy in children .
Anaerostipes caccae

food allergies in adults various



GUT MICROBIOTA AND INFLAMMAGING

Gut microbiota is involved in both induction and maintenance of inflammaging. fat intake

vegetable
increase consumption
decrease

The mechanisms underlying this relationship include phenomena associated to the

majority of age-associated diseases (enteric nervous system degeneration, gut aumento

consumo
zuccheri

healthy
food
decrease

motility alterations, decreased efficiency of the mucosal barrier) that are linked to

increased proinflammatory cytokines and fo changes in gut microbiota composition

and stability.
riduzione
varieta
In particular, during aging microbiota tends to lose the ability to ferment alimentazione MICROBIOTA

CHANGES

carbohydrates, to better ferment proteins, and to have a reduced diversity, with
the increase of some bacteria species. External factors exert a little influence on
some microbiota changes; that is why these shifts are considered as potential core
features of elderly microbiota. Other changes are instead more dependent on

lifestyle factors, for example on eating habits and drugs.

enteric nervous
system
degeneration

intestinal decreased intestinal
11e111113% gut barrier permeability
changes function increase

Among bacteria whose levels could change are included: Proteobacteria, that

were associated to both local and systemic inflammation; Akkermansia muciniphila,

that breaks down a gut barrier component, mucin; bifidobacteria, health-friendly
lactic ferments; microbes producing butyrate, an inflammation regulator; and

Escherichia coli.

proinflammatory

cytokines

AGE-RELATED MICROBIOTA CHANGES

Proteobacteria

Akkermansia muciniphila In the blood, molecules from gut microbiota activate macrophages, generating a
proinflammatory status that promotes atherosclerosis and that is associated with both

bifidobatteri v ) . ) ] )
cardiovascular diseases and vascular dementia. Moreover, cytokines and short-chain

batteri produttori di butirrato fatty acids variations associated with gut microbiota changes influence cognitive decline.

Escherichia coli A Finally, the proinflammatory response stimulated by lipopolysaccharide promotes beta-

o . amyloid protein production; this is an evidence of a possible link between gut microbiota
Firmicutes/Bacteroidetes ) )
and Alzheimer's disease.



MICROBIOTAAND CANCER

The link between microbiota, inflammation and immune system
influences cancer development both locally and at systemic
level.

Factors playing a role in this association include innate and
adoptive immunity, endocrine and nervous pathways, bacteria
franslocation, toxins or other molecules of bacterial origin, and

modulafion of systemic inflammation and oxidative stress.

BACTERIA DIRECTLY INVOLVED IN CANCER

DEVELOPMENT: EXAMPLES

esophageal adenocarcinoma
gastric adenocarcinoma
gastric lymphoma

colorectal carcinoma

Helicobacter pylori

Salmonella enterica typhi bladder cancer

Fusobacterium nucleatum  colorectal adenoma

Helicobacter hepaticus liver cancer

Bacteroides fragilis colorectal cancer

Sometimes cancer development depends on a single bacterial
species that can modify signals and communication pathways,
for example by means of toxins that modulate inflammation
in fumor microenvironment, influence genomic stability of
human cells, or epigenetically regulate host genes. Also diet
can participate in this association. For example, some bacteria
metabolizes meat-derived substances leading to the production
of DNA damaging molecules.

In other cases cancer development depends on changes in
microbiota composition or density. Moreover, several evidences
point to the association between obesity — a well known cancer

risk factor — and gut microbiota.

However, some gut bacteria exert a protective effect
against cancer. Moreover, some prebiotics (substances
promoting the growth and the activity of gut microbiotal)
can contribute to cancer prevention via their antioxidant
properties and by reducing inflammation.

Finally, microbiota can be involved in anticancer
therapies efficacy and adverse effects. For example,
cyclophosphamide effect depends on gut flora, and
also anficancer response to oxaliplatin, cisplatin and
CpG oligonucleotides depends on gut microbiota.
The microbiota of melanoma patients responding fo
anfi-PD1 immunotherapy is characterized by greater

diversity and abundance of Ruminococcaceae and

SOME MICROBIOTA-ASSOCIATED CANCERS

stomach cancer
colorectal cancer
bladder cancer

prostate cancer

breast cancer

ovarian cancer
pancreatic cancer
hepatocellular carcinoma
lymphoma

sarcoma

Faecalibacterium, whereas Bacteroides species such as B. thetaiotaomicron and B. fragilis contribute to improving

immune response against cancer induced by anti-CTLA-4 anfibodies.

Other commensal bacteria can instead induce adverse effects, such as CPT-11 dose-limiting diarrhea.




GUT MICROBIOTA AND DIET

Diet is among the most important factors that modulates gut microbiota structure and

functioning since very first days of life. Some nutrients (such as glycans, quinones, and

flavonoids) directly interact with bacteria, promoting or inhibiting their growth. Moreover

some food-derived substances indirectly influence gut microbiota via host metabolism and

immune system. That is why microbiota responds to diet changes and prebiotics, probiofics,

and symbiotics consumption is among current possible approaches fo contrast metabolic

problems associated with gut microbiota alterations.

Tailored diet-based approaches can promote gut microbiota changes in only one week.

— PROBIOTICS

Probiotics are live bacteria (lactobacilli and bifidobacteria) that, when ingested in the

form of fermented foods or dietary supplements, are associated to health benefits.
Probiotic-based dietary supplements are designed to replenish the gut with commensal
bacteria associated with favorable metabolic properties. Multi-strain probiotics seem to

be more efficient than single-strain probiofics.

abominal
fension and
bloating

v

colitis
symptoms

intestinal
pain

LACTOBACILLI
BIFIDOBACTERIA

anxiesty
and
depression

barrier

stress-associated
visceral
hypersensitivity

pathogens :

v
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PREBIOTICS BENEFITS

Prebiotics are substances that increase bacteria growth or activity.

Among most known are non-digestible fiber, which is present in a lot of fruit,
vegetables and legumes.

Also phytoestrogens present in some berries act as prebiofics.

immune functioning in the intestine

gut barrier integrity

betfter glucose tolerance and insulin sensifivity
weight and faf mass reduction
high-calories food craving reduction
low-grade chronic inflammation reduction

better lipid metabolism

—— SYMBIOTICS

Symbiotics are products combining prebiotics properties to probiotics ones.

DIET AND MICROBIOTA: EXAMPLES

lipopolisaccaride

vitamin D Coprococcus, Bifidobacterium
Prevotella
emulsifiers gut barrier alteration
. Bacteroidales, Verrucomicrobia
ginseng

Firmicutes

plant polysaccharides Bacteroidetes

incr L
crecse Firmicutes

Enterobacteriaceae, Akkermansia

fiber scarcity muciniphila, Bacteroides caccae

Bacteroides ovatus, Eubacterium rectale

in the case of overweight and
obesity — fruits, vegetables,
and fish

Diversity
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INDICATIONS FOR MICROBALANCE

Gut microbiota composition is unique for each individual, with some profiles associated with
better health conditions.

Microbioma analysis can help promote a good health status and prevent or manage intestinal
or systemic diseases such as colifis, recurrent diarrhea, obesity, and metabolic syndrome.
Next-Generation Sequencing-based microbioma analysis allows the analysis of both gut and
vaginal microbioma without the obstacles that are characteristic of anaerobic microorganisms

lab culture.

With MICROBALANCE, Bioscience Institute allows sampling at home.
Resulting profiles do not represent the diagnosis of a pathology, but allow qualified clinicians to
elaborate diet plans to correct dysbiosis and to take info account a specific dietary supplements-

based approach.

intestinal problems (colitis, recurrent diarrhea, to verify gut microbiota involvement

constipation, flatulence, intestinal imegularities) to choose the most suitable therapy

UTls and genital infections o verify gut microbiota involvement

(cystitis, urethritis, vaginitis, candidiasis) to avoid recurrence by means of efficient treatments

to guarantee a suitable gut flora to both mother

pregnancy and breastfeeding and child

fo face metabolic and physiological changes with

menopause

intestinal or systemic pathologies risk factors

diet or drug-based approaches to re-establish
microbiota balance

prevention at every age

a suitable microbiota

prevention

efficacy monitoring

planning of tailored diet plans to promote a

suitable microbiota profile
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