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IL MICROBIOMA INTESTINALE

Il microbioma intestinale € un
insieme di microrganismi che

-Colon 10"~ 10'?
Bactaroldes

DR A, occupano la lunghezza e la
e BN larghezza di tutto il tratto
i gastrointestinale.
s La composizione della comunita
, Ll bR microbica e ospite specifica, ed é
Distal fleum 107-10° 7", \ S e suscettibile delle modificazioni
Streptococeus G Streptococcus esogene ed endogene esterne e
ity ' itz dallo stile di vita dell’ospite.
Corynebacteris

Composizione della concentrazione delle specie microbiche diverse
presenti nelle vari parti del tratto gastrointestinale.



IL MICROBIOTA:
Fisiologia (I)

KEYPOINTS

DEFINIZIONE
Insieme delle forme microbiche che colonizza il nostro corpo (Microbiota) e dei geni che
lo costituiscono (Microbioma);

Batteri + Virus, Funghi e Archei;

=3.8x10%3cell batteriche/individuo vs 3x1013 cellule umane, la maggior parte risiede
nel nostro intestino (Colon);

TASSONOMIA
=160 specie/individuo e >1000 specie riconosciute;

4 grandi phyla ma 1 variabilita interindividuale tassonomica di generi e specie;

90% rappresentato dalle famiglie Firmicutes e Bacteroidetes, il cui ratio 1 correla con
Obesita, Diabete e Sindrome Metabolica;

GENOMA
>3°000°000 di geni codificati = 100-150 volte il genoma umano.



IL MICROBIOTA:
Fisiologia (I1)

FUNZIONI PRINCIPALI
METABOLICHE

Fermentazione dei residui alimentari non altrimenti digeribili (polisaccaridi++) e del
muco intestinale> SCFA - Energy Balance e metabolismo glicidico-lipidico;

Sintesi di alcune Vitamine (gruppo B, H e K);
Assorbimento di minerali e ioni;
Metabolismo xenobiotici, ormoni e farmaci;

TROFICHE
Proliferazione e differenziamento degli enterociti;
Sviluppo e omeostasi del Sistema Immunitario;

BARRIERA
Interfaccia tra il sistema immunitario locale e 'ambiente esterno;

Protezione da microorganismi patogeni concorrenti e dalle loro tossine attraverso la
produzione di batteriocidine;

Permeabilita intestinale—> | passaggio di LPS e altre tossine pro-inflammatorie.



Il microbiota intestinale

Table 1. The gut microbiota is dominated by five bacterial phyla

Phylur  Firmicutes (50-60% of the microbiota) including more than 180 species of
Lactobacillus, Clostridiales and Streptococcaceae.
Bacteroidetes (25-40% of the microbiota) with Bacteroides Fragilis and
Porphyromonadaceae both reported upregulated in CRC
Actinobacteria (2-5%) including the Bifidobacteriae
Proteobacteria (2-5%) E. coli), salmonella, yersinia, shigella, vibrio,

haemophilus,

Fimicu  Fusobacteria (2-5%) Fusobacterium Nucleatum, faecalibacterium prausnitzii
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Difermibactares - Deferribacterss Defembacterales
Unknown-Unknown
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L Bacteroidstes-Bacteroidales
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Deferrinacteraceae-Mucspinllum
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Unknown-Unknown
Rikenellaceae-Unknown
Rikenellaceas-Marinilabili
Rikenellaceae-Alitipes
Prevotellaceas-Xylanibacter
Prevotellaceae-Unknown
Prevotelaceas-revotella

Porphyromonadaceae-Unknown
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I Firmicutes e i Bacteroidetes sono i 2 principali
phyla presenti nell'intestino dei mammiferi



FATTORI CHE INFLUENZANO IL MICROBIOTA INTESTINALE

Microbiota intestinale

Fattori che ne influenzano la distribuzione e la
composizione

Density Composition

Intrinsic factors Extrinsic factors
Streptococcus -
o Lactobaciihus Gastric acid Diet, Pre and
o probiotics
M’milm PPIs, H2 blockers
101 - 107 Streptococcus Antibiotics
Lactobaciihus Mucus 5
100 - 1013 E [ntorobacteriaceoe Gl secretions Prokinetics
Laxatives
Bacteroldes Antimicrobial
Eubacterium peptides Opioids
Clostridium
Raminococcus Immunity (sigA) NSAIDs
Bfidobacterium
[ MMC
H+ Colon contractions
fo $
Stomach Small intestine Colon
(facultative anacrobes) (strict anaerobes)

(Simren M, GUT 2013)




Nello stile di vita occidentale il microbiota e la relazione tra il
microbiota e I'ospite sta drammaticamente cambiando come una
conseguenza dello stile di vita, del’ambiente e specialmente della
dieta, come i cibi confezionati, 'aumento dell’assunzione dei
carboidrati, la mancanza di esercizio fisico e I'obesita




Il microbiota si modifica con l’eta

Intestinal Micro biota: Alterations During Human Life Cycle

formula-fe

breast-fed

With increasing age and age-related loss of CD4
T cells, the microbiota shifts towards a more
pro-inflammatory and less diverse profile linked to
adverse health issues and tumorigenesis. Loss of T cell
differentiation diminishes the ability of the immune

systems to suppress tumor-promoting inflammation

in the colon.'®7 Also among the age-related changes
in the microbiota is a reduction in butyrate producing
bacteria (especially the Firmicutes phyla) resulting in

a decrease of the primary energy source for
colonocytes as well as an increase in intra-colonic pH
values. The higher pH wvalues, inflammation and
dysbiosis create a hostile environment for colonocytes

land contribute to tumorigenesis.*8
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Complex interactions underlying polygenic obesity

Food
Abundance

; Peer pressure

Mutch D & Clement K, Plos genet 2006
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Microbiota e OBESITA

Il microbiota intestinale degli obesi risulta essere piu ricco di Firmicutes.
E' stato ipotizzato che alcuni microrganismi appartenenti a tale phyla
siano in grado di estrarre le calorie dal cibo ingerito con un‘efficienza
maggiore rispetto agli altri microrganismi;

E stato inoltre osservato che il microbiota dei soggetti obesi presenta
una diminuzione di bifidobatteri che generalmente sono in grado di

prevenire lo sviluppo dell'obesita (azione specie- e ceppo-specifica).



IL MICROBIOTA:
Patologia
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CORRELAZIONE ALTERAZIONE MICROBIOTA-

- -
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Microbiota-host interactions
in obesity & related complications
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# Inflammation

~ Steatosis
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~ LPL activity
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FIAF, fasting-induced adipose factor; LPL, lipoproten lipase; LPS, kpopolysaccharide: SCFA, short chain fatty acid,

Cani PD and Delzenne NM. Curr Opin Clin Nutr Metab Care 2007; 10:729-734
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Review

Linking Gut Microbiota to Colorectal Cancer

Hans Raskov!=, Takob Burcharth2, Hans-Christian Pommergaard?

Dysbiosis favors invasion and growth of
pathogenic species and disrupt homeostasis of the
immune system and mucosal barrier. The subsequent —
inflammatory  process  results in  increased
permeability allowing gut microbes to drive a
continuous state of inflammation.6¢ 86, 96-98

Abstract ‘\\

Pre-clinical and clinical data produce mounting evidence that the microbiota is strongly associated
with colorectal carcinogenesis. Dysbiosis may change the course of carcinogenesis as microbial
actions seem to impact genetic and epigenetic alterations leading to dysplasia, clonal expansion and
malignant transformation. Initiation and promotion of colorectal cancer may result from direct -
bacterial actions, bacterial metabolites and inflalmmatory pathways. Newer aspects of microbiota
and colorectal cancer include quorum sensing, biofilm formation, sidedness and
effects/countereffects of microbiota and probiotics on chemotherapy. In the future, targeting the
microbiota will probably be a powerful weapon in the battle against CRC as gut microbiology,

genomics and metabolomics promise to uncover important linkages between microbiota and
intestinal health.




The gut microbiota is an ecologic system\@i
diverse commensal microorganisms metabolizing! | a mucosa intestinale
food remngnts, intestinal secretions, digestive juices separata dal microbiota da
apd gxfoh'flted. colonocytgs. .The. colon. produces un sottile strato di cellule
vitamins (vitamin K, B12, thiamin, riboflavin), absorbs A
water and electrolytes and transports waste products epitelial Che rappresentato
(feces) to the rectum for defecation._ Proteolytic la superficie QEI_Ia_mucosa-
fermentation increases with high protein intake and| | L€ cellule epiteliali sono
resulls in production of phenolic compounds, amines, protette da potenziali
ammonia, NOC: N-nitroso compounds; and indoles, patogeni dal film mucosale
all considered to have a carcinogenic impact o e dal sistema immunitario.
\Qpithelial cell differentiation and proliferation.>® j Una breccia di questo film

puo rappresentare
un’iniziale stato di cronica

iInflammazione

In una stato di eubiosi le interazioni tra | batteri commensali e le
cellule del sistema immunitario sono in una situazione di delicato
bilanciamento: da un lato i geni proinflammatori e dall’altro i
geni antinfiammatori che agiscono con un’azione di repressione
del tumore

Plaza-Diaz ], Gomez-Llorente C, Fontana L, Gil A. Modulation of immunity
and inflammatory gene expression in the gut, in inflammatory diseases of the
gut and in the liver by probiotics. World ] Gastroenterol 2014; 20:15632-49.
Maukonen J, Saarela M. Human gut microbiota: does diet matter? Proc Nutr
Soc 2015; 74:23-36.



a P b
‘2 terium
S <™ APy

Colibactin or
CDT producers

Genotoxin —

* NLRs

* Inflammasomes| 00 @~ MAMP
e S
TIR / \ Bacterial H,S
and ROS
>F ROS production

* RNS

Macrophage

Prevention

of apoptosis '

Nature Reviews | Cancer

Figure 3. Mechanisms by which the bacterial microbiome modulates carcinogenesis. The microbiota promotes carcinogenesis through different
mechanisms. A | Dysbiosis and inflammation induced by MAMP activating TLR and other PPR (e.g. NLR). B Detrimental effects are mediated by bacterial toxins such
as colibactin and CDT: Cytolethal Distending Toxin, ROS, Reactive Nitrogen Species and H2S. € Metabolic actions activating toxins such as acetaldehydes and
nitrosamines. The microbiota mediates preventive effects (in green) through inactivation of carcinogens and production of SCFA: short chain fatty acids; such as
butyrate and propionate. From Schwabe RF, Jobin C. Nature Reviews Cancer 2013;13:800-12. With permission from Macmillan Publishers Ltd.




Journal of Cancer 2017, Vol. 8 3380

6. Cycle repeats P 4

1. Single free 2. Bacterial 3. Growth and 4. Mature biofilm 5. Part of biofilm
floating cells division of formation disperses to release
bacteria land aggregate bacteria for free floating
onsurface  and attach biofilm bacteria for further
formation colonization

Figure 1. Biofilm formation. The structural components of the extracellular matrix is a highly hydrated, robust structure with high tensile strength and represents
up to 90% of the biofilm mass keeping bacteria in close proximity, enabling intimate cell-to-cell interactions and DNA exchange while at the same time protecting the
biomass from damaging agents. No copyright.




Efficient DNA repair mechanisms, among others
the MMR, the base excision repair system, the
nucleotide excision repair system and the double
strand break repair systems continuously scan the
genome for replication errors. DNA defects are
repaired immediately, the base excision repair system
alone accounting for more than 10,000 repairs in the
colon per day.** If time is needed for DNA repair, the
G1 cell cycle phase is slowed down or put on stand-by
by tumor-suppressor genes, among which the p53 is
one of the most important and well known.# 4 Tt
mutations are too many or too extensive to repair,
apoptosis is initiated through a complex signal e
Chromosomal instd pathway shutting down mitochondrial function —— i Increasing CIN
resulting in immediate cell death.*

—
p—

SMAD4
APC KRAS CDC4 TPS53
Early adenoma and Intermediate
dysplastic crypt adenoma

Late adenoma

Normal epithelium

BRAF BAX
wnt signalling KRAS CDC4 TGFBR2 IGF2R
MMR gene inactivation
Microsatellite instability and hypermethylation

Nature Reviews | Cancer

Figure 2. Adenoma-carcinoma sequence. CIS involves loss of APC function and KRAS, followed by loss of chromosome [8q with SMAD4 and mutation in TP53. MSI
CRC is characterized by a deficiency of the MMR leading to slippage in microsatellites. CIN: chromosomal instability. From Walther & al. Nat Rev Cancer
2009;9:489-99. Permission from Macmillan Publishers Limited.




In caso di costante inflammazione
della mucosa, la prolungata azione
del Th17 e stato collegato allo
sviluppo di CRC e l'infiltrazione

cellulare del Th17 é correlato ad
elevati livelli di Th7 citokine
mutagene specialmente IL-17 e IL
22 le quali sono associate a
peggiore prognosi e sopravvivenza

Drewes JL, Housseau F, Sears CL. Sporadic colorectal cancer: microbial
contributors to disease prevention, development and therapy. Br | Cancer
2016; 115:273-80.

Mager LF, Wasmer MH, Rau TT, Krebs P. Cytokine-Induced Modulation of
Colorectal Cancer. Front Oncol 2016; 6:96.

Possible  pathophysiological mechanisms  of
inflammation also include the oxidative stress caused
by an imbalance between the production of ROS:
Reactive Oxygen Species; and antioxidant defenses

resulting in DNA damage, dysplasia and thus a
tumor-supporting  environment. Oxidalive _stress
induces NFxB linking chronic inflammation to cancer
through the abiity of up-regulation of
pro-inflammatory and tumor promoting cytokines,
such as TNFa, IL-1 and -6 as well as mitogenic and
anti-apoptotic signaling, NF-«B directly regulates a
complex of genes (including bcl-x and survivin)

increasing proliferation and protecting <:
from apoptosis.|® 12 Interestingly, obesity Increases
NFxB expression in most tissues also increasing the
risk of type-2 diabetes. NFxB could be a factor linking

obesity, type 2 diabetes, cardio-vascular disease, IBD
and cancer.3 12




RUOLO DELLA DIETA

RUOLO DEI PRE E PROBIOTICI



Microbiota e dieta

La dieta ha un ruolo centrale nella regolazione del microbiota
intestinale regolando I'attivita metabolica dei batteri:

-eccesso di grassi saturi determina un aumento della permeabilita di
membrana e alla suscettibilita degli antigeni microbici

-carenza di acidi grassi polinsaturi alterano la composizione del
microbioma

-zuccheri a rapido assorbimento correla con una endotossiemia ed
iInsulino resistenza

-presenza di composti fitochimici protegge il microbioma

L'ossidazione degli acidi grassi determina un aumento dei ROS che a
sua volta determina una riduzione della produzione del muco e
dell’epitelio intestinale

Inoltre la produzione della malondialdeide, come risultato
dell’'ossidazione degli acidi grassi, induce un danno dell’epitelio
intestinale e aumenta la permeabilita intestinale delle tight junction




CORRELAZIONE OBESITA’ E MICROBIOMA
RUOLO DELLA DIETA

E' stato dimostrato che dopo 24 ore di cambiamenti dietetici con dieta
ad alto contenuto di fibre e a basso contenuto di lipidi, il microbioma
si modifica
Alcuni nutrienti come le fibre possono fermentare dai batteri intestinali
e potrebbero modulare in un periodo breve di tempo il microbioma.

Quindi la modulazione del microbioma intestinale sembra un
interessante strumento per il trattamento sia della disbiosi che
della sindrome metabolica

Gli strumenti per la modifica possono essere i prebiotici, i probiotici e in
futuro il trapianto fecale.



STUDIO SPERIMENTALE:

Microbiota a confronto nei due bracci

Braccio di intervento:
Variazioni significative T0-T2

‘ | ‘ | ‘ incremento di
Sutterella circa 6,5 volte

Braccio di controllo:
Variazioni significative T0-T2

rispetto al valore Haemophilus
del ba

eline

Streptococcus ) == 100% 70
Flavonifractor
7 incrementodi -96% T2
rispetto al valore ) .
. del baseline HT2 Bilophila incremento di circa

66 volte rispetto al
Qscillibacte, -100% valore del baseline

Biﬁdobacterium bl oc7lcos

- -86,5% d | ‘
i l, e rapporto 30000 4000,0 5000,0 6000,0 7000,0 8000,0

[}
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Nel braccio di intervento:
-1 Sutterella spp—>dubbia interg
-tRuminiclostridium—-> per a
dietetico di fibre? -Forte 1 Bilophila spp~> per maggiore contributo
-Positiva | Streptococcus, Clostridium spp; percentuale lipidico?

- Oscillibacter spp—~> per minore apporto dietetico ! dei Bifidobacterium spp—~> dubbia
di “amido resistente”? interpretazione.

Network complessitrale folio:
diverse specie batteriche

avorifractor spp;



IL MICROBIOMA:
Ruolo del probiotici

Metabolismo energetico

*  Produzione di metaboliti (SCFA, vitamine, etc)

*+ Deconiugazione/secrezione Sali Biliari

*+ Modulazione di pathways di segnalazione cellulare: [
GRP41/43, ChREBP(carbohydrate-responsive
element-binding protein)/SREBP-1c(Sterol REBP),
AMPK,ANGPTLA.

Modulazione dell’assorbimento dei nutrienti
(qualitativa e quantitativa)

+ .l assorbimento di grassi e colesterolo

*+  “sensibilita insulinica e tolleranza glicidica

@......

Barriera Mucosa

*+ Modulazione delle Tight Junctions e delle
Giunzioni aderenti

+ Stimolazione della secrezione di muco protettive

*+ Adesione temporanea alle cellule epiteliali

J Permeabilita Intestinale I
J- Endotossinemia

4

—
—

i C

LA N N NN L B B

Immuno-modulazione

* Reclutamento di cellule anti-infiammatorie
+  Stimolazione dei macrofagi

*  Produzione di Ig-A

Diminuzione dell'inflammazione basale di basso grado
+ citochine anti-infliammatorie
+ | citochine pro-infiammatorie

VRN

Interazione con il Microbioma
*  Produzione di molecole batteriocine
*  Produzione di nutrienti per il microbioma




AZIONE DEI PROBIOTICI

| probiotici possono modulare la composizione del microbiota in un modo complesso in risposta ad una
dieta obesogena. Il trattamento con probiotici diminuisce la permeabilita di membrana e 'endotossiemia
metabolica e la sensibilita insulinica. Uno dei meccanismi che spiega questo fenomeno e 'aumentata
produzione del GLP-2 endogeno, che determina un recupero della funzione di barriera intestinale

P.D. Cani, NM. Delzenne / Pharmacology & Therapeutics 130 (2011} 202-212 207

Prebiotics

(Y

&
é?f/ Nutritional
and genetic obesity

Fig. 4. Prebiotic-induced changes in the gut microbiota can abolish obesity-associated metabolic features. Prebiotics modulate the composition of the gut microbiota in a complex
way in response to a high-fat diet or genetic obesity (i.e., increased Bifidobacterium spp.). Prebiotic treatment decreases gut permeability and metabolic endotoxaemia butimproves
insulin sensitivity, steatosis and low-grade inflammation. One of the mechanisms explaining this phenomenonis increased endogenous GLP-2 production, which restores gut barmrier
function.



Changes in Human Fecal Microbiota Due to
Chemotherapy Analyzed by TagMan-PCR, 454
Sequencing and PCR-DGGE Fingerprinting

Table 1. Number of bands observed in PCR-DGGE

fingerprinting in oncology patients before chemotherapy (Tq), CHEMIOTERAPIA
immediately after chemotherapy (T,) and 5-9 days after

chemotherapy (Tz) and healthy controls averaged over all

time points.

Time All Clostridium Clostridium Chemotherapeutic treatment with or without antibiotics
point bacteria cluster IV cluster XiVa decreases absolute bacterial numbers in comparison to
Ta 18946 1470 Bt32 healthy CDﬁtrD'S

Ty 19749 1060 49135

T3 19636 1560 52+26

contnol 19.2+35 12050 BSx30

doiz10.1371/ joumal .pone. 002 86 54.1001

Conclusions/Significance: Despite high individual variations, these results suggest that the observed changesin the human
gut microbiota may favor colonization with C.difficile and Enterococcus faecium. Perturbed microbiota may be a target for
specific mitigation with safe pre- and probiotics.



MUTRITION AND CANCER
2016, VOL. 68, NO. 4, 535-544

The Potential Role of Probiotics in Cancer Prevention and Treatment

Ai-Qun Yu®"* and Liangin Li®

Anticancer effects of probiotics in cancer cells/
cell lines

Substantial research using human cancer cells/cell lines
has demonstrated that probiotics possess antiprolifera-
tive or proapoptotic activities in these cells, among which
colonic cancer cells and gastric cancer cells were most
commonly studied. According to the report by Lee et al.,
the cytoplasmic fractions of Lactobacillus acidophilus,
Lactobacillus casei, and Bifidobacterium longum showed
s1gn1ﬁcant ant1tumor ax:t1v1t1es in some cancer c,El.l l1n&ﬁ

[ . . . - . . -

Anticancer effects of probiotics in experimental
models

To further investigate the anticancer effects of probiotics,

researchers have conducted animal model experiments
using rats and mice. The outcomes of most studies
turned out to be encouraging and showed potential clini-
cal applications. As indicated in Table 2, treatment with
Lactobacillus acidophilus, Butyrivibrio fibrisolvens, Bacil-
lus polyfermenticus, Lactobacillus plantarum, Lactobacil-
lus fermentum, or combination of L. acidophilus and

Table 2. Preventatwe effects ﬂf prﬂblmlcs on anlmal tumﬂrs |nduced by wvarious agents.

Antitumor effects

Probiotcs/Synbictics Carcinogen Animal MCF CRC Others Ref.
1. acidophilus DMH Rat MOy v MOy 48
B. fibrisofvens DMH Rat ) MO MOy o
B.P. DMH Rat v o ND 49,50
L. gcidophilus DMH Rat . MDD MDD 51
L. plantarum DMH Rat MD ' MD 52
L. fermentum/L plantarim DMH Mouse o M MDD 53
L. acidophilus/B. bifidum DMH Rat ' MO MO 54
L. casei ADM Rat - - MND 55
B. lactis/ L rhammnosus ADM Rat ) ) MDY 56
L. acidophilus/l. helveticus/B. spp. AOM Rat ) v MOy 57
C. burtyricum ADM Rat o MO MND 21
B. lactis/RS AOM Rat ND o WD 15
L. brevis/l. paracasei MM Rat . MDD MDD 58
L. acidophilus Mone Apdding-4 mouse MO . MOy 50
SB. Mone Apdiing/+ mouse MND o MND &0
L. casei FhiF Rat M M Breast 62
L. salivariius 4MNO0 Rat MDD MDD Mouth 63
LGG L Mouse MO MO Skin (13

ND = Mo data; L acigophilus = laoctobaciius addophilus; BP. = Bacillus polyfenrmentious; B. fibrsofvens = Butyrivibrio fibrisofivens; L plantamum = Lactobadlius
plantarum: L fermentum = Lactobadius fermentum; L caseil = Lactobacilius casei B. ladis = Bitdobacternum lactis: L. rhamnosus = Ladobadlius rhamnasus: [



Table 3. Immunomodulatory effects of probiotics as evidenced in animals or cell lines.

Immune and inflammatory parameters

Probiotic products Subject Agent NK cells T Cells Macrophages Mediators Ref.
L& Rat ADM ND 1 ND ND 55
LS Mouse FMC 1 ND ND ND 109
SCMHI Rat ADM ND 1 ND ND 57
LABs Mouse None 1 1 ND ND 25
5YN Rat ADM 1 ND ND IL-104 10
L. helveticus Mouse None ND 1 ND IL-104, IL-6] m
B. fibrisofvens Mouse DMH 1 ND ND GUS| 9
B. fibsovens Mouse FMC 1 ND ND |FN-yet 23
LGG Caco-2 Flagellin ND ND ND IL-8] n
L& Mouse LPS ND MD ND IL-6] 118
L. acidophilus Mouse None ND ND ND IL-121 24
B. longum/L. gasseni Mouse DMH ND ND 1 ND 115
V5L#3 Rat THBS ND ND ND Angicstatint Alk-Smaset 119
V5L#3 Mouse None ND ) ND IL-17&TNF-ert Angiostatint 112
L. acidaphilus Mouse None ND 1 ND IFN-y, IL-4&TGF-A 1 13
LGG Mouse v ND ) ND [FN-1t 66
L. reuteri Mouse None ND ) ND ND 114
LGG Caco-2 cells 5FU ND ND ND TNF+z, IL-12&MCP-1 1 14

ND = no data; LeS = Lactobadlis casei strain Shirota; SCMAIl = a probiotic mixture containing L acidophilus, L. helveticus, and B. lactis spp. 420; LABs = lactic acid
bacteriaincluding L. agdaphilus, L. casei, and B. longum; SYN = Synbiotics containing LGG, B. lacis Bb12 and oligofructose-enriched inulin; VSL#3 = a mixture of
eight probiotic strains containing Bifidobacterium breve, Biftdobacterium infantss, Bifidobacterium longum, Lactobadllus acidophilus, Lactobadllus bulgaricus, Lac-
tobadlius casei, Lactobacillus plantarum, and Streptococaus salivanius subspedes thermaphilus; ADM = azoxymethane; 3-MC = 3-methylcholanthrene; DMH =
1,2-dimethylhydrazine; LPS = lipopolysaccharide; TNBS = trinitrobenzene sulfonic acid; 5-FU = S-fluorouraci; GUS = f-gluauronidase; IFN-y = Interferon-y;

TNF~ = tumor necrosis factor-w; TGF-f = transforming growth factor-g; MCP-1 = monogyte chemotadic protein-1.
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MECCANISMI ATTRAVERSO | QUALI I PROBIOTICI
ESERCITANO | LORO MECCANISMI

» Migliorano 'omeostasi del microbiota intestinale

» Degradano le sostanze carcinogenetiche

* Modulano I'asse immuno-intestino mediato
 Rinforzano I'attivita immunosistemica

« Hanno un effetto positivo sulla translocazione batterica

« Hanno un effetto protettivo sul DNA dell’'epitelio
Intestinale

L’effetto anticarcinogenetico e dato
dall’insieme delle varie azioni




Table 2. Beneficial effects of SCFA produced by probiotics

Predominant energy source for colonocytes

Induction of mucin synthesis

Augmentation of tight junction assembly

Mediation of cross-talk between commensals and host immune system for
maintenance of gut homeostasis

Conditioning gut epithelial cells to mount protective immunity through MAP
kinase signaling

Inhibiting pro-inflammatory cytokines, NFkB and TNFa

Inactivation of mutagens

Protectionjof Intestinal epitheliums ™. teils :ytum e v
Intestinal microbiota homeostasis |LymphoCytes || interferon || Antioxidants| »Apo
{Tumor-rgjated bacterialviruses Macruphages |"TE”W kine
{Procarciogen enzymes Imrnunltjr Antie mﬂammaﬁnn

Prevention of tumor formation Inhibition of tumar fgrowth

Figure 1. lllustration for the suppressive effects of probiotics on tumor formation and growth. Probiotics can exert their functions locally
and systemically. Oral administration of probiotics can provide protection of intestinal epitheliums, modulate the homeostasis of the
intestinal microflora, and inhibit the potential pathogens and carcinogenesis in the gut [—| ). Together with the enhancement of antioxi-
dant activities (W), probiotics can increase the number/activity of immune cells (W) and control the inflammatory reaction, resulting in
the prevention of tumor formation. In addition, probiotics can act on cancer cells by promoting cell apoptosis (») and inhibiting cell pro-
liferation or invasion [-| ), resulting in the suppression of tumor growth.

The Potential Role of Probiotics in Cancer Prevention and Treatment
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Utilizzo del probiotici nelle terapie antineoplatiche

Probiotic Lactobacillus Acidophilus and L. Casei CHEMIOTERAPIA

Mix Sensitize Colorectal Tumoral Cells to
5-Fluorouracil-Induced Apoptosis

L'uso di L.A e L.Casei sono in grado di aumentare

I'apoptosi del 5-FU (il meccanismo non & ancora chiarito) RADIOTERAPIA

Effects of probiotics on radiation-induced intestinal injury in rats

Table 5

Graded Radiation Injury Scores of hisiopathologic alterations expressed as percentage of the number of graded scores within cach expernmental group
L ATY SER VAR FIB LYM ILE

Score 1 2 1 1 1 1 1 1

Group 11 15 (T1.4%)" G [3B.6%) B (3E.1%) 0 (V5 2 (9.5%) 10 {47.6%) B{38.1%) 2 {(9.5%)

Group 111 B (3E.1%) 13 (6199 )* 14 (66.7%) 0 (V56 0 {0r) 16 {HF.G5) T{33.3%) 3 {14.3%)

ATY, epithelial atypia; FIB, iniestinal wall fibros=is; ILE, ileitis cystica profunda; LYM, Iymph congestion: SER, =serosal thickening: UCL., mucos=al
ulceration; YWAS, vascular sclemsis.

* Significant (/ -2 (L05) by chi-sguare test.
Results: The results of this study suggest that probiotics may have a protective effect on intestinal
MUCOEA.
Conclusion: Probiotics added as substrates can be given by an oral or enteral route to patients who
underge radiotherapy to prevent radiation-induced enteritis and related malnutrition. © 2006

Nutrition 2006



Lactobacillus supplementation for diarrhoea related to CHEMIOTERAPIA
chemotherapy of colorectal cancer: a randomised study

SHluorouracil (5-FU)-based chemotherapy is frequently assodated with diarrhoea We compared two 5-FlUbased regimens and the
effect of Ladobadlius and fibre supplernentation on treatment tolerability. Patients diagnesed with colorectal cancer (n= 150) were
randormiy allocated to recsve monthly 5-FU and keucevorin bolus injections (the Mayo regimen) or a bimonthly 5P bolis plus
continuous infusion (the simplified de Gramont regimen) for 24 wesks as postoperative adjuvant therapy. On the basis of random
allocation, the study participants did or did not receive Ladobadlus rhamnosis GG supplermentation (1 =2 x o' per day) and fibre
(1lg puar pum per day) during chemotherapy. Patients who received Lodobadius had less grade 3 or 4 diarrhoea (22 vs 37%,
F=0027), reported less abdominal discomfort, needed less hospital care and had fewer demotherapy dose reductions due to
broneve] tl.':n.'«m_lTJ;.r N-r:u _dﬂr_tﬂ-:.'"hﬂ-n:lattd T.-r:n.'-u:_lT.}.r WS 'd'I:'LEL"t'I:'d Guﬂ.r gum ﬂlpph:lﬁl:l’lt&trﬂrl ha-.-:l no influence on Lhumﬂltra.pr;r

E'ﬂ%} a.rrr_‘l w11i| bt d;a.n-hr:n:a_ Wt Lﬂ-n-:_ludl: that _-u:[r_tnu:s."qs GG fupph:lmrltatrﬂ-n & w1:|| tolerated and may n:ar_‘lu-:_t ﬁu: rr'l::'_LH:rlL‘:f' af
severe diarrhoea and abdominal discomfort refated to 5-FU-based chermotherapy.

Bvitish Journal of Cancer (2007) 9T, T028- 1034 Socl0. 03875 bic 6603990 www Bjcancer com

Viorsi A g rmanail
nonhematologic Diarrhea Stomatitis discoméort
P=0_44 P=0.027 =021 P=0.25

Par cant

C—Grade O
GErads 1
EmGrads 2
_—Grade 3
e Grade 4

Mo LL+F Mo L L+

Mo L L+F Mo L L+

Treatment grown

Figure | Effect of oral Locobocillus rhamnosus &G (L) and Locoboacillus

rhamnosus &G plus fibre (guar gum, L4 F)} supplementaticon on adwverse
ewvents recorded dunng 5-FlU-based chemotheapy.
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Synbiotic intervention of Bifidobacterium lactis and resistant starch protects against
colorectal cancer development in rats
The precise mechanisms by which probiotics exert their antitu-
mourigenic influence are uncertain but might involve modifying gut
pH and increasing the net production rate of short-chain fatty acid
(SCFA) (mainly acetate, propionate and butyrate) (7), antagomzing

pathogens through production of antimicrobial and antibactenal o CARCINOGENESI

L'effetto sinbiotico di una dieta con amido resistenti e altri
fattori prebiotici possa essere piu prottetiva rispetto al
problotlco da solo nello swluppo del tumore del Ca colonretto

British Jouerreal f\ eritiorn (20123, 107, 1006—1016 doi:10.1017
@ The Authc 011

SSO007 11451 1003953

Anticarcinogenic effect of probiotic fermented milk and chlorophyllin on
aflatoxin-B,-induced liver carcinogenesis in rats

Condusion
Lactobacillus The present study indicates that an increase in apoptotic rate
Rhamnosus e Casei in the liver of rats treated with AFB, is associated with bio-

chemical disturbances in the oxidant/antioxidant balance
system, which may be interlinked with the pathogenic net-
work of AFB, toxicdty. However, the overall information
obtained from the present study indicates that probiotic FM
that is administered individually or jointly with CHL to exper-
imental rats possesses a potent protective effect against AFB,-
induced hepatocarcinogenesis.



A randomized double-blind trial on perioperative

administration of probiotics in colorectal cancer patients DAL RUIRG 2

WJG 2010

CONCLUSIONI: 2 gruppi trattati con Bifidobacterium

Longum e Lactobacillus Johnsonii: solo LJ influenza

la mucosa intestinale pre-operatoria riducendo la

concentrazione di batteri patogeni e migliorando

I'immunita cellulare International J Food of

In vitro screening of probiotics and synbiotics according to anti-inflammatory and Microbiology 2010
anti-proliferative effects

Julien Grimoud *"*, Henri Durand”, Sarah de Souza*", Pierre Monsan °, Francoise Quarné “,
Wassilia Theodorow®, Christine Roques™

treated by the selected synbiotics. Thus, this study demonstrates the ability of probiotics to exert anti-

inflammatory effects and shows some anti-proliferative characteristics for a specific synbiotics. These

nrndnets shonld he further pealnared in amimal models o cnmfirm the im witm resnles

Tahle 4
Sunmmaritsed resuls from the inflammmation and proliferat on meodeds

Probiotcs, s ynbnotics besber Ang-mnflammatory «ffecs AnG-probiferative offects

HT-28 + LIPS+ IFNg Caero=2 [ oyhaldne]) HT=Z8 prali feration

Actvated W FrH Fmrreder] 1= Aaotivassd MWF-rcH = A an
B okt bifisu o L 02 +++ +4++ ++ RS M N
B okt bifizum L 20 +++ +4++ MDD RS M N
B Bk deriem borewe RO RS ++ ++ + S %
B Ao deriem eagam RO1T S HZ +4++ RES R R HZ
& ok i rnen peradocosiermubetaem LM 14 +++ + 4+ + + + S S %
Lectrbencilin x acidomdzibes R0 HE M = M S M
Lonrtrwbenili s bascbanerd R 102 M ++ HNHD M S NE
L enrtrwbenribi x fferciorind = CIP1 0 3136 NE -+ -+ RS M NE
I bl = eshretion = (RO 52 +++ +++ ++ M i = M
I el = pdeieaem K10 12 HZ -+ 4 i 1h] M i o L
P L TR, L ST s [ e LTS + 4+ ++ 4+ M +
et deehie 11 I0PRE +++ +++ M M + M
Pedioooru s aciailecticd RO HZ +4++ ++ R R HZ
Lorepioosces theremopds s ROOGEE HE + 4+ + = RS S RS
B oo brewe RO 4+ Leciobadilbes riaemnoses B 1002 B ++ ++
B Sedodesderien brewe RO + Lectoooorars bactés R 058 ++ +++ ++
I il = ribvermeesmrs B 102 + Looteeescraes dootis [FO10ERS + 4+ ++ ++
B falnbecieriom brewe ROOT0 + Lersesbyesilhee rbseom meemes B 100+ Dec oo aes dectie B 0658 ++ + + -+ +

Legendd: + 4+ inhibiSon of maore than SE, 4+ inhibition of more than 206, 4+ inhibition reaching 20, NE no significamnt result HD not determanesd.



Probiotics enhance the clearance of human papillomavirus-
related cervical lesions: a prospective controlled pilot study

Human Papillomavirus

Probiotics have been proposed for a number of urogenital
infectious conditions. In this study, we examine a possible
effect on human papillomavirus (HPV)-related
precancerous lesions in cervical cytology. We conducted

a prospective controlled pilot study, in which 54 women

with an HPV +low-grade squamous intraepithelial lesion Fig. 2
diagnosis in their PAP smear were followed for 6 months. Evolution of HPV positivity
The intervention group consumed a daily probiotic drink 100
during the study period; the control group received no a0 h
treatment, according to common care policy. Outcome B0 \-.‘__ Kh"""
measures were the control PAP smear and HPV status after 3 ;g .
6 months. Probiotic users had a twice as high chance of ﬁ 0
clearance of cytological abnormalities (60 vs. 31%, T 10
P=0.05). HPV was cleared in 19% of control patients - 30
versus 29% of probiotic users (P=0.41). This exploratory 20 == Probiofic]_
pilot study suggests that the probiotic studied promotes 10 e Control |
the clearance of HPV-related cytological abnormalities. If 0 1 ; 3
confimmed, this would represent an entirely new option to Time
manage cervical cancer precursors. European Journal of
Cancer Prevention 22:46-51 @ 2012 Wolters Kluwer Health Evolution of HPV positivity over time in the probiotic and the control
| Lippincott Williams & Wilkins. group. HPV, human papillomavirus; &;, at study entry; £, after 3 months;

ta, after 6 months,



Dietary synbiotics reduce cancer risk factors in polypectomized and
colon cancer patients'™*

Results: Synbiotic intervention resulted in significant changes in
fecal flora: Bifidobacterium and Lactobacillus increased and Clos-
fridium perfringens decreased. The intervention significantly re- In pazienti per 12

u_:luce::l cc-lnre:r.tla_l pmltf-.?ratmn and _Lhe capacity nf_ fecal water 1o settimane: possono avere
induce necrosis in colonic cells and improve epithelial barrier func- :
tion in polypectomized patients. Genotoxicity assays of colonic bi- un ruolo nella prevenzione
opsy samples indicated a decreased exposure to genotoxins in del cancro al colon
polypectomized patients at the end of the intervention period. Syn-

biotic consumption prevented an increased secretion of interleukin 2

by peripheral blood mononuclear cells in the polypectomized pa-

tients and increased the production of interferon -y in the cancer

patients.

Conclusions: Several colorectal cancer biomarkers can be altered

favorably by synbiotic intervention. Am J Clin Nutr 2007 ;85:

48896,




MODULAZIONE DEL MICROBIOMA

Dieta e nutrizione:
quantita calorica, presenza di vitamine e minerali

composizione della dieta (basso apporto di grassi trans, carne rossa,
scarso apporto di fibre)

Rimozione di fattori predisponenti:

Trattamento del diabete o di altre patologie endocrine
Evitare obesita, sindrome metabolica, diabete tipo I

Trattamento: DIETA MEDITERRANEA
Prebiotici
Probiotici

Futuro: trapianto fecale



CONCLUSONI

La ricerca in questo campo servira a capire meglio I'impatto
della dieta e le variazioni individuali (epigenetica) che
riveleranno nuove strade per la prevenzione.

Inoltre le terapie con | prebiotici | probiotici e il trapianto del
microbiota serviranno a modificare 'omeostasi del quadro
microbico e ridurre la tossicita di alcuni batteri, I'inflammazione
le vie mitogenetiche e di antiapoptosi delle cellule mentre
I'introduzione di nuovi antibiotici potranno servire a contribuire
all’efficacia della chemioterapia.

La nuova classe di antibiotici potrebbero essere gli strumenti
per inibire il biofilm a cambiare la virulenza e resistenza di
alcuni batteri e quindi il corso della carcinogenesi
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