MIKROBIOM COVJEKA
(u zdravlju i bolesti)
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We are not alone in our bodies!
TIJELO SVAKOG POJEDINCA UDOMLJAVA OKO 39x10'? BAKTERIJA
(+virusi, gljive i drugi mikrobi). Zbirni naziv - MIBROBIOTA
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Omjer ,vlastitih” i bakterijskih stanica?
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( 1:1,3
1-3%
Omjer ,,vlastitih” i bakterijskih gena? mase tijela
1:100

(preko 1000 bakterijskih vrsta s oko 2000 gena svaka)

Omijer bakterija i virusa (vazna uloga u regulaciji mikrobiote)
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1885. L. Pasteur 1928.-1958. J. A. Reyniers
zivot bez mikroba nije mogué »germ free” Zivotinje

Zivot bez mikroba JE MOGUC!







MIKROBIOTA

DOBROBITI:
»treniranje” imunosnog sustava, inhibicija patogena
razgradnja hrane
proizvodnja vitamina, masnih kiselina, amino kiselina...

PROBAVILO COVJEKA

- viSe od tisucu razlicitih bakterijskih vrsta

(dodatno: arheje, gljive, protozoa i virusi)

- najveci broj i raznolikost bakterija u kolonu

(anaerobni uvjeti, manje nutrijenata, prehrana sekretima...)

100 milijardi mikroba/ 1g fecesa



INTRAUTERINI RAZVO) - sterilni uvjeti ???

TIJEKOM PORODA | NAKON RODENJA - kolonizacija bakterijama,
arhejama, gljivama i virusima putem kontakta s majkom i okoliSem
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Nekoliko godina po rodenju normalna mikrobna flora, tzv. MIKROBIOTA naseljava:
POVRSINU KOZE, NOSNU | USNU SUPLJINU, PROBAVNI | URO-GENITALNI TRAKT

uloga y ; draviju i bolestiz faktori koji UtieCu na njen sastay?



PROJEKT UUDSKOG MIKROBIOMA (ciljni mikrobi - bakterije)

Terminologija:
MIKROBIOM - zbir mikrobnih genoma unutar mikrobne zajednice

2003. zavrSen projekt ljudskog genoma
(3 milijarde nt, = 23 000 protein-kodirajucih gena)

C. Venter
F. Collins

RAZVOJ TEHNOLOGIJA | INFORMATICKIH ALATA ZA MASOVNU ANALIZU DNA i mRNA

!

2007. zapocinje viSegodisnji multinacionalni PROJEKT LJUDSKOG MIKROBIOMA
 uzorkovani zdravi odrasli dobrovoljci (nos, usta, koza, crijevo i vagina)

* ukupno 300 x viSe protein-kodirajucih gena

« sekvencirane ciljne regije - geni za 16S rRNA (identifikacija)

» sekvenciranje ¢itavih genoma pojedinih uzoraka (genska raznolikost) .*1

= oko 34 proteina
. <:)S-pndjcdinicn
7 16S RNA
/

70S-ribosom .

30S-podjedinica 0ko 21 protein

23S RNA 5S RNA
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OSNOVNE SPOZNAJE:

bitne razlike izmedu mikrobnih
populacija na razli¢itim dijelovima
tijela

razlike iizmedu pojedinaca

* najveca genska i taksonomska
raznovrsnost medu bakterijama crijeva

* najmanja genska i taksonomska
raznovrsnost medu bakterijama
vaginalnih uzoraka

sastav ovisan i o mikrookolisu
(pr. razliciti dijelovi crijeva imaju
karakteristican mikrobiom)

DISTRIBUCIJA BAKTERIJA NA KOZI
Grice E, Segre J: The skin microbiome,
Nat Rev Microbiol 9:244-253, 2011.






TEMELJNI MIKROBIOM ¢ine mikrobne vrste prisutne u najmanje 95% pojedinaca
(maniji broj vrsta, velika brojcana zastupljenost pojedine vrste)

* najveci broj ,zajednickih” vrsta prisutan je redom u ustima, nosu, crijevu i na kozi
* najmaniji broj ,,zajednickih” vrsta prisutan je u vaginalnim uzorcima

SEKUNDARNI MIKROBIOM cine mikrobne vrste karakteristicne za pojedinca
(ve¢i broj vrsta, mala brojcana zastupljenost pojedine vrste)

ZAKLJUCAK:
Mikrobi temeljnog mikrobioma esencijalni su za funkcioniranje organizma
(probava, stimulacija imunosnog odgovora...), dok je uloga sekundarnog

mikrobioma takoder vazna, ali nije nuzno vezana uz odredenu mikrobnu vrstu
(razlicite mikrobne vrste mogu obavljati istu funkciju*).

IAKO JE TAKSONOMSKA RAZNOLIKOST VELIKA,
FUNKCIONALNE KARAKTERISTIKE SU VISOKO KONZERVIRANE!!!

Razlike izmedu mikrobioma zdravih pojedinaca su prihvatljive sve dok je njihova funkcija ocuvana!

* FUNKCIONALNA REDUNDANCIJA - visak istovrsnih komponenata u nekom sloZzenom sustavu bez kojih bi sustav mogao raditi,
ali se funkcije umnozavaju zbog sigurnosti (ista funkcija osigurana je razlicitim ¢lanovima mikrobiote).



EVOLUCIJA MIKROBIOMA

JEDINSTVENI
—mm)- SASTAV MIKROBNE
FLORE

staniste, hrana, zastita od kompeticije

K‘\
DOMACIN MIKROBIOTA
o/
metabolizam nutrijenata, stimulacija imunosnog odgovora,
zastita od patogena



DOMACGIN K\ MIKROBIOTA

BROJNOST | SASTAV MIKROBIOMA U RAZLICITIM DIJELOVIMA TIJELA OVISI O:
kolicini dostupnog kisika, pH, koncentraciji soli i dostupnosti nutrijenata

UTJECAJ DODATNIH FAKTORA:

higijenske navike (sapuni, antiperspiranti, vodice za ispiranje usta...),

prehrana (vlakna, Sec¢eri, masnoce)

stupanj kloriranosti pitke vode

izlozenost toksinima iz okolisa

lijekovi* - nuzna kontrolirana primjena antibiotika ne samo zbog razvoja
rezistencije, nego i zbog ugrozavanja funkcije mikrobiote > BOLEST



*Utjecaj antibiotika
na mikrobnu floru
crijeva

(slovima su oznaceni pacijenti
tretirani razlicitim antibioticima)
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DOMACIN MIKROBIOTA

/

» crijevo covjeka kolonizira preko tisucu bakterijskih vrsta
(uloga u metabolizmu)

* razgradnjom slozenih ugljikohidrata (npr. celuloza, pektini...) nastaju masne
kiseline (acetati, propionati i butirati) koje sluze kao izvor energije*, a imaju
brojne pozitivhe efekte (npr. inhibiraju rast nekih patogenih bakterija)

 sposobnost de novo sinteze vitamina B12, K2, folne kiseline...

« ,borba” bakterija razlicitih vrsta za ekolosku nisu lucenjem toksina
(npr. kolicin E.coli) koji inhibiraju rast konkurentskih vrsta,
a istovremeno stite domacina od patogena (Salmonella, Shigella, ...)

*Pojedine skupine bakterija (koljeno Firmicutes) su posebno efikasne u
razgradnji slozenih ugljikohidrata sto rezultira ve¢om pohranom produkata
metabolizma te moze dovesti do pretilosti (potencijalna terapija kod pothranjenosti)



Healthy Microbiota Depleted Microbiota
i,

SHStg om T T = Pathogen\
“*= Microbiota
© AMPs
> IgA

Mucin

Uloga crijevne mikrobiote u prevenciji crijevnih infekcija:

| - populacijska zasicenost (velika potrosnja nutrijenata) sprjecava pristup patogena
domacinskom tkivu

Il - mikrobiota pomaze nespecificnu imunost stimulacijom proizvodnje mucina,
antimikrobnih peptida (AMP) te IgA

Il - mikrobiota stimulira proizvodnju interleukina IL-22 (poveéava rezistenciju epitela) i
IL-1B (regrutira stanice upalnog odgovora)



ULOGA MIKROBIOTE U BOLESTI - jos uvijek nedovoljno spoznaja

Kochovi postulati
koncept jedan patogen - jedna bolest

* u bolesnom organizmu mora biti prisutan mikrob-
uzrocnik

* mikroorganizam se iz bolesnika mora izolirati u cistoj
kulturi

(1843-1910)

* pokusna zZivotinja zarazena cistom kulturom
mikroorganizma mora pokazati iste znakove oboljenja

* iz pokusno zarazenog organizma treba ponovno izdvojiti
uzrocnika u ¢istoj kulturi

J

Istrazivanja mikrobiote rezultirala NOVIM KONCEPTOM za brojne bolesti:

Bolest moze biti uzrokovana poremec¢ajem u ZAJEDNICI mikroba, sto moze dovesti do
imunosnih i metabolickih poremecaja (pr. pretilost, dijabetes tipa 2, celijakija, upalne
bolesti crijeva, ulcerozni kolitis, Chronova bolest...).




DISBIOZA (poremecaj normalne mikroflore)

eliminacija pozeljnih mikroba kolonizacija nepozeljnih mikroba

~N rd
BOLEST



PRIMJERI BOLESTI UZROKOVANIH DISBIOZAMA:

* upalna bolest crijeva uzrokovana antibioticima
je posljedica redukcije normalne crijevne flore zbog cega se povecava populacija
bakterije Clostridioides difficile (endogena ili ceSée egzogena infekcija) koja izlucuje upalne
enterotoksine sto dovodi do upale sluznice crijeva uz obilnu sekreciju tekucine (proljevi).

Health care-associated C difficile infection
C difficile can spread from contaminated

Gl < |
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- bacteria
kN ‘ and spores

e

\:\ C difficile enters the
body and multiplies in

Pseudomembrane formation the gastrointestinal tract .
within theiat : Gram +, sporogeni,

- — . anaerobni bacil
SAD - 223 900 infekcija godisnje
12 800 smrtnih ishoda!
CDC report 2019.

C difficile releases toxins that »
damage the colon and may lead
to pseudomembrane formation

TERAPLIISKI PRISTUP: ciljana antibiotska terapija ili kod loSeg odgovora (ponovljene infekcije)
transplantacija crijevne mikrobiote fekalnim uzorkom zdravog donora ili sintetskim
pripravcima mikrobnih fekalnih kultura, efikasnost >90%!!!
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kronicne upalne bolesti crijeva (ulcerozni kolitis, Chronova bolest) i kolorektalni tumori

Ulcerozni kolitis i Chronova bolest karakterizirani su pojavom cireva na sluznici crijeva

sto uzrokuje bolove, proljeve, krvarenja i moze dovesti do brojnih komplikacija ukljucujuéi
razvoj karcinoma.

Utvrdena je veza navedenih bolesti s porastom populacije bakterija koje proizvode
mucin-razgradujuce sulfataze sto rezultira razgradnjom mukoznog sloja stijenke crijeva i
upalnim procesom te bakterija koje poticu lucenje kemokina i nastanak upalne reakcije.

Akkermansia muciniphila

* nekrotizirajuci enterokolitis

Bolest se javlja kod nedonoscadi i drugi je po redu najcesci uzrok smrti nedonoscadi, a
karakterizira ga nekroza crijevne sluznice nejasne etiologije.

Istrazivanja pokazuju da razvoju bolesti prethodi izrazena disbioza!




sklonost dijabetesu tipa 2 i pretilosti

osobe cija je crijevha mikrobiota efikasnija u razgradnji slozenih ugljikohidrata mogu imati vecu
sklonost razvoju dijabetesa tipa 2, dok pojacana sinteza masnih kiselina dovodi do pove¢anog
skladistenja nutrijenata i eventualno pretilosti

celijakija

osobe cCija je crijevna mikrobiota uspjesna u razgradnji glutena ne obolijevaju
nuzno od celijakije unatoc genetskoj predispoziciji

Damage from celiac disease

In a healthy small intestine, tiny hairlike projections called villi absorb nutrients
from food. When people with celiac disease eat foods containing wheat, barley,
or rye, the body's immune system attacks the gluten proteins. This immune
response also destroys the villi, leading to nutritional deficiencies.

atopijski dermatitis, vaginitis R
f NORMAL SMALL INTESTINE

posljedica promjene sastava mikrobioma




2014. druga faza projekta ljudskog mikrobioma
~-The Integrative Human Microbiome Project”

cilj: razumjeti kakav je utjecaj mikrobiote na zdravlje i razvoj bolesti

https://hmpdacc.org/ihmp/overview/

Project 1: Pregnancy & Preterm Birth

Project 2: Onset of Inflammatory Bowel Disease (IBD)
Project 3: Onset of Type 2 Diabetes


https://hmpdacc.org/ihmp/overview/

DISBIOZE - TERAPIJSKI PRISTUPI | PREVENCLJA?

PROBIOTICI su mijesane mikrobne kulture bakterija i kvasaca (najcesce
Bifidobacterium, Lactobacillus i Saccharomyces) koje mogu (barem privremeno)
kolonizirati crijevo ili drugi dio tijela i tamo se umnozavati.

Terapijska ucinkovitost im je nedovoljno istrazena, a potrosaci isticu pozitivan utjecaj
na probavu hrane, podnosenje laktoze i imunosni odgovor.

Predlozene indikacije:

-zastita od upalnih bolesti crijeva tijekom uzimanja antibiotika

-zastita od infekcije bakterijom H. pylori (potencijalni karcinogen)
-prevencija atopijskog dermatitisa i autoimunih bolesti u najranijoj dobi

Ucinkovitost ovisi o:
sastavu i vijabilnosti mikrobne kulture, dozi, nacinu konzumacije...

Buducnost u ,pametnim” probioticima???



»,Gut Fertilizers” - izvor vlakana, hrana za probiotike
(potice replikaciju jednog ili viSe ¢clanova mikrobiote)



PERSPEKTIVA

Dostupnost, brzina i niska cijena DNA sekvenciranja mogla bi u buducnosti dovesti do
rutinske izrade osobnih mikrobioma kao dijagnostickih testova za brojne bolesti!

Brojna pitanja:

* Mozemo li uistinu predvidjeti bolest proucavajuci promjene mikrobioma?

* Koje su promjene mikrobioma relevantne za razvoj bolesti (taksonomske ili
funkcionalne)?

* Moze li ponovna uspostava ravnoteze mikrobioma prevenirati bolest i kojim
postupkom?

* Koja je uloga domacinskog genoma, okolisnih faktora i higijenskih navika u
odrzanju zdrave mikrobiote?
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Current understanding of the human
microbiome

Jack A Gilbert, Martin PR2nason, Susan ¥ Lynch & Rob Knight B

Nature Medicine 24, 392400 (2018)  Download Citation &

) This article has been updated

Abstract

Our understanding of the link between the human microbiome and
disease, including obesity, inflammatory bowel disease, arthritis and
autism, is rapidly expanding. Improvements in the throughput and
accuracy of DNA sequencing of the genomes of microbial communities
that are associated with human samples, complemented by analysis of
transcriptomes, proteomes, metabolomes and immunomes and by
mechanistic experiments in model systems, have vastly improved our
ability to understand the structure and function of the microbiome in
both diseased and healthy states. However, many challenges remain. In
this review, we focus on studies in humans to describe these challenges
and propose strategies that leverage existing knowledge to move rapidly

from correlation to causation and ultimately to translation into therapies.
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Germ-free animals
Animats raised in strict sterile
conditions thal have no

microorganisms Iiving in or
on them

Commensalism

of cancer therapy

Soumen Roy and Giorgio Trinchieri

The human microbiota is the ensemble of bacteria and
other microorganisms (archaea, fungi, protozoa, as well
as human, fungal, bacterial and protozoan viruses) that
inhabit the epithelial barrier surfaces of our body'. The
microbiota affects physiological functions, particularly
metabolism, neurological and cognitive functions, hac-

poiesis, inflammation and immunity™. Germ-free

A symbi
between [wo species in which
one species benefits without
causing harm 1o the other.

Pathobionts

animals are functionally immature in many physiologi-
cal systems, including innate immunity, and they are
highly susceptible to infection by pathogens'. However,
the germ-free condition in itself is not lethal. Germ-free

dents maintained in a sheltered sterile envirc

microorganisms that under
certain conditions may
acquire pathogenic potential

Mutualism

A symibiolic relationship
between [wo species that is
beneficial for both species.

Cancer and inflammation
Program, Center for Cancer
Research. National Cancer

‘Microbiota: a key orchestrator

Abstract | The microbiota is composed of commensal bacteria and other microorganisms that live
on the epithelial barriers of the host. The commensal microbiota is important for the health and
survival of the organism. Microbiota influences physiological functions from the maintenance of
barrier homeostasis locally to the regulation of metabolism, haematopoiesis, inflammation,
immunity and other functions systemically. The microbiota is also involved in the initiation,
progression and dissemination of cancer both at epithelial barriers and in sterile tissues. Recently,
it has become evident that microbiota, and particularly the gut microbiota, modulates the
response to cancer therapy and susceptibility to toxic side effects. In this Review, we discuss

the evidence for the ability of the microbiota to modulate chemotherapy, radiotherapy and
immunotherapy with a focus on the microbial species involved, their mechanism of action and the
possibility of targeting the microbiota to improve anticancer efficacy while preventing toxicity.

haematopoietic cells of yolk sac origin such as the
microglia in the central nervous system' ', The gut
microbiota interacting with epithelial and stromal intes-
tinal cells regulates barrier functions, mucosal immune
homeostasis’ *, host-microbiota symbiosis, prevention
of infestation by pathogens, control of overgrowth by
pathobionts, metabolism of indigestible dietary fibre,
synthesis of vitamins and regulation of metabolism,
including the prevention of obesity”*~'*, An intact
and functional gut epithelium maintains a healthy
body, and gut epithelial homeostasis is maintained
by conti crosstalk between the gut microbiota,

and fed with a controlled diet containing factors, such
as vitamins that are normally supplied by the intesti-
nal microbiota, can survive significantly longer than
conventionally raised animals® ®. The local microbiota
affects the functions and regulates the immunity of the
epithelial barrier on which it resides™". [n addition,
the microbiota also exerts systemic effects'™" (HG. 1)
mechanisms that are less well understood than

those mediating the local effects.
The gut microbiota comprises approximately 3x 10"
bacterial cells that mostly exhibit commensalism with the
host'. However, when the intestinal ecology is altered,

of Heaith, Bethesda,
Maryland 20892, USA.
Correspondence to G.1
inchig@mai
dol:10.1058mc 201715
Published online 17 Mar 2017
Comected online 4 Apr 2017

[ 1 bacteria that are referred to as pathobionts
(for example, Clostridium difficile or vancomycin-
resistant Enterococcus) may expand and acquire
pathogenic characteristics". The gut microbiota also
exhibits mutualism with the host that modulates immu-
nity, promoles bone marrow haematopoiesis and also
regulates maturation and function of tissue-resident

immune cells and the mucosal barrier™.

The composition of the microbiota is shaped by host
genetics, colonization at the time of birth, type of birth
delivery, an individual' lifestyle, incidence of diseases
and exposure to antibiotics™ . Microbiota composition
evolves during the first few years of human life before
maturation into an adult-like microbiota®. After that,
the composition of the microbiota in the gut and other
epithelial barriers remains relatively constant through-
out adult life, although it could still be affected by diet,
changes in lifestyle, disease and disease treatment*,
The microbiota present al the epithelial barrier and
particularly in the gut influences local and systemic
metabolic functions, inflammation and adaptive immu-
nity, which modulate cancer initiation, progression
and response to anticancer treatment. Host genetics and
environmental factors, including nutrition, modify the
composition of the microbiota both in humans and
in the mouse™ ¥, In the mouse, the pro-carcinogenic
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The Microbiota of Breast Tissue and Its Association with Breast
Cancer

Camilla Urbaniak,™® Gregory B. Gloor,” Muriel Brackstone,” Lesliz Scott,” Mark Tangney,” Gregor Reid™®

Lawson Health Research ingtitute, London, Ontario, Canedz™ Depart ment of Micrebiology 2nd Immunalogy, Westarn Liniversity, London, Ontaria, Canada® Department
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ABSTRACT

In the United States, | in 8 women will be diagnosed with breast cancer in her lifetime. Along with genetics, the environment
contributes to disease development, but what these exact environmental factors are remains unknown. We have previously
shown that breast tissue is not sterile but contains a diverse population of bacteria. We thus belicve that the host’s local micro-
biome could be modulating the risk of breast cancer development. Using 165 rRNA amplicon sequencing, we show that bacterial
profiles differ between normal adjacent tissue from women with breast cancer and tissue from healthy controls. Women with
breast cancer had higher relative abundances of Bacillus, Enterobacteriaceae and Staphylococcus. Escherichia coli (a member of
the Enterobacteriacear family) and Staphylococcus epidermidis, isolated from breast cancer patients, were shown to induce DNA
double-stranded breaks in Hela cells using the histone-2AX (H2ZAX) phosphorylation (y-H2ZAX) assay. We also found that mi-
crobial profiles are similar between normal adjacent tissue and tissue sampled directly from the tumor. This study raises impor-

tant questions as to what role the breast microbiome plays in disease development or progression and how we can manipulate

this for possible therapeutics or prevention.

IMPORTANCE

This study shows that different bacterial profiles in breast tissue exist between healthy women and those with breast cancer.
Higher relative abundances of bacteria that had the ability to cause DNA damage in vitro were detected in breast cancer patients,
as was a decrease in some lactic acid bacteria, known for their beneficial health effects, induding anticarcinogenic properties.
This study raises important questions as to the role of the mammary microbiome in modulating the risk of breast cancer devel-

opment.

acteriainhabit numerous body sites, and this collective micro-

biota plays an integral role in human development. Changes
in the compuosition of one's microbiota at various body sites may
promote disease progression, as individuals with periodontitis (1,
2), inflammatory bowel disease (3), psoriasis (4), asthma (5], di-
ahetes (6), bacterial vaginosis (7), and colorectal cancer (8) have
different bacterial communities than healthy individuals. While it
is still unclear whether these microbial differences are a conse-
quence or a cause of the disease, there is evidence in favor of the
latter, as healthy animals transplanted with feces from those with
ohesity, colitis, or colorectal cancer then go on to develop disease
(3-11).

In the United States, 1 in & women will be diagnosed with
breast cancer in her lifetime. While the etiology of breast cancer is
still unknown, it is believed to be due to a combination of both
genetic and environmental factors. Support for environmental
factors comes from migration studies showing an increased inci-
dence of breast cancer among migrants and their descendants af-
ter they move from a region of low breast cancer risk to a region of
high risk (12, 13). Bacterial communitics within the host could be
ane such environmental factor which has not been considered to
date.

We have previously shown that a breast tissue microbiome
exists in a cohort of Canadian and Irish women (14). To deter-
mine whether this local microbiome could have a role in modu-
lating the risk of breast cancer development, we examined the
breast microbiota of 70 women who had either breast cancer (nor-
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mal adjacent tissue collected ) or benign tumors (normal adjacent
tissue collected ) or were disease free. Bacteria isolated from cancer
patients were characterized and examined for their abilities to
induce DNA damage.

MATERIALS AND METHODS

Microbiome analysis. (i} Tissue collection and processing. Fresh breast
tissne was collected from 71 women (ages 19 to 90 years) undergoing
breast surgery at St Joseph’s Hospital in London, Ontario, Canada. Eth-
ical approval was obtained from the Western Research Ethics Board and
Lawson Health Research Institate, London, Ontario, Canada. Subjects
provided written consent for sample collection and subsequent analyses.
Fifty-eight women underwent lumpectomies or mastectomies for either
benign (m = 13) or cancerous (n = 45) tumors, and 23 were free of disease
and underwent either breast reductions or enhancements. For those
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ISTRAZIVANJA MIKROBIOTE
-nuzan oprez pri dizajniranju eksperimenata i zakljucivanju

-sto je ,,normalna” mikrobiota?

-brojne se bolesti (gotovo sve) dovode u vezu sa sastavom mikrobiote

-ukazuje li ovo na njenu vaznost u nastanku bolesti ili je promjena mikrobiote
posljedica same bolesti ???

-sto je s multifaktorijalnim bolestima?
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