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Evolucion y Microbioma
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Ecosistemas y Microbioma

HUMANOS ANIMALES
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Microbioma humano

Joshua Lederberg, Premio Nobel de Fisiologia en 1958 asigno el
término microbioma para nombrar la “comunidad ecolégica de
microorganismos comensales, simbidticos y patdgenos que
literalmente comparten nuestro espacio corporal y han sido
totalmente ignorados como determinantes de la salud y la
enfermedad.”

L
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Microbioma humano

MICROBIOMA HUMANO JE 2
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Las bacterias son esenciales para la salud humana,
interviniendo en procesos biologicos como:

eme WM OR) o0y

Obtencion de Produccion de ! Mecdidacisin " Regulacién de T
energia del i . del sistema . los niveles de microorganismos
alimento esenciales ; : . glucosa e et

M
Herntas
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Microbioma humano: distintos sitios, distintas funciones.

Mauth, Pharynx, Respiratory System ;

G

Neisseria

.';! & sioca

Herntas
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Microbioma humano




Desarrollo del microbioma

Bacterpoidaceae
z Lachnospiraceae
. Ruminococcaceac
Prevotellaceae
. Enterobacteriaceae
. Veillonellaceae
. Bifidobacteriaceae

Clostridiaceae
Lactobacilleaceae

[ ]
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S e -.2 3

Birth 1 month 6 months 12 months 2 - 3 years

Bacterial diversity

Interindividual variability




Desarrollo del microbioma

Maduracion

Sistema

.
[ Desordenes
Inmune

Psiquiatricos

Intestino-
Cerebro

Desordenes
Metabolicos

Auto-
immunidad

BESpRESa Metabolic

al stress

Bacteroides
Bifidobacterium

Escherichia

Clostridium

Faecalibacterium
and Eubacterium

T T T
First week of life Introduction of Weaning Adult m J

solid foods A
Human life history H@HT&S
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Rook et al (2017) Lancet 390: 521



Eje intestino-cerebro

Primer Cerebro 86 000 millones
de neuronas

Systemic ; Neural
communication \ communication
HPA axis Vagal

Neurotransmitters
Bacterial metabolites
Cytokines

Sympathetic

‘_ =TT 90% Serotonina
Segundo Cerebro . B o 50% Dopamina
+hRE = 40 neurotransmisores mas
500 millones de 2\
neuronas S '“U'
—Hoertas

J Neuroscience 34:15490 (2014)



Salud y microbioma

Environmental factors

g-__"s‘ Host genetic factors
= NOD2 Diet
& ATG16L1 Maternal exposure
= IRGM Public health
Infections
Antibiotics
Commensal bacteria / Dysbiosis
4 Diversity Microbiota ¥ Diversity
4 Firmicutes, Bacteroidetes composition 4 Enterobacteriacea
¥ Enterobacteriaceae e p 3 (E. coli, adherant/invasive strains)
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& +Clostridium groups IV, XIVa
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o i = py ) - R - |
ers/ 1558 :gx‘ Ao Ulcer IFN-y . |L:1g-*'\\'gf
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f Tl A @
Bacterial ; ' iL-23 \Qg{'
Paneth cells
@
i !A?optasls - Q
ack of response
-:E '-;_-DB ex?:l;i'lnsai::n
Normal Crohn’s disease *
Mucosal homeostasis, Activated
inflammatory cascades

immunologic tolerance

Gastroenterology (2010) 139:1816




Salud y microbioma

AN N2

+ SALUDABLE + PROPENSO A ENFERMEDADES

N7

Dieta, estilo de vida,
Salud mental, Antibioticos

M
eras
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Salud y microbioma

- Obesidad

- Intolerancia alimentaria

- Celiaquia

- Enfermedad periodontal

- Diabetes

- Esclerosis multiple

- Artritis reumatoidea

- Autismo

- Depresion

- Alergias

- Asma

- Hipertension

- Psoriasis

- Cancer

- Esofagitis, gastritis

- Sindrome de Colon Irritable
- Enfermedad de Crohn, Colitis Ulcerosa
- Infertilidad

}_

LMK
artas
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Microbiomay cancer

P P
REAVAIAVAY CANCER

Microbiota: a key orchestrator
of cancer therapy

Soumen Roy and Giorgio Trinchieri

VOLUME 17 | MAY 2017 | 271

LMK
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Microbiomay cancer

Thllﬂ:ulﬁll:lolo( W

lh hsthon
CANCER IMMUNOTHERAPY SCle

Gut microbiome influences efficacy of heaons
PD-1-based immunotherapy against AND CANCER

epithelial tumors
Routy et al., Science 359, 91-97 (2018)

i
z

The commensal microbiome is
associated with anti-PD-1 efficacy in
metastatic melanoma patients

Matson et al., Science 359, 104—-108 (2018)

Gut microbiome modulates response to anti-PD-1

immunotherapy in melanoma patients N
Gopalakrishnan et al. Scrence. 2018 January 05; 359(6371): 97—-103 =



Human Microbiome Project
2008-2013

MICROBIOME
PROJECT

e Secuenciacion de mas de 1300 cepas de referencia aisladas del cuerpo humano.

 Descripcion de protocolos de laboratorio y bioinformaticos, estandarizados y
controlados.

ePublicaciones de referencia en 2012- Nature (2012) 486

FELLOW £ o
TRAVELLERS

LMK
Herntas
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http://hmpdacc.org



Human Microbiome Project

2008-2013

Nature Reviews Genetics 13, 260 (2012)

:

Actinobacteria
Firmicutes
Proteobacteria
Bacteroidetes
Cyanobacteria
Fusobacteria

H. pylori(-)

stomach

H. pylori(+)
stomach

M
Hortas
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The integrative Human Microbiome Project (IHMP)
2014

e Creacion de base de datos integradas de propiedades biologicas del
microbioma y el hospedador a partir de tres cohortes diferentes con
condiciones asociadas a modificacion del microbioma.

Embarazo Enfermedad Inflamatoria Diabetes Tipo2
Intestinal
™ (' .4:/;‘ !-Iu.a PM ]
)
24 (M]S .
?ﬁdﬁ\ \j \\

http://hmp2.org/



IR
The Microbiome Initiative

2016
THE NATIONAL

b 18 o

NITIATIVE

eApoyar la investigacion interdiciplinaria
eDesarrollo de plataformas tecnoldgicas

eusd$ 121 millones inversion publica- usd$ 400 millones de inversion privada n

www.whitehouse.gov




Composicion del microbioma

healthy
solid food
: healthy
f 65 to 80 years
formiila-fed B
obese F
breast-fed 165 malnutrition
i antibiotic >100 years

treatment

Firmicutes

B Bacteroidetes
B Actinobacteria
B Proteobacteria
others

uP

Unborn Baby Toddler Adult Elderly *

Front. Cell. Inf. Microbiol. 2:104 (2012)



Composicion del microbioma: diferencias geograficas
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Composicion del microbioma: diferencias geograficas

Boulpon, Burkina Faso Florencia, Italia

m Prevotell i
BF S ] Bacteroidetes EU S ] Bacteroldstes
m Bacteroides

m Acetitomaculum M Acetitomaculum
. " T W Faecalibacterium o
W Faecalibacterium | Firmicutes Firmicutes

u Xylanibacter

» Roseburia
Subdoligranulum
Others

Subdoligranulum
Others

« baja en grasas y proteinas animales e alta en grasas, proteinas animales, azdcar y almidén " 0
e rica en almiddn, fibray polisacaridos vegetales « baja en fibra ;o
e predominantemente vegetariana H e HT&S

PNAS 107: 14691-14696 (2010) CIBIC .+ INDEAR
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Salud y microbioma

Am J Clin Nuwtr 2013:98:11 1-20.
Diet, microbiota, and microbial metabolites in colon cancer risk in rural
Africans and African Americans'™

Junhai Ow, Franck Carbonero, Erwin G Zoetendal, James P DelLany, Mei Wang, Keith Newton, H Rex Gaskins,
and Stephen JD (' Keefe
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Proyecto Microbioma Humano Argentino (2012-2014)

= Caracterizar el microbioma humano de la poblacion adulta sana
argentina

« 20 voluntarios sanos 18-50 anos
e Plataforma NGS 454 ROCHE

« 10 sitios muestreados

:? frontiers _ oamseponr
in Microbiology i: 01 Fabruary

Human Microbiota of the Argentine
Population- A Pilot Study

Belen Carbonetto’, Monica C. Fabbro’, Mariela Sciara?, Analia SeravalleZ, *

Guadalupe Méjico?, Santiago Revale’, Maria S. Romero’, Bianca Brun’, Marcelo Fay?, iy

Fabian Fay? and Martin P. Vazquez™* } = ‘ Pl
CONICET .

& INDEAR & oo ===
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Proyecto Microbioma Humano Argentino (2012-2014)

[ I OTUL 2 =
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Adaptacion de Morgan X. et al (2012) PLOS Comput. Biol. 8(12):€1002808



Proyecto Microbioma Humano Argentino (2012-2014)
Perfiles taxondmicos Argentina vs HMP
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Frontiers in Microbiology 7:51 (2016)
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Proyecto Microbioma Gastrointestinal y Metaboloma Argentino (2014-2016)
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Primer mapa del Microbioma Intestinal Argentino

Metadata
Analisis de Rutina Antecedentes grales Dieta Historia Clinica Medicacion

GILICEMIA TIPO DE DIETA MEDICACION CRONICA
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PLATAFORMA TECNOLOGICA DE NGS | I umina’

Raw data e interpretacion ™
de resultados
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PRIMER MAPA DE MICROBIOMA GASTROINTESTINAL ARGENTINO

Unweighted Unifrac PCOA

I Ctrol. 2012
Il Rosario

V Tuerto
Parana

I Rafaela
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PRIMER MAPA DE MICROBIOMA GASTROINTESTINAL ARGENTINO

Adulto joven IBD

Nifio TGI

Mujer Adulta Joven
(severo caso de TGI)

Control




CASOS TESTIGOS DE DISBIOSIS

Adulto joven IBD
" Nifio TGI

Mujer Adulta Joven
(severo caso de TGI)

Control

PC3 (4.96 %) *




CASOS TESTIGOS DE DISBIOSIS

‘ Diversidad microbiana

Diversidad Microbiana -

‘ Abundancia relativa
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- ____________________________________________________________________________________
CASOS TESTIGOS DE DISBIOSIS

‘ Bacterias benéficas

Bacteria Valores de Referencia* Valor Muestra Resultado
Akkermansia muciniphila 0.01 - 2.75 0.15 Normal
Faecalibacterium prausnitzii 3.79 - 13.02 3.15 Bajo
Bifidobacterium 0.07 - 1.31 0.20 Normal
Christensenellaceae 0.07 - 0.68 0.26 Normal

Bacterias en cantidades anémalas

Geénero Resultado Valor de Referencia*
g___ Haemophilus 7.1070 0.6312
g__ Campylobacter 0.0689 0.0272
g_ 5-7N15 0.0086 0.0000
g__ Veillonella 1.6934 0.6203
g__ Coprococcus 4.2675 3.8439



Salud y microbioma

Factor que provoca

disbiosis Terapia disefiada para

restablecer el microbioma
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Modulacion del microbioma como terapia

e Trasplante de materia fecal para tratar infeccion por Clostridium

difficile.

Antibiotics

Resolution
of symptoms

——————————— Recurre
e

Fecal microbiota transplantation
involves instilling fecal material from
a healthy donor to restore the normal
intestinal flora.
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Un vision para el futuro...

Pruebay error

i
MR s

kﬂk Responders (red)
Rk*k Non-responders

Trial and Error
Treatment Plan

Next Trial and Error
Treatment Plan

AR

Rk* RR* - *k*
Farmacogenomica
Personalized
RR* Treatment Plan
Stratify patients
based on genome to

make predictions on

M —

who will respond to q

with tailored
therapy

which drugs (red, green)
Non-responders
(black)
Farmacometagenomica
Personalized
Treatment Plan
Stratify patients

based on genome
and microbiome;
. : make better pre-
: dictions on who
will respond to
which drugs
Microbiome

m e
MR — <
1) B

BMC Medicine 14(1):72 (2016)

MR .
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therapy
(red, green,
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Medicina de precision

Human genome Metabolome Proteome Micrabiome Clinical data

M
Hartas
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Petrosino J. Genome Medicine (2018) 10-12.



