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1: Critique os estudos relacionando o microbioma e aterosclerose,
enfatizando diferencas e similaridades com o Brasil e outros locais do
mundo.

2: Proponha uma forma de testar e validar a proposta de arqueobiotico
em populacoes distintas.

3: Como seria possivel usar a proposta de arquebiotico para investigar a
relacdo do microbioma com a aterosclerose? Proponha/delinie um estudo
para testar e validar a relacao da aterosclerose com o microbioma usando
a proposta de arqueobiotico (incluir resultados esperados, caso positivos
Ou caso negativos).

4:

5: uma nova droga Z esta sendo testada em ensaios clinicos; algumas
populacdes responderam bem a droga, mas outras tiveram uma resposta
muito variavel, considerada inadequada. Proponha um estudo que

determine se o metabolismo da droga esta realcionado ao microbioma ou
outros fatores (genéticos, ambientais, socio culturais etc).



e 4A: Assuma que uma droga X é metabolizada pelo microbioma intestinal
de algumas pessoas e outras nao, porém esta é a Unica droga disponivel
no momento.

— Sabe-se qual é o produto da inativacdao da droga, mas nao se sabe qual(is) a(s)
bactéria(s) reponsavel(is).

— Proponha um método diagndstico para determinar se a utilizacao desta droga
é recomendada para um individuo.

 4B: Assuma que uma droga Y é metabolizada pelo microbioma intestinal
de algumas pessoas e outras nao, porém esta é a Unica droga disponivel
no momento.
— Sabe-se qual o gene responsavel pela inativacao da droga, mas nao exitem

maneiras praticas e baratas de se detectar o farmaco Y na sua forma
modificada/inativada.

— Proponha um método diagndstico rapido para determinar se a utilizacao desta
droga é recomendada para um individuo.



O Microbioma Humano

Composto de:
Bactérias, Arquéas,
Eucariotos e Virus
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O Microbioma Humano

Composto de: .
Bactérias, Arquéas, JMallel
Eucariotos e Virus o Hair
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Sistemas Microbianos: exemplo.

Carbohyd rates

Partially

digested Intestino Humano:

Slmple sugars Carbohydrates

Sistema
guiado
por
carboidratos
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Hoffmann et al. PLoS One 2013. 8(6): e66019



Observed OTUs

Mudancas no microbioma
ao longo da vida
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PC2 (15%)

s *: o.‘.\o.;. :.;'

Age, years

0.1 83
E T

.~ » Y
sy =
.... ® ...0. o

:o .'.° ne ;

oo ¢ ° o

o

Enterotypes \

PC2 (15%)

USA
Malawians
Amerindians

Lozupone et al. Nature 2012. 489:220-230



O Microbioma em idosos

Idosos (idade 78+ 8)
Em casa/ comunidade

reabilitacao
casa de repouso
Adultos (26 a 46 anos)

Saude debilidata em
pacientes na casa de
repouso

MJ Claesson et al. Nature 488, 178-184 (2012)



Colonizacao pods-parto
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Actinobacteria

[ Bacteroidetes
Il Proteobacteria
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Colonizacao
pOs-parto

a Stages of neonate colonisation from birth

A B C D

Bacilli class dominated Proteobacteria dominated Actinobacteria dominated J Firmicutes and Bacteroidetes
dominated
Post-conceptional age Cluster 213
~33-36 weeks!! Peak at birth'* Cluster 313
Gammaproteobacteria dominated'? Peak at month4

Peak at month12*
Clostridia dominated*!

b Late term infant vaginally delivered and breastfed
B c s
N\ t

Relatively ear!y progression B->C, Relatively late progression C->D
Perhaps in first few days Perhaps not until cessation of breast feeding

C Early term infant Caesarean delivered and formula fed

-/

Realtively late progression B->C, Realtively early progression C->D
Perhaps up to 6 months Perhaps before or at weaning

d ' Premature infant
n1““

Progression dependent on gut maturity?

@ Infant treated with Antibiotics

s Jc| o

Antibiotic treatment delays progression

Dogra et al. Gut Microbes . 2015. 6:321-325.




Colonizacao pos-parto

Educando o sistema
imune

Alimentando o
microbioma:

— Colostro: ~22 g/l de
oligosaccharides

— Leite maduro: ~10 g/
— ~200 oligosacarideos
distintos

“Prebioticos”

Cytokines  pymo SlgA
Breast milk © «*® 7}
sCD14 ( Lactoferrin\
8
=

Paneth
cell

Hennet e Borsig. Trends in Biochemical Sciences
Published Online: April 16, 2016



Oligosacarideos do Leite Materno

Human

Primates

Other mammals
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Oligosacarideos do Leite Materno

Milk glycome
mucins and other glycoproteins; glycolipids

acidic and neutral HMO

A K Other infant GIT microbes
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TRENDS in Microbiology

Sela & Mills. Trends in microbiology. 2010. 18(7):298-307



Outros Prebioticos

* Inulina

 Amido resistente (farinha de banana verde)

* FOS (em formula infantil)



Manipulando o Microbioma



* E dai? Quem se importa?



Manipulando o Microbioma Intestinal

4D Pharma, AOBiome, APC Microbiome Institute, AbbVie, ActoGeniX, Admera Health, Advanced
Technology Ventures, Advancing Bio, AgBiome, Assembly Biosciences, Avid Biotics, Azitra, BioAster
Technology Research Institute, BioBalance Corporation, BioConsortia, BioGaia, Biocartis, Biomecite
Diagnostics, C3 Jian, Center for Biologics Evaluation and Research (CBER), Cipac Therapeutics,
Companion PBx, Concorde Medical Group, Da Volterra, Dairy Innovation Australia Limited (DIAL),
Danisco, Debiopharm, Dermala, Enso Ventures, Enterologics, Enterome BioScience, Epibiome, Epiva
Therapeutics, Evelo Therapeutics, Evolve Biosystems, Evotec, ExeGi Pharma, FUJIFILM Diosynth
Biotechnologies, Flagship Ventures, GMU Microbiome Analysis Center (MBAC), GT Biologics, Gallinee,
Genetic Analysis, Genewiz, Gustave Roussy, Human Longevity, Hy Laboratories, Igen Biotech Group,
[llumina Accelerator, Immune Biologics, Immuron, Inocucor Technologies, Inserm, Institut Merieux,
Intrexon, Janssen, Johnson & Johnson Innovation Center, KOLUPOHAKU TECHNOLOGIES (KPT), Kindstar
Global, Lundbeckfond Ventures, MBcure, MaaT Pharma, Manzo Pharmaceuticals, Matatu, Merck,
Metabiomics, Metabogen, Metabolon, Metanome, Metrodora Therapeutics, MiOmics, MicroBiome
Therapeutics, Microbiome, Microbiome Diagnostics, Microbiota Company, Miyarisan Pharmaceutical,
Monarch Labs, Morgenthaler, MyBiotics, NIZO Food Research, Novartis, OmniBiome Therapeutics, One
Way Liver, OpenBiome, OptiBiotix Health, Oragenics, Osel, OxThera, Pfizer, Pivot Bio, Prev AbR, Procarta
Biosystems, PureFlora, Quorum Innovations, Rebiotix, Ritter Pharmaceuticals, Second Genome, Sen Nuo
Wei Biotechnology, Seres Therapeutics, Servier, Seventure, Shire, Shoreline Biome, SigmaTau
Pharmaceuticals, SporeGen, Swecure, Symberix, Symbiota, Symbiotix Biotherapies, Synlogic, Synthetic
Biologics, TargEDys, Therapeutic Solutions International, TriPhase Pharmaceuticals, UAS Labs, Universal
Stabilisation Technologies, VSL Pharmaceuticals, Vaiomer, Vedanta Biosciences, ViroPharma
Incorporated, Vithera Pharmaceuticals, Wavepoint Ventures, Whole Biome, Xycrobe Therapeutics,
Yakult Honsha, cLECta

Microbiome Therapeutics Market to 2030. http://www.researchandmarkets.com/



Private Companies Working In The Microbiome

Company Description Total Funding
(M)

C3 Jian Biotech company focusing on diagnosing, treating, and preventing $113
diseases relevant to the human microbiome (with a focus on oral health)

Eligo Developing ultra-precise antibiotics to target harmful bacteria and sparing $2.2

Bioscience beneficial ones

Enterome Focusing on microbiome-related diseases such as Irritable Bowel $23.8
Syndrome and metabolic diseases (diabetes and obesity)

EpiBiome Precision microbiome engineering, creating therapies for humans and $5.7
agriculture without the use of antibiotics

Evelo Company that seeks to create microbiome therapies for the treatment of $35

Therapeutics cancer

Evolve Working to develop products that maintain healthy microbiomes in infants $9

BioSystems

Vedanta Fecal transplantation substitutes $50

Biosciences

Kallyope Cutting-edge technologies in sequencing, bioinformatics, neural imaging, $44

cellular and molecular biology, and human genetics to provide an
understanding of gut-brain biology

Rebiotix Creating “Microbiota Restoration Therapy” to deliver live microbes into $30
intestinal tracts to treat disease

Second Clinical-stage company discovering and developing therapies for $43

Genome microbiome related diseases, focusing on inflammatory bowel disease

uBiome Sequences, stores, and analyzes data related to the human microbiome $4.9



Manipulando o Microbioma Intestinal

A flourishing Devastation Left alone, weed-like
gut ecosystem by antibiotics species run wild

Bypass the weeds?

4
<

Probiotics Prebiotics

Restored ecosystem

Lozupone et al. Nature 2012. 489:220-230



Transplante fecal

* Infeccao por Clostridium difficile

— Diarréia decorrente do uso de antibioticos: ~10% dos
casos, dos quais: C. difficile Responsavel por 20%.

— Geralmente adquirida em contexto hospitalar

— Nos EUA: estimado que 12% das IH sao causadas por
C.diff.

— Até 16% de mortalidade (1 ano do diagndstico)



A

Transplante fecal
* Exemplo em um paciente, mudanca apds o

transglante

e

Donor, Day 0
(2 replicates)

Patient, Day 14
(2x2 replicates)

Patient, Day 33
(2 replicates)

Patiert Day -7 Patient Day O DonorDayd  Patient Day 14 Patient Day 33

Backhed et al. Cell Host & Microbe 2012. 12(5):611-622.



PC2: 10%

Transplante fecal
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Fuentes et al. The ISME Journal 2014. 8(8):1621-1633.



Transplante Fecal

Vancomicina ( n=13)
Vancomicina e
lavagem intestinal (
n=13)

Vancomicina, lavagem
e transplante (n=16 )

O comite ético
discontinuou o teste
por causa dos
resultados nos
controles

P<0.001

P<0.001

I
P=0.008

| I
P=0.003

100+ ! 93.8
90
80
70-
60
50
40

81.3

30.8
304 23.1
20-

10+

Percentage Cured without Relapse

First Infusion Infusion of Donor Vancomycin  Vancomycin with
of Donor Feces  Feces Overall (N=13) Bowel Lavage
(N=16) (N=16) (N=13)

Figure 2. Rates of Cure without Relapse for Recurrent Clostridium difficile
Infection.

Shown are the proportions of patients who were cured by the infusion of
donor feces (first infusion and overall results), by standard vancomycin
therapy, and by standard vancomycin therapy plus bowel lavage.

Van Nood et al. NEJM 2013. 368(5):407-415.



Transplante Fecal

* Problemas
— Seguranca
— Padronizacao
— Efeitos colaterais(?)

 Alternativas
— “Probiodtico”



Probioticos



Probioticos

Em adultos:
Fermented milk product (FMP) species

Bifidobactenum animalis subsp. lactis CNCM 1-2494
Lactobacillus delbrueckii subsp. bulgaricus CNCM 1-1632
Lactobacillus delbrueckii subsp. bulgancus CNCM |-1519
Lactococcus lactis subsp. cremoris CNCM |-1631
Streptococcus thermophilus CNCM 1-1630

Estirpes comumente utilizadas:

— Somente B.
animalis subsp. lactis and L.
lactis subsp. cremoris sao
persistentes.

— Ate 4 semanas ap0Os uma unica
dose

I

Efeitos comumente transitorios:

— passam quando o tratamento é
descontinuado

— Exemplo: Lactobacillus reuteri DSM
17938 and PTA 5289

McNulthy et al. Science Translational Medicine. 2011. 3(106):106ral106
Vestman et al. PLoS One. 2015. 10(5):e0125812



Probioticos

* Em adultos: Fermented milk product (FMP) species

Bifidobactenum animalis subsp. lactis CNCM 1-2494
Lactobacillus delbrueckii subsp. bulgarncus CNCM 1-1632
Lactobacillus delbrueckii subsp. bulgancus CNCM |-1519
Lactococcus lactis subsp. cremoris CNCM |-1631
Streptococcus thermophilus CNCM 1-1630

e Estirpes comumente utilizadas:

— Somente B.
animalis subsp. lactis and L.
lactis subsp. cremoris sao
persistentes.

— Ate 4 semanas apos uma unica e Emrecém nacidos
dose
prematuros:
* Efeitos comumente transitorios: — Reducdo do risco de
— passam quando o tratamento é .
Hoecontimuado enterocolite (35%), e de
— Exemplo: Lactobacillus reuteri DSM morte em geral (42%)

17938 and PTA 5289 :
(meta-analise: 11

estudos, n=2176)

Deshpande et al. Pediatrics. 2010. 125(5):921-930
McNulthy et al. Science Translational Medicine. 2011. 3(106):106ral106
Vestman et al. PLoS One. 2015. 10(5):e0125812



Uma nova geracao de probioticos!



Arqueobiotico X Aterosclerose
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Brugere et al. Gut Microbes 2014. 5(1):5-10.



Infeccao por Clostridium difficile

— Diarréia decorrente do uso de antibidticos: ~10% dos
casos, dos quais: C. difficile Responsavel por 20%.

— Geralmente adquirida em contexto hospitalar

— Nos EUA: estimado que 12% das IH sao causadas por

C.diff.

— Até 16% de mortalidade (1 ano do diagndstico)
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Alergia Alimentar

* Alergia ao amendoim
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Delineamento: muito simples!

Du Toit et al. NEJM. 2015.372(9):803-813.



Delineamento

study

834 Participants were screened for LEAP

194 Were excluded

76 Had SPT >4 mm
118 Did not have severe

eczema

640 Underwent randomization

542 Were in the SPT-negative cohort

270 Were assigned to
peanut avoidance

7 Had missing data

on outcomes

4 Withdrew
voluntarily

2 Could not be
evaluated by
means of diag-
nostic algorithm

1 Had other
reason

1

272 Were assigned to
peanut consumption

|

1

271 Consumed
peanut protein

5 Had missing data

on outcomes

2 Withdrew
voluntarily

1 Was lost to
follow-up

2 Had other
reasons

263 Were included
in the ITT analysis

18 Were excluded
owing to inade-
quate adherence
to treatment

-

1 Had a positive
baseline peanut
challenge, did not
consume peanut,
and was included
in the ITT analysis

245 Were included in
the per-protocol analysis

266 Were included
in the ITT analysis

98 Were in the SPT-positive cohort

51 Were assigned to
peanut avoidance

l

47 Were assigned to
peanut consumption

41 Consumed
peanut protein

51 Were included
in the ITT analysis

11 Were excluded
owing to inade-
quate adherence
to treatment

1 Was excluded

owing to inade-

quate adherence
to treatment

-

255 Were included in

the per-protocol analysis

6 Had a positive
baseline peanut
challenge, did not
consume peanut,
and were included
in the ITT analysis

50 Were included in
the per-protocol analysis

41 Were included
in the ITT analysis

2 Were excluded
owing to inade-
quate adherence

to treatment

39 Were included in
the per-protocol analysis

Du Toit et al. NEJM. 2015.372(9):803-813.




Delineamento: muito simples!

* 640 pacientes  Medidas objetivas de
— 4 -11 meses alergia aos 60 meses de
— Eczema severa, alergia a idade

ovo (albumina), ou os dois.

* Dois grupos de pacientes:
— Alergicos a amendoin
— Nao alergicos

* Dois tratamentos

— Consumir amendoin
— Nao consumir amendoin



A Intention-to-Treat Analysis
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C Intention-to-Treat Analysis (worst-case imputation)
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Testes em camundongos

Modelo murino
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Tempus fugit!



Atividade

* Considerando o exposto sobre microbioma,
prebioticos e probioticos:
— Proponha um projeto para o desenvolvimento de um

novo probiodtico especifico.

* Pode ser para tratamento, como adjuvante em tratamento
ou prevencao de condicao clinica.

* Lembre-se:
* 0 microbioma em questao € intestinal.

* Links que sao conhecidos passam:

— pelo reconhecimento do microbioma (ou membros deste) pelo
sistema imune

— pelo banlanco energético do hospedeiro



