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Definicoes
Ny 4 =000 s

« Microbioma:

todos os microorganismos gue colonizam de forma

permanente o aparelho Gl humano

 Microbiota ou Flora intestinal:

populacdes de microorganismos presentes no

Intestino



Genoma Humano < Microbioma
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Arvore Filogenética do Microbioma
Intestinal
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Firmicutes (51%)
Bacteroidetes (48%)

Proteobacteria
Verrucomicrobia
Fusobacteria
Cyanobacteria
Spirochaetes

Backhed F, Science 2005



Modificacao da Flora Intestinal

Proximal
Gl tract

) Lactobacillus
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Homeostasia circadiana
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Adopted from Asher G & Sassone-Carsi, Cell 2015



O que influencia o microbioma intestinal ?
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O que influencia o0 microbioma intestinal ?
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Microbioma Intestinal na Saude
e ha Doenca

Hippocrates, 400 BC

“Bad digestion is the root of
\ all evil




Papel do microbioma humano

Bifidobacterium spp.
Clostridium spp.
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Microbioma Intestinal <> Doenca
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Diabetes

Global Diabetes Prevalence
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Obesidade/excesso peso

o

Prevalence (%)

A Overweight and obesity (BMI 225 kg/m?)
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O microbioma promove obesidade

il
P ¥ = N = « <\
s ;. ' M s .
{: - .ﬂ§ " high-fiber diet -
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£ A Increased adiposity
: ICrobiota  Recipient mice
Obese twin transplant 4
e
- \./
Lean

- Ridaura et al., Science, 2013



Perturbacao do ritmo circadiano aumenta a

susceﬁtibilidade ﬁara a obesidade
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Subject 1

(1) Before jet lag {one day before fight)
(2) Duning jet lag (one day after fiight)
(3) After recovery from jet lag (two weeks after flight)
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Metabolismo Microbiano

Right Colon Left Colon
/\/\_ Prevotella MICROBIOME Bacteroides

Vitamins

Lipid, choline, bile acid metabolites
CHO fermentation metabolites Protein Fermentation metabolites / \

Evenepoel et al. Kidney Int 2009; Nicholson ef al. Science 2012,
Scott et al. Pharmacol Res 2013; David et al. Nature. 2014
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Metabolismo Microbiano
Ny 4 @2 -

Right Colon Left Colon

e~V

/\/\— Prevotella MICROBIOME Bacteroides

MMM

Vitamins

Lipid, c*oline, bile acid metabolites

l CHO fermentation metabolites Protein Fermentation metabolites
l TMA l
SCFA
| (Acetate, propionate, butyrate) Indoles phenols polyamines

B

2009 Nicholson et al. Science 2012; BAD
al Natura 2014



Colina e Fermentacao proteica
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Colina e Fermentacao proteica
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Producao de TMAO pelo microbioma

Global effects

tReverse
——%= cholesterol transport
4 Forward
— : cholesterol transport
Food Intestines Liver Artery d Atherosclerosis
Nutrient sources Modulation of Alteration of bile Macrophage foam $ Major adverse cardiac
of TMA formation cholesterol and acid pool size, cell formation events (death, stroke,
bile acid transport composition, and Inflammation myocardial infarction)
transport
intestinal First-pass Systemic
lumen metabolism circulation

t al, Nat Med 2013,
Tang & Hazen, J clin Invest 2014



Niveis séricos de TMAO e risco de
DCV e Eventos Cardiacos

Human: CVD

s Human: Major Adverse Cardiac Events (MACE)

Diseases
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P<0.001 by log-rank test
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Eixo Rim-Intestino
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Eixo Rim-Intestino

ALIMENTOS

% l ASSIMILACAO

I8 NO INTESTINO
DELGADO

1

FERMENTACAO
NO COLON
PELO

PRODUCAO DE
NUMEROSOS
METABOLITOS

I

CONJUGADOS| E ET S
NO FIGADO P M

ACUMULACAO NA DOENCA
RENAL

I CLEARANCE RENAL

circulation 4 N
TPRODUCAO E ABSORCAO NO

colon COLON




Eixo Rim-Intestino
Ny 4 42—

QUE EVIDENCIA?



DE
KUNSTMATIGE

Dr W. J. KOLFF

“. .. various putrefaction products of the
intestine may be increased in the blood
in renal insufficienty [sic]. They are
phenoles, cresoles, aromatic oxyacids,
and other aromatic substances. ...

W. J. Kolff
The Artificial Kidney
1946




hippurate

indoxy!
sulfate

«a-N-phenylacetyl-
glutamine

p-cresol
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TIME 2
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Aronov et al. KI 2011
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Os solutos derivados do microbioma

acumulam-se em elevados niveis

|[Hemodialysis|

Solute

[Normal]
Urea 5
p-Cresol Sulfate 41
Indoxyl Sulfate 116
o-NPhenyacetylglutamine 122

Sirich et al. JASN 2011



A DOENCA RENAL CRONICA ALTERA
A FLORA INTESTINAL

A flora intestinal de
B doentes em dialise

S mostrou diferencgas
< marcadas em 190
« Bacteroidales unidades taxondmicas
=z Bacih operacionais,
S— —_— incluindo expansao de
—— . po— & Actinobacteridae familias de bactérias
L que possuem a
Sokrochastes urease, uricase e
JUSNIEI cnzimas produtoras
W™ de p-cresol e indol.
ffffffff = ,,
. C
_ &« Bacterowa
— - rmmaccossonactena || NONG 2014 Am I Nephrol P23(-7

D ——yr——JE—— e, Vazir 2013 Kioney Int p308-15



Crescimento excessivo de bactérias no intestino
delgado

Quantidade bacteriana ~100 vezes DRC E5D
Diminuicao da diversidade

Menor n? de bifidobacteria e lactobacilos
Deplecao de bactérias produtoras de SCFA
Expansao de familias de bactérias produtoras
* Urease e Uricase

* Enzimas formadoras de p-cresol e indol

A causa de DRC também pode influenciar o perfil do
microbioma



Consumo de dietas pobre em fibras (restricao de
alimentos ricos em potassio como frutas e vegetais)

{ transito intestinal na DRC (> % obstipacao
multifactorial)=7T tempo producao e absorcao intestinal
de toxinas urémicas

iassimilagéo de proteinas no intestino delgado

Taménia =modificacdo pH luminal

Terapéuticas: Quelantes do Fosforo, Antibioticos, etc



Toxinas urémicas que se originam do
metabolismo do microbioma no colon

Intestinal Bacteria

™A
Choline

Phenols
. P-cresol sulfate

‘ulation

Indoles
. Indoxyl sulfate

. Indole 3
actetate

. Amines
. TMAO

Guanidines

Tryptophane

Phenyl acetic acid

Hippuric acid

Increased gut permeability



P-Cresol sulfato e Indoxil Sulfato sao Nefrotéxicos

:

i S
l." Indoxyl -
\ , 0
. Sulfate | =

Ty
=

Sulfate
=

Basolateral

&

Inflammatory cytokines/
Profibrotic molecules

Proximal Renal tubular cell

PROGRESSAQO DA

DOENCA RENAL
T MORTE CELULAR

T indice transicao epitélio-
mesénquima

T Esclerose glomerular

T Fibrose Intersticial



Niveis séricos de p-cresol sulfato e indol sulfato
associam-se a progressao da doenca renal cronica

P-cresyl sulphate \ Indoxyl sulphate \

T [ — .“..*..L.H--+..~-.“. - 10~
j PCS <716 mpt 3
3 08+ § 084
'8 PCS » 716 mg.
g 06~ E o
3 3 1
g 044 § 04
g 2= E 02
g Log rank p<0.001 § Log rank p<0 001
004 © 00+
1 1 1 1 1 1 1
0 5 M0 % @ A NTmemo) 0 5 10 15 20 25  XTime(mo)
No, of patients at risk No. of patients at risk
PCS< 7 16 mgL 178 178 1 173 173 171 109 IS»463mgl 200 204 203 197 199 w 192
PCS< 7 16mglL %0 w0 a1 7 " ol 1§ <463 mgl 62 5 55 4 W L 4
Independent of age, gender, diabetes status, albumin Predictive power weakened when serum PCS was also
levels, serum IS, serum Creat, CaPhos product, IPTH, present inthe model
Hb or hs-CRP

Wul et al. Nephrol. Dial. Transplant. 2011,26.938-947



| Nivelis Elevados de Colina na dieta/ TMAQO Contribul
para Fibrose Renal Progressiva

Chow TMAO (0.12%) Choline (1.0%)

150' 4.0 - § I |
— ** ,a ~ .Q o .
2;100- g3.o- 52.0- .

O o\: . § —
- 2.0 S
g 507 o =
2 g 40 | o
()4 S—— — 8 T—— %
Chow TMAO Choline 00— . . @ 0.0- , .
(0.12%) (1.0%) Chow TMAO Choline Chow TMAO Choline

(0.12%) (1.0%) (0.12%) (1.0%)
Tang et al, Circ Res 2015




Niveis elevados de TMAO em doentes com DRC
estao assocliados a elevado risco de mortalidade

20 - '
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= 154 .
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o 3 '
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ol T == é 100 v
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Patients with CKD (eGFR <60 mi/min/m?) 9 50- O:Q o
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0.6- Tang et al, Circ Res 2015
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Diet Drives Convergence in Gut
Microbiome Functions Across Mammalian
Phylogeny and Within Humans

OTU network

@ Camivore
@ Omnivore
@ Herbivore

The network shows clear separation of fecal
communities by host diet

Muegge BD, Scinece 2011



ALIMENTACADO,
Doenca Cardiovascular e Doenca Renal Crdnica

DIET

MORTALITY
CVD —> | MORBIDITY |e—— CKD

HEALTHCOSTS

Pro: Metcalf et al. Clin Chem 1993;Nettleton et al. AJCN 2008; Diaz-
Lopez et al. Clin Nutr 2012; Odermatt AJP 2011; Lin et al. AJKD 201"
Con: Diaz-Lopez et al. AJKD 2012,

I S



Conteudo Alimentar em Proteina/Fibra

Fermentagao Sacarolitica
'é Fermentagao Proteolitica
=Y
D
q‘fﬁ_



Lancet, May 9, 1964

[ A LOW-NITROGEN DIET WITH

C h a nge the D | et PROTEINS OF HIGH BIOLOGICAL VALUE
FOR SEVERE CHRONIC UREMIA
S. GIOVANNETTI Q. MAGGIORE

M.D. Pisa M.D. Pisa
SENIOR LECTURER IN MEDICINE LECTURER IN MEDICINE

From the General Medical Department, University of Pisa, Italy




Fiber Control
Indoxyl sulfate - 27 +39* 6 +39
p-Cresol sulfate -2, +44 7 +16

* p<0.025 Fiber vs Control




PADRAO DA DIETA: VEGETARIANA vs OMNi{VORA

p-cresyl sulfate and Indoxyl sulfate TMAO

120 C
~ 100 mvegetarian  (n=15) b 8 .
£
SIOO m unrestricted  (n=11) 3 P <0.05 e T
g 50 Q
g <L
L =4 T
z O
% 40 (% —— .
8 50 S ol
c Q- .
= Vegan/ Omnivore

0 Vegetarian
PCS IndS (n = 26) (n=51)

Patel et al. CJASN 2012 Koeth et al. Nature 2013



Adesao a dieta Mediterranica baixa niveis urinarios de TMAO
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De Filippis et al, Gut 2015



A influéncia da DRC no
Metabolismo do Microbioma Intestinal

¢ Healthy controls
= Hemodialysis patients 10- PLS 2

!
< || )
~‘- PLS 1
r Y’ | § )
-10 o = 10
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PLS=PERFIL METABOLICO FECAL FOESHLRUASH 115



A influéncia da DRC no
Metabolismo do Microbioma Intestinal

PLS 2

10
Healthy controls

Age-matched healthy controls

Hemodialysis patients
Household contacts on same diet

> B & »

PLS 1

B
L R 4
¢

-10-

PLS=PERFIL METABOLICO FECAL SyEReL R PRl



Adocantes néao caloricos (NAS) induzem intolerancia
a glucose através da disbiose do microbioma

Suez et, 2014 Nature


















Diet Soda Intake Is Associated with Long-Term Increases in
Waist Circumference in a Biethnic Cohort of Older Adults: The
San Antonio Longitudinal Study of Aging

Sharon P.G. Fowler, MPH,* Kenn Williams, MS,*" and Helen P, Hazuda, PHD
a3 -

40

) ' ESTUDOS

CLINICOS
AN . DE

VALIDACAO

mean & walst circumference (cm) per lnteml

none >Oand < 1
diet soda intake per day at beginning of interval

" p <0001 versus none

Positive association between artificially sweetened beverage
consumption and incidence of diabetes

Allison C. Sylvetsky Meni "3 Susan E. Swithers*sKrigtina | Rether !

Diet Drink Consumption and the Risk of Cardiovascular Events:
A Report from the Women'’s Health Initiative

Ankur Vvas, MD', Linda Rubenstein, Phi> 'er nifer Robinson, MD, MPH

r -~ s K r NN - ~ DL L rrsd
Rebecca A. Seguin, PhD, CSCS*, M o'*_ Vitolins, DrPH, MPH, RD",
Rasa Kaziauskaite, MD, MSc, FACE™®, James M. Shikany, DrPH' . Karen C. Johnson, MD, MPH®

Linda Snefselaar, RD, PhD’, and .u“c:ner-‘ s'.J".'\} e, MD, MSc
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Suplementacao da alimentacao com fibra

What is the “usual’ intake?

w
o
1

N
o
1

Fruit and vegetable restriction

—
o
1

Fear for Hyperkalemia

K* (mmol)
4-5

Dietary fiber intake (g/d)

o
L

n=13438 n=1105 n=30 —/M 9

Knshnamurthy ef al. Kidney Int 2012  Kalantar-Zadeh et al. JRN 2002



MODULACAO DO MICROBIOMA
—=REDUCAO DE TOXINAS BACTERIANAS

 PREBIOTICO  PROBIOTICOS

Hidratos de Microrganismos
carbono nao vivos que quando
d'%.e""le's que ingeridos em

imulam .
estimuia quantidades
selectivamente 2dequadas
a proliferagao g

conferem

e/ou actividade em
de populacdes beneficios a saude
de bactérias
benéficas no
colon.




MODULACAO DO MICROBIOMA
—=REDUCAO DE TOXINAS BACTERIANAS

e PREBIOTICO e PROBIOTICOS

Hidratos de Microrganismos
carbono nao vivos que quando

g;%ier‘r::llle;smque ingeridos em

selectivamente |<H quantidades — |SIMBIOTICO
a proliferacdo adequadas

e/ou actividade conferem

de populacoes beneficios a saude

de bactérias
benéficas no
colon.




FONTES ALIMENTARES DOS PREBIOTICOS
A

* Alho * Alcachofra de

* Cebola Jerusalém

e Espargos * Chicoria

* Mel * Sementes

* Ervilhas * Nozes, améndoas
 Bananas e avelas

* Beringela * Sementes

e Alho-francés * Feijao de soja



SUPLEMENTOS PREBIOTICOS
A,

Oligossacaridos nao digeriveis
bifidogénicos:

* |nulina
* Fruto-oligossacaridos




PROBIOTICOS MAIS COMUNS

> Lactobacillus Species: acidophilus,
sporogenes, salivarius, casel, kefir,
bulgaricus (mainly small intestine)

> Bifidobacterium Species: bifidum,
longum, Infantus (mainly large intestine)

> S. thermophilus
> Saccharomyces boulardii

> E. coll, Nissle strain (not available yet In
US)




NOME COMERCIAL ESTIRPES BACTERIANAS | COMPOSICAD | APRESENTACAO | POSOLOGIA OBSERVACOES | PRECO
ATYFLOR® Lactobadilus casei - Estirpes bacterznas (1x 1049 - 10 saquetas - 1szqueta/diz, - Semgluten 13,20€
Loctobociius rhamnosus UFC/saqueta) durante ou depoisdas | - Pode sertomadoem
Streptococcus thermophilus | - FOS (990 mg/saqueta) refeicdes quzlqueridade
Bifidobacterium breve - Contem vestigios de soja
Lactobodiius oo'dophilus
Bifidobacteriuminfontis
- Bifidobacterium bulgaricus
CASEMBIOTIC® " Lactobadiius reuteri ' - Estirpes bacterianas (1x 1048 .10 saquetas ' - 1saqueta/ dia, antes ' - Apto para diabéticos, ! 24 728
UFC/saqueta) - 30 comprimidos ' oudepoisdasrefeigdes | calizcose intolerzntesa (30 c.)
# mastigaveis - 1 comp/dia, lactose
i preferendzimente - Szbor neutro/szbor 2
e antes das refeicoes limao
. =
DUOBIOTIC® Loctobociius rhamnosus, - Estirpes bacterianas (2 x 10410 - 8 saquetas - 1 saqueta/ dia, 15,35€
Bifidobacterium bifidues, UFC/saqueta) durante umadas
i Bifidobacterium lactis, - FOS [1,5g/saqueta) refeicdes
< Bifidobacteriumlongum, - Inulina [1,5g/saqueta)
DUOBIOTIC J Lactobadilus ogdophilus, | - Vitamina B3
Lactobodiius bulgaricus, - Vitaminz Bb
Streptococcus thermophilus | - Vitamina BS
- Vitamina Bl
- Acido falico
- Vitamina K
- Vitaminz B12
HOLONPROTECT | Sgccharomyces boulardii | - Estirpes bacterianas(2,5x10°9 | - 10 gapsulas | -1a2capsulas/dia | - N3oadministrara M.D.
GASTRO® UFC/dose diaria) criangas <3 anos

- Amida de milha

- Agente de revestimento:
hidraxipropilmetilcelulose

- Antizglomerznte; Estearato de
magnésio

Motz: 2 capsulz pode
serzberta= oseu
conteudo administrado
com as zlimentos ou
babida

- NZotomar
antizglomerante com
zzentes antifungicos
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LACTOFLORA® Eifidobacterium lactis, - Estirpes bacterianas [1x 1048 -7 frascos - 1frasco, aposuma - Esta disponivelam 2 14,28€
Loctobadiius aodophilus, IUFC/frasca) refeig3o principal apresentacies: Lactoflora
- ' Loctoboolius plontarum, - FOS durantes 7 dias para criangas (2,5 x 10%4
L;Ta. giiora Loctobadiius paracosei - Vitamina PP [zdultos) UFC/frasco; 1 flraszu
- Witamina BS durante 5 dizs)a partir
- Witamina BG dos & meses zté z05 14
- Vitamina B1 anose Lactuﬂurﬂp«ara
- Acido Félico adultos.
- Vitamina B12 - Apto paracelizcos e
- Witamina K intolerantes 2 [actose
LACTOGERMIME PENTA® | Bifidobacterium bifidum, Conteudo da tampa reservatorio: | - 10 frasggs/8ml, | - Criangas: 1 frasco/dia 15,91€
Loctobaallus aodophilus, - Estirpes bacteranas (4 x 1049 em formade - Adultos: 2 frascos/dia
Lactobadiius buigaricus, UFC/frasco) solucdo
Streptococcus thermophiius | - G05 [2,5g/frasco) extemporanes, Mota: deve sertomado
Loctoboolius rhamnosus - Maltodextrinas; parareconstituir | foradas refeicdes no
= - Celulose microcristaling; imedistaments minima 1 hora antes
- Anti-zglomerantes [estezsto de | antesda ou 1 hora depaois)
magnesio, silica coloidal sdministracio.
- Acido ascarbico.
Conteddo do frasco:
-ﬁ.gua::lestilada;
- GO5;
- Frutose; Corretor de acidez [2cido
citricol; aromsa; consarvantes:
sorbato de potassio, benzoato de
sodio.
LACTOPHAR® | Loctobadlius casei : - Estirpes bacteranas [2,5x 1049 -1-3;51];5_9_[_@1@5' - Adultose crizngas: 1 . 21,50€
Loctobodius acidophilius UFC/comp) - 30 comprimidos | comp/diaantesdo PA [20c)
i3 Lactophar | Lactobadius rhamnosus - Raftilina [360mg) - Lactente: ¥ comp/diz
Loctoboolus delbrusackii - Raftilose [150mg) misturado no leite
- —
ZIR FO5® Bifidobacterium longum - Estirpes bacterianas (5 x 1049 - 12 saquetsas - 1zzquetz/diz, em - Contem fonte de 16,29€
UFC/saquetal) - 30 saquetas cercade ¥de copode | fenilalanina (12 5.)
o - FO5 [2,5g/saqueta) gguz ou leite, entre as
I S -Vit. BE refzicdes 35,90€
Zir - Vit B1 (30 .
- Vit B2

- it B12




Intervention Patient type (n Comments

Probiotic

Oligofructose-enriched inulin Healthy participants (50) | Urinary excretion of p-cresol

Inulin/oligofructose Obese women (30) |Endotoxemia

Oligosaccharides Elderly participants (74) | TNF-a and IL-6 mRNA, | Serum
sCD14 \

Prebiotic

Bifobacterium bifidum, B. PD patients (39) |TNF-q, IL-5, IL-6, and endotoxin,

catenulatum, B. longum, and TIL-10, Preserve renal function

Lactobacillus plantarum

Oligofructose-enriched inulin HD patients (22) | Serum p-cresyl sulfate

Synbiotic

Probiotic along with prebiotic Trauma patients (65) | Inflammation and mortality

Galacto-oligosaccharides and L HD patients (7) | Serum p-cresol

casei, and B. breve

Probinul neutro® CKD patients (30) | Total plasma p-cresol

Oral adsorbents

AST-120 CKD patients (2035) No effect on CKD progression

a~-galactosidase inhibitor

Acarbose Healthy volunteers (9) + p-cresol, TFecal nitrogen

Genetically engineered bacteria

Microencapsulated genetically Uremic rats +Urea and ammonia

engineered live E. coli DH5 cells

Ongoing studies

SYNERGY - Prebiotic+Lactobacillus, CKD stage IV and V (37) uremic toxins IS and PCS
Bifidobacteria and Streptococcus
Arabinoxylan-oligosaccharides (AXOS) Patients with CKD Microbial metabolites
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Prebiotics in CKD

A meta-analysis of controlled
feeding trials found that fiber
su:pplementation significa ntly

Feeding CKD rats the prebiotic
amylose maize resistant starch
improved creatinine clearance and
reduced kidney inflammation and

% fibrosis /.
iavaroli et al. 2014 Eur J Clin Nutr < 4

Vaziri et al. 2014 PLoS One 114881




Em sumula:
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* A alimentacao tem um impacto major na composicao e funcao
do microbioma no intestino.

* A obesidade, a diabetes, a doenca cardiovascular e a doenca
renal cronica, entre outras, associam-se a floras intestinais
disbioticas distintas.

* O conteudo da dieta deve ter uma razao elevada
fibras/proteinas, ie rica em vegetais e fruta. No entanto, na DRC
0 aporte de K pode implicar restricdes pelo que deve ser
monitorizado.

* Os simbidticos com a combinacao de pre e probiodticos sao
provavelmente mais eficazes na modulacao da flora intestinal.



Em sumula:
.y @3 -

* Os adocantes artificiais promovem alteracdes do microbioma e
portanto podem aumentar o risco de obesidade e diabetes.

* O estudo metaboldmico intestinal € uma area de investigacao
em crescendo, aguardando-se estudos que incluam por
exemplo o efeito:

o Aditivos nos alimentos
o Acgucares

o Pesticidas

o etc, etc



‘Let food be thy
medicine’




ay’ )

10 March 2016

fﬁg%v TEM RISCO DE DOENCA RENAL?

D UTem a pressao arterial elevada?

D UOTem diabetes?

A LEsta com excesso de peso?

D OFuma?

A OTem mais de 50 anos?

D OTem histéria familiar de doencga renal?
L OTem alguma doenca renal?

L]
L]
1]
]
]
L]
1]

Se alguma resposta é SIM
Deve consultar seu Médico de Familia



