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We are all lichens.

The five causes of disease

• Ischemia
• Neoplasia
• Infection
• Degeneration
• Inflammation



Aspectos Históricos e Alguns Fatos sobre Microbiotas

▪ 50% da biomassa do planeta
▪ 1-3% da massa corporal (1,4 kg)
▪ Comensais X Simbióticos
▪ Ruminantes
▪ Terra Preta do Índio

A microbiota is "the ecological community of commensal, symbiotic and pathogenic 
microorganisms that literally share our body space“ Joshua Lederberg.



▪ Corpo humano é habitado por 100 trilhões de células microbianas
▪ 10x mais que no de células humanas***
▪ Oferecem barreiras contra colonização por patógenos
▪ Produzem substâncias utilizáveis pelo hospedeiro
▪ Degradam produtos tóxicos

***Cell. Sender et al. 2016
Are We Really Vastly Outnumbered? Revisiting the Ratio of Bacterial to Host Cells in Humans.
1:1

▪ Caráter Anfibiôntico
▪ Microrganismos podem se comportar como patógenos oportunistas em situações de: 

▪ desequilíbrio (ABXs, infecções, imunodeficiências, ....)
▪ ao serem introduzidos em sítios estéreis ou não específicos
▪ PAMPs vs MAMPs

https://www.ncbi.nlm.nih.gov/pubmed/26824647


▪ Pesquisas sobre microbiota e efeitos sobre sistema imune
foram iniciados em 1999 
▪ papel em alergias



MACs are carbohydrates that are metabolically available to gut microbes. 
• Dietary and resistant to degradation and absorption by the host; 
• Secreted by the host in the intestine (e.g., mucus) 
• Produced by microbes within the intestine. 

Much of the cellulose humans consume is not metabolized by gut microbes and does not qualify as a MAC (exception: ruminal microbiota). 

The amount of dietary MACs present in a single food source differs for each individual, since which carbohydrates are metabolized 
depends upon the membership of each person’s microbiota: genes for the consumption of the algal polysaccharide porphyran in the 
microbiomes of Japanese individuals, rarely found in North American and European individuals

Cell Metabolism 20, November 4, 2014Industrial Revolution

Atividade física;
Medicamentos, saneamento, produtos de higiene

 Dieta



“om” em sânscrito: 
“o conhecimento pleno das Vedas“

Vedas: revelações obtidas por sábios
após meditação intensa

Microbioma: os genomas dos microorganismos de um ecossistema



Hierarchical organization of 
taxonomic levels used for 
classifying organisms.

Analyzing the Human Microbiome: A 
“How To” guide for Physicians
AD Tyler, MI Smith, MS Silverberg

Am J Gastroenterology 109 (7): 983-993, 2014
pago

http://www.medscape.com/viewarticle/828715_2
grátis

Estratégias para estudar o 
microbioma do corpo humano

http://www.medscape.com/viewarticle/828715_2


The microbiota shapes the immune system
Communication between the 

microbiota and the innate immune 
system relies on metabolites

• Tryptophan metabolites in 
the case of ILCs

• Short-chain fatty acids in 
the case of myeloid cells. 

Metabolite–innate immunity crosstalk originates before birth and involves the antibody-
mediated transfer of microbial molecules to the offspring during pregnancy and in milk





Innate and adaptive immunity control the colonization niche of the (intestinal) microbiota
through mechanisms including the production of antimicrobial peptides and IgA antibodies.

The (dysbiotic) microbiota may actively influence its colonization niche by altering the 
functions of innate and adaptive intestinal immunity.

Dysbiosis: a stable microbial community state that functionally 
contributes to the aetiology, diagnosis or treatment of a disease

Dysbiosis: associated with many immune-related human diseases
In many cases it remains to be established whether dysbiosis is cause or consequence of disease



Types of dysbiosis
• Blooms of pathobionts

• e.g., Enterobacteriaceae in IBD (consequence or cause?)

• Loss of commensals
• e.g.,  Lactobacillus reuteri in autism

• Loss of alpha diversity* within an anatomical site
• e.g., abnormal diet, IBD, AIDS, type I diabetes

Origins of dysbiosis
• Infection-inflammation

• Inflammatogenic pathogens (Salmonella enterica); inflammation w/DSS; genetic deficiency of IL-10
• Factors involved: release/sequestration of nutrients; intermicrobial competition and horizontal gene 

transfer, exploitation of antimicrobial peptides to control species; harnessing of aerobic and anaerobic 
cellular respiration (~“biological control”)

• Diet and xenobiotics
• e.g., ABXs, emulsifiers, artificial sweeteners

• Genetics
• Twin studies; Polymorphisms in genes involved in metabolism (e.g., VitD receptor)

• Familial transmission
• Form of birthing (C-section vs vaginal); household habits; pets; housing of experimental animals

• Other: disruption of circadian rhythm, physical injury…

*Alpha diversity: species richness within a site;
Beta diversity: differences in species composition   
between sites

“desmatamento” da microbiota, em geral, é 
deletério para a saúde

Exemplos: da carboximetilcelulose e Polisorbato80; dieta tradicional vs industrializada



The impact of dysbiosis on the host immune system

AMPs, antimicrobial peptides; IL, interleukin; MYD88, myeloid 
differentiation primary response protein 88; NF-κB, nuclear 
factor-κB; NLRP6, NOD-, LRR- and pyrin domain-containing 6.



4-EPS, 4-ethylphenylsulfate; AHR, aryl hydrocarbon receptor; IBD, inflammatory bowel disease; NAFLD, nonalcoholic fatty liver 
disease; NASH, nonalcoholic steatohepatitis; SCFAs, short-chain fatty acids; TMAO, trimethylamine-N-oxide

The intestinal microbiota and disease



Microbiota Intestinal

Dieta
Desenvolvimento da Imunidade
Alergias
Doença Inflamatória Intestinal
Resposta a Vacinas
Desnutrição
Disfunção Ovariana
Desenvolvimento do Sistema Nervoso Central



Bacteria in our gut depend on our diet, just as our health depends on their metabolism.





Sequencing of 16S rRNA Gene Amplicons.
For each sample, 16S rRNA genes 16S rRNA genes are amplified using a primer set specific for V5 and V6 hypervariable 16S RNA region. The forward primer 
contained the sequence of the Titanium A adaptor and a barcode sequence. Pyrosequencing is carried out using primer A on a 454 Life Sciences Genome 
Sequencer FLX instrument (Roche) following Titanium chemistry. Data are submitted to the Sequence Read Archive (SRA)
As of September 2010, 65% of the SRA was human genomic sequence, with another 16% relating to human metagenome sequence reads. Much of this data was 
deposited through the 1000 Genomes Project. In June 2011, the data contained within the SRA passed 100 Terabases of DNA in volume.

Family





Microbiota e produção de ácidos graxos de cadeia curta (SCFAs), 
moléculas imunorreguladoras



Two common emulsifiers, carboxymethylcellulose and polysorbate-80, induced low grade
inflammation and obesity/metabolic syndrome in wild-type hosts and promoted robust colitis in mice 
predisposed to this disorder.

Emulsifier-induced metabolic syndrome was associated with microbiota encroachment, altered species 
composition and increased pro-inflammatory potential.

Verde: muco
Roxo: actina

Vermelho: bactérias



Indole-3-carbinol (C9H9NO; I3C), is produced by 
the breakdown of glucobrassicin, a glucosinolate

Faecalibaculum rodentium, an
Erysipelotrichaceae species, 
consumes the AhR ligand IPA

IPA: indole-3-propionic acid

Fecal microbiota from mice on an 
AhR ligand-free diet directly reduce 
secretory IgA levels





SCFAs produced by commensal bacteria stimulate in vitro generation of Treg cells.

Effect of faecal extracts from specific pathogen-free, antibiotic-treated, or germ-free mice on in 
vitro induction of Foxp3 expression in naive T cells 

HPLC fractionation of SCFAs present in indicated faecal extracts

Effect of indicated purified SCFAs on in vitro induction of Foxp3 expression in naive T cells 



Commensal bacteria and their TLR ligands, AhR
ligands and SCFAs influence intestinal homeostasis. 
• TLR ligands act on IEC, CD103+ DC, CX3CR1+ 

macrophages, and RORgt+ ILC to promote 
cytokine secretion. 

• TGF-b and RA produced by activated DC and IL-
10 from macrophages induce conversion of naïve 
T cells to Foxp3+ Treg and expand this 
population. 

• SCFAs produced by bacterial fermentation of 
dietary fiber act on DC via GPCRs to further 
promote RA production and reinforce the 
tolerogenic environment + Tregs. 

• AhR ligands from diet or bacterial metabolism 
act on DC and ILC. 

• IL-22 produced by ILC in response to cytokine 
stimulation (IL-23, IL6, or IL-1b) by DC or 
macrophages or by AhR stimulation act on 
epithelium to promote barrier integrity by 
inducing expression of AMPs RegIIIb and RegIIIg, 
increasing epithelial proliferation, and promoting 
mucus secretion. 

This network maintains homeostasis and prevents 
responses to food. 

Pathways through which commensal bacteria regulate allergic responses to food.

Taylor Feehley and Cathryn R Nagler, 2014



Normal NOD2 recognizes 
muramyl dipeptide (MDP)

Genome-wide association studies (GWAS) revealed 
163 susceptibility loci for inflammatory bowel 
disease, 30 of them being specific to CD. Among 
them, NOD2 was the first gene identified as a risk 
factor for ileal CD, discovered by the genetic 
mapping study of the CD susceptibility locus

Dysbiosis caused by impaired Paneth cell function is characterized by 
increased load of bacteria and abnormalities of Peyer’s patches (PP) and 
mesenteric lymph nodes (MLN) that stimulate the mucosal immune system 
to induce Th1 immune response, leading to chronic inflammation.



Antibiotics-Driven Gut Microbiome Perturbation Alters Immunity to Vaccines in Humans
Cell, 2019. Hagan et al.



Microbiota da Pele

Acne
Cicatrização
Psoríase
Atração de vetores hematófagos de doenças



Lipids, steroids, and proteins - CHEMICAL COMMUNICATION

Water; salts, proteins, amino acids, urea, ammonia, lactic acid - Thermoregulation

Sebum lipids - Lubrification

Topographical diversity of human skin microbiome is determined by 
distribution of skin glands…

Kong H., Skin microbiome: genomics-based insights into the diversity and role of skin microbes.Trends in Molecular Medicine, 2011

Smallegange RC, et al. Sweaty skin: an invitation to bite? 
Trends Parasitol. 2011



Science Translational Medicine.org 24 June 2015 Vol 7 Issue 293 293ra103



The metatranscriptional
activities of the skin microbiota 
in acne patients are distinct from 
those in healthy individuals

a b



Vitamin B12 supplementation in the host 
altered the transcriptome of P. acnes in the 
skin microbiota

HL414, but not others in healthy cohort,
developed acne after vitamin B12 
supplementation,

*



Induction of a chemoattractive proinflammatory
cytokine response after stimulation of keratinocytes 
with Propionibacterium acnes and coproporphyrin III. 

Schaller et al. Br. J. Dermatol. 153, 66–71 (2005)



Terapias baseadas em manipulação da microbiota



• Probiotics: 
• live bacteria which are intended to colonize the large intestine, 

although as of 2018, there is no evidence that adding dietary 
bacteria to healthy people has any added effect

• Prebiotics 
• a food or dietary supplement product that may induce the 

growth or activity of beneficial microorganisms 
• A prebiotic may be a fiber, but a fiber is not necessarily 

always a prebiotic



• Synbiotics
• food ingredients or dietary supplements combining probiotics and 

prebiotics in a form of synergism, hence synbiotics
• "mixtures of probiotics and prebiotics that beneficially affect the host 

by improving the survival and implantation of live microbial dietary 
supplements in the gastrointestinal tract, by selectively stimulating the 
growth and/or by activating the metabolism of one or a limited number 
of health-promoting bacteria, thus improving host welfare" 

• research on this concept is preliminary, with no high-quality 
evidence from clinical research that such benefits exist

• Examples
• Bifidobacteria and Fructooligosaccharides (FOS)
• Lactobacillus rhamnosus GG and inulins



Microbial communities as networks.





The data to date indicate that probiotics may have a role in treatment, but 
their efficacy is less than ideal. 

In contrast, “Fecal Microbiota Transplantation (FMT)” is proving to be an 
effective alternative intervention. Case reports and small case series to 
date suggest that recurrent CDI can be cured with a single treatment. 

The material is readily available and very inexpensive.

The rationale behind FMT is simple: antibiotics and other factors disrupt 
the normal balance of colonic flora and reduce “colonization resistance,” 
allowing pathogenic C. difficile strains to grow, leading to the typical clinical 
presentations of diarrhea and pseudomembranous colitis; by reintroducing 
normal flora via donor feces, the imbalance can be corrected, the cycle 
interrupted, and normal bowel function re-established.”



Ancient Roots

Stool transplantation is far from new and not limited to human conditions.

Fourth century Chinese medical literature mentions its use for treating food 
poisoning and severe diarrhea.

The influential 16th century Chinese physician, herbalist, and acupuncturist, Li 
Shizhen, used “yellow soup,” “golden syrup,” and other remedies containing 
fresh, dried, or fermented stool to treat abdominal diseases.

Today’s veterinarians practice “transfaunation,” a treatment for ruminating 
animals, known to the Italian anatomist, Fabricius Aquapendente (1533-1619). 
In transfaunation, stomach microorganisms are transferred from healthy 
donor animals to a sick animals, often leading to cures.

http://medcom.uiowa.edu/health/wp-content/uploads/2014/10/Li-Shizhen.jpg




Padrões de ácidos siálicos afetam
suceptibilidade a patógenos, que 
aderem a padrões específicos para 
invadir o hospedeiro, e.g., VIF

CMP-Neu5Ac 
hydroxylase

N-glycolylneuraminic acid (Neu5Gc)N-acetylneuraminic acid (Neu5Ac)





Relative abundance of bin13 in samples from Hadza
hunter–gatherers population

Caça, raízes Mel, frutas
• Sialidases with preference for Neu5Gc are enriched in 

the gut microbiota of mice and humans on 
consumption of a Neu5Gc-rich diet. 

• Cleavage of Neu5Gc from foods entering the gut can 
prevent incorporation of this non-human sugar into 
the colon tissue.

• Hypothesis: gut microbiome with an under 
representation of bacteria with Neu5Gc-preferring 
sialidases could result in increased xenosialitis and be 
a potential contributing factor to inflammation-
mediated promotion of diseases. 

• Results lay the foundation to define a strategy for 
translation of pre- or probiotics to prevent 
incorporation or to eliminate Neu5Gc from tissues of 
red meat eaters, thereby reducing the risk of 
xenosialitis and other diseases associated with red 
meat consumption.



Nos of IL-17-producing  lymphocytes in skin vary 
according to species of microbial commensals. 

Contextual control of skin immunity by Corynebacterium.
Belkaid et al. JEM 2018

Action of skin microbiota on immunity of 
host skin 
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