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Microbioma x Microbiota 
Qual a diferença entre Microbioma e Microbiota?  

q  Microbiota é o conjunto de microorganismos que compõem um 
determinado ambiente.  

q  Microbioma diz respeito aos genes que constituem o genoma do grupo 
de microorganismos que habitam aquele local.  

q  No caso do Microbiota humano saudável é composto por diversos 
ecossistemas microbianos complexos e a estimativa é de 1014 células 
microbiomas que habitam o corpo humano.  



Publicações em microbioma 

S TAT E  O F  T H E  A R T  R E V I E W

For personal use only  2 of 14

and understand microbial communities are applicable 
to humans. Large scale projects such as the National 
Institutes of Health (NIH) Human Microbiome Project and 
the MetaHIT consortium were initiated to foster this line 
of research.7 8 As the study of human associated micro-
bial communities started to flourish, investigators had 
to adopt new ways of thinking and discussing concepts 
of microbiology. Part of the difficulty that clinicians and 
medical researchers face when they try to understand the 
literature is the unfamiliar terminology. For this reason 
this review will start by discussing some common topics, 
terms, and working definitions (see box).

What is the microbiome?
The microbiome is defined in box 1. This term is now 
commonly used when referring to the complex commu-
nity of microbes that inhabit a specific site on the body9; 
for example, in a discussion of the gut microbiome and 
its relation to various health and disease states. In this 
review, I will use the term microbiota when referring 
purely to the micro-organisms that are present in a spe-
cific site. The term microbiome refers not only to the 
microbes but also to the environment that they inhabit.10 
Using the example above, the gut microbiome refers not 
only to the microbes but also to elements of the host such 
as the host epithelium, immune components, and prod-
ucts of both the microbes and host including metabolites. 
Furthermore, although much of the work studying the 
indigenous microbiota has focused on bacteria, viruses 
and fungi also inhabit most body sites that are occupied 
by microbes. This focus on bacteria partly results from 
the fact that the sequencing methods used to examine 
microbial communities were developed to study bacte-
ria (see below). However, more recent work is beginning 
to focus on the role of viral and fungal members of the 
indigenous microbiota.

What are the functions of the indigenous microbiota?
It might seem that the distinction between microbiome 
and microbiota is simply an exercise in semantics. How-
ever, it is important to understand whether we are dis-
cussing just the microbes in a given site or the sum total 
of the organisms and their environment when considering 
the multiple functions that a given microbial community 
might carry out (fig 2).

The indigenous microbiota can carry out functions 
related to the effects of their metabolism on the abiotic ele-
ments of the microbiome or through interactions with their 
host.11 Although microbial genomes are much smaller than 
that of the host, the microbiota has a potentially greater 
metabolic capability in total.12 Additionally, some meta-
bolic activities are carried out jointly, with contributions 
from both microbes and the host.13 Similarly, signaling 
between the host and indigenous microbiota can alter the 
structure and function of both partners in this symbiosis.14

The microbiota can carry out multiple metabolic activi-
ties ranging from catabolism and bioconversion of com-
plex molecules to synthesis of a wide range of compounds 
that can have effects on both the microbiota and the host. 
In some cases the microbiota can augment pathways 
that are present in the host, but in others the microbiota 

field. Important primary literature was cited to provide an 
example of a specific disease association or novel method 
or approach.

Evolving concepts on the role of microbes in health and 
disease
Some of the difficulty in understanding how microbial com-
munities affect human health comes from the fact that the 
history of this field is different from that of the standard 
microbiology and infectious diseases that is taught dur-
ing medical training. Our initial understanding of the role 
of microbes in human health relied on the germ theory of 
disease proposed by Louis Pasteur and refined by Robert 
Koch and others.3 This early work focused on microbes as 
agents of disease (pathogens)—Koch’s postulates sought 
individual microbes as disease causing agents. This led to 
a focus on the attributes of a micro-organism that enabled 
it to disrupt homeostasis of the host. This focus on single 
organisms (initially bacteria but then moving on to fungi, 
viruses, and prions) and pathogenesis has led to tremen-
dous advances in medicine.4 The development of methods 
to control infectious diseases secondary to this understand-
ing of microbiology resulted in public health and sanitation 
practices as well as the development of antibiotics.

Parallel to the development of medical microbiology 
and infectious diseases, other scientists began to study 
the role of microbes in the natural environment, such as 
those found in soil and seawater.5 Investigators observed 
that microbes in these environments were rarely found 
in isolation but were most commonly found as members 
of complex consortia. These microbiologists developed 
closer intellectual ties to researchers in the areas of ecol-
ogy and evolutionary biology rather than medicine.

When doctors and medical researchers considered 
complex microbial communities it was usually in the set-
ting of the alimentary tract, where microbes were consid-
ered to be commensals (box 1)—organisms that obtain 
benefit by living in close association with their hosts but 
have no positive or detrimental effects on the host. How-
ever, it has recently been realized that this relationship 
may not be one sided.6

Medical researchers have realized that the concepts 
developed by environmental microbiologists to study 
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Fig 1 |  Increase in publications on the microbiome. When the 
search term “microbiome” was used to query PubMed from 
1980 to 2016  an exponential increase in publications was seen 
in the past decade

Young 2017 BMJ 356:j831 



Microbioma x Microbiota 
Quais os métodos para estudar estrutura e função do microbiota?  
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techniques used to study the microbiome and how they 
are used to investigate the structure and function of our 
indigenous microbiota.

Microbial structure
Several techniques can be used to delineate the struc-
ture of microbial communities (fig 3)—that is, cataloging 
which microbes are present in a given community and 
determining the relative abundance of each type. One of 
the most common techniques for performing a census of 
microbes involves the retrieval of sequence data of the 
gene that encodes the RNA component of the small ribo-
somal subunit (16S rRNA).41-43 This sequence dependent 
method does not depend on microbial cultivation.44 DNA 
is extracted from a sample of the microbial community of 
interest and polymerase chain reaction (PCR) primers tar-
geting broadly conserved regions of the 16S gene are used 
to amplify most of the microbial species present. These 
PCR amplicons are then subjected to high throughput 
DNA sequence analysis. Although a detailed discussion 
of this analysis is beyond the scope of this review (several 
excellent reviews are available45-47) the analysis can be 
discussed in broad principles.

Analysis of 16S data ultimately involves grouping the 
sequences obtained into discrete bins that give rise to a 
taxonomy. Two different methods are used to accomplish 
this. In one, all of the DNA sequences in a given analysis 
are compared with each other and grouped into opera-
tional taxonomic units (OTUs; see box 1) generally on the 
basis of a given predefined degree of sequence similarity. 
Each OTU can be classified to known bacteria, although 
OTUs themselves serve as a surrogate for a given microbe 
in the community, whether or not a formal name can be 
assigned. The other commonly used method considers 
each sequence of 16S amplicons individually and com-
pares it to a set database of sequences and thus classifies 
each sequence in the experiment to a previously defined 
bin. There are advantages and disadvantages to each 
of these approaches,46 but in general the two different 
approaches yield concordant observations regarding 
community structure. Perhaps the most important con-
clusion is that robust biological effects can be observed 
through 16S analysis and these insights are not depend-
ent on the specific data analysis technique used.

With regard to human health, investigators use 16S 
analysis to compare people with and without a given 
disease in a cross sectional manner.44 In addition, longi-
tudinal analysis can be conducted to monitor the effect 
of treatments or the development of disease on the struc-
ture of the microbiota.48 However, although this type of 
analysis is powerful and provides important observations 
about the potential role of microbes in health, it does not 
directly assess the function of the microbotia.

Methods have been developed to infer potential function 
on the basis of a specific microbial community structure,49 
but as with all inferences this tends to be more hypothesis 
generating rather than specifically determining function. 
Any inferences need to be considered with appropriate 
caveats. For example, if a 16S analysis shows the pres-
ence of an OTU corresponding to Escherichia coli, this 
result needs to take into account that this could represent 

the function. While function can sometimes be predicted 
from structure, as anatomy may provide clues about phys-
iology, true assessment of physiology requires the direct 
measurement of function.

Many of the techniques have leveraged the advances 
in high throughput nucleic acid sequencing that arose 
from the Human Genome Project. Given the involvement 
of the genome centers sponsored by the NIH, it is no 
coincidence that the Human Microbiome Project echoes 
the previous effort to study and characterize the human 
genome. Sequence based techniques (which can obvi-
ate the need to isolate and grow microbes) have been 
invaluable for understanding the role of indigenous 
microbes in health and disease.37 However, full assess-
ment of microbial function and the ability to test spe-
cific hypotheses requires other techniques. In particular, 
microbial cultivation is still an essential part of studying 
microbes.38-40 Future treatments that target the micro-
biota (see below) may use specific microbes to replace 
missing microbes and this can be accomplished only 
through isolation and propagation of microbes. There-
fore, to understand the role that microbes play in health 
we need to know which microbes are present and what 
activities they can carry out in their specific environ-
ment. The next section will discuss some of the common 
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Fig 3 |  Methods for studying the structure and function of the microbiota. The methods used to 
discern the structure (“anatomy”) and function (“physiology”) of the indigenous microbiota can 
be divided according to which aspect of the microbiota they can interrogate and are positioned 
accordingly. At the most basic level, methods can simply describe the community structure 
of the microbiota—that is, which taxa are present and in what relative amounts. Methods that 
investigate functional potential generally catalog the coding potential of individual members 
of the microbiota or the entire community (the metagenome). To measure function directly a 
catalog of the expressed microbial genes (the metatranscriptome) or the proteins or metabolites 
present in the microbiome environment must be generated. qPCR=quantitative polymerase 
chain reaction

Young 2017 
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Projeto Microbioma Humano 

q  Um consórcio que envolve 45 Instituições de pesquisa e iniciado em 
2008. Tem como objetivo caracterizar as comunidades microbianas 
encontradas em várias partes do corpo humano e analisar o papel 
desses micróbios na saúde humana e nas patologias.  

O Que é o Projeto Microbioma Humano?  

u  Estão sendo analisadas 30,000 
amostras de 48 locais do corpo 
humano .  





Microbioma Humano 



Microbioma Humano 

Lloyd-Price et al 2017 Nature online  

Gram positivas anaeróbicas = Actinobactérias 

Gram negativas = Neisseria; Lautropia 



MICROBIOMA DO TRATO 
GASTROINTESTINAL 



Microbioma trato gastrointestinal 

q  Do nascimento aos 3 anos de idade é o período em que ocorre a 
colonização do trato gastro-intestinal de forma contínua e progressiva, 
com aumento gradual da diversidade filogenética.  

Qual é o período do desenvolvimento humano que ocorre a formação 
do microbiota do trato gastrointestinal?  

q  A introdução dos alimentos sólidos está associado com o aumento da 
abundância de Bacteroidetes e uma mudança que facilita a utilização do 
lactato, carbodidrato, biosíntese de vitamina e degradaçao de 
xenobióticos.  

q  A colonização do microbioma humano inicia-se algumas horas após o 
parto.  

q  A amamentação influencia o tipo de colonização intestinal.  



Microbioma trato gastrointestinal 



Microbioma trato gastrointestinal 

q  O uso de antibióticos induz uma diminuição da diversidade microbiana e 
um aumento no crescimento de espécies resistentes.  

Qual a consequência do uso de antibióticos?  

q  Pertubações do ecossistema microbiano intestinal nos primeiros três 
anos de vida combinado com a susceptibilidade genética tem um 
impacto a longo prazo no sistema imunológico levando a predisposição 
de diversas doenças: 

v Doença inflamatória de Bowel 

v Doenças  metabólicas: Diabetes tipo 2 e obesidade 



Diferenças do microbioma fecal antes e após o 
tratamento com antibiótico 

Effect of fluoroquinolones
Fluoroquinolones are broad-spectrum antibacterial agents;

however, they show limited activity against anaerobic bacteria
[25]. They play a marked role in treatment of nosocomial bacterial
infections. They are often used to treat intracellular pathogens
such as Legionella pneumophila and Mycoplasma pneumoniae [26]. They
inhibit the bacterial DNA gyrase (Gram-negative) and topoisom-
erase IV (Gram-positive) [27,28]. The 10 patients who took
fluoroquinolones presented a significant increased ratio of
Bacteroidetes (p,0.0001; FDR,0.001, Figure 2). But, unlike b-
lactams, fluoroquinolones did not significantly increase the
microbial load (Figure 3C). It also affected the gut microbiota
down to the species level, by increasing 3 unknown taxa from the
Bacteroides genus (p,0.001; FDR,0.08).

Out of 10 patients who took fluoroquinolones, 8 of them took
levofloxacin, which has activity against Gram-positive and Gram-
negative aerobic bacteria and atypical respiratory pathogens [29].
It is used to treat respiratory, urinary tract, gastrointestinal, and
abdominal infections [30]. Levofloxacin also increased the
Bacteroidetes/Firmicutes ratio and decreased bacterial diversity
by 25%. Like all fluoroquinolones tested, levofloxacin did not
cause a clear increase of the microbial load. However, it
significantly affected 14 bacterial taxa, out of which 10 unknown
Bacteroides and 1 unknown Coproccocus were 3 to 56-fold increased
and 1 unknown Blautia was 2-fold decreased (p,0.01; FDR,0.09)
(Table S2).

Discussion

Here we used qPCR and 454 pyrosequencing of the 16S rRNA
gene to analyze the short-term effect of fluoroquinolone and b-

Figure 2. Microbial composition at the phylum level based on
16S rRNA gene sequences. BF = Before treatment; AF = After
treatment; ATB = Antibiotics. For all antibiotics N = 21; for b-lactams
N = 11; for fluoroquinolones N = 10.
doi:10.1371/journal.pone.0095476.g002

Figure 3. Microbial load as assessed by quantitative real-time PCR (qPCR) of the 16S rRNA gene. (A) Comparison of the microbial load
between samples before (BF) and after (AF) treatment by both type of antibiotics (All_ATB). Data were compared using Wilcoxon matched-pairs test.
(B) Comparison of the microbial load between before and after b-lactams treatment. Data were compared using Wilcoxon matched-pairs test. (C)
Comparison of the microbial load before and after fluoroquinolone treatment. Data were compared using paired t-test. In all tests p,0.05 is
considered significant. For all antibiotics N = 21; for b-lactams N = 11; for fluoroquinolones N = 10.
doi:10.1371/journal.pone.0095476.g003

Antibiotic Effect on Gut Microbiota

PLOS ONE | www.plosone.org 5 April 2014 | Volume 9 | Issue 4 | e95476

Panda 2014 PlosOne  9 



Função do microbioma do intestino 
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microbiota of the intact terminal ileum might be differ-
ent9 and closer to that of the proximal colon.10 Given the 
importance of the ileum as a site for interactions with 
the immune system and with pathogens, having more 
information on these communities is clearly desirable.

The ‘normal’ human colonic microbiota
Most of the information that is available on the composi-
tion of the gut microbiota derives from faecal samples that 
mainly reflect the community present in the lumen of the 
distal large intestine. Extensive analysis of small subunit 
(16S) ribosomal RNA (rRNA) sequences amplified from 
faecal samples11–15  has been supplemented by data from 

Key points

 ■ Molecular surveys have revealed remarkable diversity within the human gut 
microbiota, but certain dominant species are detected in faecal samples from 
most healthy adults

 ■ Dietary intake, especially of nondigestible carbohydrates, alters the species 
composition of the gut microbiota both in the short term and in the long term

 ■ Interindividual variation in colonic microbiota composition influences responses 
to dietary manipulation

 ■ The gut microbiota potentially influences the host’s energy balance through 
multiple mechanisms, including supplying energy from nondigestible dietary 
components and influences on gut transit, energy intake and energy expenditure

 ■ Whether variation in gut microbiota composition is a major factor that 
influences obesity and metabolic disease in humans is not yet clear

 ■ The latest research has suggested new candidate organisms among the 
healthy gut microbiota that might be beneficial to gut health and new strategies 
for correcting dysbiosis associated with certain disease states

metagenomic sequencing16 to produce a broad consen-
sus on microbial diversity; thus, the dominant bacterial 
phyla in the healthy state in humans are the Firmicutes, 
Bacteroidetes and Actinobacteria, with Proteobacteria and 
Verrucomicrobia also present in lower numbers.

Descriptions at a more detailed taxonomic level reveal 
many hundreds of species (or ‘phylotypes’, to include 
noncultured variation) in a typical faecal sample. These 
findings lead us to a series of important questions: to 
what extent can each individual be considered to carry 
a unique collection of gut microbiota (or, conversely, is 
there a ‘core’ set of gut bacteria that is common to every-
one); to what extent do samples taken from the same 
individual vary in microbiota composition with time as 
a result of changes in diet, environment or other influ-
ences (for example, antibiotics); how much does gut 
microbiota composition change with life stage? Ideally, 
we need answers to all these questions in relation to the 
microbiota of the healthy gut before addressing the ques-
tion of how microbiota changes might be associated with 
disease states. Fortunately, studies in the past few years 
have provided at least partial answers.

Dominant bacterial species in the colon
Despite the diversity at the level of phylotypes, it is 
clear that some species are commonly detected in 
high numbers in most adult faecal samples. Tap et al.12  
reported 66 particularly abundant phylotypes among 
17  healthy individuals; it was noted that most of the same 
dominant phylotypes were common to those reported in 

Normal gastrointestinal
immune function

Supply of nutrients
and energy

Cancer prevention

Inhibition of pathogens

Normal gut motility

Cardiovascular health

Obesity and
metabolic syndrome

Cancer promotion

Source of pathogens

IBD

Cardiovascular disease

IBS (constipation,
diarrhoea, bloating)

■ SCFA production, vitamin synthesis
■ Influences on energy supply, gut hormones, satiety,
  energy expenditure
■ Lipopolysaccharide, inflammation

■ Butyrate production, phytochemical release
■ Toxins, carcinogens, inflammation

■ SCFA production, intestinal pH, bacteriocins,
  competition for substrates and/or binding sites
■ Toxin production, tissue invasion, inflammation

■ Balance of proinflammatory versus anti-inflammatory
  signals, development
■ Inflammation, immune disorders

■ Metabolites (SCFA, gases) from nondigestible carbohydrates

■ Lipid, cholesterol metabolism

Health Microbial products or activities Disease

Figure 1 | Influence of gut microbial communities on health. Most of the microbial activities indicated in the centre column 
are functions of the whole community of gut microbiota rather than being attributable to a single species. The balance of the 
community and its output determines the net contribution to health or disease. Abbreviation: SCFA, short-chain fatty acid. 

REVIEWS

© 2012 Macmillan Publishers Limited. All rights reserved
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microbiota of the intact terminal ileum might be differ-
ent9 and closer to that of the proximal colon.10 Given the 
importance of the ileum as a site for interactions with 
the immune system and with pathogens, having more 
information on these communities is clearly desirable.

The ‘normal’ human colonic microbiota
Most of the information that is available on the composi-
tion of the gut microbiota derives from faecal samples that 
mainly reflect the community present in the lumen of the 
distal large intestine. Extensive analysis of small subunit 
(16S) ribosomal RNA (rRNA) sequences amplified from 
faecal samples11–15  has been supplemented by data from 

Key points

 ■ Molecular surveys have revealed remarkable diversity within the human gut 
microbiota, but certain dominant species are detected in faecal samples from 
most healthy adults

 ■ Dietary intake, especially of nondigestible carbohydrates, alters the species 
composition of the gut microbiota both in the short term and in the long term

 ■ Interindividual variation in colonic microbiota composition influences responses 
to dietary manipulation

 ■ The gut microbiota potentially influences the host’s energy balance through 
multiple mechanisms, including supplying energy from nondigestible dietary 
components and influences on gut transit, energy intake and energy expenditure

 ■ Whether variation in gut microbiota composition is a major factor that 
influences obesity and metabolic disease in humans is not yet clear

 ■ The latest research has suggested new candidate organisms among the 
healthy gut microbiota that might be beneficial to gut health and new strategies 
for correcting dysbiosis associated with certain disease states

metagenomic sequencing16 to produce a broad consen-
sus on microbial diversity; thus, the dominant bacterial 
phyla in the healthy state in humans are the Firmicutes, 
Bacteroidetes and Actinobacteria, with Proteobacteria and 
Verrucomicrobia also present in lower numbers.

Descriptions at a more detailed taxonomic level reveal 
many hundreds of species (or ‘phylotypes’, to include 
noncultured variation) in a typical faecal sample. These 
findings lead us to a series of important questions: to 
what extent can each individual be considered to carry 
a unique collection of gut microbiota (or, conversely, is 
there a ‘core’ set of gut bacteria that is common to every-
one); to what extent do samples taken from the same 
individual vary in microbiota composition with time as 
a result of changes in diet, environment or other influ-
ences (for example, antibiotics); how much does gut 
microbiota composition change with life stage? Ideally, 
we need answers to all these questions in relation to the 
microbiota of the healthy gut before addressing the ques-
tion of how microbiota changes might be associated with 
disease states. Fortunately, studies in the past few years 
have provided at least partial answers.

Dominant bacterial species in the colon
Despite the diversity at the level of phylotypes, it is 
clear that some species are commonly detected in 
high numbers in most adult faecal samples. Tap et al.12  
reported 66 particularly abundant phylotypes among 
17  healthy individuals; it was noted that most of the same 
dominant phylotypes were common to those reported in 
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O Balanço do benefício e prejuízo ao hospedeiro 

depende do estado da comunidade microbiana como um 

todo, em termos de sua distribuição, diversidade, 

composição de espécies e metabólitos. 



Microbiota do Intestino 
Doença Saúde 

Helicobacter pylori 
Clostridium perfigens 
Clostridium difficile 
Candidatus arthromitus 
Staphilococcus 
Bacteroides fragilis 
Bacteroides vulgatus 
Prevotella 
Escherichia coli 

Bifidobacterium bifindum 
Bifidobacterium breve 
Bifidobacterium longum ssp 
Lactobacilus 
Clostridium hystolyticum 
Clostridium lituseburense 
Clostridium leptum 
Eubacterium sp 
Faecablibacterium prausnitzii 

Doenças autoimunes 
Doenças alérgicas 

Úlceras 
Cancer coloretal 

Enterocoliti necrotizante 
Obesidade 

Imunomodulação 
Inibição de infecção de patógenos 

Resistência a Diabetes 
Digestão/ absorção de alimentos 

Síntese de vitaminas 

Ventura et al 2017 in The human microbiota and microbioma 

O Microbioma do intestino é cerca de 150 vezes maior 
que o genoma humano, com cerca de 3.3 milhões de 

genes bacterianos 



MICROBIOMA E 
EPIGENÉTICA 



Microbioma e mecanismos epigenéticos 
Metabólitos produzidos pelo microbioma podem afetar o epigenoma 

e expressão gênica do hospedeiro?  

q  Sim. Metabólitos de baixo peso molecular produzidos pelo metabolismo 
microbiano, como por exemplo, moléculas de ácido graxo de cadeia 
curta (AGCCs), betaina, triptofano, bile, álcoois e neuropeptídeos.  

Quais os principais AGCCs e quais suas origens?  

q  Acetato, propionato e butirato, os quais são produzidos pela quebra de 
fibras alimentares e carboidratos complexos.  

q  Firmicutes são as bactérias mais importantes produtoras de butirato.  



Microbioma e mecanismos epigenéticos 

Metabólito Mecanismos 
epigenéticos Efeitos fisiológicos 

Grupos bacterianos 
associados com via 

metabólica 

SCFA: butirato, 
acetato, propionato, 
fumarato, valerato, 

caproale 

Modificações 
de histonas 

Prevenção de 
câncer e terapia 
anti-inflamatória 

Fermicutes, 
particularmente: 

Faecalilbacterium 
prausnitzii, 

Eubacterium rectalel e 
Roseburia ssp Martín et al. Functional Characterization of F. prausnitzii Strains

TABLE 2 | Oligonucleotides used in this study and PCR product sizes.

Primer Oligonucleotide sequence (5′–3′) PCR product size (bp) Use References

Fprau07 CCATGAATTGCCTTCAAAACTGTT 141 PCR F. prausnitzii specific Sokol et al., 2008

Fprau02 GAGCCTCAGCGTCAGTTGGT

FP1 AGAGTTTGATCCTGGCTCAG 1,474 16S rRNA complete sequence amplification and sequencing This study

FP2 ACGGCTACCTTGTTACGACTT

FP3 GTTGCGGGACTTAACCCAACATC 16S rRNA sequencing This study

FP4 GTTTTTCTTGAGTAGTGCAGAGG 16S rRNA sequencing This study

FP5 GATGTTGGGTTAAGTCCCGCAAC 16S rRNA sequencing This study

using the Maximum likelihood (ML) criterion, based on the
Kimura 2-parameter model (Kimura, 1980), with 1,000 bootstrap
replicates. A discrete Gamma distribution was used to model
evolutionary rate differences among sites [five categories (+G,
parameter = 0.1846)]. The rate variation model allowed for
some sites to be evolutionarily invariable ([+I], 64.70% sites).
Initial tree(s) for the heuristic search were obtained by applying
the Neighbor-Joining method to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood (MCL)
approach and all positions containing gaps andmissing data were
eliminated. The tree with the highest log likelihood (−3073.67) is
shown (Figure 3). The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site. The analysis
involved 36 nucleotide sequences. There were a total of 1090
positions in the final dataset. In this analysis, sequences used
by Lopez-Siles et al. (Duncan et al., 2002; Ramirez-Farias et al.,
2009; Lopez-Siles et al., 2012) were included with the objective
of compare the new strains to the two phylogroups proposed by
that study. Eubacterium desmolans was used to root the tree.

Plasmid Presence
The presence of plasmids in the isolated strains were determined
following Wizard R⃝ Plus SV Minipreps DNA Purification System
(Promega) with modifications to adapt it for use with Gram
positive bacteria. Briefly, an extra lysis step was performed after
centrifugation of liquid overnight (ON) cultures by incubation
for 1 h at 37◦C with lysozyme (Sigma; 10mg/ml) in the cell
resuspension solution.

Scanning Electron Microscopy
Scanning electron microscopy analyses were performed on the
MIMA2 platform (INRA, France) with pure pellet of bacterial
culture suspended and fixed in 200µL of glutaraldehyde and 3%
ruthenium red during 2 h in an anaerobic chamber and stored at
4◦C. Scanning electron microscopy was performed as previously
reported (Joly et al., 2010).

Determination of Antibiotics Resistance
Theminimum inhibitory concentrations (MIC) for 13 antibiotics
(including tetracycline, kanamycin, chloranphenicol, linezolid,
nupri/dalfopri, trimethoprim, gentamicin, erythromycin,
cefpirome, clindamycin, streptomycin, vanomycin, and
ampicillin) were determined on Wilkins-Chalgren agar (Difco)
according to the E-test procedure, in accordance with the

conditions recommended by the supplier (Biomerieux, France).
The results were recorded after 48 h of incubation.

Anti-bacterial Assays
The anti-bacterial effect of F. prausnitzii supernatants were
investigated in vitro using the bacteriocin activity assay as
previously described (Ramirez-Farias et al., 2009). This anti-
bacterial effect was tested on six different bacterial species:
three aerobic bacteria (E. coli Nissle 1917, E. coli DH10B,
and Listeria monocytogenes 11765), one facultative anaerobic
bacterium (Lactococcus subsp cremoris MG1363), and two
obligate anaerobic bacteria (Clostridium perfringens ATCC13124
and Bifidobacterium infantis DSM20088/ATCC15697). YBHI
liquid medium alone was used as negative control.

Metabolic Activities
To determine the metabolic activities of the cultivable strains,
API-20A galleries and the gelatin degradation test of API-20E
galleries were used according to manufacturer’s instructions.
For detection of DNase and hemolytic activity, the strains were
grown ON and then plated into Methyl green-DNA agar plates
(Difco) or blood agar plates (Biomérieux) respectively. The
results were recorded after 48 h of incubation. The capacity
to grow in presence of mucin was assayed using a defined
medium (KH2PO4: 5.236 g/L, (NH4)2SO4: 4 g/L, NaCl: 4 g/L,
CaCl2: 30mg/L, MgCl2: 300mg/L, MnCl2: 30mg/L, FeCl2:
8mg/L, Vitamin B12: 5mg/L, Vitamin B1: 1mg/L, Biotin: 1mg/L,
PABA: 1mg/L, Folic acid: 1mg/L, Vitamin K: 2mg/L, cystein
0.5mg/mL) supplemented with 1.5% mucin (Type II, Sigma-
Aldrich).

Short Chain Fatty Acid (SCFA) Analysis
Supernatant concentrations of propionate, acetate, and butyrate
were analyzed using gas liquid chromatography (Nelson 1020,
Perkin-Elmer, St Quentin en Yvelines, France) as previously
described (Lan et al., 2008). Overnight culture (20 h) of F.
prausnitzii strains were used and culture media as negative
control; each measurement for performed at least in triplicate
except for fecal samples. SCFA concentrations are expressed
in mM.

Dosage of D- and L-Lactate
D- and L-lactate was measured in supernatant of bacterial
cultures. This supernatant was precipitated with trichloroacetic
acid (10%) and centrifuged at 4,500 g for 20min at 4◦C. Lactate
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TABLE 2 | Oligonucleotides used in this study and PCR product sizes.

Primer Oligonucleotide sequence (5′–3′) PCR product size (bp) Use References

Fprau07 CCATGAATTGCCTTCAAAACTGTT 141 PCR F. prausnitzii specific Sokol et al., 2008

Fprau02 GAGCCTCAGCGTCAGTTGGT

FP1 AGAGTTTGATCCTGGCTCAG 1,474 16S rRNA complete sequence amplification and sequencing This study

FP2 ACGGCTACCTTGTTACGACTT

FP3 GTTGCGGGACTTAACCCAACATC 16S rRNA sequencing This study

FP4 GTTTTTCTTGAGTAGTGCAGAGG 16S rRNA sequencing This study

FP5 GATGTTGGGTTAAGTCCCGCAAC 16S rRNA sequencing This study

using the Maximum likelihood (ML) criterion, based on the
Kimura 2-parameter model (Kimura, 1980), with 1,000 bootstrap
replicates. A discrete Gamma distribution was used to model
evolutionary rate differences among sites [five categories (+G,
parameter = 0.1846)]. The rate variation model allowed for
some sites to be evolutionarily invariable ([+I], 64.70% sites).
Initial tree(s) for the heuristic search were obtained by applying
the Neighbor-Joining method to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood (MCL)
approach and all positions containing gaps andmissing data were
eliminated. The tree with the highest log likelihood (−3073.67) is
shown (Figure 3). The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site. The analysis
involved 36 nucleotide sequences. There were a total of 1090
positions in the final dataset. In this analysis, sequences used
by Lopez-Siles et al. (Duncan et al., 2002; Ramirez-Farias et al.,
2009; Lopez-Siles et al., 2012) were included with the objective
of compare the new strains to the two phylogroups proposed by
that study. Eubacterium desmolans was used to root the tree.

Plasmid Presence
The presence of plasmids in the isolated strains were determined
following Wizard R⃝ Plus SV Minipreps DNA Purification System
(Promega) with modifications to adapt it for use with Gram
positive bacteria. Briefly, an extra lysis step was performed after
centrifugation of liquid overnight (ON) cultures by incubation
for 1 h at 37◦C with lysozyme (Sigma; 10mg/ml) in the cell
resuspension solution.

Scanning Electron Microscopy
Scanning electron microscopy analyses were performed on the
MIMA2 platform (INRA, France) with pure pellet of bacterial
culture suspended and fixed in 200µL of glutaraldehyde and 3%
ruthenium red during 2 h in an anaerobic chamber and stored at
4◦C. Scanning electron microscopy was performed as previously
reported (Joly et al., 2010).

Determination of Antibiotics Resistance
Theminimum inhibitory concentrations (MIC) for 13 antibiotics
(including tetracycline, kanamycin, chloranphenicol, linezolid,
nupri/dalfopri, trimethoprim, gentamicin, erythromycin,
cefpirome, clindamycin, streptomycin, vanomycin, and
ampicillin) were determined on Wilkins-Chalgren agar (Difco)
according to the E-test procedure, in accordance with the

conditions recommended by the supplier (Biomerieux, France).
The results were recorded after 48 h of incubation.

Anti-bacterial Assays
The anti-bacterial effect of F. prausnitzii supernatants were
investigated in vitro using the bacteriocin activity assay as
previously described (Ramirez-Farias et al., 2009). This anti-
bacterial effect was tested on six different bacterial species:
three aerobic bacteria (E. coli Nissle 1917, E. coli DH10B,
and Listeria monocytogenes 11765), one facultative anaerobic
bacterium (Lactococcus subsp cremoris MG1363), and two
obligate anaerobic bacteria (Clostridium perfringens ATCC13124
and Bifidobacterium infantis DSM20088/ATCC15697). YBHI
liquid medium alone was used as negative control.

Metabolic Activities
To determine the metabolic activities of the cultivable strains,
API-20A galleries and the gelatin degradation test of API-20E
galleries were used according to manufacturer’s instructions.
For detection of DNase and hemolytic activity, the strains were
grown ON and then plated into Methyl green-DNA agar plates
(Difco) or blood agar plates (Biomérieux) respectively. The
results were recorded after 48 h of incubation. The capacity
to grow in presence of mucin was assayed using a defined
medium (KH2PO4: 5.236 g/L, (NH4)2SO4: 4 g/L, NaCl: 4 g/L,
CaCl2: 30mg/L, MgCl2: 300mg/L, MnCl2: 30mg/L, FeCl2:
8mg/L, Vitamin B12: 5mg/L, Vitamin B1: 1mg/L, Biotin: 1mg/L,
PABA: 1mg/L, Folic acid: 1mg/L, Vitamin K: 2mg/L, cystein
0.5mg/mL) supplemented with 1.5% mucin (Type II, Sigma-
Aldrich).

Short Chain Fatty Acid (SCFA) Analysis
Supernatant concentrations of propionate, acetate, and butyrate
were analyzed using gas liquid chromatography (Nelson 1020,
Perkin-Elmer, St Quentin en Yvelines, France) as previously
described (Lan et al., 2008). Overnight culture (20 h) of F.
prausnitzii strains were used and culture media as negative
control; each measurement for performed at least in triplicate
except for fecal samples. SCFA concentrations are expressed
in mM.

Dosage of D- and L-Lactate
D- and L-lactate was measured in supernatant of bacterial
cultures. This supernatant was precipitated with trichloroacetic
acid (10%) and centrifuged at 4,500 g for 20min at 4◦C. Lactate
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FIGURE 4 | Scanning electron microscopy images of F. prausnitzii strains

phylogroup II. Strains were grown in YBHI liquid medium 20h. Scale bars

indicate 2µm. Arrows indicates “swelling.”

to metabolize arabinose and raffinose among others as the sole
energy source (Duncan et al., 2002; Lopez-Siles et al., 2012).

For all the other enzymes (6 phospho-beta galactosidase,
alpha-glucosidase, beta-glucuronidase, arginine arylamiase,
leucyl glycerine-arylamidase, glycine-arylamidaseycine, and
histidine-arylamidase), differences inter-strains were detected
(Table 4). Beta-glucuronidase activity has been previously
reported in some F. prausnitzii isolates (Lopez-Siles et al., 2012).
While six strains showed individual profiles, the other seven are
included in three different profiles. Two of them corresponds to
the group A from phylogroup I (CNCM I-4546 and M21/2). The
strains CNCM I-4543 and CNCM I-4574 (group B, phylogroup
II), which are the only ones resistant to cefpirome, share also
the same metabolic profile and donor. And the third metabolic T
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FIGURE 4 | Scanning electron microscopy images of F. prausnitzii strains

phylogroup II. Strains were grown in YBHI liquid medium 20h. Scale bars

indicate 2µm. Arrows indicates “swelling.”

to metabolize arabinose and raffinose among others as the sole
energy source (Duncan et al., 2002; Lopez-Siles et al., 2012).

For all the other enzymes (6 phospho-beta galactosidase,
alpha-glucosidase, beta-glucuronidase, arginine arylamiase,
leucyl glycerine-arylamidase, glycine-arylamidaseycine, and
histidine-arylamidase), differences inter-strains were detected
(Table 4). Beta-glucuronidase activity has been previously
reported in some F. prausnitzii isolates (Lopez-Siles et al., 2012).
While six strains showed individual profiles, the other seven are
included in three different profiles. Two of them corresponds to
the group A from phylogroup I (CNCM I-4546 and M21/2). The
strains CNCM I-4543 and CNCM I-4574 (group B, phylogroup
II), which are the only ones resistant to cefpirome, share also
the same metabolic profile and donor. And the third metabolic T
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Martín et al. Functional Characterization of F. prausnitzii Strains

FIGURE 4 | Scanning electron microscopy images of F. prausnitzii strains

phylogroup II. Strains were grown in YBHI liquid medium 20h. Scale bars

indicate 2µm. Arrows indicates “swelling.”

to metabolize arabinose and raffinose among others as the sole
energy source (Duncan et al., 2002; Lopez-Siles et al., 2012).

For all the other enzymes (6 phospho-beta galactosidase,
alpha-glucosidase, beta-glucuronidase, arginine arylamiase,
leucyl glycerine-arylamidase, glycine-arylamidaseycine, and
histidine-arylamidase), differences inter-strains were detected
(Table 4). Beta-glucuronidase activity has been previously
reported in some F. prausnitzii isolates (Lopez-Siles et al., 2012).
While six strains showed individual profiles, the other seven are
included in three different profiles. Two of them corresponds to
the group A from phylogroup I (CNCM I-4546 and M21/2). The
strains CNCM I-4543 and CNCM I-4574 (group B, phylogroup
II), which are the only ones resistant to cefpirome, share also
the same metabolic profile and donor. And the third metabolic T
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Microbioma e mecanismos epigenéticos 

Metabólito Mecanismos 
epigenéticos Efeitos fisiológicos 

Grupos bacterianos 
associados com via 

metabólica 

Betaína,  colina e 
etanolamina Metilação DNA 

Desenvolvimento e 
função do cérebro 

fetal e diminuir 
fatores de risco para 

doenças 
cardiovasculares 

E. coli 

Ácido biliares livres: 
ácido deoxicólico  

Hipometilação 
do DNA e 

sinalização b-
catenina 

Progressão do 
câncer 

Desconhecido: uma 
mudança induzida 

pelo antibiótico 

Neuropeptídeos: 
GABA, serotonina e 

4-etilfenilsulfato 

Aumento da 
expressão do 

receptor GABA 

Proteção da 
depressão e 
ansiedade 

Bifidobacteria, 
Lactobacillus ssp 

Kingsbury e Ganz, 2016 in The human microbiome handbook, chapter 9. 



MICROBIOMA E DOENÇAS 
GENÉTICAS 



Doenças auto-imunes 

Zhernakova et al, 2013 in Nature Rev. Endocrinology. 
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APS1 is a rare, autosomal recessive syndrome caused by 
mutations in the gene that encodes the transcription factor 
autoimmune regulator (AIRE), which is highly expressed 
in medullary thymic epithelial cells and is essential for 
regulating central tolerance to self- antigens.30,31 AIRE has 
also been associated with rheumatoid arthritis in Japanese 
patients.32 Moreover, in European populations, several 
single nucleotide polymorphisms (SNPs) at 21q22.3, 
which is close to the AIRE gene, were found to be associ-
ated with coeliac disease, rheumatoid arthritis and IBD 
(Supplementary Table 3 online).8,11,29,33,34

IPEX syndrome is caused by mutations in FOXP3, 
a master regulator of the development and function of 
regu latory T cells.35 A list of all the genes and loci asso-
ciated with common and rare diseases covered in this 
Review is given in Supplementary Table 3 online.

Shared genetics
Comparing the known genetic factors associated with 
the diseases discussed in this Review reveals that both 
disease-specific and shared genetic factors exist. For 
example, SNPs in the INS locus (which encodes insulin) 
and the TSHR locus (which encodes the TSH receptor) 
are associated with T1DM and AIT, respectively.33,36 By 
contrast, the CTLA4, PTPN22 and TNFAIP3 loci, among 
others, are associated with multiple phenotypes5,6 and 
might well pinpoint pathways that are often affected in 
autoimmune responses; such loci might provide targets 
for a ‘one-cure-for-many’.

However, something that complicates the analysis 
of the shared genetic loci identified by GWAS is the 
finding that the ‘allelic direction’ of the shared locus 
can be  disease-specific. For example, the IL-23 pathway 
is involved in the pathogenesis of both psoriasis and 
ulcerative colitis; the minor ‘G’ allele of the IL23R SNP 
rs2201841 is the susceptible allele in psoriasis, whereas 
the opposite ‘A’ allele of the same SNP increases suscep-
tibility to ulcerative colitis.37,38 Another example of this 
phenomenon is the association between the ‘A’ allele of 
the PTPN22 SNP rs2476601 and susceptibility for T1DM 
and rheumatoid arthritis, whereas the ‘G’ allele carries a 
risk for Crohn’s disease.33,34,39

Genetic architecture
The common autoimmune diseases (AIT, coeliac disease, 
psoriasis, rheumatoid arthritis, SLE and T1DM) and the 
rare autoimmune diseases (APS1 and IPEX) have notably 
different genetic architecture. In the common diseases, 
susceptibility is usually conveyed through common SNPs 
that are located outside gene bodies, but within regula-
tory regions that affect the levels of expression of nearby 
protein-coding genes. Many of these common SNPs map 
to DNAse I hypersensitive sites and show effects on gene 
expression (expression quantitative trait loci effects).8,10,40

By contrast, the rare autoimmune diseases we describe 
here are caused by rare exonic mutations that alter the 
amino acid composition of the protein, thereby affecting 
protein function or even causing a total loss-of-function. 
Nonetheless, a few examples of rare variants contribut-
ing to common autoimmune diseases exist. For example, 
>90% of patients who have a homozygous deficiency for 
C1q (a protein involved in the complement pathway41) 
develop SLE, although these cases comprise only a small 
fraction of patients with SLE.42 Moreover, both common 
and rare mutations in the TREX1 gene, which encodes 
3'-repair exonuclease 1, have also been observed in 
patients with SLE.43,44 Another example of ‘rare vari-
ants in common diseases’ are the mutations identified in 
the IFIH1 gene (which encodes the interferon-induced 
helicase C-domain-containing protein 1) in patients 
with T1DM.45

For the less common autoimmune diseases (that  
is, Addison disease and APS2) the genetic architecture is 
less clear. The rarity of these diseases means it is difficult 
to collect a large enough cohort of patients to perform a 
GWAS. For example, the prevalence of Addison disease 
in developed countries is 110–144 cases per 1,000,000 
people46 (in contrast to a prevalence of T1DM in the 
USA of 1 in 300 people47 or of psoriasis of 1–3 in 100 
people48). The prevalence of APS2 is higher than that of 
Addison disease (1:20,000),49 which brings it within reach 
of a GWAS. However, it not yet clear whether APS2 is a 
unique disease entity or whether it represents a comor-
bidity phenotype of three independent auto immune 
di seases (that is, Addison disease, T1DM and AIT).

The known genetic factors can only explain part of the 
genetic predisposition seen in autoimmune diseases and 
larger cohorts need to be studied to identify more genetic 
variants. The GWAS performed so far have only focused 

Rare diseases

APS1 (polyendocrine)

IPEX (polyendocrine)

T1DM (pancreas)

Coeliac disease (intestine)

Rheumatoid arthritis (joints)

APS2 (e.g. thyroid 
and pancreas)

Common diseases

Addison disease
(adrenal gland)

Less common diseases

Psoriasis (skin)

AIT (thyroid)

SLE (systemic)

Figure 1 | An overview of the common, less common and rare autoimmune and/or 
endocrine diseases and their affected organs that are discussed in this article. 
Abbreviations: AIT, autoimmune thyroid disease; APS2, autoimmune polyendocrine 
syndrome type 2; APS1, autoimmune polyendocrine syndrome type 1; IPEX, 
immune dysfunction, polyendocrinopathy and enteropathy, X-linked; SLE, systemic 
lupus erythematosus; T1DM, type 1 diabetes mellitus.
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IL-17, also have a central role in the development and  
progression of autoimmune diseases.

Genetic studies published in the past few years have 
shown that the different autoimmune diseases share a 
remarkably large part of their genetic background, which 
is also true of systemic and organ-specific autoimmune 
diseases.4–6  As only a moderate fraction of the gen-
etics of autoimmune diseases has been identified so far, 
whether disease specificity is determined by unknown 

Key points

 ■ Autoimmune diseases share a large proportion of their genetic background; 
shared genes and pathways might serve as common drug targets across diseases

 ■ Genetic studies are discovering new pathways relevant to autoimmune diseases
 ■ Determining genetic profiles for common autoimmune diseases could improve 

understanding of the underlying pathways and help identify novel drug targets for 
less common and rare autoimmune diseases

 ■ Genetic profiling will help identify individuals at risk of autoimmune diseases, 
which is important for timely diagnosis and treatment

 ■ Genetic, microRNA, metabolomic, microbiome and autoimmune profiles can serve 
as biomarkers for monitoring disease progression and response to treatment

genetic factors or by other (nongenetic) factors is not yet 
known. In addition, disease specificity might be much 
more complex than previously thought and involve 
modifica tions of DNA by epigenetic changes, which, in 
turn, might be modulated by nongenetic factors.

Autoimmune disease: genetics
Common autoimmune disease
The six common autoimmune diseases (AIT, coeliac dis-
ease, psoriasis, rheumatoid arthritis, SLE and T1DM) are 
strongly associated with specific HLA alleles (Table 1), 
but GWAS performed within the past 5  years have impli-
cated a plethora of other, non-HLA, loci that also result 
in carriers having a predisposition to these diseases. For 
the diseases described in this Review, we found 42 GWAS 
(Supplementary Table 1 online) and four fine-mapping 
studies using the Immunochip platform (in AIT,7 
coeliac disease,8  psoriasis9  and rheumatoid arthritis;10 
Supplementary Table 2 online) performed up to June 
2013. In addition to the HLA locus, 127 non-HLA loci 
have been associated with the six common autoimmune 

Table 1 | Common autoimmune disease

Disease Clinical features and pathogenesis Genetics Autoantibodies

Autoimmune 
thyroid disease

Graves disease: autoimmune reaction to the 
receptor for TSH, clinically manifested as 
chronic hyperthyroidism
Hashimoto thyroiditis: autoimmune response 
against thyroid peroxidase and thyroglobulin, 
clinically manifested as chronic hypothyroidism

HLA Class II:
DR3 (DRB1*03; DRB1*Arg74)
DR4 (in Hashimoto thyroiditis)
13 non-HLA loci

Thyroid peroxidase antibodies 
Thyroglobulin antibodies
TSH receptor antibodies
Sodium iodide symporter

Coeliac 
disease

Chronic inflammation of the intestine and 
flattening of the mucosa as a result of immune 
reaction to gluten and gluten-related proteins 
(wheat, barley and rye)

HLA Class II:
DQ2 (DRB1*0301-DQA1*0501-DQB1*0201)
DQ8 (DRB1*04-DQA1*0301-DQB1*0302);
39 non-HLA loci

Tissue transglutaminase 
Less often, autoantibodies against 
transglutaminase 3, actin, ganglioside, 
collagen

Psoriasis A chronic inflammatory disease of the skin, 
characterized by chronic plaques
Activation of T cells by unknown trigger leads to 
their migration to the dermis, cytokine release 
and inflammation

HLA Class I:
Cw*0602
Cw*1203
HCP5
28 non-HLA loci

Anti-stratum corneum antibody, 
anti-keratin antibody, anti-calpastatin, 
anti-lipocortin-I antibody

Rheumatoid 
arthritis

Characterized by inflammation and hyperplasia 
of joints and surrounding tissue, autoantibody 
production in majority of patients, cartilage and 
bone destruction (deformity) and systemic 
features, including cardiovascular, pulmonary, 
psychological and skeletal disorders118

HLA, the highest risk is for carriers of DR4 
haplotypes (including ‘shared epitopy’:
DRB1*0401, *0404, *0101, *0405, 
*0101, *1001, *0901 and several amino 
acids in HLA locus119

Class III: TNF
40 non-HLA loci

To citrullinated protein antigen 
Rheumatoid factor
Less often, against collagen, 
fibronectin, glucose-6-phosphate 
isomerase, keratin

Systemic lupus 
erythematosus

Systemic autoantibody mediated autoimmune 
disease
SLE antibody production leads to tissue injury 
and production of immune complexes that also 
result in tissue damage
Might affect any part of the body, but most often 
the heart, joints, skin, lungs, blood vessels, liver, 
kidneys and nervous system

HLA Class II:
DR3 (DRB1*0301-DQB1*0201)
DR2 (DRB1*1501-DQB1*0602)
DR8 (DRB1*0801-DQB1*0402)
HLA Class III:
SCIV2L, CFB, RDBP, DOM3Z, STK19
C4A, C4B
26 non-HLA loci

Antinuclear antibodies, anti-Ro 
antibodies, anti-La antibodies, 
antiphospholipid antibodies, anti-
double-stranded DNA antibodies, 
anti-Sm antibodies, antinuclear 
ribonucleoprotein antibodies
Less often, against cardiolipin, carbonic 
anhydrase II, collagen, fibronectin, 
histone H2A-H2B-DNA, Ku-DNA-protein 
kinase, RNA polymerase I-III

Type 1 diabetes 
mellitus

T-cell mediated destruction of pancreatic β cells 
leading to insufficient release of insulin from 
the pancreas

HLA Class II:
DQ2 (DRB1*0301-DQA1*0501-DQB1*0201)
DQ8 (DRB1*04-DQA1*0301-DQB1*0302)
HLA Class I:
HLA-A
HLA-B: protective effect, DQB1*0602
38 non-HLA loci

Against glutamic acid decarboxylase 
(GAD65), tyrosine phosphatase-like 
protein, insulin, Zinc T8 transporter121

All diseases have a complex inheritance, with genetic and environmental factors being involved. Abbreviation: SLE, systemic lupus erythematosus.
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q  As doenças auto-imune da tireóide estão fortemente associadas com 
alelos específicos HLA classe II.  

q  Estudos mais recentes tem mostrado a predisposição para essa doença 
em outros loci não HLA .  

q  Uma série de estudos sugerem que fatores ambientais tem um papel 
crítico no desenvolvimento de tireodite de Hashimoto em indivíduos 
geneticamente susceptíveis.  

q  Entre esses fatores temos: infecção viral e excesso de iodo na 
alimentação.  
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q  Outros estudos mostraram que alterações morfológicas nas células 
epiteliais do intestino, aumento da permeabilidade intestinal tem sido 
observado em pacientes com tireodite de Hashimoto.  

q  Essas alterações rompem a barreira mucosa e tornam o tecido mais 
exposto a bactérias patogênicas e não patogênicas e tem sido detectado 
em pacientes com essa doença.  

O sequenciamento de última geração permitirá caracterizar as 
comunidades microbianas e a mudança de sua composição durante 
o desenvolvimento, progressão e tratamento da doença.  



MICROBIOMA E 
PERSPECTIVAS 



Microbioma e perspectivas 
O Que são os probióticos?  

q  Microorganismos vivos que, quando administrados em quantidades 
adequadas, conferem benefícios à saúde do hospedeiro.  

Quais os principais mecanismos de ação dos probióticos?  

q  Proteção contra bactérias patogênicas.  

q  Competição por nutrientes.  

q  Redução do pH.  

q  Capacidade imunoestimuladora.  



Microbioma e perspectivas 
Quais os probióticos mais utilizados?  

q  Lactobacillus e Bifidobacterium.  

Lactobacillus bulgaricus Bifidobacterium adolescentis 



Microbioma e perspectivas 
O Que são os prebióticos?  

q  Ingredientes não digeríveis que beneficiam a saúde do hospedeiro 
estimulando seletivamente o crescimento ou atividade de um certo 
número de bactérias.  

Quais os principais mecanismos de ação dos prebióticos?  

q  Funcionam como substratos para os probióticos obtendo-se assim uma 
relação simbiótica, melhorando a continuidade de bactérias no intestino.  

q  Os prebióticos mais comuns são: oligofrutose, inulina, lactulose e 
galacto-oligossacarídeos.  



Microbioma e perspectivas 

O elevado investimento científico nos campos do 

microbiota e microbioma humanos deverá resultar no 

desenvolvimento e melhoria de estratégias terapêuticas 

futuras 

Microbioma hospitalar 



Microbioma hospitalar 

q  A contaminação cruzada que ocorre com elevada frequência no ambiente 
hospitalar é responsável por manter os microorganismos em circulação naquele 
ambiente.  



Exercícios 
1.  A função dos microorganismos pode ser estudada por qual técnica? 

(A) Metagenômica 

(B) Metaproteômica 

(C) Metatranscrição 

2. Quais microorganismos compõem o microbioma? 

(A) Todos abaixo 

(B) Bactéria 

(C) Fungo 

(D)  Protozoários 

(E) Vírus 



Exercícios 
3. Em média quantas bactérias estão presentes no corpo humano? 

(A) 100 bilhões 

(B) 100 milhões 

(C) 100 mil 

(D) 100 trilhões 

4. O que é objetivo do projeto microbioma hospitalar? 

(A) Caracterizar a comunidade bacteriana de um hospital 

(B) Compreender as consequências da limpeza e esterilização 

(C) Todas afirmativas 

(D) Caracterizar a composição taxonômica das comunidades microbianas 

associadas com superfície, ar, água e humanos 
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