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Sex Differences in the Gut
Microbiome Drive Hormone-Dependent

Regulation of Autoimmunity
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Welcome to the Microgenderome

Magdalena B. Flak, Joana F. Neves, Richard S. Blumberg
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The gut flora as a forgotten organ

Ann M. O’'Hara' & Fergus Shanahan'?*
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The human oral cavity contains a member of diferent babicats, lncluding the teeth, ginghval sulcus, tongue,
cheeks, Rard and sofl palaces, and tonsils, which are colontzad by tacuarta, The oral microbdeme Is comprised
of over 600 prevalemt txxa ot the speches level, with disuinct subsets predomisating st Giferent habicacs, The
oral microblome has beem extensively characserized by culthvacea and celiure- independen: molecuiar methods
Sach 55 148 rRNA donng. Unforvansiety, the vast majoricy of unnamed orsl taxs are referenced by cone
oumbers of 165 rRNA CeaBank accession numbers, ofien withowt unonomic anchors. The Grst alm of this
research was 10 collect 165 rRNA gene sequences Inio 3 curmad phylogeny-hasad dacabase, (e Human Oral
Microbdemne Dacatuse (HMOMD ), ad make B wed accessiide (www bosad ocg). The HOMD nciudes 619 taxa
I 13 phyla, as follows: Actinedecterie, Bacteroidetes, Chiasydiae, Chloraficri, Esryarchocota, Firmsicutes, Fuso-
bactersa, Protechacienia, Spirochactes, SR, Synerpicietes, Tonerioter, S0 TMT, THe S200D0 2im Was 10 analyre
36,00 165 rRNA gene dones isolmed from stodies of the oral microblot (o determine the refacive abandance
of taxx and jdemuy novel candidace . The snalysts Meauifed 1,179 s, of which 24% wore named, #% were
Culiivated DOt UNRAMED, AN 6% were ancuivased phyledypes. LUpon vallaaien, 454 novel, Donsinglecon taxs
will be added 10 the HOMD. The number of taxa necded 1o account for 9%, 95%, or 9% of the ddomes ¢
— B 239, 415 ana §70, respecuvedy. Ihe HOMD s ie NSt Curaced Gescripiion of 3 DRIan-2ssociared m
biome and provides tools for use In understanding the role of the microbdome In health and disease.
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The NIH Human Microbiome Project

The NIH HMP Working Group'

The Human Microbiome Project (HMP), funded as an initiative of the NIH Roadmap for Biomedical Research (http://
nihroadmap.nih.gov), is a multi-component community resource. The goals of the HMP are: (1) to take advantage of new,
high-throughput technologies to characterize the human microblome more fully by studying samples from multiple body
sites from each of at least 250 “normal” volunteers; [2) to determine whether there are assoclations between changes in the
microbiome and health / disease by studying several different medical conditions; and [3) to provide both a standardized
data resource and new technological approaches to enable such studies to be undertaken broadly in the scientific com-
munity. The ethical, legal, and social implications of such research are being systematically studied as well. The ultimate
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MIH Jumpstart Program Microbioma Initiative
Blood Eye
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Microbiome Project
MicroObes, Human Intestinal
Microbiome in Obesity and
Mutrtional Transition

Korean Microbiome
Diversity, using Korean
Twin Cohort Project

DACC, Data Analysis and
Coordination Center
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Bacteroidetes Firmicutes
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A human gut microbial gene catalogue
established by metagenomic sequencing

Junjie Qin'*, Ruigiang Li'*, Jeroen Raes™*, Manimozhiyan Arumugam?, Kristoffer Solvsten Burgdorf®,
Chaysavanh Manichanh®, Trine Nielsen®, Nicolas Pons®, Florence Levenez®, Takuji Yamada®, Daniel R. Mende®,
Junhua Li", Junming Xu', Shaochuan Li', Dongfang Li'*, Jianjun Cao', Bo Wang', Huiging Liang', Huisong Zheng',
Yinlong Xie"’, Julien Tap®, Patricia Lepage®, Marcelo Bertalan®, Jean-Michel Batto®, Torben Hansen®, Denis Le
Paslier'”, Allan Linneberg"', H. Bjorn Nielsen’, Eric Pelletier'”, Pierre Renault®, Thomas Sicheritz-Ponten®,

Keith Turner'?, Hongmei Zhu', Chang Yu', Shengting Li', Min Jian', Yan Zhou', Yingrui Li', Xiuging Zhang',
Songgang Li', Nan Qin', Huanming Yang', Jian Wang', Seren Brunak’, Joel Doré®, Francisco Guarner,

Karsten Kristiansen'”, Oluf Pedersen®'*, Julian Parkhill'*, Jean Weissenbach'?, MetaHIT Consortiumt, Peer Bork?,
S. Dusko Ehrlich® & Jun Wang'*

Nature 2010:464: 59
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Topogfaphical and Temporal Diversity
of the Human Skin Microbiome

Elizabeth A. Grice,* Heidi H. Kong,” Sean Conlan,' Clayton B. Deming,' Joie Davis,
Alice C. Young,* NISC Comparative S cing Prog $ G. Bouffard,*
Robert W. Blakesley,*® Patrick R y.* Eric D. G ia L. Turner,” Julia A. Segre’t

Intestines

THE MICROBIOTA OF THE HUMAN GENITOURINARY
TRACT: TRYING TO SEE THE FOREST THROUGH
THE TREES

DAVID H. MARTIN, MD, and (by invitation) MARCELA ZOZAYA, PhD, REBECCA
LILLIS, MD, JULIA MILLER, MSN, and MICHAEL J. FERRIS, PhD
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. Vaginal microbiome of reproductive-age women

Jacques Ravel®?, Pawel Gajer®, Zaid Abdo®, G. Maria Schneider<, Sara S. K. Koenig®, Stacey L. McCulle®,
Shara Karlebach®, Reshma Gorle®, Jennifer Russell’, Carol O. Tacket', Rebecca M. Brotman?, Catherine C. Davis?,

Kevin Ault®, Ligia Peralta®, and Larry ). Forney™ SCienCQOlO;BBO
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The human gut virome: Inter-individual variation
and dynamic response to diet

Samuel Minot,' Rohini Sinha,’ Jun Chen,? Hongzhe Li,? Sue A. Keilbaugh,® Gary D. Wu,?
James D. Lewis,? and Frederic D. Bushman'"*

GenomeRes2011:21: 1616

Immense populations of viruses are present in the human gut and other body sites. Understanding the role of these
populations (the human “virome”) in health and disease requires a much deeper understanding of their composition and
dynamics in the face of environmental perturbation. Here, we investigate viromes from human subjects on a controlled

Archaea as emerging organisms in complex human microbiomes
Bédis Dridi, Didier Raoult, Michel Drancourt*

Anaerobe2011:17:56

In this work, we review the state of knowledge of Archaea associated with the human microbiome. These
prokaryotes, initially discovered in extreme environments, were named Archaea because these envi-
ronments were thought to be the most primitive on Earth. Further research revealed that this termi-

nology is misleading because these organisms were later found in various non-extreme environments,
including the human host. Further examination of the human microbiome has enabled the isolation of
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Delivery mode shapes the acquisition and structure
of the initial microbiota across multiple body
habitats in newborns

Maria G. Dominguez-Bello*'?, Elizabeth K. Costello®"3, Monica Contreras®, Magda Magris®, Glida Hidalgo®,

Noah Fierer®f, and Rob Knight®9
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Intestinal Microbiota Development in Preterm Neonates and
Effect of Perinatal Antibiotics
Silvia Arboleya, MSc', Borja Sanchez, PhD'*, Christian Milani, MSc®, Sabrina Duranti, MSc®, Gonzalo Solis, PhD®,

Nuria Fernandez, PhD", Clara G. de los Reyes-Gavilan, PhD', Marco Ventura, PhD?, Abelardo Margolles, PhD',
and Miguel Gueimonde, PhD’

Results Immaturty ffects the microbiota as ncicated bya reduced percentage of the family Bacteroidacese dur
g the first manths of s and by a igher ntel percentagg of Lactabacilacaas in pretem nfants compared with fl
tem infants. Pemnatal anfibiofics, ncluding infranartum antimicrobial prophylaxi, affects the qut microbiota, a5
nalcated by Increasea Enterabactariaceas Bmily organsms in e nfans,
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Human nutrition, the gut microbiome
and the immune system

Andrew L. Kau'®, Philip P. Ahern', Nicholas W, Griffin', Andrew L. Goodman't & Jeffrey I. Gordon'
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Linking Long-Term Dietary Patterns
with Gut Microbial Enterotypes

Gary D. Wu,™ Jun Chen,** Christian Hoffmann,*> Kyle Bittinger," Ying-Yu Chen,*

Sue A. HeiLbaugh,1 Meenakshi Er»aﬂ.r.'tr'a,lE Dan I{nights,f' William A. Wal.ter'-;,T Rob I{night,ﬁ'g
Rohini Sinha,” Erin Gilroy,? Kernika Gupta,'® Robert Baldassano,® Lisa Nessel,* Hongzhe Li,**
Frederic D. Bushman,®* James D. Lewis ™"+

Diet strongly affects human health, partly by modulating gut microbiome composition. We used
diet inventories and 165 rDNA sequencing to characterize fecal samples from 98 individuals.
Fecal communities clustered into enterotypes distinguished primarily by levels of Bacteroides
and Prevotella. Enterotypes were strongly associated with long-term diets, particularly protein
and animal fat (Bacteroides) versus carbohydrates (Prevotella). A controlled-feeding study of
10 subjects showed that microbiome composition changed detectably within 24 hours of
initiating a high-fat/low-fiber or low-fat/high-fiber diet, but that enterotype identity remained
stable during the 10-day study. Thus, alternative enterotype states are associated with
long-term diet.




Bacteroides Prevotella

and
Plant Derived
Compounds

Amino Acid:
and
Choline




Impact of diet in shaping gut microbiota revealed
by a comparative study in children from Europe
and rural Africa

Carlotta De Filippo?®, Duccio Cavalieri®, Monica Di Paola®, Matteo Ramazzotti, Jean Baptiste Poullet®,
Sebastien Massart®, Silvia Collini®, Giuseppe Pieraccini®, and Paolo Lionetti®"

Gut microbial composition depends on different dietary habits just
as health depends on microbial metabolism, but the association of
microbiota with different diets in human populations has not yet
been shown. In this work, we compared the fecal microbiota of
European children (EU) and that of children from a rural African
village of Burkina Faso (BF), where the diet, high in fiber content,
is similar to that of early human settlements at the time of the
birth of agriculture. By using high-throughput 165 rDNA sequenc-
ing and biochemical analyses, we found significant differences
in gut microbiota between the two groups. BF children showed
a significant enrichment in Bacteroidetes and depletion in Firmi-
cutes (P < 0.001), with a unigue abundance of bacteria from the
genus Prevotella and Xylanibacter, known to contain a set of
bacterial genes for cellulose and xylan hydrolysis, completely lack-
ing in the EU children. In addition, we found significantly more
short-chain fatty acids (P < 0.001}) in BF than in EU children. Also,
Enterobacteriaceae (Shigella and Escherichia) were significantly
underrepresented in BF than in EU children (P < 0.05). We hypoth-
esize that gut microbiota coevolved with the polysaccharide-rich
diet of BF individuals, allowing them to maximize energy intake
from fibers while also protecting them from inflammations and
noninfectious colonic diseases. This study investigates and com-
pares human intestinal microbiota from children characterized
by a modern western diet and a rural diet, indicating the impor-
tance of preserving this treasure of microbial diversity from an-
cient rural communities worldwide.
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Differences in Fecal Microbiota in Different European Study Populations
in Relation to Age, Gender, and Country: a Cross-Sectional Study

Susanne Mueller.'t Katiana Saunier.”t Christiana Hanisch.” Elisabeth Norin.* Livia Alm,” Tore Midtvedt.”

Alberto Cresci,” Stefania Silvi,” Carla Orpianesi,” Maria Cristina Verdenelli,” Thomas Clavel,'
Corinna Koebnick,” Hans-Joachim Franz Zunft,” Joél Doré,” and Michael Blaut'*

A cross-sectional study on intestinal microbiota composition was performed on 230 healthy subjects at four
Evropean locations in France, Germany, Italy, and Sweden. The study participants were assigned to two age
groups: 20 to 50 years (mean age, 35 years; n = 85) and >60 years (mean age, 75 years: n = 145). A set of 14
group- and species-specific 1658 rRNA-targeted oligonucleotide probes was applied to the analysis of fecal
samples by Huorescence in situ hybridization coupled with How cytometry. Marked country-age interactions
were observed for the German and Italian study groups. These interactions were inverse for the predominant
bacterial groups Eubacterium rectale-Clostridium coccoides and BRacteroides-Prevotella. Differences between
European populations were observed for the Bifidebacterinm group only. Proportions of bifidobacteria were
two- to threefold higher in the Italian study population than in any other study group, and this effect was
independent of age. Higher proportions of enterobacteria were found in all elderly volunteers independent of
the location. Gender effects were observed for the Bacteroides-Prevotella group, with higher levels in males than
in females. In summary, age-related differences in the microbiota makeup were detected but differed between
the study populations from the four countries, each showing a characteristic colonization pattern.
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