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Microbiome Glossary

* Microbiome: The aggregate genomes and genes
found in the members of a microbiota; includes
bacteria, viruses, fungi, and archaea

* Microbiota: A microbial community; commonly
referred to according the the habitat that it
occupies- e.g., the gut microbiota

* Phylotype: a group of microbes

* Metagenomics: study of collective genomes of a
microbial community
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NIH Human
Microbiome Project

Samples collected from
15 body sites in men and
18 body sites in women
Analyzed bacterial DNA
and conducted
metagenomic sequencing
to study metabolic
capabilities encoded in
microbe genes

Calculated that >10,000
microbial species occupy
the human ecosystem!

Microbiota Give New Meaning to the Terms
Host and Host

Microbiome
‘Fingerprints’

Personal microbiomes
contain enough
distinguishing features to
identify an individual
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Human ‘Microbial
Cloud’

Humans emit 10° biological
particles per hour

Airborne release, direct
contact with surfaces, and
dust facilitate acquisition
and exchange of microbes
Study of skin, oral, and gut
microbiome of cohabitating
humans resemble each
other- and even their
companion animals!

Adults share more microbial
taxa with their dogs than
they do with other dogs!

Meadow et al. (2015), Humans differ in their
personal microbial cloud. DOI 10.7717/peerj.1258
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Each Body Surface Has Own Microbiome

* Every surface of the human body has a unique,
specific, very complex microbiome- mouth, hair,
eyes, nose, ears, vagina, lungs, gut, skin

* Each microbiome has distinct functions

* The gut microbiome has been described as an
organ within an organ, a super organ, and a
potent bioreactor which controls numerous
metabolic functions- many of which remain
unrecognized

Eye Microbiota Changes
with Contact Lenses

* Associated with microbial
keratitis and inflammatory
eye conditions

* Wearing contact lenses
changes eye microbiota to
more similar to that of skin
microbiota

* Further research is needed

to determine effect on

ocular infections and
diseases

Salivary Microbiome in Health and Disease

DNA RESEARCH

it with that of 24 healthy

a. Streprococcus, Prevorella,

p 1 IL-18 levels and the
Vellonella. Our data demonstrate that
sponses in IBD paticnts, suggesting
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Skin
Microbiome

« Skin has myriad bacteria,
fungi and viruses linked to
health and disease

Great differences in

individuals
* Great differences in ) [R——r )
anatomical region of skin / E—
* Critical barrier function for \ Y )
immunity . Yoo @

Dysfunctional epidermal
barrier involved in antigen- ———

driven skin disease, allergic gl
disease, and psoriasis

Gut Microbiome- Functions of Microbiota

* Preserve mucosal barrier function (aka permeability)

¢ Modulate intestinal immunity

* Maturation of gut-associated lymphatic tissue (GALT)

* Secretion of IgA and antimicrobial peptides

* Trophic and developmental functions on intestinal mucosa
* Bile acid metabolism

* Eiccosanoid synthesis

¢ Steroid hormone synthesis

* Potent ‘bioreactor’ of indigestible food substances-
converting by fermentation to SCFA, nutrients,
antioxidants, vitamins, and productions of thousands of
unique substances- many of which remain unrecognized

Dominant gut phyla:
s FIRRIEHERRI Actinobocterls, EFG18BBREIR

Predominant families in the:

Small intestine
Lactobacillaceat

e
Enterobacteriaceae  Rikenellaceac,
Ruminococcaceae. Inter-fold regions.

o/ Appendin
Caecum

Rectum

Rikenellaceae

, 10 cfug !
Bacterial oad 10 ML

[rpm————
Antimicrobials I —

Orygen

Proximal Distal
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Figure 2. Factors affecting gut microbiome. Illustration by
David BS, CML i i ission of the
Cleveland Clinic Center for Medical Art & Photography © 2015.
All rights reserved. CCF, Cleveland Clinic Foundation.

Factors Affecting Gut Microbiome

How Important is Diet to the Microbiome?

* “Of all the environmental factors studied to
date, diet has the largest known impact on the
gut microbiota in healthy as well as sick
humans.”

Bengmark, S. (2013). Processed foods, dysbiosis, systemic inflammation, and poor
health. Current Nutrition and Food Science, 9, 113-143.

Diet-Microbiome Pathways and Disease Risk

Figure 3
Possible Relevance Acceleration of Coronary Reduce disease activity in
to Disease: Vascular Disease?

Diet: Choline* Fiber (Glycans)*

Intestinal Microbiome Fermentative enzymes in the

Enzymatic Function: Choline-TMA Lyases* production of propionate and
butyrate*
Bacterial Metabolite: TMA Short Chain Fatty Acids*
Host Cellular Targeting:  Hepatic Conversion of Activation of GPCRs*
TMA to TMAO
Physiologic Alteration of Augmentation of Tregs,
Impact on Host: transport? of mucosal immune
tolerance




Table 2 foi

between the and health

r provided as an
listing of the aberrations suggested to be associated with the intestinal microbiota, along with support for such

Disease or aberration

Type of support

Reference*

Alzheimer’s disease
Atherosclerosis
Autistic spectrum disorders

Chronic fatigue syndrome

Microbiota in a mouse model of Alzheimer’s disease

Analysis of plaques in humans

Analysis of mucosa in children with autism spectrum
disorders

Cultured microbiota in patients with chronic fatigue

syndrome
Longitudinal analysis of colic babies cohort

-diseased mice and microbial metabolism

Colic babies

Cardic disease
Depression and anxiety
Frailty

Graft-vs-host disease

Multiple sclerosis

Nonalcoholic fatty liver disease
Parkinson’s disease

Rheumatoid arthritis
Retrovirus infection

Probiotic intervention in stressed mice

Analysis of elderly and high frailty scores

Review of human data on graft-vs-host disease

Involvement of microbiota in mice with multiple sclerosis

Effect of choline depletion in humans

Role of enteric nervous system and review of Parkinson’s
disease development

Microbiota as predisposing factor in rheumatoid arthritis

Mouse retrovirus infection relies on microbiota

Karri etal. 2010
Koren etal. 2011"
Williams et al. 2011'*

Sheedy et al. 2009'™

de Weerth etal. 2012
unpublished data

Wang etal. 2011

Bravo etal. 2011

van Tongeren et al. 2005'”"

Murphy etal. 2011

Berer etal. 2011'®

Spencer et al. 2011

Braak etal. 2003

Scher and Abramson 2011"""
Kaneetal. 2011

Poliovirus infection Mouse microbiota promotes poliovirus infection Kuss etal. 2011'"
*The most recent single reference is given.

Juatrition Reviews* Vol. 70(suppl. 1):545-556 553
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Microbiome: Ancestral vs. Modern Western Diet

* Decreased cooking with wood fire

* Decreased preservation of meat and fish with wood smoke

* Increased canning and refrigeration

« Sterilization techniques and ‘controlled fermentation’

* Paleo ancestors consumed fresh greens, young leaves, flowers, ripe
and unripe fruits, fresh and dried seeds, roots, tubers, piths, bark,
and insects (same diet as wild chimps today!)

¢ Modern Western diet- 50% refined carbohydrates cooked at very
high temperature- rice, bread pasta, potato, other tubers; 30%
animal products and refined oils; 20% of foods similar to ancestors

* In contrast, Asian, Middle Eastern, and African diets still still contain
many foods preserved and prepared through traditional methods

* Studies reveal microbiome differences seen between indigenous
tribes, rural, and urban/industrialized individuals

Bengmark, S. (2013). Processed foods, dysbiosis, systemic inflammation, and poor

health. Current Nutrition and Food Science, 9, 1134143.

Western Versus Prudent Diet Study

¢ 1 month crossover study
* On Western diet 71% increase in plasma endotoxin
e On Prudent diet 31% decrease in plasma endotoxin

Pendyala, et al. (2012). A high fat diet is associated with endotoxemia that
arises from the gut. Gastroenterology, 142: 1100-1.
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‘Bacterial Penetration Cycle’ Hypothesis

* Hypothesis that dietary components may be
able to cause a localized acquired bacterial
clearance defect

* Leading to bacterial adhesion and penetration
and subsequent inflammation in the gut

Increased Intestinal Permeability-
a.k.a. ‘Leaky Gut’

¢ Stress * Inflammation

* NSAIDs and other ¢ Malnutrition
medications « Low fiber diet

* Alcohol * High intake processed

* Toxic exposures foods

* Food antigens * Artificial sweeteners

* Wheat proteins- gluten/
gliadin and amylase
trypsin inhibitors (ATls)

Leaky Gut, Bacterial Translocation, & Dysbiosis

* Leakage over the membrane of various tissues of
damaging
— Microbial toxins
— Endotoxins
— Food-derived proteotoxins
— Advanced glycation endpoints (AGEs)
— Advanced lipoxidation endpoints (ALEs)
— Bacterial debris and whole dead or live bacteria

Bengmark, S. (2013). Processed foods, dysbiosis, systemic inflammation, and poor
. health. Current Nutritjun and Food Science, 9, 113-143.
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Dysbiosis, Leaky Barriers & Disease: Beyond Leaky Gut

* Leaky oral cavity: gingivitis, periodontitis, and gingival
bleeding bleeding associated with increased CVD risk;
salivary enzymes include lysozomal enzymes for
destroying bacteria cell walls

 Leaky skin: drug delivery effective and reliable;
translocation of chemicals and microbes with intact
skin through hair follicles; burn patients sepsis and
multi-organ system failure via skin

¢ Leaky airways: endothelial gaps leak plasma and
inflammatory mediator compounds, accompanied by
leukocyte influx; microbiota studies in airway disease
of asthma, CF, COPD, ventilated infants

Dysbiosis, Leaky Barriers & Disease: Beyond Leaky Gut

* Leaky placenta: recent studies reveal pathogens in
amniotic cavity from the mother’s oral cavity, gut or other
sites, which contributes to preterm labor and birth;
umbilical cord blood of healthy neonates found to have
bacterial species; chorioamnioniontitis inflammatory
condition due to microbial invasion

* Leaky vagina/female reproductive tract (FRT): FRT evolved

with unique immune mechanisms to protect against
potential pathogenic bacterial and viral STDs, allogeneic
spermatazoa, and immunologically developing fetus;
vaginal infections

* Leaky blood brain barrier (BBB): microvascular
endothelium tight junctions between BBB, CSF, and CNS;
dysruption of these barriers results in neurodegenerative
disease, sepsis, encephalopathies

Alcohol Induces Endotoxemia, Dysbiosis,
Leaky Gut, and Gut Inflammation

Blomolocuios. 2015 Doc: 4): 2673-2588. PMCID: PMO4893248

Alcohol and the Intestine

Sheena Patel,':t* Rama Behars, 1" Garth R. Swanson,"t Christopher 8. Forsyth, 21 Robin M. Voigt, "t and All
Koshavarzian345:

Natalia Osna,

E  Abstract Goto:®

Alcohol abuse is a significant contributor to the global burden of disease and can lead to tissue damage and
organ dysfunction in a subset of alcoholics. However, a subset of alcoholics without any of these
predisposing factors can develop organ injury. The tract (GI) could be an
important source of inflammation in alcohol-mediated organ damage. The purpose of review was to
evaluate mechanisms of alcohol-induced endotoxemia (including dysbiosis and gut leakiness), and
highlight factors for dysbiosis and gut leakiness to endotoxins. Barriers,
including immunologic, physical, and biochemical can regulate the passage of toxins into the portal and
systemic circulation. In addition,  host of environmental interactions including those influenced by
circadian rhythms can impact alcohol: organ pathology. Th to be a role "
‘messures to mitigate organ damage lizing intestinal dysbiosis proving
intestinal barrier integrity. Ultimately, the inflammatory process that drives progression into organ damage
from alcohol appears to be multifactorial. Understanding the role of the intestine in the pathogenesis of
alcoholic liver discase can pose pathogenic and h

Keywords: alcohol, dysbiosis, endotoxemia, gut leakiness
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Alcohol, Circadian Rhythms, and Melatonin
Abnormalities Impact Leaky Gut

Alcohol 2015 Jun;49(£)385.98. dof: 10,1018/ alcohol 2014 07021, Epub 2014 Nov 14
Circadian rhythms, alcohol and gut interactions.

Forsyth C8', Voigt R, Burgess H’, Swanson GR?, Keshavarzian A"

@ Author information

Abstract
The circadian dock establishes pe g
data reveal 9 a , including
, diabetes, cancer, Disruption of ntestinal . also kr
pecially ic iver disease (ALD) i causes ALD i only  20-30% subset of alcohoiics
Thus,a 0.
microblal products and especially LP o. shownto
reguiate lipid transport, motiity and ions. intestinal
peript n supportof 3 shows.
injury. i Clock and Per2
circadian clock these permeabilty. Cypzet-
(n environmental disruption by weekly 12h phase shifting
resuls in pathology. Our data in
abnormal molatonin profles characteristic of circadian disruption "

leakiness that could provide new therapeutic targets for ALD.
Copyright © 2015 Elsevier Inc. Al rights reserved.

KEYWORDS: 3 Dysbiosis Porz

Short Chain
Fatty Acids (SFCA)

* Microbes liberate SCFA from
indigestible dietary fibers

SCFA are an important
energy source for intestinal
mucosa

SCFA are critical for
modulating immune

«
responses and — ?
tumorigenesis in the gut v Ty

SCFA play a role in leptin T *
secretion, adipogenesis, and e

inhibition of lipolysis e

4 »
~

Butyrate is the most
abundant SCFA in the gut

10



Iron, Magnesium, and Fiber Gaps, Oh My!

 Iron deficient rats show significantly lower levels of
butyrate and proprionate and changes in dominant
microbial species

e Mg+ is involved in > 300 biochemical processes,
including microbial multiplication; mice deprived of
Mg+ for just 2 days reveal significant reduction in gut
bifidobacteria

* Fiber gap is associated with decreased microbial
diversity and number

m i m w WM M wr mi MM i i “ m

Global Dietary Diversity, Agricultural Diversity, Soil
- Diversity, and Microbial Diversity

* Compelling evidence for decreased gut microbial diversity
with industrialization is seen in comparisons of gut microbiota
of individuals living in

— South America

— New Guinea

— Africa

— Europe

— USA- ***In African Americans, change to a traditional

South African diet with 55¢ fiber/d improved colon cancer
markers in 2 weeks! (O’Keefe et al., 2015)

Deehan & Waters. (May 2016). The fiber gap and the disappearing gut
microbiome: Implications for human nutrition. Trends in Endocrinology and
Metabolism, 27(5), 239-241.

MICROBIOME AND
CARDIOVASCULAR DISEASE (CVD)

5/6/16
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How What’s in Your Gut Can Affect Your Heart Health

or a diet fc ed on plants can help you reduce your

Mediterranea

By Heart & Vascular Team

bieacdand ()
- sterol metabolism

)
5:?:12?.‘ e 55 1

Skt on

Aheroscloross
Pl
i T3 I Gt ot Neahol THAO ntoes Pt Hpereaity and
3 Thrombosis Risk

Vulnerable
Patient

Enhanced
ivomboss
Vuinerable Plaque
Gut TMAO Increases Clotting
and Heart Disease Risk

Microbiota and Cardiovascular Disease (CVD)

* Microbial metabolism of dietary phosphatidylcholine into
the proatherosclerotic metabolite trimethylamine-N-
oxide (TMAO)

* TMAO levels are associated with increased risk for CVD
and cardiac events

* Vegan diets are associated with low TMAO levels

* Omnivorous and carnivorous diets are associated with
higher TMAO levels

* TMAO is associated with toxic products of sulfate-
reducing bacteria, such as hydrogen sulfide, which is
toxic for colon cells and inhibits phagocytosis,
bactericide, and butyrate utilization

m i m w WM M wr mi MM i i “ m
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Probiotics- Proposed
Mechanisms for
Lowering Cholesterol

Deconjugation of bile via
bile salt hydrolase activity
Binding of cholesterol to
probiotic cellular surface
and incorporation into
their cell membrane
Production of SCFAs from
oligosaccharides
Co-precipitation of
cholesterol with
deconjugated bile
Cholesterol conversion to
coprostanol

CSC—~

s=Deconjugated b

gated bil s
YO o Tamine

cretion Decreased
reabsorption
s
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IT’S ALL ABOUT THE MATERNAL
AND PEDIATRIC BUGS

Obesity Influences Maternal Bacterial Load

and Bacterial Diversity in Pregnancy

Pediar Res. 2015 Jan:77(1-21:196-204.do: 10,1038/ 2014.169, Epub 2014 Oct 14

Of the bugs that shape us: maternal obesity, the gut microbiome, and long-term disease risk.

Goir W', Ratciffe EM?, Sioboda DM,

@ Author information

Abstract

Chronic disease risk is inextricably linked to our early |, fetal, and childhood isk later in ife.

Currenty, s akey predictor ty and adulthood. Although clear,
10 our microbiome, b l composition of thy 4 metabolism

hat drives obesity. Over the course of pregnancy, increases, and gut i ges and i pre-

preg d pregnancy y. Aerations in the mother

function of tract of her offspring. How Hetal topic of hot

debate. This paper wil microbiome, and fetal gut development,bringing

together | models

PID: 25314560 [Pubhled - indexed for MEDLUINE]
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Maternal Obesity Is Associated with Alterations in the
Gut Microbiome in Toddlers

effrey D. Galley', Michael Bailey %, Claire Kamp Dush?, Sarah Schoppe-Sullivan®, Lisa M. Christian®**9
Division of iosences, Collage of Dertistry, Ohio State University, Columbus, Ohio, United States of America, 2 The Intitute for Behavioral Medicine Research, The Oh
ate University Wexner Medical Center, Cokumbus, Ohio, United States of America, 3 Department of Human Science, The Ohio Sate Universty, Cokumbus, Ohio, United
ates of America, Department of Psychiaty, The Ohio State University Wexner Medical Center, Columbus, Ohio, United States of America, S Department of Obstetric|
. The Ohio State ; Columbus, Ohio, United 6Psychology, Cohumb
nited States of America

Abstract

Children born to obese mothers are at increased risk for obesity, but the mechanisms behind this association are not fully
delineated. A novel possible pathway linking maternal and child weight is the transmission of obesogenic microbes from
mother to child. The current study examined whether maternal obesity was associated with differences in the composition
of th gut mictablome n chdren neary We. Fecal samples from chldren 1 1&27 ‘months of age i=77)were analyaed by

pyro-ag 165 sequencing. Sinifkane efects of materma sy on of the gut microblome of offspring
e observed among dyads of Nghel socioeconomic status (SES). e mghu SES roup (=47 chicren of abese

) e a principle coordinate analysis (PCoA) and exhibited greater homogeneity

in the ition of their gut mi i as well as greater alpha diy as indicated by the Shannon Diversity Index,
and measures of richness and evenness. Also in the higher SES group. children born to obese versus non-obese mothers
had differences in of spp, and Blautia spp. Prior studies

RS et e TS s e PSSR FIED Ths sty provides novel evdence that
matemal obesity is associated with differences in the gut microbiome in children in early life, particularly among those of
higher SES. Among obese adults, the relative contribution of genetic versus behavioral factors may differ based on SES.
Cm\sequemly, the extent tn whxh malemal obesny confers hanges to the gut microbic offspring may
iffer based on the etiolo obesity. Continued research is needed to examine this question as well as the
T e ciacea s o gut microbiome composition for weight trajectory over the life course.

Citation: Galley JD, Bailey M, Kamp Dush C, Christian LM A the Gut
Toddrs. Lo ONE S(1) 113026, 101371 s poned 13026

Editor: Kartik Shankar, Universiy of Arkansas for Medical Sciences, United States of America
Received March 19, 2014; Accepted October 20, 2014; Published November 19, 2014

Prenatal Postnatal
factors factors
Delivery
method
(vaginal vs.
Environment Cesarean)
(psychological/

Feeding method

PhYEIcalEtiass) (breastieeding

Genetics
Maternal stress, vz i)
nulrmon infection,
lisease, medication S
pre-/probiotic
‘supplements.
/or
antibiotics
In utero brain Newborn gut
development microbiota
Influcnces on the gut microblotabrain axis n the perinatal period.
e .
P et enator on the mode of delivery) dur

Trence ' Moot Medicine 13

‘Microbial
Bath’

* Just before C-section
mother’s vaginal they missed
microbes collected with Ewen Callaway
sterile gauze

Swabbed all over
infant’s bodies within 2
minutes of birth

<me

Scientists swab C-section babies with mothers'
microbes

01 February 2016

X Rights & Permissions.

Follow-up at 1, 3,and 5
years old will explore
differences in body
composition, asthma
and allergies
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Infant and Toddler Microbiome

Breastred Formula-fed Inteoduction of Weaning & Solid Faod
* Low Species * LowSpecies * Bacterial Composition Flux Persists

Diversty Diversity * Increasing Butyrate Producing Bacteria
Bacterial + Bacterial . utes
Composition Flux | Composition Flux
Major Phy! Major Phyla:

ctinobocterio & | Actinobacteria &
Firmicutes Bocteriodetes

FIGURE 1
that in aduits and long-term diatary pattems ara beginning to @stablish.

. By 3 years old, toddler's microbiomes are simiar to

‘Microbiome Plasticity’ in Infant Feeding

ertos I ]
EEMTTRFAnD mescTion microsioroay P

Milk- and solid-feeding practices and daycare attendance
are associated with differences in bacterial diversity,
predominant communities, and metabolic and immune
function of the infant gut microbiome

Amanda L Thompson'. Andrea Monteagudo-Mera®, Maria B. Cadenas?, Michelle L. Lampl® and
A Azcarate Perd= e
© Doprtet ot Artcpotog Uity of Nort Caroioe, Crpmt 18, NC. USA

naper i e s

iy

development of the infant intestinal microblome in response to_distary and

st G, G Gifforencos in e comMUNITY SITETUTG SR TUNGTION Of tho INTESTINa! MICHoDIOMa boTWooN
meveweaor: s fourteading ively breastied infants befora introduction of solid 100ds
iy lusively bresstied infants befors introduction of soi s (non-EBF), EBF infants.

\elers lobta. Saions Universiy of  ater introduction of solid 00ds (EBF+-S). and non-EBF infants after introduction of solid
A 70048 (Non EBF 1151, and 103 o o aendance

with difierences in relative abundance of gut bacteria. Bacterial 165 fRNA amplicon
Sequencing was performed on 49 Stool samples collected longitudinally from a cohort
ez o7 9 infants (5 male, 4 fomale). PICRUS motabolic inferonco analysis was Used fo

overrepresented in non-EBF+S compared 1o non-EBF infants including several bacterial

that sases

Gifferances between EBF and non EBF IRTants suggest that
QuE microblome. with a greater piastics
‘the transition into solid foods

iy (@espiia having 3 ‘oganetic aversity)

may provide the

Infant Gut Microbiome
and Autoimmunity

« Bacteria samples of infants
birth to age 3 in three
countries

Lab tests and
questionnaires on infant
feeding, diet, allergies,
infections, and family
history

Evidence supports hygiene
hypothesis and variations
in e-coli and bacteroides-
derived LPS signaling

5/6/16
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Role of Gut Microbiome in Pathogenesis
and Prevention of Type | DM

¢ Aleaky gut has been implicated in type 1 DM, where
altered microbiota and disruptions in the immune
system promote autoimmune islet cell destruction.

‘Microbial Mood’- Temperament in Toddlers

o
Gut microbiome composition is associated with temperament during early childhood.
Chvistian L, Galley JOZ, Hade EM, Schoppe-Sulivan 5*, Kamp Dush C*, Baiey MIZ.

@ Author information

Abstract
including
obesity and anxiety. tis of
behavior aro present in oarly ife in humans.
METHODS: b
children at 18 ns of age. Itwas o
struciure, as indicated by measures of apha and bota diversty, based on their temperamental characteristics.
RESULTS: boys and gi In addiion,
(SDI), beta

diversty, and diforences in abundances of Dialister, Rikenellacoae, In gir

in rolaton to Fear.

in rolation e
CONCLUSION: fuding alpha diversiy, beta diversit, and abundances of specic bacterial species,
d This study . therefore,
effects. However, iy o, this may
as woll

Copyright © 2014 Elsavier Inc. Al rights reserved.

KEYWORDS: Chichood; Chkdren; Early e; Gut microblome; Gut-brain axis; Human; Mood; Strss; Tomperament

Childhood Undernutrition- ‘Microbial Immaturity’

Cultivating Healthy Growth and Nutrition through the Gut Microbiota

Sathish "2 L aura Blanton,'2 Steven A. Frese,3 Mark Charbonneau,'2 David A. Mils,2 and Jeffrey 1.
Gordon'2"

‘Author information »- Copyright and Licensa information »-

o other artides in PMC that cite the published artice.

Abstract Goto: @

Microbiota assembly is perturbed in children with undernutrition, resulting in persistent microbiota
immaturity that is not rescued by current nutritional interventions. Evidence is accumulating that this
immaturity is causally related to the pathogenesis of undemutrition and its lingering sequelac. Preclinical
models in which human gut communities are replicated in gnotobiotic mice have provided an opportunity to
identify and predict the ffects of different dietary ingredients on microbiota structure, expressed functions,
and host biology. This capacity sets the stage for proof-of-concept tests designed to deliberately shape the
trajectory and ions of microbiota in children ing different i

cultural traditions, and states of health. Developing these capabilities for microbial stewardship is timely
given the global health burden of childhood undernutrition, the effects of changing cating practices brought
about by globalization, and the realization that affordable nutritious foods need to be developed to enhance
our capacity to cultivate healthier microbiota in populations at risk for poor nutrition.

5/6/16
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Nasal Microbiome

* Astudy of children with
unexplained fevers
compared nasal
microbiome samples

Feverish children had 5x
more viral DNA, and viral
DNA from a wider range
of species vs. kids
without fever

Rapid tests for viral loads
may help avoid
inappropriate antibiotic
treatment that harms the
healthy microbiome

Nurture Trumps Nature in
Oral Bacteria of Twins

* Along term study of
identical and fraternal
twins found oral
microbiota is driven
more by environmental
factors than heritability
Salivary microbiome
changed the most
during adolescence

Hormones or lifestyle
changes at this age may
play a role

Microbiota of Very Low Birth Weight Neonates

Gt Vi, 2014 May-Jur (330412, G 10.4161/gmc 28845

The development of gut microbiota in criically ill extremely low birth weight infants assessed with 168 rRNA gene

based sequencing.

Drei T', Lutsar 2, Stéspetova J%, Parm UZ, Metsvant T2, imoja ML, Simm 4%, Sepp €2

@ Author information

Abstract

g0 of gut
may resul We
aimed i
METHODS: ., one month and two months. Bacterial community profling was.
RESULTS: The diversiy of preterm months. The gut

and

d L

Colonization of Escherichia

oli and uncultured Veilionella was positively correlated with maturiy. Infants born
diversiy than those without.
CONCLUSIONS: High

abundance of providing

may lead to high infection risk via microbial

ranslocation from the gut. Additonaly, our
microbiota; however, the mechanisms involved remain to bo elucidated.

KEYWORDS:

infants’ gut
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FOR INFANTS AN CHILDREN -

DIETARY SUpPLEMENT
NETWT. 1.75 oz. (509)

MICROBIOME IN GI DISEASE AND
IBD

Table 1 Intestinal diseases, or other with of multiple

studies that support an association between the microbiota and the indicated aberration.

Aberration Most relevant observations and References

potential correlation

Crohn’s disease Diversity decrease — reduced F. prausnitzii Kaser etal. 2010°"; Sokol et al. 2009°%;
Willing et al. 20105

Ulcerative colitis Diversity decrease — reduced A. muciniphila Png et al. 2010% Kaser et al. 2010°';
Lepage etal. 2011%

Irritable bowel Global signatures — increased Dorea and Salonen et al. 2010°; Saulnier et al. 2011%¢;

syndrome Ruminococcus Rajili¢-Stojanovi¢ et al. 2011
Clostridium difficile Strong diversity decrease — presence of C. difficile Grehan et al. 20107; Khoruts et al. 2010
inf
Colorectal cancer Variation in Bacteroides spp. - increased Sobhani et al. 2011%%; Wang et al. 2012%;
fusobacteria Marchesi et al. 2011¢'

Allergy/atopy Altered diversity - specific signatures Stsepetova et al. 2007%; Bisgaard et al.
2011%; Storre etal. 2011

Celiac disease Altered composition, notably in small intestine Nistal et al. 2012%; Di Cagno et al. 2011%;
Kalliomaki et al. 2012¢"

Type 1 diabetes Signature differences Vaarela 2011%; Giongo et al. 2011%; Brown
etal. 201"

Type 2 diabetes Signature differences Larssen et al. 20107'; Wu et al. 20107
Kootte etal. 2012

Obesity Specific bacterial ratios (Bacteroidetes/Firmicutes) Ley etal. 2006™; Turnbaugh et al. 2009'";

Musso et al. 20117

550 Nutrition Reviews* Vol. 70(Suppl. 1):545-556.
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Simple Carbs Associated with Prevotella Bacteria,
Protein and Animal Fats with Bacteroides Bacteria

Diet, the human gut microbiota, and IBD.
W GD', Bushmanc FD, Lewis JD.

@ Author information

Abstract

a vast numbe “gut microbiota".
ofthe host, growing in f of which
have shown a rapid i 2 . Factors includ 1 i i
We used diet 1 individuals. into previously

i i ricularly

protein and animl ides) vs. Although a
continuum will dditonal investigation, related Prevotel d

‘ o st Uk o
that show a rapidly

Copyright © 2013. Published by Elsevier Ltd.

KEYWORDS: Diet; Genomics; Gut; Human; Microbiota

PMID: 23548695 PubMed - ncexed for MEDLINE]

Bacteria Associated with
Inflammatory Bowel Disease

e Rtriion i Cizical Pracice 308

Diet Influences Gut Microbiota in IBD

[+ 12 Ju28(4)314:20. o

Food and the gut microbiota in inflammatory bowel diseases: a critical connection.
Abenberg LG', Lewis JD, Wu GD.

@ Author information

Abstract
PURPOSE OF REVIEW: The inflammat i diseases of duetoan
i ponse & i ost iion of the gut microbiota i thoughtfo be a criicl

environmentalfactor in IBD, and i dietand the In this review, we describe th
current evidence regarding the impact of et on the gut microbiome and how this may be relevant to the pathogenesis of IBD.
RECENTFI it i logy i h ization of intestinal

| I es h association be the diet and the human microbiome. Because the development of
a/dysbiotic’ microbiota i thoughtfo be involved in is of IBD, et igaed as an ingortat eflogcfactr,
SUMMARY: The recent lighti impe liet on the gut i jide a st for further tigation of the link
between diet, the gut microbiome, and IBD. provide novel information l is as well as
dentiy i I8D.
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Environmental Factors:
diet (high fat & sugar,
processed foods), infections,
antibiotics, smoking,
geography, socio-economic
development, 4
sanitation

defensin, immune regulation,
mucosal barrier function
(NOD2, ATG16L1, IRGM,
FUT2, PTPN2)

()
Dysbio:

Altered Innate and Adaptative Immunity

e

Figure 1. Complex interactions in the pathogenesis of
inflammatory bowel disease.

Microbiota May Activate Innate Immunity
and Inflammation in Celiac Disease

Dig Dis S 2016 Jan 2. [Epub anead of pin]
Gut Microbiota and Celiac Disease.

® Author information

Abstract
the role of ity in triggering y g the.

adaptive The interaction the

receptors which can activate innate immunity. Thus, changes in gut microbiota may lead to activation ofthis inflammatory pathway. This paper is @

review of the tonshi i iota. In fact, patients with celizc disease have a

d i i duced, but might

il remain, after i Thus, L . as described by studies
The use of probi d rest
Additonal in the role of gut

microbiota in ,and obiotics i tis set

KEYWORDS: Ceiac disease; Dysbiosis; Gluten-res diet; Gut microbiota; Probiotic

Oats Reduce Leaky Gut in ALD Rat Studies

4 Pharmacol B The: 2001 Nov2880) 424,
Preventing gut leakiness by oats supplementation ameliorates alcohol-induced liver damage in rats.
Keshavarzian A", Choudhary S, Holmes EW, Yong S, Bann A, Jakle S, Fields J2.

®Author information

Abstract
Only 30% dsease AL that addiional factor, but s etilogy '
unclea. endoloxin, we sought anincrease in i quired or
leohol jury and whether the qut For 10 weeks, ats ¥
doses (108 ghkg/day) and eiter ots 10 gig) or chow bi.. nestinal y y
Liver injury was evaluated histologically, iochemicaly (Iver fat content), and by serum aminotransferase. Alcohol caused gut leakiness that was
i njury. Oats
y aspecs of ALD, ncludi and v inury, and can be usefulto study possible mechaniss of
LD. y oals alo prevented damage inat, our resuls
t i y i inthe 30%
Jop ALD. Further hether ALD i h duced gut
leakines should i f ALD.
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Lactobacillus GG

Lactobacillus GG Reduces Leaky Gut in ALD

Aleohol, 2008 Mar:43(2}183-72. 60 10,1016/, 2169001 2008.12008
Lactobacillus GG treatment ameliorates alcohol-induced intestinal oxidative stress, gut leakiness, and liver injury
in a rat model of alcoholic steatohepatitis.

Forsyth CB', Farhadi A, Jakate SM, Tang Y, Shaikh M, Keshavarzian A

@ Author information

Abstract

(ALD).a i i inthe
development of alcohol- injury. Animal and i key co-
factors, and oxi i reat diseases
derived bacteral p Indeed, probiotic’ i has b
successfully used o treat alcohokinduced fiver injury in rats. However, of action involved in e L
thamnosus i alcohal liver injury is not known. i jon in Of ALD by
4 L i it (ASH).
aloohol ly (8.gmikg) for 10 weeks. In adcition, aicoholic rats were also treated with once daily

25x10(7) live L.t (LGG) or vehicl (V). Intestinal permeabilty (baseline and at 10 weeks) was
determined using a sugar bolus and GC analysis of rinary sugars. Inestinal and liver tissues were analyzed for markers of oxidative stress and
inflammation. In addtion, ivers were asssssed histologically for severity of ASH and tota at (steatosi). Alcoho+LGG (ALC+LGGMed rats had
signifcantly (P< or =.05) less severe ASH than ALC+\-fed ats, L. th

y in both inestine and the kver. L. thamnosus Gorbach-Goldin probiotic gavage
significantly amelirated ASH in rats. Thi of intestinal y d inflammation
nction. Our study P 1 of alcoholic iver disease

inman.
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A

Optimal Digestion

* Complete mastication

 Salivary enzymes (amylase, lysozyme, lingual
lipase)

* HCl and pepsin

* Cholecystokinin and bile acids

* Pancreatic and brush border enzymes

e Parasympathetic tone (controls peristalsis)

¢ Intact intestinal barrier

* Balanced gut microbiome

m i m w WM M wr mi MM i i “ m
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HEALING FOR THE DIGESTIVE TRACT

Positive Balanco Nogative Balanco

—

Pesce

Low growth of bacteria —————= |~ ~————— High growh of bacteria

walls (laaky )

High growth —————»
of bacteria

< Imbalancod growth
of bactara

_gerd_patient.pdf

MICROBIOME AND OBESITY

Obesogenic Microbiome
* Diet influences microbiome

« Brain gut axis signaling
influences satiety (De Vadder
etal.,, 2014)

Increased permeability
allows excess nutrient
absorption and weight gain
(Moran & Shanahan, 2014)
Obesogenic microbiome
more efficient at extracting
energy from food
(Turnbaugh et al., 2006)
Adipogenesis control linked
to gut bacteria through
endocannabinoid system
Muccioli et al., 2010;

Increased 5

energy ?{éjﬁqf

extraction 70 L
R

Inflammation,
Gut permeabilty

Discovery Medicine. (2015). 19(103): 81-8.
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Lean Gut Microbiota

Dietary Fat and Carbohydrate on Gut Microbiome
|__and Metabolic Syndrome Risk

* 88 subjects at risk for metabolic syndrome randomized to five
diets

1. High Sat Fat

High MUFA, high GI
High MUFA, low GI
High CHO, high GI
High CHO low GI

* Measured: Dietary intake, MetS biomarkers, faecal bacteria,
and SCFA monitored

* Results: continued next slide...

uor W

bkl

Dietary Fat and Carbohydrate on Gut Microbiome
|__and Metabolic Syndrome Risk

¢ Results:

— High MUFA didn’t affect specific bacteria phenotypes, but reduced
total bacteria and total and LDL cholesterol

— Low fat/High CHO diets increased bifidobecteria and reduced FBG and
cholesterol

— High CHO/High Gl increased bacteroides
— Bacteroides correlated inversely with body weight
— High Sat Fat increased total SCFA levels
* Conclusion:
— High CHO diets irrespective of Gl, modulate fecal saccharolytic
bacteria, including bacteroides and bifidobacteria

— Conversely, high fat diets reduced bacterial numbers, and in the HS
diet, increased excretion of SCFA, which may suggest a compensatory
mechanism to eliminate excess dietary energy

5/6/16
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Probiotics and Prebiotics

- Mechanisms Suggorting Use In Obesity

* Reduce intestinal permeability

Inhibit bacteria translocation
* Improve insulin sensitivity

* Decrease inflammation

* Decrease endotoxemia

bkl

The Roux-en-Y Gastric Bypass in Relation to
Physiological and Microbial Activities

MICROBIOME AND MALIGNANCY

5/6/16
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Understanding Microbe-Induced Cancers =

Table 1

Classification of microbe-induced human malignancies

Microbe(s) Examples of malignancies by class
A B c
EBV Lymphoma
HTLV-1 ATL
HHV-8 1 Kaposi's sarcoma
HIV Lymphoma  Kaposi's sarcoma
Hepatitis B Hepatocellular carcinoma
Hepatitis C Lymphoma  Hepatocellular carcinoma
H. pylori MALT gastric  Gastri
lymphoma adenocarcinoma]”
HPV Anogenital carcinomas,
oropharyngeal carcinoma
Schistosomal Bladder cancer
species
Liver flukes Cholangiocarcinoma
lypothesized [Br
scenarios: endometrial
microbiome carcinomas)]
AMicrobiome' [Testicular
adenocarcinoma)
\ Microbiome Colon adenocarcinoma
Class A Class B Class C
1 P
Host Parenchym:
‘_/\ > % Local effects on
Immunocytes esponses cells
epithelial tissue
Lymphomas| [Immunosuppression] Local effects Hormonal Microbiota

and related

regulation perturbation
disorders Metaplasia N

Distant effects

Dysplasia

Multiple types
of’

Ovaries  Adrenalglands  agipoge tissue

Other organs

rogen- =S
1 e A Estrogen-driven neoplasia | 12}
Circulating stogen pool | [ Tigues | - .
- strogen
Unconjugated T /v metabolites |~ 16-OH to 2-OH
(et ] N

Protein- e
|—> | rinary EXCRETION

bound

Conjugated

—

| Enterohepatic circulation

Conjugated estrogens

GEnETIC o ENVIRONMENTAL
MODULATORS 1
“Aobioics
Hostganeme anobioncs
oo

“Hostepigenome.
*Exogenoushormenss

Deconjugatior
metabolite:

REABSORPTION

- Fecal EXCRETION
of deconjugated estrogens of conjugated estrogens
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MICROBIOME

‘Somatic l—|
mutations . responses EARLY
(e.g.ROS)

GUT-BRAIN AXIS

Role of the Microbiome in
Brain, Stress, and Psychiatric Disorders

I
Bacteria that make brain chemicals
Type of bacterla Neural messengers.
Bacillus Dopamine, norepinephrine
Bifido-bacterium Gamma-aminobutyric acid (GABA)
Enterococcus Serotonin
Escherichia Norepinephrine, serotonin
Lactobacillus Acetylcholine, GABA
Streptococcus Serotonin
Source: T.G. Dinan et allJ. Psych. Res. 2015
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ronti
in Cellular Neuroscience

®

Breaking down the barriers: the gut
microbiome, intestinal permeability
and stress-related psychiatric
disorders

John . Kelly . Paul J. Kemnody'. John F Cryan'™, Timothy G. Dinan',
Gorard Clarke " ant Nl Fytand*+

orly

0 b0 a criioal nodo within the brain-gut axe. Mounting preciiical evidence broadly

by imrmune. pattways of the Detaied

oo
e i e . Hawever, the concept that & “esky gut” may facitate communication between the
Fovwedy.  icrobota and theso key sianaing pathways has gained traction. Dofcita n ntostral

ey ST, pormentaty may Underpin the chroni low-crace nflrmmation cbeerved i dcrder
TELTASESLE,  such as deprossion and the o microbiome plays a crcal e i reouaing testinal
permeatity. In
“oomspongmce. i maintaning inostnal barmer functon and the NS conseauences when i besemes.
SIS deuped

o barer functon,

ccoiod 1 reroa 7 The Gut Microblome.

ScienceNews

Feature: Health Mental Health
Microbes can play games with the mind

Tang Vau Hoong

Magazine issue: Vol. 189, No. 7. Apiil 2, 2016, p. 23

Aon Epidemiol. 201 Mar . Gt 10
Brain-gut-microbiota axis: challenges for translation in psychiatry.
Kely JR", Clarke G, Cryan JF2 Dinan TG,

®Author information

Abstract
PURPOSE: i s been proposed as a
i The gut cat wi i i
Dysfunctional i li lated

: Usi as our primary example,
qut microbiota i stress-rlated pychiaticdsorders, We conside how tiscan nforn
necessary studiesfor moving the il forward.

RESULTS: The o played by

benefit from br in
rodent studies have yet to be demonstrated.
coNCL atered jion and functon and camo b regarded as prov
Moreover y oftargeting the gut i nvestigation.
Copyright ©2016 Elsevie Inc. Al rights eserved.
KEYWORDS: iota; ), Psychobioti
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Fecal Microbiota Transplant: New Bacteria, New Behavior

¢ ‘Melancholic microbes’

* Rats that got FMT from depressed humans show
signs of depression and anxiety. Rats that got
FMT from humans without depression showed
no change in behavior.

* Floods in Walkerton Canada contaminated
town’s water supply with e-coli and
campylobacter in 2000. Many fell ill. Years later
spike in depression among townspeople
attributed to infections.

Science News, April 2, 2016. p. 23.

i The 2015 My 1765865, 110161 cinhora 0150402
Gut-Microbiota-Brain Axis and Its Effect on Neuropsychiatric Disorders With Suspected Immune Dysregulation.
Peia A, Penagotou ', Htzigea E%,Sevart ', Cont P, Treohrigs Y,

@ Author information

Abstract
However,
)
disorder autsm, cyokines, depression, gut, fammi stem, microbiot
e I peychiairic, and stress
FINDINGS: o intesinal
gal fbers, cjokines, nervous system
versely X and
d obesity.
IMPL beter

peychobiotis, feca microbioa ransplantaton, and flavoraids are discussed.
Copyright © 2015 Elsevier HS Journals, Inc Al rights reserveq.

 KEYWORDS: MGB axi;cyokines; ut imune dsordrs; microioa; nenvous system diseases

Psychobiotics- New
Frontier Psychiatry?

* Study of B-longum strain
for 4 weeks followed by
matching placebo capsule
for 4 weeks in 22 men
Measured cortisol output,
standardized stress and
neuropsychological scales,
resting EEG
Results: reduction in
cortisol, less perceived
stress and anxiety, subtle

improvement on visual

memory task, and altered

EEG output
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Neuroigy I Neuroscience Gast

Gut microbes affect brain injury after stroke

Published: Tuesday 29 March 2016 Adapted Media Release 00
[ £ ] [»]=]5]

Altering the gut microbiota of mice can reduce brain damage after a stroke, reports a new study
published online in Nature Medicine. These findings highlight a previously unrecognized link between
the intestine and the brain.

Communities of microbes - the microbiome - colonize the gut and other barrier surfaces in the body
early in life, and they have a influence on the of the immune system and on
metabolic processes. Alterations in the microbiome have been identified in several diseases, including
inflammatory bowel disease, obesity and asthma, and they influence disease outcome.

Josef Anrather and colleagues used a mouse model of stroke to show that microbes in the gut regulate
the development of pro-inflammatory immune cells, which migrate from the intestine to the brain after a
stroke is induced. The authors treated mice with antibiotics, and found that this shifted the balance of
pro- and anti-inflammatory immune cell types in the gut, increasing the number of ant-inflammatory,
regulatory T (Treg) cells present. These microbial shifts ultimately reduce the number of pro-
inflammatory cells that travel to the brain after stroke, which results in reduced brain damage. The
transferal of microbes from mice treated with antibiotics to untreated mice provided similar protection
from brain damage after stroke. The authors conclude that the subset of immune cells identified in the
study and the cells' migration to the brain could potentially be targeted therapeutically to affect stroke
outcomes, if this specific link between the intestine and the brain is also found in humans.

THE MICROBIOME &
REPRODUCTIVE HEALTH

The Vaginal Microbiome _|

Clin Lab Med, 2014 Dec; 34(4); 747-761
Publishod oniine 2014 Sop 15. dot: 10.1016/,c112014.08.006

The Cl L of the Vaginal

Bernice Huang, ! Jennifer M. Fettweis, J. Paul Brooks,? Kimberly K. Jefferson,! and Gregory A. Buck'

Author information b Articie notes »- Copyright and License information »-

of this aricie

Introduction Goto: @

The microbiome influences humans in many still underappreciated respects, including but not limited to
development and growth, immunity, metabolism and even behavior'+<. Most bacterial communities exist in
‘mutualistic relationships with the healthy human host, and it is clear that our microbiota evolved in concert
with our genome, the product of which is a true human-microbial symbiosis. However, it is also clear that
microbial dysbiosis can result in discase, and the outgrowth of opportunistic pathogens can threaten the
‘health and life of the human host. Fueled in part by the Human Microbiome Project (HMP) of the National
Institutes of Health (NIH), and similar efforts by other groups worldwide3~>, large-scale efforts have been
‘made to define the “normal” microbiome of healthy individuals across multiple body sites. Facilitated by
the advent of next-generation sequencing, a major success of the first phase of these efforts has been the
wealth of data generated, which collectively has revealed the previously poorly recognized complexity and
dynamic nature of the human microbiome and its stunning impacts on human health and well-being. To
further explore the functional role of the microbiome in human health and disease, the NIH has launched
HMP2, now termed the integrative HMP or iHMP, a second phase of study that mandates a more in depth
“multi-omic” approach to explore host-bacterial interactions and community dynamics in the context of
human health and disease.
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Semin Reprod Med. 2014 Jan;32(1):35-42. doi: 10.1055/s-0033-1361821. Epub 2014 Jan 3.

Potential influence of the microbiome on infertility and assisted reproductive technology.
o, Zarek SWY, Segars JH.

@ Author information

Abstract

Although an altered vaginal microbiota has been demonstrated to affect parturition, its role in assisted reproductive
technologies is uncertain. Nevertheless, the effect of known pathogens such as Mycoplasma tuberculosis, Chlamydia
trachomatis, and Neisseria gonorrhoeae is clear, causing subclinical changes thought to be risk factors in subfertilty. The
Human Microbiome Project (HMP) has allowed for metagenomic studies to aid in characterizing normal vaginal flora. Recent
findings from the HMP demonstrate that many different species of Lactobacillus are present in the vaginal tract, with a few
that predominate. Studies that characterize the vaginal microbiome in assisted reproductive technology support the
hypothesis that colonizing the transfer-catheter tip with Lactobacillus crispatus at the time of embryo transfer may increase
the rates of implantation and live birth rate while decreasing the rate of infection. In addition, there is some evidence that a
progesterone-resistant endometrium might increase the risk of an abnormal vaginal microbiome.

‘Thieme Medical Publishers 333 Seventh Avenue, New York, NY 10001, USA.

PMID: 24390913 [PubMed - indexed for MEDLINE] PMCID: PMC4137456  Free PMC Article

Dietary Supplements for Vaginal Health
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‘VAGINAL/URINARY TRACT HEALTH"

VEARS OF
RESEARCH/CLINICAL STUDIES
s

T STAANS

:mumus o S

SIS
1 sUPPL
ors 1Ol Made n Denmark by G Hanson 1S |

Dietary Supplements for Vaginal Health

®e0

[Supplement Facts |

1) s

iz

promtesHeaithy Yeast

Supports Vagina & Urnan
praees

5/6/16

30



Dietary Supplements for Vaginal Health
*Vaginal Suppository- Drug, Not Dietary Supplement

;’

DUAL-ACTION

4
5 7
NA-TREN 7

VAGINAL HEALTH KIT /0

V

7

/

PROBIOTIC SUPPLEMENT

ROLE OF DIET
IN THE MICROBIOME

What’s An RDN to Do? _|
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Two Key Questions About Microbiome Practice Applications

1. Can we predict disease by monitoring changes in the
microbiome? If standardized measures for microbial species
existed and could link variations to the onset of disease, could this
information be used in the same way changes in blood pressure
are used to measure cardiovascular disease risk? Although
detailed knowledge of microbiome composition and its functional
significance may be out of reach, can surrogate markers of
microbiome health and disease risk be defined and validated?

2. Can we prevent disease by manipulating the microbiome
(molecular gene targeting)? If the presence of specific
communities of microbes could be linked with healthy outcomes,
could probiotics, prebiotics, dietary interventions, narrow-
spectrum antibiotics, and fecal microbiome transplantation (FMT)
be used as an intervention in the same way micronutrients

\ prevent deficiency-related disease?

Recommendations for Healthy Microbiome

1. Restrict foods rich in IGF-1such ~ 6. Restrict exposure to microbe-

as dairy and insulinotrophic derived endotoxin in aged
foods meats
2. Restrict highly inflammatory 7. Minimize intake of proteotoxin-

rice foods such as casein,
gluten, and zein (corn)

Increase dramatically fresh and

fructose (<25g/d)
3. Restrict milk powder, butter,
and cheese high in SFA,

hormones, and IGF-1, and high raw greens, seeds, fresh spices
fat meat and vegetables
4. Restrict foods heated above 100  9- Increase annox!dalnt-r_lch,’hlgh
degrees Celsius high in AGE’s fiber, low-calorie ‘ancient
LE’s grains not manipulated by
industry

5. Restrict chemical and o
pharmaceutical exposure 10. Supplement vitamin D and
omega-3 (as needed)

Bengmark, S. (2013). Processed foods, dysbiosis, systemic inflammation, and poor
health. Current Nutrition and Food Science, 9, 113-143.

Avoid
Negative Effect on Gut Microbiome
*  Western diet * Red and processed meats
* High calories (Wdiversity) ¢ Animal fat
* Frequent snacking (Wdiversity) + Excess omega-6s and long
* Sugar sweetened soda chain fatty acids
(Wdiversity) «  Emulsifiers
* High fat milk (Vdiversity) * Gums
* High dietary carbohydrates ¢ Maltodextrin
(Vdiversity) * Simple sugars
* Low dietary diversity « Artificial sweeteners (*gut
* Fast food motility and microbiome)
* High intake of alcohol (U- *  Metformin
shaped curve) . PPIs
Science, April 29, 2016. 352(6285), 565-569;
British Jrnl Nutr (2015), 113, S1-S5
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Artificial Sweeteners: A Systematic Review and
Primer for Gastroenterologists

Marisa Spencer,” Amit Gupta,” Lauren Van Dam,’ Carol Shannon,” Stacy Menees," and William D Chey'*

Departments of ‘Gastroenterology and “Medicine. University of Michigan, Ann Atbor, Michigan, USA; and “Taubman Health Sciences Library.
Usiversity of Michigan, Ann Arbor, Michigan, USA

Avtficial sweeteners (AS) are ubiquitous in food and beverage products, yet ltle s known about their effects on the gastrointestinal
(G) tract, and whether they play a role in the development of GI symptoms, especially in patients with ritable bowel syndrome.
Utilizing the PubMed and Embase databases, we conducted a search for articles on individual AS and each of these terms:
fermentation, absorption, and Gl tract. Standard protocols for a systematic review were followed. At the end of our search, we found
2 total of 617 eligible papers, 26 of which were included. Overall, there is limited medical lterature available on this topic. The 2 main
areas on which there is data to suggest that AS affect the Gl tract include motilty and the gut microbiome, though human data is
lacking, and most of the currently available data is derived from in vivo studies. The effect on matiity is mainly indirect via increased
incretin secretion, though the diinical relevance of this finding is unknown as the downstream effect on motility was not studied. The
spedific effects of AS on the microbiome have been confliting and the available studies have been heterogeneous in terms of the
population studied and both the AS and doses evaluated. Further research s needed to assess whether AS could be a potential cause
of Gl symptoms. Thisis especially pertinent in patients with iritable bowel syndrome, a population in whom dietary interventions are
routinely utiized as a management strat

(U Neurogastroenterol Motil 2016;22:168-180)

Key Word:
Gastrointestinal tract; Iritable bowel syndrome; Microbiota; Motility; Sweetening agents

MU Ui

Recommend

Positive Effect on Gut Microbiome

* Plant based diet * Leafy greens

* Breastfeeding * Seaweeds

* High dietary diversity * Coffee (A\diversity)

* High vegetable/fruitintake ~ « Tea (f\diversity)

* Fiber * Red wine (ANdiversity)

* Resistant starch * Chocolate (A\diversity)
¢ Fermented foods ¢ Sugar sweetened drinks
+ Omega-3s (ANdiversity) ????

Buttermilk (Ahdiversity)

Science, April 29, 2016. 352(6285), 565-569;
British Jrnl Nutr, (2015), 113, $1-S5

Feeding the Microbiome: Fermented Foods

* Yogurt, kefir, and ¢ Fermented meat, fish
buttermilk and eggs

¢ Cultured coconut milk * Miso, natto, tempeh,

and coconut water and soy sauce
e Sauerkraut ¢ Kvass
* Pickles and pickled e Lassi
beets, radish, garlic,and « Beer
cucumbers « Kombucha
e Kimchi

5/6/16
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Kombucha Activity

fields (Gharib, 2011)

¢ Longevity

Closing the Fiber Gap with Supplements

¢ Grain, nut, seed, .
vegetable whole food .
fiber supplements

* Arabinoxylan

¢ Beta-glucan

* Cellulose

* Inulin/oligosaccharides

* Galactooligosaccharide/
xylooligosaccharide

* Antioxidative stress against lead (Dipti et al., 2003),
chromate (Sai Ram et al., 2000), electromagnetic

¢ Hypoglycemic (Srihari et al., 2013)
* Hypocholesterolemic (Yang et al., 2009)

¢ Anti-stress activity against cold, hypoxia
* Protect against nephrotoxicity

T R T

Polydextrose
Soluble corn fiber
Alginate

Pectin (apple, citrus)
Gums (arabic, acacia,
guar)

Trends in Endocrinology & Metabolism, May 2016, Vol 27, No 5

Xyloglucans

¢ Xyloglucans found in
lettuce and onion
undergo microbial
digestion by
bacteroides species

Another reason why
salad is good for you!

5/6/16
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Probiotics, Prebiotics, & Symbiotics-
An Emerging Science

Prebiotics: Three Criteria

1. Resistance to gastric acidity, hydrolysis by
enzymes, and gastrointestinal absorption

2. Fermentation by intestinal microflora

3. Selective stimulation of the growth and/or

activity of beneficial intestinal bacteria

— Prebiotics that fulfill these criteria:
fructooligosaccharides, galactooligosaccharides,
lactulose, non-digestible large polysaccharides (inulin,
resistant starches, cellulose, hemicellulose, pectins,
and gums), some oligosaccharides that escape
digestion, and unabsorbed sugars and alcohols.

k ‘ bl WN k‘l T WMIMN \ 'Hi il

Use of Low FODMAP Diet in IBS

* While a low FODMAP diet may decrease symptoms
of IBS, it should not be used long term

* Low FODMAP diet long term can have a negative
effect of the microbiome

* Gut fermentation is a good thing in the right

amounts! Treat SIBO, then reintroduce high
FODMAP carbs!

k ‘ bl WN k‘l T WMIMN \ 'Hi il
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MICROBIOME RESOURCES

—
Subscribe to Health News for Latest Research!
-

¢ ‘The Daily News’ (Academy Knowledge Center)
¢ Medical News Today
¢ Medline Plus
¢ Science Daily
Health & Medicine News May 6, 2016

€ : .“Qﬂ
Surprise: Intestinal Meat Consumption T Cells Use Breast Milk Improves
Worms Boost Immune Raises Mortality 'Handshakes,' Sort Gut Microbiome,
System Rates: Study Friend from Foes Later Health

T TR,

Consumer Resources

% GRAIN BRAIN

MICROBIOME
810!
DIET :

DAVID PERLMUTTER, MD
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Consumer Resources

Mend the Belly, Lose the
Weight, and Get Rid of the Bloat

GUT BALANCE P
REVOLUTION

Got A Question? _

Ask Me!
maugusti@chpnet.org
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