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“Symbiogenesis is the result of the
permanent coexistence of various bionts to
form the holobiont (namely, the host and its
microbiota”

A NEW PERSPECTIVE:
HUMAN IS MERELY A
COLLECTION OF
SYMBIONTS OR
BIONTS WHO FORMA .
HOLOBIONT - A SUPER /¥
ORGANISM

Ricardo Guerrero et al, Aug 2013

“Eukaryotic individuals can be analyzed as
coevolved, tightly integrated, prokaryotic
communities; in this view, natural selection
acts on the holobiont as if it were an
integrated unit.”

jﬁ k Ricardo Guerrero et al, Aug 2013
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THE IMMUNE SYSTEM

* Human immune system begins to develop in the embryo.
« Starts with hematopoietic (from Greek, "blood-making”) stem cells.

« Stem cells differentiate into major cells in the immune system
« granulocytes, monocytes, and lymphocytes

 The only major system in the body designed to protect us
* Immune system is an army with no general - requires training.
* Takes at least 6 months for the immune system to start working on its own

 Stem cells continue to be produced and differentiate throughout ones lifetime.
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THE IMMUNE SYSTEM

Immunity and Immune Response

Made up of two cellular systems:

 Humoral or circulating antibody system
* B cells produced antibodies

* Cell mediated immunity
* T cells primarily
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INNATE VS. ADAPTIVE IMMUNITY

INNATE IMMUNITY (our first line of cellular defense)

» ANTIGEN PRESENTING CELLS — Macrophages and Dendritic cells — find and present potential problems.

They sit amongst trillions of bacteria in the mucosal system and have to actively recognize friend and
foe!

These APCs are produced by the thymus and other lymphoid centers but are recruited to the gut
mucosa by our commensal organisms.

The microbiome helps these cells by expressing something called Toll-like receptors (TLRs) — These TLRs
neutralizes immune response to offer “tolerance”.

The microbiome also goes as far as producing ATP (energy) to help these cells differentiate and
function.

NEUTROPHILS — Key part of first line of defense
Killer cells that directly target harmful organisms. Very important to maintain infection free in the cold
and flu season.

Dependent on the microbiota to stimulate their expression and even to equipt them with the tools to
perform their killing function — nitric oxide, super oxides, etc.
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INNATE IMMUNITY (our first line of cellular defense)

» NATURAL KILLER CELLS — Highly important in viral infections. These cells identify infected tissue and
eliminates it. With dysfunction in NK cells, an individual would face chronic, consistent infections.

= The microbiota stimulates the production of NK cells.

= The microbiota effects the potency of the cells as well.

» MAST CELLS — Highly important regulatory cells in the lamina propia.

= They control blood flow and coagulation in the LP.

= They control smooth muscle cell peristalsis.

= Fight agains gut permeability

= Control electrolyte exchange

= Poor microbiota and low diversity leads to fewer mast cells in the gut and more in circulation — one
mode of action for increasing allergies.

» INTESTINAL EPITHELIAL CELLS (IEC) — The barrier cells that have some immune function

= Releases key antimicrobials to protect the barrier

= Releases chemokines and cytokines to recruit immune cells to the location

= The microbiota stimulates the IEC to release these antimicrobials and chemical messengers.
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INNATE VS. ADAPTIVE IMMUNITY

ADAPTIVE IMMUNITY = The second line of defense and the long term protection

B-Cells: (antibody secreting cells)

» Gut associate B-cells primarily secret IgA — this is the antibody that
is made in the highest concentration and we make about 7g of it
each day!

» B-cells originate in the Peyers patches

» The amount of B-cells/Peyers patches and their potency is directly
controlled by commensal bacteria.

» IgA, unlike IgM, has low “memory” and mostly recognizes current
crop of commensals and invading organism. It requires constant
stimulation and up-regulation to provide new IDs and protection.

» Low microbiota diversity, low microbial exposure, low antigenic
species in our environment leads to low levels of IgA production
and actually higher IgE production!
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INNATE VS. ADAPTIVE IMMUNITY

ADAPTIVE IMMUNITY = The second line of defense and the long term protection

T-Cells — (Our Immune Orchestrators)
CD4+ T cells are the T cells that can differentiate into Th1, Th2, Th17 or Treg cells.

HAVING BALANCE IN THESE 4 SUB-TYPES IS CRITICAL TO HEALTH

» Th1 protects against intracellular microbial infections

» Th2 protects against parasites

» Th17 is pro-inflammatory and acts in the heat of battle

» Uncontrolled Th expression causes disease: Too much Thl and Th17 is linked to autoimmune conditions. Too
much Th2 is linked to allergic and sensitivity reactions.

» Treg regulates the balance and favors tolerance. When Treg expressions are low, it leads to autoimmune
conditions and severe allergies

» A weak microbiome leads to Th1/Th2 imbalance and typically leans towards Th2

» The microbiota is responsible for stimulation and maturation of Tregs, when the microbiota is weak we see

increased colitis risk. We find a low level of colonic Treg cells and so T-cells in the colon attack the tissue and
commensals.
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CROSS-TALK AND COMMUNICATION BETWEEN THE
MICROBIOME AND THE HOST COMPONENTS




MICROBIAL ENDOCRINE SYSTEM

Anxiety and Mating and species
stress behavior \ recognition behavior

Repression of :
corticosterone,
adrenocorticosterone

Alterations of pheromone

Production of :
levels (CHs and cVA)

serotonin,
dopamine,
norepinephrine

Alterations of \
leptin + ghrelin levels ‘——//

Suppression of Alterations of androgen,
Angpti4 + GLP-1 estrogen and prolactin levels

Alterations of insulin
levels and sensitivity

Metabolism / & Gender Hadar Neuman et al. FEMS

and appetite Immunity Microbiol Rev 2015;femsre.fuu010
i \
© FEMS 2015. All rights reserved. For permissions, please e-mail: hll [H[]IEH]H]GI
REVIEWS
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MICROBIAL ENDOCRINE SYSTEM

Host effects on the microbiota.

diet
/‘\ exercise
L/( \,\\ health state
/\, )b mood
\'» stress
}\/\) gender

© FEMS 2015. All rights reserved. For permissions, please e-mail:
journals.permissions@oup.com

Hadar Neuman et al. FEMS Microbiol Rev

2015;femsre.fuu010
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MICROBIOME AND THE INNATE IMMUNE SYSTEM

Microbiome—innate-immune-system interactions
o » . are involved in multifactorial diseases.
Rheumatoid arthritis Type 1 diabetes Inflammatory
Ankylosing spondylitis bowel disease
T Many inflammatory disorders
. o Vad are influenced by alterations in
;% /\A Innate the crosstalk between innate
Gid > Microbiota) ~ Immune system immunity and the microbiome.
Pulmonary disease Non-alcoholic Modulation of the severity of a
and atopy fatty liver disease disorder th rough dieta ry
Diet : . .
IV © interventions and their
¢ influence on microbiome-

iImmune interactions is an

o\t exciting area of research.

Carcinogenesis Obesity Atherosclerosis Nature 535, 65—74 (07 July 2016) doi:10.1038/nature18847
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MICROBIOME AND THE INNATE IMMUNE SYSTEM

Infected or neoplastic
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MICROBIOME AND THE INNATE IMMUNE SYSTEM

The hierarchy of anatomy in microbiome-innate-immune-system interactions.

Intestinal
lumen

Mucus ——

layer

Epithelium

Lamina
propia

Lymph
node or
liver

@

ATV

NG SN /\

Cytokines / \
Al Cytokines

\\\

=

ILC

Migration

Chemokines -

Macrophage

Myeloid-lymphoid cell
communication

T cell Dendritic cell

Antigen presentation

PRR ligands,
we  AMPs metabolites, antigens
|\ \7M\[‘J',Am"\f’$]/”"u” ' mAytihnma AN 1{ [MPI
Transcriptional \
reprogrammmg
I l - y I\ B | /‘\_,7 7/‘
Epithelial Epigenetic
relay signals modification

Lymphatic and
portal circulation

Microbiome influence on the innate immune
system works via feedback loops. IL-18 is a
prototypical communication cytokine for this
system.

The impact of the microbiome loops into
the lamina propia through PRR ligands,
metabolites and antigens. Some
commensal bacteria components can
even reach the lymph node and cause an
activation of dendritic cells that activate
anticommensal-T cells to promote
microbial containment.

Nature 53565—74(07 July 2016) doi:10.1038/nature18847
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MICROBIOME AND THE ADAPTIVE IMMUNE SYSTEM

The microbiota in adaptive immune homeostasis and disease
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Nature 535. 75—-84 (07 Julv 2016) doi:10.1038/natL. - —__ ._



a
Lumen

The impact of antibiotics on the microbiota and the expansion of
enteric pathogens.

Quter
mucus layer

Inner
mucus layer

a, A diverse and non-disturbed microbiota confers resistance

to colonization by enteric pathogens in the intestinal

epithelium. b, Treatment with antibiotics decreases the

diversity of the microbiota and leads to expansion of the C.
***’Ln‘qi d/:ff/:a:/e population. Toxins that are released from C.

oy * <~ ww.. , difficile (TcdA and TcdB) enter and damage the cells of the

T R Rt o epithelium, which leads to inflammation (colitis) and cell

' YL 2N death. ¢, Treatment with antibiotics also leads to an increase

in the levels of free sialic acid (from the host) and succinate

(from the microbiota) in the lumen of the intestine. Elevated

sialic acid promotes the expansion of the S. Typhimurium

. population, which can lead to inflammation (gastroenteritis)
0'$"°3"s .v-,aﬁg?gmgddoj“%‘”ate if the bacterium invades the cells of the intestinal epithelium.

< Elevated levels of sialic acid and succinate further promote

the expansion of the C. difficile population and the

development of colitis and cell death.

Intestinal
epithelium

b Fatal colitis
[

Antibiotics

Nature

535,

85-93

(07 July 2016)
doi:10.1038/nature18849

« Invasion of host cell



Modulation of enterohaemorrhagic E.coli virulence through nutrients provided by the microbiota.
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The effect of intestinal inflammation on nutrient availability.
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All Cancer Stages

Initiation
Progression
Metastagis Neurological Diseases
Cardiovascular Disecase Depression
Atherosclerosis Alzheimer's
Heart Failure Parkinson's
Stroke Multiple Sclerosis

Hypertension

Autoimmune Disorders

I.BD' . Diabetic Complications
Crohq s Discase Chronic Neuropathy
Colitis — o ﬁ Rclinopalhy
Lupus I!] ﬂalnl]]athI] l»[ypcncnsion
Multiple Slerosis Atherosclerosis

Type 1 Diabetes Heart Discase

Pulmonary Disease

Asthma
Metabolic Disorders CcOPrD
Type 1l Diabetes Hay Fever
Fatty Liver Disecase Bone & Joint Disease Bronchitis
Renal Failure Osteoarthritis
Rheumatoid Arthritis
Osteopenia
Osteoporosis

Chart ©2015 Avalon Yoga International, Inc.



MICROBIAL CONTROL OF EUKARYOTIC CELL EXPRESSION

OUTER MEMBRANE VESICLES AND HUMAN EXOSOMES:

» OMVs are bacterial produced excretory nanoparticles that can be tissue trophic

» OMVs can contain peptides, neurotransmitter and microRNA — microRNA is best studied

» Exosomes are human epithelia cell produced extracellular nanoparticles that effect the
microbiome.

» This is a display of inter-kingdom communication and influence

» OMVs can be produced by viruses, fungi and even our food!

Guides

Signaling Chromatin-modifying enzymes
IncRNA
IncRNA Transcription
factor /
N 3 cis and trans
gene targeting
(8)

Scaffolds

Histone
(8) Decoy % modifications
Ribonucleoprotein

Transcription complexes
factor ¢
IncRNA T 4
Gene suppression ;

\ ' -
DODEBLSB ——

Methylation and Phosphorylation control

Trends in Microbiology



WHAT IS A HEALTHY MICROBIOME?

Invisible Residents

The Human Microbiome Project has spent two years surveying bacteria and other microbes at different sites on 242 healthy people. The

chart below hints at the complex combinations of microbes livingin and on the human body. Rreiates Asticie »
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Bacteria of the genus Actinomyces /, e —— = :
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surgery. /I’

species of Lacfobacillius
The mouth contains many different "

species of Streptococcus bacteria.
Propionibacterium acnes lives on
the skin of most people and has
been linked to the development of
acne.

Streptococcus mitis is particularly
abundant in the cheeks.

What Effects The Microbiome?
1) Age

2) Diet

3) Antibiotic Use

4) Physiology

5) Genetics - loosely
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The Importance of Microbiome Diversity

“Using comparative microbiome profiling of a cohort of CRS (chronic rhinosinusitis ) patients
and healthy subjects, we demonstrate that the sinus microbiota of CRS patients exhibits

significantly reduced bacterial diversity compared with that of healthy controls.”

Abreu NA, Nagalingam NA, Song Y, et al. Sinus Microbiome Diversity Depletion and Corynebacterium

tuberculostearicum Enrichment Mediates Rhinosinusitis. Science translational medicine. 2012;4(151):151ra124.
doi:10.1126/scitranslmed.3003783.
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INTERMITTENT FASTING

Cell Metab. 2014 Dec 2;20(6):1006-17. doi: 10.1016/j.cmet.2014.11.008.
Diet and feeding pattern affect the diurnal dynamics of the gut microbiome.
Zarrinpar Al, Chaix A2, Yooseph S3, Panda S4.

Abstract

The gut microbiome and daily feeding/fasting cycle influence host metabolism and contribute to obesity
and metabolic diseases. However, fundamental characteristics of this relationship between the
feeding/fasting cycle and the gut microbiome are unknown. Our studies show that the gut microbiome
is highly dynamic, exhibiting daily cyclical fluctuations in composition. Diet-induced obesity dampens
the daily feeding/fasting rhythm and diminishes many of these cyclical fluctuations. Time-restricted
feeding (TRF), in which feeding is consolidated to the nocturnal phase, partially restores these cyclical
fluctuations. Furthermore, TRF, which protects against obesity and metabolic diseases, affects
bacteria shown to influence host metabolism. Cyclical changes in the gut microbiome from
feeding/fasting rhythms contribute to the diversity of gut microflora and likely represent a
mechanism by which the gut microbiome affects host metabolism. Thus, feeding pattern and time of
harvest, in addition to diet, are important parameters when assessing the microbiome's contribution to
host metabolism.



http://www.ncbi.nlm.nih.gov/pubmed/25470548
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zarrinpar A[Author]&cauthor=true&cauthor_uid=25470548
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chaix A[Author]&cauthor=true&cauthor_uid=25470548
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yooseph S[Author]&cauthor=true&cauthor_uid=25470548
http://www.ncbi.nlm.nih.gov/pubmed/?term=Panda S[Author]&cauthor=true&cauthor_uid=25470548

INTERMITTENT FASTING

Time-Restricted Feeding Is a Preventative and Therapeutic Intervention against

Diverse Nutritional Challenges. Cell Metabolism
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Interactions between the diet and the gut microbiota dictate the production of short-chain fatty acids
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Nature 535, 56—64 (07 July 2016) do0i:10.1038/nature18846
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ALTERATIONS OF THE MICROBIOME FROM DIET
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SURVIVAL

The Food Standards Agency (FSA) study w/ Reading University (UK)
Dr. G.R. Gibson, Dr. G. Rouzaud, Dr. J. Brostoff and Dr. N. Rayment

Purpose:

1) Evaluate the probiotic effect of commercial products in the human gut. Any affect on

gut flora.

2) 35 strains from commercial products were studied. Primarily lactobacillus sp. and

bifidobacterium sp.

3) Evaluate the survivability of common probiotics through the GIT.

STEP 1: Survival through gastric juices in the | ——— | PH 1 =None survived with any
stomach. 20 minutes at pH 1-3 \ viability. Unable to recovery

STEP 2: Survivors through the stomach were
tested for survival in the upper small intestines
via bile acid tolerance

pH 2-3 = 18 of the 35 showed
«—— | around 50% survival

T 0Ofthe 18 tested, only 6 showed

STEP 3: The 6 strains were

then chosen for survival
/ testing in lower intestines

viability in the presence of bile acid
salts and would have a chance to
make it to the large intestines.

Of the 6 strains, 4 strains showed viability

. . ) . . _
in lower intestinal conditions I

Only 4 of 35 strains would survive to enter the large
intestine and the survivors would have less than
50% survival
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FITNESS:
= Aerobic bacteria seeding an Anaerobic Environment

= Evade immune destruction

= Do they fit in your gut — binding sites
Larsen, N et al (2009). A comparative study on adhesion and recovery
of potential probiotic strains of Lactobacillus spp
Included popular strains such as; L. rhamnosus GG, L. reuteri
ATCC 55730, L. johnsonii NCC 533 and L. reuteri DSM 12246.
Results: The best adhesion was 38% by L. reuteri, second best
was 24% and the rest went down from there.

IS IT NATURAL:
* Does it happen in nature?
* The issue of Finite Overload — goes against
expanded diversity




THE IMPORTANCE OF ENVIROMENTAL BACTERIA

> Distinct Distal Gut Microbiome Diversity and Composition in Healthy Children from Bangladesh and the
United States
Audrie Lin, et al 2013

“The distal gut of Bangladeshi children harbored significantly greater bacterial diversity than
that of U.S. children, including novel lineages from several bacterial phyla.”

» Human gut microbiota community structures in urban and rural populations in Russia
Alexander V, et al 2013

“the original microbial community structures occurred in hosts from urban populations
2.6-fold less frequently than in the rural hosts, which implies that the rural population’s
microbiota community was the healthy original”

» Comparison of fecal microflora of elderly persons in rural and urban areas of Japan.
Benno Y, et al 1989

‘found significant rural-urban disparities in microbiota composition. Rural populations had
much higher bifidobacteria levels...”



THE IMPORTANCE OF ENVIROMENTAL BACTERIA

» Some of the last hunter-gatherer
people on earth

» They live an ancient, ancestral
life.

» Their environment hasn’t
changed for 1000s of years.

» Massive exposure to ancestral
microbial community

» Vastly different microbiota
compared to westernized
populations

» Virtually no common digestive
diseases such as Crohn’s, UC,
Colon Cancer, Reflux, etc.

STUDIES ON THE HAZDA TRIBE OF TANZANIA




REQUIRED FEATURES OF NATURE’S PROBIOTIC

» Naturally survive the harsh gastric environment

> Be of a strain that is found in the microbiota — It has to have
a binding site and belong in the gut.

» Must have evolutionary significance

> Must be a facultative anaerobe

» Must have a bi-phasic life cycle

» Must have clinical demonstration of safety and efficacy



Bacterial Spores!

* |In particular Bacillus spores as they are the most widely studied and
most widely used probiotics outside of the supplement market.

* Bacillus spores were the first commercial probiotics. Were also the
first prescription probiotics starting in 1958:
* Enterogermina® (Sanofi-Aventis, Italy)
* Bacti-Subtil® (Aventis Pharma, France)

* Used extensively in agriculture and aquaculture
* AlCare®, BioGrow®, BioPlus ®2B, NeoFerm BS10, LiqualLife®, etc.

* Most widely used and well studied strains in humans are:
» Bacillus Subtilis
» Bacillus Licheniformis
» Bacillus Coagulans
» Bacillus Clausii
» Bacillus Indicus HU36™



Key Features of Bacterial Spores

e They form robust endospore and can withstand harsh temps, desiccation, low pH, gastric
barriers, antibiotics, UV radiation, solvents, enzymes and even high pressures.

* They are found all over the environment (soil, vegetation, dust, rocks, aqua-
environments, digestive systems of insects, marine life, mammals, etc.

e Spores Remain dormant for over 50 million years
* Found all over the ancient environment: ice-core studies

* They colonize very effectively in the Human GIT and have been found to colonize very
effectively in the GIT of several different animals.

* Are found as part of the normal human commensal flora.

* LONG history of use in industries where efficacy is closely measured (pharma,
agricultural)

e Extremely safe

* |ts use as a probiotic is evolutionarily supported — true commensal organism.

Casula, G., & Cutting, S. (2002). Bacillus probiotics: Spore germination in the gastrointestinal tract. Applied &
Environmental Microbiology 68(5):2344-2352.

Cutting, S. (n.d.). Bacillus probiotics-Mechanism of action and use. Protexin Healthcare.

Dong, T, Van, P., & Cutting, S. (2009). Bacillus probiotics. Nutra Foods 8(2):7-14.



FUNCTION OF SPORES IN THE HUMAN SYSTEM

Microbiota Balance

Spores produce at least 24 potent antibiotics that control
bacterial over-growth in the GIT.

v Examples: Coagulin, Subtilisin, Amicoumacin, Surfactin,
lturins A, and Bacilysin

e Spores conduct competitive exclusion (CE) of pathogenic organisms
to help maintain microbiota balance.

v'Accomplished by competition for space, nutrients and/or eliciting host
response

v’ Causes host elimination of invading species

» Spores have the ability to increase the numbers of the important
GIT commensals, such as lactobacillus.

v Example: the capacity of B. subtilis to produce catalase and subtilisin has been reported
to promote growth of Lactobacillus species.

v'When co-cultured, Bacillus subtilis enhanced the growth and viability of L. reuteri, L.



FUNCTION OF SPORES IN THE HUMAN SYSTEM

Immunomodulation The intestines posses the largest amount
of lymphoid tissue in the human body

GALT — Gut Associated Lymphoid Tissue

Peyer’s Patches — found in the ileum of the small
intestines. Maximum numbers found around age 15-24.
Gut bacteria is a major player in development. Plays a
major role in pathogen defense and self-recognition.
PPs favor a Thl response via INF-g, TNF-a and IL-2

Mesenteric glands — sites of amplification

Immune sampling occurs in the lumen — an immune response is generated in the
mucosa and then amplified in the mesenteric glands


/upload.wikimedia.org/wikipedia/commons/a/a0/Gray617.png
/upload.wikimedia.org/wikipedia/commons/2/22/Peyer's_patch.jpg

FUNCTION OF SPORES IN THE HUMAN SYSTEM

ImmunoModulation: Bacillus Spores

* Critical in the development of the GALT itself by cooperation of Bacteriodes Fragilis
sp. (largest population in the GIT)

* Produce potent activation and proliferation of lymphocytes in the Peyer’s patch —
Promotes Th1 shift — Oral tolerance/mucosal tolerance of food proteins and non-
pathogenic microbes. PP dysfunction linked to hypersensitivity, chronic Th2
activation and inflammatory conditions (celiac).

* Cause the production of important immune cytokines in mesenteric lymph nodes
(MLN) (IL-1a, IL-5, IL-6, IFN-g and TNF-a) and in the spleen (IFN-g and TNF-a)

* Interacts with Toll-like receptors(TLR). Vegetative cells of B. subtilis & other
Bacillus sp. up-regulate expression of TLR2 and TLR4

* Leads to amplified innate immune response via macrophages, monocytes,

B-cells and Dendritic cells. Then push to Adaptive Immunity. Dendritic
activation, important to create link between innate and adaptive immunity
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FUNCTION OF SPORES IN THE HUMAN SYSTEM

Immune Modulation: Bacillus Spores

Autoimmune — Bacillus has been shown to improve adaptive immunity via PP activation and
TLR patter recognition — important self/non-self mechanism.

* Over active innate linked to autoimmune conditions — need for TLR expression to make
adaptive switch.

* Viral mimicry of self proteins invade our immune system (innoculum, vaccines antibodies,
etc).

* Vulnerable from 0-7 years during immune development, loss of recognition of self partially
responsible for low TLR activity during PP development.

 Damage to the MHC allows pathogens loose inside the cell to attack (centromeres, DNA,
RNA, and other cell products, tissue, mucous membranes etc.)

Allergies , Psoriasis, Eczema - direct correlation with GIT, especially helpful with babies born
by C-Section




FUNCTION OF SPORES IN THE HUMAN SYSTEM

Food Intolerance and Th1/Th2 Shift :

Bacillus Spores

Innate immunity (first line of defense) vs. adaptive

* Needs push to adaptive to avoid chronic inflammatory state and damage to

self tissue by NK cells and complement system.

* Done via TLRs — stimulated by bacillus probiotics.

Immune system of GIT is supposed to recognize food and create an adaptive
response to decrease immune reactions — (function of Peyer’s Patches M-Cells via
antigen specific suppressor T-lymphocytes).

* PP development and activation --- key to the function of this mechanism
Latent viral (CMV, HHV-6, EBV, etc.) and bacterial infections maintain Th2
activation via IL10 mimic

e Causes B-Cell class shift to Igk. This inhibits Th1 and allows for yeast growth.

* Bacillus spores stimulate chemokine receptor CCR5 in GALT to turn on Thl. T-

bet transcriptional factors are upregulated which promotes TH1 and
suppresses GATA3 (the pro-TH2 factor). Secretion of IL-12, TNF-g and INF-g
also push Th1 shift — all stimulated by bacillus spores.



Short Chain Fatty Acids and Immune Modulation
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Stress induces endotoxemia and increasing barrier
permeability

Karin de Punder* and Leo Pruimboom
Frontiers in Immunology published: 15 May 2015

“Chronic non-communicable diseases (NCDs) are the leading causes of work
absence, disability, and mortality worldwide. Most of these diseases are
associated with low-grade inflammation.”

“In combination with modern life-style factors, the increase in bacteria/bacterial
toxin translocation arising from a more permeable intestinal wall causes a low-
grade inflammatory state. We support this hypothesis with numerous studies
finding associations with NCDs and markers of endotoxemia, suggesting that this
process plays a pivotal and perhaps even a causal role in the development of low-
grade inflammation and its related diseases.”

GROUND ZERO OF MoST HEALTH DISORPERS
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http://www.ncbi.nlm.nih.gov/pubmed/25314581

J Interferon Cytokine Res. 2016 Feb;36(2):Effects of Bacillus subtilis on Epithelial Tight
Junctions of Mice with Inflammatory Bowel Disease.
Gong Y1, Li HY, Li Y1,

“B. subtilis intake upregulated expression of TJ proteins(claudin-1, occludin, JAM-A, and
Z0-1), for improved barrier function, and downregulated cytokine expression (IL-6, IL-
17, IL-23, and TNF-a) to reduce intestinal epithelial damage.”

Comp Biochem Physiol A Mol Integr Physiol. 2002 Sep;133(1):95-104.

Histological alterations of intestinal villi in chickens fed dried Bacillus subtilis var. natto.
Samanya M1, Yamauchi KE.

“These birds had a tendency to display greater growth performance and intestinal
histologies, such as villus height, cell area and cell mitosis, than the controls. ”

Bacillus subtilis Protects Porcine Intestinal Barrier from Deoxynivalenol via Improved
Zonula Occludens-1 Expression

Min Jeong Gua, Sun Kwang Songa, Sung Moo Park

“B. subtilis may have potential to enhance epithelial barrier function and to prevent
the cells from DON-induced barrier dysfunction.”


http://www.ncbi.nlm.nih.gov/pubmed/26720180
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gong Y[Author]&cauthor=true&cauthor_uid=26720180
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li H[Author]&cauthor=true&cauthor_uid=26720180
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li Y[Author]&cauthor=true&cauthor_uid=26720180
http://www.ncbi.nlm.nih.gov/pubmed/12160875
http://www.ncbi.nlm.nih.gov/pubmed/?term=Samanya M[Author]&cauthor=true&cauthor_uid=12160875
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamauchi KE[Author]&cauthor=true&cauthor_uid=12160875
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on post-prandial responses to a high-fat meal: Pilot Study
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The effect of 30-days of probiotic supplementation
on post-prandial responses to a high-fat meal: Pilot Study

Principal Investigator: Brian K. McFarlin, PhD, FACSM, FTOS
University of North Texas
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The effect of 30-days of probiotic supplementation
on post-prandial responses to a high-fat meal: An Expanded Pilot Study

Principal Investigator: Brian K. McFarlin, PhD, FACSM, FTOS
University of North Texas
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The effect of 30-days of probiotic supplementation
on post-prandial responses to a high-fat meal: An Expanded Pilot Study

Principal Investigator: Brian K. McFarlin, PhD, FACSM, FTOS
University of North Texas
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The effect of 30-days of probiotic supplementation
on post-prandial responses to a high-fat meal: An Expanded Pilot Study

Principal Investigator: Brian K. McFarlin, PhD, FACSM, FTOS
University of North Texas

Change in Serum Triglycerides

20.0 A

0.0 -

60.0 -

40.0 A

SNEAK PREVIEW

Baseline

Time

Post-Supplement

® Megaspore
Placebo



The effect of 30-days of probiotic supplementation
on post-prandial responses to a high-fat meal: An Expanded Pilot Study

Principal Investigator: Brian K. McFarlin, PhD, FACSM, FTOS
University of North Texas
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9 SporeGen

® Tetanus Oral
SporeVax
Nasal
Inactive Clostridium perfringens  Oral
Nasal
Anthrax Nasal
Influenza Nasal
+ Clostridium difficile Oral
*Antigen* Sub-lingual

(protein or virus)

* * Bacillus spores carry a natural adjuvant property that enhances the body’s natural immune
responses. Typically, they produce balanced Thl and Th2 responses as well as stimulating the
innate immune system, an important primer for long-term immunity.
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