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LEARNING OBJECTIVES

Understand the nomenclature and framework of Gl functions as a foundation
to an integrative approach to successful therapies.

Appreciate the inter-relationship between the various Gl functions and how
those functions support (or create vulnerabilities) for one another.

Review simple methods of evaluating basic digestive, barrier and microbial
environmental function of the Gl tract

Understand the importance of the Gl immune system and the necessary
education (tolerance) it provided for the whole immune system




ANOTHER WAY TO DESCRIBE THE CORE FUNCTIONS OF Gl

Elimination (Detoxification)
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THE CHALLENGE OF DIGESTION & ABSORPTION

Breakdown complex foods into basic
constituents

Gall Bladder
"

e
Al
|_ .- ' ;

Divide Macronutrients into basic units
Release Micronutrients from food matrix
Selectively absorb nutrients

Transform and/or activate nutrients and
phytonutrients

Small Imesting -

Large Intestine

While maintaining a barrier against entry
of unwanted particles




TIMING AND LOCATION IS IMPORTANT

* Nutrients are not absorbed uniformly,
there are specific locations where the
available transporters or necessary
processes are found.

* Appropriate timing and sequence is also
important- bowel transit time can
adversely affect this

* Transporters and enzyme capacity can be
overwhelmed/saturated, reducing the
effective benefit of dietary nutrients

* Nutrients produced by colonic bacteria
may have limited human bioavailability,
though may benefit colonocytes and
microbes.




DIGESTION AND ABSORPTION
WHAT CAN GO WRONG?

Poor Dietary Habits:

- Food selection - Meal timing
- Food preparation - Poor chewing

Altered Bowel Transit Time

Villous Atrophy

+ Brush-border enzymes and transporters

Dysbiosis

Altered Gut/
Neuroendocrine Signaling

Low Endogenous Levels of:
- Stomach acid - Saliva
- Pancreatic Enzymes - Bile

Pharmaceutical Agents
- Acid-blocking - Laxatives
- Nutrient Inhibition
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Reduced Bioavailability of Nutrients
and Bio-active Ingredients to Tissues
(Gl and Systemic Symptoms)

- Potential deficiency-related outcomes

- Reduced metabolic efficiency

- Altered genomic activation

- Altered epigenetic signaling

Increased Availability of Undigested
and/or Un-neutralized Food Particles
(Mostly GI Symptoms)

- 4 Allergenicity/immunogenicity
- 4 Inflammatory triggers
- 4 Burden for detoxification
- 4 Fermentation and putrefaction

via gut microbiota




DIGESTION AND ABSORPTION
THE CEPHALIC PHASE

Stimuli Stomach
+ Conditioned reflexes + Stimulation of gastric secretions.
+ Sensory input (e.q. sight, smell auditory, taste) See Figure X for detailed
+ Thought of food explanation of gastric
+ Chewing secretion regulation. ’
+ Swallowing [

+  Hypoglycemia .

’

Mouth A Aciner Can ' #2 S
+ stimulation of salivation ST N e

Ach
i+

Gallbladder

+ Stimulation of mild gallbladder

contraction, sphincter of Oddi )
remalins closed.

>
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Pancreas

« Stimulation of enzyme
and bicarbenate secreticn
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ENTEROENDOCRINE CELLS (EEC)

Figure 1

Gut epithelium showing different representative enteroendocrine cell (EEC) types. (#) Gastric
somatostatin-producing D-cell with basolateral process that communicates with (b) a neighboring
gastrin-producing G-cell. (¢) Closed-type EEC and () small intestinal/colonic-type open EEC with
neuropod basolateral extension.

Gribble FM, Reimann F. Enteroendocrine Cells: Chemosensors in the Intestinal Epithelium. Annu Rev
Physiol. 2016;78:277-299. doi: 1 0.1 1 46/annurev-physiol-021 | | 5-105439



Table 1 Key hormones, possible secretory stimuli, and physiological processes occurring along the gut axis

Luminal stimuli

Principal gut

Gut region Intestinal processes of EECs hormones
Stomach Acid secretion Acid SST, histamine,
Mechanical disruption Digested protein 5-H'I, ghrelin,
gastrin
‘:I | - :» Duodenum Release of bile acids, Monosaccharides Duodenum:
Jejunum pancreatic and Free fatty acids GIP, ghrelin, CCK,
Proximal ileum | Intestinal enzymes, Monoacylglycerols 5-HT, SST
= gfi;:arbgnatc Amino acids
gestion e -
“ = Absorption ( ) Ellit:g{:j[;udcs Jejunum, ileum:
GLP-1, GLP-2, PYY,
5-HT, Nts
Terminal ileum | Bile acid reabsorption Bile acids GLP-1, GLP-2, PYY,
Unabsorbed nutrients Nts, 5-HT
Colon Bacterial metabolism Short-chain fatty acids | GLP-1, GLP-2, PYY,
Rectum Indole Nits, Insl5, 5S-HT
Secondary bile acids

The details are based on mouse data and are discussed in the text. Abbreviations: 5-H'l; 5-hydroxy-

tryptamine (serotonin); CCK, cholecystokinin;

EECs, enteroendocrine cells; GIP, glucose-dependent insulinotropic polypeptide; GLP-1 and GLP-2, glucagon-like peptides 1 and 2;
InslS, insulin-like peptide 5; Nts, neurotensin; PYY, peptide YY; SS'I; somatostatin.



CONTROLLING ACID PRODUCTION

From Vagus Merve and
Stomach Stretch Receptors “‘ ACh
: —— From Vagus = @ Gastrin
Parietal Cell H* fwft:ﬂi:-also .:’ ACh Marve ::’H—l* i (+) @ Somatostatin
duodenum & poncreas) + " ¥ A
- O‘ °eT . ACh Histamine
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(=) Histamine
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HOW MUCH ACID DO WE NEED?

Low Stomach acid contributes to:

Reduced protein digestion (denaturing)
Increases protein allergenicity

Reduced solubility/absorption of key nutrients like calcium, iron, folic acid, vitamins B6
and B2

Increases SIBO, C. diff and related harmful bacteria

But how low is too low!?

This is a very debatable question and one that is not well studied.....



MEASURING STOMACH ACID:

Heidelberg radio-telemetric capsule

Best used for alkali challenge/reacidification

Patiert [womeal With Alkali Challenge  Code gsss Test: Dosoo0s 43011 PM CH-1 pH: -
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Some research also uses pH sensitive tablets and follow collection of
metabolites in urine (i.e. riboflavin).




HYPOCHLORHYDRIA AND ACHLORHYDRIA

I”

It is generally assumed that fasting pH below 3.0 is considered “norma

Achlorhydria (no stomach acid) results in fasting pH of about 7 (neutral)
or above.

This is common in subjects with atrophic gastritis.

Fasting Hypochlorhydria is considered to be present in about 10% of the
aging American population, though upwards of 60% in older Japanese
adults.

Low stomach acid is not uncommon in patients with GERD-like
symptoms



GERD IS NOT ASSOCIATED WITH
EXCESSIVE ACID PRODUCTION!
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Control Subjects (N=54) Subjects with GERD (N=1,582)

Measurement of gastric pH in ambulatory esophageal pH monitoring. Surg Endosc. 2009
Sep;23(9):1968-73



FUNCTIONAL HYPOCHLORHYDRIA

Our body secretes acid primarily to digest food, therefore,

fasting levels are not nearly as important as prandial levels
(when you eat)- measured by re-acidification after eating food.

If fasting gastric acid production goes down with aging, what
happens to gastric pH during a meal?

- Meal *
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Pharm Res. 1990 Jul;7(7):756-61. Pharm Res. 1993 Feb;10(2):187-96.



DOES THIS REPRESENT A FUNCTIONAL

DIFFERENCE?
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pH

OLDER SUBJECT TAKE LONGER TO ACIDIFY
STOMACH AFTER A MEAL!

Table I. Comparison of Gastric pH Between Young and Elderly Subjects

Young Elderly
Treatment phase (N = 24P (N = TaF P value®
Fasted
Median pH? 1.7 (14200 1.3 (1.1-1.6) 0014
AUC {pH * hr) 2.0(1.6=2.4) 1.4(1.2-1.9)
N = 24) (N = T5) 0.0
During the meal
Median pH 5.0 {4.4-5.6) 4.9 (3.9-5.5) 0.74
Peak pH 6.6 {6.3-7.0) 6.2 (5. 8-6.7) 002
Postprandial
Time to return o pH 5 (min) Bi{2-17) 23 (6h—dh) 00135
Time 1o return to pH 4 (min) 14 (840} 2027-115) 0.,0002
Time to return to pH 3 {min) 42 (26-83) BO (44-16T) 0.0026
Time to return to pH 2 {min) 100 (44-143) 154 (B2-210) 0,026
AUC (pH = 4 hr) 108 (8.1-12.2) 12,3 (B.6-15.3)
(N = 24) (N = T8) 0.0001
s L L s i i
fasted fasted
7 during the mesl 7 l‘*durmg the meal
6 * [
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THE PANCREAS: MULTIPURPOSE GLAND

Hormones
insulin, glucagon
Common ( "9 gon)

bile duct )

Tail of
pancreas

Endocrine portion
of pancreas

Eneells Pancreatic duct
Duct cells

pancreas Zymogen
granules

Acinar cells

Duodenum

trypsin, chymotrypsin, elastase,

pancreatic lipase, pancreatic
amylase

Acinus
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Enzymes of the Human Exocrine Pancreas

Enzyme Proenzyme Activator Action

Trypsin Trypsinogen Enteropeptidase Cleaves internal peptide bonds

Chymotrypsin Chymotrypsinogen Trypsin Cleaves internal peptide bonds

Elastase Proelastase Trypsin Cleaves internal peptide bonds

Carboxypeptidase Procarboxypeptidase Trypsin Cleaves last amino acid from carboxyl-terminal end of polypeptide
Phospholipase Prophospholipase Trypsin Cleaves fatty acids from phospholipids such as lecithin

Lipase None MNone Cleaves fatty acids from glycerol

Amylase None MNone Digests starch to maltose and short chains of glucose molecules
Cholesterolesterase None None Releases cholesterol from its bonds with other molecules
Ribonuclease None None Cleaves RNA to form short chains

Deoxyribonuclease None None Cleaves DNA to form short chains

Note the importance of trypsin in cleaving several precursor enzymes (zymogens) into their final active form

Note also that trypsinogen is first cleaved by enteropeptidase (enterokinase)- an enzyme located on the surface of
duodenal cells- requiring an intact brush border system




IMPORTANCE OF BRUSH BORDER ENZYMES
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LIPID TRANSPORT INTO CIRCULATION

Intestinal lumen Epithelial cell layer
Fat globules @ ;
(lipids) 0%
B .ur
'f:;, i Micelles
Free fatty acids .
. : .
S ; {monoglycerides) *ﬁ-ﬁ
+ —> k2 — = ™
o" .; Digestion -'l' W
. Emulsion OV Pases .
. droplets n®
i =
Bile Bile _——
salts salts =
Bi

Copyright @ 2001 Banjamin Cummings, an imprint of Addison Weslay Longman, Inc.



LOW PANCREATIC ENZYME OUTPUT

Pancreatic Exocrine Insufficiency: defined as output below 0%
of normal (i.e. 90% reduction).

Common in chronic pancreatitis, cystic fibrosis, pancreatic
cancer

Also caused by: gastrectomy, gastric bypass or Gl tract
disorders like celiac disease...and aging!

Measured by:
Fecal Fat Analysis
Radiolabeled TG test

Or Pancreatic Elastase | (a.k.a.fecal elastase)




Labs can measure this

L0000
i Digestive Markers
Result Suspect Consider
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WHO ELSE MIGHT HAVE LOW PEI?

Celiac disease

Inflammatory Bowel Disease (IBD)
HIV

Diabetes (type | and 2)

Obesity

Leeds JS, Hopper AD, Hurlstone DP, et al. Is exocrine pancreatic insufficiency in adult coeliac disease a cause of persisting symptoms?
Aliment Pharmacol Ther. 2007 Feb 1;25(3):265-71.

Maconi G, Dominici R, Molteni M, et al. Prevalence of pancreatic insufficiency in inflammatory bowel diseases. Assessment by fecal
elastase- 1. Dig Dis Sci. 2008 Jan;53(1):262-70.

Carroccio A, Di Prima L, Di Grigoli C, et al. Exocrine pancreatic function and fat malabsorption in human immunodeficiency virus-
infected patients. Scand | Gastroenterol. 1999 Jul;34(7):729-34.

Hardt PD, Hauenschild A, Nalop J, et al. High prevalence of exocrine pancreatic insufficiency in diabetes mellitus. A multicenter study
screening fecal elastase | concentrations in 1,021 diabetic patients. Pancreatology. 2003;3(5):395-402.

Griesche-Philippi ], Otto ], Schworer H, et al. Exocrine pancreatic function in patients with end-stage renal disease. Clin Nephrol. 2010
Dec;74(6):457-64.




FECAL (PANCREATIC) ELASTASE |
AND AGING
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THE CHALLENGE OF DIGESTION & ABSORPTION

Small Imestine -

Large Intestine

Breakdown complex foods into basic
constituents

Divide Macronutrients into basic units
Release Micronutrients from food matrix
Selectively absorb nutrients

Transform and/or activate nutrients and
phytonutrients

While maintaining a barrier against entry
of unwanted particles



EVERYTHING HAPPENS AT THE INTERFACE!

* Biological systems are designed to create discrete functional units
« Tissues

* Cells

One Gene

* Organelles

Coding ermination
Region Sequence

* Genes

* All of which are equipped to modulate each other by signals at their interfaces

Functional Interfaces require Intact Barriers!




COORDINATED SURVEILLANCE SYSTEMS:
PROTECTING “SELF” AT THE INTERFACES

HPA Axis (Stress Response)

* Assessing threats from outside (interface with outside
world)
* Compensating for internal imbalances

Immune System

* Surveillance of Self vs. Non-Self
* Highly coordinated by GC signals, highly concentrated
in the Gut

Gastrointestinal Tract- GALT

* Maintaining Barrier Function (interface with outside
4 world)
&+ Signal coordination to brain using direct and immune
facilitated signals.




SELYE AND SURVEILLANCE SYSTEM
STRESS

Control “Stress”

A
{u" \ 0 e Hypertrophy of Adrenal Gland (HPA)

Atrophy of the thymus and other
lymphatic glands (Immune system)

Erosions and ulcers in the duodenum
(Gl-system)




INTERFACE OR BARRIER?

“The barrier/permeability functions of the gut represent one of the most
important interfaces between a person and the external environment. However,
we should not imagine this barrier function as simply a means to keep things
out, but as a sophisticated system to communicate with, and allow selective
entry of, certain contents from the gut lumen into the body. This requires a
tightly controlled, but thin barrier of tissues and secretions intentionally
designed for close proximity to the gut lumen. This proximity permats
the absorption of available nutrients and physiological interaction with
trillions of non-human microbes and their metabolites and signals, but also
creates a vulnerability to those same microbes, toxins and immunologically
reactive components from the gut lumen.”



EXPANDING THE SURFACE AREA
MORE INTERFACE: MORE VULNERABILITY




THE FUNCTIONAL COMPONENTS OF
THE GUT BARRIER

Human Gl cells that create the interface (Enterocytes, Colonocyte etc.)
Human Immune cells that line the inside or penetrate the interface
Human Neuroendocrine cells and neurons with synapses nearby.

Luminal Excretions from human cells (Mucus, sIGA, anti-microbial peptides, enzymes, acid, neurotransmitters
etc.)

Non-Human microbes in the lumen and mucus lining
Commensal, Pathobiont, Pathogenic Bacteria
Viruses (free and bacteriophages)
Fungi

Non-human eukaryotic organisms (are any of these commensals?)



BASIC FEATURES OF THE GUT
BARRIER

Small Intestine- Villi and Cryp

Colon- 2 mucus layers, crypt
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STEM CELLS: CONSTANT TURNOVER
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ABSORPTIVE EPITHELIAL CELLS
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TIGHT JUNCTIONS

Agqueous Pores

Plasma
Membranes

Tight Junction | == % - i of Adjacent

Strands 1 Y Cells

Faracellular

Membrane Pathway

Froteins

© Guilliams: GI Roadmap- Point Institute 2016

MLCK- Myosin Light Chain Kinase

Tight
Junction

Z0-zonula occludens




PANETH CELLS: MANAGING DYSBIOSIS
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Found only in Small Intestines
(primarily Ilium)

Migrate into crypt after
differentiation from stem cells

Secrete antimicrobial peptides
(AMPs) into gut lumen

Are long-lived (months)
compared to absorptive cells.

Help regulate stem cell activity
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-TIGHTLY BOUND

IMMUNE SYSTEM

30 THE GITRACT AND IMMUNE FUNCTION
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TRAINING: FRIEND OF FOE?

Most people say “75% of the immune system is in the gut”
This is sort of true, if you only calculate the location of cells.

The immune system is the gathering place of naive B and T cells,
and the primary location for peripheral tolerance.

This also requires many innate immune cells, including antigen
presenting cells (in the gut: dendritic cells are in control)



SELF-TOLERANCE IS KEY!
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EDUCATION THROUGH SAMPLING NON-SELF
FRIEND OR FOE?
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DENDRITIC CELLS

MAMPS Cytokines, cytoprotective
factors, mucins and
Probiotic bacteria—, ’ tight junctions
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PATTERN RECOGNITION RECEPTORS
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TOLL-LIKE RECEPTOR FAMILY (TLRYS)

Lipoprotein Peptidoglycan, ~ Mycoplasmal
unconventional zymosan, LAM lipoprotein Enterobacterial Flagellin Profilin
LPS (bacteria) (bacteria, fungi) (bacteria) LPS (bacteria) (bacteria) (protozoa)
TLR1/2 TLR2/2 TLR2/6 TLR4/4 TLRS TLR1N

extracellular

intracellular

.- ==~ Cytokines" -

g » M

Figure: Toll-like receptor (TLR) signaling. This diagram shows the different types of TLRs, their locations and the patterns they recognize. See text
for more details about the signaling pathways. Image adapted from Minireview: Toll-like Receptors (T LR)-www.abdserotec.com.




INFLAMMASOME (NLRP3-TYPE)

NUCLEUS

Pro-IL-1p

“Priming” by
proinflammatory stimuli
e.g. TLRs, TNF, IL-1p

NLRP2 inflammasome

1

Reactive oxygen

? <
. v

v i A

species || Lysosomal =

& rupture %
T eV

NLRP3

assembly

L SASE D Activated
+\ casp | Caspase-1

. casr )
g ”'—____'“"“\@90 IL-1p
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| particulate

R

[

inhibitor
(Ca-074-ma)

Inflammation

Heptamer complex between caspase and NRLP3

Caspase activates the release of IL-1b, furthering
inflammatory cascade

3 potential triggers

Cell:Volume 140, Issue 6, 19 March 2010, Pages

821-832




“PARACRINE” FUNCTION OF
INFLAMMASOMES IN IBD

Inducing bacteria / Intestinal
inflammatory signal bacterial lumen
components
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INFLAMMASOME AND CHRONIC DISEASE

Type |l Diabetes

IL-1B & IL-18

\1
11

Pancreas Adipose Tissue Liver Skeletal Muscle Circulation

NLRP3 inflammasome actiavation and IL-1B during type 2 diabetes

| Insulin secretion T Inflammation 1 Inflammation | Insulin Sensitivity | Insulin
| Beta cell mass | Insulin Sensitivity 1 Hepatic Steatosis t Glucose
1Beta cell apoptosis | Insulin Sensitivity T HBA1C

T Inflammation

Front. Immunol., 08 March 2013



AUTOINFLAMMATORY DISEASES

Autoimmune
D Mendelian disorders 1

Polygenic diseases

Organ-specific | Systemic lupus |
autoimmune diseases erythematosus |

Multiple |
sclerosis

Rheumatoid
arthritis

Organ-specific < = Systemic

"Enﬂammamry
bowel disease |

: Systemic juvenile
Spondyloarthropathies idiopathic arthritis

Gout and other

crystal arthropathies -
p— ; Familial fever
syndromes

r
Autoinflammatory

MNature Reviews | Immunology

Nature Reviews Immunology 12,570-580 (August 2012)
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LEAKY GUT: MANY DIFFERENT VIEWS

Healthy microbial community Disrupted microbial community

Exogenous pathogen
- %&&
Antibiotics
Kili Salmonella, Shigefla

Mutritional competition
Decrease in O, amount

Suppression of

virulence factor

l Depleied microbiota |
o Q N &

Overgrowth of
pathobionts C. difficile

VRE % &%
(90 0 %go Toxin

© P P
:;tho-btonts f 6:) QD % &
#F = e
T microbiota &%ﬁ'

| Mucin, Reglll Y IgA
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| | | | f O Epithelial damage
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T 17 cell o O Systemic dissemination of
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Nature Immunology 14, 685-690 (2013
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IS “LEAKY GUT” A LEGITIMATE TERM?

"Leaky Gut" on PubMed

STNTNTNTNTNTIN T A g e e T

“From an MD’s standpoint, it’s a very gray
area,” says gastroenterologist Donald Kirby,
MD, director of the Center for Human
Nutrition at the Cleveland Clinic.
“Physicians don’t know enough about the
gut, which is our biggest immune system
organ.”

"Leaky gut syndrome" isn't a diagnosis
taught in medical school. Instead, "leaky gut
really means you’ve got a diagnosis that still
needs to be made,” Kirby says.“You hope
that your doctor is a good-enough Sherlock
Holmes, but sometimes it is very hard to
make a diagnosis.”

“We don’t know a lot but we know that it
exists,” says Linda A. Lee,MD, a
gastroenterologist and director of the Johns
Hopkins Integrative Medicine and Digestive
Center.“In the absence of evidence, we
don’t know what it means or what
therapies can directly address it.”

From WebMD (page hasn’t been updated
since 2013!)



“LEAKY GUT”- MORE COMMONLY USED

Recent advances in basic science

Leaky gut: mechanisms, measurement and clinical
implications in humans

Michael Camilleri

There is much folklore about the leaky gut and
its relationship to microbial balance within the gut.
One of the first ‘hits’ in searching information on
leaky gut on the internet provides comprehensive
advice, contrasting what happens when the balance
is ‘right” and when ‘out of whack’, and advice on

haw ta oot tha ont micrahee hack inta halance

Division of Gastroenterology
and Hepatology, Mayo Clinic,
Rochester, Minnesota, USA

ABSTRACT

The objectives of this review on ‘leaky gut" for clinicians
are to discuss the components of the intestinal barrier,
the diverse measurements of intestinal permeability, their
perturbation in non-inflammatory ‘stressed states’ and
the impact of treatment with dietary factors. Information

an thanalthu! ar flanba’ aut in tha miohlic damain rasnirae

Correspondence to
Professor Michael Camilleri,
Mayo Clinic, Rochester MN
55905. LISA:
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J Neural Transm (2015) 12213191322
DOT 10.1007/300702-015-1381-9

@ CrossMark

NEUROLOGY AND PRECLINICAL NEUROLOGICAL STUDIES - SHORT COMMUNICATION

Elevated fecal calprotectin in patients with Alzheimer’s dementia
indicates leaky gut

Friedrich Leblhuber * Simon Geisler ¢
Kostja Stweiner *+ Dietmar Fuchs * Burkhard Schiitz

FIOOOResearch

F1000Research 2020, 9(F1000 Faculty Rev):69 Last updated: 31 JAN 2020

") Check for updates

REVIEW
All disease begins in the (leaky) gut: role of zonulin-mediated

gut permeability in the pathogenesis of some chronic
inflammatory diseases[version 1; peer review: 3 approved]

Alessio Fasano 1.2

TMucosal Immunology and Biology Research Center, Center for Celiac Research and Treatment and Division of Pediatric Gastroenterology
and Nutrition, Massachusetts General Hospital for Children, Boston, Massachusetts, USA
2European Biomedical Research Institute of Salerno, Salerno, Italy
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Leaky Gut As a Danger Signal for
Autoimmune Diseases
g Mba, i MRl ST ML el e’ e B Lk

B UL W 0 T e RO T S R, PO D e TR T O b T A T, o e N,
PTG, L, [EE j v, dme




Seguella L, Sarnelli G, Esposito G (2020) Leaky gut, dysbiosis, and enteric glia activation: the trilogy behind the intestinal origin of Parkinson’s
disease. Neural Regen Res 15(6):1037-1038. doi:10.4103/1673-5374.270308
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MORE COMMON SCENARIO

INCREASED INTESTINAL PERMEABILITY DECREASED INTESTINAL PERMEABILITY

Front. Immunol., 07 December 2015 | https://doi.org/10.3389/fimmu.2015.006 12




WHAT WE CAN LEARN FROM CELIAC DISEASE

[MECHANISMS OF DISEASE]

THE INSIDE STORY

Investinators do not know every detail of how the immune system wreaks havoc
with the intestinal lining of celiac patients, but they have identified a number of
likely processes (heiow). Colored arrows indicate events that might be blocked

E : S el WY 9 Thevarlous
by interventions now being investigated [see tabiz on opposite page]. i i T L 1 I TV e assaults disabla
- F T and kil
[} Indigestible fragments of gluten ; X YL T e enterocytes.
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Mechanisms of gliadin-induced zonulin release, increased
intestinal permeability, and onset of autoimmunity.

Ghuten
B 9 Gladn fragments

Zonulin= pre-
haptoglobulin 2

Physiological Reviews
©2011 by American Physiological Society

Alessio Fasano Physiol Rev 2011;91:151-175



MEASURING GUT BARRIER FUNCTION

Gold Standard: Ex-VIVO Ussing Chamber

Biopsied Tissue (Or experimental monolayer)
oriented across membrane

Can measure Transepithelial electrical resistance
(TEER)

Model system for measuring insults to Gut
epithelium

No support cell structures, no microbiome etc.




MEASURING GUT BARRIER FUNCTION

InVivo: size Exclusion Test (Urine Analysis)

Intestinal Permeability g %0

Normal Gut .. ‘. 9
o9 §
9 Rl L ] @ M
. “. ‘ :.'.‘ . "" ~ )
Niled - .
ot e o X ' ;’.. 4 ; J
- '] .
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° ©
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® 2
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Lactulose/Mannitol Test most common

Mannitol is general measure of gut area, denominator can be altered (low) during
atrophy (Celiac, Inflammation etc.)- Ratio can rise even when lactulose levels do
not increase due to low mannitol absorption

Other test reagents: rhamnose, different size PEG molecules etc.

Be careful to follow dietary and timing instructions to prevent false interpretations




OTHER (POTENTIAL) MEASURES OF
GUT PERMEABILITY

Urine/Serum levels of microbial metabolites: D-lactate,
endotoxin etc.

Increased level of bacteria in dense mucus (biopsy)
Reduced plasma citrulline (biomarker of Glutamine)
Fecal Calprotectin (Inflammation)

Measures of T| proteins [ZO, Claudins, Occludin etc.)
Serum [or FECAL?] zonulin



Gl CONDITIONS FOR WHICH BARRIER
FUNCTION IS OFTEN COMPROMISED

Gl Infections (V. Cholera, EH E.coli, C. diff, H. pylori)

Gut inflammation of any kind likely triggers some gut permeability
Celiac Disease and 30% of asymptomatic relatives.

Inflammatory Bowel Disease (both UC and Crohn’s)

IBS-D (though not stat. sig. in all studies)
SIBO!?



Gut Permeability connected to Obesity, Insulin Resistance and the
Western dietary Pattern

Dieta it
e | nutrient intake and‘or malabsorpuon
Dryshiosis
and/or nutrient dyshomeostasis
l } ! l
 diciditul Imotility High fat Mutritional deficiencies
Inflammatory _ ¥
tonus v High fructose VitA, D, Zn, Ca, Mg
SIBO i v
1 / * INCREASED INTESTINAL
*
x4 / — PERMEARBILITY
Altered bile acids v - I
metabolism tChylomicron formation
Altered tonus of peripheral 4’ = S
endocannabinoid system INCREASE IN PLASMA ENDOTOXINS
progsesave !
| energy : hypentrophy
extraction | Enlargement | o 1nfiration of > | Activation of systemic
of adipocytes immune cells inflammation
mio adipose
tissue l

Bemign

Crbesity

halign Obesity —=
{insulin resistance)

Metabolic alterations
*low HDL.
shypertension,

=fatty liver,

sglucose intolerance

Nutrition Research,2012-
09-01,Volume 32, Issue
9, Pages 637-647




ZONULIN LEVELS ARE OFTEN INCREASED IN
OBESE SUBJECTS AND TYPE 2 DIABETICS

J Nutr. 2016 Sep;146(3):1694-700. dol: 10.3945/jn.116.235358. Epub 2016 Jul 27
Gut Microbiota Richness and Composition and Dietary Intake of Overweight Pregnant Women Are
Related to Serum Zonulin Concentration, a Marker for Intestinal Permeability.

Int J Endocrinol. 2013;2013:674106. doi: 10.1155/2013/674106. Epub 2013 Jul 18.

Gut microbiota, microinflammation, metabolic profile, and zonulin concentration in obese and
normal weight subjects.

PLoS One. 2012;7(3)e37160. doi 10.1371journal. pone. 0037160, Epub 2012 May 18

Circulating zonulin, a marker of intestinal permeability, is increased in association with obesity-
associated insulin resistance.

Eur J Endocringd, 2015 Jan;172(1k29-36. doi: 10.1530/EJE-14-0585. Epub 2014 Oct 21

Serum zonulin is elevated in women with polycystic ovary syndrome and correlates with insulin
resistance and severity of anovulation.



THE FUNCTIONAL COMPONENTS OF
THE GUT BARRIER

Human Gl cells that create the interface (Enterocytes, Colonocyte etc.)
Human Immune cells that line the inside or penetrate the interface
Human Neuroendocrine cells and neurons with synapses nearby.

Luminal Excretions from human cells (Mucus, sIGA, anti-microbial peptides, enzymes, acid, neurotransmitters
etc.)

Non-Human microbes in the lumen and mucus lining
Commensal, Pathobiont, Pathogenic Bacteria
Viruses (free and bacteriophages)
Fungi

Non-human eukaryotic organisms (are any of these commensals?)



IS THIS STILL THE CURRENT STATE OF
MICROBIOTA KNOWLEDGE?




NOMENCLATURE ISSUES

Commensal Organismes:

the totality of nonpathogenic Organisms that are “natural”

residents in or on the host (supplied through the environment or
diet).

This term can also be used to distinguish these “natural” organisms
from “supplemented” organisms that are generally incapable of
long-term Gl residence(e.g., probiotics).

Pathobiont:

This is a commensal organism with the potential for pathogenic activity that, in some circumstances,
can trigger negative outcomes for the host (e.g., antibiotics and C. diff.). These might require the
presence of other microorganisms, host immune system dysfunctions or other unknown factors to
become pathogenic.



WHAT’S IN YOUR ECOSYSTEM?




WHAT IS THE MOST IMPORTANT TO KNOW!?

H\ﬁ.
Most of the 'l \.
information we
have is here! b

Microbial community

Which microbes What are the What is the
are there? microbes doing? genetic potential?
L r ¥
Nucleic acids RNA Proteins Metabolites DNA

SSU rRNA Metatrans- Meta- Meta- Meta-
approaches criptomics proteomics bonomics genomics

E G Zoetendal et al. Gut 2008;57:1605-1615




MICROBIOME DNA ANALYSIS

OTU = Operational Taxonomic Unit,
a group of very similar 165
EBQUENCaS

Microbiome
?Jbsampla * ﬁ

Mucleic acid

17 extraction/purification —1
165 rRNA seguencing Total microbiome DNA sequencing

PCH Elmpm}’ W e
8 AN Cone A

l W
Sequence  urricirictrcanice s
Group sequences into OTUs [

Compare OTU sequences
to databases

Identification of:
* Species .?4/
* Relative abundance of =% —

species within sample e

MNext-generation sequencing
of total DNA from the

microblome sample
| o

Filter host DNA sequences”

Compare microbial sequences
to databases and
reference genomes

Identification of:

» Species « Variants

+ Relative abundance of  + Polymorphisms
species within sample  + Functional

- Genes information




MORE DEFINITIONS

Operational Taxonomic Unit (OTU):

This operational definition of species is used when only genetic material (mostly 16S rRNA) is analyzed to
distinguish one species from another. Since many bacteria within the gut microbiome cannot be isolated,
grown and investigated in a laboratory setting, they are identified by their genetic sequences and classified
into OTUs. Diversity is often described as the number of OTUs. For the clinician, this is functionally
identical to the number of species.



DNA TESTING CONUNDRUM

There is a debate amongst p gyt
researchers as to the most s X N\ B

appropriate measures of metagenetic = . .-
information to define a person’sora = ¢, 7

population’s microbial species. N A
Clinically-speaking- we have ™
extremely limited knowledge as to T oo

what to do with this information, how =" %\ . 7
to define an ideal microbiome (if such A\

exists) or how to predictably o g

manipulate the microbial environment ' & &

in a given subject. o ! e
. -




MICROBIOME(S) IN THE GUT

Stomach 0-107% pH 2

Candida (yeast species] Colon 10''-10"; pH 5.5-7
Clostridiaceae (Peptostreptacoceies) Bacteroldaceae (Bacteroides)
Helfcobacteraceae (H. pylori) Bifidobacteriaceas (Bifidobacterium)
Lactobacillaceae (Lactobacillus) Clastridiaceae (Clostridium; f. prausnitzii)
Streptococcaceae (Streptocaccus) ' Enterobacteriaceae (E. cofj)

\.L Prevoteliaceae

Proteobacteria
Verrucomicrobiaceae (A. mucinophilial

Duodenum 10°% pH 4-6

Lactobaciliacene (Lactobacillus)
Staphylococcaceae (Staphylococeus)
Streptococeacene (Streptococcus) Jejunum 10% pH 4-7
. Enterococcacege (Enterococcus)
Lactobaciftaceae (Lactobacillus)
Streptococcaceae (Streplococols)
Distal lleum 10°-10% pH 6-7
Bacteroidacege (Bacteroides)
Clostridioceae (Clostridium)
Corynebacteriaceae (Corynebacterium) Proximal lleum 10°; pH 6-7
Enterobacteriacege Lactobacillaceae (Lactobacillus)
Streptococcacene (Streptococcus) Streptococcaceae (Streptococcus)

Fecal Microbiota Analysis (by any means) is only

a biomarker of these microbiomes (heavily
skewed to the distal colon)




WHAT IS THE BEST WAY TO DEFINE AN
INDIVIDUAL'S GUT MICROBIOME?

Phylum level Difference?
Enterotypes?

Specific OTUs!?

Overall Diversity!?

Presence or absence of specific species!?




PHYLUM LEVEL MEASUREMENTS




Phylum
Bacteroidetes T
Firmicutes =
Actinobacteria —_—
Verrecamicrobia 1

Proteobacteria

COther Cyanobacteria,
Fusobacteria, Tenericutes

Class

Bacteroidetes

Clostridla

Racilli

Actinobacteria

Verrucomicrobiae

Garmmapratecbacteria

Epsilonprotesbacterla

Family

Bacteroidaceae

Clostridiaceas

Lactobacillaceae

Streptococcaceas

Bacillaceas

Bifidobactenaceas

Verrucomicrobiaceae

Enterobacteriaceas

Helicobacteraceae

Genus

Bacteraides

Faecalibacterium

Clostridium

Lactobacillus

Enterococcus

Streptoooccus

Bacillus

Bifidolbacterium

Akkermansia

Escherichia

Helicobacter

Species

B. fragilis

B. acidifaciens

F. prausnitzii

C. difficile

L. acidophilus
L, paracasei
E. fascium
5. thermophilus

E. subtilis

B. animalis

B. bifidum

A mucinaphilia

E. coli

H. pylori

Sub-species

L paracasel
subsp. paracasei

L paracasei
subsp. tolerans

B. animalis subsp. lactis
{i.e B lactish

B. animalis
subsp. animalis



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

Carlotta De Flippo®, Ducclo Cavalier!®, Monica DI Pacla®, Matteo Ramazzottl’, Jean Baptiste Poullet®,
Sebastien Massart®, Silvia Collinl®, Gluseppe Pieraccin®, and Paclo Lionett™'
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Original Article Obesity

OQBESITY BIOLOGY AND INTEGRATED PHYSIOLOGY

Human Intestinal Microbiota Composition Is Associated with
Local and Systemic Inflammation in Obesity

Froukje J. Verdam'* Susana Fuentes,) Charlotte de Jonge,"* Erwin G. Zoetendal,® Runi Erbil!
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1

Frequency

COMMERCIAL LABS AND PHYLUM

REPORTING

(DOES THIS TELL THE PATIENT ANYTHING?)

00—

American Gut

uBiome

I Firmicutes

I Bacteroidetes
Protecbacteria
Actinobacteria
Verrucomicrobia
Tenericutes

I Cyanobacteria

B Fusobacteria

B Other i

HeaRmy
Cmnivores

Vegelanans Al

You vs. other
groups

@ Fimicutss

@ Bactemicstes

@ Frotecbacteda
Varrutomicrobia

@ Actinobactada



ENTEROTYPES

ARTICLE -
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Enterotypes of the human gut microbiome

Jeroen Raes*, Eric Pelletier’™**, Denis Le Paslier™**, Takuji Yamads', Daniel R. Mende',
Bertalar®, Natalla Bormel®,

Gabriel R. Pun.nﬂs’! hlm'qu‘" Thomas Bruls™**, Jean - munm’

Prancesc Casellas®,

Michiel Kleerebezém®®, Ken Kornicaws’, Marlon Ledierc’,
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, Jun Wang®:
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Cell Host & Microbe

Rethinking “Enterotypes”

Dan 12 L. Ward,” Christo E. McKinlay,"~ Hanngh Miller,” Antonlo * Danlel McDonald,*
Den wm pher niay. er, Gonzalez,

"Department of Compuier Science and Engineesring

BioTedndogy nsiute

University of Minmesata, St. Paul, MN 55108, USA

IBiokonters insftute

“Depariment of Chemistry and Biochemisry

Deparnent of Compuier Science

University of Calomdo at Boulder, Baulder, CO 80309, USA

SHowand Hughes Madioal nafiule, Boulder, CO 80309, USA
& ob knightl colorada.edu

htip/idx doi arg/10.1018§.chom201409013

Classification of the human gut microbiome into distinct types, or “enterotypes,'’ provides an attractive
framework for understanding microbial variation in health and disease. However, as discussed here, several
different methods of collapsing enterotype variation into a few discrete clusters suggest that enterotype dis-
tribution is continuous and can vary widely within an individual.

“In light of our findings, we believe that previous analyses produced overconfidence in the
claim of discrete enterotypes and that continuous variation is the simpler and therefore
better-supported conclusion. ....... Consequently, although discrete clusters may be
significantly correlated with a disease state, they may not be appropriate for predicting that
disease state due to masking of important within-cluster variation in critical taxa. Finally, in a
meta-analysis including both dense single-individual time series data and cross-sectional
multiple-individual data, we demonstrated that a healthy adult human’s microbiome can
traverse much of the total variation space of healthy human gut microbiomes throughout the
course of a year, providing evidence that enterotypes are fluid and continuous.”



HOW STABLE IS AN ADULT’S
MICROBIOME!?

SHARE RESEARCH ARTICLE

P The Long-Term Stability of the Human Gut
Microbiota

Tyt e y————

@ Rudoiph L Leiber’, Michael Rosenbaum®, Jeffrey |. Gordon
ALt

Core: ~60-70% of Species

= Mostly stabde in adulthood

= Foarned by geagraphy, easly life snvirenment.
dietary patiem, genetics, ok

= Populstion enterodypes?

“Nonetheless, overall the set of microbial strains was
remarkably stable, with over 70% of the same strains
remaining after one year and few additional changes
occurring over the following four years.... Finally, the
stability we document highlights the impact of early
colonization events on our microbiota in later life;
earlier colonizers, such as those acquired from our
parents and siblings, have the potential to provide
their metabolic products and exert their
immunologic effects for our entire lives.”

i Variable: ~20-25% of Species

= Varies by

asan, medications, ravel
1 facton
bilish quickty after antibiotics

Transient: ~5-15% of Species

= Microbes in food, a waiet, envirenment, et
= Probiatics

From: Guilliams TG. Functional Strategies for the Management of Gastrointestinal Disorders (Point Institute, 2016)




PERSPECTIVES

NION

Gut microbiome as a clinical
tool in gastrointestinal disease
management: are we there yet?

Eamonn M. M. Quighey

For the purposes of this Perspectives,
1 'will use the following definitions for
clarification. The microbiota refers 1 the
asemblage of microorganisms (and not just
bacteria) present in a defined enviro nment.
by contras, the microbiome comprises
the full complement of microorganisms
(bacteria, viruses, fungi and protozoa),
their genes and genomes in a gven
locus (for example, the gut). It must be
conceded that these terms are often used
interchangeably in the lerature to refer
to bial

Abstract | Spurred on by ing '3 in anatytical mett
the microbiome. and the gut microbiome in particular, has become the hot topic
in biomedical research. Ingenious experiments in animal models have revealed the
extent to which the gut microbiota sustains health and how its disruption might
© to disease path Not surprisingly, associations between the
microbiota and dizease states in humans have been the subject of cor

Wheat is normal?

Despite advances in analytical techniques
and their interpretation, our underst

of the composition and function of all of

interest and many links proposed. However, with rare exceptions, the incrimination
of an altered microbiota in disease pathogenesis seems premature at this time
given our incomplete understanding of the composition of the gut microbiota in
health and the effect of many confounding factors in the interpretation of
suppaosedly abnormal microbial signatures. Future studies must account for these
variables and the bidirectionality of host-mecroorganism interactions in health and
disease. inthis Per 3 the status of ar inthe clinical arena
(for facilitating diagnosis or refining prognosis) will be critically axsessed and
guidance toward future progress provided.

Few areas of biomedical science have of . immunological and

witnessed such » rapad explosion in allergic disorders’. An akered microbiota

knowledge as that relating to the gut has, for example, been impl dina host
" i disorders

the b I popal not to mention
other microorganisms, such as viruses and
protozoa, that inhabit various parts of the
L 1 remains
Even the oft-quoted assumption of a
10:1 ratio between bacterial and human
cells has been questioned® Al
much has been learned of the contributions
of the microbiota to sustsining health,
this progress does not mean that we can
accurately define normality. Although fairty
large population shudies ( ranging from
the low hundreds to over one thousand)
have demo nstrated some commonality
bet ween healthy individuals at genus level.

microbiome — the microbiome of app ly diverse. nging
Parkinson disease” and aufisor* to dmbetes’,

Over the past two decades, our eyes have
been apened to the various parts that our agthma' and coeliac disease’

commensal bacterial populations play in In & very short space of time, therefore.
keeping us haalthy. not surprisingly, dinical ~ microblome research has moved from

and laboratory researchers have rushed the laboratory into the realms of clinical

1o examine associations between the gui practice, for which iis potential in facilitating

microbiome and various dsease sates. disgnosis, predicting prognosis and guiding
Initially, and for cbvious reasons, the focus treatment has generated consderable mterest
was on gastrointestinal dseases whereby among investigators and the biomedical
examples of the effect of a disturbed gt industry alike Three assumptions underlie
microbiots were already present: enteric  belief in the clinical applicability of
infections, Helicobacter pylors -related microbiome research: first, that we kmow
diseases and antibiotic -asocuted dirrhos’.  what is normal. second. that we can

Over the past decade, and facilitated by rapid

accurately and reproducibly define what

and ever-ewolving progress in tech niques that  is abnormal, and. third. and perhaps most

enable us to enumerate niestinal bac teria,
their genes and metabolic products’, we have
witnessed claims for assocmtions between
the gut microbiota and a broad spectnum

important, that we can establish a biologically
plausible and clinically mesningful

relationship between a certain microbiota or
microbiome profile and a given disease tate.

variation
order of the day at the level of species and
drain'**, As the factors that contribute
to that variability are identified. one can
begin to appreciate the extent to which
factors — sich as age™”, birth mode”*,
breast-feeding or formula-feeding™, diet™,
geography™, exercise’', other lifestyle
factors, such as ak chol consumption™=,
and exposure to antibictics” — can affect
any definition of normal’ FiC. 1. Diet
might wel be the foremodt confounder
of many buman microbiome studies to
date. Not only does the overall nature of
& particular dietary pattern (for example,
VeAD Versus Vegetarian wersis Carnivore,
of highly processed Western diet versus
rural African diet) influence the microbita
but the relative amounts of specific
components (carbobydrate, protein, fat,
fibre) are also mportant™. Distary habit

NATURE REVIEWS | GASTROENTEROLOGY & MEPATOLOGY

SOME PRECAUTIONS

ADVANCE ONLINE PUBLICATION | 1 /

* We don’t yet know what is
“Normal”

* Most commercial Lab Data is not
Reproducible enough to
adequately deciphering Stool
samples for diversity

* Stool samples may be
representative of some portions,
but perhaps not the most
important features of the
microbiome



FUNCTION
MATTERS

Altered patterns within
the microbiota in early life
may influence health long
after those patterns are
discernable through
microbiome testing
(Know the patient’s
History!)

Factors influencing
maother gut microbiota

; Bacteria in
Pregnant weight amniotic fluid
gain
Smoking in
Antibiotic exposure pregnancy

Hygiene and social

o Gestational metabolic
condition

abnormalities

Mother—child
symbiosis
_ . Antibiotic exposure
High-fat mother's milk
Intensive care at birth
Weight at birth
Delivery and feedin

Factors influencing
child gut microbiota

Putignani L, Del Chierico F, et al. The human gut microbiota: a
dynamic interplay with the host from birth to senescence settled
during childhood. Pediatr Res. 2014 Jul;76(1):2-10.




Rapidly Changing Microbiota

C and P pe ©n many factors-changes rapidly

Early Life Experionces Critical to tha Establishmont of the Gut Microbiota:

= Birth Maode
Cesaraan birth delays colonization by Biffdedadcténam and Facteraides, initial gul
community resembles mother's skin and oral microbiota and envimnmental
bacteria Stophyincoccus Proplonibvacterium and Corynebacterium): Vaginally
bmn infant gut microbiota tesermiles maternal vaginal and gut microliata
floctoboaiies, Prevatella and Saecifik)

+» Length of gestation
Preterm associated with # bacterial transkocation, 4 inflammation.
ckdative stress, + NEC/LOS compared to infants bam at 12

= Maodie of leeding
Breasimilk assnciated with + Biffdetoctensm and + Enismbadienaceas

« Enviranment (NICU)

= Medications
Antibiotics and prabon pump shibikors

INFANT

Relatively Stable Microbiota

Firmicutes » Bacterpidetes »Frotecbacteria > Actinobacieria

| |

Core species falrly stable over time
ADULT
Core Adult Factors That Affect Gut Microbiota:
= Hygiene factors * Stress = Gl Disorders
= Circadian dysrhythmia = Infl i « Suxh effects
* Diet

Senescence
> Mediterranean diet linked to more diverse and healthy gut
microbiome compared to standard Western distary pattem

* Microbiofa quickly adapts to dretary shifis

» Vegetatians: + Bactenoidetes, 4 Clastridia

* Sepage X for dietary recommendations

+ Bactoroidetes, 4 Bifidobacterio

Microbicta more vulnerabls to change due to alterations in diet,
activity, bowel transit and immunosenescence

I.l. i
ais

© Guilliams: GI Roadmap- Point Institute 2016



Resists colonization by
’ microbes adapted to a
\/ disturbed gut

Primary succession Healthy stable state
Infant
) )‘ Positive and negative feedback
Species-poor and Species-rich, maintains environmental
unstable complex metabolism and and compositional homeostasis
inflammation-sensitive

Positive and negative feedbacks drive change

1
+ Persistent
| stressors
' Can we reverse
Threshold gut ecosystem
degradation?
Degraded F TN P Degraded stable state
transient state Positive and negative feedback
Incomplete recovery Species-poor, maintains environmental

Species-poor and simple metabolism and and compositional homeostasis

unstable U U inflammation-tolerant

Resists colonization by
microbes adapted to a
healthy gut

Nature 489,220-230 (13 September 2012) doi:10.1038/naturel 550




FUNCTION MATTERS

The presence or absence of specific species of (or genes From) bacteria may be
less important than the Gene expression, Proteome or Metabolome in the
Gut.

on

I Microbial community I

1 L y

What are the What is the
microbes doing? genetic potential?

Which microbes
are there?

r

| Nucleic acidsl | RNA I I Prc;teins | | Meta‘bolitesl

L

3
| DNA |

-

' Sl |

L dl
SSU rRNA Metatrans- Meta- Meta- Meta-
approaches criptomics proteomics bonomics genomics




THE BASIC ROLES OF GI MICROBIOTA

Exogenous mlhoge-n Competition
- for nutrients
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: Epithelial Cells
L @ 9 6 L @ 9 & |9 v & F @0 9 8 9 9 s 8 F o9

sigh 'J-"— @

Plasma cell

| Protection | Structural | Metabolic and Signaling

Niche competition + Barrier fortification « Control of epithelial cell differentation « Ferment non-digestible dietary comp-
Pathogen displacement + Induction of IgA and proliferation onents and epithelial derived mucus
Nutrlent competition + Apical tightening of tight junctions ~ ~ Metabolize dietary carcinogens - fon and mineral absarption

Receptor competition + Immune system development - S:.lm:l'lesizevit,armir'm{E.g.f vitamin !i. tlint_in. « Salvage energy

Bindiiction of st nicrobidl factars and maintenance folate, etc.) neurotransmitters, amino acids, . Detoification and biotransformation
{e.q. bacteriocins, lactic acids) short chain fatty acids le.g, butyrate, of hermones, toxins, medications,

propionate, acetate) bile acids, phytonutrients




GUT MICROBIOME AND CVD

Prudent Diet
(i.e. Mediterranean Diet)

Other Factors Affecting
Gut Micriobiota Composition

Early Life
+ Maternal BMI
« Birth Mode
Fiber Phytonutrients . Infant Food Source
Bile Acids i
(via enterohepatic All Lifecycles
circulation) + Host Genetics
- Diet Composition
Western Diet - Antibiotics
(SAD) —— + Medications
+ Stress
- Circadian Disruption
/N Refined Sugar Choline, . Age
/N Saturated Fat Carnitine + Hygiene Factors
o
22 a
g5 =
S
LPS <
(Intestinal Permeability —p TMAO
Dependent) X + Microbial TMA enzyme
+ M Inflammation . needed for TMAQ formation
- N Immune activation Liver .
—— - Dietary pattern appears
to influence TMAO levels
SCFAs @ :
o o 0 2°Bile Acids
+ 1°Bile Acids (BA)
Y
e No S \)ko. s /\)j\u, ) . converted into 2° BA
Acetate Propionate Butyrate Phytonutrient Metabolites via microbial BSH enzyme
o . . 4 . May tr.ansf?rm phytf)nulrients . BA(1°and 2 actas
+ Systemic signaling molecules via G-protein into biologically active : . ;
signaling molecules with

coupled receptors

Shown to have satiety, anti-inflammatory,

form (e.g., soy isoflavones)
May " biovailability

histone acetylation, and regulatory effects of phytonutrient
on tight junction proteins (especially butyrate) (e.g. hesperidin)

varying receptor affinities
for a wide range of host
receptors making for a
large diversity in response.




THE POWER OF ADAPTABILITY

50-150 billion cells

Fixed Genome, slowly change epigenome

Influenced by genomic signals

~| Trillion Cells
30-40% altered genome in few days
Influenced by genomic signals

Epigenome!?




MICROBIOME/IMMUNE INTERFACE
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COMMENSAL FLORA AND

IMMUNE CONTROL
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IMMEDIATE FACTORS THAT INFLUENCE
FECAL MICROBIOME SAMPLES.

SLOW o
TRansiT | PRl @g €€

Transit Time
Tpe2 QR
-
-

Stool Morphology as measured by Bristol Stool Scale

Available time for fermentation/division

individuals with a short transit time may have greater amounts of Type 3 -
fast-growing bacterial species, while those with slow transit r
times may instead select bacteria with greater adherence to host Type 4

tissue. -
The Use of Medications Type5 ~

Antibiotics Type 6 :___“'
Laxative

FAST T Fi
PPls ype ‘q‘!

TRANSIT

Vandeputte D, Falony G,Vieira-Silva S, et al. Stool consistency is strongly associated with gut microbiota
richness and composition, enterotypes and bacterial growth rates. Gut. 2016 Jan;65(1):57-62.




THE BIGGEST LEVERS TO CHANGE
THE HUMAN GUT MICROBIOME

Diverse Diet, variety of plants
Source of New Microbes
Food for Existing Microbes
Fecal Microbial Transplants (short-term?)

Probiotics (short-term)

Processed Food Diet

Broad spectrum Antibiotics
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Diet rapidly and reproducibly alters the human

gut microbiome

Lawrence A. David'”f, Corinne F. Maurice', Rachel N. Carmody ', David B. Gootenberg', Julie E. Button', Benfamin E. Wolfe',

AlishaV.Ling', A.Sloan Deviin®, Yug Varma®, Michael A, Fischbach*

Long-term dietary intake influences the structure and activity of

. Sudha B. Biddinger”, Rachel J. Dutton' & Peter J. Turnbaugh'

measige normal etinghabits (the basel ine periad) and for6 days after

the trillions of microomganisms ru-hn; in the human gut' *,butit  exch dietarm 1o assess microbial revery (the washout period Extendal

remains unclear howrapidly e 8 gutmicro  Dai Fg 1). Subjects’ baseline nutritional intake correlated well with

ds to short change. h their d long-term diet (Supplementary Table 3). Our study

that the nlmn -term consumption of diets composed entirely ofani-  cohont includal a lifetime vegetarian (se Extendad Data Fig 2, Sup
mal or plant products alters microbial cmmn structure and p
inter-individual diff; in l gene expres- byl

sion. The animal-based dict inareased d:ni-uhn:cd bile-tderant

microorganisms (Alistipes, Bilophdaand B d d a
the levels of l'-lrmlclllalhnmmlud!lmplm polysccha- X
rides (Roscburia, Fabucterium rectale and bromi). 1
\hcrdud activity mirrored differences between herbivorous and ¢
G d rzﬂecﬁng de-offs between carbohydrate 24
and protein F icrobes from both diets  p
transiently wlonized the gut, including bacteria, fungi and even iy
by

virm rlulv imnlhti’mdmamdamvdhol llqﬁtl
i based di ta link b
fat, bile acids and the outgrowth of nicmnqmi.m capable of trig
gering inflammatory bowel disease”. In concert, these results demaon:
strate that the gut microbiome can rapidly respond to altered diet,
potentially facilitating the diversity of human dictary lifestyles.
There i growing concan that recent lifestyle innovations, mast
not bly the high-&t/high sugar ‘Westen'diet, havealiered the genatic
compariSan and met bolic activity of ou resident microorgani sms (the
human gut microbiome)’. Such diet -inducrd changes to gt -assaciated
microbial communities are now susperted of wntributing to gowing
epidanics of chronic dlness in the deveopead workd, including obesity*
and inflam matory bowel disease”. Yet, it remains unclear how quidkly
and reproducihl y gut bacteria res pond todietary change Workininbred
mice shows that shifing dietary maconutrients an broadly and con
sistently alter the gut microbiome within a single day’”. By @ntrast.
dietary interventions in human coharts have only measured commu
nity changes ontimescal esof weeks" b months* Iule\lkl!mdﬁgnd]
cant diet-specific effecs’ mduluw ! amang

t
@
t
(
4
il

a3
t

a limited number of bacterial taxa*

We inal whether dietary i in humans can alter gut
microhial communities in a rapil, diet specific manne. We prepured
two diets that varied acaording to their primary food source: a ‘plant
based diet, which wa rich in graing, legumes, fruits and vegetbles
and an ‘animal based diet’, which was compased of meats, eggs and
cheeses (Supplementary Table 1 ). Wepicked these sources to span the
gobal divensity of modem human diets, which includes exclusively
plant based and nearly exclusivdy animal hased regimes'! (the lateer
beingthe case a mong some high-htitudeand pastora it cultures). Each
diet was consumed ad Bibitum for five mnsecutive days by six male and
four fermale American valunteers batween the ages of 21 and 33, whase
badymassindics anged fom 1910 32 kg m ™~ % (Supp enentary Table 2).
Study valunteers were observal for 4 days before each diet amm to

Here we show that the short-term consumption of diets composed
entirely of animal or plant products alters microbial community structure
and overwhelms inter-individual differences in microbial gene expression.
4 Microbial activity mirrored differences between herbivorous and

{ carnivorous mammals, reflecting trade-offs between carbohydrate and

] protein fermentation. Foodborne microbes from both diets transiently
colonized the gut, including bacteria, fungi and even viruses. In concert,
these results demonstrate that the gut microbiome can rapidly respond

1 to altered diet, potentially facilitating the diversity of human dietary
lifestyles. Nature. 2014 Jan 23;505(7484):559-63.

days after the animal-hased diet ended (Fig l¢)

Analysis of the relative abundance of bacterial taxonamic groups
supported our finding that theanimal based didt had a greater mma
on the gut migrobiota than the plant-based diet (Fig 2). We hierarch
ically dustered species level bacterial phylotypes by the similarity of
ther dynamics across dietsand subjects (se Methods and Supplemen
tary Tables 7, 8). Statistical testing identified 22 clsters whose abun
dancr significantly changed while on the animal -based diet, whereas
enly 3 clusters showed significant abundance changes while on the
plant-hased diet (¢ < 0.05, Wikoxon signed- rank test; Supplenentary
Table 9). Notably, the gems Pravotella, one of the laxding sources of
inter-individual gut microbiota variation'* and hy pothes ized to be sen
siive tolang term fibre intake, was reduced in our vegearian sub
ject during consumption of the animal-based diet (see Supplementary
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THE HEAVY HAND OF ANTIBIOTIC THERAPY

=« Depletion of bacterial diversity
« Altered gene expression, protein
activity and overall metabolism

Increased Susceptibility to
Infections by Exogenous Pathogens
or Opportunistic Commensals

« Loss of potential competitors

« Lower expression of antibacterials and lgG
« Decraase in neutrophil-mediated killing

Dysregulated Metabolism

« Elevated inflammatory signals

« Altered insulin sensitivity

« Altered metabolism of SCRA and bile acids

+ Related to obesity, metabolic syndrome, diabetes

Antibiotics

« Selection for intrinsically resistant bacteria

« Selection for new mutations and

gene transfers conferring resistance

Gut Microbiome

Compromised Immune Homeaostasis

« Disruption of Treg/Th balance

+ Elevated inflammatory signals

« Related to atopic, inflammatory and
autoimmune diseases (allergies, asthma,
necrotizing enterocolitis, inflammatory bowel
disease, irritable bowel syndrome, etc.)

Accumulation of Antibiotic Resistances

- Establishment of resistant bacteria
« Transfer of resistance genes to pathogens
« May result in untreatable bacterial infections

© Guilliams: GI Roadmap- Point Institute 2016



THE RISK-REWARD OF RESCUE MEDICINE

* How much of the past 100 year shift in human metabolic function might have been
caused by a massive shift in our microbiome due to the rampant use of antibiotics?

Antibiotic
Control Tiosted

Iy S 11205 0.14£0.11 1606
tag assignment LR 6049, |

Recovery

B Bacteroidetes

B Firmicutes

B Protecbacteria
Other Bacterial phyla

T44 £123

number of animals g 2 10
number of tags 435,908 102,822 467,407

Phylum-level changes in animals given antibiotics




OPEN 8 ACCESS Freely available online

@PLOS | ONE

Trends in Antibiotic Treatment of Acute Otitis Media and
Treatment Failure in Children, 2000-2011

Leah J. McGrath'*, Sylvia Becker-Dreps?, Virginia Pate', M. Alan Brookhart’

1 Department of Epidemiology, University of North Carolina, Chapel Hill, North Carolina, United States of America, 2 Department of Family Medicine, University of North

Carolina, Chapel Hill, North Carolina, United States of America
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Failure Rate (need for new antibiotic within 2-18 days of first prescription) was ~10%



C. DIFF AND ANTIBIOTICS

Taking antibiotics is the top risk factor for developing C. difficile infections for both
children and adults.

Researchers found that 71 percent of cases of Clostridium difficile infection among
American children aged | to 17 occurred shortly after they took antibiotics that
were prescribed in doctors' offices to treat other conditions.

Most of the children received antibiotics for problems such as ear, sinus or upper
respiratory infections. Previous research has shown that at least 50 percent of
antibiotics prescribed to children in doctors' offices are for respiratory infections,
most of which do not require antibiotics.

U.S. Centers for Disease Control and
Prevention, news release, March 7,2014



BIOFILM: A CLASSIC APPROACH, BUT NOT
LIKELY A MODEL FOR GI ORGANISMS
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Microbial biofilms and gastrointestinal diseases
Erik C. von Rosanvinga'®, Graema A. O'May”, Sandra Macfarlana®, George T, Mactadane” & Mark E. Shirtlir®

1 Dugprtimsnt of Gasrosn leroigy and Hepslology, Urivenaty of Mangdand Schiol of Megcns, Balisons, MO, USE
Dt of Wabeians Afass. VA Mardand Haalth Care Syavaim. Ballimens, MO, USA

3 Duparmment of Miciobal Palfhoganasis. Unworsdy o Masdard Schodd of Caentistry, Baflenose. MO, LISA

4 Microtectogy and Gl Brology Group, University of Durdee . Ninewells Hospital Medcal School. Dundee. UK
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The mapdity o bactivia live riol plankioricaly, Dl a8 residents of sessila baatim
communities. Such popubstions feve boen defined as ‘matris-enclosed microbial

aedenin aocretions, which adhese 1o both biological and nonbialogical sufaces”. Baclerial

Comemps
foark: [E. S, Daprartrrsnt of Marotssl

formation of bofilm is impicaled in many chronic dsease slakes. OrewT n iz
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host immune efaciars and fhaapeubc antmcroblals. Tha human gastronbesbnal
{Gl) Fact ancompasses @ plathors of nubitonal @and physcochamical srainon-
s, many of which are ideal tor bflm fomalion and survidal However, itk is
knecrmn of the natee, function, and clinical relevance of thess communities. This
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Introduction

The human gasbrointestinal [Gl) tmct extends from e
esobague Ehiough the somach. smal nlesling, ard
arge mtesire |coion] ard lerminates in the reclum (Fig. 1),
Thia smal intestine is divided prosimally-to-cistaly inlo ha
dunderium, jenum, and leum, Ths colischon of inbercon-
recled organs harbors & diversity of micnohabigls thal are
colorized by microorganisms to varying degresss, dependng
on local environmantal condtions, For the puposes of this
arick, the ol and néaal cavilies wil nol he regamied A8
being parl of ;e Gl tract. akhough these analomical spaces
also oomain great microbological complieadty (Ledder ot @,
2007)

Thera exials in (he G racl 8 gracient ol colonizalion, nm
e relatively sparsely populmed escphagus and stamach ta
e much mane hamaly colonzed colen, which can cordain
up 16 10 cullurable bacledia par gram lumingl conbenis
{Hopkire o al, 2002). Evolution has diclatsd thal the Gl
Tnct possess & large suace anea B0 faciltaie efficent
nuinent uptake, its primary physological roie in e body,

haalih and diseass of bofilm communilies in tha Gl iac

This couglad W high nuddent avalalsity and a constant
influk ol microomensms, togelther with stable aucchiha-
nous populnfions, makes the Gl ract an deal site for the
devslopenent of sesaike microbial Diolim communities. The
microbiome al the gul has recanily been determned in 124
subjpcts, and the microbial divarsity indicates that the enlie
cohoet hashors only beteeen 1000 and 1150 peevalent
bacterial species and sach indwvidual &1 least 160 such
species (Qin ef ar, 20100, in addition, there wans common
microbial lora in sibjpcis iesled wilh 75 species commoan io
- 50 ol indviduss and 57 speces comman b - Bk
Those micreorganisms in closest praxrity bo hast tissues
have the most opporuniy for mieraction with host
prysislogy. immunily. and melabolism Hwe. Mol
popukalions e arqusbly (he mos imponant companant of
ary hast-microbicta imeraction, whether beneficial or det
rimantal. The Gl fract micrcbiota has been implcated in
dseane slates such &5 millmmatory Dowel deease (IBD.
Macphaseon & al, 1908), cokn cances (Homa el al,
15930, b), gasirc concer (Bjorkhoim of @, £003), and
Imkall bownl syndrome (1S5 Swidsinsks ef &, 2005). In

Patogens and Disssse 2097 87, 300, © 2043 Federssion of Dunpean Mirstickogical Socieims. Fubissed by Diacks Puclshing Lol Al dights sesned 25

* Excellent Review of biofilm

* Reveals we still know very little
about biofilm’s beneficial and
detrimental functions- and what we
can do about it.

* Pathog Dis. 2013 Feb;67(1):25-38



Beneficial activities potentially attributed to some exopolysaccharides synthesized by
Bifidobacterium.

VILLUS

Modulators of immune system
Exopolysaccharide (EPS)

=% EPS-producing bifidobacteria
Q,: Pathogens

C;\ Commensal microbiota

Physical barrier-
scavenging agents

g —
I 4

Ty cells T, cell

reg

B cell Macrophage Dendritic cell

Epithelial cells Lamina propria

Hidalgo-Cantabrana C et al. Appl. Environ. Microbiol.

2014;80:9-18 Applied and Environmental Microbiology

Joumals.ASM.org | Copyright © American Society for Microbiology. All Rights Reserved.



THE MUCOSAL MICRO-ENVIRONMENTS
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MUCUS FACTORS THAT INFLUENCE

MICROENVIRONMENTS
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ORIGINAL RESEARCH

CELLULAR AND MOUECULAR
GASTROENTEROLOGY AND HEPATOLOGY

Colonic Microbiota Encroachment Correlates With Dysglycemia

in Humans

Benait Chassaing,’ Shreya M. Raja,”” James D. Lewis,* Shanthi Srinivasan,™* and

Andrew T. Gewirtz'+*

'Canter for inflammation, immunity and infection,

institue for Blomedical Sdences, Georgle State University, Aants, Georgig;

*Digestve Diseases Dhision, Department of Medicine, Emory University School of Medidine, Atlents, Georgla; *Atlinta VA

Medical Center, Decatur, Georgl;

School of Madidne, University of PFennsyivania, Philadeiphia, Fennsyivania
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INHIBITING BIOFILMS IN GI?

Several natural agents (and synthetic analogs) are known to disturb biofilm
formation or inhibit quorum sensing in laboratory tests, but we are not aware of any
research specific to mucosal biofilms generally, or gastrointestinal outcomes
specifically.

We are very cautious on recommending Gl “biofilm-disrupting” therapies because
biofilm communities within the Gl mucosa contain heterogeneous mixtures of
mostly beneficial organisms along with those that are potentially harmful

Biofilm disruption is unlikely to discriminate between the good and the bad.

Furthermore, virtually no evidence exists to guide the clinician in the selection of
agents, doses and length of treatment for Gl biofilm disrupting therapies related to
Gl-related clinical outcomes.

The use of ingredients that perform well in in vitro tests of biofilm disruption of
monocultures, have yet to be shown effective or beneficial for Gl-related outcomes
(though some are marketed as if they have).



THE MICROBIOME AND PHYTOTHERAPY
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BERBERINE- A COMPREHENSIVE
METABOLIC SIGNALING MOLECULE.

An isoquinoline alkaloid found in plants like Berberis aquifolium (Oregon grape),
Berberis vulgaris (barberry), Berberis aristata (tree turmeric)), Hydrastis canadensis
(goldenseal), Xanthorhiza simplicissima (yellowroot) and Coptis chinensis (Chinese
goldthread)- the common source for commercial berberine HCL/Sulfate
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Berberine is a novel cholesterol-lowering drug working
through a unique mechanism distinct from statins

Weijia Kongh*, ling Weit%, Parveen Abidi*®, Meihong Lin®, Satoru Inaba®, Cong Li*, Yanling Wang?,
Zizheng Wang?, Shuryi 5i', Huaining Pan®, Shubui Wang?, Jingdan Wu?, Yue Wang*, Zhuorong Lil, lingwen Lin® &

Jian-Dong Jiang'

We identify berberine (BBRY, a compound isclated from a Chinesa heb, as a new cholesterol-lowering drug. Oral administration
of BER in 32 hypercholesterclemic patients far 3 months reduced serum cholesterol by 29%, trighycerides by 35% and LDL-
cholestered by 25%. Treatment of hyperlipidemic hamsters with BER reduced serum chalesteral by 40% and LDL-cholesterol by
A%, with a 3.5-fold increase in hepatic LOLR mANA and a 2.6-fold increase in hepatic LDLR protein. Using human hepatoma
cells, we show that BER upregulates LDLR expression independent of sterol regulatory element binding proteins, but dependent
on ERK activation. BER elevates LOLR expression through a pest-tran scriptional mechanism that stabilizes the mAMA. Using a
hetemlogaus system with luciferase as a reporter, we further dentify the 5° proximal section of the LDLR mRMA 37 untranslated
reglon responsible for the regulatory effect of BER. These findings shaw BBR as a new hypolipidemic drug with a mechanism aof

action different from that of statin drugs.

The expression of liver low-density lipopratein receptar (LDLR}
regulates human plasma LDL chelestercl {LDL.c) homecstasis™,
Increased hepatic LDLR expression results in improved clearance
of plasma LDL-z through receptor-mediated endecytesis, which
has been stromgly associvted with a decreased ik of developing
cardiovasoular diseass in bumans*9, LDLE exprassion is predomi-
manth regulated at the transcriptiomal lews] through o negative
feedback mechanism by the intrazelluar cholesterol pocl. This reg-
ulaticn is controllsd through specific interactions of stercl-
regulatory element [SRE-1} of the LDOLE promoter™ and SEE
binding proteins (SRERP:)"™. [n the inactive state, SRERP resides
in the endoplasmic reticulam (ER} and associates with another
transmembrane  protein, SREBPcleavage activating  protein
(SCAP) which provides conditional chapereme activity to the
SREEP'™", SCAP contains a chalesteral-sensing demain, which
responds to the depletion of sterol with activation of the
SCAPSREEP tmnsporting activity™ ", Under cholesterol-
depleted conditions, SCAP transports SEEEP to the Golgi appara-
itus, where the N-terminal transcription activation domain of the
SREBP is relzased from the precurser protein through sperific
cleavages'!, The active form of the SREEP tramslocates to the
nucleus, binds to its cognate SRE-1 site and activates transcription
of the LDLR gene. In contrast, under cholesterolreplete condi-
tions, the SCAF-SREBF complex remains in an inactive form in the
TR through active repression by sterols and LNLR gene transcrip-
tion is maintained at a minimal constitutive level

Clinically, statins have been the mast widely prescribed drugs for
‘hyperchalesterclemia®®, Statins inhibit HMG - CoA reductase, the
rate-limiting enzymein cholesterol biosynthesis. [nhibition of chales-
teral bicaynthesis Jeads 1o a depletion of intracellular chalesteral and
an activation of the SCAPSREEP transporting activity, thereby
Tesulting in up icn of the LDLE and subseq I i the
LDL-z in blood. Satine effectively lower the plasma concentration of
LDL-c and reduce mortality and marbidity from coronary artery dis-
#ase 1507, Racent shadizs showed additional benefits of statin bepond
its chiolestercl-lowering effects'®. But despite the success of treatment
with statins, there isa need for new therapies to reduce LDL-c. Some
patients do nat talerate statins well, and more impartantly, many
patients under statin treatment alone do not achieve the LDL< goal

B T R i A

Tk

500 mg BID

Table 1 Effects of BBR on serum lipids in the subgroup of
hypercholesterolemic patients who were not taking other
medication before or during BBR treatment.

Treatmant

(3 manths)

Serum level of cholesteraol

Cholestaral Before
Aftar

Triglycaride Bafore
Aftar

HDL-c Before
Aftar

LDL-c Before
Aftar

BER2

Hyparcholestarolemia
(=5.2 mmoliL, n = 32)

59+07
4.2+059*
2318
15+059*
1.1+0.3
1.1+0.3
3.2+07
24106

Placeba
Hyparcholesterolemia
(=5.2 mmal'L, n=11)
6.1+ 0.6

6.0+0.8

22108

2.1+0.9

1.2+0.5

1.2+0.4

37407

A7+08

B5tatistical analysis of the baselines of cholasterol, triglyeerids, HOL-c and LOL-c showed that
thare were no significant differences betwsan the BER and placsbo groups before therapy (P >
0.05). ***F = 0.0001, as compared ta the baselines of 'befors treatment’ group.

de  Table 2 Effect of BBR on liver and kidney functions of the subgroup of hyperchol

“* medication before or during BBR treatment.

P "

ts who were not taking other

Bt

Tinsibata of Wadizinal Bicteshrokgy, Ghiness Academy of Mad cal Sciencas, and Fukit

and Laberatory of Melecul Mediting, F of Marijng Crly, M

“terans Afairs Palo ANc Heakh Care Systen, Faio Abo, CA, 04304, USA. dDapartmen

“Thase authors this work. O

q P

Publshed onling 7 Nowamber 2004, dol:10. 103Ehm1 13%

a should ba addrassed 1t

Wi n ALTIUL) ASTIL/L) GGET (ALY Eil-T{uM/L) Cr {pMiLy ELUN {mM/L}
up  BER group:
fj Before traatmeant 3z 44.9+21.8 39.3+22.2 E37+24.4 17.4+88 TEE+ 146 576+1.2
oL Aftertreatment 3z 23.6+11.1°" 26.6£8.2% 317+ 15.2% 13.8+6.3" 72e+ 187 579+1.2
he
fin  placabo group:
Bafore traatment 11 45717 3961192 522+21.4 17.0+6.0 T2e+17.1 5.60+1.4
au  Aftertreatment 11 44.8+10.2 3BE+E3 520+ 14.8 17.3£53 731+19 5.66+1.3
Neormal range? 0400 0-40.0 10.0-80.0 3.4-26.5 39.2-134.4 2.1-7.9

="National Clinical Laboratory Manual” issued by The Ministry of Health of the People's Republic of China, with minar modifications. *F = 0.01; **F = 0.001, as compared to thoss 'before

treatmant.' ALT, alanine amin AST, aspartats

(XT3

&ET, gamma glutamyl transpaptidase; Bil-T, total bilirubin; Cr, creatining; BUM, blood urea nitragen.
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Berberine lowers blood glucose in type 2 diabetes mellitus patients
through increasing insulin receptor expression
Hao Zhang™', Jing Wei™', Rong Xue™', Jin-Dan Wu®, Wei Zhao®, Zi-Zheng Wang”,
Shu-Kui Wang”, Zheng-Xian Zhou®, Dan-Qing Song®, Yue-Ming Wang®, Huai-Ning Pan®,
Wei-lia Kong™*, Jian-Dong Jiang™*
Dl purrement of Phemaoligs, Inssituie of Medicinal Sioschnligs, O Academy of Mostical Scierees, Belfing 1030, hing
Theparramaent o Madicine, Maing Firrt Hosplal, Manfing T0N008, Chine
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Ahstract

O e doas work demonsimied Sat besherine (HRR) mcreases msalin recepion {InsR ) expression and imgroves glacose udliy bothin
vitm and in animal modek. Here, we stady Sie InsR - ap-regulitng and glucoss-lowering ativities of BAR in bamans. Oar realks shomed
Sat BRR mecrased sa R messenger RNA and peotein expression in o vasiety of buman cd] lines, inclading CEM, HCT-1 16, SWie~
HTI080, 295T, md beqasitis B virss -smsfecied bamm lver cells. Accordingly, imsulin sfmabied phosphoryhsions of lnsR b
and Akt were maeased after BAR sexment i cultared cells. In e clinkal sady, BER significandy lowered fiatng blood gl
(FBG), hemaglobin A, Siglvcaide, and fwalin kevels in pasionts with type 2 dinbetes mellitas (T2DM ). The FRG- and hemaghk bin A
wering efficacies o f BIR were similxr %0 Sxe of metfimnin and msigliazone. In Se HBR-Seated paiens, e pexentges af periph
bkood hempitecyies that exprss nall were significantly elevated afies theragy. Terbesine alsa kowered FING effectively in chromic bepa!

B oand hepatitis O patiens with TIDM or impaired fsting ghacose. Liver famesiom was improved geady in these patents by show
reduction of liver enzymes. (rar resalss confirmed &e adivity of BER on InsR i bamans and #ts rdationstop with Se ghioselwe
effect. Tageer with ow previoms mpos, we siangly saggest DOR 25 an ideal medicine fir TIOM with 2 mectanism different £

mietformin and rosig s
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1. Introduction

The imulin receplor (InsR) & a membrane spanning
glycoprotein that 15 essemtial for the sction of msulin
Binding of msulin to e @ e liver, muscles, or slipose
tissnes iriggens multiple intrsce lulsr mathways that csuse

These i moconflice of intemess i this wodr
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glycogen synthesis and glicose upske incresse, = well
hepatic/mnscle gluemss sl reduction. The hlood glos
level i thus Jowered [1L2). Thiz is one of the ma
mechamans for the human body o keep glucose homen

Table 1
Feats of BBR, metfomnin, and maightone in T2DM patients

Men s ment Traamment BBR (1 gd, Methrmin Rosigimamne

ati. Disnption of the expression of [mR
hyperglycemic phenotype @ mice [3] Type 2 dishe
e llitess (T20IM] 45 & hursan hyperglyoemic state charsc
ized by maulin resiitenes in peripheral tixues, panticuls
the liver, muscles, sdipocytes, smd panerestic feells [1,4,
Abon 92% of the patients with T2DM show insy
resdgtamee [6). Individuak with imeulin resietnes have eil..
decresien kvels or sheence of [nsR expression [7-4]). Thos.
Ingk is eomsidered ag & potential target to rest T2DM and
imalin redstmes, m which the inrinde prosne kinase
coukl be sctivated for meulin dgmaling. At the present tine,
amalbmolecubs welght compomds that mimic insuln

(refarence mnge) (2mo) a= 50) (15g4d (4 mgd,
a = 26) a=21)
FBG Befom 104204 109205 9.1 z0%
0956 Afser 772037 762037 75206
mmoll)
HbA . Befom 3203 94205 R3:204
HWONe0%) Afer 65202 72203" 68203
% Befox 1.7z 01 1.7202 19203
“17mmoll) Afer 14201* 16201 16201
Valees e mean = SEM.

* P < 01 compamd with that before reatment by paired 7 test.
T P < 001 compamd with $hx before weatment by paired £ test.

| gram BBR per day



EXCELLENT REVIEW OF BERBERINE’S
MECHANISMS AND CLINICAL RESULTS
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Review article

Berberine, a plant alkaloid with lipid- and glucose-lowering
properties: From in vitro evidence to clinical studies
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Berbenine (BOR) (1 an (suinoling plant dialod endowed with wveral phamacological activitles,
imdfuding ant nhul ghioose: and cholesiemllowenng, ami-temewal and s masneerod u labory
properties. The man mechanism by which BB exerts 3 protective role in atherosclerosis relates o B3
chadestero - iswering sctivity. BER sigraficantly increases hepatic low demsity [peprotein recepeor (LDLE)
expression and meduces the eepression and seoretion of the LOUE modulitor progrotein onvenase
sl lisin/kexin type 9 (CSK9), In abdition 1o this, sverdl other stheroproledive effecs hive been
ascribed 10 BEE, inchading angi-nflamemaory and anti-osidant properties, inhibition of vascular smeoth
miascle cell ol ileratsan Jnd improvement of shdoths sl dyshmotion BARE al o imceases ghaoose il
dation in slipocytes and myocyies, while decreases glucose abmorption in intestinal oells, resulling in 2
net hypogiyoemic e In hypencholesterolemas ansmale, BiR ognificanty decreases LOL-C and 1ol
chalesternl [TC) level and reduces aomtic lessons, an effect similar to that of statims. In diabetic animals.
B sugnificantly reduces ghuoose bevels, improves gloome olerance, reduces body weight gain and
adipose tisee miss, Severd dinical sudies Rave dlso iested the efficacy of BER in humans. In hipes
cholestembemic subjects, BER induces a significant reduction of TC, mighoerides and LDL-C levels and 3
g ficant ncrease of HOL-C levels, withow magor adverse effects. BER alw educes ghyoemia and plavma
cholesternl in disheitx patenis, Fmproves lipid and glacose profile and decreases body mass index and
wassi crcumderence n subpecss with metabolic syndrome, Thewe findings, together with the good
eolerability, suggest that BER administration might be considered 2 potential therapeutic approach for
the ireatment of by percholesiembemia or diabetes. Given ihe level of evidenor sailable o date well
designed randomi sed conimlled rak io iesi wiety and efficacy of BER are wamanied.

O NS Ehevier lreland Led. Al mghts ressrved

Atherosclerosis 243 (2015): 440-461




SIGNALING PATHWAYS TRIGGERED BY
BERBERINE
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BERBERINE AND THE GUT MICROBIOME
HOW THEY AFFECT EACH OTHER.

One the one hand: Berberine appears to affect physiology, partly by modulating gut
microbiome.

Gut microbiota

= Altered composition

» Altered fermentation

« Increased energy harvest
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Structural Changes of Gut Microbiota during Berberine-
Mediated Prevention of Obesity and Insulin Resistance in
High-Fat Diet-Fed Rats
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Abstract

Berberine, a major pharmacological component of

bacterial diarrhea, has recently been demonstrated Taken together’ our ﬁndings suggest that the
revealed that berberine effectively prevented the ¢

rats, which showed decreased food intake. Increas Prevention of obesity and insulin resistance b)’

chemoattractant protein-1, and leptin and decrease . . . .
were also significantly retarded by the co-ad berberine in HFD-fed rats is at least partially
pyrosequencing of the V3 region of 165 rRNA ge . .

berberine-treated rats. Unifrac principal coordinat mediated b)’ structural modulation of the gut
berberine-treated rats away from that of the contro . . . .

taxonomic units (OTUs), most of which were esser Microbiota, which may help to alleviate
producing bacteria, induding Blautia and Allobaq . . .

concentrations. Partial least square regression moc inflammation b)’ reducmg the exogenous

the adiposity index, body weight, leptin and adipg . . .

might have a close association with the host m ant'gen |oad In the hOSt and elevat|ng SCFA
prevention of obesity and insulin resistance by | I I . h . .

modulation of the gut microbiota, which may help | evels In the Intestine.

host and elevating SCFA levels in the intestine.

Citation: Zhang X, Zhao Y, Zhang M, Pang X, Xu J, et al. (2012) Structural Changes of Gut Microbiota during Berberine-Mediated Prevention of Obesity and Insulin
Resistance in High-Fat Diet-Fed Rats. PLoS ONE 7(8): e42529. doi:10.1371/journal.pone.0042529




ANTIBIOTICS INHIBIT THE BENEFIT AND BIOAVAILABILITY OF
BERBERINE IN ANIMAL MODELS

[
|
c
B
Ba

(a)-M

463
SR
__E
LR
Dhay 14

Change in TG

Change in FBG

of BEIR { ng'm

4+ antibiotics, day 14
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Sci Rep. 2015 Jul 15;5:12155.




Gut microbiota
(In intestine cavity)

However, oral doses of dhBBR are

m -— unstable, and convert back to BBR
before reaching the gut.
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Transforming berberine into its intestine-absorbable form by the gut microbiota.
Sci Rep.2015 Jul 15;5:12155.
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Chinese

microbiota between Africans and
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It has long been used in traditional

medicine
to treat many health concerns, and recently has been widely tested due to its diverse dinical and pharmacological
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powerful dietary supplement.
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HOW MANY PHYTOCHE
A HEALTHY MICROBI
ACTIVATION:!
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Review

Could the gut microbiota reconcile the oral bioavailability conundrum @CL,_”\,‘,‘
of traditional herbs?

Feng Chen *, Qi Wen, Jun Jiang, Hai-Long Li, Yin-Feng Tan, Yong-Hui Li, Nian-Kai Zeng
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In many cases “microbiota availability” may actually be the target of phytochemicals
that are known to have poor human bioavailability

Our desire to increase bioavailability of important phytochemicals may actually miss
the very target of their therapy, or at least alter that relationship substantially.



FECAL MICROBIOTA TRANSPLANTS

* FMT are now recognized globally as highly successful for
recurrent C. difficile infections (CDI/CDAD)

* In appropriate subjects (with appropriate donors),
successful remission is >90% (Fresh or Frozen!)

* Success in children for CDI is similar, though fewer
studies have been performed. Pediatr Res. 2016
Jul;80(1):2-6.

* FMT studies on other Gl conditions (IBD, IBS, etc.) and
non-Gl conditions: obesity, immune-related outcomes,
autism etc. are ongoing with some success in small trials.

Dig Dis Sci. 2017 May;62(5):1131-1145.



WHAT ABOUT PROBIOTICS?

ANTISDANT DABK CHOCCAATE | FACOM BOOT FOR PREMOTICH

TWIRTEMED WITH LOW GLYCEMC COCONUT SUGAR

ey wresare e

o s i 1o .0

Probiotics

Supports
Hﬂa]t]‘l_q DI_‘FE.‘\"JLM

18 CAFFEINE FREE TEA BAGS



MOST IMPORTANT TAKEAWAY

(F— Western countries I{\/

Immunes diseases

Crohn's Diseasa
Ulcerative Colitis

Type 1 Diabetes mallitus
Celiac Disease

Adletgy

Multiple sclarosis”

- #———3 Metabolic diseases

: Obasity
/ \ Type Z Diabetes mellitus®
A : L‘? ss Of Colorectal Cancer
-~ M.mrnlz:tmta
Diversity

_ ', Autism

Most of what we know is good (or Bad) for our microbiome(s) has already been shown to
be good (or Bad) for Us-With few exceptions.

the Microbiome revolution helps explain how and why certain lifestyle interventions may
work, but rarely contradicts what we know about healthy diets, physical activity, stress,
Hygiene etc.




CHRONIC DISEASE MANAGEMENT REQUIRES SUPPORTING
THE CORE FUNCTIONS OF Gl
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Elimination (Detoxification)
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CORE FUNCTIONS VS
4R (OR 5R)

REMOVE (Important First Step in 4R Model)

Promote Elimination and Detoxification

Remove Allergens and Toxins Remove Harmful Organisms
+ Elimination diet « Stool testing for pathogens

« Detoxification protocol « Eliminate pathogens

Promote Digestion (Re-inoculate) Barrier Function/
and Absorption Ecosystem for Microbiome Immune Interface
+ Supplement or stimulate + Microbiome-friendly diet « Reduce gut inflammation

= Stomach acid « Avoiding certain drugs/antibiotics + Provide nutrients for Gl cells

* Digestive anzymes + Probiotics « Improve tight junctions

* Bile for fat absorption + Prebiotics + Increase signals for immune

* Easy to absorb nutrients modulation

SUPPORTING NEUROENDOCRINE (GUT/BRAIN) FUNCTION

+ Modulate the effects of HPA axis/stress

« Control neurotransmitter synthesis and function

« Manage satiety signals from gut

« Coordinate signals from microbiome, immune system, bowel transit to and from the CNS

© Guilliams: Gl Roadmap- Point Institute 2016



