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Technical Issues & Clinical Questions

* Please type any technical issue or
clinical question into either the “Chat”

or “Questions” boxes, making sure to = e SR
send them to “Organizer” at any time = [k
during the webinar. ©®
—> (W] .
|z ||| [Enter a question for staff] -
* We will be compiling your clinical =
guestions and answering as many as test
. . Webinar ID: 220-483-358
we can the final 15 minutes of the | GoTo\Webinar
webinar.
DISCLAIMER: Please note that any and all emails
provided may be used for follow up correspondence
and/or for further communication.
A
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- PLEASE SHARE YOUR FEIDOACK 4y

Need More Resources?

NutrEval® with Genomics

The Nutritional Test You Rely On Just Got Better!

LEARN MORE »

Ensure you have an account!

Getting Started GDX Login

Chinicians: Log

& Online Education ot Bt Tk i Resoirced

Visit our Medical Education section for access to ““**GDX Webinars,

ducational Modules, Conferences, and “**™GDX - short leamning modules LEARN NOW
$hat demonstrate the clinical utility and disgnostic significance of key

biomarkers. The modules are absoiutely free to view!
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Core Functions of the Gl

Functional Strategies for the
Management of Gastrointestinal Disorders:

Prin H"" ind Protoce ™ thcare Professiona

Supporting Core GI Func tions « Madabiarption and Low Stomach Acld - Digestive Enzywas and Bile Support
Canatip atson et Naturnl Laxat + Sappoct far Liver Dutox i cation « Supperting the Gut Microblome

Problotk Tharapies for G Outcomes « Sup porting Gut Barrser Fenctions « Neuresndocrme Fundthioas

Protocs! Suggesters fer Inflammatery Bowel Disasse « rmtable Bowel Syndromme

Smallintestmal Ractorial Overgrowth « AAD and C. @ fe « Mol coboct ey pyfort « Candb@iacis « And maxh mers

Microbial Ecosystem

' 4

LHE STANDARD
R Foso var Serics |

Thomas G. Guilliams Ph.D.

mm Elimination (Detoxification)

TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute



Everything Happens at the Interface!

* Biological systems are designed to create discrete functional units
— Tissues
— Cells
— Organelles
— Genes

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

One Gene

Region Sequence

TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute



Coordinated Surveillance Systems:
Protecting “Self” at the Interfaces

HPA Axis (Stress Response)

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

Immune System

e Surveillance of self vs. non-self
e Highly coordinated by GC signals, highly concentrated in the gut

Gastrointestinal Tract - GALT

== . Maintaining barrier function (interface with outside world)

il * Signal coordination to brain using direct and immune facilitated
signals

TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute



Selye and Surveillance System Stress

Control “Stress”

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?

“Therefore, 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 permits 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.”

TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute



Expanding the Surface Area

Yeincarrying

biocd to hepatic Epithelial
portal vessed

Desmosome
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Space between cells \

TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute



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, slgA, 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
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Stem Cells: Constant Turnover

Differentiated cells
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Tight Junctions

Tight Junction
Strands

Membrane
Proteins

Aqueous Pores

Plasma
Membranes
of Adjacent
Cells

Tight
Junction

Paracellular
Pathway

MLCK - myosin light chain kinase
Z0 - zonula occludens

TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute
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Paneth Cells: Managing Dysbiosis

A E - - ‘

 Found only in small intestine
(primarily llium)

* 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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Immune System-Tightly Bound
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Basic Features of the Colon Barrier
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The Mucosal Micro-Environments
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Mucus Factors That Influence Microenvironments
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Is “Leaky Gut” a Legitimate Term?

* “From an MD’s standpoint, it’s a very gray area,” says
gastroenterologist Donald Kirby, MDD, 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.”

e "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.” - WebMD
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‘Leaky gut”
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Elevated fecal calprotectin in patients with Alzheimer’s dementia

indicates leaky gut
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Abstract  Fecul concentrations of calprotectin were ex-
amined in 22 patients with Alzheimer’s disease (AD) and
compared with serum concentrations of aromatic amino
acids. Calprotectin concentrations were mean + SEM
140 + 31.9 mghg, 16 patients (73 %) presented with
concentrations outside normal (=50 mgfkg). Concentra-
tions cormlated inversely with serum levels of tryptophan,
tyrosine and phenylalanine (all p = 0L05). Increased con-
centrations of fecal calprotectin indicate a disturbed in-
testinal barrier function in AD patients which could be of
relevance for the lowering of essential aromatic amino
acids concentrations in the blood.

Keywords  Alzheimer disense - Calprotectin - Leaky gut -
Phenylulanine - Tryptophan - Tyrosine

Introduction

Neuroinflummation and oxidative imbalance are among the
carliest events in Alzheimer's disease (AD) (Clark et al.
2010:; Chang et al. 2012). Cerebral amyloid, one of the key
hallmarks of AD pathology, was shown to be increased in
various inflammatory conditions: in the respiratory tract, in

rheumatoid arthritis and in chronie inflammatory bowel
disense, the latter is also poing along with elevated cal-
protectin levels in serum (Me Manus et al. 2004: Detrait
et al. 2014). Calprotectin is a protein released by leuko-
eytes into influmed tissues. Tt provides not only bacteno-
static but  also  cytokine-like effects in  the local
environment and can be used as inflammatory marker
(Striz and Trebichavsky 2004). Recent studies found that
calprmotectin triggers and promotes the formation and ag-
gregation of B-amyloid in vitme as well as in animals
(Zhang et al. 2012; Kim et al. 2014). To investigate a
potential role of calprotectin in AD, fecal calprotectin was
determined in patients.

Patients and methods

The study was approved by the local ethics commitiee, and
22 patients with AD (19 females, 3 males, aged
79.5 4+ 8.9 yeurs) were included. Diagnosis of AD was
estublished by magnet resonance wmography (MRT) and
positron - emission  tomography  (PET) scans.  Routine
l.uhur.umry Lests u'u.ludmg electrolytes, blood cell count,

globin, by latelets, serum enzymes, urine
anul;r-.u-. blood gluounae H'bAIC bilirubin, bicarbonate,
blood urea nitmgen, C-reactive protein, total

F. Leblhuber - K. Steiner
st of G i Lande venklinik Wagner-
Jauregg Linz, Wagner-Jauregg Weg 15, 4020 Linz, Audria

5. Gedsler - D. Fuchs ()

Division of Biological Chemisiry, Biocenter, Medical
University, Innrzin 80, 6020 Innshruck, Awstria
e-mail: dietmar fuchs@i-med acat

B. Schiiz
Bioviz Diagnostik MVZ GmbH, Limburg, Germany

serumn protein, folic acid, vilemin By, vilmin D, homo-
cysteine and thyroid parameters were measured in all of
our patients to exclude treatable factors underlving the
dementing  process. Mini Mental Stte  Examination
(MMSE) and Clock Drawing Test (CDT) scores were
examined.

Calprotectin was measured in 2 g fecal samples, stomed

=20 °C (Biovis Disgnostik MVZ, Limburg an der Luhn-
Offheim, Germany). Additionally, the following laboratory

£ Springer



Leaky Gut: An Extreme View
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Kamada N, Chen GY, Inohiro, I, & Nunez, G. Control of pathogens and pathobionts by the gut microbiota. Nature Immunology. 2013; 14, 685-690.



More Common Scenario
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INCREASED INTESTINAL PERMEABILITY

!

DECREASED INTESTINAL PERMEABILITY

Santis SD, Cavalcanti E, Mastronardi M, Jirillo E, Chieppa M. Nutritional Keys for Intestinal Barrier Modulation. Frontiers in Inmunology. 2015; 07(612), 1-15.



What We Can Learn From Celiac Disease

[MECHANISMS OF DISEASE]

THE INSIDE STORY

Investigators 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
likaly processes (bafow). Colored arrows indicate evemsttmmd\tbeﬂndad
by interventions now being investigated [see tabie onoppasmm

WD Indigestible fragments of gluten
Induce enterocytes to release the
protein zonulin, which loosens

(TTG), an enzyme re- "o,
leased by the damaged " "
cells, modifies the gluten. ".

Modified glutan

As

o HLA-DOS

2 Gluten fragments =) The gluten Induces
cross the Intestinal enterocytes to secrete
ining In abundance Interfeukin-15 (IL-15),
and accumulate which arouses

under epithelial Immune cells called
cells (enterocytes). Intraepithelial Antigen-presanting cells of
lymphocytes agalrst the Immune system join the
enterocytas, madified gluten to HLA
molecules and display the
resulting complexas to other

Immune cells: helper T cells,

Tissuetransglutaminase .02

9 Thevarlous
assaults disable
and kil
enterocytes.

\} o
g;w = ﬁm

o " Killer Tcell

Helper Teell Mature B cell
B cells release antibody

molecules targeted to
gluten and TTG. Those
Ibodles might cause
Helper T cells that recognize the ant
complexes secrate molacules that I:;“‘: ﬁ:’;age “'h:“
attract other immune cells and s nye i erro“g;sl:?t
can directly damage enterocytes. al cytes,

the role of antibodies In
the disease Is unclear.

Fasano A. Surprises from Celiac Disease. Scientific American. 2009; 301, 54-61.



Mechanisms of Gliadin Induced Zonulin Release, Increased
Intestinal Permeability, and Onset of Autoimmunity

Gluten
B o Gladn fragments

Fassano A. Zonulinand its regulation of intestinal barrier function: The biologicaldoor to inflammation, autoimmunity, and cancer. Physiologica! Reviews. 2011; 91(1), 151-75



Measuring Gut Barrier function

Gold Standard: Ex-VIVO Ussing Chamber e Biopsied tissue (or experimental

asson ) J monolayer) oriented across
' /B, 7/ membrane
/ e .
. 1L ./ , Can measure transepithelial electrical
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MM resistance (TEER)
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gut epithelium

* No support cell structures, no
microbiome, etc.

TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute



Measuring Gut Barrier Function

In Vivo: Size Exclusion Test (urine analysis)

Intestinal Permeability ¢ e

Normal Gut ° 9 9
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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

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

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

ENOVA

DIAGNOSTICS
ceese TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute



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 TJ proteins (ZO, claudins, occluding, etc.)

Serum (or fecal) zonulin
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Conditions for Which Barrier Function is Compromised

Gl Infections (V.cholera, EH E.coli, C.diff, H.pylori, etc...)
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 Disease)

IBS-D (though not statistically significant in all studies)
SIBO?



Gut Permeability Connected to Obesity, Insulin
Resistance and the Western Dietary Pattern

Dietary pattern .
[ Dysbiosis | nutrient intake and/or malabsorption
and/or nutrient dyshomeostasis
1 )
1 mucosal ul:ty I High fat l Nmrltloiuldeﬂcleudes ]
Inflammatory
tonus [ High fructose | [ vitA,D.Zn,cavg |
SIBO ¥ ¥
> INCREASED INTESTINAL =
v = PERMEABILITY
Altered bile acids v |
metabolism I 1Chylomicron formation I
Altered tonus of peripheral v
oA Yy | INCREASE IN PLASMA ENDOTOXINS |
Progressive l
| energy i hypentrophy
extraction Enlargement | 50 1hgiitrationof | Activation of systemic
of adipocytes immune cells inflammation
mto adipose
tissue l
Banign Malign Obesity =3 Metabolic alterations.
Obesity (insulin resistance) *low HDL,
shypertension,
“fatty liver,
*glucose mntolerance

ENOVA

DIAGNOSTICS
Teixeira TF, Collado MC, Ferreira CL, Bressan J, Peluzio MC. Potential mechanisms for the emerging link hetween obesity and increased intestinal permeability. Nutrition Research. 2012; 32(9), 637-47.




Zonulin Levels are Increased in Obese Subjects and Type

00000

2 Diabetics

Int J Endocringl. 2013;2013:674106. doi: 10.1155/2013/674106. Epub 2013 Jul 15.

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

J Nutr. 2016 Sep;146(9):1694-700. doi: 10.3845/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.

PLOS One. 2012:7(5)e37160. doi: 10.1371/journal.pone.D037160. Epub 2012 May 18

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

Eur ) Endocringl, 2015 Jan;172(1529-36. doi- 10.1530/EJE-14-0588 Epub 2014 Oct 21.

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



Preventing and Treating Intestinal Permeability

* Since intestinal permeability is rarely a “stand-alone” diagnostic criteria, there are
few studies that investigate this as a primary outcome

* Many studies looking at in-vitro changes in barrier function (Ussing Chamber) and
animal studies looking for influences of nutrients

* Few human clinical trials so far



Dietary Interventions

* |tis assumed that common dietary patterns that induce poor microbiome balance,
inflammation and chronic disease (excessive fat, refined carbohydrates,
phytonutrient poor) are linked with increased intestinal permeability

* Few studies using dietary interventions have looked at changes in gut permeability
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Inulin-enriched pasta improves intestinal permeability and modifies
the circulating levels of zonulin and glucagon-like peptide 2 in
healthy young volunteers

5 week crossover design with 8-week washout
Healthy young (mean age 18.8 years old)
100 grams pasta/day
Wheat pasta with or without 11% inulin (prebiotic from chicory)
C A A

Serum zonulin Fasting plasma GLP-2
124

2
T

2
2

La/Ma ratio
=)
g

EN S é Russo F, Linsalata M, Clemente C, Chiloiro M, Orlando A, Marconi E, Chimienti G, & Riezzo G. Inulin-enriched pasta improves intestinal permeability
ceese and modifies the circulating levels of zonulin and glucagon-like peptide 2 in healthy young volunteers. Nutrition Research. 2012;32(12), 940-6.



Micronutrients and Barrier Function

 Compromised barrier function is related to deficiencies in:
— Vitamin A / beta carotene
— Vitamin D
— Zinc
— lron

* Intervention studies are limited to vitamin A + zinc supplementation in malnourished
children (improved barrier function) and zinc in IBD and exercise induced permeability

* Chen P, Soares AM, Lima AA, et al. Association of vitamin A and zinc status with altered intestinal permeability: analyses of
cohort data from northeastern Brazil. Journal of Health Population and Nutrition. 2003; 21(4), 309-15.

* Goto K, Chew F, Torun B, Peerson JM, Brown KH. Epidemiology of altered intestinal permeability to lactulose and mannitol in
Guatemalan infants. Journal of Pediatric Gastroenterology and Nutrition. 1999; 28(3), 282-90.

* Roy SK, Behrens RH, Haider R, et al. Impact of zinc supplementation on intestinal permeability in Bangladeshi children with
acute diarrhoea and persistent diarrhoea syndrome. Journal of Pediatric Gastroenterology and Nutrition. 1992; 15(3), 289-96.

* Santucci NR, Alkhouri RH, Baker RD, Baker SS. Vitamin and zinc status pretreatment and posttreatment in patients with
inflammatory bowel disease. Journal of Pediatric Gastroenterology and Nutrition. 2014; 59(4), 455-7.

* Davison G, Marchbank T, March DS, et al. Zinc carnosine works with bovine colostrum in truncating heavy exercise-induced
increase in gut permeability in healthy volunteers. American Journal of Clinical Nutrition. 201; 104(2), 526-36.




L-Glutamine and Barrier Function

H5N

NH,

OH

Long list of mechanisms

Numerous animal models to show Gl
barrier benefits

Most human data related to severe
injury/burn victims

Frequent use within
integrative/functional medicine
community (anecdotal success)

Recent limited research in traditional
gut barrier human clinical research



Glutamine

Some mechanisms linking glutamine with intestinal barrier functions:

Needed for the development of the gut epithelium during early life supplementation (used in neonates to
improve gut barrier function)

Critical substrate for metabolites within enterocytes including ATP, glutathione and DNA/RNA

Important secondary signaling molecule within enterocytes, affecting critical metabolic and proliferative
pathways in the cell

GLN has been shown to modulate TJ proteins, phosphorylation and assembly, using both GLN deprivation and
supplementation studies

GLN contributes to favorable alterations in the gut microbiota

GLN maintains intestinal structure and function during aging

GLN promotes sIgA secretion via direct (immunomodulatory) and indirect (microbiota) signals
GLN modulates the Gl permeability effects of HPA axis stress (i.e., CRF)

GLN modulates the gastrointestinal permeability effects of intensive exercise

ENOVA

DIAGNOSTICS

ceee TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute



Intermatsoasd Joursal of
$ Molecular Sciences @

Detection of in Vivo Microglia
Activation with TSPO-PET Imaging

The Roles of Glutamine in the Intestine and Its Implication
in Intestinal Diseases I

Protection against apoptosis and cellular stresses

Heat shock proteins
(HSP-70, HSP-25, HSP-72)

Autophagy /
GSH

ER stress
« HSF-1 i

mTOR /\\ I P /\ I

Glutamine ~/ - A"t"t.
- STAT-1,STAT-3, ' ommanon
ARG 1 STAT-4, STAT-5
(ERK1/2, JNK) Growth factors
(EGF, IGF-I, TGF-q) 118ht junctions
1 (Claudin-1, Claudin-4,
i occludin, Z0-1, Z0-2, Z0-3)
Enterocyte
proliferation

Maintaining intestinal tissue integrity

Kim MH & Kim H. The roles of glutamine in the intestine and its implication in intestinal diseases. International Journal of Molecular Sciences. 2017; 18(5), 1051-66.
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GLN Studies in Undernourished Children or Severe lliness

Limited data on “functional” Gl situation
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Effects of glutamine alone or in combination with
zinc and vitamin A on growth, intestinal barrier
function, stress and satiety-related hormones in
Brazilian shantytown children
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504 Asia Pac J Clin Nutr 2016,25(3):504-512

Original Article

Efficacy of glutamine-enriched enteral feeding formulae
in critically ill patients: a systematic review and
meta-analysis of randomized controlled trials

Azadeh Mottaghi Php', Maryam Zarif Yeganeh Msc', Mahdieh Golzarand Msc',
Sara Jambarsang MSc”, Parvin Mirmiran PhD’

Lima AAM, Anstead GM, Zhang Q., et al. Effects of glutamine alone or in combination with zinc and vitamin A on growth, intestinal

barrier function, stress and satiety-related hormones in Brazilian shantytown children. Clinics. 2014; 4(2), 225-233.

EN P} Mottaghi, A, Yeganeh MZ, golzarand M, Jambarsang S, & Mirmiran P. Efficacy of glutamine-enriched enteral feeding formulae in critically ill patients:
ceeee a systematic review and meta-analysis of randomized controlled trials. Asia Pacific Journal of Clinical Nutrition.2016; 25(3), 504-512



Glutamine and Whey Protein Improve Intestinal Permeability
and Morphology in Patients with Crohn’s Disease: A Randomized

Controlled Trial

Jaya Benjamin - Govind Makharia - Vineet Ahuja -
K. D. Anand Rajan - Mani Kalaivani -
Siddhartha Datta Gupta * Yogendra Kumar Joshi

Received: 2 May 2011/ Accepted: & October 201 | /Published online: 26 October 201 |

© Springer Science+Business Media, LLC 2011

Abstract

Background Increased intestinal permeability (IP) has
been implicated in the etiopathogenesis, disease activity
and relapse of Crohn's disease (CD). Glutamine, the major
fuel for the enterocytes, may improve IP.

Aim We evaluated the effect of oral glutamine on IP and
intestinal morphology in patients with CD.

Methods In a randomized controlled trial. consecutive
patients with CD in remission phase with an abnormal IP
were randomized to a glutamine group (GG) or active
control group (ACG) and were given oral glutamine or
whey protein, respectively, as 0.5 g/kg ideal body weight/

J. Benjamm - G. Makharia - V. Ahuja - Y. K. Joshi (&)
Department of Gistroenterology and Human Nutrition,
All India Institate of Medical Sciences. Ansan Nagar,
New Delhi 110029, India

o-mail: ykj251 1@usanct

J. Benjamin

e-mail: jayabenjamin2@rediffmail.com

G. Makharia

day for 2 months. IP was assessed by the lactulose
mannitol excretion ratio (LMR) in urine, and morphom-
erry was performed by computerized image analysis
system.

Results Patients (age 345 £+ 10.5 years; 20 males) were

assigned to the GG (n = 15) or ACG (n

putienis {h-oach. o Completed. fhe i 40 grams of glutamine (80kg-176 Ibs)

[median (range)] in GG and ACG at 2 m

(0.006-0.090) and 0.033 (0.009-0.077), respectively, with
P = 0.6133. IP normalized in 8 (57.1%) patients in each
group (P = 1.000). The villous crypt ratio (VCR) [mean
(SD)] in GG and ACG at 2 months was 2.68 (1.02) and
2.49 (0.67), respectively, (P = 0347), At the end of
2 months LMR improved significantly in GG from 0.071
(0.041-0.254) to 0.029 (0.006-0.090) (P = 0.0012) and in
ACG from 0.067 (0.040-0.136) to 0.033 (0.009-0.077)
(P = 0.0063). VCR improved in the GG from 2.33 (0.77)
10 2.68 (1.02) (P = 0.001), and in ACG from 2.26 ((0.57) to
2.49 (0.67) (P = 0.009).

Conclusions Intestinal permeability and morphology
improved significantly in both glutamine and ACG.



Glutamine Supplementation and Immune Function
During Heavy Load Training

» 24 athletes given 10 gram/day GLN or placebo for 6 weeks

* GLN was able to attenuate immunosuppression triggered by intense heavy-load
training compared to placebo

* Gut permeability was not assessed in these subjects

Song QH, Xu RM, Zhang QH, Shen GQ, MA M, Zhao XP, Guo YH & Wang Y. Glutamine supplementation and immune function
during heavy load training. International Journal of Clinical Pharmacology and Therapeutics. 2015; 53(5), 372-376



Glutamine for Gut Support

* One of the most common recommendations for supporting gut barrier, though with
limited published support (considered to be very safe for nearly all subjects)

* Dose recommendation starts at 4 to 8 grams/day, but may need much higher doses
for desired outcome

e Often provided in powder rather than capsules to allow for higher dose therapies



Phytonutrients

Flavonoids (of all kinds) have been shown to promote strong tight junction
formation when tested in vitro (directly signaling enterocytes)

Flavonoids have been shown to create a diverse and healthy gut population
(indirect benefit on barrier)

Many supplemental flavonoids are potent anti-inflammatory agents

Diverse diet is best option, followed by range of flavonoids via supplementation
(dose not as important as long-term use)

ceee TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute



Berberine

" : Berberine Attenuates Intestinal M | Barri
| \y frontlers erperine enuates Iintesitina ucosa arrier

. Dysfunction in Type 2 Diabetic Rats '
In Pharmacology Y YP

* Popular alkaloid for antimicrobial and metabolic-related outcomes
(LDL-C, FBG, Met-syn, BP, etc.)

* Numerous in vitro and animal studies suggesting potent affects on improving TJ
formation and function

* Berberine has affect on microbiome and type 2 diabetes, both known to affect or
be affected by gut barrier issues

GongJ, Hu M, Huang Z, et al. Berberine attenuates intestinal mucosal barrier dysfunction in type 2 diabetic rats. Frontiers in Pharmacology.2017; 3(8), 42-54



A Randomized Clinical Trial of Berberine
Hydrochloride in Patients with Diarrhea-
Predominant Irritable Bowel Syndrome

400 mg/day berberine
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Chen C, Tao C, Liu Z, et al. A randomized clinicaltrial of berberine hydrochloride in patients with diarrhea-predominant irritable bowel syndrome. Phototherapy Research.2015;29(11), 1822-27



Probiotics

* A wide-range of probiotics are likely to help balance the microbiome, benefit
immune function and improve gut barrier function...however

Few clinical trials actually measure gut barrier function as an outcome in probiotic
clinical trials
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+ Pathogen displacement + Induction of IgA and proliferation onents and epithelial derived mucus
« Nutrient competition + Apical tightening of tight junctions « Metabolize dietary carcinogens « lon and mineral absorption
+ Receptor competition + Immune system development - Synthesize vitamins (e.g.f vitamin !(, biotin, -+ Salvage energy
+ Production of anti-microbial factors and maintenance leate, i'c;) rf\eurotr‘_a(;\smme:]s, amino acids, . Detoxification and biotransformation
(e.g. bacteriocins, lactic acids) short chain fatty acids (e.g. butyrate, of hormones, toxins, medications,

propionate, acetate)

bile acids, phytonutrients

TG Guilliams(2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocofs for Heafthcare Professionals. Stevens Point, Wl: Point Institute



Many In-Vitro Studies

Physicl Rep. 2015 Mar;3(3). pii: 12327, doi: 10.14314/phy2.12327.

Strengthening of the intestinal epithelial tight junction by Bifidobacterium bifidum.

Hsieh CY', Osaka T', Moriyama E', Date Y2, Kikuchi J?, Tsuneda 5.

Vet Immunol Immunopathol. 2016 Apr;172:35-62. doi: 10.1016/.vetimm_2016.03.005. Epub 2016 Mar 5.

Protective effects of Lactobacillus plantarum on epithelial barrier disruption caused by
enterotoxigenic Escherichia coli in intestinal porcine epithelial cells.

Wu Y, Zhu C2 Chen 72, Chen Z2, Zhang W2, Ma X3, Wang L®, Yana X3, Jiang 7*.

Inflamm Bowel Dis. 2018 Dec;22(12):2511-2523.

VSL#3 Probiotic Stimulates T-cell Protein Tyrosine Phosphatase-mediated Recovery of IFN-y-
induced Intestinal Epithelial Barrier Defects.

Krishnan M*, Penrose HW, Shah NN, Marchelletta RR, McCaole DF.

J Pediatr Gastroenterol Nutr. 2017 Mar,64(3):404-412. doi: 10.1087/MPG.0000000000001310.

Secretions of Bifidobacterium infantis and Lactobacillus acidophilus Protect Intestinal Epithelial
Barrier Function.

Guo §', Gillingham T, Guo Y, Meng D. Zhu W, Walker WA, Ganguli K.

J Crohns Colitis. 2017 Feb 22_ doi: 10.1093/ecco-oc/fjx030. [Epub ahead of print]

Saccharomyces boulardii CNCM I-745 restores intestinal barrier integrity by regulation of
E-cadherin recycling.

Terciolo C7, Dobric A, Ouaissi M?, Siret C', Breuzard G, Silvy F*, Marchiori B*, Germain S°, Bonier R, Hama A3, Owens R3, L ombardo D7, Rigot V', André F'.




CLINICAL
SNERIRNR Effects of Probiotics on Intestinal Mucosa Barrier in Patients

Sl With Colorectal Cancer after Operation: Meta-Analysis of
Randomized Controlled Trials

* Most studies published in Chinese (poor quality-low JADAD score)

* Most probiotics showed improvement in variety of TJ, inflammatory markers and
L/M when measured

e Large heterogeneity of probiotic strains and doses

Dun L, Xiao-YingJ, Lan-Shu Z, et al. Effects of probiotics on intestinal mucosa barrier in patients with colorectal cancer after operation. Medicine.2016;95{15), 1-14



* 160 Subjects given probiotic or placebo for
6 days prior to surgery and 10 days after

* The probiotic was delivered in acid-
resistant capsules containing 2 g of a
mixture of L. plantarum (>10! CFU/gram),
L. acidophilus (>7x10° CFU/gram) and B.
longum (>5x10%° CFU/gram)

* The postoperative serum zonulin
concentration in the control group (1.08
0.28 ng/mg protein) was significantly
higher than that in the probiotics group
(0.39 £ 0.26 ng/mg protein; P = 0.001
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Liu ZH, Huang MJ, Zhang XW, et al. The effects of perioperative probiotic treatment on serum zonulin concentration and subsequent postoperative infectious complications
after colorectal cancer surgery: a double-center and double-blind randomized clinical trial. American fournal of Clinicaf Mutrition.2013; 97(1), 117-26



Probiotic supplementation affects markers of
jissn intestinal barrier, oxidation, and inflammation in
o trained men; a randomized, double-blinded,
placebo-controlled trial

* The probiotic supplement contained six probiotic strains: Bifidobacterium bifidum W23, Bifidobacterium
lactis W51, Enterococcus faecium W54, Lactobacillus acidophilus W22, Lactobacillus brevis W63, and
Lactococcus lactis W58; equivalent to 10'° CFU/day- for 14 weeks

* Fecal zonulin decreased with supplementation from values slightly above normal into normal ranges
(<30 ng/ml) and was significantly lower after 14 weeks with probiotics compared to placebo (p = 0.019)....
At baseline, both groups showed considerably higher TNF-a concentrations than normal. After 14 weeks
TNF-a was tendentially lower in the supplemented group (p = 0.054). IL-6 increased significantly from pre
to post exercise in both groups (p =0.001), but supplementation had no effect

* Conclusions The probiotic treatment decreased zonulin in feces, a marker indicating enhanced gut
permeability. Moreover, probiotic supplementation beneficially affected TNF-a and exercise induced
protein oxidation. These results demonstrate promising benefits for probiotic use in trained men

ENOVA

DIAGNOSTICS Lamprechet M, Bogner S, Schippinger, et al. Probiotic supplementation affects markers of intestinal barrier, oxidation, and inflammationin trained

ceeee men; a randomized, double-blinded, placebo-controlled trial. journa! of the infernational Society of Sports Mutrition.2012; 9(1), 45-58



ORIGINAL ARTICLE

Influence of Saccharomyces boulardii on the intestinal
permeability of patients with Crohn's disease in remission

Eduardo Garcia Vilela ®, PhD, Maria De Lourdes De Abreu Ferrari, Henrique Oswaldo Da Gama Torres, Ademar Guerra Pinto,
Ana Carolina Carneiro Aguirre, Fabiana Paiva Martins, ...Show all

Pages 842-848 | Received 03 Nov 2007, Published online: 08 Jul 2009

&6 Download citation http://dx.doi.org/10.1080/00365520801943354

34 Crohn’s patients randomized for treatment with either
placebo or Saccharomyces boulardii. Baseline
medications (mesalamine, azathioprine, prednisone,
metronidazole and/or thalidomide) were maintained

- .. . L/M rati
400 million CFU of S. boulardii every eight hours o /M ratio
Intestinal permeability (lactulose/mannitol ratio) was 0.025 PO G005
evaluated immediately before the beginning of 0.02 '
treatment and at the end of the first and third treatment 0.015
month 0.01
Fifteen healthy volunteers were also submitted for O'OOZ L]
the |ntest|na| permea bility test Normal CD Baseline CD Placebo CD S. boulardii

Garcia VE, De Lourdes AF, Oswaldo GT, et al. Influence of Saccharomyces boulardiion the intestinal permeability
of patients with Crohn’s disease in remission. Scandinavian journal of Gastroenterology.2008; 43(7), 842-48
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Oral Supplementation with Bovine Colostrum
Decreases Intestinal Permeability and Stool
Concentrations of Zonulin in Athletes

Maciej Hatasa %*, Dominika Maciejewska !, Magdalena Baskiewicz-Halasa 2,
Bogustaw Machalifiski 2, Krzyszitof Safranow * and Ewa Stachowska !

! Department of Bicchemistry and Human Mutrition, Pomeranian Medical University, Seczecin 70-204,
Poland: domi mackjks@wp.pl (DUL); ewast@pumediipl (E5)

2 Department of General Pathology, Pomeranian Medical Unive rsity, Szczecin 70-111, Poland,;
poziomba@pumedopl (M. B-H.); machalin®pumedipl (BM.)

3 Department of Bicchemistry and Medical Chemistry, Pomeranian Medical University, Szczedn 70-111,

* Comespondence maciuparrdoppl; Tel: H48-601-567-320

Feceived: & March 2017; Accepted: & April 2017; Published: 8 April 2017

Abstract: Increased intestinal permeability has been implicated in various pathologies, has various
causes, and can develop during vigorous athletic training, Colostrum bovinum is a natural
supplement with a wide range of supposed positive health effects, including reduction of intestine
permeability. We assessed influence of colostrum supplementation on intestinal permeability related
parameters in a group of 16 athletes during peak traming for competition. This double-blind
placebo-controlled study compared supplmentation for 20 days with 500 mg of colostrum
bovinum or placebo fwhey). Gut permeability status was assayed by differential absorption of
lactulose and mannitol (L/ M test) and stool zonulin concentration. Baseline L/M tests found
that six of the participants (75%) in the colostrum group had incressed intestinal permeability:
After supplementation, the test values were within the normal range and were significantly lower
than at baseline. The colostrum group A values produced by comparing the post-inte rvenition and
baseline results wemr also significantly lower than the placebo group A vahes. The differences in
stool zonulin concentration were smaller than those in the L/ M test, butwere signi ficant when the
A values due to intervention were compared between the colostrum group and the placebo group.
Colostrum bovinum supplementation was safe and effective in decreasing of intestinal permeability
in this series of athletes at increased risk of its elevation.
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* 16 Athletes given either placebo (whey) or 500 mg of
bovine colostrum (both with 500 mg of desiccated banana)
for 20 days

e Tested during peak training when it is known that gut
permeability is compromised

Mann Whitney U test
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Halasa M, Maciejewska D, Baskiewicz-Halasa M, et al. Oral supplementation with bovine colostrum decreases
intestinal permeability and stool concentrations of zonulin in athletes. Mutrients. 2017; 9(4), 370-81



Therapeutic Summary

Discover and avoid foods known to cause increased intestinal permeability
— May include: gluten, dairy/lactose, capsicum/spicy foods, FODMAPs, etc.
— Test for (and avoid) food allergens (IgE/mast cell stimulation)

e Cease NSAID use if possible

* Assess HPA axis stressors and treat accordingly - stress directly influences gut
permeability

* Avoid strenuous physical activity/exercise or pay special attention to supporting gut
and immune health before and after such activities - moderate exercise is helpful

* Avoid processed foods with artificial colors and flavors

* Eat abundant amounts of fresh fruits and vegetables to maximize the amount and
diversity of phytonutrients



Therapeutic Summary Cont.

* Consider the following nutrients for supplementation:
— Omega-3 fatty acids, ALA, EPA, DHA (through diet and supplementation)
— Glutamine (4 to 8 grams daily)
— Vitamin D (1,000 IU minimum daily; best to test and dose to desired serum levels)

— Probiotics (mixed strain combination 20-40 billion CFU; consider high doses for long-standing intestinal
barrier issues or when associated with IBD)

— Prebiotics (precursor for important short-chain fatty acids - may be contraindicated if FODMAPs are to be
avoided)

— Zinc (25 mg daily with other minerals)
— Iron (only when iron deficiency is confirmed)

— Flavonoids (for quercetin and related compounds, dose not as important as consistent daily consumption
from foods and supplementation)

— Colostrum/Lactoferrin/IgG

— Berberine (consider adding 1 g/day when subject is obese, insulin-resistant or has type 2 diabetes)

TG Guilliams (2016). Functional Strategies for the Management of Gastrointestinal Disorders: Principles and Protocols for Healthcare Professionals. Stevens Point, WI: Point Institute
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LEARN GDX — Brief video modules
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Additional Questions?

US Client Services: 800-522-4762
UK Client Services: 020-8336-7750

Please schedule a complimentary appointment with one
of our Medical Education Specialists for questions related to:

— Diagnostic profiles featured in this webinar
— How Genova’s profiles might support patients in your clinical practice

— Review a profile that has already been completed on one of your patients

We look forward to hearing from you!



Genova Events Update

* MICROBIOME SYMPOSIUM - WASHINGTON, DC
— A full day event with Dr. Todd LePine
e October 28t 2017
* Register @ attend.gxd.net

— Topics included:
* Learn how gut bacteria impacts health and disease

* Learn how impaired digestion and absorption can
affect Gl bacteria and nutrient status

* Discover the importance of Gl barrier function and
the immune system reactions...and more!

Microbiome

Symposium

AN EVALUATION

oF Gut HEALTH

Washington, DC - October 28, 2017

REGISTER @ attend.gdx.net

hat You'll Gain:

* Learn how gut bacteria impacts health
and disease

# Learn how impaired digestion and absorption
can affect Gl bacteria and nutrient status

# Discover the importance of Gl barrier function
and the immune system reactions

Topics Covered:

» The Microbiome: Dyebiosis, Diversity snd Abundance
= The Microbioms and Disease
* Impaired Digestion and Absorption on Health and GI Heafth
* Imtestingl Permeability and Its Impact on Health
» Gl Effects Profile Overview
» Gl Effects Case Study Review
= How to Effectively Incorporate Specialty Testing
Into Your Practice

Lunch and breaks with food and drinks to be provided

GENOVA

DIAGNOSTICY
T ek

800.522.4762 + www.gdx.net

Keynote Speaker ;
Todd R.LePine, MD (&
S 8

Todd R. LePine, MD, graduzted from Dartmouth
Medical School and is Board Certified in Internal
Medicine, specializing in Integrative Funchional
Medicine, and has advanced clinical training

Dr. LeFine works with patients at The Ultra\Wellness
Center in Lenox, MA, to achieve optimal health by
restoring the natural balance to both the mind and
* Additional participating speakers from

Genova Diagnostics’ Educational Specialists

Cost: 159

Learn More &
Register Now @ attend.gdx.net

o R RIFD
s2eg @ MCLICLLAR
*ColliROnUCTS
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Upcoming "VEGDX Webinar Topics

October 25, 2017 — Dr. Doreen Saltiel Presents:
Advancing Patient Management:

The Role of Genetics in Cardiovascular Disease

Register for upcoming “VE GDX Webinars online at WwWWwW.GDX.NET

~ The views and opinions expressed herein are solely those of the presenter and do not
LIVE DX necessarily represent those of Genova Diagnostics. Thus, Genova Diagnostics does not accept
liability for consequences of any actions taken on the basis of the information provided.
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Thomas G. Guilliams, PhD

WI (USA)

Point Institute- Stevens Point,

September 27t, 2017

Genova Diagnostics does not accept

The views and opinions expressed herein are solely those of the presenter and do not
liability for consequences of any actions taken on the basis of the information provided.

necessarily represent those of Genova Diagnostics. Thus,
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