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Development of diabetes in humans
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The interrelationship
between organisms

In the gut and the factors
associated with diabetes
IS incredibly complex



What we’re going to talk about

» The gut microbiome

* The role of the gut in immunity

* The role of the gut microbiome in type 1 diabetes

 The role of the gut microbiome in obesity and
type 2 diabetes

- Can we affect diabetes development or progression
through the microbiome?
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Man as a magnificent structure...’?
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The average human is a
composite of species ... a
‘super organism’ which has:

* about 37.2 trillion human cells

* approximately 20,000 active
genes

* ... but that’s not all

http://www.smithsonianmag.com/smart-news/ there-are-372-
trillion-cells-in-your-body-4941473/

https://www.sciencedaily.com/terms/human_genome.htm
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We function as scaffolding for numerous other
organisms in a symbiotic relationship?3

* The cells in every person are outnumbered by
bacterial cells in the gut alone by 100 to 1

°* The genes in every person are outnumbered by
bacterial genes by 1000 to 1

* The variety of organisms in man is more diverse
than in any other naturally occurring colonization

* The bacteria in the gut collectively weigh almost
6 pounds

* The bacteria in the gut alone have a myriad of
positive, neutral, and in some cases negative
effects and are collectively referred to as the
gut microbiome

https://www.nih.gov/news-events/news-releases/nih-human-microbiome-project-defines-normal-bacterial-makeup-body
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When we think of bacteria we think of bad stuff ...

o
%,
SPI¢ all (Ccaal‘\‘g“ y) {’//é‘
| S “"“\ = ) y
Infectious :
23
acqmr treatment &
Q)

Sx=Alicaacalins
SENISEAS P
is

soec““”a(as:telnf "i"" 5’" QC,ygggnes -
g e WA

2 in !ll(ﬁ?Xpme’gn SU e b

{ I'\

Micr OOFQams) 5 ‘o?,;i; ig"gmyge

lnfect o é‘\ Q‘;’
AgEN & Cholera, Plague, Typhoid, ‘Flesh

eating bacteria’...and many more
nasty things

ge%mcqucﬁmu INSTITUTE



So here’s some things

we know about the
bacteriain YOU
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Looking at the gut in cross section...

* Cells in the intestine are
exposed to bacteria and
food breakdown products
all the time.

° In addition, the gut is a
_Mucus  major place where non-self
4YeT antigens are recognized by
interaction with the immune
system which is integrated
with the intestinal cells
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Polling Question

Which of the following affects the composition of the gut microbiome?
a) The country you live in

b) Cesarean section delivery

c) Breastfeeding

d A&C

e) Allthe above
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“Tell me what you eat
and I will tell you what
you are”
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Jean Anthelme Brillat-Savarin
1755-1826

Brillat-Savarin is often considered as
the father of low-carbohydrate diets. He
considered sugar and white flour to be
the cause of obesity and he suggested
instead protein-rich ingredients



Many things affect the type of bacteria in the

gut at any time

Infant Delivery mode Feeding method

Vaginal Cesarean Breastfeeding: Bottle feeding:
delvery: delivary: Increased Increased

Lactobacillus Staphylococcus, decreased Clostridium,
and Corynebacterium, Clostridium, increased
Prevotella Proplonibacterium decreased Bacteroides

g;\ Colonization Colonization aerobic anaerobes and
% with vaginal with m;m. Twlm. facultative
—l ke prasen il by g [P iy . D>
<=

Environmental Toddler

expo

Relatively Low diversity, unstable, chaotic
sterile qut
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Shifts in gut bacteria:
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Koenig JE, et al.
Proc. Natl. Acad. Sci.
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OK, I got the bacteria
part, but how is that

o , . related to type 1
ML\ diabetes?
Ium‘[ 9&'/1/ |
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Development of diabetes in humans
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Genes play an important role
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Human Chromosome Array
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The negative view of bacteria has led to changes
in our cleanliness behaviors
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The Hygiene Hypothesis

« The Hygiene Hypothesis suggests that a lack of early childhood
exposure to infectious agents, symbiotic microorganisms (such as gut
flora, etc), viruses and parasites increases susceptibility to allergic and
Immune diseases by suppressing the natural development of
the Immune system. In particular, the lack of exposure is thought to
lead to defects in the establishment of immune tolerance.
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Immune system processes antigens

Intestinal lumen

Intestinal epithelium

‘\"Z’(f 4 Transcytosed bacteria are

CDI103* DCs acquire .
. \. | acquired by DCs, which activate | 4
_-“

© | bacterial antigens W,
° £ *\| adaptive immune responses

) Direct sampling of | Y
Lamina propria bacteria in lumen?

Antigen transfer? | T"=- > Q _________________
' Peyer’s patch and CD103* DCs
CD103* DC migrate to MLNs and initiate
adaptive immune responses

* Processing antigens that pass through the gut is pivotal to
Immune tolerance, iImmune recognition, and in some cases a
profound immune response to those antigens

gcrﬂwwwn‘geﬁmu INSTITUTE



Immune system processes

Cross section of a mouse
Intestine stained to show
epithelial cells (in red) and
Immune cells (in blue and
green) and their proximity
at every level.
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Vitamin D plays a key role...

LPS*
™" A Transepithelial
E. Coli ?olr:ctrl«l resistance

L 14 zo1

Intestinal
epithelial
cells
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Tight Junctions: vital to cells as structural support
and to restrict passage of various compounds

o Adenovirus
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Coxsackievirus

Reovirus
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Tight junctions between cell Some of the components

have several components are targets for viruses
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Susceptibility to type 1 diabetes is both genetic
and assoclated with a viral infection

One proposal for the auto-
Immune reaction is the
establishment of a persistent
enteroviral infection of beta
cells that may represent an
Initiating event leading to
changes such as chemokine
secretion that facilitate the
infiltration of immune cells

Artists conception of Enterovirus
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Enterovirus protein (VP1) in pancreatic islet cells

C VP1-positive cells

-
..‘.
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Pancreas islets from a person with type 1 diabetes. [A] stained for Insulin (brown)
and glucagon (red), [B] Class 1 HLA molecules and Enteroviral protein. [C] cells
positive for enteroviral protein (VP1) marked by arrows.
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Polling Question

What are leverage points to enhance the role of the microbiome thus
affecting the development of type 1 diabetes

a) Sterilizing the gut with antibiotics
b) Giving microorganisms orally

c) Giving Vitamin D

d B&C

e) All the above
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Some additional terms

* Probiotic- A supplement made
up of one or more organisms
(bacteria currently...) meant to
purposefully seed these bacteria
in the gut

* Prebiotic — food for your gut
bacteria, not just food you eat,
but often added ‘soluble fiber’
such as oligosaccharides
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can do to the
microbiome to affect
¢ type 1 diabetes?
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[PRomo'ncs] ‘Probiotics’: feeding
(and changing) your
inner ‘biome ...

m Bifidobacteria * Probiotics contain cultures of so-
o= called ‘good’ bacteria.

* Probiotics can be capsules,

Permeability powders, gels and liquids [e.g.

v acidophilus milk]

* With over 10,000 different
organisms in the gut, some are
beneficial (symbionts), some may
cause disease (pathobionts) and
some we just plain don’t know
that much about...which ones are
the right ones?

Basolateral

TTight Junction
J, Permeability



Probiotics can effect the development
of type 1 diabetes: the TEDDY Study

Figure. Islet Autoimmunity Risk by First Probiotic Exposure Age of the Child * Ongoing prospective
100, cohort study started
> Log-rank test (P =.08) ) .
2 o] 2004, population was
£ 0961 7473 infants at high
e - genetic risk for type 1
S 0.92- * .
£ E—pey by, e diabetes
£ 0901 | ——— 28904 .
< || - 91-365d | TR : : :
3 088 | ——>3s4 : * Detalils of infant feeding,
B B % % & B 2 u % 1w pro biotic
Age, mo .
No.atrisk supplementation and
0-27d 540 521 478 438 412 306 184 104 48 5
28-90d 556 537 493 455 414 318 203 111 56 5 infant formu| a use

91-365d 538 519 466 420 389 303 202 132 72 24
>365d 5839 5660 4972 4504 4145 3426 2521 1665 965 341

monitored from birth
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Breastfeeding associated with lower chance

of developing type 1 diabetes

6 O MoBa
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0-

None 0.1-3.9 4.0-59 6.0-89 9.0-11.9 212
Duration of any breastfeeding (months)
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Two cohorts from
databases in Denmark
and Norway

From over 155,000 mother
and child pairs, the lack of
breastfeeding was
associated with a 229%
increase in the likelihood
of developing type 1
diabetes.



What we’re going to talk about

The gut microbiome

The role of the gut in immunity

The role of the gut microbiome in type 1 diabetes

The role of the gut microbiome in obesity and type
2 diabetes

« Can we affect diabetes development or
progression through the microbiome?
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Do gut bacteria have
a role in obesity and
type 2 diabetes?
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Development of diabetes in humans
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The ‘Leaky Gut’...
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hormonal imbalances

Quigley EMM. Current Opinion in Gastroenterology 2016, 32:74—79
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When the gut barrier
deteriorates, endotoxins
from various bacteria as
well as other products
may leak into the blood



Mechanism for ‘leaky gut’: ... encroachment!?

Control
patients

‘.@ :«'

Dysglycemia
patients

Patient #13 BMI = 28.00, Glucose = 97
HbA1C = 6.1, Diabetes mellitus = No
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Patient #8 BMI = 32.02, Glucose = 191
HbA1C = 7.0, Diabetes mellitus = Yes
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Distance from epithelial
cell to first bacterium in
5 high powered field
pictures of gut biopsy

Microbiota encroachment is a
feature of metabolic disease,
particularly insulin resistance—
associated dysglycemia.



Bacteria encroach on the gut wall, endotoxin
and bacteria leak into the circulation

Outer Mucus Layer
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Cornick S, et al Tissue Barriers 2015;3:1-2-€982426
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Bacterial products, changes in adipose tissue
lead to insulin resistance and § insulin release

1)

2)
3)
Islet
‘B-cells 4)

5)

Systemic

6)

7)

1 fat and sugar (Western) diet — 1 bacterial release
of lipopolysaccharide (LPS)

LPS — inflammatory cytokines into portal system

1 translocation of bacteria and LPS into visceral
adipose tissue, 1 inflammatory cytokines

Adipocytes release free fatty acids (FFA)

Reduced clearance of inflammatory mediators from
visceral adipose tissue

T LPS, FFA, and cytokines into portal circulation |
liver metabolism and insulin sensitivity

1 delivery of LPS, FFA, cytokines into systemic
circulation negatively affect B-cell and systemic
insulin sensitivity

O Fras

§ LPS

© Chylomicrons

Y Bacterial particles

@ Pro-inflammatory cytokines
¥ Immune cells

) Adipocytes




What we’re going to talk about

* The gut microbiome
* The role of the gut in immunity
* The role of the gut microbiome in type 1 diabetes

* The role of the gut microbiome in obesity and
type 2 diabetes

« Can we affect diabetes development or progression
through the microbiome?
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Can we
proactively modify
our gut bacterial
populations?
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Some things that we know affect the
gut/bacteria relationship

* Meformin increases the population of
Akkermansia muciniphila by 18 fold,
enhancing the digestion and of mucin,
iIncreasing short chain fatty acids and feeding
intestinal cells?!

Sucrose

] * Some lactobacilli, and plant principles (e.g.
—— grape extract) inhibit alpha glucosidases in
the gut much like acarbose?

* A number of prebiotics feed the microbiome
Increasing the population of L-cells in the gut
which produce increased amounts of GLP-13
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More on Akkermansia muciniphila ...

* A mucin-feeding gram negative organism
constituting 3-5% of the intestinal microbiome?

* Concentrations inversely correlated with
obesity and diabetes in many human studies?

* Pre-biotic consumption (soluble fiber) is metabolically
beneficial and increases A. muciniphila concentrations?

* In rodent studies administration of A. muciniphila
decreases adipose tissue inflammation?

* Dietary polyphenols found in many colored fruits and
vegetables (e.g. red wine, cocoa) increase amounts of
A. muciniphila as well as increasing Lactobacilli and
Bifidobacteria®

g«vﬁmwnqg@-ﬁmmu INSTITUTE



Fiber: what it is and why you need it

* Some Raw Vegetables
o Jicama
o Jerusalem artichoke
o Dandelion greens

o Raw or cooked onions
* Wheat Dextrin
* |nulin
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Probiotics in type 2 diabetes: effects on markers of
diabetes control, inflammation and oxidative stress

/l Fructosamine ) /l Serum insulin )
Hemoglobin A1C Fasting glucose

| g 3 gg

J LDL cholesterol § C-reactive protein

Inflammatory cytokines Reduced gutathione
\l y Cy / \t g /

Randomized, controlled, double Randomized, controlled cross-
blind study; 45 patients with over study; 62 patients with T2DM,
T2DM studied for 6 weeks, 6 weeks exposure to ‘Synbiotic’
comparing fermented milk plus food (L. sporogenes plus inulin)

L. acidophilus plus B. animalis versus control food w/o

versus plain fermented milk? microorganisms or prebiotic?
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Gut Bacteria and Cardiovascular Risk ...

Intestinal Intestinal First-pass Systemic Targets
lumen epithelium metabolism circulation 9
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FATTY LIVER DISEASE <4 TMA

OTHER DISEASE
PHENOTYPES?

Current Opinion in Microbiology

Recent studies suggest a role of the gut microbiome in the processes of
inflammation and atherosclerosis subsequent studies suggest that choline
and also carnitine metabolism can result in TMAO
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For more information visit www.jjdi.com. Become a member and opt in
to be notified about our new programs, publications and more!

Follow us on Twitter @JJDiabetesInst to receive timely and important
updates about diabetes!
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