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The clinical issue—obesity



The clinical issue
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The prevalence of obesity \
(BMI >30kg/m?2) is ~40% in |
US adults
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US Adult Obesity Rate, 2017

CDC. https://www.cdc.gov/obesity/data/adult.html. Accessed July 22, 2019.
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Obesity and the practitioner

Survey* reveals that more than 50% of their patient population suffers from obesity

What percent What percent How many of How many of How many of How many How many of Of the patients Did you utilize
of your patient of your patient your patients your patients your patients patients have your weight in question #7, Healthy
population has population have you have you have you you treated loss patients how long did Transformatio
a BMI > 30? suffers from assisted in assisted in assisted in this year, in have you they maintain n for any of
chronic losing between losing between losing between part or full, achieved their weight your weight
conditions due 10-20 Ibs? 25-30 lbs? 25-30 lbs? with a success with? loss goals? loss patients?
to obesity? medically
supervised
weight loss
program?
6 stated 4 stated 6 stated 4 stated 4 stated All CC members 100% achieved 8 stated that 7 stated they
50% or more 50% or more 50% or more 50% or more 50% or more have treated success success lasted 1 do not use HT
Of patients range 50- 250 year or more
have BMI > 30 patients

4 stated 20%

6 stated 20%

4 stated 20%
between 20%-
40%

6 stated 20%
between 15%-
40%

6 stated 20%
between 10%-
40%

2 stated weight
loss lasted
between

1-3 months

3 stated they
use HT

*From a small internal survey of 10 practitioners

©2019 Metagenics Institute. All Rights Reserved.
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Obesity is a driver of chronic disease—
Benefits of modest weight loss

Obesity complication Weight loss required for

therapeutic benefit (%)
Diabetes (prevention) 3-10 Maximum benefit at 10%
Hypertension 5to >15 Blood pressure still decreasing at >15%
Dyslipidemia 3to >15 Triglycerides still decreasing at >15%
Hyperglycemia (elevated HbA1lc) 3to>15 HbA1c still decreasing at >15%
NAFLD 10 Improves steatosis, inflammation and mild fibrosis
Sleep apnea 10 Little benefit at 5%
Osteoarthritis 5-10 Improves symptoms and joint stress mechanics
Stress incontinence 5-10
Gastroesophageal reflex disease 5-10 in women; 10 in men
Polycystic ovary syndrome 5-15 (>10 optimal) Lowers androgens, improves ovulation, increases

insulin sensitivity

Cefalu WT et al. Diab Care. 2015;38(8):1567-1582.
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Clinically, waist circumference is a surrogate for disease risk

Apple vs. Pear

Visceral and f q y Associated with insulin
subcutaneous Inflammatory cytokines . X
. resistance and atherogenic
abdominal ‘ Adiponectin dvslioidemi
adipose tissue pellplrelinnkl,
Clinical measure Disease Risk

* Adipose tissue is an endocrine Waist circumference
organ. Different depots have
different metabolic activity

Type 2 diabetes
Heart disease
Hypertension

Bays H. Curr Opin Endocrinol Diabetes Obes. 2014;21(5):345-351
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Weight loss maintenance is difficult

Only 1 in 6 overweight or obese US adults report ever having
maintained weight loss of at least 10% for 1 year

Kraschnewski JL et al. Int J Obes (Lond). 2010;34(11):1644-1654.
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Helsinki Health Study—Slow weight gain over time

30% of the normal middle-aged population gained at least 11 Ibs (~5 kg)
over the 5-7 year study period

Weight gain 211lbs Weight gain 211lbs
Age n % [95% Cl] n % [95% Cl]
40 1075 34 [31.7-36.9] 208 32 [26.1-37.4]
34 [31.0-36.1] 33 [27.3-38.2]
26 [23.3-28.3] 28 [23.0-33.3]
55 1330 21[18.1-22.8] 361 18 [13.7-22.3]
60 617 34 [10.5-17.4] 205 10 [4.0-15.5]

Loman T et al. BMC Public Health. 2013;13:259.
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l POTENTIAL CONTRIBUTORS TO OBESITY

Inside the Person Outside the Person

Environmental/
Chemical Toxins

Hyper-reactivity to :
Environmental Food Cues Delayed 1 - Im;real)s:'t'!s :v;l&::ﬂigpwr s o:ral
Heightened Hunger Satuety_J 1 Foods & B&veragos Education
Response 3 Skippi
ing
Fi

Insecurity

Disordered Eating
(night eating syndrome,

binge eating,
addiction”)

Emotional Coping

Market
Economy
Food
Surplus

Largor Portlon Sizes

Eg;lng as Re
nacking, Special
Occ:slons

ervasive Food

Increased
Advertising

Intake

Increased
Intake

Maternal Breast Feeding and/ | Maternal | Maternal | Maternal Delayed
Age Related Changes Chronic Inflammation Employment | or Related Factors | Stress | Smoking = Obesity = Prenatal Care
(;.eam?nop%se, mob)mly (i‘e.dalllered in’s,ulin sig{n a/(n)g Birth Order Having Children | N Maternal O trition
lecline, hormones, and glucose homeostasis, P
2 (first-born in family) (for women) Childcare During Pregnancy
EPa;hologicSI Sourcﬁ of Genetic & Epigenetic l Birth by Infecti Weight G: Smok
ndocrine Dysregulation Factors 0 nfection leight Gain moking
(i-e. thyroid dysfunction, PCOS, C o n tri b u to rs C-section (i.e. human Inducing Drugs | Cessation
Cushing’s Syndrome) Intake & adenovirus 36) Sleep
Expenditure g o8l Expenditure Deficits

to Energy
Storage

Central & Peripheral Regulators
(Or Unknown)

Gestational
of Appetite & Adipose Tissue J

Family Conflict Weight Bias & Stigma
Diabetes (i.e. avoidance of medical care,

SOCIa' Networks |  self esteem, teasing history)

Entering Into | Lack of Employer | Lack of Health Care Provider
a Romantic Preparedness to Support/Knowledge & Child
7 Relationship | Assist with Obesity | Inadequate Access to Care Maltreatment
Westernization & ow SES & Weight Cycling
Economic Development | Nutrition Support (yo-yo dieting)

Self-regulatory &
Coping Deficits

Mood Disturbance
(i.e. depression,
~— anxiety, bipolar etc.)

Mental Disabilities

 Trauma History e
Living in
Crime-prone Areas

Decreased Decreased Opportunity for

E Aitiire Non-exercised Based
Xpenaiu Physical Activity

(i.e. driving vs. walking to work
and school, sedentary jobs)

Decreased
air conditioning/heating

Thermogenesis J Physu:al Dlsabilmes thermoregulation)

— (ie.
Gut Microbiota | and regulatory dysfunction) avoidance) 3
Pain Sensitivity ' 4
Built Environment

E (i.e. stairwell design/access,
building design, absence of
or poor sidewalks)

Expenditure

Social Anxiety
(i.e. exercise

Labor Saving Devices

Pre-natal Air Pollution

* Potential contributors indicate anything that has been put forth in the research literature as a question of investigation
and i not intended to be a verification of whether or not; or the extent to which, each may or may not contribute.

Contributor/Influencer

Maternal/ Economic Food and Beverage Psychological Social
Developmental Behavior/Environment

Environmental Biological/
Pressures on Physical Activity Medical

OBESITY
SOCIETY
Research. Education. Action.

www.obesity.org

http://www.obesity.org/obesit
y/resources/facts-about-
obesity/infographics/potential-
contributors-to-obesity
Accessed February 8, 2017.
Used with permission.
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Microbiome and body weight regulati
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. Boulangé CL et al. Genome Med. 2016;8:42.
. Walters WA et al. FEBS Lett. 2014;588(22):4223-4233.

Microbiome and
body mass regulation—
Differences between lean vs. obese

Microbiota commonly identified in samples from lean and obese
individuals differ*

A less diverse microbial community has been identified in obesity*

Differences in microbial metabolism genes and microbial products affecting
host metabolism have been shown in some studies to differ between lean
and obese microbiome samples3>6

6. Cox LM et al. Cell Metab. 2013;17(6):883-894.

. Ridaura VK et al. Science. 2013;341(6150):1241214.
. Turnbaugh PJ et al. Nature. 2009;457(7228):480-484.
. Turnbaugh PJ et al. Nature. 2006;444(7122):1027-1031.
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e Clostridium cluster XIVaZ2
* Megasphaera [sp]?

» Bifidobacteria®
e Lactobacillit
* F. Prausnitzii
(Clostridiaceae phylum)'?
* Bacteroides thethaiotamicron
(Bacteroidetes phylum)'>

sjuoiqoyied

Symbionts

Microbial diversity

Functional differences

* Increased energy harvest from diet in obesity’>®

e Altered gut-derived signals involved in satiety
and fat deposition identified in obesity®

* Reduced intestinal barrier function in obesity as
a potential contributor to metabolic
endotoxemia®®
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Microbiome and body mass regulation—
What is the evidence?

Microbiome samples were taken

from female twin pairs When the human microbiome samples were transferred to
discordant for obesity mice, those receiving the obese microbiome sample gained
(one lean, one with obesity) significant body fat

ﬁ

% Change in Fat Mass

Microbiota T
’ i
transfer
-5 T T
All lean All obese
co-twin donors co-twin donors

Lean twin Obese twin

Ridaura VK et al. Science. 2013;341(6150):1241214.
o . .
& Metagenics Institute

©2019 Metagenics Institute. All Rights Reserved.



Akkermansia muciniphila, obesity, and metabolic disease—
The evidence

WO NOU A WNE

Human cohort studies report that abundance of this species is reduced in the microbiomes of individuals with
obesity,? type 2 diabetes (T2D),>2 impaired glucose control,3 and high blood pressure.*

Greater abundance of Akkermansia muciniphila is linked with a leaner body weight and lower body fat mass,>
and greater improvement in insulin sensitivity after caloric restriction.!

Studies in genetic and diet-induced mouse models of obesity and diabetes also show that abundance is
reduced.58

Roux-en-Y gastric bypass (RYGB) surgery-induced weight loss was shown to increase the abundance of
Akkermansia muciniphila.®-11

In women following laparoscopic sleeve gastrectomy (LSG), increased Akkermansia abundance was associated
with reduced hedonic eating, or the drive to eat for pleasure.12

In T2D, treatment with metformin led to an increased abundance.13-14

Dao MC et al. Gut. 2016;65(3):426-436. 10. Liou AP et al. Sci Transl Med. 2013;5(178):178ral41.
Yassour M et al. Genome Med. 2016;8(1):17. 11. Palleja A et al. Genome Med. 2016;8(1):67.

Zhang X et al. PLoS One. 2013;8(8):e71108. 12. Sanmiguel CP et al. Psychosom Med. 2017;79(8):880-8870.
Li J et al. Microbiome. 2017;5(1):14. 13. de la Cuesta-Zuluaga J et al. Diab Care. 2017;40(1):54-62.
Fruge AD et al. J Acad Nutr Diet. 2018. 14. Lee H et al. Gut Microbes. 2018;9(2):155-165.

Everard A et al. Proc Natl Acad Sci U S A. 2013;110(22):9066-9071.
Everard A et al. Diabetes. 2011;60(11):2775-2786.
Schneeberger M et al. Sci Rep. 2015;5:16643.
Yan M et al. World J Gastrointest Surg. 2016;8(4):301-307.
& Metagenics Institute
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Summary of microbiome differences

There are three key differences between the microbiomes of lean and obese
individuals:

1. Composition—Obese individuals tend to have more pathobionts
(unwanted or potentially harmful bacteria)®?*

2. Diversity—Obese individuals tend to have a less diverse microbiome3

3. Functionality—Obese individuals tend to have altered gut-derived signals that
impact satiety and fat deposition

Akkermansia muciniphila has been identified as a potential therapeutic candidate.®

Boulangé CL et al. Genome Med. 2016;8:42.

Walters WA et al. FEBS Lett. 2014;588(22):4223-4233.
Turnbaugh PJ et al. Nature. 2009;457(7228):480-484.
Turnbaugh PJ et al. Nature. 2006;444(7122):1027-1031.

Cox LM et al. Cell Metab. 2013;17(6):883-894. O\ . :
Cani PD et al. Front Microbiol. 2017;8:1765. & Metagenics Institute
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Bifidobacterium animalis ssp lactis 42



Bifidobacterium  animalis  lactis 420

The complete genome of B420 has been characterized and
was published in 2012*

Note: The scientific name is Bifidobacterium animalis ssp lactis 420, abbreviated form is B420

1. Stahl B et al. J Bacteriol. 2012;194(15):4131-4132.
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Development pathway of B420
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Putaala H et al. Res Microbiol. 2008;159(9-10):692-698.

Amar J et al. EMBO Mol Med. 2011;3(9):559-572.
Lyra A et al. Gastroenterol Res Pract. 2012;615051.
Stenman LK et al. Benef Microbes. 2014;5(4):437-445.

Stenman LK et al. Diabetol Metab Syndr. 2015;12(7):75.

Stenman LK et al. EBioMedicine. 2016;13:190-200.

Mouse studies:
B420 improves
metabolic health and
gut barrier function?»

Clinical study:
B420 improves
metabolic health®

B420 contributes to body
weight regulation

©2019 Metagenics Institute. All Rights Reserved.
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B420 probiotic strain—
Mechanisms of action

All of the actions below are supported by preclinical and/or clinical data with B420

Putaala H et al. Res Microbiol. 2008;159(9-10):692-698.
AmarJ et al. EMBO Mol Med. 2011;3(9):559-572.

Lyra A et al. Gastroenterol Res Pract. 2012;615051.
Stenman LK et al. Benef Microbes. 2014;5(4):437-445.
Stenman LK et al. Diabetol Metab Syndr. 2015;12(7):75.
Stenman LK et al. EBioMedicine. 2016;13:190-200.

B-420™ Regulation of Body Fat Mass and Body Welght

Decrease in mucosal
adherence of undesirable microbes
|

Beneficial modifications
in the gut microbiota

.|
/’o r

o /8 g

Vil

« Increased SCFA production, which may
increase production of satiety hormones

- Reduced food intake

<« B ox_ o

Enhanced epithelial
barrier function

- Decreased bacterial and
LPS translocation

©2019 Metagenics Institute. All Rights Reserved.
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Summary of mechanisms of action

Bifidobacterium animalis ssp lactis 420 has three key potential mechanisms of action
that may explain its effects of reducing energy intake in the clinical study

1. Animal studies demonstrate that B420 may increase levels of the anorectic
(appetite-reducing) gut peptide GLP-11!

2. The clinical study shows that B420 increases total intestinal short-chain fatty
acid concentration,? which may promote the production of GLP-1.3-

3. Invitro and animal studies demonstrate that B420 may improve gut barrier
function,®? which may reduce LPS and bacterial translocation from the gut,
which may lower LPS signaling in adipose tissue, reducing the signals
associated with weight gain.°

Stenman LK et al. Diabetol Metab Syndr. 2015;12(7):75.
Stenman LK et al. EBioMedlicine. 2016;13:190-200.
Tolhurst G et al. Diabetes. 2012;61(2):364-371.

Psichas A et al. Int J Obes (Lond). 2015;39(3):424-429.
Lin HV et al. PLoS One. 2012;7(4):e35240.

Putaala H et al. Res Microbiol. 2008;159(9-10):692-698.
Lyra A et al. Gastroenterol Res Pract. 2012;615051.
AmarJ et al. EMBO Mol Med. 2011;3(9):559-572.
Stenman LK et al. Benef Microbes. 2014;5(4):437-445.
0. Cox LM et al. Cell Metabolism. 2013;17(6):883-894.

uRpwWNE
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B420 clinical data! —
Study design and study population

STUDY POPULATION GROUP 1: PLACEBO 6-month
* Age (average) ~50 yrs Microcrystalline cellulose intervention
* BMI (average) ~31 kg/m? (MCC)

* Otherwise healthy

o No other change to

Randomized

~ GROUP 2: B420 diet or lifestyle habits
* ~75% women =Sty .
° B420 (10 billion CFUs) o Excluded if took anti-
microbials
and MCC

1. Stenman LK et al. EBioMedicine. 2016;13:190-200.

OUTCOME MEASURES

U Body weight

O Total body fat (DXA)

O Trunk fat mass (DXA)
0 Waist circumference
U Food intake
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B420 clinical datal —
Body fat

Bifidobacterium animalis ssp. lactis 420 helps control body fat
In a 6-month clinical study of overweight individuals, those taking B420 showed reduced body fat mass
compared to placebo group*

Total body fat (kg) Change in total fat mass (%)
: 4 *

35.9 2

BASELINE 6 MONTHS 0

=@=Placebo B420 Placebo B420

1. Stenman LK et al. EBioMedicine. 2016;13:190-200.

* Indicates placebo vs. B420 groups significantly different at 6 months (p<0.05; per protocol post-hoc analysis) @ MetageniCS |n5titute
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B420 clinical datal —
Body weight

* Bifidobacterium animalis ssp. lactis 420 helps control body weight and body weight regulation

* Preliminary evidence shows that B420 may help contribute to long-term weight maintenance

Body weight (kg) Change in body weight (kg)

*

88.5
BASELINE 6 MONTHS
=@=Placebo —&— B420 —@—Placeho —&— B420

1. Stenman LK et al. EBioMedicine. 2016;13:190-200.

* Indicates placebo vs. B420 groups significantly different at 6 months (p<0.05; per protocol post-hoc analysis)

@ Metagenics Institute
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B420 clinical datal! —
Waist circumference

Bifidobacterium animalis ssp. lactis 420 helps reduce waist circumference
In a 6-month clinical study of overweight individuals, those taking B420 showed reduced waist
circumference compared to placebo group*

w

Change in waist circumference (%)

*

Placebo B420

1. Stenman LK et al. EBioMedicine. 2016;13:190-200.

* |Indicates placebo vs. B420 groups significantly different at 6 months (p<0.05; per protocol post-hoc analysis) @ Metagenics Institute
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B420 clinical datal —
Abdominal fat

Bifidobacterium animalis ssp. lactis 420 helps control abdominal fat

In a 6-month clinical study of overweight individuals, those taking B420 showed reduced abdominal fat

compared to placebo group*

Trunk fat (kg) Change in trunk fat mass (%)
6 *
4
2
BASELINE 6 MONTHS 0
—=@= =®=Placebo B420 -2 Placebo B420

1. Stenman LK et al. EBioMedicine. 2016;13:190-200.

* Indicates placebo vs. B420 groups significantly different at 6 months (p<0.05; per protocol post-hoc analysis)

©2019 Metagenics Institute. All Rights Reserved.
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B420 clinical datal—
Short-chain fatty acids

Bifidobacterium animalis ssp. lactis 420 promotes short chain fatty acid (SCFA) production
In a 6-month study of overweight individuals, those taking B420 showed increased concentrations of short-
chain fatty acids (SCFA)*

v SCFA are produced by the microbiota

Change in total SCFA (umOI/g) v Change in SCFA concentration indicates

altered metabolism and changes in the
composition of the gut microbiota?

4.6
v" SCFA have been shown to activate satiety
signaling in the intestine
-10
* 1. Stenman LK et al. EBioMedicine. 2016;13:190-200.
* Indicates placebo vs. B420 groups significantly different at 6 months (p<0.05; per protocol
post-hoc analysis)
Placebo B420
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B420 clinical datat—
Energy intake

In a 6-month study of overweight individuals, those taking B420 showed
reduced energy intake

Change in energy intake (kcal/day)

-23
-320 1. Stenman LK et al. EBioMedicine
2016;13:190-200.
* * Indicates placebo vs. B420 groups significantly different at 6 months
(p<0.05; per protocol post-hoc analysis)
Placebo B420
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B420 clinical data! —
Changes to Akkermansia muciniphila

* The abundance of Akkermansia muciniphila increased
significantly in feces in the B420-supplemented group
compared to placebo controls at the 6 month time point  Pplacebo | o®
only (see Figure).!

* After 6-months of B420 supplementation, the relative
mean Akkermansia abundance increased 73%. The
relative mean abundance of Akkermansia abundance in
the B420-supplemented group was 88% higher than
that of the placebo group at the 6-month time point.!

* Since a recent review of the literature,? this current e
publication is the first human clinical study to 0 5 10
demonstrate that a particular probiotic strain,
specificallly B420, increased Akkermansia in the human Akkermansia abundance, %
intestine.

Adapted from: Hibberd AA et al. Benef Microbes. 2019;10(2):121-135.

1.  Hibberd AA et al. Benef Microbes. 2019;10(2):121-135.
2. Zhou K. J Funct Foods. 2017;33:194-201.

@ Metagenics Institute



Key takeaways

* A 6-month clinical study showed that B420:

v Helps control abdominal fat and body
weight

v Helps reduce waist circumference

v Promotes short chain fatty acid (SCFA)
production

v Reduces energy intake
v Increases Akkermansia muciniphila

& Metagenics Institute
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