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Conclusions

1. (small) intestinal microbiota are associated with DM; is this
causal factor or disease modifier (confounders)?

2.Ethnicity seems to be an important factor for gutmicrobiota
composition

3. Using FMT in DM; from group to individual (responders-non
responders)

4. other components of DM (NAFLD and altered gut-brain axis)
also partly regulated by gutmicrobiota in humans

5. maybe treatment with (combination of) missing intestinal
bacterial strains beneficial effects on DM1 and DM2 in certain
subgroups?




1. Confounders In microbiota research
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Diabetes patients biologically 10
years older
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Figure 3. Diabetes and Survival, According to Sex and Diabetes Status.

How?

Emerging Risk Factors collaboration, NEJM 2011 364:829-841




We can only treat symptoms, not cure
disease?




Diabetes mellitus is diagnosed by hyperglycemia,

Yet we don’t understand the contributing factors
And their magniture of ~ffect on this dysglycemia

Hyperglycemia

Dyslipidemia
(voor type 1 diabetes)

Abdominal obesity

Hyperglycemie is slechts het topje van de DM ijsberg,
Als diagnosticum te laat om veel schade te voorkomen




Human feces showing food particles and resident bacteria
Microbes Food particles

Microbiology: An Evolving Science, Third Edition Figure 23.7
Copyright © 2014 W. W. Norton & Company, Inc.




Estimated Type 2 Diabetes prevalence in 2025

14% - 20%
10% - 14%
8% - 10%
6% - 8%
4% - 6%
<4%

In 2050 15-20% adults worldwide will develop DM2 during their life

SOURCE: DIABETES ATLAS THIRD EDITION, © INTERNATIONAL DIABETES FEDERATION, 2006




Subjects from different ethic
background have differential BMI
Increase trajectories

29 - Blacks

Hispanics .

.......... " Whites
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21 /
7

1980- 1982- 1984- 1986- 1988- 1990- 1992- 1894- 1996- 1998-
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000

Years of follow-up

Iris Shai et al. Dia Care 2006;29:1585-1590




Multiethnic HELIUS cohort (Healthy Life in an Urban
Setting) in Amsterdam, the Netherlands

« 22,165 participants (18-70 years)
included between 2011 and 2016

v" 6 ethnic groups in similar - helius
proportions: Dutch, Surinamese li i R GAMI TV, Soulhour TV,
(African and South-Asian descent), estomere

OVER HELIUS DEELNEMERS HUISARTSEN DONATEURS RESEARCHERS

Turkish, Moroccan and Ghanaian

v Preferably 3 generations from one
family (grandparents-children-
grantchildren) included

v Otherwise healthy (at baseline visit
30-50% obese with signs of

metabOIIC Syndrome) IK HELP HELIUS - IK HELP HELIUS IK HELP HELIUS

voor mijn neefje met astma... voor mijn kinderen en kleinkinderen... voor gelijke gezondheidskansen...

 Data collected:
v" Questionnaire: sociodemographics, ethnicity, lifestyle, dietary habits, health, physical activity

v" Physical examination: anthropometric measurements, clinical measurements, bIood draw, medlcatlons
DNA, urine samples, vaginal and oral swabs for microbiome analyses - ,

v" Morning feces samples > 6000 subjects
v Detailed Food Frequency Questionnaires

Cu rre ntly Seq u en Ced ( 1 6S) %g%r%wﬁ%&% Legtﬁm,gtlrgé, BMC Public Health. 2013)
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Loss of gutmicrobiota diversity due to antibiotics/medication
and Western diet use
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Urgent problem: loss of microbiota diversity
due to lifestyle and medication

30% loss of fecal gutmicrobioa diversity in subjects from USA (Westerndiet)
vs Amazone inhibitants (traditional diet)

Children probably inherit 50% of their gutmicrobiota composition from their children

What is lost, doesn’t get back automatically (but lost forever?)

bacterial vault to protect and keep bacterial strains for later generations

Time Bomb
A . - Scientists Urge Doomsday Vault for
Native amazone indians ‘ ’
. Good’ Germs
Antibiotics, filtered water and processed food are making us more vt
g 1 0 to disease.
%40 30 A) |OSS By Riley Griffin
é « 4 oktober 2018 20:00 CEST Corrected 4 oktober 2018 22:51 CEST
H » USA (western diet)
, Eohwanss
AN
=y -
Rural Urban R ing declining microbiota diversity

Reversal r?]ust be based on restorative
strategies that require the collection and

banking of microbes from minimally
m disturbed traditional populations.
A Gut
i  microbiota
Eediversity

" U Modern

Time T Sci Adv. 2015 Apr 3;1(3); Blaser, Science 2018




However the question is, are gutmicrobiota
causally involved in obesity and DM?

Fat owners have fat dogs
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However the question is, are gutmicrobiota
causally involved in obesity and DM?

« Dogs have 50%
identical

- gutmicrobiota as

their owners

Fat owners have fat dogs

* In Feces, skin and
mouth
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2. Causality of intestinal microbiota composition In
human (glucose) metabolism and DM27?
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Hard to capture in which phase of insulin
resistance an obese person is with fasting

glucose/insulin...
Normal : Prediabstes : Diabstea
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LeRoith et al 2002




Distal ileum 107 - 10° 7 "’

Clostridium
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Corynebacteris

Different microbiota composition and

diversity across intestinal tract?
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Bork, Elife 2019




Relation microbiota and disease
most likely not always causal

Causal
Level of complexity
Course of disease
Responders-non responders
microbiota Influence of genetics and diet

Multiple FMT or real failures

Concomitant medication
ESBL/VRE/post
Disease modifier AB dYSbiOSiS
IBD and IBS

Insulin resistance/DM2

Autoimmune diseases (DM1/ coeliaki€
Gut-brain axis diseases (autism

Scheihauer/Nieuwdorp, Mol Metabolism 2016




Koch’s postulates
for causality of bacteria in human
metabolic disease

* The microorganism must be identified/isolated
from a diseased organ(ism). v

 The microorganism should be associated with
disease (association/intervention) in people. v/

* The introduced microorganism should reproduce
fenotype (inoculation). X




1958: Eiseman, antibiotics-induced chronic diarrhea

Timeline of Fecal Microbiota Transplantation

1983 ot
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2012-2015
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efficacy in reversing
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rodents and men

1681
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2016
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First fecal transplantation in
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4" Century BC: FMT in Chinese m@dicine for
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De groot/Nieuwdorp, Gut Microbes 2017




HOW FECAL TRANSPLANTATION WORKS

CASE RECORDS ofthe MASSACHUSETTS GEMERAL HOSPITAL

Foownded by Bichard C, Cabat

Eric & Rosenderg. 8.0, Edior Farcy Lee Hamis, MUD,, Edesr
Jofenne O, Shepard, 6,0, Asccoipte Editor Alce M, Corl, M. D, Anociote Ediecr
Bally H. Ebaling, Amiston? Editor Emily K. McDonald, Amiec Fditor

| h A |
1 a tecal tarsplan, stool from 3 healthy denor |

s used to replace a patient’s gut microbial flora.
- ¢
L/ ¥ Tre stook can be appied into the small ntestine
% | P ’Vs

e theough the nose of mouth fa) o deep
the colon, using a colonsscopy (b). Enemas ‘VQ-

" are pogular for at-home treatmests, Bt ey anly

" reach the lower end of the colon (e).

Case 25-2014: A 37-Year-Old Man
with Ulcerative Colitis and Bloody Diarrhea

Elizabeth L. Hohrnann, M.D., &shwin M. Ananthakrishnan, M.D., M.P.H.,
and Vikram Deshpande, M.D.

DE

11| Tuhe

ded Treatment Plan

before treatment programs can be arranged.

FMT Fees for 10+2 Programme
£4500

10implant treatments over 2 weeks and 2
additional implants to take away with you

i

and use at home.

Induded in the price of the program above is a pre-
treatment QOL questionnaire call and follow-up
call(s) 3 months after AVIT program is completed.

Dependent upon the presenting condition (as
directed by our CMO), you may be asked to take

DIY Fecal Transplants to cure yourself of digestive disease

Urge to educate (with proper studies) public about therapeutic or non therapeutic effects of FMT




Currently 295 trials with FMT ongoing

m U.S. National Library of Medicine Find Studies +

ClinicalTrials.gov About Studies ¥
Submit Studies *
Resources *
About Site ¥
PRS Login

Modify Search Start Over

295 Studies found for: fmt

Also searched for Fecal Microbiota Transplantation, Fecal transplant, and Fecal Transplantation.
See Search Details

POORMD.COM J.CHANG MD
[ TRANSPLANT TEAM MEETING|

About 10 on FMT in obesity
About 3 on FMT in NFLD/NASH

THE NEWEST MEMBER OF THE TRANSPLANT TEAM
FOUND THAT THE OTHERS TREATED HIM LIKE CRAP.




Altering cardiometabolic phenotype in humans using
fecal microbial transplant (FMT)

at AMC >500 FMT’s since 2006, predominantly in
RCT due to large placebo effect

Long term side effects not observed
e & Large placebo effect
* Multiple sclerosis * Atherosclerosis At AMC ongoing/finished RCT’s with single/

+ Chronic fatigue « Idiopathic

syndrome 16 ooyt B multiple FMT using hard clinical endpoints _for:

- C difficile diarrhoea (van Nood, NEJM 2013)
- - ESBL(bacteria) (deGroot, BMC 2018)
.4 4 - inflammatory bowel disease (Rossen, Gastro

+ Non-alcoholic + Insulin resistance/ 2015) . )
fatty liver disease type 2 diabetes mellitus - atherOSderOSIS (SmltS, JAHA 2018)

- metabolic syndrome (Vrieze, Gastro 2012/Kootte
Cell metab 2017)
- NAFLD/NASH (with liverbiopsies)
- gutbrain axis (spect-MRI brain scans)
- graft versus host after bonemarrow transplant
« C difficile infection - cancer CaCheXIa
- Irritable bowel - Type 1 diabetes

Green: beneficial effect FMT in RCT syndrome
Blue: beneficial effect FMT in case series * Inflammatory bowel

disease
Black: association between gut microbiota and
disease from experimental/observational studies

Vrieze, Gastroenterology 2012; Smits Gastroenterology 2013; van Nood, NEJM 2013; Rossen, Gastro 2015; Rossen, Gastro 2015; Smits, JAHA 2018;
Witjes, Hepatology 2020; Hartstra, Mol Metabolism 2020 ; van Lier, Sci Transl Med. 2020; de Clercq, submitted; de Groot, submitted




Randomized controlled trial to study effect of allogenic

lean donor versus own (autologous) FM
sensitivity

on Insulin

Lean to metsyn (Allogenic) Own feces (Autologous)

|
—
e Versus

De Groot/Backhed//Nieuwdorp, sub




Efficacy of FMT varies with studies, but
similar effect of oral diabetes medication on
Insulin sensitivity

Lean donor FMT: PPARgamma agonist: SGLT2 inhibition:
insulin sensitivity (Rd) insulin sensitivity (Rd) insulin sensitivity (Rd)
Increase 23% (FATLOSE]) increase 18% increase 22%
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Vrieze, Gastroenterology 2012. Kootte, Cell Metabolism 2017; Shai, Gastroenterology 2020




Responders and non responders due to donor or
recipient FMT characteristics?

(AN

Kootte/Nieuwdorp, Cell Metabolism




How about using donor feces from (previous)
metabolically compromised subjects?
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Microbiota composition after bariatric surgery cause or consequence?




Randomized controlled trial to study effect of
postbariatric surgery FMT versus Metsyn FMT on insulin
resistance

Postbariatric surgery to metsyn (RYGB-Recipient, n=12) Metsyn to metsyn (Mets-Recipient,n =10)

Versus

Metsyn 1 to. Metsyn 2

De Groot/Backhed//Nieuwdorp, Gut 2020



FMT from one metsyn to another metsyn
subject(METS-R) worsens peripheral insulin
sensitivity (Rd), but only post bariatric surgery donor
Improves intestinal transit time

De Groot/Backhed//Nieuwdorp, Gut

: P(:-fr de Groot




Is there also causal role for donor FMT
INn NAFLD?

» 80% of DM2 subjects has NAFLD

« Modulation of gut microbiota drives
NAFLD -NASH progression in animal
models
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o))

Beneficial effects of 6 months donor FMT on
liverhistology and livergene expression in
obese NAFLD patients

Liver histology
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Gut brain axis: reciprocal connection

= Vagal/spinal
/ signals to CNS
ANS modulation
of gut function
and ECCs /

Luminal
5-HT release
" \ SCFA, 2° BAs
ietary @
tryptophan o/ ‘i%’
@/ o= 4 Spore forming

Clostridiales

Martin, CMGH 2018: Volume 6, Issue 2, Pages 133-148

Your Gut Has a
Mind of Its Own

“Persuasive, impassioned . . . hopeful news [for those]

suffering from functional bowel disease.”
— New York Times Book Review

Michael D.Gershon, M.D.




Does a gutbrain axis exists in humans?

A Lumen (Microbiota-Nutrientinteractions)
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Brain SPECT + MRI scan to study hypothalamic
activation in insulin resistance/DM?2

Intravenous Radiotracer labeled 100 MBq "*3I-FP-CIT infusion

- Serotonin receptor expression in and
hypothalamus (2h after infusie)

- Dopamin receptor expression in striatum(3h after infusie)




ROI analyses

Bindingpotential (BP) per region of interest in the brain

striatum
4 thalamus

#-8 hypothalamus

Hartstra/Groen/Nieuwdorp, Molecular Metabolism 2020




donor FMT Iimproves gutbrain

and striatum)
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Effect of replenishing missing (single) intestinal
microbiota in human diabetes?
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LETTER

Gut metagenome in European women with normal,
impaired and diabetic glucose control

Fredelk H. Karlsson™®, Valeatina Tremaroli™, Intawat Nookaew', Gtran Bergatram’, Carl Johan Behre?, Bjtrn Fagerberg’,
Jens Nieken' & Fredrk Bickhed

oi 10,1038/ nature 12198
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Disentangling type 2 diabetes and metformin
treatment signatures in the human gut microbiota

Holmes E, Cell Metabolism 2012 16, 559-564




Urgent problem: loss of microbiota diversity
due to lifestyle and medication

30% loss of fecal gutmicrobioa diversity in subjects from USA (Westerndiet)
vs Amazone inhibitants (traditional diet)

+ Children probably inherit 50% of their gutmicrobiota compaosition from their children
* What is lost, doesn’t get back automatically (but lost forever?)
* een “bacterie stam kluis” op te richten om aanwezige bacteriestammen te
bewaren voor volgende generaties
Time Bomb
A ..
Native amazone indians ‘SC|en’E|sts Urge Doomsday Vault for
. Good’ Germs
Antibiotics, filtered water and processed food are making us more vt
g 1 0 to disease.
%40 30 A) |OSS By Riley Griffin
% « 4 oktober 2018 20:00 CEST Corrected 4 oktober 2018 22:51 CEST
§ » ] USA (western diet)
Rural Urban R ing declining microbiota diversity

Reversal r?]ust be based on restorative
strategies that require the collection and

banking of microbes from minimally

D disturbed traditional populations.
A Gut
. re 7,

microbiota Entrance to the seed vault in Norway. Photographer: JUNGE, HEKO/AFP
. . -
1 < diversity
H

" U Modern

Time T Sci Adv. 2015 Apr 3;1(3); Blaser, Science 2018




Dlagnostics: Microbiome diagnostics in NL

* https://www.microbiome-center.nl

* 500 euro voor feces microbioom analyse + consult kosten, probiotica
kosten afhankelijk van advies)

* https://www.mymicrozoo.com/nl/Home

* Eenmalig microbioom analyse 135 euro, indien daarna voedingsadvies
kunnen er meerdere samples bestudeerd worden voor 345 euro)




And might supplementation of (immunomodulatory)
Bacterial strains stabilize residual betacell
function in human DM1 and insulin sensitivity in DM2

Dr. Ben Eiseman (1917 - 2012)

“In the early days of oral
antibiotics we were plagued by
frequent diarrhea in our patients
due presumably to killing off
intestinal bacteria. | was Chief of
Surgery at the VA and
simplistically considered merely
reintroducing normal organisms
to counter such absence. Those
were days when if one had an
idea, we simply tried it. It
seemed to work and | wrote it up.
It made a small splash...Best
wishes. Ben Eiseman, Emeritus
Professor of Surgery — Now age
93.” (Sept. 20, 2011)

Should further clinical experience substantiate the beneficial effect of fecal
enemas in the treatment of pseudomembranous enterocolitis,® more precise bac-
~ terial, viral, or bactermphage substitution therapy might be employed. Sinece
‘the diseasé occasionally involves parts of the intestinal traet proximal to the. -
colon, the oral administration of pure culiures of these organisms in enterie-
coated. capsules might be both more aesthetic and more effective. |

Dr Ben Eiseman (Surgery 1958)




Probiotica beneficial in healthy subjects?

-guideline by Micropia

De Nationale Gids van klinisch bewezen probioticabij

antibioticagebruikwerd gelanceerd door een wetenschappelijke

publicatie in het tijdschrift BMC Gastroenterology.
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Mechanisms of action of probiotics

Agamennone, BMC Gastroenterol. 2018; Bermudez-Brito, Annals of Nutr&Met, 2012




Not everybody responds in the same way to a

probiotic
» Responders (30% ) still have (2-6

No long-term persistence Long-term persistence
of AH1206: of AH1206:
“non-persisters” “persisters”
B. longum B. longum
AH1206 AH1206
Sp Sy
y/ [ ]
&=
In persisters:
Sen ,- \l. *Underrepresentation of
Species [T Ny fw F P
B the species B. longum
N yam g <
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» o am » ) utilization
°, ® v
e g ®*0es o % * | +Higher resource
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con * *%s. 5. 00000 availability
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months after bifidobacterium longum
treamtn) still presence in their stool

Maldonado-Gomez, Cell Host Microbe 2016




llya Mechnikoff (1845-1916);
ontdekker van de probiotica

* “De belofte van de de intestinale microbiota ligt vnl in (nieuwe)
probiotica. Het moet op den buur mogelijk zijn om een afwijkend
darmmicrobioom te herstellen door inname van een capsule gevuld
met miljarden bacterien, of door het eten van joghurt”.

* ProbioticaWHO definitie: “levende micro-organismen, die wanneer
toegediend in voldoende hoeveelheden een gunstig effect op
gezondheid van de gastheer hebben”




_everanciers van multiple

stammen probiotic

« Winclove (9 probiotica
stammen 2dd 1 sachet, prijs 50
euro per maand )

 Indicatie IBS, constipatie

Orthica orthiflor (9 stammen, 4
verschillend van Winclove,
kosten60 euro voor 120
capsules) Indicatie
darmgezondheid

Ferring (VSL#3) (prijs 46 euro
per maand voor

1dd 1 sachet) indicatie:IBS.

Format: Summary ~ Sort by: Most Recent

bifidum
lactis

Bifidobacterium
Bifidobacterium

Bifidobacterium bifidum
Bifidobacterium lactis
Enterococcus faecium
Lactobacillus casei
Lactobacillus gasseri
Lactobacillus paracasei
Lactobacillus plantarum
Lactobacillus salivarius
Lactococcus lactis

PPPPPP < |VSL#3 probiotic

Per page: 20

Best matches for VSL#3 probiotic

The Pr s Mucosal, Peripheral, and Systemic Immunity. Following
Murint It
Ekmeki

nation and improves intestinal barrier function in Muc2

e
al J Physiol Gastrointest Liver Physiol. (2017)
ort term treatment with probiotic VSL#3 on various clinical and biochemical parameters in

Marlicz W et al. J Physiol Pharmacol. (2016)

Search results

Item

s: 1to 20 of 282



https://www.winbiotic.nl/
https://www.orthica.nl/orthiflor-original

|_everanciers van enkel stam

probiotica in Nederland
» Danone (yakult) (Lactobacillus casel, 40
euro per week) supermark:

* Indicatie: darmgezondheid o

lllll

* E coli nissle stam 1dd capsule, na 1 week
ophogen naar 2dd 1 capsule (52 euro)

* Indicatie: IBS, constipatie, Ulc Colitis,
eczeem en diarrhee bij kinderen

jﬁ Kruis, .2012 Apr; 27(;4’): 467-474.
<\ * In 1917 had Duitse leger in Roemefiig"">"z/ ="

A\


https://www.kalidashop.com/mutaflor-20-capsules.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3307993/
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First RCT with next generation probiotic in metabolic
syndrome with Akkermansia mucinophilia shows
safety but no efficacy on glucose metabolism...
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A Probiotic for Obesity? - The New York Times 12-09-20 14(45

€he New Pork &imes  hitps:/ / nyti.ms/ 2NgbvsY

A Probioticfor Obesity?

People with metabolic disorders may benefit from supplements of a
common gut bacterium, a small pilot study suggests.

% By Nicholas Bakalar

July 1, 2019

People with obesity-related disorders may benefit from supplements of a
common gut bacterium, a small pilot study suggests.

Researchers tested the bacterium, Akkermansia muciniphila, in 32 men and
women who met the criteria for metabolic syndrome by having at least three
of five conditions: high fasting blood sugar, high blood pressure, high
triglycerides, low HDL (the “good” cholesterol) or excessive waist
circumference.

Depommier, Nat Med 20




Replenish bacterial strains missing in the gut microbiota to cure human disease

Should further elinieal experience substantiate the beneficial effect of fecal
enemas in the treatment of pseudomembranous enterocolitis,® more precise bae-
terial, viral, or bacteriophage substitution therapy might he employed. Sinee
‘the diseasé oceasionally involves parts of the intestinal tract proximal to the.
colon, the oral administration of pure cultures of these organisms in enterie-
coa_ted,capsules might be both more aesthetic and more effective.
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Replenishing (missing) intestinal microbiota or
metabolites might improve diabetes mellitus:
Pitfalls and hurdles for future experiments

production bacterial strains as novel
Immunomodulatory probiotics (HACCP/GMP
culture medium and > 80 liter of production)

Shelf live and viability (freezedrying vs glycerol
storage)

Single vs multiple strains (GMP) and located
delivery release (small-large intestine)

Large and expensive phase I-1V clinical trials for
validity (mouse # men)

Different strains for DM1 and DM2

No one size fits all ...no blockbusters
(personalized medicine)

Nieuwdorp/Groen, Embo 2016




Conclusions

1. (small) intestinal microbiota are associated with DM; is this
causal factor or disease modifier (confounders)?

2.Ethnicity seems to be an important factor for gutmicrobiota
composition

3. Using FMT in DM; from group to individual (responders-non
responders)

4. other components of DM (NAFLD and altered gut-brain axis)
also partly regulated by gutmicrobiota in humans

5. maybe treatment with (combination of) missing intestinal
bacterial strains beneficial effects on DM1 and DM2 in certain
subgroups?
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