The Role of the Gut
Microbiome in Weight
Modulation and Management
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Case Presentation

- (6 year old female suffered a dog bite, treated with
ciprofloxacin

.. Subsequently developed C d|ff|nfeet|on treated




Case Presentation

. Past Surgical history:




Case Presentation

. (/2013 - Gl service consulted for fecal
transplantation request







verse Colon






Case Presentation

. 8/2013 - Successful FMT, C. diff resolved

. Weight 133 Ibs




Case Presentation

- 10/2016 - Trial of low carb diet, Mediterranean diet
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Case Presentation

. 4/2017

- Requests repeat FMT
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Case Presentation

. 8/2017

- Complains of severe headaches and likely giant
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Fecal transplants may up risk of
obesity onset

Fecal microbiota transplantation can be effective tor recurrent Clostridium difficile
Infection, but new-onset obesity could follow transplant of stool from an overweight
donor, a new study finds

February 13, 2015
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Microbiome Basics

- Vertical Heterogeneity

- Horizontal Heterogeneity




Understanding the
Human Microbiota




Vertical Heterogeneity

Stomach 0—102

Lactobacillus
Candida
Streptococcus \
Helicobacter pylori
Peptostreptococcus
= Colon 10111012
Bacteroides
Clostridium groups IV and XIV
Duodenum 102 / Bitidobacten’qm
Enterobacteriaceae

Streptococcus

Lactobacillus - = \

Jejunum 102

Streptococcus
/ ‘ Lactobacillus
Distal ileum 107—10° \
Clostridium Proximal ileum 103
Streptococcus Streptococcus
Bacteroides Lactobacillus

Actinomycinae
Corynebacteria



Colonic Microbiota

- Human
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//,,f' < Firmicutes
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~76%

. Bacteroidetes
~16%

_m Spor A, Koren O, Ley R. Nature Reviews Microbiology, 2011
~ ACG 2012

Annual Scdemific Meeting « October 22-24, 2012




Human Microbiota

® 2 predominant phyla

® Firmicutes 76%

® Bacteroidetes 16%




RuminococcusissrClostridiumisesS

treptococcusiepENterococcusisee:
Firmicutes Lactobacillus

Bacteroidetes BacteroidesistPrevotella




F/B Ratio

® Firmicutes = Fat

® Bacteroidetes = Be Skinny




F/B Ratio

® Dr. Jeffrey Gordon at Washington
University

® Overweight individuals consumed weight
loss diet x 1 year




F/B Ratio

® Transfer of gut microbes from
conventionally raised genetically obese

mice into gnotobiotic mice led to them

becoming obese




F/B Ratio

® Duncan et al did not confirm F/B ratio,
however did show a diet dependent
reduction in Firmicutes from obese




SKINNY

GUT DIt

BALANTE VWOUR CAGESTIVE SYETEM FOH
PERMANENT WEIGHT LOSS
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Skinny Gut Diet

® Rule 1 eat more healthy fats

® Rule 2 eat living foods every day




Horizontal Heterogeneity

% THE FIRST 1.000 DAYS OF LIFE (=2

From conception until the 2nd year of life [t
30

g@ ELDERLY

PREGNANCY/ FROM BIRTH
PRENATAL LIFE TO 2 YEARS
’ The gut microbiota Lower diversity

| IS quite stable. and enrichment of

High richness, - potentially harmful

;ontradlctory | d'V‘?(S'tV and . bacterial groups.”

findings regarding dominanceof N X MY RN hesesssesssnssssacnes
the impact of Firmicutes and
pregnancy on the Bacteroidetes

........................

gut microbiota.*

------------------------




ALSPAC Study

® 14,500 Pregnant women in Avon, England
® | ongitudinal Cohort Study

® Survey inquiry of antibiotic usage given to
- babies at 6, 15, 24 months
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Microbial Diversity

® Danish study of 292 obese and non obese
individuals

® Separated into 2 groups based on microbial
genes




Enterotypes 3

® prevotella

® Carbohydrates, Resistant starches, Fibers

® Agrarian




Enterotypes

Prevotella enterotype Bacteroides enterotype \
Hahitual diet o Assaciatad with & diad high in fber ' -""5'53':"5.'3'5 wlth 2 diet high in fats
3 resistant starch and v in fiber Bifidobacteria-type

Frzymatic capacity o Hydrolases effective in degradation ~ * Enzymes specialized In degradation A Sectevmices sty
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Enterotypes

4 —P-type/NND; n=15 (12 All were advised to fallow
3 P-type/ADD; n=13 (9) the NND

=== B-type/NMND; n=16 (13)
2 B-type/ADD; n=10 (8]

Change in body weight (kg)

D24 8 12 16 20 2426 52 78
Weeks



Specific Players
® Akkermansia muciniphila

® \/errucomicrobia

® | oves mucus

® pPeople with obesity have lower levels




Specific Players

® Roseburia and F. prausnitzii

® Major butyrate producing bacteria




Hormone Basics #

e Ghrelin - “hunger hormone”

« Possibly decreased by prebiotics




Hormone Basics

e Glucagon like peptide (GLP) 1

« Produced in ileum/colon and pancreatic alpha cells

X % % ¥ Sh

- Decreased in obesity/DM2




Bariatric Surgery

Hormonal Effects °

Fig 1. Common banatric surgical procedures [19].
a: Roux-en-Y gastric bypass; b: adjustable gastnic banding; ¢: sleeve gastrectomy; d: biliopancreatic diversion with duodenal switch.

Table 3. A summary of the changes 1n key hormones related to energy balance and weight loss for each of
the established surgical procedures and for infentional dietary behavioral weight loss [26]

RYGB L5G LAGB EFD Behavioral weight loss

A - a substantial number of studies indicate an mcrease; ¥ : a substantial number of studies indicate a decrease;
— a substantial mumber of studies found no change; 7: too few data.
EYGB: Roux-en-Y gastnic bypass; L5G: Laparoscopic sleeve gastrectomy; LAGB: Laparoscopic adjustable

l:l'!'-lE‘l"I"l-l"" 1"|51'I1J'I';'I'Il:l" npn n-;“nngn ot 'l I"I-I"" J'I';'l'.l:l'r:_ ‘;_I"I‘l'l




Dietary interventions high in fiber improve weight loss

A fiber-rich diet, including grain fibers We hypothesize that the B-type wil
=uch as arabinoxylans and beta-glucans,  improve weight loss effect on a diet

improves weight loss for the P-type with a large bifidagenic patential
compared to the B-type: (e.q. inulin, oligosaccharnides):
Grain fibers E*T":":.'IE":’:’: T’:r ,_-)
ST T
Biffdobactanium spp.
- Prevotella spo. Bacteroides spp.
umen \ N — - f " \ IHtauindHamtt ;—*
P
M=) ¢
(ﬂ propionate T butyrate-producing Firmicutes

Gt
epithelium
Metabalic I* Appetite-suppressing hormanes J+ "Hunger harmone" Ghrelin
affacts (GLP-1 and P¥Y) ‘T Intestinal barrier function

Impraved bload sugar metabalism Improved blood sugar metabalism

and weight loss "and weight loss*

FIGURE 2 Enterotype differences and proposed weight loss mechanisms. Summary of the essential differences between the 2 enterotypes, their proposad

responses io different dietary fibers n the gut lemen, and bow their response via production of shon-chaim falty acids (e.g., propionaie) may affect

metabalic parameters (e.g., appetite-regulating hormones) and body weight. B-type, Bacterides enterotype; GLP- 1, glucagon-like peptide |; P-type, Prevorella
enterotype; PY'Y, peplide YY.
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Viouse Studies

. 4 pairs of discordant human twins (2 lean, 2
obese

sisilelile




Viouse Studies

- |f you give mice antibiotics (continuous or pulsed),
they get fatter




GASTROENTEROLOGY 2012;143:913-916

BRIEF REPORT

Transfer of Intestinal Microbiota From Lean Donors Increases Insulin
Sensitivity in Individuals With Metabolic Syndrome

ANNE VRIEZE,* ELS VAN NOOD,* FRITS HOLLEMAN,* JARKKO SALOJARVI,* RUUD S. KOOTTE,

JOEP F. W. M. BARTELSMAN,' GEESJE M. DALLINGA-THIE,” MARIETTE T. ACKERMANS," MIREILLE J. SERLIE,*
RAISH OOZEER,™ MURIEL DERRIEN,™ ANNE DRUESNE,™ JOHAN E. T. VAN HYLCKAMA VLIEG,™

VINCENT W. BLOKS,* ALBERT K. GROEN,* HANS G. H. J. HEILIG,%® ERWIN G. ZOETENDAL,* ERIK S. STROES;’

WILLEM M. DE VOS,*55 JOOST B. L. HOEKSTRA,* and MAX NIEUWDORP*#

‘Department of Intemal Medicine, *Department of Vascular Medicine and Experimental Vascular Medicine, 'Department of Gastroanterology, "Department of Clinical
Chemistry, Laboratory of Endocrinology, *Department of Endocrinology and Metabolism, Academic Medlical Canter, Amsterdam, The Netheriands; *Department of
Basic Vetarinary Medicing, University of Halsinki, Halsinki, Finiand: **Dancne Resaarch, Cantar Daniel Carasso, Palaiseau, France; *Cantar for Liver, Digestive, and
Matabolic Disaases, Univarsity Medical Cantar Groningan, University of Groningen, Groningan, Tha Netheriands; 5L aboratory of Microbiology, Wageningen
University, Wageningen, The Netherlands




| andmark Study 2010

- 18 Male subjects with metabolic syndrome

- 9 recelved FMT from lean donors, 9 from their own
feces
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Figure 1. Box plots and individual changes between baseline and after 6 weeks for (4) peripheral and (B) hepatic insulin sensitivity. *FP < .05 lean
controls vs obese subjects (Manm—Whitney test).



Can FMT make you fat?

(inical Gastroenterology and Hepatology 2018;16:1331-1333

RESEARCH CORRESPONDENCE

Stool Donor Body Mass Index Does Not Aftect Recipient ®
Weight After a Single Fecal Microbiota Transplantation for
Glostridium difficile Infection

Monika Fischer,” Dina Kao," Zain Kassam,” Justin Smith,* Thomas Louie, Brian Sipe,'
Michelle Torbeck,” Huiping Xu," Fanggian Ouyang,” Dariush Mozaffarian,” and
Jessica R. Allegretti**



Can FMT make you fat?

® Data aggregated from a RCT and
observational study assessing FMT in CDI

® RCT

® EMT randomized from single capsule or
via colonoscopy
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Can FMT make you fat?

® patients regained weight lost from CDI, but
returned to pre CDI weight and did not
exceed it




Can FMT make you

skinny?

Clinical Gastroenterology and Hepatology 2020;18:855-863

Effects of Fecal Microbiota Transplantation With Oral )
Capsules in Obese Patients

updates

Jessica R. Allegretti,* Zain Kassam,* Benjamin H. Mullish,® Austin Chiang,
Madeline Carrellas,” Jonathan Hurtado,” Julian R. Marchesi,”

Julie A. K. McDonald,® Alexandros Pechlivanis,® Grace F. Barker,®

Jestis Miguéns Blanco,” Isabel Garcia-Perez,” Wing Fei Wong,” Ylaine Gerardin,’
Michael Silverstein,” Kevin Kennedy,” and Christopher Thompson’

"Division of Gastroenterology, Hepatology and Endoscopy, Brigham and Women's Hospital, Harvard Medical School, Boston,
Massachusetts; *Finch Therapeutics Group, Somerville, Massachusetts; $Division of Integrative Systems Medicine and
Digestive Disease, Faculty of Medicine, Imperial College London, London, United Kingdom; 'Division of Gastroenterology,
Jefferson University, Philadelphia, Pennsyivania; "Openbiome, Cambridge, Massachusetts; *Division of Cardiology, Beth Israel
Deaconess Medical Center, Boston, Massachusetts




Can FMT make you
skinny?

® Double blind placebo controlled trial of 22
obese patients

® No diagnosis of DM, NASH, or metabolic
syndrome




an FMT make you
skinny?

® Primary endpoints

® Safety

® Secondary outcome




an FMT make you
skinny?

® Results

® Safe - no adverse events




Can FMT make you

skinny?
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Can FMT make you

skinny?

Fecal microbiota transplantation for the
improvement of metabolism in obesity: The

FMT-TRIM double-blind placebo-controlled
pilot trial

Elaine W. Yu'2*, Liu Gao', Petr Stastka', Michael C. Cheney ",

Jasmin Mahabamunuge®, Mariam Torres Soto~?, Christopher B. Ford»*, Jessica
A. Bryant-*, Matthew R. Henn>*, Elizabeth L. Hohmann®?

1 Endocrine Unit, Division of Endocrinology and Metabolism, Massachusetts General Hospital, Boston,
Massachusefts, United States of America, 2 Harvard Medical School, Boston, Massachusetts, United States
of America, 3 Division of Infectious Diseases, Massachusetts General Hospital, Boston, Massachusetts,
United States of America, 4 Seres Therapeutics, Cambridge, Massachusetts, United States of America




an FMT make you
skinny?

® 12 week double blind RPCT pilot: 2016-
pAONRS

y oral FMT capsules x 6 weeks to 24




Can FMT make you
skinny?

® Primary outcome - change in insulin
sensitivity at 6 weeks measured




Table 2. Metabolic parameters in FMT and placebo groups throughout the 12-week study.
Characteristic Placebo group FMT group Difference between FMT and placebo

groups in change from baseline (95% C1)

Baseline | 6weeks 12weeks | Baseline |6 weeks 12 weeks  |Baseline to 6 weeks |Baseline to 12 weeks

Weight (ke) 120 |10£20 (111 (10426 |114$26 |12 [-02(2420)  |02(-20,24)
Lean mass (kg) 412 (SB£12 (S8l |60t15 |62#15 |el#l6 | -D4(-2L14) | 1(-19,16)
Fat mass k) 5410 (53£10 [52:10 [49:13 [S1el4 |S0£l4 |L1(-07.30)  |12(-06,30)

VAT volume (cm’) W8+319 (991+285 |976+308 (1048368 [1107423 |982+358 | 19(-76,115) 52(-147,42)
Fastin (mmoll) |48:04 (48204 51206 |50+07 |48+07 |51:06  |002(-03,04)  [-0.1(-04,03)

HbAlc (%) 55403 (55303 [55:03  [56+02 [55:04  [54:04  |-01(H201)  |4.1(-03-001)
HOMA-IR 35819 (34213 [48£17  [35:14  [39:14 (47120 |03(0613)  |0.02(-03,09)
Total cholesterol (mmall) {51406  [51+L1  [52+07 (55806 [52408 |52410  |-03(08,02)  [-03(-08,02
HDL (mmol/) 12803 (L1203 |L1:04 |13:04 13305 |13:03  |004(<00,02)  |008(-0.,02
LDL (mmol) 13406 (33:12 [32:07  [33:08  [30:09 [29409  |-02(0602)  [402(-06,02
Trighcerides (mmold) | 13[L1,18) |12[11,20) |14[10,27] |17[11,22] |19012.23] |15[13.21] [-04(-14,05)  |-08(-17,01
CRE( 35[23,73] |30[17,50] |46[25,68) [29[17,56) [35[19,50) [2920,41] |18(03,3.3) 01(-16,13

REE (keal/day)" 1503218 [153%6+41 |nfa 1588305 |1705¢351 |nfa B4(-97.114)  |nh
Cdoricintake (keal/day) (19391463 | 20064693 |L6B9+760 (2121279 [2236+%49 |23314822 |-50(-603500) | 389(-155,93))
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Fig 4. Beta diversity boxplots displaying microbiome compositional similarity of each participant to their respective baseline or triplicate
donor preps. Microbiome similarity to baseline (a) and to donor (b) is compared between fecal microbiota transplantation ( FMT) and placebo

- 1 % P 4 M



FMT Trial Limitations

® Small sample size

® | ack of pretreatment antibiotics

® \We are not gnotobiotic
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Case Presentation

® 9/18 - Diaghosed with Myelodysplastic
Syndrome
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Conclusions

® \Watch out for antibiotics early in life

® Fiber is good!




I Creek
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