Intestin, organe endocrine ...

—————

SSMG - 21 novembre 2015

Michel P. HERMANS

MD (UCL) PhD (UCL & Oxford, UK)
Dip. Natural Sciences (Open University, Milton Keynes, UK)
Dip. Earth Sciences (Open University, Milton Keynes, UK)
Dip. Human Geography (Open University, Milton Keynes, UK)
Dip. Environment (Open University, Milton Keynes, UK)
PG Certificate in Social Sciences (Open University, Milton Keynes, UK)

Endocrinologie & Nutrition
Cliniques universitaires St-Luc
Université Catholique de Louvain



Endocrine Neurocrine Paracrine

P OUADA

Microbial Endocrinology and the Microbiota-Gut-Brain Axis



Flux de bile
Sécrétion de HCO,”

,mlmm&:}icom' de la vésicule bilalre <

Vives bilioives



NUMBER

15

T

® Gastrin
® Secretin

. . . ]
1800 1910 1820 1830 1840 1850 1960 1970 1980 1990 2000

A A A p—— A A

Microbial Endocrinology and the Microbiota-Gut-Brain Axis



ProGIP

44— 42 aa —_—p 153

MH2-terminal
Peptide

GIP COOH-terminal
peptide

4

Post translational processing liberates GIP

in endocrine K cells

JF Gautier et al. Diabetes & Metabolism 2008; 34:S65-S72



Blood glucose homeostasis
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Gut motility and enteroendocrine secretion Wu &t al.



Main enteroendocrine hormones involved in the regulation uI gastrointestinal mntilityl

Gut hormone Site of secretion Known effects on Gl motility
Ilnterdigestive state I
Moatilin M-cells, the duodenum and jejunum Induces gastric origin phase lll MMC activity via cholinergic
pathways in humans [3]
Exhibits rapid tachyphylaxis [21]
Ghrelin Gr-cells (X/A-cells), mainly gastric fundus, Substantial inter-species differences (more human studies required):

proximal small intestine

Postprandial state
1 I-cells, the duodenum and jejunum

GIP K-cells, the duodenum and jejunum

Induces premature phase lll MMC activity in humans and rats [3]
suppresses motfilin release and phase Il MMC activity in dogs [22]
Regulates phase ll, and potentiates motilin-induced phase Il MMC
contractions in Suncus murinus [23]

Triggers gallbladder emptying

Slows gastric emptying (dose-dependently stimulates pyloric,
and suppresses antral and duodenal contractions) [25,26),

via integrated paracrine and endocrine pathways [277,28%)
Accelerates small intestinal transit [29]

Mo effect on colonic motility in humans [30]

Reduces phase Il MMC activity [31]

Does not slow gastric emptying in humans [32]

Intraperitoneal administration of GIP is associated with slowing
of small intestinal transit in mice [33°]

GLP-1 L-cells, the distal small intestine and colon

‘lleal brake’

Physiological contribution to slow gastric emptying in humans [34]
Probably slows small intestinal transit [39] and accelerates
colonic transit [40] in humans

Py L-cells, the distal small intestine and colon

‘lleal brake’

Both PYY (1-36) and PYY (3-36) slow gastric emptying
in humans — the latter more potently [41]

Retards small intestinal transit in mice [42°)

Inhibition of colonic transit and secretion in mice [42%)

Gut motility and enteroendocrine secretion Wu et al.



Cell replacement in the
mammalian small intestine. a

Schematic depiction of Degerperating

mtestinal villus and crypt, Intestinal \ \
showing distnbution of stem Cells > 4

cells, transient amplifying cells, Endocrine \

and diflferentiated cell types. Cell e

Numbered arrows indicate cell

movements: / stem cells at Enterocyte

crypt bottom give nse to ? _
transient amplifymg cells Villus
moving towards crypt neck; 2 :

transient amplifyimg cells Goblet ?
produce all cell types of adult Cell

mtestme; 3 postmitotic cells

stream towards tips of villi; 4 Lymphatic *
damaged postmitotic cells at 3

tips are sloughed off into Myofibro-

mtestmal lumen. blast

"
Transient
Amplifying - @8
Cells \\\5

Intestinal "
Stem Cell ‘
LRC - .
\~
- &

Intestinal
StemCell
CBC

Cepillary-C_ ) /’ ‘Crypt .‘_l

Paneth—

Cell Lamina
Muscularis Mucosae

=

==

S
@
(=
)
)

Shigeo Takashima - David Gold « Volker Hartenstein  Dev Genes Evol (2013) 223:85-102



Enteroendocrine Cell Types
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Enteroendocrine cell types revisited Engelstoft et al.  Current Opinion in Pharmacology 2013, 13:912-821



Enteroendocrine cell types divided into pan-Gl-tract, gastric-selective and intestinal-selective cells. For each of the cell types the main secretory product and the origina
nomenclature (W-type) are indicated. As discussed in the text and presented in Figure 1, there is a large degree of co-expression of the peptide products of CCK, secrefin, GIF, =1,

PYY and neurctensin in particular in the small intestine and the six indicated cell types could be considered to be one cell type specialized in various segments or at least one cell
lineage (indicated by the common maroon color). However, GIP expression is not found in the colon and secretin is mainly or only found at the mRMNA in the distal small intestine and
colon. The lighter maroon calor indicates that some of the peptides are less expressed in these segments. The gastric ghrelin cells are significantly different from the ghrelin-maotilin

cells of the small intestine.

W-type | Peplide hormone
/ monoamine

Pan GHract
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Enteroendocrine cell types revisited Engelstoft et al.  Current Opinion in Pharmacology 2013, 13:912-821
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Curmrent Opinion in Pharmacology

Molecular mechanisms of incretin hormone secretion Ezcurra et al.



Gut to CNS pathways | CNS to gut pathways

Vagal pathways

Microbial Endocrinology and the Microbiota-Gut-Brain Axis
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P. Holzer and A. Farzi Microbial Endocrinology and the Microbiota-Gut-Brain Axis



Candidate Hormones of the Gut Microbiota

Class Examples Functions

SCFAs Acetate Energy source
Butyrate Host metabolism
Propionate Signaling molecules

Meurctransmitters Serotonin Mood, emation, cognition,
Dopamine reward (CN5)

MNoradrenaline
GABA

Motility/secretion (ENS)

Precursors to Tryptophan Precursor to: 5-HT
neuroactive Kynurenine Kynurenic acid, quinolinic acid,
compounds L-Dopa Dopamine

Bile acids Secondary bile  Antimicrobial

acids

Host metabolism

Choline metabolites

Trimethylamine

Lipid metabolism (chaline)

HPA hormones Cortisol Stress response
Host metabaolism
Anti-inflammatory
Wound healing
Gl hormones Ghrelin Host metabolism
Leptin Appetite requlation
Glucagon-like Gl matility/secretion
peptide-1
Py
Clarke et al Endocrine Function of the Gut Microbiota

Mal Endocrinol, August 2014, 28(8):1221-1238
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J. Mark Brown and Stanley L. Hazen Annu. Rev. Med. 2015. 66:343-59



GPRC6A
CaSR
GPR120
FFAR1/2

Intestinal
epithelium

Nutrient

Tios TGRS

GPR119

Neuronal
afferents

SSTR
CnR1
FFAR2/3

Current Opinion in Pharmacology

Molecular mechanisms of incretin hormone secretion Ezcurra et al.
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(epi) genetic factors cardiometabolic RFs standard RFs

Beta-cell failure overweight - obesity age
‘ metabolic syndrome gender
gestational diabetes IR / hyperinsulinemia hypertension
pre-diabetes chronic kidney disease smoking
.
E T2DM atherogenic dyslipidemia LDL-C

v

chronic hyperglycemia (surrogate: HbA1c) )-

microvascular disease (DRP - PNP - DN) >| macrovascular disease (CAD - PAD - CVD)
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Decreases food intake

Delays gastric emptying

Enhances glucose-
dependent insulin
secretion

Suppresses glucagon
secretion, decreasing
hepatic glucose output

Restores first-phase
insulin response




Incretin

) . defect in
Incretin actions T2DM

Glucose-dependent insulin secretion
Fasting insulin concentrations
First- and second-phase insulin secretion
Postprandial insulin secretion

Glucose-dependent glucagon secretion

P Fasting glucagon concentrations
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Type 2 Diabetes Mellitus

B-cell dysfunction /loss
— portal / systemic insulinopenia: increased HGO

insulin resistance

— hyperinsulinemia

— rapid insulin-signaling impaired

— slow insulin-signaling promoted

Incretin dysfunction / loss
— GLP-1-penia
— GIP resistance

a-cell dysfunction
— hyperglucagonemia: increased HGO

insulinopenia / insulin resistance
glucotoxicity

GLP-1-penia

impaired glucose detection

autonomic dysfunction / hypoglycemia risk



GLP-1 Receptor Agonism
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dependent insulin
secretion



Mono-
therapy
Efficacy” ___

Hypo risk ..
Weight

Healthy eating, weight control, increased physical activity, and diabetes education

Metformin

high
low risk

neutral / loss

Side effects.

Gl / lactic acidosis

low

Costs®

Dual
therapy’

Efficacy” .
Hypo risk

Weight .
Side effects.

Costs™--

Triple
therapy

\4
Combination
injectable
therapy’

If HbA,, target not achieved after ~3 months of monotherapy, proceed to 2-drug combination (order not meant to denote
any specific preference—choice dependent on a variety of patient- and disease-specific factors):

Metformin Metformin Metformin Metformin Metformin Metformin
+ + + + + +
Sulfonylurea Thiazolidine- DPP-4 SGLT2 GLP-1 receptor]] | Insulin (basal)
dione inhibitor inhibitor agonist
. high___ . Lthigh M | intermediate ___] | intermediate J highest
.. moderate risk dowrisk.... ... - low risk -low risk -highrisk.......
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If HbA ,_ target not achieved after ~3 months of dual therapy, proceed to 3-drug combination (order nof meant to denote
any specific preference—choice dependent on a variety of patient- and disease-specific factors):

Metformin Metformin Metformin Metformin Metformin Metformin
+ + + + + +
Sulfonylurea Thiazolidine- DPP-4 SGLT2 GLP-1 receptorf] | Insulin (basal)
dione inhibitor inhibitor agonist +
7 + + +
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If HbA,_ target not achieved after ~3 months of triple therapy and patient (1) on oral combination, move to injectables; (2) on GLP-1-RA, add
basal insulin; or (3) on optimally titrated basal insulin, add GLP-1-RA or mealtime insulin. In refracto atients consider adding TZD or SGLT2-i:
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Antimicrobials

gut microbial
endocrine
Bacterial enzyme
inhibitors
Choline L-Carnitine
i Prebiotics
Carnitine TMA Lyase (CntA/B)

Promiscuous TMA Lyase (yeaW/X)

N

TMA

Host enzyme
inhibitors

TMA

FMO3

\

TMAO

Fecal microbiota
transplant

Recipient

J. Mark Brown and Stanley L. Hazen Annu. Rev. Med. 2015

. Bibe343-59
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“Lose some weight, quit smoking, move
around more, and eat the carrot.”



