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Tratamiento fisiopatoldgico de la DM2

«Actuar sobre la secrecién de
insulina secretagogos: sulfonilureas y
meglitinidas

*Mejorar la respuesta a la insulina
enddégena:

* Inhibir la produccién hepatica
de glucosa: Biguanidas

* Mejorar la resistencia a la
insulina: Biguanidas y TZD

* Enlentecer la absorcion de
carbohidratos: inhibidores de la a-
Glucosidasa

*Tratamiento sustitutivo con insulina CLINIC



Conservative management of glycemia:
consequences of traditional stepwise approach

OAD OAD +
Diet and OAD* monotherapy OAD OAD + multiple daily
exercise monotherapy up-titration combination basal insulin insulin injections

10

HbA,. = 7%

Duration of diabetes

Campbell IW. Br J Cardiol 2000; 7:625-631.




Up- tltratlng monotherapy to the maximum
ay not provide benefi

Gastrointestinal side effects
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Garber AJ, et al. Am J Med 1997; 103:491-497.




Delays often occur between stepping up

from monotherapy to combination therapy

Length of time between first monotherapy HbA,. > 8.0% and
switch/addition in therapy (months)

20.5 months

14.5 months

Metformin only Sulfonylurea only
n =513 n = 3394

Brown, JB et al. Diabetes Care 2004; 27:1535-1540.




Fewer individuals achieve goals for
1. versus lipids and blood pressure
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Gaede P, et al. N Engl J Med 2003; 348:383—393.




Treatment of T2DM in the USA:
| | O J

2002
Average A1C 7.8 7.7

Percentage of patients with Alc < 8.0%

Control @

Control %
No control

No control

Percentage of patients with

ic <7
Control /K‘
58%

No control No control

CLINIC
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Saaddine et al, Ann Int Med. 2006 Hospital tniversitar




Treatment failure is a universal
phenomenon in T2 DM

< 40
= Hazard ratio (95% Cl)

Raosiglitazone vs. metformin, 0.68 (0.55-0.85); P<0.001 T Glyvburid
Rosiglitazone vs. glyburide, 0.37 (0.30-0.45): P<0.001 _ yburide
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The ADOPT study, NEIM 2007



Proactive management of glycemia:

cdlly CU 0 AlUlU «10]0]110rs I

Diet and

exercise OAD

monotherapy
( A Q combinations
e OAD
up-titration

‘ OAD + basal
insulin

& OAD + multiple daily

insulin injections

ACTION
POINT:

— HbA,, = 7%
HbA, = 6.5%

»
»

Duration of diabetes *OAD = oral antidiabetic
CLINIC

[(BARCECCORA]
Hospital Universttari




Natural History (current practice) of DM 2 treatment

Years before Dx-10

| - 0

nsufin resistance
Insulin secretion ' :

PP Glucose

Fasting Glucosb - - ;
-~ Macrovascular disease @@

Pre-diabetes | _ Ovért DM2 |

Ramlo-Halsted BA, Edelman SV. Prim Care. 1999;26:771-789
Nathan DM. N Engl J Med. 2002;347:1342-1349




El Efecto Incretina
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Media  EE; N = 6; *p <0,05; 0,-0, = tiempo de infusién de la glucosa.
Nauck MA, et al. J Clin Endocrinol Metab. 1986;63:492-498. Copyright 1986, The Endocrine Society.




El Efecto Incretina esta reducido en pacientes
AT i o )

--4-- Glucosa Intravenosa
—0— Glucosa Oral

Sujetos Control Pacientes con Diabetes Tipo 2
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Tiempo (min) Tiempo (min)

*p 0,05 comparado con el valor respectivo después de una carga oral.
Nauck MA, et al. Diabetologia. 1986;29:46-52. Reimpresa con permiso de Springer-Verlag © 1986.




Las Incretin

GLP-1: Glucagon-like Peptide-1

@@@@00‘)9@.@.@0.‘.’9

GIP: Glucose-Dependent Insulinotropic Peptide




Efectos del GLP-1 en Humanos:

GLP-1 segregado tras

la ingesta de alimentos l Respuesta

Promueve la saciedad célula Beta
y reduce el apetito

i Células alfa:
T Respuesta | | | Secrecién

célula Beta -_ postprandial de «
glucagoén \
\
Higado: (- — -

| glucagon,
reduccién de la
produccion hepatica de
glucosa

Células beta:
Mejora la secrecion de
insulina dependiente de

glucosa Estémago:

Ayuda a regular el
vaciamiento gastrico

Adaptado de Flint A, et al. J Clin Invest. 1998;101:515-520.; Larsson H, et al. Acta Physiol Scand. 1997;160:413-422.; Nauck MA, et al.
Diabetologia. 1996;39:1546-1553.; Drucker DJ. Diabetes. 1998;47:159-169.




Degradacion de GLP-1

DPP-4 La accion de DPP-4 inactiva GLP-1

1 2 3 30

2 posibles soluciones para la utilizacion terapéutica de GLP-1:

1. Analogos LAR de GLP-1 resistentes a DPP-4: incretin-mimeéticos
2. Inhibidores de DPP-4: incretin-potenciadores

Mentlein R, et al. Eur J Biochem. 1993;214(3):829-835. %
Gallwitz B, et al. Eur J Biochem. 1994;225(3):1151-1156.



Incretin-mimeéticos

DPP-4

Acido graso C-16 (unién no
covalente a albumina)

CLINIC
BARCELOMNA
Hospital Universitari



Inhibidores de DPP-4

A. MK-0431 (Sitagliptin), B. NVP-LAF 237 (Vildagliptin),

Merck, Sharp & Dohme Novartis 0

3 NH, O
H
. \)l\D
ol
ABT-279

C. BMS-47718 (§ Bl 1356 ylpyridine,

Bristol-Myers ARI 2243 NH

NH2 LY 2463665

Cli

H CN ~

Demuth et al. 2005; Biochim Biophys Acta 1751: 33-44



Efecto de iDPP-4 en los niveles de incretinas circulantes

GLP-1

GIP

Glucagon

Mari et al. J Clin Endocrinol Metab. 2005
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Los Niveles Plasmaticos Postprandiales de Exenatida
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GLP-1 Plasmatico Exenatida Plasmatica

Pacientes con DT2; Poblacién evaluable, n = 61 para todos los grupos de tratamiento; Media * EE;
datos de concentraciones posttratamiento a las 2 semanas
DeFronzo RA, et al. Curr Med Res Opin. 2008;24(10)2943-2952.




Incretin Mimét

iferencias

icos Vs IDPP-4:

Propiedades/Efectos

Incretin Miméticos

iDPP-4

Estimulacion de la secrecion de insulina

Probablemente no
exclusivamente via

exclusivamente via GLP-1 S GLP-1(PACAP? GIP?
otras?)
Rest!tumon de secrecion fisiologica de S No probado
insulina (2 fases)
Mantenlmelntq de c_:f)ntrarregulac_:lon por Si No probado
glucagon en situacion de hipoglicemia
Inhibicion de la motilidad digestiva Si No
Efecto en el peso corporal Disminucion No disminucion
Efectos adversos Nausea No
Formacion de anticuerpos Si No
Administracion Inyeccidon Subcutanea Oral

Puig-Domingo et al Eur J End Dis, 2007



Resultados de estudios clinicos con incretinas en DM2: control glicémico

Inerwatin m imotice MPE_A inhihitnre
[BRRS R=L I EA AR IR L= L =i '-I- (RN RRRLEY Lo ]
Upto2mg
weekly Up to
UptolOpg 0-75, 220, 1.9 mg S0mg 100 mg Upto 200 mg
10+ twice daily once daily 104 . 25mg Upto100mg 100 mg
A N A
057 05 NN~
~ DEI_ DD T T T T T T T T T 1
g I
u 054 0.5
< *
* *
2 a0, T, ) 104 * ‘ 4
T-J:
154 154 T
-2-(- 2.0
[ Exenatde (twice daily) E Insulin glargine [ Metformin
B Exenatde LAR (onceweekly) [ Vildagliptin B Glimepiride
B Liraglutide {once daily) [ Sitagliptin [ Rosiglitazone

B Flaceko

CLINIC
Drucker & Nauck. Lancet 2007



Nos ofrecen algo mas la terapia
basada en incretinas ?




Masa de células 3 en pacientes con Diabetes tipo 2

3,5
3,0
X 2,5
£
E 2,0
(@]
> 15
[
Q 1,0
ooy
0,5
0,0
ND IFG T2DM ND T2DM
Obesos Delgados
ND=non-diabetic; IFG=impaired fasting glucose; T2DM=Type 2 diabetes mellitus CLiNlC

Butler AE et al. Diabetes. 2003;52:102-110. Hospiftal I



El mantenimiento de la masa de

A Celulas’!né‘ulmp-?oﬁhvasE N
’ (celulas B) FIAE . A Equilibrio dinamico de

X G 3 B pérdida de células B vs.
neogenesis

Conducto ,
Pancreatlco

Los islotes se reabastecen
de nuevas células 3

Replicacion:
— Ceélulas epiteliales
ductales

Proliferacion:
—Células madre y
precursoras

Butler AE et al. Diabetes. 2003;52:102-110.;
Bonner-Weir S. J Mol Endocrinol. 2000;24:297-302.;
Finegood DT, et al. Diabetes. 1995;44:249-256.




Neogenesis y replicacion Beta-celular incrementadas tras
tratamiento con exenatida en ratas parcialmente

pancreatectomizadas

p-cell Mass
(mg)

BrdU in islets

Xu et al, Diabetes 1999
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CLI NIC




Incremento de la masa Beta en ratas tratadas con
estreptozotozina +incretinas

Control — STZ
(B cell mass = 2.2mg/pancreas)

GLP-1-STZ
(B cell mass = 3.1mg/pancreas)

Exendin-4 - STZ
(B cell mass = 3.6mg/pancreas)

CLINIC

Tourrel C. et al, Diabetes 2001

Hospital Universitari



GLP-1 induce diferenciacion de células madre pancreaticas

NIP: Clusters
Nestin-positive
islet progenitor
cells
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Abraham et al. Endocrinology 2002 BARCELONA



GLP-1 preserva la integridad de los islotes y
reduce la apoptosis en islotes humanos
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Farilla et al Endocrinology. 2003;144:5149.



GLP-1y proliferacion/apoptosis de las
celulas insulares
GLP-1

EGFR  GLP-IR Gs Adenylyl

S q‘clty—\ Aﬁ

cAMP

PISK /
PI\C?; \ CREB‘/ e
_/ S

I:ll:l 2 i

Akt&""’f’ \ Belal.  p4d4 MAPK

PDX-1—

Islet B cell

CLIIC

Brudaker & Drucker, Endocrinology 2004



Acciones clasicas y nuevas de la molécula de

aY ah ala =

a
LA BJ v v

Cerebr
Corazon Neuroproteccion
4 cardioproteccion v Apetito

* Funcién Cardiaca

Ppuny Intestlno

Musculo *

Prrtiide ala Insulina

Estomago

P 4

# Vaciamiento Gastrico

Pancreas

v Produccién de \
Glucosa "'-
T Sensibilidad

Tejido P——-
Adiposo " ‘ e
dore =
=.8®
.‘. A Absorcion de

glucosay
almacenamiento

4 Biosintesis de Insulina
* Proliferacion de la célula Beta

v Apoptosis de la célula Beta

Baggio LL, Drucker DJ. Gastroenterology. 2007;132:2131-2157.




Recombinant Glucagon-Like Peptide-1 Increases Wivocardial
Glucose Uptake and Improves Left Ventricular Performance
in Conscious Dogs With Pacing-Induced
Dilated Cardiomyvopathy
Lazaros A MNikolaidis, MD: Dariush Elahi, PhID: Teresa Hentosz, BS;

Aaron Doverspike, MS: FRhonda Huerbin, LWT: Lee Zourelias, LVT: Carol Stolarski, BS:
You-tang Shen, MD: Richard P. Shannon, MDD

—&— Control

-m  rGLP-1
i Stroke Volume 2500 - Cardiac Output
2000 -
20 _-®-- 7
£ 1500
E £
E 1000 | p< 0.05
10
500 .
0 0
Base CHF 24 hrs 48 hrs
Systemic Resistance
su_
40 6000 -
3
<307 & 4000 -
~ 20 8
@
2000
10 =
o 0
Base CHF 24 hrs 48 hrs Base CHF 24 hrs 48 hrs
_ _ CLINIC
Circulation, 2004



¢, Cuales son los determinantes de la
respuesta a la terapia basada en
Incretinas?



Cambios en A1cy en el peso tras exenatida
durante 3anos B

Baseline 8.2 £ 0.1%

Week 156
-1.0% (95% CI -1.1 to -0.8%)
p<0.0001

Weight Change From
Baseline (kg)

78 104 130

Treatment (week)

Baseline 99.3 £ 1.2 kg

Week 156
-5.3 kg (95% CI -6.0 to -4.5 kg)
p<0.0001

26 52 78 104 130 156

Treatment (week)

Cl: Confidence imterval. N=217; Mean + SEM.
KlonofT DC, et al. Corr Med Res Opin. 2008;24:2T5—286.




El 68% de los sujetos tratados con exenatida
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TCF7L2 influye en la respuesta a

sulfonylurea : metformin

T T
T - A
0 200 2 e
Time (Days| Time (Days)

Proportion of patients, by genotype rs1225372, who achieve a
target Alc <7%

Pearson E et al; Diabetes 2007:2178-2182



Genes asoclados a DM?2
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Polimorfismos de 7CF/7L2

1s7903146

Confieren un elevado riesgo de DM2

Se asocian IMC bajo y a fallo precoz al
tratamiento con hipoglicemiantes orales

Determinan una menor repuesta insulino-
secretora

No se asocian a niveles inferiores de GLP-1
pero si a una menor respuesta insulinica
mediada por incretinas, todo ello concordante
con una situacion biologica de resistencia a
las incretinas o de respuesta defectuosa a
Incretinas




Secrecion de insulina mediada por GLP-1 reducida

IVGTT

p=0.25

en portadores de aleios de riesgo de TCF7L2

OGTT
P=0.04

LR

(pmolfmmol)

1st-Ph
GLP-1

and-Ph  Arginine
GLP-1 Schifer SA, et al. Diabetologia. 2007;50:2443-2450.




El efecto incretina esta reducido
en portadores de alelos de riesgo de TCF7L2

H = F=0.0003

82
*g 80 ¢ Es suficiente soélo el
= 78 y restablecimiento a
= niveles fisiologicos el
= 76 1 GLP-1?
—
£ 74 -

T2

70 4 L I

0

CT/TT

Lyssenko V, et al. J Clin Invest. 2007;117:2155-2163



Donde colocar estos agentes incretinicos

en el algoritmo terapéutico de la DM2?

Lifestyle+ Metformin ()

'

Lifestyle + Metformin + TZDs @

\

Lifestyle + Matfomin
+ TZDs+ sulfonylureas or
glirides

\

Insulin+Metformin {and/or TZDs )

(1) TZD= if thare are side aeffects or controindication for matformin.

In presenca of PPH, + a-glucosidase inhibitors
(21 In presenca of PPH, + a-glucosidasa inhibitors

Rotella & Pala; Act Diabetol 2008



Donde colocar estos agentes incretinicos
en el algoritmo terapéutico de la DM2?

Lifestyle+ Metformin ()

'

Lifestyle + Metformin + TZDs @

\ \ v

: : Lifestyle + Metformin i :
Lifestyle + Matformin Lifestyle + Metformin
+ TZ0s+ sulforylureas or ~ + 1205+ GLP-Tanalogs | 1705, DPPIV inhibitors
glirides

Insulin+Metformin {and/or TZDs )

(1) TZD= if thare are side aeffects or controindication for matformin.
In presenca of PPH, + a-glucosidase inhibitors

(21 In presenca of PPH, + a-glucosidasa inhibitors

CLINIC
Rotella & Pala; Act Diabetol 2008



Natural History (current practice) of DM 2 treatment

Years before Dx-10

| - 0

nsufin resistance
Insulin secretion ' :

PP Glucose

Fasting Glucosb - - ;
-~ Macrovascular disease @@

Pre-diabetes | _ Ovért DM2 |

Ramlo-Halsted BA, Edelman SV. Prim Care. 1999;26:771-789
Nathan DM. N Engl J Med. 2002;347:1342-1349




Modern treatment of T2DM

Surgical treatment of diabetes
Years -10 -5 0 5 10

e - -
Preprandial

] Basal Insulin
Insulin

Combined Orai Monotherapy

Pre-diabetes | bvert type 2 Diabetes




DAVE

Management of obesity in patients with Type 2

diabetes

L. Campbell and S. Réssner*

Weight
management

Patient refuses

Offer weight management -

\

L Accepts

3-month weight loss programme including

* Exercise

* Behavioural
advice

* Diet

* Support schema
* Family

* Health Centre

* Community

Unsuccessful outcome

Unsuccessful|loutcome

Successful outcome

e.g. <5 kg loss

[ 1

Consider additional drug
therapy if
« BMI >30

Drug
therapy
continues

* BMI >25 plus risk factors

Y

Maintenance of weight loss achieved
Regular monitoring
Prevention of further weight gain

Consider
specialist referral

for surgery if
BMI =35 with
major risk factors

Healthy eating advice |-=

Al

AR

ELOMNA

Lile

Mospital Univers



Resultados de la cirugia
metabdlica

Years of Post-surgical weight
Metabclic outzomes follow up  Procedure change Reference
03% resolution of diabetes 35 years  Roux-en-Y 38% decrease in weight  DeMaria [17]
03% resolution of dishetes 1year  Roux-en-Y 34% deciease in weight  Cowan [45]
11% resolution of disbetes G years  Roux-en-Y 33% dlecrease in weight  MacDonald [29]
64% resolution of diabetes 1year  Lap-Band 20% dlecrease in weight  Divon [7]
83% resolution of diabetes 1.6 years  Rous-en-Y 32% dlecrease in weight  Poires [5]
99% ncn-progression
99% nen-progressed 5.8 years Roux-en- 52% excess weight loss  Long [6]

58% reduction in incdence
of diabates
h8Y% reduction in incdence
of diabates

1.4 years

L0 years

Lifestyle intervention

Lifestyle intervention

R decrease in weight

4.2% decrease in weight

Tuamilehte [76]

DPP [2]



ANNALS OF SURGERY
| RrREVIEWW. el
L REVIEW i

Potential of Surgery for Curing Type 2
Diabetes Mellitus

Francesco Rukinoe, MD,* and Michel Gagner, MD, FACES, FRCSCTH

From the “IRCAD-European nstitute of Teleswgery., Strasbourg, France, and the fDiision of Laparoscopic Surgery. Mount
Sinal Medical Center, New York, New York

DIABETES
Type 2 Diabetes
+++
{_
Increting
e
+
+ | Anti-incratin factor/s
+
L _____._.--——-—“""'J O Cells producing incretins
Delayed in;'ruli n response {ileum, duodenum, jejunum)
-Impaired insulin action Y @ Cells producing the unknown
B factor with anti-incretin effect

A I_-. I|-t>r|::|allnsl.Jill'lEnﬂl'liEl

CLINIC
[sarciional

Hospital Universitar



Possible mechanisms of action: :
1-avoidance of stimulization of cells
producing the unknown factor with
anti-incretin effect

2-earlier and/for increased GLIP-1
production

Improved
insulin response
and action

Anti-incretin €—/—
factor

Mormalization of plasma insulin and glucose



Canvis hormonals després de by pass
gastric i el seu efecte sobre la insulina

Change After  Effect on Insulin
Hormone Bypass Secretion
Ghrelin Decrease Low-level stimulatory
Gasfric inhibitory Increase High-level stimulatory
peptide
Glucagon like Increase High-level stimulatory
peptide
Leptin Decrease Low-level stimulatory




Effects of bariatric surgery on incretins

Reference n  Surgery type  Study type Control group GLP-1, EG* GIp IE%
Launtsen 1980 44 JIB 31 (12) -8 o Ohese (12) Nol measured | GIP after oral glucose  » JIB 31 | 1E
IR 173 ¢ Nonchese s/p [AS for vs, obess vs, ohese
(3 FHC (5) ¢ JIB 13T IE
& Nonchese (10) vs, nonohese
Samon [08] 87 JB 2o O o Leanil3) t fasting and P fasting GIP vs, lean,  Not measured
BPD (38} & Ohese (16) postprandial EG | postprandial GIP
vs, lean and obese
smnek 1936 12 GBEP L ¢ Before and 34 months  Not measured | fasting and Not measured
after GBP postelucose GIP
Naslund 1998 24 20 years C-5 # Lean (6) 1 fasting and meal- 1 fasting and meal- Net measured
after J1B ¢ Nonoperated obese (6) stimulated GLP-1 stimulated GIP
i) ¢ Obese U months after
1B (&)
Bamy 1977 12 1B L. Before, 3 weeks and 6 T EG 3 weeks and & Nol measured Net measured
months after 1B months after oral
slucose
Monmgo 200 5 GREP L. Before and 1.5 months T GLP-I after test meal — Not measured Net measured
afler surgery
Jarde 1981 21 B C-Sand I« Before, 2 and 6 weeks Mol measured | GIP after hiquid test  Not measured
s/p JIB (5] meal (with less of 4
® Lean (8 decrease 2 years after
¢ 2 vears sip JIB (8) SUTEETY Vs,
preoperative and lean)
Kellgm 1990 16 GBP(Yor L ¢ Before and after T Bl after glucose meal Mot measured Not measured
VRG (T surgery
Clements 2004 20 GREP L. ¢ Before and 2, 6and 12 No change m fasting | fasting GIP at 6 and  Not measured
weeks afler surcery levels 12 weeks
Rubine 2004 10 GREP L ¢ Before and 3 weeks No change m fasting | fasting GIIP only in Net measured

after surgery

levels

diabetics

CL

A

R C
|

NIC



Effects of bariatric surgery on

Incretins

Imsulin {pmaliL) Glucose (mmoll)

C-Peptide (pmaliL)

Laferrere, JCEM 2008
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Modern treatment of T2DM
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