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Agregacion familiar de la diabetes tipo 2

Si tu tienes diabetes tipo 2, ¢ qué riesgo tiene...

e Lavecina? 5-10%
e Tu hermana? 30%
 Tu hermano gemelo? >80%

La variacion en la secuencia del DNA
Influye el riesgo de enfermedad



Observaciones que sugieren una
aportacion geneética

Hay poblaciones que comparten un ambiente
similar en las cuales la prevalencia de la
diabetes difiere marcadamente (p. e]. Pimas)

Los antecedentes familiares aumentan el riesgo

La concordancia es mayor en gemelos
monocigoticos que en mellizos dicigoticos

Existen mutaciones que causan una forma
monogénica de la diabetes



Estudios de asociacion
de genes candidato
(1996-2006)







PPARy P12A vy riesgo de diabetes tipo 2

Oh et al.
Deeb et al.

Mancini et al.
Clement et al.
Hegele et al.
Hasstedt et al.
Lei et al.

Ringel et al.
Meirhaeghe et al.

Memisoglu et al.
Hara et al.

Douglas et al.
Ardlie et al.
Altshuler et al.
Mori et al.
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Variant of transcription factor 7-like 2 (TCF7L2)
confers risk of type 2 diabetes
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Allele X of DG105478"°

lceland (1,185/931) x 0.364
Denmark (228/539) X 0.331
USA (361/530) X 0.385
Combined X —~

0.276
0.260
0.253

1.50[1.31, 1.71]
1.411[1.11, 1.79]
1.85[1.51, 2.27]
1.56[1.41, 1.73]

2.1 x 109
0.0048
3.3 x 10°%
4.7 x 10-18

Shown is the allele frequency in affected individuals and controls and the corresponding association of DG105S478 to
type 2 diabetes, together with the number (r7) of subjects (individuals with type 2 diabetes/controls), the haplotype

relative risk (RR) and F values.



Estudios de asociacion gendmica
(GWAS)
2007-presente
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Efficiency and power in genetic association studies

Paul I W de Bakker!™*8, Roman Yelensky>>% Itsik Pe’er’, Stacey B Gabriel?, Mark J Daly"%® &
David Altshuler=467




El HapMap:
Desequilibrio de ligamiento
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Factores gue posibilitaron los GWAS
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GWAS

A genome-wide asso
identifies novel risk Ic

Robert Sladek'**, Ghislain Rocheleau'*, Johan Rung**, C
Philippe Boutin’, Daniel Vincent®, Alexandre Belisle®*, Sar
Guillaume Charpentier®, Thomas J. Hudson*?, Alexandre
Barry . Posner™'?, David J. Balding'”, David Meyre”, Con

A variant in CDKAL]1 influe:
of type 2 diabetes

Valgerdur Steinthorsdottir!!>, Gudmar Thorleifsson!

Thorbjorg Jonsdottir!, G Bragi Walters', Unnur Styrka
Shyamali Ghosh!, Adam Baker!, Steinunn Snorradottir
Yu Bagger®, Robert L Wilensky’, Muredach P Reilly’, A
Vilmundur Gudnason?, Guanjie Chen®, Hanxia Huang
Ronald C Y Ma#, Gitte Andersen’, Knut Borch-Johnsen
Marten H Hofker!"!2, Cisca Wijmenga'®!4, Claus Chri
Juliana C N Chan#, Oluf Pedersen®?,Gunnar Sigurdsso
Augustine Kong! & Kari Stefansson!

Genome-Wide Association Analysis
Identifies Loci for Type 2 Diabetes
and Triglyceride Levels

Diabetes Genetics Initiative of Broad Institute of Harvard and MIT, Lund University,
and Novartis Institutes for BioMedical Research*+

Replication of Genome-Wide
Association Signals in UK Samples
Reveals Risk Loci for Type 2 Diabetes

Eleftheria Zeggini,*** Michael N. Weedon,*** Cecilia M. Lindgren,’** Timothy M. Frayling,*-**
Katherine S. Elliott,” Hana Lango,** Nicholas ). Timpson,>* John R. B. Perry,**

Nigel W. Rayner,™? Rachel M. Freathy,** Jeffrey C. Barrett,” Beverley Shields,*

Andrew P. Morris,” Sian Ellard,*® Christopher ]. Groves,* Lorna W. Harries,*

Jonathan L. Marchini,” Katharine R. Owen," Beatrice Knight,* Lon R. Cardon,® Mark Walker,?
Graham A. Hitman,” Andrew D. Morris,*® Alex S. F. Doney,’® The Wellcome Trust Case Control
Consortium (WTCCC),t Mark I. McCarthy,*1§ Andrew T. Hattersley’*t

A Genome-Wide Association Study of
Type 2 Diabetes in Finns Detects
Multiple Susceptibility Variants

Laura ]. Scott,* Karen L. Mohlke,” Lori L. Bonnycastle,® Cristen J. Willer,* Yun Li,*

William L. Durr-.‘n,1 Michael R. Erdl:rs,3 Heather M. Strin[.]ham,1 Peter S. Chim-.‘s,3

Anne U. Jackson,® Ludmila Prokunina-Olsson,? Chia-Jen Ding,* Amy ). Swift,® Narisu Narisu,’
Tianle Hu,* Randall Pruim,* Rui Xiao,* Xiao-Yi Li,* Karen N. Conneely,® Nancy L. Riebow,?
Andrew G. Sprau,® Maurine Tong,? Peggy P. White,* Kurt N. Hetrick,> Michael W. Barnhart,’
Craig W. Bark,® Janet L. Goldstein,® Lee Watkins,® Fang Xiang,' Jouko Saramies,®
Thomas A. Buchanan,” Richard M. Watanabe,®® Timo T. Valle,® Leena Kinnunen,
Goncalo R. Abecasis,® Elizabeth W. Pugh,® Kimberly F. Doheny,® Richard N. Bergman,’
Jaakko Tuomilehto,*®***? Francis S. Collins,** Michael Boehnke*

10,11



Resultados positivos
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Gene region Function Odds ratio P value Notes

JAZF1 Transcriptional repressor 1.10 5.0x10 '* Associated with prostate CA
CDC123-CAMK1D Cell cycle/protein kinase 1.11 1.2 x10°*° Intergenic region

T SPAN8-LGR5 Cell surface glycoprotein 1.09 1.1x10°° Gl cancers

THADA Thyroid adenoma 1.15 1.1x10° Associates with PPARy; missense SNP
ADAMT S9 Secreted metalloprotease 1.09 1.2x10°2 Expressed in muscle and pancreas
NOTCH2 Transmembrane receptor 1.13 4.1 x10°° Pancreatic organogenesis
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Genetic Loci Associated with Type 2 Diabetes

2000 PPARG

2001
2002
2003 [ KCNJ11
2004
2005

2006
2007 SLC30AS8

HHEX-IDE
CDKAL1
e ————— N Y
IGF2BP2
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J
I—— O C 122 CAMICLD
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2008

ADAMTS9
NOTCH2

HNF4A
TCF1
CAPN10
ENPP1

Other

1.00 1.10 1.20 1.30 1.40 1.50
Approximate effect size









1. “No hemos aprendido nada nuevo”

A ZnT8-EGFP

ZnT8-EGFP | insulin merge
Chimienti et al., Diabetes 53:2330-2337, 2004



Biologia insospechada

DGI, Science
online 4/26/07
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Diabetes y cancer

namure
genencs

Two variants on chromosome 17 confer prostate cancer
risk, and the one in TCF2 protects against type 2 diabetes

Julius Gudmundsson™¥, Patrick Sulem'2", Valgerdur Steinthorsdottir!, Jon T Bergthorsson!,

Diabetologia
DOT 10.1007/500125-008-1114-9

COMMENTARY

A genetic link between type 2 diabetes and prostate cancer

T. M. Frayling « H. Colhoun - .J. C. Florez
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Population-based Cohorts

1 deCODE (n=6,240)

2. NFBCG66 (n=4,245)

3. Rotterdam study (n=2,058)
Q NTR/NESDA (n=3,166)
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GWAS en fenotipos
cuantitativos: Glucosa

T T R

MTNR1B

40 - 60 2
30 — 3
a - r
2 20 - Wy
g £
10 - | 0
O
B E
(]

MTNR1B SLC36A4

- —

I | |
92100 92300 92500

Chromosome 11 position (kb)
r? scale ss: TN

Prokopenko®, Langenberg®, Florez*, Saxena®, Soranzo* for MAGIC, Nat Genet 2009:41:77-81



Genes de la diabetes tipo 2: Células

Glucose

ATP-sensitie Kt Ca2t 1. Expresion tisular
KCNJ11 oreton " 2. Localizaciéon subcelular

ABCC8
o= I: ? _11';*‘:{?':;-'&.;;!:02:;:{: L}""
IR | 6400000044

3. Funcién molecular
4. Fisiologia in vivo

transporter

Q
Insulin
receptor
LR
oA
@) SLC30A8 o
CaZ+ @ i hﬁ‘}_
- nsulin-
Glucose 6-phosphate E“a;af:tlug '@ containing |
granules
©9©
Glycalysis ~
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Krebs i
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s CDKAL1  TCF2
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J.C. Florez
4 Diabetologia
2008;51:1100-1110
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2. “Toda la contribucidn genética a la
diabetes tipo 2 ocurre a traves de la célula ”

Diseno de los estudios — se seleccionaron casos delgados
La heritabilidad de la insulinorresistencia es menor
Puede haber menos variantes que causen insulinorresistencia

Los polimorfismos que causan insulinorresistencia pueden ser
menos frecuentes en la poblacion

Los polimorfismos que causan insulinorresistencia pueden
tener efectos de menor envergadura

6. Los criterios de seleccion pueden imponer limites en las
medidas de insulinorresistencia que restringen la variacion

7. Las medidas de sensibilidad a la insulina utilizadas en estudios
de poblaciones pueden tener una correlacion imperfecta con la
insulinorresistencia a nivel tisular o molecular

> wn e

o1

J.C. Florez Diabetologia 2008;51:1100-1110



ENPP1 K121Q meta-analisis

Study name T2D/Controls  Statistics for each study Odds ratio and 95% Cl

Odds Lower Upper
ratio limit limit p-Value

Pizzuti et al. (talian) 1999 132121 1.860 0.342 10.128 0.473
Gu et al. (Scandinavian) 2000 392/147 3040 0419 22082 0.272
Barroso et al. (British) 2003 509/491 0855 0.328 2233 0.749 O
Abate et al. (white American) 2005 141/717 4250 2002 9.021 0.000 O
Meyre et al. (French) 2005 747/548 2680 1.190 6.038 0.017 O
Meyre et al. (Austrian) 2005 465/732 3450 1470 8.098 0.004 O
Bacci et al. (white American) 2005 408/286 1170 0507 2702 0713 O
Bacci et al. (ltalian) 2005 561/352 1260 0536 2960 0.5% O
Bochenski et al. (Polish) 2006 426/370  0.866 0.301 2491 0.790 0
Grarup et al. (Danish) 2006 1386/4770 1190 0.800 1.770  0.391 —O—
Kubaszek et al. (Finnish) 2006 97/392 1158 0.237 5656 0.856
Lyon et al. (Polish) 2006 10021000 0710 0.363 1.390 0.318 O
Lyon et al. (white American) 2006 1216/1204 0640 0368 1.113 0.114 —4O—+
Lyon et al. (Scandinavian) 2006 473/465 1270 0470 3431 0637 O
Lyon et al. (Swedish) 2006 501/496 0990 0468 2093 0.979 O
Weedon et al. (British) 2006 2087/3846 1290 0861 1932 0.217 -+O—
Chandalia et al. (white American) 2007  116/967 2830 0.983 8.146  0.054 O
Willer et al. (Finnish) 2007 1155/971 1250 0732 2135 0.414 —tO—t
Meyre et al. (French) 2007 316/2005 1613 0892 2919 0.114 A
Trischitta (ltalian) unpublished 5594831860 0807 G
g'y 1384 1103 1.736 0.005 I <
: 01 02 05 1 2 5 10

KKIKQ  QQ

Jarred McAteer et al., Diabetes 2008:; 57:1125-1130
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3. “La mayor parte de la aportacion genética
a la diabetes tipo 2 ya ha sido descubierta”

* No se entiende el “riesgo
atribuible a la poblacion” CEU

: & 1004
e Se estima en un 5-10% E a0l
=
 No se ha realizado mapeo fino 2 60
* No se han identificado las & il
. . 20 1 :
variantes causativas % . E%ﬁi’r‘ﬁ&j;%ﬁ
o NO Se han exam|nad0 = ':I:IZI I:'I.E '3:4 ﬁIII.IE 'IITE 'IT':I
-
— Otras poblaciones
— Numero de variantes estructurales Pe'er et al.
: . Nat Genet 2006;
— Variantes de menor frecuencia 38:663-667

— 20% de las variantes comunes no se
capturan con los arrays disponibles
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Variants in KCNQI are associated with susceptibility to
type 2 diabetes mellitus

Kazuki Yasuda!, Kazuaki Mi}fakez. Yukio Horikawa®, Kazuo Hara®, Haruhiko Osawa’®, Hiroto Furuta®,
Yushi Hirota2, Hiroyuki MoriZ, Anna Jonsson’, Yoshifumi Sato%, Kazuya Yamagatag’ﬂ, Yoshinori Hinokio?,
He-Yao Wang!*?, Toshihito Tanahashi'’, Naoto Nakamura'!, Yoshitomo Oka®, Naoko Iwasaki'?,

Yasuhiko Iwamoto!?, Yuichiro Yamada'»%”, Yutaka Seino'>?7, Hiroshi Maegawa”, Atsunori Kashiwagi”,
Jun Takeda?, Eiichi Maeda'?, Hyoung Doo Shin'®, Young Min Cho!?, Kyong Soo Park!”, Hong Kyu Lee!?,
Maggie CY Ng'?’. Ronald C W Mal8, Wing-Yee So!8, Juliana C N Chan!8, Valeriya L}rssenko?.

Tiinamaija Tuomi'®2Y, Peter Nilsson?!, Leif Groop”!?, Naoyuki Kamatani??, Akihiro Sekine?*%,

Yusuke Nakamura??, Ken Yamamoto?!, Teruhiko Yoshida?>, Katsushi Tokunaga®®, Mitsuo Itakura'?,
Hideichi Makino’, Kishio Nanjof', Takashi Kadowaki® & Masato Kasuga2

SNPs in KCNQI are associated with susceptibility to
type 2 diabetes in East Asian and European populations

Hiroyuki Unokil, Atsushi Takahashi2, Takahisa Kaxvag11chi3, Kazuo Hara*, Momoko Horikoshi?,

Gitte Andersen®, Daniel P K Ngf', Johan Holmkvist’, Knut Borch-Johnsen®7#, Torben ]@rgensen?,

Annelli Sandbak®, Torsten Lauritzen®, Torben Hansen?, Siti Nurbayaf'. Tatsuhiko Tsunoda?®, Michiaki Kubo!?,
Tetsuya Babazono'!, Hiroshi Hirose'?, Matsuhiko Hayashi'?, Yasuhiko Iwamoto'!, Atsunori Kashiwagi'%,
Kohei Kaku!®, Ryuzo Kawamoril®, E Shyong Tai'?, Oluf Pedersen’, Naoyuki Kamatani?, Takashi Kadowaki?,
Ryuichi Kikkawa'?, Yusuke Nakamura'® & Shiro Maeda'
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a“d \nsulin- re, log

Asociacion de MTNR1B
con la diabetes tipo 2

%

Study ID or (85% CI) Weight
1
1

DG L 1.12 (0.98, 1.30) 11.70
I
1
1

FUSION —i 1.20 {1.03, 1.38) 12.41
I
I

WTCCC — 1.07 (0.95, 1.20) 20.40
1
1
1

deCODE ] 1.14 (1.03, 1.27) 24.33
1
1
1

KORA {7 . 1.00 (0.84, 1.19) B.895
i
1

Rotterdam L 1.17 (1.04, 1.30) 2221
1

Overall {l-squared = 0.0%, p = 0.608) @ 1.12 {1.07, 1.18) 100.00
1
1 = 5
1 Meta-analysis P-value =52 x 107
i
1
1

[ [

722 1 1.39

Prokopenko et al., Nat Genet (in press)



5. “Los efectos genéticos son tan
Insignificantes que no van a tener
relevancia terapeutica”

 PPARG es la diana para las tiazolidindionas
— P12A OR ~1.20

« KCNJ11 es la diana para las sulfonilureas
— E23K OR ~1.15

« HMGCR es la diana para las estatinas
— 1512654264 coeficiente-f3 0.1 (% of SD) para LDL



6. “Las variantes gue se han descubierto
nos ayudaran en la prediccion clinica”

1 - e ——————— e —
*-a..-v"""
o el
gkt “Model+Genotype Score C = 0.907
g
0.8 T P=0.49
'{,-"‘ === Simple Clinical Model C = 3.900
8 F
o A
'ﬁ 0.6 i
B /
8 /
- 0.4 "
2| PN NRI = 2.13%
.5 M - p-017
0.2 4 1.,.., 99%‘ 9?%'"
o 30%
0 ~
0 0.2 0.4 0.6 0% | % T 20%
False Positive Rate o _
L s ey - 39 ™ 10%
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7. Farmacogeneética en la diabetes neonatal

ATP-sensitive Ca2+
K* channel

Kir6.2

® < O

SUR1 Depolarization O Insulin
Glucose secretion
e Insulin
receptor
Glucose .~ : i
transporter : /
(GLUTZ) | 1 s,
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contaiiung > -
o Ca2+granule5 RS /
Slucose  GCK © / %
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Intracellular .
| Ca?2* stores e E
Glycolysis recticulum .
- Protein
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Mitochondrion HNF-1o. NeuroD1
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Promoter Coding region
Modified from Bell & Polonsky
Nature (2001) 414: 788-91



Observacion clave

Increase in Insulin (pmaol/liter)

Mutaciones en KCNJ11

30 [ 1SPAD 19, mother of proband
g0- H I5PAD 19, proband

704 @ ISPAD 41, proband

Bl
30
40
30

20

0 —— =

Glucose Tolbutamide

Gloyn A et al. N Engl J Med 2004;350:1838-1849



Cambio en HbAlc con sulfonilureas

A B
14+ 9 -1.00
T 124 T 8- -0.80 _E:
E £ o
j 10 L 7 - 060 fga
2 H -
E 5 1 TR
i d £ 6 040 8
E = E 5 -0.20 -E
5 . 5 £
, 4- Looo O
F-
a I})Ji’s
With Insulin With Sulfonylureas Before 1-3  3-6 69 9-12
Su:_gry:urea Months with
£y Sulfonylureas

Pearson E et al., N Engl J Med 2006;355:467-477



Diabetes Prevention Program

27 abo 407 Placebo
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TCF7L2 rs7903146 en el DPP

A Placebo

02 HR 1.81 —

3 P=0.008 TT (N=82]
403

303

203

103

Cumulative Incidence of Diabetes (%)

03 I I I I I I |
0.0 05 1.0 1.5 20 25 30 3.5 4.0

Florez et al. for the DPPRG, NEJM 355:241-250, 2006



Estratificacion de las personas
con Mas riesgo

= = N
Ul o Ul o

Cases/100 person-yr

o

Genotipo en rs7903146
CC CT TT7
Placebo Metformin Lifestyle

Florez et al. for the DPPRG, NEJM 355:241-250, 2006



Genes relacionados con el
metabolismo de las drogas

Glucose AUC
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Shu et al., JCI 2007



Lo

En resumen

Los estudios de asociacion, si reunen suficientes
muestras, pueden identificar los componentes geneéticos
de las enfermedades complejas

En la diabetes tipo 2 todos los efectos genéticos son
pequenos, con un techo en torno a TCF7L2; por tanto,
la integracion colaborativa de bases de datos de gran
tamano es fundamental

Se pueden descubrir nuevas avenidas de investigacion

Estos avances han sido facilitados gracias a la
distribucion publica y desinteresada de herramientas
analiticas y de datos gendmicos anonimizados

Averiguar si estos polimorfismos seran utiles para
predecir la enfermedad o seleccionar modalidades
terapéuticas requiere ensayos prospectivos
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