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Farmacogenética: definicidon

e E| estudio de las diferencias genéticas en las vias
metabdlicas que inciden en la respuesta terapéutica
del individuo y la intolerancia al farmaco

e E|farmaco funciona mejor o peor dependiendo del
contexto genético

e Trascender el paradigma del “paciente medio”, superar
el enfoque de un tratamiento unico para todos

18-Mar-17 José Carlos Florez ¢ ACD 2017




Los pacientes responden de forma diferente
al mismo farmaco

POBLACION

Metabolismo Metabolismo Metabolismo
rapido normal lento

18-Mar-17 http://remslogic.com/pharmacogenetics/ 6



El mismo farmaco puede ser toxico o eficaz

en personas distintas

Poblamon

1.

Farmaco Farmaco
toxico pero toxico y NO
eficaz eficaz

El mismo
diagnostico y la
toxico ni eficaz misma receta

"

N
Farmaco no
toxico y eficaz

Farmaco ni

http://www.pharmainfo.net/reviews/role-
18-Mar-17 pharmacogenomics-drug-development



Las diferencias genéticas pueden ayudar a distinguir
guienes van a responder de quienes no van a responder

| | An alisis

Pacientes con el mismo  de DNA

diagnostico J v
J !—-'-, : A ’s.
http://www.actionbioscienc v ' 5; ) & 0
e.org/biotechnology/ethical " ,, ] ‘i o
_issues_in_pharmacogenetic I ‘, \ ‘ |
s.html '
Intolerancia
Respuesta

18-Mar-17 adecuada Respuesta débil



Medicina de precision (o personalizada)
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18-Mar-17 José Carlos Florez ¢ ACD 2017 9



En Ia d|a bEteS t|p0 2 Approach to the management

of hyperglycemia
More  qumm ALC B less
stringent 7% stringent _

PATIENT / DISEASE FEATURES

Risks potentially associated :
with hypoglycemia and low high
other drug adverse effects

Un paso adelante...  bisease duration - -
. . . newly diagnosed long-standing
Pero insuficiente

._..._--_-—-""'" I Usually not
Life expectancy modifiable
long short
Important comorbidities _‘
absent few / mild severe
Established vascular _—‘ _
complications absent few / mild severe
Patient attitude and _‘
expected treatment efforts highly motivated, adherent, less motivated, nonadherent, Potentially
excellent self-care capacities poor self-care capacities modifiable
Suggested citation: American Diabetes Associa-
tion. Glycemic targets. Sec. 6. In Standards of Resources and s ort
Medical Care in Diabetes—2015. Diabetes Care u upp readily limited __

2015;38(Suppl. 1):533-540 system available



Mono-
therapy

Efficacy’
Hypo risk

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

Metformin
high

low risk

neutral / loss

Gl | lactic acidosis

low

Dual
therapy'

Weight....

Side effects

Cnsts'..... I—

Triple
therapy

v
Combination
injectable
therapy'

If A1C target not achieved after ~3 months of monctherapy, proceed to 2-drug combination (order not meant fo denote
any specific preference—cheoice dependent on a variety of patient- and discase-specific factors):

Metformin Metformin Metformin Metformin Metformin Metformin
+ + + + + +
Sulfonylurea Thiazolidine- DPP-4 SGLT2 GLP-1 receptor(] | Insulin (basal)
dione inhibitor inhibitor agonist

__high__________ . | high L intermediate ___ L intermediate [l | Chigh___
.. moderate risk ... L lowrisk. ... M low risk ... Alowrisk ... A | lowrisk._. i
— galn L . 11, W— - neutral...... oSS Bgalin —— .
... hypoglycemia 1. edema, HF,fxs . 4.\ rare . GU, dehydration A4-hypoglycemia....
..... SRS Y — . high Chigh SRR | W BST T ¢ ] [

If ATC target not achieved affer ~3 months of dual therapy, proceed fo 3-drug combination {order not meant fo dencte
any specific preference—choice dependent on a variety of patient- and diseasce-specific factors):

Metformin Metformin Metformin Metformin Metformin Metformin
+ + + + + +
Sulfonylurea Thiazelidine- DPP4 SGLT2 GLP-1 recepto Insulin (basal)
dione inhibitor inhibitor agonist
+ + + +

DPP-4-i

If A1C target not achieved after ~3 months of triple therapy and patient (1) en oral combination, move fo injectables; (2) on GLP-1-RA, add
basal insulin; or {3} on Iy titrated basal insulin, add GLP-1-RA or mealtime insuwlin. In refracto tients consider adding TZD or SGLT2-i:

Metformin

+
| Basal insulin + orI GLP-1-RA | I

EE

S % % %

:

+
or
orf SGL
or
ort Insulin®




La promesa de la farmacogenética

=« MUTUAL FUNDS FOR THE LONG HAUL

1. Utilidad clinica: estratificacion u S N“

 rronéstin HIS DRUG'S
FORIYOU .

— Respuesta
— Tolerabilidad
2. ldentificacion de dianas: terapéutica

— Heterogeneidad clinica
— Clases de farmacos diversas

— Mecanismos nuevos

3. Prueba de concepto: descubrimiento
— Perturbacién farmacoldgica revela la fisiologia del gen diana

18-Mar-17 José Carlos Florez ¢ ACD 2017 12



Precedente:

La diabetes monogénica
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Diabetes neonatal

ATP-sensitive Caz2+
K* channel

Kir6.2

& © @

Depolarization

SURI1 o) Insulin
Glucose secretion
Insulin
\R receptor
Glucose _Ad" v |
transportér \ ) ] L~
(GLUTZ) |\ | L L2 L=y
% j P 3
w - 4 *
). e o Insulin e ——
. O containing B,
Ca2+ ranules ke,
V' 4 Glucose  GCK @ ;
/ N 09 O
Glucose-6-phosphate @
Intracellular © .
| CaZ2+ stores @) Endoplasmic
Glycolysis recticutum :
Y /‘ 3 Protein
Krebé_'t:ycl_(_a_,, kinase Ba
HNF-4o
Mitochondrion HNF-Tao NeuroD1

ST HNF-1B IPF-1

Promoter Coding region

Modified from Bell & Polonsky
Nature (2001) 414: 788-91



La farmacogenética en la diabetes monogénica

18-Mar-17

Increase in Insulin (pmol/liter)

| [ 1SPAD 19, proband

Mutaciones en KCNJ11

[] ISPAD 19, mother of proband

M ISPAD 41, proband

wd

Glucose Tolbutamide

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

José Carlos Florez ¢ ACD 2017
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Cambio en HbAlc con sulfonilureas

Glycated Hemoglobin (%)
oG
1

B
9+ ~1.00
.\
= & 080 &
< 5
£ -
c /1 -0.60 &
'éo E
4 B &
£ 6 .40 8
6 E 5+ -0.20 E
G =
4 9, Lo00
4
0 oI
With Insulin With Sulfonylureas Before 1-3 3-6 6-9 9-12
Su;mr);i;;ea Months with
Sulfonylureas

18-Mar-17

Pearson E et al., N EnglJ Med 2006;355:467-477
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Otro ejemplo: MODY 3

Tipo mas frecuente
Mutaciones en HNFla (HNF1A)

Ensayo clinico randomizado con
cruce de brazos en 36 adultos

La respuesta a sulfonilureas y
metformina comparada entre
portadores de mutaciones en
HNF1A y sujetos con diabetes tipo 2

El grupo de HNF1A demuestra una
respuesta 5 veces superior a la
sulfonilurea que a la metformina

La respuesta del grupo HNF1A a la
sulfonilurea fue 4 veces superior
que la del grupo diabetes tipo 2

Change in fasting plasma glucose (mmol/L)

Gliclazide Metformin

José Carlos Florez ¢ ACD 2017

|:| Type 2 diabetes
B HnFicdiabetes
p=0-002

Pearson et al., Lancet
2003;362:1275-1281
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POSITION STATEMENT

Management of hyperglycaemia in type 2 diabetes, 2015:
a patient-centred approach. Update to a Position Statement
of the American Diabetes Association and the European

. : Diabetologia

Association for the Study of Diabetes g
2015

Silvio E. Inimechi » Richard M. Bergenstal - John B. Buse - Michaela Diamant - Diabetes Care

Ele Ferrannini - Michael Nauck - Anne L. Peters - Apostolos Tsapas - 201

Richard Wender - David B, Matthews 015

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

Metformin
__________________________________________ high

If HbA . target not achieved after ~3 months of monotherapy, proceed to two-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)
inhibitor inhibitor agonist
_.high_________ A_intermediate  _ _ [intermediate high_________ highest _ . ___ __
-.moderate risk __2 Rlowrisk - ______® Elowrisk ______ Jowrisk ______ lowrisk - - __ _Fhighrisk - _____
-.gan - __._.__Hdfgain--------—Mineutral .. ____HLloss - . ______ loss. - - - J-0ain - ____
4 - hypoglycaemia - {2 $.oedema HF,Fxs_- M {-rare - ________ . GU, dehydration Gl o L hypoglycaemia.- -
- low - - --- @ plow-_________@Yhigh------___ Lhigh - high - _____ 4 variable- _ - _ __




Kir6.2 E23K y riesgo de la diabetes tipo 2

Kvs E OR P 95% ClI N
Meta-analysis, previous data * 1.14 0.0002 1.06 — 1.22 6417
Scand/Canada samples 1.17 0.003 1.05-1.32 3413
USA/Poland samples 1.15 0.001 1.05-1.26 4470
Meta-analysis, all data 1.15 < 10" 1.09—1.21 14300
* Gloyn etal.,
Discordant Sibs Case/Control Dlabetes 2003
Allele excess Genotype Florez et a[_,

P<0.01 P<0.02 Diabetes 2004

18-Mar-17 José Carlos Florez e ACD 2017 20



Correlacion quasi-perfecta entre

ABCC8 A1369S y KCNJ11 E23K

75

73

70

67

65

63

62

61

E23K

José Carlos Florez ¢ ACD 2017 21
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i-perfecta entre

V4

10N quasi

Correlac

ABCC8 A1369S y KCNJ11 E23K

75

73

70

67

65

63

62

61

A

<1%

E23K

A1369S

Florez et al., Diabetes 53:1360-1368, 2004

José Carlos Florez ¢ ACD 2017 22
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Caracterizacion funcional

Hamming et al.
Diabetes 2009;58:2419-2424

18-Mar-17
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Ser1369Ala Variant in Sulfonylurea
Receptor Gene ABCCS8 Is Associated With
Antidiabetic Efficacy of Gliclazide in
Chinese Type 2 Diabetic Patients

Decrease in FPG

e 23 hospitales en China by genotype at ABCCS A1369S

=
N

e Dos cohortes independientes

o
=

(n=661 and n=607) %g\m - Ser/Ser
3 . =8 Ser/Ala
e Debutdela DM en los ultimos 5 ® —— Ala/Ala

o]

anos, sin tratamiento por 2 meses

~

T
Baseline Day 57

e Gliclazida 40 mg dos veces al dia
por 2 meses Percent change in FPG

e 25SNPsen 11 genes

e Porcentaje del cambio en glucosa

N
o

P<0.001

w
o

=
o

Percent change
N
o

o

Feng et al. Diabetes Care 31:1939-1944, 2008 Ser/Ser  SerlAla - Ala/Ala

Genotype

18-Mar-17 José Carlos Florez ¢ ACD 2017 24



Metformina

Genes candidato




POSITION STATEMENT

Management of hyperglycaemia in type 2 diabetes, 2015:
a patient-centred approach. Update to a Position Statement
of the American Diabetes Association and the European

. : Diabetologia
Association for the Study of Diabetes g
2015
Silvio E. Inimechi » Richard M. Bergenstal - John B. Buse - Michaela Diamant - Diabetes Care
Ele Ferrannini - Michael Nauck - Anne L. Peters - Apostolos Tsapas - 201
Richard Wender - David B, Matthews 015

Cetformin >

__________________________________________ high
__________________________________________ low risk

Healthy eating, weight control, increased i hisical activity and diabetes education

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

Metformin Metformin Metfarmin Metiormin Metformin Metformin
+ + + + +
Sulfonylurea ‘Thiazolidine- DPP-4 SGLT2 GLP-1 receptor Insulin (basal)
inhibitor inhibitor agonist
_high_________ A_intermediate  _ _ [intermediate high_________ highest _ _ _____
-.moderate risk __2 Rlowrisk - ______® Elowrisk ______ Jowrisk ______ lowrisk - - __ _Fhighrisk - _____
-.gan - __._.__Hdfgain--------—Mineutral .. ____HLloss - . ______ loss. - - - J-0ain - ____
4 - hypoglycaemia - {2 $.oedema HF,Fxs_- M {-rare - ________ . GU, dehydration Gl o L hypoglycaemia.- -

- low - - --- @ plow-_________@Yhigh------___ Lhigh - high - _____ 4 variable- _ - _ __




La metformina no siempre es eficaz

ADOPT (NEJM 2006)

— 40+
X
o Hazard ratio (95% CI)
s Rosiglitazone vs. metformin, 0.68 (0.55-C
® Rosiglitazone vs. glyburide, 0.37 (0.30-0..
.
ELE
(1]
3
=
°
=
=
2 204
o - f
w [
9 -
= —
@ 1
o -
v | _
= 10- . - L
o - +
2 —I -
=1 T 4 - -
= —
E —
=
v 0 T T I T l
0 1 2 3
Years
18-Mar-17

Proportion Free of Glycemic Failure

0.75+

0.50+

0.25+

0.00

TODAY (NEJM 2012)

Metformin-lifestyle

Metformin—
rosiglitazone

il P

- L—

Failure rates:
Metformin alone, 51.7%
Metformin—rosiglitazone, 38.6%
Metformin-lifestyle, 46.6%

Pairwise tests:
Metformin-lifestyle vs. metformin—
rosiglitazone, P=0.15
Metformin alone vs. metformin—rosiglitazone, P=0.006
Metformin alone vs. metformin-lifestyle, P=0.17

-
bl

Metformin
alone

José Carlos Florez ¢ ACD 2017

T T T T |
12 24 36 48 60

Months since Randomization
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Metabolismo
de la metformina

Rena, Pearson, Sakamoto
Diabetes Management
2012;2:439-452

18-Mar-17 José Carlos Florez ¢ ACD 2017 28



OCT1 vy el transporte de metformina

A ~@ OCT1-raference 479 T B ~@- OCT1-reference A0 X
-© OCTi~arart  |qg0 2 ~©-OCT-variant L150 D
— * —
’?%é 130 ‘gg 366--5___21 130 3 E
. 2‘\‘?\" 110 2 § ae¥e T 2 L102E
i i o “ . ® o
¢ . feo o @ I k90 &
\‘ \!
0 50 100 150 200 0 50 100 150 200
Time (min) Time (min)
C D -8 OCT i reference
27000, . -©- OCTi-variant -
el 3
S T 230001 H :E E
; g 21000+ . —vr s
- . ., = g
£ 19000 a e
o= 170004 s
L
15000
OCT1-reference OCT1wvarant

Time (min)

8 sujetos sanos portadores de alelos referencia comparados a 12 sujetos
sanos portadores de al menos un alelo de funcidn reducida

Shuetal., JCI 2007 117:1422-1431
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Farmacogenética de la diabetes:
El Diabetes Prevention Program

e 3234 personas con intolerancia a 40 .
la glucosa ) -

e Randomizadas a placebo, estilo EE 301 ) Fietormin
de vida o metformina g2 M Litestyle

e 585 pacientes adicionales %% m_- T
. : i B
inicialmente randomizados a ES 104 _|_|_I
troglitazona S ] _'

* Seguidos durante 4 afios "0 05 10 15 20 25 30 35 40

e DNA extraido Year

L4 . R 0 .
DPP Research Group Reduccion de riesgo: 31% me’Fformm.a
NEJM 346:393-403, 2002 58% estilo de vida

18-Mar-17 José Carlos Florez ¢ ACD 2017 30
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Glucose (mg/dl)

Efectos sostenidos en glucosa y peso

Glucosa en ayunas
y 2h después de 1 ano

175 7

168

160 -

153

145

138 1

8

123

115

108

100 —

!

0 30 60 9 120
Time (minutes)

18-Mar-17

Cumu latree incidenos (%)

Incidencia de diabetes

DPP Research Group
Diabetes 2005

Peso

Change inweight (kg)

A —8— Lifestyle —Metformin - Placeba
2
nl.._._:_ P e o ey L, o
-2 \ .—-""“I—.-'""H""I-"ﬂ I
_4_ |I "}_'_.
I -

™ ."".
&

— T T T T T T T T 1

DPP Research Group, The Lancet 2009

José Carlos Florez ¢ ACD 2017
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Analisis de haplotipos en OCT1

0.42 -0.59

Haplotype 401 |408 |420 Hap x Met |Placebo HR Met HR
. -value 959‘5 Cl 95% ClI
[EEITN R | F ref

G 003-024 041
G 0.06-0.29 0.74
G 003-011 0.01

G 0.004-0.08 0.80
G 0.01-0.08 0.83
;3 0.00—-0.02 0.99
G 0.00-0.02 0.14

R
R
CGCGAIG R

18-Mar-17 José Carlos Florez ¢ ACD 2017

1.01[0.?3 —~1.30) 1.18(0.88 — 1.56)
1.19 (0.91—1.55) 1.25 (0.92 — 1.71)
1.01(0.72 — 1.41) 1.84* (1.31-2.61)

1.05 (0.69 — 1.60) 1.09 (0.68 — 1.77)
1.34 (0.83 —2.17) 1.54 (0.88 — 2.72)
1.04(0.54 — 2.00) 1.08 (0.50 — 2.34)
1.07(0.50 — 2.30) 2.39** (1.06 —5.38)

Toni Pollin, Jose Florez, Sook Wah Yee, Kathleen Jablonski, Jarred
McAteer, Andy Taylor, Bill Knowler, Kathy Giacomini, Alan Shuldiner

32



Supervivencia sin diabetes:
todos (n=2,945)

Product-Limit Survival Estimates

1.0

0.8+

0.6

0.4+

Survival Probability

0.2 4

0.0+

IR St

i
F—
T S
=y
T T T T T T
0 2 4 B 8 10
Interval for diabetes
[ Group Lifestyle — — — Metformin — - — Placeho
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! Ausencia de Argb1-Leul60 (n=2,362)

Product-Limit Survival Estimates
09 [ ey B
:lj [ S B
_ [ S
y 1 ] .
.8+ b +—— ]
+—-— = 1
— _4————0———+
2 ;
= +— i
-g 0.6 -
o = |
=
o
=
=
S 044
=]
v
0.2
0.0
| | | | | |
0 2 4 i a 10
Interval for diabetes
[ Group Lifestyle — — — Metformin — - — Placeho
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Portadores de Argb61-Leul60 (n=583)

Product-Limit Survival Estimates
e —
0.8
b T

2 J S T
-g 0.6
o = |
=
o
=
>
S 044
=]
]

0.2

0.0

T T T T T
0 2 4 i a
Interval for diabetes
[ Group Lifestyle — — — Metformin — - — Placeho

18-Mar-17
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! SLC47A1: incidencia de diabetes en el DPP

Jablonski et al., Diabetes
2010;59:2672-2681

Genotype at rs8065082

=
N
]

=
o
1

— mEcCCECTOTT

Cases/100 person-yr

o N A OO
1

Placebo Metformin Lifestyle
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Tanja Dujic,! Kaixin Zhou,2 Louise A. Donnelly,2 Roger Tavendale,?2
Colin N.A. Palmer,2 and Ewan R. Pearson?

Efectos

adversos Association of Organic Cation Transporter 1
With Intolerance to Metformin in Type 2

Diabetes: A GoDARTS Study

Diabetes 2015;64:1786-1793 | DOI: 10.2337/db14-1388

Table 2—Logistic regression model of metformin

Combined effect of OCT1 genotype

intolerance o
OR (95% C) p and drug on metformin intolerance
Age 1.10 (1.08-1.12) <0.001
Sex (females vs. males) 1.85 (1.33-2.57) <0.001 4'2
Weight 0.99 (0.98-1.00) 0.064 o 3.5
o 3

Use of OCT1-inhibiting drugs 64 (1.20-2.25) 0.002 © o5
Two reduced-function OCT1 é 1?

alleles 2.41 (1.48-3.93) <0.001 ° ]
Logistic regression analysis included 205 intolerant and 1,650 0'3 .

tolerant patients.
<1RA,0drug <1RA,+drug >1RA,0drug >1RA,+drug

18-Mar-17 José Carlos Florez ¢ ACD 2017 37






Metformina: Mecanismo de accion

Metformin
Glucagon
DT RRE 'm ’
- .G;Iucagon %
receptor
NADH ATP
Complex |
Mitochondria
Lipid &

cholesterol synthesis

cyclase

ATP cAMP

P

= ."‘:“;:;
Adenylate

- AR
e e

N
s

N CATATATATE E

GLUT2

Glucose

t

Glucose-6-phosphate

t

Fructose-6-phosphate

Nucleus Lipogenic gene expression Gluconeogenic gene expression

=
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Dt

Fructose-1,6-bisphosphate

t

Phosphoenolpyruvate

?

Oxaloacetate

T

Pyruvate

sisauaboauoon|o

Rena et al., Diabetologia., 2013
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genctlcs

LETTERS

Un GWAS de respuesta |la metformina

Common variants near ATM are associated with glycemic
response to metformin in type 2 diabetes

The GoDARTS and UKPDS Diabetes Pharmacogenetics Study Group!? & The Wellcome Trust Case

Control Consortium 22

18-Mar-17
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Logistic Regression
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Not Associate With Metformin Response
in the Diabetes Prevention Program

Jose C. FLOREZ, MD, pup' 2>
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geﬂetlcs Study n | Beta s.em. Baseline-adjusted model
Consorcio MetGen o vz [ 00w oss T
DCS 748 | 003 0030 .
GoDARTS 3103 | 0410 0026 E |
. ) Kosice 148 | o411 ono7 I
Variation in the glucose transporter
{ PMT{-EU 202 | 0097 007 ———
associated with glycemic response to ., ssos | oose o0z =
Kaixin Zhou*%6, Sook Wah Yee46, Eric L Seiser?, Nienke van Leeuwen’ Figa 74 |-0343 D438 =
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Mensajes clave

1. La diabetes monogénica (neonatal y MODY) demuestra
gue la informacion genética puede guiar a la terapéutica

2. Los efectos en la diabetes tipo 2 son mucho mas modestos,
pero podrian llegar a la relevancia clinica (~10 mg/dl)

3. Estainformacion podria alterar las dosis utilizadas, o
conllevar la eleccidon de otra clase de farmacos

4. Son necesarios los estudios de replicacion, desenlaces
clinicos y coste

5. Laestrategia solo sera viable si el genotipado de todas las
variantes con repercusion clinica se realiza una sola vez
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