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cRespondemos todas las personas de la misma forma a los medicamentos?

¢ Somos los seres humanos idénticos ?

¢ Debe ser la respuesta a los medicamentos igual en todas las personas ?

Aunque se administre la misma dosis de un medicamento,
cada persona puede responder de una manera diferente

Concentracion Efecto Terapéutico
Plasmatica Reaccion Adversa
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1. Genetic polymorphism of CYP2D6 (Pheno/genotyping)

2. Interthnic variability

3. Endogeous metabolism: Psychological functions in healthy volunteeers
4. Vulnerability to psychiatric disorders: Depression / Schizophrenia

5. Pheno and genotypes in psychiatric patients

6. Clinical implications : Plasma concentration and QTc interval lenghtening
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VARIABILITY IN DRUG RESPONSE
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Drug Oxidation - Major Route of Drug Metabolism
Family of enzymes (CYPS) in liver

Proportion of Pharmaceuticals Metabolized by Major P450 Content of Human Liver

Individual Cytochrome P450’s
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EVOLUCION DE LOS CITOCROMOS P450
e,

1.5 billion years ago 400 million years ago

Human P450s

4411

208 Pseudogene
2D7 Pseudogene
206 Polymorphic

2D6 Gene duplication
and multi-duplication

(Ethiocpia)




Factores implicados en la variabilidad en la respuesta farmacologica

FACTORES Q/\ FACTORES FACTORES

AMBIENTALES ENDOGENOS FISIOLOGICOS
tabaco, alcohol, etc.

FACTORES XENOBIOTICOS FACTORES
GENETICOS &g farmacos o PATOLOGICOS
S enfermedad




VARIABILITY IN DRUG RESPONSE: GENE-ENVIRONMENTAL INTERACTION
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Gene-environmental interaction: CYP2D6 Pheno/ genotype

Gender/tobacco
Tobacco abstinence
Menstrual cycle
Ovariectomy
Alcohol intake

Ovariectomy

a
3
=
=
Q
0
-
E
=
w
=
s
o
(o]
L
=
m
w
c

TIME (weeks}

Fig. 3 : Dcbrisoquine metabolic ratio (mean = SD) of 11
exlensive metabolizer women determined the week
before (I: 2.8 = 2.5 days; mean + SD), during the
second week after (1I: 7.9 = 1.4 days), and 5-14
months after (7.8 = 3.2 months) ovaricctomy.

(LLerena et al, 1995))
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Gender in the Pharmacy:

Does It Matter?

Studies of how women's and men's bodies process drugs have turned up
mostly minor differences. But some drugs may be less or more effective in
women or cause more side effects, and other variations may await discovery

Selected Medications and Possible Sex Differences

Certain antibiotics,
antihistamines,
antiarrhythrmics,
antipsychotics

Opioids

Antidepressants

Anticoagulants
(warfarin, heparin)

Antipsychotics

Verapamil
(hypertension)

10 JUME 2005 WVOL 308

Higher risk for drug-induced
arrhythmias

May respond better to
kappa-receptor opiates with
fewer side effects

May respond better to selective
seratonin reuptake inhibitors

Bleeding mare commaon

Respand better but mone
side effects

Blood levels higher for oral drug,

|ower for intravenous drug

SCIEMCE

Longer QT intervalin women;
drugs black cardiac ion channels

Estrogen's effects on receptor
density, binding, signaling

Estrogen may enhance seratoninic
effects

Dases too high for body size,
possible pharmacodynamic effects

Fat-soluble so remain inwomen's
bodies longer; estradiol may act
onsame receptors

Activity of metabolizing enzyme
(CYP3A4) and P-glycoprotein
drug trarsporter

wwaw. sCiencemag.org




Debrisoquine hydroxylation phenotype (CYP2D6) in the Spanish Population (n=633)
(LLerena et al 1988)

CYP2D6 phenotype EM PM

[ [ |
Extensive Metabolizers Poor Metabolizers

Test sbstrate: DBQ

I

v

4-OH-debrisoquine

NUmero de individuos

Metabolic ratio

% debrisoquine

% 4-OH-debrisoquine

-1 0 1
debrisoquina/4-OH debrisoquina (log;g)
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METABOLIZADORES LENTOS

Personas que tardan mas Efecto mas duradero

Personas que tardan menos || Efecto menos duradero

METABOLIZADORES RAPIDOS
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Gene-environmental interaction: CYP2D6 Pheno/ genotype

Ultrarrapids: DBQ Phenotypes JEM(ERIEIEREEINIEEE)

SPANIARDS (n=925)

MR=D.11 =72 % (MR=126) =49 %

e Metabolic Ratia (log 10

tatia (MR} in 2 population of sh valunteers, Subjects with kg (MR) > 1.1

(Dorado et al, 2005)

debrisoquine/4-hydroxy-
debrisoquine (log)

2 1 0

Number of active genes CYP2D6
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IMPLICACIONES CLINICAS

Variabilidad interétnica
- Metabolizadores Lentos:

-Aumento de las concentraciones plasmaticas del farmaco: > Efectos adversos
-Disminucion del metabolito (si es activo): < Eficacia terapeutica

-Metabolizadores Ultrarapidos

-Disminucion del farmaco y metabolito: disminucion de los efectos terapeuticos

-INTERACCIONES FARMACOLOGICAS

Mas frecuentes dependiendo de la afinidad del farmaco por la enzima,
de su capacidad inhibitoria
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Interethnical variability: CYP2D6 gene multiplication (Ultrarapids?) ——————————

Interethnic distribution of individuals with CYP2D6 gene duplicated




Interethnical variability: CYP2D6 gene multiplication
(Reviewed by Dorado et al, 2006)

Adrian LLerena & Pedro Dorado 2001

Encontramos una alta frecuencia de multiplicacion de alelos CYP2D6, sin
embargo el porcentaje de individuos Ultrarapidos fenotipicamente en
la poblacion espafnola es inferior al 7-10% publicado previamente.
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Development of a PCR-based strategy for CYP2Dé6
genotyping including gene multiplication of
worldwide potential use
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CYP2C9 genetic polymorphism: Interethnical variability

Fenotipo metabdlico oxidativo de debrisoquina
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CYP2D6 AND PERSONALITY

4. Relationship between CYP2D6 activity and personality in a Spanish
population (LLerena et al., 1993):

HIPOTHESIS METHDOS

LLerena et al.
finkage? ——p Unknown gere LLerena et a

Number of
subjects

Debriseguine
hydraxylase

J Spanish population
N

n=825

0.1 1 10 100

Fig C > connections b J Debrisoquine/4-hydroxydebrisoquine
quin - —— M1+ EMZ +— EMI———— pu——
MR}
r central
2: there might be a |
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Relationship between personality and
debrisoquine hydroxylation capacity

Suggestion of an endogenous neuroactive substrate or product of

the cytochrome P4502D6

LLerena A, Edman G, Cobaleda J, Benitez J, Schalling D, Bertilsson L.
Relationship between personality and debrisoquine hydroxylation capacity.
Suggestion of an endogenous neuroactive substrate or product of the
cytochrome P4502D6.

| Acta Psychiatr Scand 1993: 87: 23-28. © Munksgaard 1993.

We administered the Karolinska Scales of Personality to 225 healthy
subjects in Spain selected from a group of 925 individuals previously
phenotyped with regard to their capacity to hydroxylate debrisoquine. A
significant relationship was found between the scores in as many as 4 of the
15 subscales (psychic anxicty, psychasthenia, inhibition of aggression and
socialization) and the debrisoguine hydroxylation capacity. Poor
metabolizers were more anxiety-prone and less successfully socialized than
extensive metabolizers of debrisoquine. This and a previous study among
subjects in Sweden suggest that there may be a relationship between
personality and the activity of the enzyme hydroxylating debrisoquine
(cytochrome P4502D6). This polymorphic enzyme may have an endogenous
neuroactive substrate or product, such as a biogenic neurotransmitter
amine.

A. LLerena '*, G. Edman?, J. Cobaleda®,

J. Benitez®, D. Schalling?, L. Bertilsson’

" Department of Clinical Pharmacalogy,
Karolinska Institute, Huddinge Hospital,

% Department of Psychiatry and Psychology,
Karalinska Institute, Karolinska Hospital,
Stockholm, Swaden, ® Department of
Pharmacology and Psychiatry, University of
Extremadura, Badajoz, Spain

Key words: pharmacogenetics; debrisoquine;
personality

Leif Bertilsson, Department of Clinical
Pharmacology, Karolinska Institute, Huddinge
Hospital, S-14186 Huddinge, Sweden

| Accepted for publication August 27, 1992

Poor metabolizers were more

anxiety-prone

and less successfully socialized than
extensive metabolizers of

debrisoquine

Psychic anxiety
p<0.05

Psychasthenia
p<0.05

Inhibition of
aggression
p<0.05

Mean score of KSP inventory

Socialisation
p<0.05

EM1 EM2 EM3 PM

Debrisoquine hydroxylation phenotype

Fig. 3. Mean scores of KSP in the 4 subscales where a significant
relationship was found with the debrisoquine hydroxylation groups
EMI, 2 and 3 and PM




Psychiatric Patients: CYP2D6 PMs & Schizophrenia
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Low frequency of CYP2D6 poor metabolizers
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CYP2D EXPRESSION IN THE HUMAN BRAIN
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Psychiatric Patients: CYP2C9*3 & Depression

SHaRT

COMMUNICATION

Bl Major depression

Healthy volunteers
Schizophrenia

0
0
0,
0

Frequency
o O o o o

o

CYP2C9*1 CYP2C9*2 CYP2C9*3

The CYP2C9*3 allele frequency was higher (p<0.01) among the depressive patients
than in the population of schizophrenic patients (odds ratio=3.3) and healthy volunteers (odds ratio=2.8).
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CYP2D6 Phenotyping in psychiatric patients: Clinical Implications

(LLerena et al., 2005)

Plasma Effects:
concentration

4

Genetic polymorphism I
RIFF - Adrién LLerena Endogenous Enwronmental factors .




RED IBEROAMERICANA DE FARMACOGENETICA Y FARMACOGENOMICA
(CYTED.206RT0290) (Coordinador: Dr. Adrian LLerena) www.ribef.org

Adrian LLerena MD PhD

1. Genetic polymorphism of CYP2D6 (Pheno/genotyping)
2. Interthnic variability

3. Endogeous metabolism: Psychological functions in healthy volunteeers

4. Vulnerability to psychiatric disorders: Depression / Schizophrenia

5. Pheno and genotypes in psychiatric patients

6. Clinical implications : Plasma concentration and QTc interval lenghtening

University of Extremadura, Spain
University of Beira Interior, Portugal




RED IBEROAMERICANA DE FARMACOGENETICA Y FARMACOGENOMICA
(CYTED.206RT0290) (Coordinador: Dr. Adrian LLerena) www.ribef.org

Adrian LLerena MD PhD

1. Genetic polymorphism of CYP2D6 (Pheno/genotyping)
2. Interthnic variability

3. Endogeous metabolism: Psychological functions in healthy volunteeers

4. Vulnerability to psychiatric disorders: Depression / Schizophrenia

5. Pheno and genotypes in psychiatric patients

6. Clinical implications : Plasma concentration and QTc interval lenghtening

University of Extremadura, Spain
University of Beira Interior, Portugal




ﬁi’?i{‘g RED IBEROAMERICANA DE FARMACOGENETICA Y FARMACOGENOMICA
i (CYTED.206RT0290) (Coordinador: Dr. Adrian LLerena) www.ribef.org

Voluntarios sanos
Metabolizadores

Lentos

7%

Frecuencia %

05 0.0 05 11 15 20

Indice m etabdélico de debrisoquina (log)

Pacientes psiquiatricos en tratamiento

Pacientes

Frecuencia %

T T
-0.5 0.0 0.

Indice metabdlico de debrisoquina (log)

LLerena, 1988




é‘i‘ Debrisoquine and mephenytoin hydroxylation phenotypes in healt. volunt.and patients treated with neuroleptic drugs

o/

Voluntarios sanos

Metabolizadores
Lentos

7%

Frecuencia %

M.Réapidos

Indice m etabdélico de debrisoquina (log)

Voluntarios Sanos Espanoles

Pacientes

Frecuencia %

M.Réapidos

T T
-0.5 0.0 0.5

Indice metabdlico de debrisoquina (log)
De la Rubial998,Tesis Doctoral

Berecz 2001, Tesis Doctoral

Dorado et a 2006 Pacientes psiquiatricos en tratamiento con politerapia




CYP2D6 pheno & genotypes in psychiatric patients
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PATIENT STUDIES DURING STEADY STEATE

CLINICAL IMPLICATIONS

During treatment with:

Clozapine
Risperidone
Haloperidol

Thioridacine
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CYP2D6 phenotyping during treatment with antipsychotic drugs

i

Haloperidol

Thioridazine

De la Rubia, 1998

Berecz, 2001 Dorado et al, 2006
Dorado, 2003




CYP2D6 phenotyping during treatment with antipsychotic drugs

Risperidone | . H‘ ‘
011 A

Haloperidol

Thioridazine

De la Rubia, 1998

Berecz, 2001 Dorado et al, 2006
Dorado, 2003




CYP2D6 phenotyping during treatment with antipsychotic drugs

Risperidone | . H‘ ‘
011 A

Haloperidol

De la Rubia, 1998
Berecz, 2001
Dorado, 2003

Dorado et al, 2006
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Plasma Efficacy
concentration Side effects: QTc

Fluoxetine/norfluoxetine ratio among 64 patients with different number of CYP2D6 active gene (LLerena et al., 2003)




CYP2D6 Psychiatric patients: Clinical Implications Risperidone

Plasma
concentration

p<0.05

QTc interval (msec)

C/D of risperidone (nmol/l/mg)

1
Number of CYP2D6 active genes

Figure 1 The length of QTc interval in patients (n = 26) receiving
risperidone monotherapy with one and two active (YP2D8 genes. The
dotted line indicates the upper normal limit of QTc at 420 ms (Schouten

Number of active genes CYP2D6 et al, 1001)

CYP2D6 number of functional genes and dose-corrected (C/D) plasma levels (log,,) of risperidone (n=34) and QTc. The

median in each group is indicated with a solid line.
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Histograms of debrisoquine/4-OH debrisoquine metabolic ratio (logl0) in psychiatric 76
patients treated at therapeutic doses of thioridazine (clear; Berecz et al., 2003) and Spanish
healthy population of 925 volunteers (grey; LLerena et al., 1993).

Extensive metabolizers Poor metabolizers
1T 1

Frequency (%)

--...|||||“||||‘I|I|i|m
-1 0 1

Debrisoquine/4-OH debrisoquine (log4g)

-2




CYP2D6 Psychiatric patients: Clinical Implications ~ Thioridazine

JOURNAL OF PSYCHOPHARMACOLOGY 16(4)
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Figure 1 Relationship between QTe interval and thioridazine dose in
patients receiving thioridazine antipsychotic monotherapy (n = 63).
Upper normal limit of QTc at 420 ms {solid line) and limit of risk for

1 2 dysthythmias at 456 ms (dotted line) {Schouten ef al., 1991: Reilly et

al., 2000)

Number of active genes CYP2D6

Dose-corrected (C/D) plasma levels (log,,) of thioridazine (n=74) different CYP2D6 number of functional genes
(zero, one, two and more than two). The median in each group is indicated with a solid line.




Pacientes en tratamiento con tioridacina
Cosumo de tabaco y nivel plasmatico /dosis (mg/kg/dia)
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Effects on drug response ?

Thioridazine t

Mesoridazine ‘
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‘ Thioridazine
5-sulfoxide
Cardiotoxico J

Sulforidazine ‘
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Table2. Major Human Drug-Metabolizing Enzymes and
their Antipsychotic Drug Substrates

. Healthy .
Drug In vifre In patients
volunteers

chlorpromazine NA NA
clozapine + + +

haloperidol + +-
CYP1A2 )

olanzapine +
Current Drug Targers, 2006, 7, 000-H00 1 perhenazine

thioridazine

Clinical Implications of CYP2D6 Genetic Polymorphism During Treatment with
Antipsychotic Drugs CYP2C9 perazine

clozapine
P. Dorado'?, R. Berecz’, E.M. Peflas-LLedd", M.C. Caceres’, A. LLerena'~** ’ :
C bt Ly Dulvl, TREB-LLEGD, ML ¢S LA CYP2C19 perhenazine

thioridazine

'Il'llll\'rsu_\ of Extremadura, Faculty of Medicine, Department of Pharmacology and Psyehiatry; “CICS-Centro de Investigagdo em i
Ciéncras da Satide, Untversidade da Betra Interior, Covilha, Pormgal; "University of Debrecen, Medi Health Science Center, chlorpromazine
Department of Psyehiatry, Debrecen, Hungary and *Clinical Research Center, FUNDESALUD, Exiremadura University Hospiral
haloperidol

Abstract: CYP2D6 is descibed as the nwost relevant enzyme mn the metabolism of many annpsychotic drugs. Its contnibution to the mter- pfnpheuazmc
individual diffevences m drug respouse is reviewed beve highlighting its role i the kinstics of satipaychotic drugs wod the oocurence of

drug interactions. thioridazine
The activity of CYPID6 is mberited as a monogenstic rait and the CEP2DE gewe appeass highly polymorphic in bumans, The polymor i
pluc alleles may lead to altered actnvity of the CYP enzymes cansang absent, decreased (poor), or increased (ultrarapad) metabolism that 2“510])311[1113(01
1w turn miloence the disposition of the antipsychote drags. Antipsychotic drug brotraast tiom 15 mamly d by genetic factors CYP2D6
mediating CYP2DS gene polymarphism, however the importance of environmental fctors (dietary, umoking. diseases, ete.) is also rec- aripiprazol
ogmzed. Addinonally, the potental interaction berween CYF2D0 and the endogencous metabolism must be mken im0 consideration

The present review summarizes the relevance of physiological and emvironmental factors in CYP2DS hydroxylation capacity, the inhibi- clozapine
non of CYPXDG actviry dunng oeament, the use of drug/'memabolite ano as a 1ol o evaluae CYP2D4 hydroxylation capacity in a pa- .
tient, and the relevance of CYP2D6 for drug plasma cencentration and for QTe interval lengthening during weatment with antipsychotic olanzapine
drugs. P
® quetiapine
Key Words: pharmacogenetics, antipsychotic drugs, CYP2D6, pharmacogenomics. .
l'lSpel’ldOllﬁ

aripiprazol
clozapine
haloperidol
perazine
CYP3A4 .
perhenazine
quetiapine

risperidone

P

ziprasidone

+ = positive results, - = negative results, NA = no information available.
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Adrian LLerena MD PhD

1. Genetic polymorphism of CYP2D6 (Pheno/genotyping)

2. Interthnic variability

3. Endogeous metabolism: Psychological functions in healthy volunteeers
4. Vulnerability to psychiatric disorders: Depression / Schizophrenia

5. Pheno and genotypes in psychiatric patients

6. Clinical Implications: Plasma concentration and QTc interval lenghtening

7. Interacciones

University of Extremadura, Spain
University of Beira Interior, Portugal
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DRUGS & CYP2D6
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DRUGS & CYP2C9




CYP2C9 and Fluoxetine plasma concentrations

w
I

N
1

[EEN
l

@)
—
©
LS
@
c
—
5
x
@)
>
—
S
@)
c
~~
D
c
—
D
x
o
>
—

Number of CYP2D6 active genes

Fluoxetine/norfluoxetine ratio among 64 patients with different number of CYP2D6 active gene (LLerena et al., 2003)




CYP2C9 substrates

Drugs

Antidiabetic Tolbutamide
Anticoagulants WEGETE

Antidepressants Amitryptiline
Fluoxetine

Antihypertensives Losartan
Tienilic acid

Metabolism of Psychoactive substances

Tetrahydrocannabinol Antiepileptics Phenyton

Amitryptyline NSAIDs Diclofenac
lbuprofen
Flurbiprofen
Mephenamic
Piroxicam
Tenoxicam
Indometacina
Meloxicam

Acetil salicilic acid
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Endobiotics Xenobiodtics

Psychological factors:

Individidual

and Diseases:
interethnical C
Variability SLACTEL,

Parkinson

Vulnerability to psychopathology

RIFF - Adrian Llerena 2004




CONCLUSIONES

1. Existe variabilidad individual y regional en la respuesta a

los farmacos:
cada paciente necesita un regimen terapéutico individual
cada region necesita unas recomendaciones terapeuticas




CONCLUSIONES

2. Esta variabilidad depende de la interaccion dinamica del
estado de los sistemas fisiologicos/patoldgicos, de la herencia
genética y de la interaccion ambiental




CONCLUSIONES

3. Los polimorfismos genéticos de enzimas metabolizadoras
de farmacos participan en el metabolismo enddgeno y por
tanto en la vulnerabilidad a la enfermedad




CONCLUSIONES

4. Existe una relacion entre la vulnerabilidad a la enfermedad
y la idiosincrasia en la respuesta a los farmacos.




Clinical implications of CYP2D6 polymorphism and

Its relevance for the world global health.

ePharmacogenetics might contribute to narrowing the “biotechnological gap”
between the developed and undeveloped world.
eThis together with information from independent clinical studies may help to the

Individualization of drug therapy in every place of the world.

we truly believe that newly developed drugs must be available for every
patient according exclusively to his or her clinical needs

RIFF - Adrian LLerena
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UTILIDAD CLINICA de Estudios en Farmacogeneética:

- Conocimiento de las enfermedades
- Mejora del uso del medicamentos:

a) prevencion de reacciones adversas
b) optimizacion de la eficacia

- Obtencidn de resultados validos para mas personas del planeta




Valencia 26 Enero 2008

Writing prescription Is easy,
Undertanding people is hard

Franz Kafka
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