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Definizioni

e Farmacogenetica: Studio dei polimorfismi
genetici che possono causare risposte
variabili ed inattese a farmaci sia dipendenti
da parametri farmacodinamici che
farmacocinetici.

e Farmacogenomica: Area di ricerca che
partendo dal genoma identifica nuovi bersagli
terapeutici e/o ottimizza la scelta e la dose del
farmaco per ogni individuo sulla base di
modificazioni genetiche.



Current Concepts

Smaller Effect:
Multiple
Variants

Pharmacogenomics

Large Single-
Variant Effect Pharmacogenetics

Single Gene Small Number Complex Biological Whale
of Genes Pathway Genome

Roden DM et al. Ann Intern Med 2006; 145:749-57



FARMACOGENETICA

- Polimorfismi genetici coinvolti nelle alterate
risposte al farmaci (mancata o solo parziale
efficacia, comparsa di gravi effetti collaterali)

* Si definisce “polimorfismo” una variante che
si verifica nel 1-2% della popolazione.

* Si chiamano “mutazioni” quelle varianti, piu
rare, che si verificano in meno del 1% della
popolazione.



1. Pharmacogenetics of opioids

Introduction




Background

L’efficacia analgesica degli oppioidi puo essere
molto variabile da persona a persona

La dose analgesica efficace di un oppioide puo
essere molto variabile da persona a persona

Nella medesima persona esiste una estrema
variabilita nell’efficacia analgesica di diversi
oppioidi

La cross-tolleranza e incompleta e la
conversione da un oppioide ad un altro puo
essere molto difficile
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Genetic variability and opioid efficacy
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2. Pharmacogenetics of opioids

Metabolism



Proportion of drugs metabolized by enzymes
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CYP2D6 & UGT2B7

e CYP2D6
codeine to more active metabolite, morphine
tramadol to active metabolite, O-desmethyl

e UGT2B7
morphine to more active metabolite, M6G



CYP2D6 Polymorphisms

* QOver 100 polymorphisms in CYP2D6

Major variant Mutation Consequence Allele frequencies (%)
alleles

Caucasians Asians Black Ethiopians and

Africans Saudi Arabians
CYP2D6*2xn Gene duplication/ Increased enzyme activity 1-5 0-2 2 10-16
multiduplication

CYP2D6*4 Defective splicing Inactive enzyme 12-21 1 2 1-4
CYP2D6*5 Gene deletion Mo enzyme 2-7 6 2 1-3
CYP2D6*10 P34S, S486T Unstable enzyme 1-2 51 6 3-9
CYP2D6*17 T1071, R296C, S486T Altered affinity for substrates 0 0 20-35 3-9

» Based on these polymorphisms, patients are
phenotypically classified as:
— Ultrarapid metabolizers
— Extensive metabolizers
— Poor metabolizers



CYP2D6 Phenotypes
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Roden DM et al. Ann Intern Med 2006; 145:749-57



Metabolism Pharmacogenetics

Table 1. Pharmacogenetics of Phase | Drug Metabolism.* NEJM 2003; 348: 529-537
Frequency of Variant Poor- Representative
Drug-Metabolizing Enzyme Metabolism Phenotype Drugs Metabolized Effect of Polymorphism
Cytochrome P-450 2D6 6.8% in Sweden Debrisoquints Enhanced drug effect
(CYP2D6) 1% in Chinat? Sparteine!® Enhanced drug effect
Nortriptyline?? Enhanced drug effect
Codeine® .28 Decreased drug effect

Poor metabolizers have decreased analgesic effect from tramadol

Ultra-rapid metabolizers, common among Asians, will increase the efficacy of codeine



UGT2B7

12 single SNPs, partly linked (3 haplotypes and 6 genotypes)

749 G=A

1246 A>G 268 A>G B15 T=A 1073 G=C
-1234 T=C | 102 T>C B16 C=T 1076 T=C
g - | | F—f—ﬁ— iy o N T 1
-840 G=A, 86 A>G

A052 T>C

Genetic variability in the gene coding for the UGT2B7 enzyme does
not seem to be important for differences in morphine pharmacokinetics

This seems to be in agreement with the notion that serum concetratrions of
morphine and M6G are not closely associated with clinical outcomes, i.e.,
analgesia and adverse effects



3. Pharmacogenetics of opioids

Blood brain barrier



P-glycoprotein
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transported out
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through the BBB
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P-glycoprotein

* P-glycoprotein is coded by ABCB1 gene

 The most investigated ABCB1 polymorphism is
the exon 26 SNP, C3435T

 Itis observed with a frequency of 50-60% In
Caucasians, 40-50% in Asians, 10-30% in
Africans

* In animal studies a decreased function of the
transporters increase the CNS concentration
and analgesic efficacy of morphine



4. Pharmacogenetics of opioids

Receptor



Human Opioid Receptors Mu, Delta, and Kappa
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Human Mu Opioid Receptor
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Incomplete cross
tolerance and multiple
mu opioid peptide

receptors
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Hewview

(a)

Analgesic effects of merphine
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SNPs and Other

Polymorphisms in Coding Region of
Opioid Receptor Genes

# Polymorphisms # of Additional
Identified by our Polymorphisms
Laboratory*
Mu opioid receptor 11 6 17
Kappa opioid receptor 8 1 9
Delta opioid receptor 0 2 2

*Without or with prior identification or later verification by other groups
LaForge, Yuferov and Kreek, 2000; LaForge and Kreek, 2002



Single Nucleotide Polymorphisms In

Variant

Al118G

CirT

G24A

G779A

G942A

Human Mu Opioid Receptor Gene

Exon
(nucleotide position) location

1

* Nucleotide position 1 is first base of the start codon.

Protein
domain

N-terminus

N-terminus

N-terminus

CL3

EL3

Corresponding

amino acid change

Asn 4 Asp (N40D)

Ala 6 Val (A6V)

Synonymous
mutation

Arg 260 His (R260H)

Synonymous
mutation

Allele
frequency

10.5%
(26 heterozygous;
3 homozygous)

6.6%
(14 heterozygous;
3 homozygous)

2%
(6 heterozygous)

<1%
(1 heterozygous)

<1%
(1 heterozygous)

Bond et al., 1998



Allelic Frequencies of the Variant Allele of the A118G

Single Nucleotide Polymorphism of the Human u-Opioid
Receptor Gene in Diverse Populations

ASE
Japanese
Han Chinese
Chinese
Thai
Malay

Indian

Southw est Native
American

African American

0.016 (31)

0.485 (34)

0.163 (367)

0.028 (144)

0.362 (297)

0.351 (208)
0.438 (56)
0.446 (156)

0.442 (137)




MOR A118G SNP

e Patients need significant more morphine
and achieve less pain relief

e Causes a decrease in opioid potency by a
factor of 2-3

e Studies on the molecular consequence
have produced inconsistent results.

e Binding and signalling seem unaffected,;
may be decreased receptor transcription



5. Pharmacogenetics of opioids

Intracellular signalling
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Stato

 transcription factor that can alter MOR
gene expression

SNP Genotype Genotype frequency Allele Allele frequency Allele carriage
Control Switcher Control Switcher Control Switcher
(h=117) n=39) in=117) (n=239) (n=117}) in=39)
(c) Staté gene
=1714 C/T intron 1 CcC 0.51 0.31 C 0.7 0.59 0.89 0.87
cT 0.38 0.56 T 0.3 0.4 0.49* 0.69*
013

T 0.11

. Switchers had increased
nificant difference in the allelic

Earn’age of the T allele ( 1714 E..f'i'} and a 5ig
frequency at 9065 C/T (y*=3.86, FP=0.049) in the stat6 gene. MNo

The Pharmacogenomics Journal [2005) 5, 324-335

0 £ 2005 Matre Publishing Group All rights meereed 1470- 265005 §30.00
v, marbune. comyipj




Desensitization

Intracellular compartment :’ Plasma membrane compartment
P
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¢
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B-arrestin

 Intracellular protein important in desensitization
of MOR and trafficking of internalized receptors

SNP Genolype Genotype frequency Allele Allele frequency Allele carriage
Control Switcher Control Switcher Control Switcher
(h=117) (n=39) (n=117) (h=39) (h=117) (n=39)
1082 G/A intron 1 GG 0.38 0.44 G 0.61 0.71 0.83* 0.97*
CA 0.44 0.54 A 0.39 0.29 0.62 0.56
Ab 017 0.03
7757 AJG intron 9 TT 0.61 0.56 T 0.79 0.76 0.98 0.95
TC 0.38 0.38 C 0.21 0.24 0.39 0.44
CC 0.02 0.05
8622 T/C exon 11 CC 0.19* 0.03* C 0.4+ 0.27* 0.63 0.51
cT 0.43* 049+ T 0.6* 0.73* 0.81* 0.97*
TT 0.38" 049"
8864 A/C intron 11 GG 0.38 046 G 0.62 0.72 0.85* 0.97*
CA 0.48 0.52 A 0.38 0.28 0.62 0.54
Ad 0.15 0.03
0 The Pharmacogenomics journal (2005) 5, 124-134
£ 2005 Mature Publishing Croup All rights reerved 14700 2650005 530,00

v, marbune. comyipj



6. Pharmacogenetics of opioids

Biological modulators




COMT

e Cathecol-O-methyltransferase metabolizes
cathecolamines

* Frequent polymorphism results in a valine
(Val) to methionine (Met) substitution

e Variant leads to a low-function enzyme
which falls to degrade dopamine, which
may cause a depletion of enkephalin and
compensatory upregulated expression of
MOR



COMT val158met Genotype Affects -Opioid Neurotransmitter

Responses to a Pain Stressor
Science 299, 1240 (2003);

Correlation
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Melanocortin-1 receptor

e Analgesic effects of morphine and M6G
are increased in humans with non-

functional alleles due to less anti-opiod
action

e Seems specific for women



Melanocortin-1 receptor gene variants affect pain
and p-opioid analgesia in mice and humans

J S Mogil, J Ritchie, S B Smith, K Strasburg, L Kaplan, M R Wallace, R R Remberg,
H Bijl, E ¥ Sarton, R B Fillingim and A Dahan

J. Med, Genet, 2005:42:583-587
doi:10.1136/mg.2004.027698
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Therapeutic manipulation of peroxynitrite
attenuates the development of opiate-induced
antinociceptive tolerance in mice
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/. Pharmacogenetics of opioids

Summary



Pain 121 (2006) 1-5

Gene Variant® SMNP reference
1D
OQPRMI (p-opioid receptor) 118A = G 17181017
COMT (catechol-€-methyl 472G = A r=4630)
transferase)
MCIR (melanocortin-| XhnsA -
receplor)
451C>T rs1 805007
4TBC =T rs 1 BO3008
RROG = C :
CYP2D6 (cytochrome 25494 = del -
P450 2D6)
18460 = A r=28371711,
r=3892097
Gene deleted
1707T = del r=28371709
203548 > O
1758G =T z
Gene duplication/
amplification
ABCEI (P-glveoprotein) MISC>T rsl 045642




Current evidence for a genetic modulation of the response
to analgesics

For carriers of one variant or a combination of variants

Pharmacogenetic variant with Resulting factor,
dose adaptation factor by which the
individual dose
may be adapted

OPRMI 118G COMT472A 2xMCIR

nonfunctional
SNP
2 2
(.67 (.67
0.67 (.67
2 (.67 1.33
2 0.67 1.33
0.67 0.67 0.44
2 (.67 0.67 (.89

PAIN Pamn 121 (2006) 1-5




CLINICAL PHARMACOLOGY & THERAPEUTICS

Association of ABCB1/MDR1 and OPRM1 Gene
Polymorphisms With Morphine Pain Relief

(in press)
a 6 F
s b I 145 pts after 1 week of morphine
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Additional players

* Opioids receptors are each coupled with several
effector systems including adenylyl cyclases,
voltage-dependent Ca channels and G-protein-
activated K (GIRK) channels through their
Interaction with Gi/o protein

« Several known anti-opioid systems, such as
nociceptin/orphanin FQ and glutamate-mediated
systems

o A variety of neuropeptides act as excitatory
neurotransmitters on pain neurons, like subtance
P, calcitonin gene-related peptide, somatostatin,
cholecystokinin

 Newly discovered



Opioid, cheating on its receptors, exacerbates pain

NATURE NEUROSCIENCE VOLUME % | NUMBER 12 | DECEMBER 2006
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8. Pharmacogenetics of opioids

Conclusions
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Rogausch et al.,

Pharmacogenomics 7, 49-59, 2006
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Moving Pharmacogenomics to

Clinical Practice

Document Pgx superiority:
Pgx-guided versus usual care

Documenting sufficient variability
to predict clinical utility

Studies that mimic clinical practice
Proof-of-concept clinical studies
In vitro functional studies

ldentify sequence variability in candidate genes

Johnson JA. Trends in Genetics 2003; 19: 660-66



Coming future

ClinicalTrials.gov

A service of the U.5. National Institutes of Health

OXY-1: The Pharmacogenetics of Oxycodone Analgesia in Postoperative Pain

This study is currently recruiting participants.
Completion date: december 2007

Sponsored by:

Odense University Hospital

Information provided by:

Odense University Hospital

ClinicalTrials.gov Identifier:

NCT00260260

1. Responder (satisfaction with pain treatment in questionnaire and no escape

medication) Responder status compared to CYP2D6 genotype

2. Registration of pain, side effects and total amount of oxycodone given compared

to CYP2D6 genotype and SNPs




IL FUTORO VA RIDISTRIBUITO.
| 6IOVANI NE HFAVNO TROPPO
E NOI TROPFPO POCO.

giovanni_gambassi@rm.unicatt.it
gilovanni_gambassi@brown.edu




