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Personalised = trendy



‘Most drugs don’t work’

Effective (%)…..

• Alzheimer 30

• Depression (SSRI) 62

• Asthma 60

• Diabetes mellitus 57

• Migraine (acute) 52

• Migraine (profyl.) 50

• Cradiac dysrhythmia 60

• Tumors 25

• Schizophrenia 60

• Reumatoid arthritis 50

• Reumat. art. (Cox-2) 80

• Hepatitis C 47

Spear, Trends Mol Med 2001;7(5):201



How is this possible?

• Non-adherence

• Wrong drug-use

• Interacting co-medication

• Organ dysfunction

• Different stage of the disease

• Environmental factors

• food, alcohol

….

Heritable (genetic) differences in drug sensitivity

Huang, Clin Pharmacol Ther 2008;84(3):287



Farmacogenetica
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Pharmacogenetics @ LUMC
Prospective test:

• Oncology: patients receiving CAP or 5-FU tested for DPYD 
(rs3918290, rs55886062, rs67376798, rs56038477)

• Nephrology: kidney transplant patients tested for 
CYP3A5 (rs776746, rs10264272).

• Psychiatry: patients with a therapy resistant depression, 
referred to LUMC for ECT, tested for CYP2D6, and
CYP2C19.

• PGx consultation service for outpatients

On request: VKORC1, CYP2C9, SLCO1B1, UGT1A1, THYMS, ABCB1, NAT1, NAT2, CYP3A4, CYP2B6 other….

http://www.google.nl/url?sa=i&rct=j&q=xelode&source=images&cd=&cad=rja&docid=7Imf4w_WH1ti5M&tbnid=wxQ2oN-XN24cTM:&ved=0CAUQjRw&url=http://noticiadesalud.blogspot.com/2010/04/la-ue-autoriza-el-uso-de-xeloda-masmas.html&ei=LAdjUaebAeGk0QXy14DgDA&bvm=bv.44770516,d.d2k&psig=AFQjCNFBg-ELV4rChJbmdvrduZhAthUy7w&ust=1365530703819522
http://www.google.nl/url?sa=i&rct=j&q=xelode&source=images&cd=&cad=rja&docid=7Imf4w_WH1ti5M&tbnid=wxQ2oN-XN24cTM:&ved=0CAUQjRw&url=http://noticiadesalud.blogspot.com/2010/04/la-ue-autoriza-el-uso-de-xeloda-masmas.html&ei=LAdjUaebAeGk0QXy14DgDA&bvm=bv.44770516,d.d2k&psig=AFQjCNFBg-ELV4rChJbmdvrduZhAthUy7w&ust=1365530703819522


Van monster naar DNA

2 ml speeksel

4 ml EDTA bloed

Monstername DNA isolatie “QC” DNA voor analyse

260/280 ratio  1,5 - 2
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Polymerase Chain Reaction

Invented in 1983 by Kary Mullis, Nobelprice in 1993

1. Denaturation (90 - 96°C)

2. Annealing of primers (45 - 65°C)

3. Elongation by thermostable polymerase (72°C)

1 2 3

https://en.wikipedia.org/wiki/File:Polymerase_chain_reaction.svg
https://en.wikipedia.org/wiki/File:Polymerase_chain_reaction.svg


Polymerase Chain Reaction

1983 1993 2003



Beschikbare methoden

• PCR gel electroforese

• Real-time PCR genotyping assays

• Pyrosequencing

• Genotyping SNP Array

• High Resolution Melting

• Sanger sequencing

• Next Generation Sequencing



• Real-time PCR
• Addition of labeled probes
• Easy to perform; pre-designed assays
• Fluorescence

Techniek 1 Real-time PCR: TaqMan

PacMan

ViiA™ 7 Real-Time PCR System QuantStudio 12K Flex RT PCR SystemLightCycler® 480 System
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Principle: probe based SNP detection



Annealing



Cleavage



SNP detectie; verschillende probes

Hybridization

Extension

Completed



Hoe ziet dat er in de praktijk uit?

WT

WT/WT

MUT

MUT/MUT WT/MUT



Een typisch resultaat



Techniek 2: Pyrosequencing

• “Sequencing by synthesis” principle
• Ontwikkeld in 1996
• 4 enzymen
• Chemiluminescentie,
• Reads van ~300-500 nucleotiden



PPi

ATP

light

time

Principle

www.youtube.com/watch?v=bNKEhOGvcaI

Luciferineoxy-luciferine

http://www.youtube.com/watch?v=bNKEhOGvcaI


• Each peak represents the incorporation of 1 nucleotide.
• 1 nucleotide is added at a time.

3’------GCAAGGTGGA------5’



Quality Control– plasmide controles

Pharmacogenomics. 2008 Sep;9(9):1261-6
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Example 1:tacrolimus

Tacrolimus Metabolites
CYP3A4

CYP3A5

*1/*3, *1/*1

Expressers

60-80% afro american pop

*3/*3

Non-expressers

80-90% caucasian pop



CYP3A5*3*3
(non- expressers)

CYP3A5*1*3
(expressers)

2

3

4

5

6

ta
cr

o
lim

u
s 

cl
ea

ra
n

ce
 (

L/
h

)
Adult kidney transplant patients

Press TDM 2009 31(2):187-97.

2 dd 5 mg

2 dd 8 mg



Case: Mind the Mix

20 yr old female, referred for PGx test prior to kidney transplantation

PGx tests : CYP3A5*3 (rs776746) 

CYP3A5*6 (rs10264272) 

Conflicting genotype results…….

Clin Pharmacol Ther. 2013 Oct;94(4):443-4



First blood sample: conflicting results
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Second blood sample
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Plasmid control
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Consulted attending nephrologist: 

Saliva results of patient and donor

• Patient: CYP3A5*1/*3

• Donor: CYP3A5*3/*3

Patient tacrolimus trough level: 5.5 µg/L, 

AUC: 110 µg/hr*l  2dd 8 mg of tacrolimus

Hematopoietic stem cell transplantation
Mixed hematopoietic chimerism
 28% autologous, 72% donor



WAAR GAAT HET VELD NAAR TOE?



Cost to sequence a human genome



Complimentary pharmacogenetic information

• WES, WGS data in clinical genetics

• WGS data in oncology

Germline Genome

Tumor Genome



3232

Dutch PGx Working Group (DPWG) guidelines (N=84)

• Metoprolol

• Mirtazapine

• Nortriptyline

• Olanzapine

• Oxycodeine

• Paroxetine

• Propafenon

• Risperidone

• Tamoxifen

• Tramadol

• Venlafaxine

• Zuclopenthixol

CYP2C9

• Acenocoumarol

• Phenprocoumon

• Phenytoin

• Glibenclamide

• Glicazide

• Glimepride

• Tolbutamide

CYP2C19

• Citalopram

• Clopidogrel

• Imipramine

• Lansoprazol

• Moclobemide

• (es)Omeprazol

• Pantoprazol

• Rabeprazol

• Sertraline

• VoriconazolVKORC1

• Acenocoumarol

• Phenprocoumon

TPMT

• Azathioprine

• Mercaptopurine

• Thioguanine

UGT1A1

• Irinotecan

• Amitriptyline

• Aripiprazol

• Atomoxetine

• Carvedilol

• Citalopram

• Clomipramine

• Clozapine

• Codeine

• Doxepine

• Flecainide

• Flupentixol

• Haloperidol

• Imipramine

CYP2D6

CYP3A5

• Tacrolimus

Swen et al, Clin Pharmacol Ther 2008;83(5):781

Swen et al, Clin Pharmacol Ther 2011;89(5):662-73

DPYD

• Capecitabine / 5-FU





Heeft u in de afgelopen 6 maanden een 
farmacogenetische test aangevraagd of aanbevolen? 

Enquête arts en apotheker

Ja

~400 huisartsen

~667 apothekers

4%
15%



Implementing PGx in Primary Care Project (IP3) 

 200 patients

• Primary care, vicinity Leiden 

• Apply PGx in own practice

 Focus on primary care drug with recommendation 

CYP2D6: TCAs, atomoxetine, venlafaxine

• CYP2C9: acenocoumarol, fenprocoumon

• CYP2C19: (es)citalopram, imipramine, 

• SLCO1B1: simvastatine, atorvastatine

 Genotyping

• Panel of 8 genes: CYP2C9, CYP2C19, CYP2D6, CYP3A5, 

DPYD, SLCO1B1, TPMT, VKORC1 



Hoe vaak komt farmacogenetische variatie voor?
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 ~95% van de patiënten heeft ten minste 1 
actionable genotype, 10% heeft er ≥4

IP3 studie n=191



• €15 million, HORIZON2020, 10 EU countries

• Implement pre-emptive PGx testing in a real world clinical 

setting across 7 EU sites

• Evaluate patient outcome and cost effectiveness using 

solid scientific methodology

• Start 1-1-2016, 5 yr, n=8,000

• Consortium members:

• H-J Guchelaar (Coordinator), 
JJ Swen, M Kriek, LUMC

• M Pirmohamed, R Turner, UOL
• J Stingl, FDMD
• M Ingelman-Sundberg, KI
• M Karlsson, S Jönsson, PBUU
• M Schwab, E Schaeffeler, IKP
• VHM Deneer STZHM 
• M Samwald, G Sunder-Plassmann, MUWV 

• M van Rhenen, KC Cheung, KNMP
• C Mitropoulou, GHXF 
• D Steinberger, BIOL
• CL Davila Fajardo, SAS
• G Patrinos, UPAT
• V Dolžan, ULMF
• A Cambon-Thomsen, UPS
• G Toffoli, E Cecchin, CROA

WWW.UPGX.EU



Boodschap:

 Geneesmiddelrespons is erfelijk.

 Real-time PCR meest gebruikte techniek.

 Technologie en bewijs ontwikkelen zich 

razendsnel; het aantal mensen met een 

bekend genotype neemt toe. 

 Farmacogenetica is:

 niet ‘iets zeldzaams’ 

 niet ‘iets academisch’, ‘voor de toekomst’  

etc. 

 Arts en apotheker kunnen komende week 
nog een patiënt tegenkomen waarvoor 
een farmacogenetische test nuttig zou zijn.



Dank voor uw aandacht!

25-Nov-1639Insert > Header & footer

Email: J.J.Swen@lumc.nl
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Wat betekent dit voor mij? 

Genotype Fenotype Geneesmiddel Actie

CYP2D6*2/*5 IM Codeine
Metoprolol
Nortriptyline

Alternatief
50% dosis
60% dosis

CYP2C9*1/*1 EM Acenocoumarol Normale dosis

CYP2C19*1/*2 IM Citalopram
Clopidogrel

Max 20 mg
Alternatief

SLCO1B1TT Norm act Simvastatine Normale dosis

TPMT*1/*1 EM Azathioprine Normale dosis



Drug Inactive 
metabolite

Enzyme X

Gene encoding X

Candidate gene

Drug

Inactive 
metabolite

Enzyme B

Genes encoding A,B,C,D…..

Transporter A

Drug 
(intracellular)

Metabolite 1

Receptor C

Enzyme D

Pathway approach

~1,000,000 SNPs across the genome

GWAS

GAGAACAGGTCAGCCACCACTATGCCAGGTTC………

WES
WGS

Hypothesis free approaches

Ontwikkelingen in onderzoek




