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Outline of comments today

•    Introduction to the PharmGKB 
resource, www.pharmgkb.org)

•   Annotation of a complete humam 
genome sequence for anticipated 
drug response



































Drugs for “Patient 0” Genome 
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Patient zero

40 year old male in good 
health presents to his 
doctor with his whole 
genome

No symptoms
Exercises regularly
Takes no medication
Family history of aortic 

aneurysm
Family history of sudden death
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PharmGKB Annotation Method

•  Evaluate 2500 SNP annotations for 
direct drug relevance to patient 0

•  Evaluate CNVs in known important 
genes (VIP, PK, PD)

•  Evaluate novel SNPs in known important 
genes  (VIP, PK, PD)



Variant annotation highlight

•  Patient is heterozygous for a null 
mutation of CYP2C19 (metabolizing 
enzyme)
• CYP2C19 critical for metabolism of:  

• proton pump inhibitors (lansoprazole, 
omeprazole, pantoprazole, rabeprazole)

• antiepileptics (
diazepam, Norphenytoin, phenobarbitone)

• Amitryptyline, citalopram, chloramphenicol, 
clopidogrel, indomethacin, nelfinavir, 
propranolol, R-warfarin, imipramine...



Drug Summary Level of 
Evidence 

PMID Gene rsID 

Clopidogrel & 
CYP2C19 
substrates 

CYP2C19 poor metabolizer,  
many drugs may need 
adjustment. 

High 19106084 CYP2C19 rs4244285 

Warfarin Requires lower dose High 15888487 VKORC1 rs9923231 

Warfarin Requires lower dose High 19270263 CYP4F2 rs2108622 

Metformin Less likely to respond Medium 18544707 CDKN2A/B rs10811661 

Troglitazone Less likely to respond Medium 18544707 CDKN2A/B rs10811661 

Cisplatin Increased risk of nephrotoxicity Low 19625999 SLC22A2 rs316019 

Citalopram May increase risk of suicidal 
ideation during therapy 

Low 17898344 GRIA3 rs4825476 

Escitalopram; 
Nortriptyline 

Depression may not respond as 
well 

Low 19365399 NR3C1 rs10482633 

Morphine May require higher dose for pain 
relief 

Low 17156920 COMT rs4680 

Paclitaxel Cancer may respond less well Low 18836089 ABCB1 rs1045642 

Pravastatin May require higher dose Low 15116054 SLCO1B1 rs2306283 

Talinolol May require higher dose Low 18334920 ABCC2 rs2273697 

Sildenafil May not respond as well Low 12576843 GNB3 rs5443 

Summary of Pharmacogenetic Bad News



Drug Summary Level of 
Evidence 

PMID Gene rsID 

HMG CoA 
Reductase Inhibitors 
(statins) 

No increased risk of myopathy High 18650507 SLCO1B1 rs4149056 

Statins No increased risk of myopathy High 12811365 SLCO1B1 rs4149056 

Desipramine; 
Fluoxetine 

Depression may improve more than average  Medium 19414708 BDNF rs61888800 

Fluvastatin Good response Medium 18781850 SLCO1B1 rs11045819 

Metoprolol and other 
CYP2D6 substrates 

Normal CYP2D6 metabolizer. Medium 19037197 CYP2D6 rs3892097/
rs1800716 

Pravastatin May have good response Medium 15199031 HMGCR rs17238540 

Pravastatin, 
Simvastatin 

No reduced efficacy Medium 15199031 HMGCR rs17244841 

Caffeine No increased risk of heart problems with 
caffeine 

Low 16522833 CYP1A2 rs762551 

Calcium channel 
blockers 

No increased risk of Torsades de Pointe Low 15522280 KCNH2 rs36210421 

Carbamazepine SNP is part of protective haplotype for 
hypersensitivity to carbamazepine 

Low 16538175 HSPA1A rs1043620 

Neviraprine Reduced risk of hepatoxicity Low 16912957 ABCB1 rs1045642 
Efavirenz; 
Nevirapine 

Reduced risk of hepatoxicity Low 16912956 ABCB1 rs1045642 

Epoetin Alfa Lower dose of iron and epo required Low 18025780 HFE rs1799945 

Fexofenadine Average blood levels expected Low 11503014 ABCB1 rs1045642 

Irbesartan Irbesartan may work better than beta-blocker Low 15453913 APOB rs1367117 

Lithium Increased likelihood of response Low 18408563 CACNG2 rs5750285 

Paroxetine May have improved response Low 17913323 ABCB1 rs2032582 

Pramipexole More likely to respond Low 19396436 DRD3 rs6280 

Pravastatin No reduced efficacy Low 15226675 SLCO1B1 rs4149015 

Summary of Pharmacogenetic Good News



Equivocal evidence for some drugs

• Beta-blockers:  may be better than other 
classes, but may not work
• Methotrexate: may be more or less likely 
to respond, more likely to be toxic
• Iloperidone:  may or may not cause 
arrhythmias
• Olanzapine: more or less likely to gain 
weight
• Risperidone:  may or may not respond 
well



Novel nonsynonymous damaging SNPs
SNP_loc Ref pt0 Coding PK/

PD? 
Gene related drugs 

1:33251518 G CG H191D PK AK2 adefovir dipivoxil; tenofovir;  

16:49303700 G AG V793M PD CARD15 infliximab;  

12:54774480 C CT H578Y PD ERBB3 trastuzumab; erlotinib; gefitinib; lapatinib; PHA-665752; chloroquine; 
cisplatin; gemcitabine; cetuximab;  

3:124923809 T AA I485F PD MYLK mercaptopurine; methotrexate;  

13:98176691 T CT Y21C PK SLC15A1 atorvastatin; fluvastatin; hmg coa reductase inhibitors; lovastatin; 
pravastatin; rosuvastatin; simvastatin;  

9:86090799 G AG S443F PK SLC28A3 cladribine; fludarabine; uridine; mercaptopurine; thioguanine; 
antineoplastic agents; gemcitabine; azathioprine; folic acid;  

20:32342227 G AG P246L PD AHCY antimetabolites; mercaptopurine; methotrexate; adenosine; 
antineoplastic agents; azathioprine; folic acid; thioguanine;  

16:49302615 C CT S431L PD CARD15 infliximab;  

6:32593811 G TT T262K PD HLA-DRB5 clozapine;  

6:31484467 T CT I14T PD MICA mercaptopurine; methotrexate;  

11:62517376 C CT R534Q PK SLC22A8 cimetidine; estrone; antiinflammatory and antirheumatic products, 
non-steroidals; hmg coa reductase inhibitors;; adefovir dipivoxil; 
tenofovir; antineoplastic agents; cyanocobalamin; folic acid; 
leucovorin; pyridoxine;  

16:31012227 C CT G64R VKORC1 warfarin 



Important Limitations of our analysis
•   For CNVs and novel SNPs only looked at 
PharmGKB “VIP” genes

•  We have drug pathways suggesting many 
other genes, though perhaps not VIPs

•   Level of evidence varied widely even for 
variants that were previously studied

•   Errors in sequence are always a concern
•   Didn’t use all information available in 

non-coding regions
•   Most of these drugs not relevant to Pt 
0… today



Summary 1

•  PharmGKB provides access to current 
knowledge of genetic variation that 
impacts drug response
•  It provides annotated variants, 
pathways, literature refs, tools for data 
mining, and prediction.
•  We have used it to do a state-of-art 
annotation of a full human genome for 
drug response
•  Imperfect, imprecise but potentially 
useful clinical advice 



Summary 2

• Some problems of disease risk 
assessment are avoided with PGx.
•  MD is involved in prescribing decision
•  MDs are comfortable with considering 
many factors in prescribing
•  Noisy, imprecise data is OK
•  Bad decisions can be reversed
•  Even for rare variants “caution, no idea” 
can be useful



Thanks!
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