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Introduction

* Pharmacogenomics

* Genetic factors contributing to variation in drug
response

* “Personalized drugs”
* Problem Statement
* Methods for SNP biomarker analysis require
genotyping
e Incompleteness of drug-enzyme association databases




Motivation

¢ Discovery of SNPs as drug-response biomarkers

» Response to drugs and drug marketability
« Ethnicity differences
« Individual differences

* Incompleteness of drug-enzyme database

* Existing databases (e.g. PharmGKB) do not capture
information for all drugs

e Important for determining regions of genome to study

. r.nf"‘w

System Overview

* Browser-based tool
* PHP, MySQL
* Main input sources: PharmGKB, International
HapMap, DrugBank
* Components
e Drug-response SNP biomarker discovery
« SNPs with allelic dissimilarities that affect marketability

« Single SNP biomarkers
« Multiple SNP biomarkers

e Drug-enzyme association discovery




discovery - |

® SNPs with allelic
dissimilarity
e Aim: Find the better

e ——————

NP drug-response biom

between 2 drugs to market

e Motivation: Drug response
differs with allelic
dissimilarities between
ethnicities

* Methodology: F¢; index

Enzymes
associated

Enzymes
associated

Allele
dissimilarities
for SNPs
between
populations

Allele
dissimilarities
for SNPs
between
populations

Compare allele
dissimilarities to find better
drug

discovery - |

* About Fq; index

* Measure of population divergence
based on polymorphism data

Hespi=1— (Fai +Fai)

* 4 categories of values: Hs = (5 Hegpa X 1)/ S
< 0.05 = little genetic differentiation Qo
: Hr=1-(p"*+q)
0.05 - 0.15 = moderate genetic
differentiation
0.15 - 0.25 = great genetic
differentiation
> 0.25 = very great genetic Fsr= (Hr— Hs)/ Hr

differentiation
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Search for a drug Search for a drug

Search:[doxorubicin J Search: lexemestane\ ]
Search!
Go back to main Go back to main
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Results for Search

Vour seagedi for ‘dosconsbac’ hos retuinsed 3 sesuliish

associated with e selected die and do statastical amalyais, choose a drigg and click 'Select this

Altermate Namves for Drug

RDE Ruber”,
-

Results for Search
Woaw senrch for 'exemestane L retuneed 1 resulis)

penes asociated with the selected drug and do statestical analysas, choose o dimg and clack 'Select thas

AR B 10 Name of Drye AL Names for Drus
PAMOSEE | exemestane | A -

Select this ditsg.
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MSH2 HERE mutS homolog 2. colon cancer. (mutS (E. coli) homolog 2 . mutS (E. coli) homolog 2

| nonpolyposis type 1 (E. coln) {colon cancer, nonpolyposis type 1),

[ .tnlnm;m:;llenme (DNA) I :!||\l|.z!. I)N.-\_!npnlm\nw:'z!se IL170kD, tnll:\lau.u]ler.ue
QP2 iRE -

[ QP24 | HERE 170kDa (DNA) I alpha (170kD) .

carbony] reductase (NADPH) , carbonyl reductase

CBRI HERE carbonyl reductase 1 (NADPH) 1,

Provide statistcs for comparison

SLIJ.[L'I!FNBE]TISL‘ !{!ml!‘\'.

L hydroxysterond sulfotransterase . sulfotransferase
evtosolie, 2A, : 4

famuly 2A, delydroepiandrosterone (DHEA)

HERE delydroepiandrosterone e : R . -
(DHEA )-preferring, member -preferrmg, member 1 | sulfotransferase fanuly 2A.
i i : dehydroepiandrosterone (DHEA }-preferrmg. member 1

. sulfotransferase family, cytosolic, 2A.
dehydroeprandrosterone (DHEA) -prefernng. member |«

1,

Provide statistics for comparisen

"SNP drug-response biomarker

.
discovery - |
Please select the ramge of FAT values for vie
Choose a Range.. - G |
Crrrvent view range: Greater than (.25 )
| msID Gene  |Allele 1 Allele 2| Fst [ Race A T C G
[ [ Afiican o Joerafosa| o
[ Guaran o (031 oo 0
[ Han(Beymg) | 0 [o262f0738] o
[ Japamese 0 29"-10 03| 0
S224280(CYPIAL| © T [02765]  Luwa [ o fosT2foazs] o
[ Maasai o (o560 0
[ Mexican o fodrsfossa[ o
[ Utah 0 foomifoert| o
[ Yomban 0 fossTfoes] o
[ am 0 03770623 o
[Cluese(Denvery [ 0 7240276 0
[ Gojarani o lo7osfozes| o
| Han(Beymsz) | 0 joeatfosss] o
[ Japanese 0 [D6950.302| O
s3TISASL|CVPIAL | T ¢ l02562]  Lubya 0 forsefpss] o
[ Maasai 0 fo46zfp.538] 0
[ s [ e ﬁ e - -
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Please select the rnge of FST values for viewing:
Choose a Range . =

Cirent view 1

RSID | Gene [Allele 1 [Allele 2| Fst Race AT |C |G
Afvican 0 | o [0.74[026
Tanece{Denver)| O 0 0171 (0520
gaati | 0 | 0 batolosia
o [0 possfoors
Tapanese 0 0O [0.095 0,905
1056836 [CYPIBL|  © G fosws[ Luya | 0 | 0 oo
Moz | 0 | 0 js71fos10
Mevican 0 [ o [031[0e0
Tosvans L] 0 0403 [0, 507
Utah 0 | o [pasfos

Voruban o [ o

Afvican 36| 0
Clanese(Dienven) (171 0 0|08
Cujarati 176 o [ o [osn
HufBejmg) 0089 0 | 0 [0.911
Tapmese 011 0 | 0 [080
51056837 [CYPLBL| A G fo2s4s|  Lubya 2 o [ o [0z
Maasm 6 0 | 0 b33

T s

LT
R e ——
——— e,

discovery - |

Doxorubicin

Enzymes
associated

5 SNPs with

Fqr > 0.25 (very
great allelic
differentiation

)

drug-response biomz

Exemestane

Enzymes
associated

8 SNPs with
Fyr > 0.25 (very
great allelic
differentiation

)

Comparison shows
doxorubicin more effective
than exemestane
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* SNPs affecting drug

response
e Aim: Find SNPs as Enzymes
i associated
biomarkers for drug
response
i i Input dru
e Motivation: SNPs affect respli)nse dagta
drug response for
i lationi,
* Methodology: Chi-square population:

populationz...

goodness-of-fit test

Find SNPs with distribution
close to response
distribution for populations

discovery -l

* More about chi-square goodness-of-fit

¢ Correlation between distribution of allele and drug
response

» 10% allele A, 90% allele a
=>10% non-responsive, 90% responsive OR
=>10% responsive, 90% non-responsive
¢ Chi-square test at 9o% significance level
 Apply in individual populations
 Apply over all populations




ey

drug-response biomarker
discovery - I

\ ‘ .“

Search for a drug

Search: exemestane

Go back to main
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Results for Search
Your scarch for 'exemestane' has returned 1 result(s).

To view all genes associated with the selected drug and do statistical analysis. choose a drug and
click "Select this drug'.

[ [I’harmGKB ID.!-Nnme of Drug ;.-\lternate Names for Drug:
| | PA449563 [cxcmestmm | "Aromasin",

Select this drug

Search for a different drug

Go back to main
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D o

o
preferring sulfotransferase . monoamine-sulfating
phenosulfotransterase | placental estrogen
sulfotransterase | sulfotransferase fanuly | A, phenol-
preferring. member 3 | thermolabile (monoamme. 1
form) phenol sulfotransferase . thermolabile phenol
sulfotransferase .

DHEA-ST | alcohol sulfotransferase |
aleohol livdroxysteroid sulfotransferase |
delydroeprandrosterone sulfotransferase |
hydroxysterond sultotransferase | sulfotransferase
fanuly 2A. delydroeprandrosterone (DHEA)

sulfotransterase family.
SULTIA3 HERE cytosolie, 1A, phenol-
preferrng. member 3

sulfotransterase fanuly,
eytosolic, 24,

SULT2AL HERE dehydroepuandrostercme S 3 5 N
ey — !l—}l'ﬂ"'-'-\l— ErIT—. -preferrmg, member 1| sulfotransterase fanuly 2A,
ki L dehydroepiandrosterone (DHEA )-preferrimg. member |

. sulfotransferase fanuly, cytosohe, 24,
dehydroepiandrosterone (DHEA) -preferning, member
1.

I| Provide statistics for comparison l Frequency Deviations |

"SNP drug-response biomarker
discovery - Il

Input statistics duectly for detenmnmg sigaficant SNPs m affecting diug response,
Only input the values for the races vou have infonmation for. For the other races, please leave them blank

Does not react to

React to drug
drug

African
t‘hlnese(l)enver)
Gujarati
Han(Beijing)
Japanese

Mexican

Toscans
Utah

Yoruban

| Submit |
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Significant SNPs

Please refer to this link for more information on the calculations.

Enzvines related to drug to be used for calewdation: CYPLAL CYPLA2 CYPIBI CYP3A CYPI9A1 HSDITEL STS
SULTIEL SULTIAL SULTIA3 SULT2AL

Response and Non Response input values

Reactto drug | Does not react to drug
Afiican 964 36
[Lulya ~ Jooo 100
Maasar 970 30
Yomban [960 A0

B e
e o,

PSNP drug-response bio
discovery - Il

Probability threshold
You are currently using a threshold probability of 0.1, This probability comesponds to having at most the caleulated
clu-value assuming that the observed values comrespond to the expacted values wliach have been ealeulated using the MAF
| of each SNP_An SNP will be considered sigmificant if it has a probability smaller than the threshold

Use this threshold!

The following are the results for individual races:

Allele 1 Allele 2 Probability (Chi-square Value| Race | A . T | ¢ G

oveoal| G A | 00000 00000 [Voban[004| 0 [ 0 [096

; Cvpoall T [ | ooooo 0.0000 [Voraban[ 0 [004 [096[ 0
ls6o3isTloypioal[ ¢ [ A [ ooooo [ 00000 Yorban[096 [ 0 [ 0 [0.04
56493493 CYP19AL G 1.0000 00000 Yormban|0.04 | 0 [ 0 (0.9

*
CYPIAL[ T C 0.0000 0.0000 Yomban| 0 [0.96 [004] 0
G A 0.0836 0.0110 Lubya [0101] 0 [ 0 [oseo
[T C [ 00836 | 00110 | Lubya [ 0 [0101[0899 0
2547231 [SULT2AL[ € A | 00000 00000 | Luhya (00 [ 0 [01[ 0
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¢ Multiple SNPs affecting drug
response

e Aim: Find sets of SNPs as
biomarkers

e Motivation: Single SNPs
usually have small effects on
drug response

e Methodology: Mining
emerging patterns (Algorithm
from: ‘Mining Statistically
Important Equivalence
Classes and Delta-
Discriminative Emerging
Patterns’)

oma

@

Enzymes
associated

Input: Patient

data on drug

response and

genotype on
SNPs

Find sets of SNP’s alleles
significant in determining
drug response

Drug-enzyme association discovery

Search

* Drug-enzyme
association discovery
e Aim: Augment database

for drug-enzyme
associations

e Motivation:
Incompleteness of
current downloaded
databases

* Methodology: Text
association in

biomedical abstracts
Add to da

List of biomedical
literature with
drug

Search

enzyme

Intersect

List of biomedical
literature with drug
AND enzyme

tabase!

Discard!

List of biomedical
literature with

User reject




Drug-enzyme association discovery

* Drug-enzyme association discovery

Web Images MNews Groups Books Gmail more v Sign in =

Go ()8 le exemestane site:www.nebinlm.nih.govipubmed Search ;::::zi“m

Search: * the web pages from Singapore

Web Results 1 - 100 of about 580 from www.nebi.nim.nih.govipubmed for exemestane. (0.16 seconds)

Survival and safety of exemestane versus tamoxifen after 2-3 years ...

222 deaths occurred in the it group F d with 261 deaths in the tamoxifen
group; unadjusted hazard ratio 0.85 (95% C10.71-1.02, p=0.08), ...

www nchinim_nih.gov/pubmed/ 17307 102} Simila :

by RC Cuurnlues- 2007 - Cited by 167 ated articles

- All 7 versions

A randomized trial of exemestane after two to three years of ...
METHODS: We conducted a double-blind, randomized trial to test whether, after two to
three years of tamoxifen therapy, switching to exemestane was more .

www, nchi.nim.nih.gov/pubmed/15014181 - lar p
by RC Coombes - 2004 - Cited by 838 - Rel 1tr= artic

) VEISIONs

Drug-enzyme association discovery

* Drug-enzyme association discovery

orug L evip Gene | pvip_

Exemestane 17307102 . CYP1A1 164532
t t

Exemestane 32643 L CYP1A1 1364332

Exemestane 1534647 CYP1A1 422141

Exemestane 1374543 CYP1A1 1534647

PMID

Exemestane CYP1A1 1534647
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Drug-enzyme association discovery

* Jaccard Index |AN B
JAB) = 0Bl

PMID

Exemestane CYP1A1 1534647

k

Exemestane 17307102 CYP1A1 164532

Exemestane 32643 CYP1A1 1364332

Exemestane 1534647 CYP1A1 422141

intersection
Exemestane 1374543 \ CYP1A1 1534647
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Drug-enzyme association discovery

* Results
* 14 overlaps with known associations found
e 8 with accurate supporting literature

* Results can be subjective

¢ Curation function for user feedback

* Drawbacks:

e False hits from T I
Google =

* Drug name same as
enzyme name 1520 %):391-8, Epub 2003 Aug 8. 3] gringrun. Links




Conclusion

* SNPs and their importance in drug response

* Need for supplementing drug-enzyme association
databases

* Development of methods to approach them

Future Improvements

¢ Linkage disequilibrium studies

N
Europeans : ] HapMap
|
|
1

Chinese

SGVP
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