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Understanding and Clinical Application of Pharmacogenomics in
Primary Care
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Pharmacogenomics is the study of how an individual’s genetic inheritance affects the body’s response to drugs.
Pharmacogenomics allows for more personalized medicine by optimizing pharmacologic treatment for individual patients
based on their own genetic makeup. Since the completion of the Human Genome Project in 2003, the discoveries of
genetic influence on the development of disease and the response to medicine have increased drastically. Rapid advances
in gene-based diagnostic tests were also achieved. Cytochrome P450 (CYP) is responsible for breaking down more than
30 different classes of drugs. Less active or inactive forms of CYP enzymes are unable to break down or eliminate drugs
from the body and can cause drug overdose in some patients. Transport proteins in the intestinal membrane affect the
absorption of drugs, and transporters in the liver and kidney affect the elimination of drugs by controlling drug transport
into or out of cells. Alterations in transporter function may affect the pharmacokinetic disposition of drugs. Therefore,
pharmacogenomics will allow patients to determine the right drugs for them, their dosage, and their duration by
genotyping before drug treatment. It will also allow drugs to be avoided in patients who are genetically predisposed to a
given drug’s adverse effects.
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of o8 FEFL v EAE ATsHe ot OB g
(pharmacogenetics) 0] 31, K3} B OF2I 3} 2] OFEULS-2 2%
ahs § ol et AT R §A) 52 (genome leve) o
A 4351z Bop7} o2 2] 8 (pharmacogenomics) 0| o
20039 QZHE LR A =20) 94 o] o} 2] AgHH o] A
o A bR Y BAS B oOFRe) FRU §HS A
Gste] Sofsh oFR-AABto] 7] BEX =7} o] o]
A3 gzt £ FAHe) AL AR RASE 918 o] eft of

)

oFE RISt ol3hE Sig /1% A

1 947134

¢17F2] DNAE ¢k 30 7€) &7 (base: A, G, C, T) & T4
5o} gl M= THE 2l71e] DNAL 999797} S5t o
A S oF 0.03%, = T2 G717 A= T2 d], o] 2fe]
7} BE Q1719] ThoFgt E@ (phenotype) & A5 T}
719] ol % 1L AT 1% ol ol A Aolrt £
o] & 71 A @Y & 7] t}E A (single nucleotide polymorphism,
SNP)o| 2} gtk th 52 9] SNP= 2 A} Afolof 2] 5}=
iSNP (intergenic SNP) 2 o]+= tj -5 A 7] 52 Hol& {4t
514) grou, ofw] Ak Al o] o) Zefated Thalo]
512 9107 = cSNP (coding SNP)= SF2UFG2] Q1312 2
o5t 20 A} HololTh

2. #3% (Genotype)

DNAL %€ 418 722 ool 9tk % 2 7}
Z oMHA 2R 37t oYU 2R E LT dMAS
=2 =t ol & AF F A (allele) 2 et £ F-Z-ofl SNP
b kT o) B Aol o7} S % 9]
2 25 o]k 91 4 Lk A& B Mol gl A9
BT oPYE (homozygous wild type) ol 2 3, el
o]7} = A E o] FF T H 0| F (heterozygous mutant type),
% BF Wol} At 498 S0 Wl F (homorygous

mutant type) ©| 2} +T}H(Supplement 1).
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QAo A eFE R o] of w3 A 1] =718 Bhel)
et AT A (association study) O], nFX g TAl= UAF
Ao 2 F a3t 342 Ho| & 114t M (high throughput
screening) 5= ZItHH 9] Ffldko|th G- A2} Mol o] ubA 9 7
BG 93 714E ) wh2 A Wl glon], WA oFE st
# ofEihe-o] TP Frashe tEA A SA ]l FE A
i 9 oFE SR (wansporten) | 4 o] 217 Thepg] Tt
ArATet A7 FE2ERA(FEA, 0l T2, 54 F)
oA 2] §AH Holo that A7ATHe] AR} A
oFE 8yl M55 Sl
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oF53H4] Wolof| mhE oFEHH-3-2] TS ol 35t 9]
SiA= A 71243 oF5ste] Ag ol ti gt ol szt 2 ast
ok A2 B3t 2 &5, 2, tiAL s S A
] R A<= 2k (systemic circulation) ©f] =28}A] H th(Supplement
2)9 S| o 52 URBAPIYE AT B A% AT
o S FeTSAE S ol Rl FardAl= &
H (gut wall), ZHZ (portal vein), FLA| E(bile canaliculi), A1A|
e P (idney tubule) 5:9] A1 Z o] el o] Q= chu A
1 7] o] wet MALHBO R Sof o1 Uk opel
opo] grepzlet)

F=S Atst= F8 7= ol A|uh, A oA e
SOl A A} o] R R 7| = Tk ofE2 1 54
of upa} I L oFE(parent drug)©] A (active) = H|EA
(inactive) FE o= 3L, tHARS S3ll B4 = B2 A
A| (metabolite) 7} A 4] E T} (Supplement 3). Supplement 30 4] A
o] 739 morE I AR B 24 o] Sl A -9-= il of
AR AL A F Holof mE oFEik-E- Ao|7F A A=
Wtk BY| A9 HoFE-2 E4o] laL I tiakAlE 2401 §l
= B2 dA]sol AstEaE B4do] e 2ofEY @
% &7t 578t oFEel tigtk whg-o] Sk AV FAg
= S4EESol UEhE o 3t €O B¢ ®ofEE B4 9]
L 1 A= B4 0] e A9-2 tiAZ 5ol AskE e
5 B4 tiApA 2] A o] HoR]7] wfZofl efEof| et v
o] FastAU A BT 2 o]0 = gt}

o] SFEAt R AT AR P S Holn
A=, ol FE9] AF At #odFl= cytochrome P450
(CYP) 5ol g AT AT g hEA o]k @A) o
15714 A CYP A A7 §H ch A Hol Aoz
HIE T gl ow, o] ZF CYP2D6, CYP2C19 H CYP2C92 alE
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aaof o) diAtE = 712 FEE] PR ST 2
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Qi 22 CYP AR L RN 1L o7}
L A4 G10|Th CYPaD6 ThARE 4] 7% *3,*4 Hlol
DNASIA mRNAZ ] HAkt}g ol A] 2 efo]4) 2 splicing
defect)o] Gojufar, *s Ho|= F-A 7} A<= (gene deletion) &
of f B0 Qlck."10, 41 ¥lo|= i B0 gtk o]
£ 2712 afo] CYP2D62] SRl o ol ST EH L
Ay T AFR}(extensive metabolizer), 7t T AFA}(intermediate
metabolizer), =3 TJAFA}(poor metabolizer) 7} L T}(Supplement
4).

Codeine & F&2 5 F= (prodrug) 2 U-F2H-8-0] gl
™ CYP2D69] €]3}] morphine &2 3= ojof 215 & 37} Ly
et} whebA] = thARAES] 79 codeine T = QI7E ZF
3= 7| 4= ¢lth Clinical Pharmacogenetics Implementa-
tion Consortium (CPIC) 7}o| Eg}el o 4] CYP2D6 -3-A & o]

£ codeine 2| 2 A2 st F =, Aut thARARS] 735
S50l & o v} 44| kbt 15-60 mg o (Al F2 B A1 €] &
W), S AR AlEE 8 A t 2 Fojsts aart gle 4
5 o2 AEA 18, = tiARbE AF a7t 7] w2l
codeine £ E u]dl == Y8} Qct?

HFH o] metoprolol2 BoFE0] Z/d0] 3lom CYP2D60
O3] thAte| o] B4, v thARAI7F A =, 24 ThA
AR} mobEo] gAjo] o Aoty mabA tlAlr|so] A5Hd
FE Y0 S EYE T FEF =7 A A2 AL
2 7] 5t} Dutch Pharmacogenetics Working Group 7}0] =2}
?19] CYP2D6 513 °f| wh2 metoprolol 2] 22| H 31 Qkof wh
2, gut tjApAt ] B9 &3] -2 B&ste] 5FF 100 mg F
A(AFEEA L 1), T A T 8= 50% 4,
SR AR Fo] S 75% et E = A sk 9ok

CYP2C19 ThALE 49| 79 *2 Ho]= AZato| 4] AF,
*3 o] = AR FE(stop codon) 0.2 & AZFAJ 0] ¢l *17 ¥
ol AagA o] F7IRIT o] & £A = 3fof CYP2C199]
Aol et A& s 2 F 2 24 AR H(ultra-rapid
metabolizer), A8t thALR}, Z7F AR =& AR} Qlch
(Supplements 4, S).

Clopidogeel BOFE-& HT7FEE B4 WY &-go]
glom CYP2C199] 23l &/ thARA| 7} A/ = ofof 1 a3}
7 Lbebieh. mrebd el S AR 29 dopidogrel Eol2 <)
B H2TA) B 7IThE 2 Gk CPIC Aol =24
9] CYP2C19 7% o) w2 clopidogrel X 82| F1Lgtof| wh
20, 234 AL Ak HARR] S 300 mg H5H8F
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o
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of <3l v 24 hAHAIZE A BER ahebAl Sia o] Ash
243 P4o] Y BoFEe] WE b B} £ fAH
2, oAbl 2745 mopEel 6E oFEEr) wol
A A6 2 7] "t} Dutch Pharmacogenetics Working Group 7}
o]=2}kel 9] CYP2C19 34 & of] 2 omeprazole A 2 A3 H
2¢to) w2 W, Helicobacter pylori Al -2 &2 13+ 34-84 2
£ 2] Qb oA, 2 A, ) AR 20 mg 51
W ol (AEARA 8] §4), 214 A Rl g
100-200% Z&F5} =2 P da ¢t

G2 A warfarin®] A5 SFF e 9 ko1 oFE
A% A2 F34ste] BT Warkarin® CYP2C9] 9
S chAFEl T, CYP2Co 1, '3 Mol BAgHo] Attt
Warfurin® 222 0] o] 917] t&e] 22,3 o7} o]
A} 4T S -8 ZeFlof BTk VKORCIS Ak}
 vitamin K 2918 vitamin K2 A3H4 A 4 131313
of] B2 2] vitamin K-epoxide reductase S A A dl= FHAAZ
~1639G>A 0|7} Q& 7-- warfarin©] T3t ZHAd 0] S7F
3} warfarin@] 222 71eF5}o] oF &t} International Warfarin
Pharmacogenetics Consortium®j| 4]+ CYP2C9, VKORC1 -3-%
A} A%, Yo, A, A%, BEOFE 5o WS EH]
warfarin 7] 0] §& AP FT RS L] o
Ato]| A-g-5t =2 Pkl 9 h(Supplement 6).”
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9] multiple drug resistance 1 (MDR1) %A} o] o] 35 A
7F&o] 213 % It} MDR1 -3 4H9] 3435C>T Hol+= ]9
714G EEY 5 el FFS A=), o] A
Hol7} = EEAbol A= mRNA @ o] 28l 7251wtk
AL digoxin®] E 5 5 &-A|7F 244151 2] (area under the
concentration-time curve)©] 30% A= ZF7}5l= Ao 2 U4H
A Ik o] 2] o] = fexofenadine, verapamil 5 T}eF3t oFE-o]
P gycoprotein®] 7] RS2 o2l glol, MDRIS] §-82 1
o7k B W18 4 92 AL A1) El ek
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O|Z A EA| 2 FZ2Y LA =G AALE 4 A A (nucleoside
reverse transcriptase inhibitor) 0l abacavir®] -9~ oFEof tj gt 1}
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JohnsonZ F-23} 28 A7 72 kB ot e Aot
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A A a =
GDenlnE 3
> Liver
Allele Portal vein
X I I ) TRy
A a a Biliary excretion
Hepatic vein
AA Aa a6 Systemic
G circulation
enotype Homozygous | Heterozygous | Homozygous Feces
wild type mutant type | mutant type
Gut wall
Supplement 1. A5 3 A A (allele) 2] ¥ o] o] 43 5 -
pp 45 A4 A (allele)&] Holof w2 - %(genzwpi) Supplement 2. 4 Eol gt oFRo] A4l L3k S 3. 4
T Y homonygous wild pey 4 LF VLI AR L 'g 0 o gy o opz o] ol &
T Rojg obE L Fulo) A AR YAyt He BRSO o8 &
3 Hold (heterozygous mutant type): g0 gk Hol7} 9l )

FH F NS AA o)A dAE o] FoT B LL—’&E&

o =8 A3} o] (homozygous mutant type): %% HE Bo|7} ¢
N e e ope) e Al E°]7tth. CYP cytochrome P450; T, transporter; UGT, U

A

(‘Il‘

- .
glucuronosyltransferase.
A B C
Parent drug Parent drug Parent drug
(active) (active) (inactive)
Biologic effect Biologic effect \\No effect
R2 R2 R2 AN
\ R1 Drug \ R1 Drug * R1 Drug
Metabolism receptor lMetabolism receptor lMetabolism receptor
R2 yR2 R2
) j©/ i j©\ //’ i j©/
Biologic effect -~ No effect Biologic effect
OH OH OH
R2 R2 R2
Metabolite Metabolite Metabolite
(active) (inactive) (active)
Supplement 3. 2 FE (parent drug) ¥} ~1 thAHA| (metabolite) 2] 24 of whE oFEuES-,
Supplement 4. CYP2D6 - @ of| th2 o= 5= 23
®xEy 33 Y o
Extensive metabolizer(d5t tAER})  Two copies of functional alleles F1/*1, ¥1/%2, *2/*2, *1/*41, *1/*4, *2/*5,

One function allele with either one nonfunctional or one
reduced-function allele

Intermediate metabolizer(Z7+
AR

Poor metabolizer(:=3 AP

One reduced and one nonfunctional allele

Two copies of nonfunctional alleles

*10/*10

*4/*10, *5/*41

*4/*4, *4/*5, *5/*5, *4/*6

Supplement 5. CYP2C19

FAFA B ASH ==

a3

B3Y

49

PR EE

% thakah

Ultrarapid metabolizer(Z 1L

Extensive metabolizer(Q ¥+ th AR}
Intermediate metabolizer(Z7t thAA}

Poor metabolizer(:=2 AR}

Two copies of increased-activity alleles

*1/*17,*17/*17

One functional allele with one increased-activity allele

Two copies of functional alleles
One functional and one nonfunctional allele

Two copies of nonfunctional alleles

*1/*1
*1/%2,*1/*3
*21*2,*2/*3,*3/*3
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IWPC warfarin dose calculator

ZEH  LRIQR0IM AER

Detailed instructions and examples can be found at the instructions tab

TIx|Ste| ofsiet AHHE

Computed weekly starting dose (mg/wk):

Variable Units or allowed values Enter value Error messages/warnings Va:(':litl'fn
Age Years (y) 20 OK
Height Centimeters (cm) 160 OK
Weight Kilograms (kg) 60 OK
A/A
VKORC1 genotype | A/G AA oK
G/G
U (for unknown)
*1/*1
*1/*2
*1/*3
CYP2C9 genotype *0/*9 *3/*3 OK
*2/*3
*3/*3
U (for unknown)
A (for Asian)
Race B (for Black or African American) A OK
(o (for Caucasian or White)
U ( for unknown or mixed race)
Taking enzyme inducer N OK
. . Y (for yes)
Takmg amiodarone N (for no or not known) N OK

Supplement 6. International Warfarin Pharmacogenetics Consortium®] warfarin %7] £-8%-& 44 112|529 4.

+

i

7182

J
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