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Great inter-variability in drug response and adverse drug reactions is related to inter-variability of drug bioavailability,
drug interaction and patient’s disease and physyological state that cause change in absorption, distribution, metabolism
and excretion of drugs. However, these alone do not sufficiently predict and explain inter-variability in drug response.
In recent studies, it is reported that inter-variability in drug response and adverse drug reactions may largely resulted
from genetically determined differences in drug absoption, distribution, metabolism and drug target proteins. Especially,
the major human drug-metabolizing enzymes such as CYP450, N-acetyl tranferase, thiopurine S-methyl transferase, glu-
tathione S-transferase are identified as the major gene variants that cause inter-individual variability in drug’s response
and adverse drug reactions. These variations may have most significant implications for those drugs that have narrow
therapeutic index and serious adverse drug reactions. Therefore, the genetic variation such as polymorphisms in drug
metabolizing enzymes can affect the response of individuals to drugs that are used in the treatment of depression, psy-
chosis, cancer, cardiovascular disorders, ulcer and gastrointestinal disorders, pain and epilepsy, among others. This
review describes the pharmacogenomics of the drug metabolizing enzymes associated with the drug response and its
clinical applications.
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EE Al B Al =3 FE] F8A 9 o]
AEg A xol oJ3kg 7)1 4= gl

olgjgl EuhS-3} fgke] A 19509 Zvt g
gtz o}A] promaquine2-E 913 $-¥uk-g-o] glucose-6-
phophate dehydrogenase®] 312 ZAgol &gte] FH=HAM
237 o] & At 3047 FAT AL o] FU. e
o} FEFAANTE o % - A A B4 oE BA
AEZ ¢33k FARTA] WS W9l ZA 2wt
AR Az ARBAE ST e B3] EWAL
A F CYP450 B0 AR hagAd o] ofEuk-g-7he] A
ol Aol 7HA & o3-S w|He] 7 A5 F3 wIHA
we} CYP450 #3 FEFAA Bofe Ad 2597 343
WAL o] FY. g R F8 oHE HAF HHA CYP450
a0} EEReH, oFF whee] Azt 2 2 o) ket
#Hg T2 A Aol Eo] w3l v -5, FAA
g o, AldS Als Ao 3 AT As 55, 1 59
SFEX|BellA ANQIzE FENHES] Xpo]7} AHEHIL gl o
g A Zv| -l qhxat AN kEf
AAZL Q&) 7125 AAsk] olE TAZ T 4% A
g Fodgl 40 HALE it FEZRY] A3AEe ofdlE
7bsA e EH FEXR B FUE of7|Fh

oFEfAA Y] FRA ERE 74 MUY 7K 22
(DNA)l 71x3ke] 714 B3pA ol kAl gt =X 85 53l
Ae] FEX 8 T HU I3 Aol webr FEF
AA gL o) Aute-S HAashslal X2AAE Sds & 4
9 GE, o8, AR 7|z A" A fAH AR AL
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£& 270 FTHAAT AT Ao FIHo2
DNA Z2ae] 7|23 oFE Az AZ 7159 94
2o A olBE 7|2 s AP Azs) PP A2
& AFE 2al7] S8 HAA A 08T F dE )
g A3,

Il. k2 CHAIS A (Drug-metabolizing
enzyme) F8X CHEM 3 MY S8

OB o ALEAS] AR WolE B FF e WiE
oF7)8le] E3] XFPgHe] FL warfarin, phenytoin,
mercaptopurine®} -2 ¢FE-9] X Rl 23 & n|A.
A2} W o] nucleotide 7] HAFEAE o}l 14 (phase
1) 2 24 (phase2) 2FE WAREA BFNA 7Hg3lchFig. 1).
Z35 14 EA5L CYP 59 &4 superfamilyo]™ N-acetyl
tranferase, thiopurine S-methyl transferase, glutathione S-
transferase’= 0% TAE sk 24 AL E29) o
o)t}. Table 1-& kB3 A FEHALEA FAAE
& BojErt.

A. M| 1MCHAF &4 (Cytochrome P450 enzymes)
Cytochrome P450 &A% QAR O AMLHE 59
phase I THAF & oF 70~80%F Hah>® o] WA
2 9l sEtEAe] dAHA ] FHfgie o|HF
CYP450 EAEE ofu|xAl o] 40%e]4 YAT A5+
family, 60% )4 ¥A5}= A$E subfamily® EFLt

Piase I

e W

Fig 1. Principle enzyme exhibiting a polymorphism implicated in drug metabolism. AHD — alcohol dehydrogenase; ALDH-
aldehyde dehydrogenase; CYP — cytochrome P450; DPD — dihydropyrimidine dehydrogenase; NQO1 — NADPH-quinone
oxidoreductase; COMT — catechol-O-methyl transferase; GST — glutathion S-tranferase; HMT — histamine methyl-transferase; NAT
~ N-acetyl transferase; STs — sulfotransferases; TPMT ~ thiopurine methyltransferase; UGTs — uridine 5'-triphosphate glucuronosyl
transferase
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Table 1. Examples of Drug Metabolizing Enzyme Genes Associated with Drug Response

Gene . Drug/Drug class
Cytochrome P450 Phase I Enzymes
1A2 Clozapine
Warfarin
2C9 Losartan
Phenytoin
2C19 Proton-pump inhibitors
Codeine
Metoprolol
2D6 Olanzapine o
Selective serotonine reuptake inhibitors
Serotonine agonists
Tricyclic antidepressant
Phase II enzymes '
Isoniazid
N-acetyltranferase %r}?gf;?;zlﬂllge
Sulfonamide
UDP-glucuronosyl transferase Irinotecan
Glucose —6-phosphaste dehydrogenase Primaquine
Nucleotide Base Metabolizing Enzymes
Thymidilate phophorylase Fluorouracil
Dihydropyrimidine dehydrogenase Fluorouracil
Thiopurine methyltransferase Azathxopunn.e
Mercaptopurine

27 Aol EAsk= 57719 o2 CYP T EA) %
A”g ey, 1 F 24 FEE T3l AA o EH
steroid X prostaglandin 22 WA E3e] tAlel o]
gho] AR, =3 CYP450 FHEAY 715H F3A
8ol CYP2A6, CYP2C9, CYP2C19, CYP2D6 I
CYP3A4/5¢] i3l =gl en olejdl 32 7|zt
oFE uhg- Ape] | Hm oEe] oj AR W AT
£ 7ol RN, g oAk ATl o)Ak
kB9 56%7) THEIAE TR 1A HARE R o))
A=, L F 86%E CYP450L BHugad. o2&t 7|
A7t &FE- ukg-9] zjo] @l o} E o] AMEE-S A8 H|§, AP
2 JAE 59 FVE op]dt wEbd CYP450 T4
FAAL T34 olsle E X R Y oFE Y EFA
1 7)127) 9557 (Table 2).

1) Cytochrome P450 2B6

o]M9 AFEL 7k AA CYP EAE F CYP2B67}
WA 0.2%3F EA37] wlFoll oFEe] At Fa8 S
&7 Sy Rusiele. a8y 28 A7 o3t
CYP2B62] 7]37} 5~20%=, CYP2B67} cyclophosphamide,
ifosfamide & WE% o7 ALAL}  bupropion,
nevirapine, efavirenze} -2 FE2] wiAlel| Fedsle] X BE
3 g o] Ahubge] Amof] AP R F23} 7|HE S

B3z 9ot 8F A7 CYP2B6*6 A EAAlelAA o
2)3k oF 9] AP} 271k Aol Bagaey.

2) Cytochrome P450 2D6

Cytochrome P450 2D6% 7} CYP B49] oF 5%E A
s " AHEEE oFE F oF 20% HALE EEiet
CYP2D6 A7 34 CYP wlol FolA 7 & 4t
Hol 7 H4 487) AR wWelet 5370 A7 YA
CYP2D6 frAiAtel A FE= Y. CYP2D6* 1 wild type
o2 A T4 B34S Yehdoh CYP2D6*2% CYP2D6*1
o} 72 B4 & 7 BAhg FFe] 7Feskal CYP2D6*1
9} CYP2D6*2 ¥A X EM(extensive metabolizer)e] t}.
CYP2D6*4(detective splicing)®t CYP2D6*S(gene deletion) ¥
o= A B 9 RAE ol CYP2D6*10
(Pro34Sen)®} CYP2D6%17 (Arg296Cysy= 27 ©4d ofn|x
Are) xgo T A BAY PAE op|ste o]EX EF
PM(poor metabolizer)e] . ] @74 CYP2D6 =+ A
o] AAA JFAL BA3 A, Ultra metabolizer(UM)}
PMY] A7t x] 8182 EM3} IM(intermediate metabolizer;
g 7o) ¥17)5A AR & Y AR BHE A
N3 Bfabe] X En4Rd A =2 $4000~60005
o9 ol2igt WA B uf A} FAHe B vjg-2 Al
3t ojAjul-S-S HWol: #Ale] XEn|guc} @3|e Ao u}

[e] o=
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Table 2. Distribution of the principle alleles of four human cytochromes P450

Allellic Frequency (%)

Enzyme Predominant allelic Mutation Consequences for Caucasians Asians  Africans Ethiopians
variant enzyme function and Saoudians
CYP2AG CYP2A6*2 Leul60His Inactive enzyme 1-3 0 ND ND
CYP2A6del Deletion No enzyme 1 15 ND ND
CYP209*2 Argldacys ~ Reducedaffinityfor g 4 0 ND ND
P450
CYP2C9 Specificity for
" ficy g }
CYP2C9%*3 Ile359Leu the substrate altered 6-9 2-3 ND ND
CYP2C19 CYP2C19*2  Aberrant splicing site  Inactive enzyme 13 23-32 13 14-15
CYP2C19*3  Premature stop codon Inactive enzyme 0 6-10 ND 0-2
CypaDeraxN  eneduplication - Increased enzyme 15 0-2 2 10-16
or multiduplication activity
CYP2D6*4 Defective splicing Inactive enzyme 12-21
CYP2D6 CYP2D6*5 Deletion No enzyme 2-7 1 2 1-4
CYP2D6*10 Pro34Ser, Serd86Thr  Unstable enzyme 1-2 6 4 13
Reduced affinity
* =
CYP2D6*17  Thrl071le, Arg296Cys for substrates 0 51 6 39
Ser486Thr ND 34 39
ND: not detected
2} Brockmoller:= Z= CYP2D6 7134l haloperidol®] X - AT A

o ke A2 AFS 98 CYP2D6 SR BA e o8 ub

£ AAEASHY. CYP2D6 A2 7]A 2 Ak &)
2, Al zhgorE, 9hAl, AE A FE 2 AEA
o] alem 7+ kB8 WMl CYP2D6 F-AAL Al o2
Q13 7 Qlzt oFE kg *}ol: Table 13} 2+t

- S-9-8A

CYP2D6E A5 vl5sle dvgy AFAlzhg4Ee]
WAL i) 53] AR 5-2A4 A ARU)
CYP2D6°)) 95 djAL=lm CYP2D6 phenotypedl] whE oF&
2] HA o] 27T} Nortriptyline2 CYP2D6E A <
3l 10-hydroxynortriptyline>-2 3% nortriptyline®] <F
32 3 CYP2D6 FAAF grof| el el A7) B
HQH ", Z UM(ultra rapid metabolizery® 7153 CYP2D6*2
HHPAY v EAE do7|e AL 5 ¥l ¥4 &
BRGO2H o}F =2 CYP2D6S| 84S vehiie] 7]1xal
nortriptyline®] AAME-3 Fo A v & WHee T
Bolgl® T ¥FeTel =gl A3 FE L3¢
PM(poor metabolizer)llA] 30~50mgg! 7ol ¥]s] UMelA=
500mgel) 2k G2 AT A nortriptylines) ¥H-g-8}17]
dE IAELS UM FIIFE EFFel iHEEINLH
Huddinge University Hospital> 3-$&X|8 5 W= 3} &
A gl uHEEA] ok Al M UM FH 3ol oF 109 Bd
& Haga). =3 UM 73 CYP2D6 AslAlelz} 7]
Z1<l paroxetine®} nortriptyline7te] oFF AT A Gl L
7R k= R E g,

A kR A AT CYPD6 71 FER AR
%) Ao A FE o|Ab uk-g-] WA Eo] UMeA PM2E
Z25E Z71e 1o, vl go| PM 3AtellM X277k
AR} x)2n]ge] 7t 27U o8 A 9 FIEH
JF= EM 3449} B E A] PM ExjellA o 2 71
$A} o) AJ1-2(Parkinsonism-like side-effects) H3 &S ¥
o o wiel PM HAlelA H1E X ZHE Aube] 4w A
= o 288 273t =3} perphenazine, thioridazine 5
o] o2 A FEAR F, PM SAlelA AR B3}
ALY Lol W AFolM BuE. 23 CYP2D6
G F 2| DA A el (tardive dyskinesia), FA <Z1A ]
A}Z(acute dystonia), 54 ) 5§ (extrapyramidal symptoms)
2 A B 5Z(akathisia)Zre] B3 ARD/A L FHAA &
2 o)

- TEA

Ondansetron, tropisetron®} Z+-& S-HT3 $&A Z A<l
FTEFE] &3y} CYP2D6 X U3 AAIAE
4ol FH=HT. 2 ¢l2, CYP2D6 A AL ol K
f3F A= S-HT3 S84 2FA 5557t $om o
2 Q3 o @2 35 ¥ 2 Axe 7EE ATl
B=gig),

- AYBAG FE |
FEaiAl P oFEe) AR FEHNNN £4H CYPDS
Aze] 294 7Y 9 PMANE FE B A2 2
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H2 o gukgo] MAF 4 Sl 1 dlE FPAF FEQ
perhexiline®]  monohydroxylation> 79 SHHo=
CYP2D6° 9j3] Zu] S e}, CYP2D6 PM-> EM¢l w}3|
1000 AE e CYP2D6 AL R, Perhexiline2
= EH A 92 AA49E PUslEs EMP v
3 Al, PMoIA perexiline X8 F 217 Aoz} o] @ol &
A3, wletd CYP2D6 FA3 ] AA-E perexiline 2
L 23 AAF 3 &Y B4 U= FAE VeI
12, el CYP2D6S AEA ASA S T3 o A
32H4 7 2 F942 EMo| PMECY v =tH29.30].
1 & Hamelin2 EMo]A CYP2D62] 7]A 2l metoprolol
o eigt {4 uk-g 2 diphenhydramine(CYP2D6 2 3}4
AsA) WL Fol A9 ubg AR Buslgell, aleba
7488t CYP2D6 A &A= EMe] 83 H o2 pMOZ B
o|AE EMS] HAFsEH S ol HA 2AaAAE 4 9o

- 21 A

CYP2D6 v13Ade] X123t olu|e= A} ofEo] & A
T (prodrug)d 739 FeATh. o] 7% PME GBS A B
A AL AYEe HAAZ A8 A X3 2 &
codeine> EZL4IEAE 7] 98 CYP2D6ol| 93l
morphine® 2 tjAkE] o] of 313, tramadol® CYP2D6<)| ¢
& 284 HAHAIQl O-desmethyltramadol® 2. o] A} o] of &)}
3, wela CYP2D6 PME ©)|8 oFE B8 Fox AEE
HE AL =x A AL 5 G, ol {4 PME B
2] CYP2D6 7127 FE ATAY &% 4 g OE =
de] FAHAAN B o 23 Aol A"E  codeine,
oxycodone, hydrocodone®} 7+ o}#iA AAA 8] 82
& 5 s HollM FAA A EHE AR T Qi o)9) 7
< ol F4A F PMe| EA3IR] dethe $EAD oY
g 2 o FAE /I E A E ABATIR £
3= PME ubed gl CYP2D6 PMALeloll A ofH g9
A& 7FsAdol weEl, QFAES ofH FEe] REXRE
2AES EMA PMOE YA o2 A8 7]7] $)3)
CYP2D6 A 3jA| ] fluoxetineS 1% 20 mg AH&-313 =7,

3) Cytochrome P450 2C19

CYP2C19 434 o34 F9 ZF dd3d
CYP2C19*2(aberrant splice site)2} CYP2C19*3(premature stop
codon) 22 CYP2C19E 49| B84 39} PME: of7] ). of
Aletel2 CYP2D6 Ao AX 3 o -8-9] CYP2C19 7|&
AL A =7} caucasianAl Eo} o} (Asian PM 13~20%
vs. Caucasian PM 2~6%)°®, CYP2C19 -3 t}3jAde] 7|
Az FE HRE Aolol v P L 7P Aoz J|dEh
CYP2C19 w34 ¢] 434 2nle g5t 2t

- A A% 28 A
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24 dF3yx =9S 3 HAd ABAY L2
CYP2C19 #3837 »i-¢ BA3I & A7+ CYP2C199)
7144<l omeprazole®] F A], CYP2C19 PM2 EM#} ¥|iL
8led omeprazole] AUCZ} 128 o4} 55 Buajgier”.
w3 Algoz e L8 20mg)] omeprazoleS Fo 3t
AT A2 EMO] A5 25%, IMS] ¢ 50% L&
3 PME] 9= 100%E Rod, A9l X8E A% 2
H3rwo) Pods Amsm ol of whe) e 4F%
% o|s} fALer AFE Bl CYP2C19 BF A £
M= helicobacter pylovi X189 A omeprazoleZ} amoxicillin
£ 733 o]Z2 a9 =¥ omeprazole, amoxicillin, clarithro-
mycing- Z3HF AFRE QW Foll AR &) o3} FF
EMel A Z+2h 60%$F 29%S B.Ql el u]s] PMelA =
100%e] Ao & Ao, = & £ Q7 EMS
o]F A B 8ol ME 41%, AHF X B2l 74-83%2]
H. Pylori B85S Bl vba, & Ao Fofst 2E 15
Ho) PM2 0|53 AMF X B8 EFA 100%2] A EE
S R o)1= thakgt CYP2C19 HA18 Akl 8Y
%t 20 mg omeprazole® T3 F2| AR W pHE| I}
2 #Fs dFelA EMY A5 12004 252, IM ¥
2004 558, PM2 A% pH 67HA]8] S5 Hel A3t 2
£ ulE szl oleldt A% vl E & CYP2CI9
A gl AYAR A9 ¥E HAEE 7hA # A=
Az R=h=nad

—

- S9-EA)

CYP2D6 314 ch3 A o] o F-2-e] A28 oFE2] tha}
o ozl wlm, CYP2C19 &4 o3Ade M43
serotonin(5-HT) 2 &< A Al (SSRIs)] ALl 3-S5 7]
= 7oz Reltd SSRI %E9Q sertraline X 2E =

i

CYP2C19 PM 3A}e] A% oFE HHLo= qlat B4 5x
7} FE 9 87|53 22 G5 o uHS-E FEge] WA
=M. Citalopram®] 958 94 CYP2C19 43 w3

29| g e,

4) Cytochrome P450 2C9
Warfarin, phenytoin, tolbutamide:= CYP2C9¢l| 2]3] w4}
He & A85E HAE /I 4 otk

- A A g 22 A

812714 ¢l warfarin®} coumarol®& EF CYP2C9¢] WAk
=2 wreo} Warfarind racemic 33HE2AM o] F S-isomer7}
CYP2099) ol WA} @ = CYP2C9 F313 9
HE Aol 4 9) warfarin §-3F A S8 IS 7IRE
TSR, CYP2C9*2(Argl44Cys)eF CYP2C9*3(Ile359leu)
2 7} dubdel CYP2CY WolZ2, BF HA B F8
g Aol A el olulmAle] XL ofr|FHY). o7t



160

warfarin - X8 Fol  ZAAeM A2 F o3}
CYP2C9*3 AR FNA S-warfarin®] 44l o] wild typedt
Bl Al 90% AR, weba dubg e CYP2C9*2 %
¥39] o|¥AL B3 A= FHAHT wild-type A}
o vl FFHe 2 747t 21%3} 34%2] warfarin 4-3F2] 7t
A7 e crP2co*2 R *32) 34X ES B3 3Rt
= olBo} o] B 60~75%2] L7t 2 7HeP, w3
Wo| A HARAEL warfarin FEX Bl o @2 o8&
o] gloy & AF Ao w2 warfarin 8-S A Fshe
o) CYP2CY wild-typeZtAtoll A B} 959 o] v A-gFm, o
e uEs 288 AYshe Ao Rugd ne A=
27] NAAA CYP2CY FAHE 3= A F o &
At A} SolH warfarin®] X EE 8 713 e AL
=3 CYP209 A T AB8A
irbesartan®] X & EF el = e 72 AR Bl

- 7 A BA|

Phenytoin> 52 CYP2C9ell ]3] tHA}E] =2 phenytoin
o £ CYP09 HAHIH ¥ JIANE sHAIEL
CYP2C9 ZAF ¥AS BA38 3= phenytoin Fof F ¥
Az} 722 ONS S5FAT 1 9] AATA Aol o
Apar-e-g ®ele] ofe] AT AFHAYAY. 54 Fol
9] ARl Yuby o g o) valproate JA| CYP2C19
AA G3Adel] o3k Hom 53| valproate®] A EE
FAHA| 2] FA o] Ho] o] Exlo) o3 HAF] g
o] FRHFH YT, 2 ojidt W] dAFA L
$e dTFE H8 2 s

5) Cytochrome P450 2A6

HZ CYP2A6 84 Aol wel CYP2A6*1(wild type),
CYP2A6*2 (single amino acid substitution), CYP2A6*3(-f+%1 At
A3}, CYP2A6*4A-CYP2A6*4B-CYP2A6*4D(3-gene  deletion)
o} 7re cokat wolEo] FREHY. CYP2A6 FAAS
AL ofalolelel A wll-$- Eal, obAlolel(20%) FHAS
2338} Caucasian(1%) Atejolre] & PM RIEAE of7|8t
o367,

- FAHEA

Nicotine CYP2A6e] 28] thAlsl 22 CYP2A6 “+A
o] 9 olule ozt #A £ 5 AU d3AE
2 CYP2A6 A3 A o] FRAAEL v]FAA A o o=
23} CYP2A6 AFFA L B 43 FAR AT B A
A FuE I F9L 53 FAHHY. CYP2A6
A58 A2 913} nicotine B]HHAF 532 nicotinedl] THEF o]
AEr-e-o Z7lA)17) B2 CYP2A6 A&7} FdA} Held] F8.
g e g Aew A,
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6) Cytochrome P450 3A4/5

CYP3AY] 9§43 CYP3A4, CYP3AS, CYP3AT9|
FaE 9} ol# CYP3A T EAE 2ol Exfshe 1
13 CYP Fheln zH Y CYP 2] of 30%E o] ET
gt 27 AU Fol = FH8H] EA)ste] ATFFo 429
AAEFS A 2% F8 G 7AGD. L 2
CYP3A &Ao] HQI7ke] Ardgh xbo(2F 5~10 wi)E HP=}
o) Q1A ARE oFE-9] 40~50%7F CYP3A EAell ofsf Abz}
2L ZAZ & o, CYP3A A TR ol 7zt o
uhg 3} % oE AsAbE 5o FdA dAHoR 8
2. CcYP3A4E 7H W FE CYP $9 8R4, 3A5E
AR ZA)8k}. Exon 73 12 $1A )M oful=Ate] X &=
CYP3A4 Wo|x 713l nifedipine®] v A5} A
AE AT d7dsrt Rus A o g FH I &
9l @87 3D CYP3ASE ofXa7HA n|F<le] ¢F 60
%9} Caucasian®] °F 33%IA ©H8A-& Haleh CYP3AS*1
A= )22 02 CYP3AS*3(aberrant splice siteys 71%
A4l CYP3AS B8-S vehliA deet?.

- A

AEF A bioflavonoid(F2 naringin)$} furacoumarinsr
e, olgal A8 B3] AF W CYP3A4S] A4S
A ste] oFE2] ALE A wetr FEI AeHFL
2 o] Bg A, AR B AAEd A 24AE AA3)
T AR FEEE G

- 7375 5 YA

Rifampicin} rifabutin® CYP3A B4 5% QoA AT
£ YA W ARl estradiol?} norethisterone® WAFE F
ez T4 JYA S TS FAAZTHO. (Table
3)

B. M2d hAb 2

24 oA EAE oFE, 984, bilirubin *E hormone 5
3 e @9 o - S LS 1Y AT ¥AEg
glucuronidation, sulfation, acetylation, methylation, glycine
conjugation, glutathione conjugation #4-& %3] WA S
2R90) dREe) 24 A} EhSe] FEsl Befsi
iglo] glel HAES X g Y o|Ab Whgel et

1) Thiopurine S-methy! transferase(TPMT), dehydropirymidine
dehydronase(DPD), UDP-glucuronosyl transferase(UGT)

TPMT $AA= TPMTACHE &3H, TPMT*2, TPMT*3C
o) 3717 We|HAL FAT. $F EE ©|F TPMT ¥o
AL zb= A= mercaptopurine X| & F A48 WEE
9oz 7lsAlo] &t} w38 DPDE S-fluorouracil®] Aol
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Table 3. Examples of the clinical impact of CYP450 pharmacogeneticsa

Disease Enzyme % of dose” Examples
CYP2C9 - - Bipolar disorder and valproate
Depression CYP2C19 - 40  PMs and SSRIs
CYP2D6 200 30  Non-responder (UMs) and side effect of tricyclic antidepressants (PMs)
Psychosis CYP2D6 160 30 Haloperid_ol and parkinsonign side e.:f.fects. R
oversedation and perphsnazine, thoiridazine
Ulcer CYP2C19 - 20  Dosing of PPIs; pH and gastrin changes
Cancer CTP2B6 - - Cyclophosphamide metabqlism
CYP2D6 250 60  Non-response to anti-emetic drugs {(UMs)

. CYP2C9 - 30 arfarin dosing; irbersatan and BP response
Cardiovascular CYP2D6 160 30 I‘Zrhexiline nefr’opgtehy and hepatotoxigity
Pain CYP2D6 - - Codeine, no response (PMs)

Epilepsy CYP2C9 - - Phenytoin, pharmacokinetics and side effects

*Abbreviations: CYP, cytochrome P456; PMs, poor metabolizer; PPIs, proton pump inhibitors; SSRIs, selective serotonin reuptake inhibitors;

UMs, ultrametabolizers; BP, blood pressure

"The doses shown for depression and psychosis are weighted as related to the size of samples in all studies published, as reviewed by Kirchheiner
et al*®. The other doses are based on data presented in the main text. All doses are percentage of the normal dose.

Fo4simz DPDFAAS A WD A BRAE s
fluorouracits AR £3ll, 2 8 FL AASAE A
A 5 A7, Camptothecin F-EA Q) irinotecan (CPT-
11} carboxyl esterasedl] 2]3]" 7323} topoisomerase 1 #] 3
Al SN-382 AHTh CTP-11 W3 FA4L sl SN-
382 t}3 A UDP-glucuronosyl A o] EA4(UGTIADNES &3
glucuronidation®.2 E-24J 3151}, UTG1A1 -3} promoter
292 3 A& (TA)TTAA F AL o}7|8te] wild typesl
(TAY6TAA FART} 2 FASAE AR (TA)TTAA
A %38 712 §AE= SN-38 glucuronidatione] <FEEC}
) Ao =o gN38 BEE AALES fuslea’®
(TAYITAA A& B53 x5 A3 2 SN-389] &
Hj7k F715] 0] dubHQl CTP-11 §302 % AP} deofd
4 Qiok olEdt #AL (TA)TTAA T8 = o3 34 1
FANA F o AAst Adatel FFAAWHT 4G wE
S FHg A QA FAA = gderh

2) NAT(N-acetyltransferase)

NATel| 23 acetylationS arylamine®] 24 AR F 7
224, NATS ¢33lsls 1R FAAHNATI*9E NAT2*)
= chromosome 8 $1X|o Z+zh ZA &, whE NATI o}
AL g PARs-E AW AR Wi A TRsA o] Hd R
o =09 o)A} WIRE, NAT2E coding regionell A
point mutation®Z Q18 {33 FPAE 7R, o]=g W
o2 RA3F AL slow X fast AL EHFPo 2 74
H, Rischi= 189 2] whsgst 2ixbe} 5o 2f wjebAle] vl
27|18 FAE 5438 CaucasianAdl o 2ol A fasteh
slow NAT2 acetylator $+03 2 FAES A7k, 2
A3} 35 slow N-acetylatoion 313 RFxp7F 214 2
F49 o2 9= EbsA el 245tk AL

NAT2 $-082 4122 =dSE hydrazine A1) A
B4 Al FEHEAEH Y 38 9TE hydrazine?] A4A|
W ubzb7)7E NAT2 slow R3S 713 22 A elA
intermediate £ rapid A ERAlIM BT o3&
Bagych wheb) NAT2 S oF 2 slol 23 3t
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Cytochrome P450 &4, N-acetyl tranferase, thiopurine S-
methyl transferase, glutathione S-transferase®t 22 14 4 2
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