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Analysis and Its Application for Prevention of Side-Effects of Drugs and for
Evaluation of Drug Responsiveness
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The response of patients to drugs can be affected by genetic polymorphisms/defects in drug metabolizing enzymes,
transporters, and receptors. Genetic polymorphisms/defects are generated by mutation of coding regions and/or non-
coding regions of target genes, such as single-point mutations, deletions/insertions, variation in the number of tandem
repeats, efc. If a genetic defect in a patient which affects drug response were known, it would be possible to optimize
medications individually. The author developed two improved methods for detecting CYP2C19*2 and CYP2C19*3. Us-
ing the methods, the type of CYP2C19 gene was examined in 80 inpatients, and the medication status of patients with the
mutation was examined focusing on dosage and side effects. The author also examined polymorphisms of the serotonin
transporter/biosynthetic or metabolizing enzymes in depressive patients treated with fluvoxamine, a selective serotonin
reuptake inhibitor, and the relationship between clinical efficacy and polymorphisms was investigated. As a result,
patients with the S/S genotype of 5-HTTLPR were found to experience better clinical efficacy.
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BERTY A E TRl R ORI DWW TGS
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FAE T ETY, BERREBOTHNICHED < IRHZE
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1. AR, fER CYP2C19*2, 394 %
DEIZ

1-1. Polymerase Chain Reaction (PCR) [g]EiE
TBEFZ A VBT EOEEY CYP2CI9 13,
REMLEYRHEEE CYP DO 1 HpTHETHD, Bl
AL TEINL, 7O AR THEEF AT S
=), FiTANAET 1= M 2 EORHAD
B GHME I N TS, 49 CYP2C19 I2I13iE s 4%
BIMEEL, HRANCZBWTEHERENTHINS
BRT VIVERT 2ENHK 20% ERCKAND 2—5%
IR, SR THEET 5.7 CYP2C19 OEEHERIE
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DFERIE—HHHEZE R (SNP) ([TERT % Z &2
5N, BEHEBEOBRTEZMIRESNTND
M, BSTIICEDOBIFERDT T ST T
ZANDSNP THB*2, HA4TIY > ED 636 %
HOTYZ>2mo75FZ2>~DSNP TH5*3 D2
FESEOD SNP Z i 95 Z E THARANICBI DEH
RIEHZED 99% LA LR RETH B EWEF SN T
W3 Yk, s 2 EO CYP2CIY EIZTA
Rowmiticid, EUZXA5IKK0#@E SNz PCR
Restrict Fragment Length Polymorphism (PCR-
RFLP) #ENHWHNTEZ.? ZOHER, *2, %3
DA RZ ZOHEB TN TN D PCR FFICT

U Z 590G L72*2, 3 2NnEhd PCR 44T,

25 R 2 5 S0 fE I 2 [RIRF I BN 97 5 & E vl BED R
WU ZORE, N REEDOSNS*2 DM
KO, BOFHOLENHETHZENHSNERS
Z. FENT3DPCRGHDOY Z—1 > 7RE &I
M, MERKGRKHZEZ - 4EEOLEERAT S
ZEiZkD, PCREFOERE L EI T, 5
12, $57U DNA &=, HiIfREFFEE, il PREE 3 LR RE
IZDOWTH#ET L7 (Fig. 1 and Table 1), ZFDkE
R, 8 DNA & 100ng ZHWT, 7=—U >/
iR 53°C T 1 70f, MEMEZE 72°C T 1 7T T
PCR #17\y, fHIMREESE & SU T 45 Rz LT

WEiE L, 5507 PCR Wifr%2*21% Sma 1, *313
Bam HI Z flWTHHET 2 Z ik 1T %
fIOHETH S, ZD=DWHRD CYP2CIY BT
A TR NES NS ET, & 14 K

Table 1. Optimization of Amount of Genomic DNA, Restric-
tion Enzymes, and Incubation Time

CYP2CI9%*2 CYP2CI9*3 Optimized

ZELTWez, 22T, E£FIE, Hul - EHERy 1 condition
VO EOHEEZRANELT, 2,302 D0LR Template DNA >100ng >10ng =100 ng
BRE, FIRHCHIEATAES POR MR & A 52 Reswricionenyme 25U &5U - zsU
. . L Incubation time =45 min =10 min =45 min
EHICHIRBERREDEHLZIT> /2. HhHDIT, £
a) Condition 1 Condition 2 Condition 3 Condition 4
94°C, 5 min 94°C, 5 min 94°C, 5 min 94°C, 5 min
1 l i !
94°C, 1 min 94°C, 1 min 94°C, 1 min 94°C, 1 min
53°C, 0.5 min 537C, 0.5 min 53°C, 1 min 54°C, 0.5 min
72°C, 0.5 min 72°C, 1 min 72°C, 1 min 72°C, 0.5 min
1 ! 1 )
72°C, 5 min 72°C, 5 min 72°C, 5 min 72°C, 5 min
1 | 1 l
47C, co 47C, oo 47C, oo 4C, oo
In all conditions, 35 cycles of amplification was performed
b)
Condition 1 Condition 2 Condition 3 Condition 4
— — - L - "_*3reginn
- — - e -— *2reginn
Sample
No. 4 2 1 2 12 1 2 12 1 2 12 1 2

Fig. 1. Optimization of PCR Condition for Simultaneous Amplification of Both CYP2CI19*2 and *3 Regions

a) Our selected four PCR conditions based on the PCR condition for amplification of CYP2C19*3 region reported by de Morais et al. b) Electrophoresis pat-
terns of PCR products of CYP2C19*2 and *3 regions in two randomized healthy volunteers using each four PCR condition. Electrophoresis was run under 100 V
for 20 min using 3% agarose gel.



No. 6

295

AT ETDBEEMFZRET I EITRIL
. UbkDZEXD, fERET DNA #iHiHhS 51
E 27 ETHR 14 KRR NN o TO @, 4
[EIREERE L 72l - fifERy T E 2 THEER WS &
&R0, K6 KM THTATRIRE L 72> Tz,

1-2. PCR Single Strand Conformation Polymor-
phism (PCR-SSCP) % FH(\/-f##7%Y CYP2CI19
2, 3SNP TH2 Z LICIEHL, MAROKMT
FEELTAS<HWSNS PCR-SSCP ZF|HL /=4
1 TEEWELR. 500, Lo PCR-

RFLP ICE DK BIRTY I E > TiEEHAWTERL T

% [F) %€ U 7= #ik 2 PCR-SSCP f##T U 7= %% *2,
3 EBICHAERMKTE, WER - BRBMASO, &
BAREZNZENZFENETH /. 51T, f#

NS HITDWT PCR-SSCP gt x#1ro/=& 2
A, MU PCR-RFLP THE SN ELE—
Ll eEns, RERBRTFIYAIETHEELTEH
HATharZENHEMNER > (Fig.2). TDKH
#EZHWIUL, PCR-RFLP {0 X 5 7 il BR i L
MONENEL, MEICELETHEOYAE 27 HA]

a) SSCP Patterns of PCR Products of CYP2C19%2 and *3 alleles

CYP2C19%2 CYP2C19%3
- 5, -t
b5 : s p ' —t - 1
.1I ' il i T'P —1 '.—"
Wi'Wwte WMt MMt Wie'We Wi/Mt

Mt/Mt

b) PCR-SSCP Analysis of CYP2CI9%2 and *3 alleles of Five Healthy Individuals
CcYP2CI19*%2

WMt MMt

We'Wt

Wuwt We/Wt

Sample No. 1 2 3 4 5
genotype (*1/%2) (*2/%2)  (*3/%3) (#15%3)  (*1/%0)
[ = — = . .
-— e s
Wi Wi Wi'We MMt WMt Wit'W't
CYP2C19%3

Fig. 2. PCR-SSCP Analysis of CYP2C19*2 and *3 Regions
a) SSCP patterns of PCR products of CYP2C19*2 and *3 regions. The genotype of tested samples was predetermined by PCR-RFLP analysis. b) PCR-SSCP
analysis of five healthy individuals.
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BETHD, £/, CYP2CI19 #Ein T LD/ SNP
DDA BAETH D EEZEASNS.

2. EWAEPOEE(CEKT D CYP2C19*2, *3
YAEC T LRIFRRRE=%Y ) > I ~DILH®
1 TR 7= CYP2CI19*2, *3 [F] K ¥4 % & Fl
T, BREXRBIGERT 2EORIERZE=F1 >
TS 570, FHRFEEEGRERETIC AR T
MiE#EEZIT T80 HDEFIZDNT
CYP2C19 OEIZTIAE LT &#ITW, FDIH B
FREBFTHD ETHINZEFIIONT, REH
HBEToO-. BRETIAE ST ORKE, BEERER
EFHINZBFIENEN 2/*2, *2/%3 DELLT
BEHELTWE1I64THD, *3/*3 DA TEIT
Bt Niaho 7z, HBIBEEIZ20%THD, Wk
WMEINTWAHHBHEE EREETH- - EBIET
YA TITPBNTEHRREBHETHEINZ 16 4
DEENRAL TWBHKNEZHFHEL 2R,
CYP2C19 RIS L TWAEYTHZ P T
INL, Tx=bA 2, =77 U2 &ERHALTWE
BEMIHNZDOT, TNFNIONWTEEDDE
FUERICE D E, WIREORIEH AR DWW THE

Prescription of the case 1

L7

KEF 12 72 5%, M RATEGIESE, CYP2CI9
EiaTRENE*2/*3 Th o 7z, 5S4 REICEH BN
U, FIOTHRESZBI N, MEEGT T\
JEABFEAR 1T 51 & f5e SR RIEEATHER U, FAHK2EE
SEERB R BE AR AR &L 7o Fo. REARDSER LA,
HAFEAEIC CHEAFICHES 0 &0 2 & THil
Z52F, K92 5 AMDARD DB #EilE BEFIZTREL
Elxork.

SEF 1 QUL ENZ (Fig. 3) &L, CYP2CI9 @
R#ADOEEGNEZSNZDRX, PTENNLET—
Ty D2FTHo . DT ENLISWEZREE
MOSERER 2mg ORATH O, EEEOEHHNIA
SNiamotz. D7 EINALE CYP3A4 I2 LD FEIC
RR# % 2T 50, CYP2CI9 HLHICES L TWs
TEMMEINTNS. Y CYP2C19 OEEFE/RIBIC X
0, CYP3A4 OBHRIBICHED ETHRIND M, 2
mg &7 WE THEARICHEHE, 372b bR
ZETWH T EMNS, MAEEITHIEL TTnan
73, CYP2C19 QR RIBFOLETIMHREN G
RO TWBAREEA R I NG, T—T7 7Y 135

Rp) 1)  Aspirin-Dihydroxyaluminum Aminoacetate (81mg) 1T

Warfarin (1mg) AT
Digoxin (0.25mg) iT
Furosemide (20mg) 1T 1 XM
2)  Diazepam (2mg) 1T 1Xvds
3)  Theophylline (100mg) 2T
Dipyridamole (25mg) 2T 2XMA
4)  Ubidecarenone (10mg) 3T 3X1
Prescription of the case 2
Rp D Prednisolone (5mg) 12T 6T-4T-2T)
2) Sucralfate 3g 3X1
3) Diazepam (2mg) 3T 3X1
4) Ranitidine (75mg) 2T 2XMA
Prescription of the case 3
Rp) 1) Phenytoin 180mg 2XMA
2) Carbamazepine 300mg 2XMA

Fig. 3. Prescription of Three Patients with Expected CYP2C19 Defects
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Y IR THD, CYP2CI91Z R KD H DG
REWZEDHEIN TS D ULnLAEMNS, R
RIE SIRITEE R, ZhRN 1/5 RN ZEnh 5,
FERAYIC CYP2CI9 RIFDFEEIIENDHD EHZZ S
nr.

FEB 2 16 5%, k. WAIEMEY > ONE
CYP2C19 B FHIE*2/*3 ThH > k. b 5HA
I E N R EEE AR @R e i TR Y >N E &
ZWrEn, ZERILEEEE 3 5 ARETT SN,
BEE &R =,

{B#FFETIE, >V 0FRAT773IR, EXVUZR
F, AMPLFE—hOEGEZT TN, HEH
2 ODNIRFEDIMF N (Fig. 3) K0, 7 ENA
13, EFEFEEANC L S ERORIERICH L T, W
HINbDEBEZ NS, [bEEE TR, Y
MEPTENLORMAEIX2mg THD, BEEIC
EEHIZR N ahoz., P27 ENLDOMIC
CYP2C19 2T R 59 B FEAIMUL T T LTV
Mol &nG, MERBIZKSAZFREERI,
woeanolz, LinLisns, YIVYILI IZ
K57V Ry n > ORIRE & W D PRk ERy 3
YR EAERA DR RSN DERTH > /2.

KER] 3 1 37 5%, BYE W4T TANMA. CYP2CI9
BERTENT*2/*3 Th o7z, 15KDK, TAnAFE
EEB L, ZNLCRARISSkEEL Twa, 7
T b, HILNREECO2HDBUGINTH
0, EHIFORMA T RERIEOFERICEDINT
LOOEABEOEMIDH D2, ZOHATI K
O—)LENTVBEEFITH 5.

KEF 3 ONIREDOUH NE (Fig. 3) KD, 7=
Z M ONREN 1 HE 180mg &, —MAY7RAR
NETH 5 200—300 mg [T THEHWHETH >
7. 7= bAoA > O/REO—ERIC CYP2C19 23R 5
LTWB9Z NS, BEREBOEDITEEHEX
DDRNETI MO—)LINTNnEEEZ SN,

ZORETIIERRIEH S TEHINZEFITBN
T, EEEANOIRAICEED 5 EBMHAERITED
SNiainoiz. UL Lians, EypHEhcpEh 28
FREDBLETRBRER, TOREERIEHOE
ERLFWERAOERICHE I DD D EHEEN, &b
, BHARNICHBBE O &L CYP2CI9 BEERIED
TFHIIEHEEZ OGNS, AWFTEIE, EEOMHEG
ft, T7xbB, T7—F—A—REEOEHDZDD

HiRatE L TEZRDOD DML EEZ A SN

3. S5OREZCKTH O REGTFER
& SSRI (CXF S B B DR 10

D DIFIIEN O IRIZEYE TH SO b= 2
EDOWDICEORIET A ENHMMENTNS, 17+
0Ok MiERICBD D EIETERMESSRID 1 D
TH27IARFT I OHD DR EDOEEIZDN
THFENRIN TS A, SSRIFEZ)FEBICEE 59
LMIETERIELREINTHRWN, £IT, &
ORZ>OEGRICEDS U T~ T 7 2 KEE{LEE
# (TPH) 074> b0> EO28FHD T 7
ZIMBETFZUA@SNP, O N UZREKROD
1 DTH 5 SHT2A ZAAKO 70T —F — Il ik
1438 KXHDT 7 Z>MB 75 Z2>ADSNP, 1O
rZ2h I 2AR—=F— (SHTT) O7O0E—% —
TEIRICHFIET 2 44 A LB, RE (ST
ZH (S-HTTLPR), %21 > b0 EIZHFET S
17 HD 9, 10, 2 MO DIRLICKD, ZhEh
9, 10, 12 BUIZ X R E 15 Variable Number of Tan-
dem Repeat (VNTR) £#! (5-HTTVNTR), KX
tohrZ>oRBICHEDDE 7 I UEBILER
(MAOA) DEL1A > bO kD 30HFHDED K
LlEkk (3,3.5,4,5[E) i2&kD, 1,2, 3,4 82K
3415 VNTR £% (MAOAVNTR) 12D W TN
L, SHEBLETFLHETIVAFYI D REEE DS
HPEIZ DWW THE L 7=, Montgomery and A sberg
Depression Rating Scale (MADRAS) X 7 7320
RA 2 R ETO DB BEEIC L > TR Nk
SA L OHMMES DiFEEE R EL, BETL k.
B TIFICBWT, Za7ICEDHEERN 50
% LL b Td - 7= BF % improved patients, 50 % &
i T dH o 7= 8234 % non-improved patients & FF L
7=. Improved patients #13 35 & CTY-HEE T
79.1%, non-improved patients Fl% 19 4 Tdh > /=,
Figure 4 |Z759 & © IZ improved patients # & non-
improved patients #1281} 5 TPH D5 T /0
Tk, A& CZFRERMTEHET % HEEFIL non-im-
proved patients #1226 <, NTFOBTHT HHEHZIX
improved patients £ Z WHHAI TH - 720, B
FREBEBEITBWTHEEIRD N> .
S-HT2A Z 5K O E AR T8 53 4 T, improved
patients ¥ & non-improved patients # T D&z T-#l
oA, BEFRKTHD, BRTFHIGEEITBY
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g NS 157% 263% g s
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S
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)
< O Improved patients
=
g E 100 B Non-improved patients
z .2
& §_ 1 :3 repeats of 30bp
§ E NS 3 :4 repeats of 30bp
S =
; 2 51.4% NS
= o
TE s0 474% 42.1% NS
g g 257%
= = 22.9%
35 | | 10.5%
®
c &
28 0
Z3 vi
g 2 173 33
Genotypes of MAOA

O Improved patients

B Non-improved patients
100

G-14384
NS
NS
48.6%
50 NS 42.1% 31.4%
36.8%
200% 21.1%
G/G G/A A/A
Genotypes of 5-HT2A
P<0.01 O Improve patients
100 B Non-improved paticnts
S :44bp deletion
68.6% NS L :44bp insertion
47.4%
50 NS
31.6% 31.4%
21.1%
0.0% l
0
RYA LS L/L

Genotypes of S-HTTLPR

Fig. 4. Genotypes of Serotonin Transporter/Receptor/Biosynthetic or Metabolizing Enzyme in SSRI-Improved or Non-improved

Patients
Distribution of genotypes of a) tryptophan hydroxylase, b) 5-HT2A receptor, c)
ence in genotype distribution was determined by 2 test.

THEEEZIRD NN > /2. 5S-HTTVNTR Oj#E
fEF R4 4 T, improved patients, non-improved
patients WTNOFICBVWTH IRY L) 2HDHA
Fidmahd, R2R7LUIIVERERETHETSHA
BMZWENTH > 720, BLETFHILEEIIBN

SHTTVNTR, d) 5-HTTLPR, €) Monoamine oxidase. Significance of differ-

THEEREZRDSNIx/Mh> /2. S-HTTLPR QiE/x
B3 47 Tld, non-improved patients #£ & bh#g L T
improved patients BEIZBWT S Y L)) Z R EH
THY 2EBEOEEIERITEN > 2. MAOAVNTR
DEBLETRINATIE, 18, 3RT7LIOAHRIES
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N, 187 V) ERERTHET SHEHIT, improved
patients } X non-improved patients [ CRFEE T
b, 3T L INEFRERTHT S HEZIT im-
proved patients 12, NTF O THT 5 HEFIZ
non-improved patients (2% WA T > 7278,
B TR EREEICBWTAEEZRD SNZM-D
7z. LEDORRE D, TIVRFH I > OEITHE
=52 5KTD1 D& LU TS5-HITLPR & 2 61,
SHOIIBLETERERTHT2EETTILRF
B I ITH T BINEENE WS EOURBR I N,

4. &HVYIC

ENIT BT 2 YR BB S >N 7 i % R
H, BERBELETYIETEERANTCIEETS 2
EIZXD, O NTHREL L 72 357 OFER D5
EORENAREICRSBO EMFEINS. AL, &
MEEZIBIIRBEIVSHIEITKD, 7—F—A—
REEZIGYD &9 5 BEEMOERDOERICEHFS L
TNEENEEZEZITNS,

BIEE AWIERTOICNYALD, KAEEE, #H
HisE 2 0 £ U 72 B K 2 3B T i Bt S8 4155 80
AR N GHEEFR EZ Bh R IR < & W= L
£9. X/, ARBHBEZVWZEZEELAKER
S ER B R BeAE R R HE /K 5B BRI N
G, MR R AR AR i s
BBRICR<EH N Z L ET. I SICAIERICTH
=72 E £ U 7R R T B SEA MR B 1
T 2 B D B K 2R 50 B T 5 B SR R D B R 1
LSRN LU ET.

2B, AWEO—HRIE H ARF IR SFH AT
W% CGEEIFZE) oBhRC X DIThbNn-.
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