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ABSTRACT - Cyclosporine (CsA) and tacrolimus (FK506) have a narrow therapeutic range, and their pharmacokinetic
(PK) characteristic varies among individual. They are also substrates for cytochrome P450 (CYP) 344, 345 genes, and P-
glycoprotein, the product of the multidrug resistance 1 (MDRI). The aims were to investigate the relationship between
CYP34 and MDR! genotypes and their PK parameters among healthy subjects. We investigated the genotype for CYP34
and MDR! gene in human using a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
method. After oral administration of CsA and FK506 (100 mg and 1 mg, respectively), whole blood samples were taken up
to 24 hours. Blood CsA and FK506 concentrations were measured by LC/MS/MS. Each PK parameters were compared
using Kruskal-Wallis test according to the CYP34 and MDRI genotype. We found that the values of AUC for CsA were
significantly different among CYP345 and MDRI exon 26 (C3435T) genotypes (P=0.037 and P=0.049). On the other
hand, the AUC for FK506 was significantly different only among CYP3A45 genotypes (P=0.013). The results clearly dem-
onstrate the effects of CYP345 and MDRI exon 26 on Cys and FK506 disposition.

Key words - Cyclosporine, Tacrolimus, CYP34, MDRI, Genotype, Pharmacokinetics
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Figure 1-Chemical structures of (A) cyclosporine A and (B) FK506.
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SCIEX, Foster City, CA, v|=HE, HlojH AHIZXEE
Analyst(Ver. 1.1)& AFS-3ITh.
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CYP344$} CYP3459) i fdAd #4& S
CYP344*1B(A-392G transition)} CYP345*3(A-6986G tra-
nsition) SRR AME ARE FAomRE AL HEy
2HE &3] Yo EAT DNAE AME3le Polymerase
Chain Reaction(PCR)-Restriction Fragment Length Poly-
morphism(RFLP)E ©|4, B2 ake Bl 9710384
o] IFW A UFR-S FTAA NPSA.

CYP3442] 739 wke-& 1 X buffer(10 mmol/L Tris-HCI,
pH 83, 1.5mmoVL MgCl, 50mmol/L KCi. 0.01gL
gelatin; Perkin-Elmer), 0.2mmol/L deoxyribonucleoside tri-
phosphate(dNTP, Roche), 125U  AmpliZagGold(Perkin-
Flmer), 50ng genomic DNA®} ZHzb 40 pmol primers
(forward, reverse)® EIsH= AA 50 pL 839 ¥hgele
2 uke-S AZTh 94°ColA 15-7E, 55°ColA 12T, T2°C
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Table I-Primer Sequence for CYP3A4, CYP3A5 SNP and MDR1 Gene Analysis

Name Sequence
(1) CYP344*IB Forward 5'GGACAGCCATAGAGACAACTGCA-3'
(2) CYP344*IB Reverse 5-CTTTCCTGCCCTGCACAG-3'
(3) CYP345%3 Forward 5'-CATCAGTTAGTAGACAGATGA-3'
(4) CYP345*3 Reverse 5'-GGTCCAAACAGGGAAGAAATA-3'
(5) MDR1 exon 21 Forward 5'“TGCAGGCTATAGGITCCAGG-3'
(6) MDRI exon 21 Reverse 5-TTTAGTTTGACTCACCTTCCCG-3'
(7) MDR1 exon 26 Forward 5-TGTTTTCAGCTGCTTGATGG-3'
(8) MDRI exon 26 Reverse 5'-AAGGCATGTATGITGGCCTC-3'

212} 1 uLAS autoclavedt FFH 17ulel ¥ 5 19ulE
PCR premixel] ¥o] AA 20ulL 849 QkgAoZ ¥
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H f32 IRES SEAAT
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20 u7t HEE S vk S FA| 35 cyclesE A1
893, MDRI exon 21(G2677T) B 26(C3435T)¢] PCR
w24 FUEH, Primerd] FHE Table 19 VERIRA
t}. MDRI G2677T 2 (C3435Tx PCRO <8 A 224
bp 2 197bp7t SFHHUJL 7] Ban 10 unit %
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ZolAX(CIF) 2 ¥ W (tin,) 5% WinNonlin =
2aYE o] &3] Fretant.
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ME = Mo|EZAZRI A%l FK506 =M HS

HE NBREE 73 CsA R FK506 3] ALk
¥z} CsA Fol= HAM¥]=0.0087xCsA Fx(ng/mL, x)+
0.1026(R?=0.9999, P<0.01) ¥ FKS506 ¥jo]= W H]=
0.1768xFK506 & E(ng/mL, x)+0.0723(R*=0.9998, P<0.01)
o AP A T WA BT &3 e v
ERQITE A8 F CsA 2 FK506 A4 FEA(LLOQ,
lower limit of quantitationy= A&t F3B|(S/N ratio)s

Table II-Precisions and Accuracies for the Determination of
CsA and FK506

Coefficient of Variation (%)

Analyte Concentration Within Dav Between D Aoccuriicy
(ng/mL) y Ay (%, n=5)
(n=5) (n=5)

CsA 10 10.20 10.20 103.7

20 4.89 5.08 99.2

100 3.16 3.67 98.6

500 2.80 2.98 100.5

FK506 1 11.07 14.76 953

2 7.82 8.36 92.1

10 6.25 791 94.8

20 4.52 4.20 102.6

C.V.(Coefficient of Variation)=(S.D./mean)x 100
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Figure 2-PCR-based diagnostic test for MDR!I (A) G2677T and (B) C3435T mutation.
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Figure 3-Mean blood CsA (A) and FK506 (B) concentration-time curves after oral administration to normal subjects. Each point represents
mean concentration (£S.D.) of 14 (CsA) and 10 (FK506) subjects.
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Table IV-Pharmacokinetic Parameters of CsA and FK506 in the Different CYP3A5 and MDR1 Genotype Groups

Genotype CYP345 MDRI (3435C>T)
*1/%] *]/*3 +%3/%3 P-value c/C C/T+T/T P-value
CsA n=3 n=4+n=7 n=3 n=7+n=4
AUC (ng*hr/mL) 564211442 6012+£1721 0.048 54181673 690211832 0.046
Chax (ng/mL) 571+267 7254298 0.041 534+245 843+278 0.039
T (1) 2.9£0.3 32404 >0.05 3.0£04 32+0.5 >0.05
Ty, (e 16.2£1.1 18.6£1.5 >0.05 17.8+1.2 182+1.4 >0.05
Cl/F (L/hr) 70.8+21.7 66.5+19.7 0.048 73.8£19.1 57.9+18.2 0.046
FK506 n=2 n=3+n=5 n=2 n=6+n=2
AUC (ng*hr/mL) 171 220+34 0.021 168 198+58 0.052
Chax (ng/mL) 16.1 25.3+10.0 0.049 154 21.9+11.8 0.051
Tonax (hr) 2.0 23102 >0.05 1.8 22+03 >0.05
T, (hr") 9.7 11.3£0.3 >0.05 8.7 11.2%0.7 >(0.05
Cl/F (L/hr) 2.8 2.1+0.8 0.021 3.0 25+14 0.052
Data represent mean=S.D.
(A) (B)
1Wa00 164 &
P=0.048 P=0037 P=0.049
—_—
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Figure 4-Comparison of the AUC of CsA (A and B) and FK506 (C and D) among the three different CYP345 (A and C) and MDRI C3435T
(B and D) genotype groups.
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33 2 21bpe] 4/fle] W=7} AoJX|A|2 mutation®] UE
739 220, 81 2 33bp A1l Il Wh=r} dojyon,
CYP345*3 allelec] §l= HEAFe] H9- 148, 125 2 20
bpel 3709 W=7} AoJX| ATt mutation®] Y= A 168
2 125bp 719 709 WMES) dojHT)

SHH, MDRI exon 21 2 26°] ths] Zaxl DNA AH
9] A71% A% A} exon 21 wild FolME 1987 26
bp =719] DNA A¥Ho] A7]3 mutant FoJME Yehe
PCR product Z7|Q] 224 bp Z7]¢] H¥rnto] #AzEglon,
exon 26 wild FodlX= 1587 39bp =7]¢] DNA ZH¥Ho]
27131 mutant FAME L] PCR product 27191 197
bp7]2] A#Hvlo] HAFT} B hetero FoAE C allelest
T allele] &5 SA322 197, 158 2 39bp 279} &
Ho| 5 &=t (Figure 2).
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CraX CYP345 FA% & 7ol BAHLE frolgh AJo)
£ YeMINUE B olz(P=0.037 2 P=0.030). MDRI
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9ol CYP345 2 MDRI exon26(C3435T) 47 wo]
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CYP345 3% & 7t BAHSE felsh xlol& 1}
ERAATH(P=0.013) (Table IV, Figure 4).
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