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Abstract: The aim of this study was to establish clinical and genetic factors-based individual administration model
of tacrolimus for Chinese Han patients after renal transplantation (RT). The genetic polymorphisms of CYP3A4,
CYP3A5 and MDR1 in 216 RT patients were detected by PCR-RFLP, the genetic and clinical factors and blood con-
centration/dose x body weight (C/D) values of tacrolimus were performed the single factor correlation analysis,
and established the dose prediction algorithm of tacrolimus by stepwise multiple regression analysis. CYP3A5*3,
hematocrit and albumin were correlated with the C/D values of tacrolimus, the best regression model could explain
28.3% reason of individual dose differences of tacrolimus, among which CYP3A5*3 polymorphism could explain
23.5%. The genetic factors played an important role in the dose differences of tacrolimus, the patients should be
checked CYP3A5*3 genotype before administration of tacrolimus to predict the tacrolimus doses, thus helping to
improve the safety and effectiveness of tacrolimus application.
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Introduction

Tacrolimus was the most widely used calcineu-
rin inhibitor after RT, but because of its narrow
therapeutic window, big individual pharmacoki-
netic differences, its medication dose must be
constantly adjusted through blood concentra-
tion monitoring to remain it within the thera-
peutic concentrations [1, 2]. In current clinical
practice, it would take a few weeks to adjust to
the maintenance dose of tacrolimus, during
which period the RT patients might face higher
risks of transplant rejection or renal toxicity, so
it was very important to achieve a stable main-
tenance dose as soon as possible [3].

Study had shown that 20%-95% of individual
differences in drug response and disposal were
caused by genetic factors [4]. Tacrolimus was
the substrate of drug transportation protein P-
glycoprotein, CYP3A4 and CYP3A5 [5], the
expression difference of CYP3A4, CYP3A5 and

P-gp was one of the important reasons that led
to the high pharmacokinetic difference of tacro-
limus [6-8]. CYP3A5 genetic polymorphism was
related with the pharmacokinetic difference of
tacrolimus, especially the third intron 6986A >
G (rs7767746), the mutation of this site could
cause the variable splicing of pre-mRNA, result-
ing in an unstable protein, therefore the patients
carrying this mutations would not express the
CYP3A5 metabolic enzyme, only carrying at
least one*1 allele, could active CYP3A5 be
expressed [9]. A number of studies indicated
that the patients with CYP3A5*1 genotype
required higher dose of tacrolimus to achieve
the goal blood concentration than those with
CYP3A5*3/* 3 genotype [10-12]. So far, 39
SNP of CYP3A4 gene had been identified,
among which CYP3A4*1B (392A > G;
rs2740574), located in the promoter region,
was related with tacrolimus metabolism and
had been in-depth studied, this mutation might
affect the activities of metabolic enzymes [13].
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However, the occurrence frequency of
CYP3A4*1B in China population was almost
zero, so this mutation might not be the main
cause that resulted in the individual pharmaco-
kinetic differences of tacrolimus in Chinese
population. In 2004, Japanese scientists found,
through large-scale sequencing, CYP3A4*18B
(rs2242480) located in 10" intron [14], this
mutation could improve CYP3A4 activities [15].
P-gp could affect intestinal absorption, distri-
bution, metabolism and excretion, and was the
product encoded by multi-drug resistant MDR1
gene [16], the 26™ exon 26 3435C > T
(rs1045642), the 21t exon 2677G. T/A
(rs2032585) and the 12" exon 1236C > T
(rs1128503) were the polymorphisms mostly
studied, and these mutations might lead to the
pharmacokinetic differences of tacrolimus [17,
18].

Several recent studies used CYP3A5 genotype
to guide tacrolimus dose in RT patients [19].
Thervet reported that the initial dose of tacroli-
mus towards the patients carrying one or more
CYP3A5*1 alleles in the genotype guiding group
was 0.3 mg/kg/d, while the initial dose towards
those without CYP3A5*1 allele was 0.15 mg/
kg/d; the initial dose of the non-genotype guid-
ing group was 0.2 mg/kg/d. As for the patient
ratios that reached the target concentration 3
days after administration, the genotype guiding
group was greater than the non-genotype guid-
ing group (43.2% vs 29.1; P = 0.03), and 75%
patients could reach the target concentration
faster with fewer dose adjustment times. Chen
also conducted the similar study [20].

Furthermore, Pamala collected tacrolimus
doses, plasma concentrations and clinical data
within postoperative 6 months of 681 RT cases
from multiple observation centers in USA and
Canada [21], the researchers found that
CYP3A5*1 genotypes, transplantation days,
ages, steroid sparing center and calcium chan-
nel blocker (CCB) had significant impacts on
tacrolimus CL/F, the final model was CL/F (I
h-1) = 38.4 x [(0.86, if days 6-10) or (0.71, if
days 11-180)] x [(1.69, if CYP3A5*1/* 3 geno-
type) or (2.00, if CYP3A5*1/* 1 genotype)] x
(0.70, if receiving a transplant at a steroid spar-
ing centre) ¥ ([age in years/50] -0.4) x (0.94, if
CCB is present). Because of the ethnic diversi-
ties, combined with the genetic characteristics
of Chinese Han population, the drug and non-
drug genomic factors that would impact absorp-
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tion and metabolism of tacrolimus in RT
patients should be fully considered, the retro-
spective study design, multivariate analysis
principles and methods, combined with genetic
factors (CYP3A4*18B, CYP3A5*3, MDR1
C1236T, G2677T/A and C3435T) and non-
genetic factors (age, sex, liver and kidney func-
tions, albumin and hemoglobin, etc.), should be
considered together to build the dose predic-
tion algorithm of tacrolimus, aiming to develop
the most appropriate regimen for this patient
when firstly administrated, thus shortening the
dose adjustment time of tacrolimus in RT
patients, reducing the risks caused by multiple
dose adjustments-induced concentration fluc-
tuations, and achieving safe, effective, person-
alized and economic medication of tacrolimus.

Materials and methods

The patients that were firstly performed renal
transplantation and regularly followed up in
certain third-grade class A hospital of Fuzhou
from October 2005 to April 2011 were select-
ed, a total of 216 cases (all Han nationality)
were selected, including 160 males and 56
females, aged 18 to 65 years old (39 + 11
years); the body weights were 33 kg-81 kg, with
the average as (58.2 + 9.4) kg; the heights
were 146 cm-192 cm, with the average as
(166.2 + 7.4) cm. The patients with preopera-
tive liver functional abnormalities, combined
with the administration of nephrotoxic drugs
(such as amphotericin B and aminoglycosides,
etc.), and administrated CYP3A enzyme induc-
ers or inhibitors (e.g. rifampicin and macrolides,
etc.) two weeks before treatment were exclud-
ed. This study was conducted in accordance
with the declaration of Helsinki. This study was
conducted with approval from the Ethics
Committee of Nanjing Command PLA. Written
informed consent was obtained from all
participants.

Immunosuppressive regimen

The immunosuppressive regimen used the tri-
ple therapy of tacrolimus + mycophenolate
mofetil + corticosteroids, meanwhile, all
patients were administrated diltiazem with a
fixed dose (30 mg, qd) to increase the plasma
concentrations of tacrolimus. Tacrolimus: dose:
0.1 mgekgted™-0.12 mgekgted?, orally admin-
istrated 1 h before meals or 2 h after meals,
the first dose was administrated in the post-RT
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Table 1. PCR amplification primers and restrictive enzymes

tion system was 25 pL: 2.5

Polymorphism Primer

uL 10 x PCR reaction buf-

CYP3A4*18B F,: 5'-CAC CCT GAT GTC CAG CAG AAA CT-3'
F,: 5'-AAT AGA AAG CAG ATG AAC CAG AGC C-3’

CYP3A5*3 F,: 5-CAT GAC TTA GTA GAC AGA TGA-3’
F,: 5™-GGT CCA AAC AGG GAA GAA ATA-3’
MDR1C1236T F,: 5'-TAC CCA TCT CGA AAA GAA GTT AAG G-3’ Hae Il
F,: 5-GAA AGA TGT GAA TGT GAC TGC TGA T-3'
MDR1G2677T F,:5'-TGC AGG CTA TAG GTT CCA GG-3’
F,: 5-TTT AGT TTG ACT CAC CTT CCC G-3'
MDR1G2677A F,: 5'-GCA GGA GTT GTT GAA ATG AAA ATGT-3’
F,: 5-GGG GAG GAA GGA AGA ACA GTGT-3’
MDR1C3435T F : 5-TGC TGG TCC TGA AGT TGA TCT GTG AAC-3’ Mbo |
F_: 5’-ACA TTA GGC AGT GAC TCG ATG AAG GCA-3’

Restrictive . )
enzyme fer, 2 yL deoxyribonucleic
Rsa | acid triphosphate (dNTP)

(2.5 mmoleL?), 0.5 yL for-

ward and reverse primer
Ssp | (20 mmoleL?), respective-
ly, 0.125 uL Taq DNA poly-
merase (5 UeplL?), 2.0 yL
genome DNA, then added
double distilled water to
Ban | make the total reaction
volume as 25 uL. PCR
reaction conditions were
as follows: 94°C denatur-
ation for 5 min, 94°C
denaturation for 30 s,
54°C-63°C annealing for

Rsa |

2" evening, and adjusted according to the
blood concentration monitoring results, the
goal treatment concentration was (5 ng/mL-10
ng/mL). Mycophenolate mofetil: dose: 0.5 ged-
1.2 ged?, orally administrated from the post-RT
1%t day. Hormone administration: on the post-
RT 0-3™ day, 500 mged* methylprednisolone
sodium succinate (methylprednisolone) was
routinely administrated intravenously, and
changed to oral administration of 20 mged™*
prednisone from the post-RT 4" day.

Extraction of whole blood DNA

2 mL-3 mL peripheral venous blood was col-
lected from each patient and kept in EDTA-
anticoagulation tube at 4°C, the whole blood
was centrifuged at 3000 remin™ for 5 min, dis-
carded the upper plasma, and extracted DNA
with the modified potassium iodide method
within a week. One UV spectrophotometry (pro-
tein and nucleic acid analyzer, Eppendorf,
Germany) was used to measure the extracted
DNA's OD260 and OD280, then calculated
0D260/0D280, which was within 1.6-2.0 could
indicate the qualified purity.

Genotype analysis

The methods of polymerase chain reaction
(PCR) and restrictive fragmentation length poly-
morphism (RFLP) were performed to analyze
the genotypes of CYP3A4*18B, CYP3A5*3,
MDR1 C1236T, MDR1 G2677T/A and MDR1
C3435T. the PCR primers of all loci were
designed and shown in Table 1, the PCR reac-
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30 s, 72°C extension for
30 s, 35 cycles, and finally
72°C extension for 5 min. The products were
digested with restrictive endonuclease at 37°C
for 4 h-16 h. the digestion products were per-
formed electrophoresis with EB-stained 3%
agarose gel at constant 100 V for 30 min, the
electrophoresis results were then observed by
gel imager (WD-9413B gel imaging analysis
system, Beijing 61 equipment manufacturer).

Clinical data

Checked the patients’ medical records, and
recorded the following information: demo-
graphic data (age, gender, height and weight);
medication situations (tacrolimus, mycopheno-
late mofetil, prednisone, diltiazem and other
concomitant medications); the whole blood
trough concentration of tacrolimus and bio-
chemical indicators (creatinine, urea, alanine
aminotransferase, total bilirubin, albumin,
hemoglobin and hematocrit) were detected on
the post-RT 5" day; maintenance dose of tacro-
limus (referring to the dose that could maintain
the trough concentration within therapeutic
window for 2 consecutive measurements, and
the interval time was at least 14 days or more),
trough concentration and biochemical indica-
tors at this time.

Determination of whole blood trough concen-
tration

3 ml of venous blood was sampled from the

patients with renal transplantation at post-
medication 24 h or when in the stable status
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Table 2. Mutation frequencies of CYP3A4, CYP3A5 and MDR1 gene polymorphism in 216 RT patients

Polymorphism Genotype Cases Genotype frequency Allele Allele frequency
CYP3A4*18B (rs 2242480) *1/*1 101 46.7% *1 69.2%
*1/*18B 97 44.9% *18B 30.8%
*18B/*18B 18 8.4%
CYP3A5*3 (rs 776746) *1/*1 17 7.9% *1 25.8%
*1/*3 77 35.7% *3 74.2%
*3/*3 122 56.4%
MDR1C1236T (rs 1128503) c/C 25 11.4% C 34.4%
C/T 99 45.8% T 65.6%
iva) 92 42.7%
MDR1G2677T/A (rs 2032582) G/G 54 25.1% G 50.9%
G/A 26 11.9% T 38.8%
G/T 86 39.6% A 10.3%
A/A 3 1.3%
/T 34 15.9%
A/T 13 6.2%
MDR1C3435T (rs 1045642) c/C 78 36.1% C 61.7%
C/T 110 51.1% T 38.3%
iva) 28 12.8%
Table 3. Correlations of indicators with tacrolimus C/D Statistical analysis

value

. rrelation
Independent variable Correlatio

Coefficient of
Coefficient (r) Determination (R?)

All data were analyzed with SPSS17.0
P statistical software, Sperman’s cor-

Sex 0.033 0.0011
Age 0.118 0.0139
Height 0.004 0.0000
Mycophenolate mofetil 0.057 0.0032
Prednisone 0.078 0.0061
Urea 0.097 0.0094
Creatinine 0.094 0.0088
Albumin -0.1471 0.0292
Transaminase 0.097 0.0094
Total bilirubin 0.030 0.0009
Hemoglobin 0.169 0.0286
Hematocrit 0.176 0.0310
CYP3A4*18B -0.354 0.1253
CYP3A5*3 0.574 0.3295
MDR1 C1236T 0.010 0.0001
MDR1G2677T/A 0.018 0.0003
MDR1 C3435T 0.021 0.0004

relation was used to analyze the cor-

0.623 relations of each factor with C/D val-
0.081 .

ues, respectively, and the factors
0.958 with statistical significance were set
0.398 as independent variables, C/D value
0.252 was set as the dependent variable
0.151 for the multiple linear regression
0.165 analysis and establishing the multi-
0.011 ple regression equation, with P <
0.152 0.05 considered as the statistically
0.658 significant difference.
0.012 Results
0.009
0.000 Genotyping
0.000
0.879 The DNA genotyping results of the
0.788 216 RT patients by PCR-RFLP were
0.761 shown in Table 2. The mutation fre-

before medication in the morning, and ELISA
was performed to detect the whole blood valley
concentration. In order for the convenient com-
parison, the blood concentrations of tacrolimus
were performed the dose calibration, namely
the plasma concentration/dose x body weight
(C/D) was set as the evaluation index.
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quencies of CYP3A4*18B, CYP3A5*
3, MDR1 C1236T, MDR1 G2677T/A
and MDR1 C3435T allele in RT patients were
30.8%, 74.2%, 65.6%, 38.8%, 10.3% and
38.3%, respectively, the Hardy-Weinberg test
analysis revealed P > 0.05, the frequency of
each gene acquired genetic equilibrium, and
the study subjects had the group repre-
sentation.

Int J Clin Exp Med 2015;8(10):19006-19013
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Table 4. Corresponding correlations among
CYP3A4*18B and CYP3A5*3 genotype with
dummy variables

Genotype Genotype

Dummy variable 1 5 Genotype 3
CYP3A5*3 *1/*1 *1/*3 *3/*3
X, 0 0 1

X, 0 1 0
CYP3A4*18B *1/*1 *1/*18B *18B/*18B
X, 0 0 1

X 0 1 0

4

Table 5. Multiple linear regression analysis of
indicators and tacrolimus C/D

Variable Coefficient Standard t P
error

(Constant)  86.350 38.272 2.256 0.025

X1 72.053 9.026 7983 <0.001
HCT 2.658 0.781 3.406 0.001
ALB -2.097 1.009 -2.079 0.039

Ingle-factor correlation analysis of each indica-
tors and tacrolimus C/D value

Referring the methods of univariate and multi-
variate analysis, the three demographic index-
es (gender, age and height), 9 clinical parame-
ters (urea, creatinine, albumin, alanine amino-
transferase, total bilirubin, hemoglobin, hema-
tocrit combining with mycophenolate mofetil
and hormone) and five genetic factors
(CYP3A4*18B, CYP3A5*3, MDR1 C(C1236T,
G2677T/A and C3435T) were defined as the
independent variables, and the C/D value was
defined as the dependent variable (Y) for the
univariate correlation analysis, the results were
shown in Table 3. Five indicators were correlat-
ed with tacrolimus C/D, among which albumin
and CYP3A4*18B were negatively correlated
with tacrolimus C/D, while hemoglobin, hema-
tocrit and CYP3A5*3 were positively correlated
with tacrolimus C/D. The other 12 indicators
showed no significant correlation with tacroli-
mus C/D (P > 0.05).

Multiple regression analysis of each index with
tacrolimus C/D

Albumin, hemoglobin, hematocrit, CYP3A4*
18B, CYP3A5*3 and tacrolimus C/D were per-
formed stepwise regression analysis, the
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arrangements of such dummy variables as
CYP3A4*18B and CYP3A5*3 were shown in
Table 4. In the best regression model, the fac-
tors that had statistical significance towards
tacrolimus C/D were CYP3A5*3, hematocrit
and albumin, the results were shown in Table 5,
CYP3A5*3 was the first factor introduced into
the equation, and it could explain 23.5% of indi-
vidual differences; followed by hematocrit,
which could explain 3.3%, and the third was
albumin, and it could explain 1.5%. The multi-
ple regression equation, obtained from the
best regression model, was namely the tacroli-
mus C/D prediction algorithm (Table 6), and
could explain 28.3% of individual differences.
The formula was as follows.

Y =286.350 + 72.053 x X, +2.658 x HCT-2.097
x ALB

Among the equation, Y (blood concentration/
dose x body weight (C/D) of tacrolimus) was the
dependent variable, so the tacrolimus dose
prediction model was:

Dose/weight (D) = C/(86.350 + 72.053 x X, +
2.658 x HCT-2.097 x ALB)

X1 represented the CYP3A5*3 polymorphism,
CYP3A5-expression patients (type *1/*1 or
type*1/*3) x O, CYP3A5 non-expression type
(*3/*3) x 1. C was the clinical therapeutic drug
monitoring target (5 ngemL*-10 ngemL?).

Prediction effectiveness of individualized med-
ication model of tacrolimus

According to the follow-up records, the 216 RT
patients obtained the corresponding indexes
for maintaining the doses, which were then
substituted into the tacrolimus dose prediction
model: dose/body weight (D) = C/(86.350 +
72.053 x X, + 2.658 x HCT-2.097 x ALB), if C
(clinical therapeutic drug monitoring target)
was within 5 ngemL*-10 ngemL?™. The predic-
tion value of D was within 0.05 + 0.02 mgekg?-
0.09 + 0.04 mgekg?, the actual D was 0.08 *
0.03 mgekg?, and in the dose range predicted
by tacrolimus dose prediction model; if the
patient’s actual tacrolimus blood concentration
was introduced into the prediction model, the
mean predicted D value would be 0.06 + 0.03
mgekg?, showing significant difference with the
actual D value (P < 0.01), the predicted dose/
weight value was lower than the actual one by
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Table 6. Multiple regression model of individualized medication of tacrolimus

Model Variable Regression equation P R?2
1 X, Y=381142 + 73.552 x X, <0.001 0.235
2 X, HCT Y =20.076 + 73.640 x X, + 2.317 x HCT 0.003 0.268
3 X, HCT, ALB Y =86.350 + 72.053 x X, + 2.658 x HCT-2.097 x ALB 0.039 0.283
A B
2P0.15- £80.125 .
E: ’ o E, o % %
E g E 0.10- . T me P
@ & ° @ o % o % © &3 & p-
80 10 v 2 oﬁcpﬂ b ‘ 8 = @®° 0»'!5"— o
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= ° o%os " o%,,',,_ﬂ.- ° e ®° 8 0 o8 Ty P % R
Z . b, otgi®e o " | B S o 4 b0
k= 2o et e h 2° = 0.05 . IS A YO
@ - %% By %g“(ﬁ L] o - o 09 0% o
nl: S —‘680 3 ﬁ@@ ;%Ooﬁgoj T % i >
o 8870° ° R? Linear = 0.275 0.025 R? Linear = 0.225
| | | | I | I T
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
Actual dose (mg/kg) Actual dose (mg/kg)

Figure 1. Correlations of predicted and actual maintenance doses.

0.01 + 0.03 mgekg™. Figure 1A was the scat-
terplot of predicted and actual D values, R? =
0.275, the tacrolimus dose prediction model
could explain 27.5% of tacrolimus dose/weight
difference.

Discussion

Tacrolimus was the first-line immunosuppres-
sant in preventing transplantation rejection,
the current clinical practice normally adminis-
trated the same body-weight dose, then made
adjustments to this initial dose based on the
TDM monitoring results, but because of its nar-
row therapeutic window and big pharmacoki-
netic difference, it would require the patients to
adjust the doses within bigger range and longer
time, and the incidences of acute rejection and
adverse reactions were higher, thus it would
seriously affect the treatment efficacies of RT
and the patients’ life qualities.

As for the factors that caused the individual dif-
ferences of Tacrolimus, this study showed that
three days after administration, the main fac-
tors that would impact bacrolimus blood con-
centration were CYP4*18B, CYP3A5*3, hemo-
globin, hematocrit and albumin, these factors
were performed stepwise regression analysis
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with tacrolimus C/D values, respectively, and
the best regression model was introduced
CYP3A5*3, hematocrit and albumin to estab-
lish the individualized dosing model of tacroli-
mus: dose/body weight (D) = C/(86.350 +
72.053 x X, + 2.658 x HCT-2.097 x ALB), this
model could explain 28.3% of tacrolimus dose/
weight difference, among which the CYP3A5*3
polymorphism could explain 23.5%, playing an
important role towards the individualized differ-
ences of tacrolimus blood concentrations. In
order to verify the effectiveness of this predic-
tion model, this study recorded 216 RT patients
and performed follow-up survey to obtain the
corresponding indexes of maintenance doses,
which were then substituted into the model for
the validation, the results showed that the pre-
dicted tacrolimus D was lower than the actual
value, and the difference was statistically sig-
nificant (R? = 0.275), if C (clinical therapeutic
drug monitoring target) inside the model was
within 5 ngemL*-10 ngemL?, the predicted D
value inside the model would be 0.05 + 0.02
mgekg®-0.09 + 0.04 mgekg™.

In the early post-RT period, the RT patients
would have many kinds of medications, includ-
ing antibiotics, liver-protective drugs, gastric
mucosa-protective drugs and blood-activation

Int J Clin Exp Med 2015;8(10):19006-19013
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drugs and so on, most of these drugs needed
to be metabolized by liver, which would vari-
ously impact the metabolism of tacrolimus,
some drugs that needed the oral administra-
tion might interfere with the absorption of
tacrolimus inside the gastrointestinal tract,
thus competing with tacrolimus; secondly, the
uremic patients had poor physical conditions,
after suffering from the shocks of major surger-
ies and large amounts of liquid input, the
patients’ internal environment would exhibit
dramatic changes, and these would all impact
the absorption and metabolism of tacrolimus,
so the fitting degree obtained in this research
was lower (28.3%). Due to complexities of the
patient with renal transplantation himself as
well as the related medications, there was rare
report about individual administration model of
tacrolimus in China or abroad, the present
study attempted to fit them together, the result-
ed model was only suitable for the triple immu-
nosuppressive regimen of tacrolimus, cortico-
steroids and mycophenolate mofetil, while as
for the patients with diltiazem, there were more
limitations, and the fit degree was low, so it
needed future prospective trials to further
adjust and optimize this program in order to
work out the best administration model, aiming
to be able to reduce dose adjustment ampli-
tude of tacrolimus in the patients with renal
transplantation, shorten dose adjustment time,
reduce adverse reactions and rejection rates,
and improve quality of life and survival rates in
the patients with renal transplantation, thus
really realizing the individualized treatment of
tacrolimus.

Disclosure of conflict of interest
None.

Address correspondence to: Hongtao Song, De-
partment of Pharmacy, Fuzhou General Hospital of
Nanjing Command PLA, No. 156, The West Second
Ring North Road, Fuzhou 350025, China. Tel: +86
591 2285 9459; Fax: +86 591 8371 2298; E-mail:
hongtaosongcn@126.com

References

[1]  Kuypers DR, Claes K, Evenepoel P, Maes B and
Vanrenterghem Y. Clinical efficacy and toxicity
profile of tacrolimus and mycophenolic acid in
relation to combined long-term pharmacoki-
netics in de novo renal allograft recipients. Clin
Pharmacol Ther 2004; 75: 434-447.

19012

[2] Masuda S and Inui K. An up-date review on in-
dividualized dosage adjustment of calcineurin
inhibitors in organ transplant patients.
Pharmacol Ther 2006; 112: 184.

[3] Wallemacq P, Armstrong VW, Brunet M,
Haufroid V, Holt DW, Johnston A, Kuypers D, Le
Meur Y, Marquet P, Oellerich M, Thervet E,
Toenshoff B, Undre N, Weber LT, Westley IS
and Mourad M. Opportunities to optimize ta-
crolimus therapy in solid organ transplanta-
tion: report of the European consensus confer-
ence. Ther Drug Monit 2009; 31: 139-152.

[4] EvansWEandMcLeod HL.Pharmacogenomics-
drug disposition, drug targets, and side ef-
fects. N Engl J Med 2003; 348: 538-549.

[5] Staatz CE, Goodman LK and Tett SE. Effect of
CYP3A and ABCBL1 single nucleotide polymor-
phisms on the pharmacokinetics and pharma-
codynamics of calcineurin inhibitors: part I.
Clin Pharmacokinet 2010; 49: 141-175.

[6] Hesselink DA, van Schaik RH, van der Heiden
IP, van der Werf M, Gregoor PJ, Lindemans J,
Weimar W and van Gelder T. Genetic polymor-
phisms of the CYP3A4, CYP3A5, and MDR-1
genes and pharmacokinetics of the calcineu-
rin inhibitors cyclosporine and tacrolimus. Clin
Pharmacol Ther 2003; 74: 245-254.

[7]1 Tsuchiya N, Satoh S, Tada H, Li Z, Ohyama C,
Sato K, Suzuki T, Habuchi T and Kato T.
Influence of CYP3A5 and MDR1 (ABCB1) poly-
morphisms on the pharmacokinetics of tacroli-
mus in renal transplant recipients. Trans-
plantation 2008; 78: 1182-1187.

[8] Hesselink DA, van Gelder T and van Schaik RH.
The pharmacogenetics of calcineurin inhibi-
tors: one step closer toward individualized im-
munosuppression? Pharmacogenomics 2005;
6: 323-337.

[9] Xie HG, Wood AJ, Kim RB, Stein CM and
Wilkinson GR. Genetic variability in CYP3A5
and its possible consequences. Pharmaco-
genomics 2004; 5: 243-272.

[10] Vannaprasaht S, Reungjui S, Supanya D,
Sirivongs D, Pongskul C, Avihingsanon Y and
Tassaneeyakul W. Personalized tacrolimus
doses determined by CYP3A5 genotype for in-
duction and maintenance phases of kidney
transplantation. Clin Ther 2013; 35: 1762-
1769.

[11] Rojas L, Neumann |, Herrero MJ, Bosé V, Reig
J, Poveda JL, Megias J, Bea S and Alifio SF.
Effect of CYP3A5*3 on kidney transplant re-
cipients treated with tacrolimus: a systematic
review and meta-analysis of observational
studies. Pharmacogenomics J 2015; 15: 38-
48.

[12] de Jonge H, de Loor H, Verbeke K,
Vanrenterghem Y and Kuypers DR. Impact of
CYP3A5 genotype on tacrolimus versus mid-
azolam clearance in renal transplant recipi-

Int J Clin Exp Med 2015;8(10):19006-19013


mailto:hongtaosongcn@126.com

[13]

[14]

[15]

[16]

(17]

Genetic polymorphisms in patients with renal transplantation

ents: New insights in CYP3A5-mediated drug
metabolism. Pharmacogenomics 2013; 14:
1467-1480.

Amirimani B, Walker AH, Weber BL and
Rebbeck TR. RESPONSE: re: modification of
clinical presentation of prostate tumors by a
novel genetic variant in CYP3A4. J Natl Cancer
Inst 1999; 91: 1587-1588.
Fukushima-Uesaka H, Saito Y, Watanabe H,
Shiseki K, Saeki M, Nakamura T, Kurose K, Sai
K, Komamura K, Ueno K, Kamakura S,
Kitakaze M, Hanai S, Nakajima T, Matsumoto
K, Saito H, Goto Y, Kimura H, Katoh M, Sugai K,
Minami N, Shirao K, Tamura T, Yamamoto N,
Minami H, Ohtsu A, Yoshida T, Saijo N,
Kitamura Y, Kamatani N, Ozawa S and Sawada
J. Haplotypes of CYP3A4 and their close link-
age with CYP3A5 haplotypes in a Japanese
population. Hum Mutat 2004; 23: 100-108.
Shi XJ, Geng F, Jiao Z, Cui XY, Qiu XY and Zhong
MK. Association of ABCB1, CYP3A4*18B and
CYP3A5*3 genotypes with the pharmacokinet-
ics of tacrolimus in healthy Chinese subjects: a
population pharmacokinetic analysis. J Clin
Pharm Ther 2011; 36: 614-624.

Saeki T, Ueda K, Tanigawara Y, Hori R and
Komano T. Human Pglycoprotein transports cy-
closporin A and FK506. J Biol Chem 1993;
268: 6077-6080.

Bonhomme FL, Picard V, Saliba F, Abbara C,
Fodil M, Chaunoy M and Farinotti R. Effect of
the ABCB1 3435C>T polymorphism on tacroli-
mus concentrations and dosage requirements
in liver transplant recipients. Am J Health Syst
Pharm 2009; 66: 1645-1651.

19013

(18]

[19]

[20]

[21]

Capron A, Mourad M, De Meyer M, De Pauw L,
Eddour DC, Latinne D, Elens L, Haufroid V and
Wallemacq P. CYP3A5 and ABCBZ1 polymor-
phisms influence tacrolimus concentrations in
peripheral blood mononuclear cells after renal
transplantation. Pharmacogenomics 2010;
11: 703-714.

Thervet E, Loriot MA, Barbier S, Buchler M,
Ficheux M, Choukroun G, Toupance O,
Touchard G, Alberti C, Le Pogamp P, Moulin B,
Le Meur Y, Heng AE, Subra JF, Beaune P and
Legendre C. Optimization of initial tacrolimus
dose using pharmacogenetic testing. Clin
Pharmacol Ther 2010; 87: 721-726.

Chen SY, Li JL, Meng FH, Wang XD, Liu T, Li J,
Liu LS, Fu Q, Huang M and Wang CX.
Individualization of tacrolimus dosage basing
on cytochrome P450 3A5 polymorphism-a pro-
spective, randomized, controlled study. Clin
Transplant 2013; 27: E272-E281.

Passey C, Birnbaum AK, Brundage RC, Oetting
WS, Israni AK and Jacobson PA. Dosing equa-
tion for tacrolimus using genetic variants and
clinical factors. Br J Clin Pharmaco 2011; 72:
948-957.

Int J Clin Exp Med 2015;8(10):19006-19013



