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Abstract Cyclosporine (CsA) and tacrolimus are immu-
nosuppressants used for the prevention of rejection of
transplanted organs. The genes encoding cytochrome
(CYP) P450 enzymes, CYP3A4, and CYP3AS are the
main ones involved in the pharmacokinetics of
calcinurin inhibitors (CNI). Several single nucleotide
polymorphisms were identified in these genes such as
CYP3A5*3 (6986A>G). The association of the
CYP3A5*3/*3 genotype with decreased clearance of its
substrates was reported among different ethnic popula-
tions. This study aims to evaluate the effect of
CYP3A5*3 polymorphism on CsA plasma levels in
Egyptian renal transplant patients at the first week and
first month of transplantation. A total of 44 renal trans-
plant recipients receiving CsA were genotyped for
CYP3A5*3 polymorphism. The CO and C2 of CsA were
measured and their relationships with CYP3A5*3 geno-
types were investigated. CYP3AS5*3 allele was present
in six patients and the CsA level didn’t differ signifi-
cantly between the CYP3A5*3 the CYP3AS5*1 allele
carriers at the first week and the first month post
transplantation. Large-scale studies with the involvement
of multiple genetic markers claimed to affect the CsA
pharmacokinetics are highly recommended to elucidate
their pharmacogenetic role in renal transplant patients.

Keywords Immunosuppressants - Renal transplantation -
Pharmacokinetics

B. E. M. Zayed
Internal Medicine Department, Faculty of Medicine, Cairo
University, Cairo, Egypt

D. Mehaney (D<)

Clinical and Chemical Pathology Department, Faculty of Medicine,
Cairo University, Cairo, Egypt

e-mail: dinaahmed79@hotmail.com

Published online: 30 August 2014

Abbreviations

CsA  Cyclosporine

CYP Cytochrome

CNI  Calcinurin Inhibitors

Introduction

The cyclosporine (CsA) and tacrolimus are immunosuppres-
sive drugs widely used to prevent the allograft rejection
among renal transplant patients (Dunn et al. 2001; Mendes
et al. 2009).

There is wide inter-individual difference in CsA phar-
macokinetics especially in the critical early phase post
transplantation; resulting in large number of patients
exposed to drug levels that is outside the therapeutic
window, leading to either toxicity or acute rejection
(Mendes et al. 2009). This inter-individual variability
are related to several factors (Rosso Felipe et al. 2009)
including genetic polymorphisms in the common drug-
metabolizing genes (Singh et al. 2009).

The human cytochrome P450 subfamily, CYP3A
mainly represented by CYP3A4 and CYP3AS5 are the
major enzymes responsible for CsA metabolism (Sattler
et al. 1992). Both enzymes are highly polymorphic, and
substantial inter-individual differences in their expres-
sion might contribute to the variability of the oral bio-
availability and systemic clearance of its substrates
(Singh et al. 2009).

The CYP3A5*3 6986A>G SNP (rs776746), a transi-
tion within intron 3 of CYP3AS5 gene, was reported to
be associated with the polymorphic expression of
CYP3AS5 (Rosso Felipe et al. 2009; Staatz et al.
2010). It creates an alternative splice resulting in the
absence of functional CYP3AS from liver tissue (Qiu
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et al. 2008). Homozygote CYP3AS5*3 carriers lack the
CYP3AS expression, while individuals with at least one
wild-type allele CYP3A5*1 express CYP3AS (Singh
et al. 2009). Homozygous or heterozygous CYP3A5*1
allele carriers should theoretically have lower oral bio-
availability and higher clearance of the drugs principally
inactivated by CYP3AS5, and show a lack of efficacy
from the standard dosage (Staatz et al. 2010). Several
studies reported that CYP3A5*3/*3 genotype was asso-
ciated with reduced clearance of its substrates in differ-
ent ethnic populations (Hustert et al. 2001).

The under/over immunosuppression might be one of the
reasons of the early allograft rejection (Mendes et al. 2009).
Therefore, the present study aims to analyze the influence of
the CYP3A5*3 SNP on the plasma levels of CsA at 1 week
and 1-month post transplantation in Egyptian renal transplant
recipients.

Patients and methods

This study involved 44 adult renal transplant recipients attend-
ing the renal transplantation unit of the New Cairo University
Hospital and receiving CsA immunosuppressive therapy.
Patients were excluded from the study if CsA was switched
to another immunosuppressant due to major side effects or if
they were receiving drugs known to affect the CsA levels,
such as diltiazem, phenytoin, verapamil, erythromycin, or
clarithromycin.

Immunosuppressive treatment of the patients consisted of a
combination of CsA (Neoral), mycophenolate mofetil
(MMF), and prednisolone. The patients received a loading
dose of methylprednisolone (500 mg) before transplantation
and then daily cyclosporine (6 mg/kg/day) with dose adjust-
ments to achieve C2 concentrations of 1,400 ng/mL during the
first month, 800—1,000 ng/mL at 6 months, and 600—800 ng/
mL at 12 months after transplantation. MMF (CellCept,
Roche; 2 g/day) was administered on the day of operation as
1 g preoperatively and another 1 g 12 h after, with continua-
tion of the same dose of MMF throughout the study 2 g/day.
Corticosteroids were given intra operatively at the time of the
anastomosis as a 500-mg IV bolus of methylprednisolone
followed by 200 mg on day one. Steroids were tapered by
25 mg each day until 20-mg oral drug at day 10.

Clinical suspicion of an acute rejection episode was con-
firmed by renal biopsy according to the Banff 97 criteria
(Racusen et al. 1999). First-line anti-rejection treatment in all
patients consisted of intravenous methylprednisolone for five
consecutive days followed by 40-mg oral prednisolone, ta-
pered daily by 10 mg until achieving the baseline steroid
maintenance dose. Steroid-resistant acute rejection episodes
were treated with the polyclonal anti-T cell antibody
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antithymocyte globulin (ATG; ATG-Fresenius; 3 mg/kg/day)
for a minimum of 7 and up to 10 days.
All subjects underwent the following assessment:

1. Clinical data collection involved the following: age, sex,
creatinine level, etiology of end-stage renal disease and
weight (kg). Written informed consent was obtained from
all subjects.

2. Cyclosporine assay: whole blood samples withdrawn for
CsA level measurement, Trough (CO) and 2-h post-oral
dose (C,) using the antibody-conjugated magnetic immu-
noassay (ACMIA) (Dimension RxL, Siemens) at 1 week
and 1-month post transplantation.

3. Molecular genetic analysis:

(a) Genomic DNA was extracted from the peripheral
leukocytes using the salting out method (Lahiri and
Schnabel 1993).

(b) CYP3A5*3 genotyping was done using the poly-
merase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method According to
King et al. (2003). For amplification, the following
primers were used: forward (5'CCTGCCTTCAAT
TTTCACT-3') and reverse (5‘GGTCCAAACAGG
GAAG AGGT3'). The PCR components were: 10x
buffer without MgCl,, 50 mM MgCl,, 25 mM
dNTPs, 5 U/uL Dream Taq DNA polymerase
(MBI Fermentas, Vilnius, Lithuania), 50-100 ng
DNA, and 0.5 mM of each of the primers. PCR
reactions were performed using the thermal cycler
PCR Express (Thermo Hybaid, Middlesex, UK).
The final PCR volume was 50 pL. The amplification
conditions were as follows: initial denaturation at
94 °C for 3 min (1 cycle) followed by 35 amplifica-
tion cycles; denaturation at 94 °C for 1 min; anneal-
ing at 61 °C for 1 min; and extension at 70 °C for
1 min, with a final extension step at 72 °C for 7 min.

The PCR product (196 bp) was digested with the
Rsal enzyme (Fermentas, Vilnius, Lithuania). The
homozygote CYP3A5*1 genotype produced 102-,
74-, and 20-bp fragments; the homozygote
CYP3A5%*3 genotype produced 102,94-bp fragments;
and the heterozygote CYP3A5%*3 genotype produced
102-, 96-, 74- , and 20-bp fragcments (Fig. 1). To
identify the genotypes of CYP3AS polymorphism,
the digestion fragments were separated using 15 %
polyacrylamide gels for 90 min (120 V) using the
Bio-Rad Mini-PROTEAN Tetra gel system (Bio-
Rad, Hercules, CA, USA). The separated fragments
were stained with ethidium bromide and visualized
along with 50-bp ladder (MBI Fermentas, Vilnius,
Lithuania) as a size marker using transilluminator
(Bio-Rad, USA).
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Fig. 1 RFLP analysis showing 1
homozygote CYP3A5*3
mutation. Lane I 50 base pair (bp) 250bp
ladder, lane 2 uncut PCR product, 200bp
lanes 3,4,5,7 wild type (Wt) and
lane 6 mutant type (Mt) 150 bp
100bp
50 bp

(c) The restriction enzyme analyses were confirmed by
sequencing analysis. PCR amplifications were done
using the same primers used before. The PCR prod-
ucts were recovered from agarose gels using
MinElute Gel Extraction Kit (QIAGEN, Inc., CA,
USA) according to the manufacturer’s instructions.
Sequencing with appropriate oligonucleotide
primers was carried out by using a BigDye
Terminator Version 3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA) and a
310 automatic DNA sequencer (Applied
Biosystems, Foster City, CA, USA).

Statistical analysis

Data were analyzed using IBM SPSS Advanced Statistics
version 20.0 (SPSS Inc., Chicago, IL). Numerical data were
expressed as mean and standard deviation or median and
range, as appropriate. Qualitative data were expressed as
frequency and percentage. Chi-square test (Fisher’s exact test)
was used to examine the relation between qualitative vari-
ables. The SNP genotyping was correlated with the concen-
trations of CsA using a one-way ANOVA test. A p value of
<0.05 was considered significant.

Table1 The demographic and clinical data of the studied population, n=

44
Age (years) 36.6+19.7
Sex (male/female) 34/10
Body weight (kg) 71.1+£7.3
Donor age (years) 25.1£89
Donor sex (male/female) 38/6
Serum creatinine (mg/dL) 1.18+0.3
Cause of end stage renal disease n (%)
Chronic glomerulonephritis 2 (4.5)
Chronic interstitial nephropathy 1(2.5)
Diabetic nephropathy 409
Hypertension 37 (84)

Data are presented as mean + SD or number (%)

102bp
94 bp
74 bp

Results

This study included 44 renal transplant patients. The mean
(SD) age was 36.6 (19.7)years. The frequency of males and
females were 77.2 % (n=34) and 22.8 % (n=10), respectively.
The demographic and clinical data are summarized in Table 1.

The frequency of the CYP3AS5 genotypes among the stud-
ied patients is presented in Table 2. The frequency of the
CYP3AS variant *3 allele was lower among the patients than
*1 (11.4 vs. 88.6 %, p=0.01). The frequency of the combined
genotypes (*1/*¥3+*3/*3) was lower among the patients
(13.6 %) than the *1/*1 genotype (86.4 %) (p=0.02)
(Table 3). The results of the present study showed no effect
of the genotype on the CO and C2 plasma levels at 1 week and
1-month post transplantation (Table 3).

Four patients developed an episode of biops-proven acute
rejection, steroid-resistant acute rejection episodes requiring
the use of ATG occurred in one recipient and all of them had
the*1/*1 genotype.

Discussion

The narrow therapeutic window with large inter- and intra-
individual differences in pharmacokinetics are two main char-
acteristics of the calcinurin inhibitor, CsA (Ishikawa et al.
2004; Schiff et al. 2007).

Several studies reported that the patient genotype affects
the metabolism of the immunosuppressants usually used to
prevent allograft rejection (Press et al. 2009; Haufroid et al.
2006; MacPhee and Holt 2008; Turolo et al. 2010).

Results of the present study showed no effect of the geno-
type on the CsA plasma levels at 1 week and 1-month post-

Table 2 summarizes the frequency of CYP3A*3 genotypes among the
renal transplant patients

Genotype n (%) p value Allele n (%) p value
*1/*%1 38(864)  0.02 *1 39(88.6) 0.01
*3/%3 1(2.3) *3 6(11.4)

*1/%3 5(11.3)
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Table 3 Relationship between CYP3A5*1/3 SNP and Cyclosporin pharmacokinetics in renal transplant patients

Genotype n C0, ng/mL p value C0, ng/mL p value C2, ng/mL p value C2, ng/mL p value
Days 7 30 7 30
CYP3A5* *1/%1 38 266 (80) 0.1 256 (63) 0.2 1900 (97) 0.4 944 (88) 0.3
1/3 *3[3+%]/*3 6 235 (98) 212 (86) 2100 (80) 855 (76)
Data presented as mean (SD)
C0 cyclosporin trough concentration; C2 cyclosporin 2-h post dose
transplantation, with no effect on the incidence of biop-  Conclusion

sy proven acute rejection. This finding was similar to
the study of Turolo et al.(2010); who reported no sig-
nificant difference in the CsA level among the different
CYP3AS genotypes in 87 Italian renal transplant recip-
ients at 6, 30, and 90 days post transplantation, This
finding was also observed in other studies suggesting
that the role of pharmacogenetic profiling of calcineurin
inhibitors as a useful clinical tool for personalizing
immunosuppressant is not yet clear (Hesselink et al.
2003; Haufroid et al. 2004; Kreutz et al. 2004; Yates
et al. 2003).

Contrary to the results of the present study, Hu et al. (2006)
reported lower dose-adjusted CsA levels at 1-week post trans-
plantation in CYP3AS expressers. In another study by Meng
etal. (2012), the CYP3A5*3 correlated with the dose-adjusted
CsA on the day 7 post transplantation. Also different from the
results of the present study, the dose-adjusted C2 concentra-
tions showed significant differences among the CYP3AS ge-
notypes during the 15-21 days post transplantation in Chinese
renal transplant patients (Li et al. 2013).

As variant genotypes are often more frequent in particular
ethnic groups (Qiu et al. 2008; Staatz et al. 2010). The role of
ethnicity should be considered as an explanation of our re-
sults. The frequency of the G allele was low among our
studied population. This finding was similar to Tanzanians
and Afro-Americans who showed greater presence of the A
allele (Ferreira et al. 2008; Suarez-Kurtz et al. 2007).
However, this was in contrast to other ethnicities like the
European Caucasian populations (Fredericks et al. 2007;
Gervasini et al. 2005; Haufroid et al. 2004) and Asian popu-
lations (Hu et al. 2006; Choi et al. 2007).

Finally, The inconsistency of findings among the different
studies could be explained by several interacting factors such
as limited number of the studied subjects that might limit the
statistical power to detect any small differences, heterogeneity
of the evaluated pharmacokinetic parameters, such as the
trough concentration being a poor predictor of drug exposure,
the complexity of drug metabolism, and the presence of
multiple polymorphisms in the same subject involving more
than one metabolic pathway (Rosso Felipe et al. 2009; Staatz
etal. 2010). Our study has some limitations: we did not follow
up our patients more than 1 month and the small sample size.
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Large-scale studies with the involvement of multiple genetic
markers claimed to affect the CsA pharmacokinetics are high-
ly recommended to elucidate their possible pharmacogenetic
effect among renal transplant patients.

Acknowledgments The authors thank all patients who took part in this
study. This study was supported by Cairo University Research Funds.

Conflict of interest Bahaacldin Mostafa Zayed declares that he re-
ceived Cairo University research fund. Dina Mehaney declares that she
has no conflict of interest.

References

Choi JH, Lee YJ, Jang SB, Lee JE, Kim KH, Park K (2007) Influence of
the CYP3AS and MDRI genetic polymorphism on the pharmaco-
kinetics of tacrolimus in healthy Korean subjects. Br J Clin
Pharmacol 64:185-189

Dunn CJ, Wagstaff AJ, Perry CM, Plosker GL, Goa KL (2001)
Cyclosporin: an updated review of the pharmacokinetic properties,
clinical efficacy and tolerability of a microemulsion-based formula-
tion (Neoral) in organ transplantation. Drugs 61:1957-2016

Ferreira PE, Veiga M1, Cavaco I, Martins JP, Andersson B, Mushin S, Ali
AS et al (2008) Polymorphism of antimalarial drug metabolizing,
nuclear receptor, and drug transport genes among malaria patients in
Zanzibar, East Africa. Ther Drug Monit 30:10-15

Fredericks S, Jorga A, MacPhee 1A, Reboux S, Shiferaw E, Moreton M,
Carter ND et al (2007) Multi-drug resistance gene-1 (MDR-1)
haplotypes and the CYP3A5*1 genotype have no influence on
cyclosporine dose requirements as assessed by CO or C2 measure-
ments. Clin Transplant 21:252-257

Gervasini G, Vizcanio S, Gaisba C, Carrillo JA, Benitez J (2005)
Differences in CYP3AS genotype distribution and combination with
other polymorphisms between Spaniards and other Caucasian pop-
ulations. Ther Drug Monit 27:819-821

Haufroid V, Mourad M, van Kerckhove V, Wawrzyniak J, DeMeyer M,
Eddour DC, Malaise J et al (2004) The effect of CYP3AS and
MDR1 (ABCBI1) polymorphism on cyclosporine and tacrolimus
dose requirement and trough blood levels in stable renal transplant
patients. Pharmacogenetics 14:147—154

Haufroid V, Wallemacq P, Van Kerckhove V, Elans L, De Meyer M,
Eddour DC (2006) CYP3AS and ABCBI1 polymorphism and tacro-
limus pharmacokinetics in renal transplant candidates: guideline
from an experimental study. Am J Transplant 6:2706-2713

Hesselink DA, van Schaik RH, van der Heiden IP et al (2003) Genetic
polymorphisms of the CYP3A4, CYP3AS, and MDR-1 genes and



Comp Clin Pathol

pharmacokinetics of the calcineurin inhibitors cyclosporine and
tacrolimus. Clin Pharmacol Ther 74:245-254

Hu YF, Qiu W, Liu ZQ, Zhu LJ, Liu ZQ, Tu JH, Wang D et al (2006)
Effects of genetic polymorphisms of CYP3A4, CYP3AS and
MDRI on cyclosporine pharmacokinetics after renal transplanta-
tion. Clin Exp Pharmacol Physiol 33:1093—-1098

Hustert E, Haberl M, Burk O et al (2001) The genetic determinants of the
CYP3AS polymorphism. Pharmacogenetics 11:773-779

Ishikawa T, Hirano H, Onishi Y, Sakurai A, Tarui S (2004) Functional
evaluation of MDR1 (P-glycoprotein) polymorphisms: high speed
screening and structure activity relationship analyses. Drug Metab
Pharmacokinet 19:1-14

King BP, Leathart JB, Mutch E, Williams FM, Daly AK (2003) CYP3AS5
phenotype-genotype correlations in a British population. Br J Clin
Pharmacol 55:625-629

Kreutz R, Ziircher H, Kain S, Martus P, Offermann G, Beige J (2004) The
effect of variable CYP3AS5 expression on cyclosporine dosing,
blood pressure and long-term graft survival in renal transplant
patients. Pharmacogenetics 14:665-671

Lahiri DK, Schnabel B (1993) DNA isolation by a rapid method from
human blood samples: effects of MgCI2, EDTA, storage time,
and temperature on DNA yield and quality. Biochem Genet 31:
321-328

Li DY, Teng RC, Zhu HJ, Fang Y (2013) CYP3A4/5 polymorphisms
affect the blood level of cyclosporine and tacrolimus in Chinese
renal transplant recipients. Int J Clin Pharmacol Ther 51:466-474

MacPhee 1A, Holt DW (2008) A pharmacogenetic strategy for immuno-
suppressive based on the CYP3AS5 genotype. Transplantation 85:
163-165

Mendes J, Martinho A, Simoes O, Mota A, Breitenfeld L, Pais L (2009)
Genetic polymorphisms in CYP3AS5 and MDRI genes and their
correlations with plasma levels of tacrolimus and cyclosporine in
renal transplant recipients. Transplant Proc 41:840-842

Meng XG, Guo CX, Feng GQ, Zhao YC, Zhou BT, Han JL, Chen X, Shi
Y, Shi HY, Yin JY, Peng XD, Pei Q, Zhang W, Wang G, He M, Liu
M, Yang JK, Zhou HH (2012) Association of CYP3A polymor-
phisms with the pharmacokinetics of cyclosporine A in early post-
renal transplant recipients in China. Acta Pharmacol Sin 33:1563—
1570

Press RR, Ploegger BA, dan Hartingh J, van der Streaten T, van Pelt J,
Danhof M, de Fijiter JW, Guchelaar HJ (2009) Explaining

variability in tacrolimus pharmacokinetics to optimise early expo-
sure in adult kidney transplant recipients. Ther Drug Monit 31:187—
197

Qiu XY, Jiao Z, Zhang M, Zhong LJ, Liang HQ, Ma CL, Zhang L, Zhong
MK (2008) Association of MDR1, CYP3A4*18B, and CYP3A5* 3
polymorphisms with cyclosporine pharmacokinetics in Chinese re-
nal transplant recipients. Eur J Clin Pharmacol 64:1069-1084

Racusen LC, Solez K, Colvin RB et al (1999) The Banff 97 working
classification of renal allograft pathology. Kidney Int 55:713

Rosso Felipe C, de Sandes TV, Sampaio EL, Park SI, Silva HT Jr, Medina
Pestana JO (2009) Clinical impact of polymorphisms of transport
proteins and enzymes involved in the metabolism of immunosup-
pressive drugs. Transplant Proc 41:1441-1455

Sattler M, Guengerich FP, Yun CH, Christians U, Sewing KF (1992)
Cytochrome P-450 3A enzymes are responsible for biotransforma-
tion of FK506 and rapamycin in man and rat. Drug Metab Dispos
20:753-761

Schiff J, Cole E, Cantarovich M (2007) Therapeutic monitoring of
calcineurin inhibitors for the nephrologist. Clin J Am Soc Nephrol
2:374-384

Singh R, Srivastava A, Kapoor R, Sharma R, Mittal R (2009) Impact of
CYP3AS and CYP3A4 gene polymorphisms on dose requirement
of calcineurin inhibitors, cyclosporine and tacrolimus, in renal allo-
graft recipients of North India. Naunyn Schmiedeberg’s Arch
Pharmacol 10:201-217

Staatz CE, Goodman LK, Tett SE (2010) Effect of CYP3A and ABCB1
single nucleotide polymorphisms on the pharmacokinetics and phar-
macodynamics of calcineurin inhibitors: Part II. Clin Pharmacokinet
49:207-221

Suarez-Kurtz G, Perini JA, Bastos-Rodrigues L, Pena SD, Struchiner C
(2007) Impact of population admixture on the distribution of the
CYP3AS5*3 polymorphism. Pharmacogenomics 8:1299-1306

Turolo S, Tirelli AS, Ferraresso M, Ghio L, Belingheri M, Groppali E,
Torresani E, Edefonti A (2010) Frequencies and roles of CYP3AS,
CYP3A4 and ABCBI single nucleotide polymorphisms in Italian
teenagers after kidney transplantation. Pharmacol Rep 62:1159—
1169

Yates CR, Zhang W, Song P, Li S, Gaber AO, Kotb M, Honaker MR et al
(2003) The effect of CYP3A5 and MDRI1 polymorphic expression
on cyclosporine oral disposition in renal transplant patients. J Clin
Pharmacol 43:555-564

@ Springer



	The effect of CYP3A5 polymorphism on cyclosporine plasma level in Egyptian renal transplant recipients
	Abstract
	Introduction
	Patients and methods
	Statistical analysis
	Results
	Discussion
	Conclusion
	References


