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Abstract

Cyclosporine is used extensively in kidney transplantation and is a substrate for cytochrome
P450 enzymes. The role of cytochrome p450 polymorphisms in kidney transplant outcome has
not yet been fully elucidated. We investigate the clinical impact of single nucleotide
polymorphisms in CYP3A4, CYP3A5, PPARa, and POR*28 in 255 kidney transplant recipients. We
examine for any association with graft survival, time to first cancer, and delayed graft function,
and also measure cyclosporine levels at days 3, 10, and months 1, 3, 6, and 12 after
transplantation. The CYP3A4*22 allele is significant associated with the development of cancer
post-kidney transplantation (HR 0.20, 95% CI 0.07–0.57, p¼ 0.003). It is not significantly
associated with graft survival. No other SNP’s were associated with graft survival time to first
cancer, or delayed graft function. There was a non-significant trend of lower cyclosporine dose
requirement in CYP3A4*22 carriers. Independent replication of our findings is now warranted
to confirm or reject the role of CYP3A variants in cancer development following kidney
transplantation.
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Introduction

The calcineurin inhibitor cyclosporine is an immunosuppres-

sant drug used for the prevention of rejection following

transplantation. Cyclosporine is a metabolic substrate for

cytochrome P450 (CYP) 3A enzymes – in particular,

CYP3A4 and CYP3A5 – and is transported out of cells via

P-glycoprotein (ABCB1).1 The introduction of cyclosporine

transformed the care of transplant recipients, enabling a

reduction in the incidence of acute rejection and an improve-

ment in short-term graft survival.2 However, the clinical use

of cyclosporine has been limited by its narrow therapeutic

index and its variable interindividual pharmacokinetics.3

Therapeutic drug monitoring of cyclosporine is routinely

performed, with the drug dosage adjusted according to whole-

blood drug concentrations and patient clinical response.3

An understanding of the influence of genetic factors on the

pharmacokinetics of calcineurin inhibitors could allow iden-

tification of the optimal immunosuppressant drug combin-

ation, starting dose, and maintenance regimen for a particular

individual, and help to identify patients with an increased risk

of adverse effects. CYP3A4 is the most abundant isoform of

cytochrome P450 (CYP) and it metabolizes approximately

45–60% of all prescribed drugs.1 There is significant

inter-individual variation in CYP3A4 activity. To date, more

than 30 single nucleotide polymorphisms (SNPs) in the

CYP3A4 gene have been identified.4 A recently identified

functional SNP located in CYP3A4 intron 6 (rs35599367

C4T) defines the CYP3A4*22 allele. The T-variant allele of

CYP3A4*22 has been associated both with decreased hepatic

CYP3A4 mRNA expression and with decreased CYP3A4

enzymatic activity.5

Transplant recipients are at an increased risk of cancer

post-transplantation.6 A previous analysis of the National

Renal Transplant Registry studied the incidence of skin

cancer in Irish transplant patients and demonstrated a

standardized incidence ratio for skin cancer in young

transplant patients of as much as 250. There was also a

statistically significant increase in the incidence rates for

carcinoma in situ of the cervix, lung cancer, renal cancer, and

lymphoma.7 An association of melanocortin 1 receptor

(MC1R) and methylenetetrahydrofolate reductase (MTHFR)

polymorphisms with the development of post-transplant skin

cancer has been demonstrated.8

The aim of this study is to examine the association of

CYP3A4 and CYP3A5 polymorphisms with graft survival

and with the occurrence of cancer post kidney transplantation.

Methods

Ethics

The Beaumont Hospital Ethics Committee approved this

study (protocol nos. 06/81 and RE: 07/16) and written
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informed consent was obtained from all participants. This

study adhered to the Declaration of Istanbul.

Patients were adult, kidney only, deceased donor kidney

transplant recipients transplanted in the period 1993–2002.

All patients were white. Patients were maintained on standard

triple immunosuppression with cyclosporine, prednisolone,

and either mycophenolate mofetil or azathioprine. All DNA

was collected at the time of transplantation.

Genotyping

DNA was extracted from whole blood using standard tech-

niques. DNA samples for 292 patients were analyzed. Patients

were part of a genome wide association study (GWAS), the

results of which have been published elsewhere.9 GWAS data

were used to identify CYP3A5 allelic carrier status. In brief,

genotyping was conducted using the Illumina Human 610-

Quad platform (Illumina, Inc., San Diego, CA), which provides

excellent coverage of common variation. The raw intensity

data were processed and quality controlled using Illumina

Genome Studio software (Illumina, Inc., San Diego, CA). Data

were cleaned using PLINK employing standard protocols.

CYP3A4*22 is not in linkage disequilibrium with any Hapmap

SNPs and is, therefore, will not be detected in any GWAS

studies. Allelic discrimination analysis was carried out for the

determination of CYP3A4*22 allelic status (rs35599367).

Allelic discrimination reaction was achieved using TaqMan

(Applied Biosystems, Foster City, CA) genotyping assays

(C__59013445_10) on the ABI PRISM 7500 Fast real-time

PCR System (Applied Biosystems, Foster City, CA). There

was sufficient phenotype data on 255 patients.

Statistical analysis

Patient demographic data were available from our renal

patient database (Clinical Vision 3.4a Version 1.1.34.1,

Clinical Computing, Cincinnati, OH). The log rank test for

equality of survivor functions was used to compare graft

survival outcomes between various groups. We also examined

for an association with time to first cancer. Cancer data

included all invasive cancers including non-melanoma skin

cancer. Cancer data were obtained by merging the National

Renal Transplant Database and the National Cancer Registry,

Ireland, which registers all histologically confirmed cancers

including non-melanoma skin cancer for the Republic of

Ireland. Period at risk was from the date of transplant to death

or end of follow up (July 2011).

Statistical analysis was performed using Stata (version 10,

StataCorp, College Station, TX). For the univariate analysis

of the association between categorical data (e.g., the

incidence of acute rejection), we used Pearson’s Chi-squared

test or Fisher’s exact test, as appropriate. Gene variants

demonstrating evidence for an effect on Kaplan–Meier

analysis (p50.05) were then analyzed in time-to-event

analyses using a Cox model with the effect of genotype

adjusted for relevant clinical variables. The dependent

variables included gender, age of the recipient and donor,

PRA, acute rejection, cold ischemia time, and delayed graft

function. Due to the testing of multiple SNPs, the Bonferroni

correction was applied and a p value of 0.0125 was

considered statistically significant.

Results

Of the 255 patients studied, 230 (90.2%) had the

CYP3A4*1/*1 genotype and 25 (9.8%) were heterozygous

for the CYP3A4*22 (rs35599367) variant, whereas no variant

homozygotes were found. The observed genotypes were in

accordance with the Hardy–Weinberg equilibrium. Table 1

describes the demographic characteristics of the study

population. Patients carrying CYP3A4*22 variant were

more likely to be older and have an older donor. No

statistically significant difference was observed in graft

survival between variant allele carriers and homozygotes for

the reference allele (Figure 1).

Table 2 describes the cancer incidence in the study

population. Eighty-seven patients developed cancer during the

study period. The majority (84%) were non-melanomatous

skin cancer. There were three patients who developed renal

cell carcinoma, two cervical carcinomas, and one lymphoma.

Other cancers included lung and colorectal carcinoma.

Figure 2 demonstrates a lower incidence of cancer in patients

carrying the CYP3A4*22 variant (cumulative incidence at 10

years, 16% vs. 36%, p¼ 0.03). This is despite the fact that

patients with this variant were older than the CYP3A4*1/*1

group. We then performed a Cox proportional hazards model

with time to first cancer as the dependent variable to correct

for variables which may be significantly associated with time

to first cancer (including acute rejection, gender, recipient

age, degree of HLA mismatching, cold ischemic time). In this

analysis, the association between CYP3A4*22 and time to

first cancer was statistically significant (HR 0.20, 95% CI

0.07–0.57, p¼ 0.003) (Table 3). Recipient age and acute

rejection were also significant.

There was no association between CYP3A4*22 and

delayed graft function (data not shown).

CYP3A5

We genotyped the CYP3A5 allele and examined the associ-

ation of gene variants with death-censored graft failure. There

were three patients with CYP3A5*1/*1 genotype, 39 patients

with CYP3A5*1/*3, and 213 patients with CYP3A5*3/*3.

Given the low number of patients homozygous for the wild-

type allele, the wild-type allele homozygotes and heterozy-

gotes were grouped together for the purposes of the analysis.

There was no significant association between CYP3A5

variants and graft survival, time to first cancer, and delayed

graft function (data not shown).

SNPs within PPARa and POR*28

PPARa rs4253728 and rs4823613 and POR*28 rs1057868

were not associated with graft failure, DGF, or time to first

cancer.

Cyclosporine levels

Cyclosporine trough levels were and doses were recorded at

day 3, day 10, 1 month, 3 months, 6 months, and 12 months

post-transplantation. When analyzing levels in the

CYP3A4*1/*1 versus CYP3A4*22 groups, there was no

significant difference between the groups when considering

data at each time point of the follow-up. However, there was a

2 C. Traynor et al. Ren Fail, Early Online: 1–5
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consistent non-significant trend of a lower dose requirement

(i.e., higher C0/dose) for CYP3A4*22 carriers. In the mixed

model, CYP3A4*22 carriers show a +22.5% increased

C0/dose compared with CYP3A4*1/*1 (p¼ 0.018).

Discussion

In our study, we have found a novel association of CYP3A4

variants with time to first cancer. In our patients, CYP3A4*22

variant is protective against cancer. The polymorphism is

associated with lower hepatic expression of CYP3A4 enzyme

and higher cyclosporine trough levels.10,11 The CYP3A4*22

allele is not in linkage disequilibrium (LD) with any HapMap

SNPs, therefore, association studies using tag SNPs in

genome wide association studies have failed to correlate this

SNP with clinical phenotypes.12

An association has previously been identified between the

CYP3A4*22 variant and the occurrence of delayed graft

function (DGF) following kidney transplantation.12 The

CYP3A4*22 allele was significantly associated with a

higher risk of DGF compared with the CYP3A4*1/*1 patients

after adjustment for known risk factors [odds ratio

(OR)¼ 6.34, confidence interval (95% CI: 1.38–29.3),

p¼ 0.015]. Previous studies have identified polymorphisms

that have an association with cancer development in transplant

patients. The presence of melanocortin 1 receptor (MC1R)

and methylenetetrahydrofolate reductase (MTHFR) has pre-

viously been shown to have a strong association with the

development of post-transplant skin cancer. A polymorphism

of the MTHFR gene was identified at nucleotide position 677

Table 1. Demographic characteristics of study population.

Demographic All patients (n¼ 255) CYP3A4*1/*1 (n¼ 230) CYP3A4*1/*22 (n¼ 25) p Value

Age (years)a 43.6 (31.4–51.2) 43.2 (30.6–50.8) 48.3 (39.6–56.2) 0.04
Gender (male) 67.8% 67.4% 72% 0.82
Transplant number

First 98.4% 98.3% 100% 1.0
Second 1.6% 1.7% 0%

HLA mismatchesb 2.9 ± 1.23 2.9 ± 1.2 3.1 ± 1.2 0.34
PRA

0–10 87.0% 87.3 % 84% 0.57
10–90 6.3% 6.6 % 4%
490 6.7% 6.1% 12%

Cold ishemia timea (h) 21.0 (18–24) 20.5 (18–25) 21.0 (18–24) 0.62
Donor age (years)a 38.0 (21–49) 37.0 (21–49) 46.0 (28–53) 0.05
Donor gender (male) 60.0% 61.3% 48.0% 0.21

Notes: The demographics of the patients with CYP3A4 variants are compared.
aMedian (interquartile range).
bMean ± SD.

Figure 1. Kaplan–Meier test for graft survival
based on the genotype for CYP3A4*1/*1
(CC) versus CYP3A4*22 (CT) (p¼ 0.57).

Table 2. CYP3A4 association with cancer.

Cancer
CYP3A4*1/*1

(n¼ 230)
CYP3A4*22

(n¼ 25) Chi-squared p Value

Yes 83 (36.1%) 4 (16%) 3.94 0.034
No 147(63.9%) 21 (84%)

DOI: 10.3109/0886022X.2015.1007013 CYP3A variants with kidney transplant outcomes 3
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on chromosome 1 with a C–T substitution which leads to

amino acid change of alanine to valine and significantly

reduced enzyme activity. This results in hypomethylation of

genomic DNA and is strongly associated with the risk of SCC

in renal transplant recipients.8 A study of CYP3A4 poly-

morphisms in the general population identified an association

with CYP3A4*1B polymorphisms with cancer risk, in

particular for prostate cancer in African populations.13

Malignancy was common in males in our patient group

and this is similar to findings in other studies.14 Cyclosporine

is metabolized extensively in the liver and metabolism has

been shown to generate reactive oxygen species (ROS) which

have a role in cyclosporine associated nephrotoxicity.15 We

postulate that the increased generation of cyclosporine

metabolites in patients with CYP3A4*1/*1, who have

increased enzymatic activity in CYP3A, contributing to the

increased incidence of cancer in this patient group identified

in the study.

CYP3A5 is polymorphically expressed, with at least II

SNPs identified to date. The most extensively studied

CYP3A5 SNP involves an A–G transition at position 6986

within intron 3 of the CYP3A5 gene (rs776746). This SNP has

recently been studied and did not show a relationship

with graft survival in a large cohort of transplant patients.16

We did not find an association between CYP3A5 and

transplant outcomes. Carriers of the CYP3A5*1/*1 variant

are expressers of CYP3A5 and have higher dose requirements

and lower cyclosporine trough levels in comparison with

CYP3A5*3/*3 carriers.17,18

A potential limitation of our study is that it is a single

centre study of a small number of patients. Our study

population was all white and, while this limits the possibility

of population stratification, the results cannot be extrapolated

to other populations.

All the patients in our study were treated with cyclosporine

and a study of patients treated with tacrolimus is warranted.

Cyclosporine and tacrolimus are both calcineurin inhibitors

with similar mechanism of action and metabolism. Finally, we

did not collect donor DNA. A study by Moore et al.16 has

demonstrated an association with donor CC genotype at

C3435T within ABCB1 and kidney allograft failure.

In summary, this large study examines the association of

recipient genotypes and important clinical endpoints in

kidney transplantation. We found a statistically significant

association between CYP3A4*22 and the development of

cancer post-transplantation. Pre-transplant genotyping of this

allele has the potential to identify patients at increased risk of

adverse outcomes and could lead to enhanced surveillance

and appropriate adjustment of immunosuppression in these

patients. Our study now requires replication in a larger

prospective cohort to confirm the role of CYP3A4 poly-

morphisms in renal transplant outcome.
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