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Abstract:

P-glycoprotein (P-gp), an ATP-dependent efflux pump, is a membrane protein encoded by MDR1 gene, which demonstrates

functional polymorphism. It is present in endothelial cells of the blood-brain barrier. P-gp pays a role in transmembrane transport of

various xenobiotics, thus limiting their accumulation in the central nervous system. Cyclosporine A which is used as an

immunosuppressive drug in patients with allogenic kidney grafts is a substrate for P-gp. Cyclosporine A may cause neurotoxic

adverse effects, among them tremor. It was assumed that polymorphism of MDR1 gene which is associated with change in P-gp

activity plays a role in induction of tremor in some patients with allogenic kidney graft treated with cyclosporine A. A total of 118

unrelated postransplant kidney patients were enrolled into the study. The tremor group included 23 cases and 95 randomly selected

posttransplant individuals with no signs of tremor served as controls. No statistically significant correlation between MDR1 gene

polymorphism C3435T and tremor was found. The tremor group and the control group were characterized by similar distribution of

MDR1 genotypes, i.e. 3435CC, 3435CT, 3435TT.
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Introduction

MDR1 gene encodes P-glycoprotein (P-gp), which

belongs to the family of ABC transporter proteins.

P-gp is a membrane-associated protein, which acts as

an ATP-dependent pump taking part in the transmem-

brane transport of many xenobiotics, including cyclo-

sporine A, commonly used in patients with allogenic

kidney graft [8]. P-gp is expressed in many organs

and tissues such as apical brush border of luminal

cells of digestive system, proximal renal tubules, bile

canalicular face of hepatocytes and hemopoetic cells

as well as in the apical surface of brain capillary endo-

thelial cells [8, 10]. The tissue distribution suggests

that P-gp plays a role in excreting toxic xenobiotics

and metabolites into urine and bile and into the intes-

tinal lumen, as well as in preventing their accumula-

tion in the brain. It was reported that P-gp located in

the blood-brain barrier limited the brain accumulation

of many drugs, including cyclosporine A, digoxin,

vinblastine, dexamethasone, ondansetron and lopera-

mide as well as pesticides, i.e. ivermectin [11].

The functional role of P-gp as an efflux pump has

been well established, relating to drug transport
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across cellular membranes, thus preventing their in-

tracellular accumulation. The evidence for P-gp-

mediated transport was obtained using ischemic rat

model. The changes in permeation of cyclosporine A

inversely correlated with the change in ATP content in

the brain. The concentration of cyclosporine A has

been reported to increase across blood-brain barrier

(by approximately 17-fold) in forebrain ischemia [13].

Other studies reported the evidence of P-gp involve-

ment by demonstrating the changes in blood-brain

barrier transport in mice lacking P-gp, encoded by the

MDR1a gene. MDR1a gene-deficient mice compared

with normal strain presented significantly increased

concentrations of cyclosporine A in the brain [13].

Administration of cyclosporine A in immunosup-

pressive therapy may involve adverse neurotoxic ef-

fects, among them tremor. Tremor is the most com-

mon sign and occurs in 20–39% of patients with neu-

rotoxic effects of cyclosporine A. It is frequently seen

within the first weeks of cyclosporine A therapy [1].

The mechanism of cyclosporine A-induced encepha-

lopathy is unclear. It has been reported that cyclospor-

ine A is both a cell-growth inhibitor and an inducer of

cell apoptosis as well, which finally may result in di-

rect toxicity and encephalopathy. The process of im-

munosuppressant-induced encephalopathy was exam-

ined in mouse model indicating that the permeability

of blood-brain barrier to cyclosporine A is enhanced

and that encephalopathy is induced as a result of the

depressed activity of P-gp [6]. It has been proved that

MDR gene knockout mice [(MDRla (–/–)] develop

normally, but they are characterized by the increased

sensitivity to toxic effects of P-gp substrates. Schinkel

et al. [9] reported that a strain of mice, which did not

have detectable P-gp at the blood-brain barrier, i.e.

MDR1a (–/–), was 100-fold more sensitive to the neu-

rotoxic pesticide ivermectin. In addition, they dis-

played an increased accumulation of the pesticide in

the brain. Likewise, mice of CF-1 strain, which are

also deprived of P-gp were 50-fold more sensitive to

toxic effects in the central nervous system of another

pesticide, i.e. avermectin [7].

Differences in the P-gp activity may reflect genetic

polymorphism. Human MDR1 polymorphism has

been described and correlated with potential clinical

effects. This polymorphism was a C-to-T exchange at

position 3435 in exon 26 of the MDR1 gene. It was

found that the C3435T polymorphism significantly

correlated with changes in the expression and activity

of P-gp. Individuals with the T/T genotype had sig-

nificantly lower duodenal MDR1 expression than

those with the C/C genotype. The difference in P-gp

levels between two groups was greater than 65-fold,

and affected the pharmacokinetics of the glycoprotein

substrate, i.e. digoxin [5].

On the basis of the above reports, we hypothesized

that tremor induced by cyclosporine A in patients with

allogenic kidney graft may be related to MDR1 gene

polymorphism associated with changes in P-gp activity.

Materials and Methods

Patients of Polish origin from the Pomeranian region

were included in the study after giving informed con-

sent. The protocol of the study was approved by the

Ethics Committee of the Pomeranian Medical Univer-

sity, Szczecin, Poland. A total of 118 unrelated post-

transplant kidney patients aged from 21 to 72 years

were enrolled into the study. All the patients were

treated with cyclosporine A as a main immunosup-

pressive drug. The tremor group included 23 people

(17 males and 6 females) aged from 28 to 64 years

(mean 49.3 ± 8.8 years), in whom the presence of

tremor was diagnosed by a consultant neurologist.

Control samples were derived from 95 randomly se-

lected posttransplant individuals (49 males and 46 fe-

males) aged from 21 to 72 years (mean 45.3 ± 10.5),

in whom clinical examination did not reveal any signs

of tremor. The patients had no history of seizure, con-

vulsion or encephalopathy.

Genotyping

Genomic DNA was extracted manually (precipitation

with trimethylammonium bromide salts from leuko-

cytes contained in 450 �l of venous blood with eth-

ylenediaminetetraacetic acid as an anticoagulant) [4].

DNA was then precipitated in 95% ethanol, dissolved

in distilled water and stored at –20°C until analysis.

MDR1 C3435T mutation was determined using the

polymerase chain reaction-restriction fragment length

polymorphism (PCR-RFLP) assay [2]. A 197-bp frag-

ment of exon 26 was amplified from genomic DNA

with the primer pair P1 and P2. The primer sequences

were: P1 (sense): 5’-TGTTTTCAGCTGCTTGATGG-3’;

P2 (antisense): 5’-AAGGCATGTATGTTGGCCTC-3’.

PCR amplification was performed in a total volume of
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100 �l that contained 200 ng of genomic DNA (dATP,

dCTP, dGDP and TTP, 200 �mol/l each, MBI ferman-

tas, Vilnius, Lithuania), 250 ng of each primer;

1.5 mmol/l magnesium chloride, and 2U Taq DNA

polymerase (Gibco BRL Life Technologies, Glasgow,

Scotland). The amplification reaction was performed

using the Mastercycler 5330 (Eppendorf). PCR ampli-

fication consisted of an initial denaturation for 2 min

at 94°C, followed by 35 cycles of denaturation at

94°C for 30 s, annealing at 60°C for 30 s, and exten-

sion at 72°C for 30 s. The terminal elongation was

performed at 72°C for 7 min. In an amplified 197 bp

fragment, the C3435T polymorphism affects a restric-

tion enzyme cleavage site for Sau3AI in such a way

that after digestion with this enzyme for 16 h at 37°C,

the 3435-C allele can be detected by the presence of

two fragments, which are 158 bp and 39 bp long. The

presence of 3435-T allele in the amplified segment re-

maining uncut, and the presence of a heterozygous

genotype results in the presence of all three bands.

DNA fragments generated after restriction enzyme di-

gestion were separated on a 3.5% agarose gel. Re-

striction fragments were visualized after ethidium

bromide staining of the agarose gel with the use of an

ultraviolet transilluminator.

Statistical analysis

Frequencies of genotypes and alleles were given with

their 95% confidence intervals (95% CI). The distri-

bution of genotypes in patients with and without

tremor after allogenic kidney graft transplantation

was statistically evaluated by the use of the Chi-

square test. The comparisons between tremor and

control group were performed using Student’s t-test

and U Mann-Whitney tests where applicable.

Results

Neurological clinical examination revealed tremor in

23 patients of all examined allogenic transplant pa-

tients. Tremor appeared around the eight day after cy-

closporine A administration (± 6 days). None of the

patients from the control group presented tremor. The

dosage and blood concentration of cyclosporine A in

both groups were comparable (Tab. 1). Similarly,

there were no differences in prednisone and diltiazem

administration. The characteristics and comparison of

patients from both groups related to age, urea, creati-

nine, bilirubin, aspartate transaminase (AST), alanine

transaminase (ALT) levels are shown in Table 2.

The distribution of MDR1 gene genotypes in kid-

ney transplant patients of both study groups is pre-

sented in Table 3. The tremor group and the control

group were characterized by similar distribution of

MDR1 genotypes, i.e. 3435CC, 3435CT, 3435TT.

Discussion

Tremor is one of the most common side effects in pa-

tients with allogenic kidney grafts receiving cyclo-

sporine A. It is reported in up to 40% of patients and

appears shortly after cyclosporine A administration

[1, 3]. It is more often seen with high cyclosporine A

levels but normal levels do not preclude the presence

of tremor [3]. The occurrence of tremor after cyclo-

sporine A administration has not been well explained,

however, the idea of P-gp involvement for which cy-

closporine A is a substrate is highly probable. As P-gp

is encoded by MDR1 gene, a naturally occurring hu-
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Tremor group
(mean ± SD)

No-tremor group
(mean ± SD)

Cyclosporine A concentrations (ng/ml) 412.3 ± 191.1 421.3 ± 205.2

Cyclosporine A dose (mg/24 h) 310.5 ± 82.4 305.0 ± 87.6
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Parameter Tremor group
mean ± SD

Control group
mean ± SD

p

Age (yrs) 45.3 ± 10.5 49.3 ± 8.8 > 0.09

Creatinine (mg%) 3.33 ± 2.24 2.55 ± 1.33 > 0.11

Urea (mg%) 78.5 ± 56.3 81.6 ± 63.0 > 0.83

Bilirubine (mg%) 0.70 ± 0.30 0.71 ± 0.23 > 0.59

AST (U/l) 26.1 ± 14.9 19.6 ± 6.3 < 0.04*

ALT (U/l) 29.1 ± 21.9 20.6 ± 7.3 > 0.07

- ����������� �����	����� ��		������ .� / "*"012 +%� 3 ��������� �����#
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man MDR1 polymorphism have been described and

correlated with potential clinical effects. The C3435T

polymorphism was found to significantly correlate

with the expression of P-gp [5]. Because C3435T

does not change the amino acid sequence and is not

located at a promoter position in the MDR1 gene, it is

unlikely that this polymorphism directly influences

P-gp expression. Interestingly, a strong association

between the C3435T and G2677(A,T) allele was re-

vealed by Tanabe et al. [12]. Since G2677(A,T) is

a missense mutation, it is likely to be causative for

differences in P-gp activity. Thus, genetically deter-

mined changes in P-gp activity could be involved in

tremor induction in renal transplant patients by influ-

encing an extent of cyclosporine A transport into the

brain. A study by Yamauchi et al. [14] demonstrated

a correlation, although not significant, between MDR1

gene polymorphism and the incidence of tremor in six

liver transplant patients. The authors revealed a posi-

tive correlation between G2627[A,T] polymorphism

and negative between C3435T polymorphism of MDR1

gene and neurotoxicity induced by tacrolimus, which,

like cyclosporine A, is a substrate of P-gp [14].

In our study, we evaluated an association between

MDR1 gene 3435CT polymorphism and tremor in re-

nal transplant patients administered cyclosporine A as

an immunosuppressive agent, basing on the assump-

tion that C3435T polymorphism is connected with the

lower P-gp expression in the epithelial cells in the

blood-brain barrier. No significant correlation be-

tween C3435T polymorphism of the gene and the dis-

ease was found. The distribution of wild-type alleles

and mutated ones was similar in both groups of trans-

plant patients, i.e. with and without tremor. The rate

of tremor observed during the present study, i.e. 19 %,

as well as the time of its occurrence 8 ± 6 days was

similar to the data reported by other authors [1].

Other drug-related factors, i.e. cyclosporine A dose

and serum concentrations and diltiazem and predni-

sone dose, were similar in both groups in this study,

thus, they did not influence the results. However,

there is now considerable body of evidence that the

combination of calcium channel blocker (diltiazem)

and cyclosporine A in organ transplant patients causes

cyclosporine A accumulation due to diltiazem-induced

P-gp blockage [8]. Perhaps competitive inhibition of

P-gp activity by diltiazem promotes cyclosporine

A-induced neurotoxicity, irrespectively of MDR1 gene

polymorphism. Corticosteroids demonstrate similar

inhibitory effects on the activity of P-gp [8]. Thus, in-

hibitory effects of different drugs administered to re-

nal transplant patients could mask the influence of ge-

netically determined differences in the P-gp activity.

The effect of MDR1 gene polymorphism on activity of

P-gp in blood-brain barrier and, thus, on drug concen-

tration in brain should be evaluated in the future

study.

In conclusion, no association between the MDR1

gene 3435CT polymorphism and tremor was revealed

in renal transplant patients administered cyclosporine

A as a principal immunosuppressive agent.
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