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Abstract
Objective: To determine whether there is association between genotypes of drug
transporter multidrug resistant (MDR)1 gene coding drug transporter P-glycoprotein
and gingival overgrowth in kidney transplant patients.

Methods: Fifty-four unrelated kidney transplant patients suffering from gingival
overgrowth as well 120 control transplant patients without overgrowth were enrolled
into the study. Gingival overgrowth was assessed by two independent periodontal
specialists at 6 months after transplantation. During the post-transplant period all
patients were given medication, which included cyclosporine A, diltiazem or
verapamil, prednisone, azathioprine. MDR1 C3435T polymorphism was determined
using the polymerase chain reaction-restriction fragment length polymorphism assay.

Results: In kidney transplant patients suffering from gingival overgrowth mean score
of gingival overgrowth was 1.43 � 0.63, whereas in control subjects was 0.0. Patients
with gingival overgrowth induced by immunosuppressive medication were
characterized by similar distribution of MDR1 genotypes. There were no significant
differences of 3435CC, 20.4% and 22.5%, 3435CT, 61.1% and 54.2% and 3435TT,
18.5% and 23.3% genotypes (frequencies) between patients with and without gingival
overgrowth. The risk of gingival overgrowth was the highest among patients carrying
3435CT genotype (OD 1.33), but did not differ markedly from the other genotypes,
i.e. 3435CC (OD 0.88) and 3435TT (OD 0.75). Likewise to genotypes, distribution of
alleles was similar in patients with gingival overgrowth and healthy gingiva. The wild-
type allele 3435C was found in 50.9% and 49.6% of subjects whereas the mutated
allele 3435T was revealed in 49.1% and 50.4% of patients with and without gingival
overgrowth, respectively. The evaluated risk of gingival overgrowth in patients with
3435C allele was 1.06 versus 0.95 in those with healthy gingiva. The medication
regimen administered in both groups of the study was comparable. Immuno-
histochemical studies revealed expression of P-glycoprotein in ducts of the salivary
gland.

Conclusion: No association between the MDR1 gene polymorphism and gingival
overgrowth was revealed in kidney transplant patients administered cyclosporine A as
a principal immunosuppressive agent. Further studies are needed to elucidate the role
of P-glycoprotein in drug transport in salivary glands.
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Gingival overgrowth frequently occurs
in transplant patients receiving immuno-
suppressive drugs such as cyclosporine

(INN cyclosporin), which have been
widely used since 1970s. The incidence
of gingival overgrowth among renal

transplant patients treated with cyclo-
sporine A ranges from 13% to 84.6%
(Pernu et al. 1992, Somacarrera et al.
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1994, Margiotta et al. 1996, Afonso et al.
2003). Gingival overgrowth induced by
cyclosporine A is probably the conse-
quence of alterations in the turnover of
epithelial and connective tissues, result-
ing in an increase in structural proteins
sometimes associated with epithelial
thickening. Numerous studies have in-
vestigated potential risk factors in the
development of the condition, including
the extent of renal disease, interval since
transplantation, duration of renal repla-
cement therapy, dose of cyclosporine A,
gingival inflammation, plaque indices
and recipient human leukocyte antigens
phenotype. While some studies have
suggested some associations between
the incidence and severity of gingival
overgrowth and sex, pre-transplant diag-
nosis, age at transplantation, duration of
therapy and cyclosporine dosage, others
have failed to find any significant drug-
related risk factors for the development
of the disease as previously reported
(Seymour et al. 1996, Thomas et al.
2000, Thomas et al. 2001, Afonso et al.
2003). It was hypothesized that gingival
overgrowth due to cyclosporine A ad-
ministration is related to stimulation of
TGF-b1 transcription and modulation of
interleukin expression (Shin et al. 1998,
Myrillas et al. 1999). Gingival inflam-
mation and plaque are believed to
influence gingival overgrowth by in-
creasing sequestration of cyclosporine
A into the gingival crevice (Ellis et al.
1995). The pharmacokinetics of cyclo-
sporine A and its bioavailability are
clearly of importance in mediating its
clinical effects including its side effects,
such as gingival overgrowth.

The use of cyclosporine A in combi-
nation with a calcium channel blocker
has been shown to be associated with
increased prevalence and severity of
gingival overgrowth compared with
monotherapy with cyclosporine (Spratt
et al. 1999). However, it remains
unclear why a proportion of patients
are susceptible to gingival overgrowth
while others remain unaffected.

Cyclosporine A and calcium channel
blockers are substrates of P-glycopro-
tein, encoded by the multidrug resistant
(MDR)1 gene, ABCB1 (according to
the official gene code) (Schwab et al.
2003). The protein acts as an adenosine
triphosphate-dependent membrane ef-
flux pump. Human P-glycoprotein is
present in high levels in normal tissues
including the luminal membranes of
renal proximal tubules, the biliary
canalicular membrane of hepatocytes,

the apical surface of mucosal cells in the
small and large intestine, the capillary
endothelial cells of brain and testis, the
adrenal gland and the endometrium of
the pregnant uterus (Tanigawara 2000).
This tissue distribution suggests that P-
glycoprotein plays a role in excreting
toxic xenobiotics and metabolites into
urine and bile and into the intestinal
lumen, and in preventing their accumu-
lation in the brain. There is discrepancy
concerning the expression of P-glyco-
protein in the salivary glands, which in
turn could influence secretion of its
substrates into saliva. Early reports
negate the presence of P-glycoprotein
in salivary glands, but recent data do
suggest expression of the protein (Thie-
baut et al. 1987). Uematsu et al. (2001)
found the expression of P-glycoprotein
on the basolateral membrane of serous
acinar cells in the major and minor
salivary glands, particularly in the
anterior lingual gland. So, P-glycopro-
tein in the salivary glands might con-
tribute to the rate of excretion of drugs
being its substrates, among them cy-
closporine A. Hoffmeyer et al. (2000)
have reported a naturally occurring
MDR1 gene polymorphism, which is
associated with the expression of P-
glycoprotein. This polymorphism con-
sists of a C-to-T exchange at position
3435 in exon 26 of the MDR1 gene.
Individuals with the 3435TT genotype
had significantly lower duodenal MDR1
expression and function than those with
the 3435CC genotype. The difference in
P-glycoprotein levels between two
groups was greater than 65-fold, and
affected the pharmacokinetics of the
glycoprotein substrate, i.e. digoxin.
Thus specific genotype, i.e. 3435CC
leading to an increased expression of P-
glycoprotein, mediating excretion of
cyclosporine A and calcium channel
blockers into saliva, might be a risk
factor for development of gingival
overgrowth in transplant patients. The
frequency of MDR1 genotypes found in
a Polish population, 3435CC 23.3%,
3435CT 56.3% and 3435TT 20.4%
(Drozdzik et al. 2003), is similar to the
data reported from German population
(Cascorbi et al. 2001) as well as other
white populations, and differ from West
Africans (3435CC, frequency 83%),
African Americans (3435CC, 61%) or
Japanese population (3435CC, 36%)
(Schaeffler et al. 2001).

No study has to date explored the
possible interaction between individual
susceptibility to gingival overgrowth

induced by drugs being substrates for
P-glycoprotein and polymorphism of
MDR1 gene.

Materials and Methods

Patients of Polish origin from the
Western Pomerania (Poland) were in-
cluded in the study after giving informed
consent. The protocol of the study was
approved by the ethics committee of the
Pomeranian Medical University, Szcze-
cin, Poland. A total of 54 unrelated
kidney transplant patients suffering from
gingival overgrowth (36 males, 18
females) aged 22–68 years (mean
39.5 � 11.52 years) were enrolled into
the study. All patients were examined by
two independent consultant periodontal
specialists 6 months after kidney trans-
plantation. The patients were assessed
using a clinical scoring method accord-
ing to Pernu et al. (1992). The patients
were ascribed a general whole-mouth
score of between 0 and 3: 05 no over-
growth seen; 15mild gingival over-
growth (thickening of the marginal
gingiva and/or lobular granulation of
the gingival pocket as well as over-
growth covering the gingival third of the
crown or less); 25moderate gingival
overgrowth (overgrowth extending to the
middle of the crown); 35 severe gingi-
val overgrowth (overgrowth covering
two-thirds of the crown or affectation
of the whole attached gingiva).

Control samples were from 120
kidney transplant patients (61 males,
59 females), aged 21–72 years (mean
43.7 � 10.6 years), who were free from
gingival overgrowth signs at 6 months
after transplantation, as evaluated by
consultant periodontal specialists.

During the study period all subjects
were administered cyclosporine A,
azathioprine, prednisone and one of
two calcium channel blockers, i.e.
diltiazem or verapamil; seven patients
without gingival overgrowth were given
atenolol or prazosine. The serum con-
centrations of cyclosporine A were
measured by fluorescence polarization
immunoassay using TDx analyzer (Ab-
bott, Abbott Park, IL, USA) in all
patients. The characteristics of medica-
tion with drugs that are substrates for
glycoprotein P or could affect its
function is given in Table 1.

Genotyping

Genomic DNA was from leukocytes
contained in 450ml of venous blood
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with ethylene diamine tetra-acetic acid
as an anticoagulant. DNA was then
precipitated in 95% ethanol, dissolved
in distilled water and stored at � 201C
until analysis. MDR1 C3435T poly-
morphism was determined using the
polymerase chain reaction-restriction
fragment length polymorphism (PCR-
RFLP) assay (Cascorbi et al. 2001). A
197-bp fragment of P-glycoprotein
situated in exon 26 of MDR1 gene
was amplified from genomic DNA with
the primer pair P1 and P2. The sense
primer: 50-TGTTTTCAGCTGCTTGAT
GG-30 and antisense: 50-AAGGCATG
TATGTTGGCCTC-30 were used. PCR
amplification was performed in a total
volume of 100ml that contained 200ng
genomic DNA (dATP, dCTP, dGDP and
TTP, 200mmol/l each, MBI Fermantas,
Vilnius, Lithuania), 250 ng of each
primer; 1.5mmol/l magnesium chloride
and 2U Taq DNA polymerase (Gibco-
BRL Life Technologies, Glasgow, UK).
The amplification reaction was per-
formed using the Mastercycler 5330
(Eppendorf, Hamburg, Germany). PCR
amplification consisted of an initial
denaturation for 2min at 941C, followed
by 35 cycles of denaturation at 941C for
30 s, annealing at 601C for 30 s and
extension at 721C for 30 s. The terminal
elongation was performed at 721C for
7min. In an amplified 197bp fragment
the C3435T polymorphism destroys a
restriction enzyme cleavage site for
Sau3AI such that after digestion with
this enzyme for 16 h at 371C, the 3435C
allele can be detected by the presence of
two fragments, which are 158 and 39 bp
long. The presence of 3435T allele in the
amplified segment remains uncut, and
the presence of a heterozygous genotype
results in the presence of all three bands.
DNA fragments generated after restric-
tion enzyme digestion were separated on
a 3.5% agarose gel. Restriction frag-
ments were visualized after ethidium
bromide staining of the agarose gel with
the use of an ultraviolet transilluminator
(Biometra, Gottingen, Germany).

Immunohistochemistry

A 4-mm section was cut from paraffin
blocks of human salivary gland, depar-
affinized in xylene and rehydrated.
Endogenous peroxidase activity was
blocked with DAKO Peroxidase Block-
ing Reagent (DAKO, Hamburg, Ger-
many), according to the manufacturer’s
instructions. A mouse monoclonal
anti-P-glycoprotein, Clone F4 (KamiyaT
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Biochemical Company, Seattle, WA,
USA), was applied for 2 h at 371C.
The primary antibody was visualized
using the DAKO LSAB1System HRP
(DAKO) according to the instruction
manual. The slide was counterstained
with hematoxylin.

Statistical analysis

Differences of medication between stu-
died groups were compared with the use
of the unpaired Student’s t-test. Fre-
quencies of genotypes were given with
their 95% confidence intervals (95%
CIs). The distribution of genotypes in
renal transplant patients with and with-
out gingival overgrowth statistically
evaluated by the use of the w2 test with
Yate’s correction (Epi Info 6 program,
version 6.2, World Health Organization,
Geneva, Switzerland).

Results

Out of 54 patients with gingival over-
growth, 35 subjects were classified as
score 1 of gingival overgrowth, 15
patients were ascribed score 2 and four
subjects score 3. Mean score of gingival
overgrowth was 1.43 � 0.63 according to
Pernu’s scoring system (Pernu et al.
1992). Control transplant patients were
characterized by healthy gingiva, i.e. were
scored 0. The medication regimen admi-
nistered in both groups of the study was
comparable, except for one time point of
prednisone dosage. This difference was,
however, of no clinical importance for the
present study (Table 1).

The distribution of MDR1 gene
genotypes and alleles in kidney trans-
plant patients is shown in Table 2. The
patients with gingival overgrowth in-
duced by immunosuppressive medica-
tion were characterized by similar
distribution of MDR1 genotypes. There
were no significant differences in the
frequency of 3435CC, 3435CT and

3435TT genotypes between patients
with and without gingival overgrowth.
The risk of gingival overgrowth was the
highest among patients carrying
3435CT genotype (OD 1.33), but did
not differ markedly from the other
genotypes, i.e. 3435CC (OD 0.88) and
3435TT (OD 0.75). Likewise to geno-
types, distribution of alleles was similar
in patients with gingival overgrowth and
healthy gingiva. The evaluated risk of
gingival overgrowth in patients with
3435C allele was 1.06 versus 0.95 in
those with healthy gingiva.

Immunohistochemical studies re-
vealed expression of P-glycoprotein in
ducts of the salivary gland as it is
demonstrated in Fig. 1.

Discussion

The present study revealed expression
of P-glycoprotein in duct cells of the
salivary gland. The functional role of P-
glycoprotein in salivary glands has not
been determined yet. However, it is well
established that the glycoprotein plays
an important role in drug transport
across cellular membranes, acting as
an efflux pump, thus preventing their
accumulation. P-glycoprotein mediates
drug excretion into urine and bile and

into the intestinal lumen, and in pre-
venting their accumulation in the brain.
So, it can be speculated that it also
participates in drug excretion into sali-
va. Among substrates of P-glycoprotein
are drugs, whose clinical use is asso-
ciated with gingival overgrowth, i.e.
cyclosporine A, tacrolymus, phenytoin,
calcium channel blockers (verapamil,
diltiazem) (Seymour et al. 2000,
Schwab et al. 2003). Some studies with
cyclosporine A revealed that serum
concentrations of the drug are not good
determinants for gingival overgrowth,
whereas a positive correlation was
found between cyclosporine concentra-
tions in stimulated saliva and the extent
of gingival overgrowth (McGaw et al.
1987, Hefti et al. 1994). These data
suggest that P-glycoprotein may play a
role in the pathogenesis of cyclosporine
A-induced gingival overgrowth in trans-
plant patients, by influencing the drug
concentration in the saliva. Other drugs
concomitantly administered in those
patients may modulate the effects of
cyclosporine A on gingival overgrowth.
Some of them are also substrates and/or
modulators of P-glycoprotein activity,
such as calcium channel blockers and
prednisone (Wilson et al. 1998, Spratt
et al. 1999). However, it remains un-
clear why a proportion of patients are
susceptible to gingival overgrowth
while others remain unaffected.

A naturally occurring MDR1 poly-
morphism have been described and
correlated with potential clinical effects.
The C3435T polymorphism was found
to significantly correlate with the func-
tion of MDR1 and the expression of P-
glycoprotein (Hoffmeyer et al. 2000).
This polymorphism consists of a C-to-T
exchange at position 3435 in exon 26 of
the MDR1 gene. Individuals with the T/
T genotype had significantly lower
duodenal MDR1 expression, than those
with the C/C genotype. The difference
in P-glycoprotein levels between two

Table 2. Distribution of kidney transplant patients with gingival overgrowth and without overgrowth according to MDR1 genotypes

Gingival overgrowth
(n5 54)

Healthy gingiva (n5 120) OD (95% CI) w2-Value p-Value

n % (95% CI) n % (95% CI)

Genotype
3435CC 11 20.4 (10.6–33.5) 27 22.5 (15.9–30.8) 0.88 (0.18–1.58) 0.10 40.75
3435CT 33 61.1 (46.9–74.1) 65 54.2 (45.3–62.8) 1.33 (0.35–2.31) 0.73 40.39
3435TT 10 18.5 (9.2–31.4) 28 23.3 (19.7–28.7) 0.75 (0.14–1.36) 0.51 40.47

Allele
3435C 55 50.9 (40.6–60.3) 119 49.6 (43.3–55.9) 1.06 (0.58–1.54) 0.05 40.81
3435T 53 49.1 (39.7–58.5) 121 50.4 (44.1–56.7) 0.95 (0.52–1.38) 0.05 40.81

Fig. 1. Immunohistochemical identification
of P-glycoprotein in human salivary glands.
P-glycoprotein in the gland is dyed as dark
gray.
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groups was greater than 65-fold, and
affected the pharmacokinetics of the
glycoprotein substrate, i.e. digoxin.
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 polymorph-
ism directly influences P-glycoprotein
expression. Interestingly, a strong asso-
ciation between the C3435T and G2677
(A, T) allele was revealed by Tanabe
et al. (2001). Since G2677 (A, T) is a
missense mutation, it is likely to be
causative for differences in expression.
So, activity of P-glycoprotein, which is
genetically determined, could be related
to gingival overgrowth in renal trans-
plant patients, by influencing an extent
of drugs secreted into saliva, which in
turn may be responsible for the over-
growth.

The aim of this study was to evaluate
an association between MDR1 gene
polymorphism, encoding P-glycoprotein
and gingival overgrowth in renal trans-
plant patients administered cyclosporine
A as an immunosuppressive agent,
based on the assumption that C3435TT
genotype underlay lower P-glycoprotein
expression in the salivary glands. Re-
duced expression of P-glycoprotein may
play a protective role by less effective
excretion of cyclosporine into saliva
leading to decreased salivary concentra-
tions of the drug, and thus reducing the
risk of gingival overgrowth. On the
contrary, high activity of P-glycoprotein
encoded by 3435CC genotype may
promote gingival overgrowth. In the
present study, no significant correlation
between C3435T polymorphism of the
gene and the disease was found. The
distribution of wild-type alleles and
mutated ones was similar in both groups
of transplant patients, i.e. with and
without gingival overgrowth, and a risk
of overgrowth was comparable in these
two groups of patients. Likewise, dis-
tribution of the MDR1 gene alleles
3435C and 3435T did not differ mark-
edly between the analyzed kidney
transplant patients. Other drug factors,
i.e. cyclosporine A dose and serum
concentrations, diltiazem and predni-
sone dose were similar in both groups
of the study, thus did not influence the
results. However, there is now a con-
siderable body of evidence that the
combination of calcium channel blocker
(e.g. nifedipine, diltiazem) and cyclo-
sporine A in organ transplant patients
produces more gingival overgrowth
than if either drug was used singularly

(Margiotta et al. 1996, Thomasson et al.
1996). Perhaps, interaction of diltiazem
at the P-glycoprotein level (nifedipine is
not a substrate for human P-glycopro-
tein) may promote cyclosporine excre-
tion in the salivary glands, and thus
increasing cyclosporine salivary con-
centration stimulates gingival over-
growth. Inhibitory effects on the
activity of P-glycoprotein demonstrate
corticosteroids (Lo & Burckart 1999).
However, corticosteroids due to their
anti-inflammatory actions on plaque-
induced gingival inflammation reduce
severity of drug-induced gingival over-
growth in organ transplant patients
(Hassel & Hefti 1991, Somacarrera
et al. 1994). So, drugs administered to
renal transplant patients could interact
at the P-glycoprotein level in the
salivary glands and thus abolish the
importance of genetically determined
differences in the glycoprotein activity.
Furthermore, other gene polymorphism
could contribute to the observed results.
Cyclosporine A is principally metabo-
lized by CYP3A4/5, whose activity may
relay on its genetic polymorphism
(Kuehl et al. 2001). So, this polymorph-
ism could be a factor affecting gingival
overgrowth. There are also suggestions
that functional consequences of the
MDR 3435T allele are tissue specific,
which in turn may modulate drug
disposition (Yates et al. 2003). There-
fore, the effect of MDR1 gene poly-
morphism on activity of P-glycoprotein
in salivary glands, and thus on salivary
drug concentration should be evaluated
in the further studies.

The frequency of MDR1 genotypes
found in kidney transplant patients
(3435CC, 21.8%, 3435CT, 56.4% and
3435TT, 21.8%) is similar to those in a
healthy Polish population (3435CC,
23.3%, 3435CT, 56.3% and 3435TT,
20.4%) (Drozdzik et al. 2003).

In summary, no association between
the MDR1 gene polymorphism and
gingival overgrowth was revealed in
renal transplant patients administered
cyclosporine A as a principal immuno-
suppressive agent.
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