
Cyclosporine-induced gingival
overgrowth correlates with
NFAT-regulated gene
expression: a pilot study

Dannewitz B, Kruck E-M, Staehle HJ, Eickholz P, Giese T, Meuer S, Kaever V, Zeier
M, Sommerer C. Cyclosporine-induced gingival overgrowth correlates with NFAT-
regulated gene expression: a pilot study. J Clin Periodontol 2011; 38: 984–991. doi:
10.1111/j.1600-051X.2011.01773.x.

Abstract
Objective: To determine whether incidence and severity of cyclosporine A
(CsA)-induced gingival overgrowth (GO) is related to expression nuclear factor of
activated T cells-regulated genes (NFAT-regulated genes).

Material and Methods: Expression of NFAT-regulated genes was determined in 36
transplant patients medicated with CsA by real-time PCR before and 2 h after drug
intake and residual NFAT activity was estimated as ratio of both measurements.
Demographic, periodontal and pharmacologic parameters were recorded and GO
assessed from models. Subjects were divided into two groups according to the degree
of GO (responders: GO scoreX10%). Groups were compared using parametric and
non-parametric tests. The association of various CsA-specific and periodontal
parameters on incidence and extent of GO were determined using regression analysis.

Results: Responders had a more than twofold lower residual NFAT activity than
non-responders (7.9% and 18.1%, respectively; po0.001). Multiple regression
analysis revealed gingival inflammation, salivary CsA concentration, and residual
NFAT activity to be significant factors influencing the expression of GO. Seventy-
seven percent of the variability of GO could be explained by these parameters.

Conclusions: This study showed that pharmacodynamic parameters such as residual
NFAT activity may be promising prognostic indicators to identify patients with
increased risk for GO.
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Cyclosporine A (CsA) is one of the
basic immuno-suppressants for preven-
tion of transplant rejection as well as for

management of various autoimmune
conditions. CsA inhibits the activity
of calcineurin, which is an upstream
regulator of the transcription factor
nuclear factor of activated T cells
(NFAT) (Rao et al. 1997).

The first case series about CsA-
induced gingival overgrowth (GO) was
published just one year after its approval
(Rateitschak-Plüss et al. 1983). The
aetiology of CsA-induced GO is multi-
factorial and a variety of risk factors
have been identified including age,
drug variables, concomitant medication,
periodontal variables and genetic factors

(Thomas et al. 2000, Seymour 2006).
A range of pharmacokinetic parameters
has been studied including peak and
trough blood/serum concentration, drug
dosage and drug concentration in saliva.
However, the results are conflicting
and indicate that these parameters are
no useful prognostic indicators for GO
in patients treated with CsA (Thomas
et al. 2000, Seymour 2006).

Pharmacodynamic monitoring display-
ing biologic drug efficacy is a promising
tool to estimate the individual immuno-
suppressive responsiveness to CsA (Hartel
et al. 2002, Giese et al. 2004a, Sommerer
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et al. 2009). A real-time polymerase chain
reaction (PCR) based assay for the quan-
titative analysis of calcineurin activity
by determination of the NFAT-regulated
gene expression has been recently estab-
lished (Giese et al. 2004a, b). However,
to date there is no study investigating
the correlation of pharmacodynamic
parameters and expression of GO. In
this context we hypothesise that
increased GO is linked to reduced resi-
dual NFAT activity indicating a more
pronounced CsA effect in an individual
subject. Therefore we evaluated whether
incidence and expression of CsA-
induced GO was correlated with the
transcription level of NFAT-regulated
genes. In addition pharmacokinetic
parameters and periodontal variables
were determined as secondary outcome
variables.

Material and Methods

Experimental design and patients
selection

All renal transplant patients on CsA-
based immunosuppressive maintenance
from the transplant outpatient clinic
of the Department of Nephrology were
screened for presence of GO by oral
inspection from May 2006 to August
2008. Every subject fulfilling the inclu-
sion criteria was provided with detailed
information about the study and invited
to participate. Inclusion criteria were (i)
single or multiple renal transplant recipi-
ent, (ii) CsA intake for at least 6 months,
and (iii) ageX18 years. A total of 144
patients could be screened, of whom 36
subjects showed local or generalised
enlargement of the gingiva (25%, Fig.
1). Thirty-nine patients did not match the
inclusion criteria (27.1%; 25 subjects had
a CsA intake of o6 months or the
duration of drug administration was not
clearly evident from the records and 14
patients went off CsA in the meantime).
Forty-seven patients refused to participate
in the study (32.6%).

Finally, 18 subjects with GO and 18
pair-matched controls without GO were
enrolled in this study. Included patients
were matched for age (� 5 years) and
gender. After informed consent was
obtained the next follow-up appointment
in the Department of Nephrology was
coordinated with the periodontal exam-
ination in the Section of Periodontology
to allow all parameters to be assessed on
the same day. For the analysis patients
were classified as responders and non-
responders according to the extend of GO

assessed on models. Eventually, 18
patients had been included with signs of
GO based on the oral screening. How-
ever, one of these patients had a GO score
(GOS) of o10% and was finally assigned
to the non-responder group (Fig. 1).

This cross-sectional trial was
approved by the local ethics committee
of the Medical Faculty of the Heidelberg
University (Application S-004/2007).

Assessment of GO

GO was assessed on plaster models by
one experienced examiner (B. D.). Mod-
els were scored using a system des-
cribed before (Seymour et al. 1985).
This was expanded to allow the record-
ing of all inter-dental sites. A GOS
between 0 and 5 was assigned to each
inter-dental papilla depending on the
amount of both horizontal and vertical
enlargement. The papilla distal to the
last-standing molar and areas with an
adjacent edentulous space were not
measured. Basically, a total of 60 such

papillae could be examined giving a
potential maximum of 300; GOS was
expressed as a percentage. Patients
with a GOSX10% were classified as
responders and the other subjects as
non-responders.

To evaluate consistency of repeated
measurements intra-examiner reprodu-
cibility was determined. Therefore,
GOS was measured on two occasions
three weeks apart in 10 subjects not
involved in the study, each showing
various degrees of GO. The calculated
intra-class correlation coefficient of
0.988 (95% confidence interval 0.951–
0.997, po0.001) demonstrated a very
good correlation of both measurements.
Hence, only a single determination of
GOS was performed in this study.

Periodontal variables

The following parameters were mea-
sured by one experienced examiner
(E. K.): (i) number of teeth, (ii) tooth
mobility (increased mobility was classified

Fig. 1. Study flow chart: a total of 144 patients could be screened. Thirty-nine patients did
not match the inclusion criteria, 47 patients refused to participate in the study. Subsequently
18 subjects with clinical signs of gingival overgrowth (GO) and 18 pair-matched (match to
age and gender) controls without GO were enrolled in this study. One of the patients with GO
had a GO score (GOS) of o10% and was finally assigned to the non-responder group.

NFAT activity and gingival overgrowth 985

r 2011 John Wiley & Sons A/S



as follows: Grade I slightly more than
normal; Grade II moderately more
than normal; Grade III severe mobility
facial-lingually and/or mesio-distally
combined with apical displacement)
(Carranza & Takei 2006), (iii) full-
mouth plaque score (FMPS) (O’Leary
et al. 1972), (iv) full-mouth bleeding
score (FMBS) (Ainamo & Bay 1975),
(v) probing pocket depths (PPD) to the
nearest 1 mm at six sites per tooth
using a standardised periodontal probe
(PCP-UNC-15, Hu-Friedy, Chicago,
IL, USA), and (vi) bleeding on prob-
ing (BOP).

Quantitative analysis of NFAT-regulated

gene expression

The NFAT-regulated gene expression
was measured in peripheral blood
lymphocytes stimulated with phorbol-
12-myristate-13-acetate (PMA)/ionomy-
cin (Sigma-Aldrich, Steinheim, Germany).
For further details, we refer to recent
reports (Giese et al. 2004a, b). The
strongest inhibition was seen for inter-
leukin-2 (IL-2), interferon-g (IFN-g ),
and granulocyte-macrophage colony-sti-
mulating factor (GM-CSF) (Giese et al.
2004b). To avoid individual differences
in the expression of a particular single
gene, NFAT-regulated gene expression
was evaluated by measuring three dif-
ferent genes.

Briefly, gene expression was quan-
tified using real-time PCR with the
LightCycler. Target sequences were
amplified using commercially available
LightCycler Primer Sets (Search-LC,
Heidelberg, Germany) with the Light-
Cycler FastStart DNA Sybr Green I Kit
(Roche Diagnostics, Mannheim, Ger-
many) according to the manufacturer’s
protocol. The transcript concentration
for the measured genes was calculated
from a virtual standard curve, obtained
by plotting a known input concentration
of a plasmid to the PCR cycle number
at which the detected fluorescence inten-
sity reached a fixed value. mRNA input
was normalised by a constant expression
value of two housekeeping genes (b-
actin and cyclophilin B). The data of the
two independent analyses for each sam-
ple and each parameter were averaged
and presented as the ratio between the
expression level before (C0) and 2 h (C2)
after CsA intake (residual NFAT activi-
ty 5 C2/C0 � 100). For all three genes,
the residual gene expression was aver-
aged and presented as mean residual
gene expression.

Demographic data, concomitant

medication, parameters of kidney
function, and measurement of CsA blood

level

Data regarding age, gender, weight,
number of transplantations, post-trans-
plantation time, daily CsA dosage, and
concomitant medication were obtained
from the patients’ records. Creatinine
was assessed as serum marker of renal
function and the glomerular filtration
rate (GFR) was estimated using the
MDRD (modification of diet in renal
disease) equation (Levey et al. 1999).

Patients were requested to fast from the
collection of the CsA trough level (C0)
in the morning until after the 2-h sample
had been obtained. CsA blood levels
were measured by quantitative multiplied
immunoassay technique (EMITt; Dade-
Behring, Marburg, Germany).

Determination of salivary CsA
concentration

CsA concentration was determined in
stimulated as well as unstimulated saliva.
Before use, all plasticware was treated
with AquaSilt Siliconizing Fluid
(Pierce, Rockford, IL, USA) (Mendonza
et al. 2004). Samples were taken 2 h after
CsA intake under standardised condi-
tions (Söderling 1989), subsequently fro-
zen and collectively referred to the
Institute of Pharmacology, Hannover
Medical School, Germany, for analysis,
applying liquid chromatography-tandem
mass spectrometry technique (LC-MS/
MS) as described before (Koal et al.
2004, Mendonza et al. 2004).

Statistical analysis

Statistical analysis was performed using a
commercially available software package
(SPSS, Version 16.1 for Mac OS X, SPSS
Inc., Stanford, CA, USA). To compare
means between both groups t-test for
independent samples was applied for con-
tinuous, normally distributed data. For
nonparametric parameters Mann–Whit-
ney U-test was used. Nominal or ordinal
data were analysed using w2 statistics.

To elucidate the impact of various
CsA-specific and periodontal variables
(independent variables) on expression
of GO (dependent variable) data were
evaluated applying univariate and multi-
ple regression analysis. Missing values
of salivary CsA concentration were
replaced by the calculated median.
Transformation was performed to line-

arise the association between dependent
and independent variables.

Results

Experimental population and kidney
function

A total of 36 subjects were enrolled in
this study (Fig. 1). The mean age was 45
years; 25% of the studied patients were
female (Table 1). Since patients were
matched, both groups showed a similar
distribution for gender and age. Post-
transplantation time was on average 91
months. This time span was consider-
ably longer in the responder group
(106 � 73 months) than in the non-
responder group (78 � 68 months);
however, this difference was statisti-
cally not significant (Table 1).

Non-responders revealed a slightly
better kidney function than responders
demonstrated by a lower creatinine level
and a higher GFR, but the difference
between both groups failed to reach
statistical significance.

CsA dosage, duration of drug intake, CsA
concentration in blood and saliva

The daily dosage for CsA was
172.36 � 48.9 mg (2.47 � 0.86 mg/kg
body weight, accordingly) for all stu-
died patients. Non-responders showed a
higher dosage (183.42 � 51.52 mg) than
responders (160.0 � 44.02 mg), but
this difference failed to reach statistical
significance (Table 1). Within respon-
ders mean duration for CsA intake was
longer (106.47 � 72.77 months) com-
pared with non-responders (71.63 �
67.4 months), but the observed differ-
ence was statistically not significant.
Trough and 2-h CsA blood level were
comparable in both groups (Table 1).

In one patient collection of unstimu-
lated saliva yielded no sufficient volume
for analysis; another patient showed a
CsA concentration below the detection
limit (1 ng/ml) in both samples. In one
patient CsA was administered as sus-
pension and the measured concentration
in both samples exceeded the average of
the other patients by the factor 100.
These subjects were not included for
descriptive evaluation of the data. Overall
mean CsA concentration in stimulated
saliva was less than in unstimulated sam-
ples. Responders showed a higher CsA
concentration in both samples than non-
responders; however, the difference was
statistically not significant (Table 1).
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Residual expression of NFAT-regulated
genes (residual NFAT activity)

Regarding the residual NFAT activity
we could detect a statistically significant
difference between both groups (Table 1
and Fig. 2). Non-responders had a more
than twofold higher residual NFAT
activity than responders (18.1% and
7.9%, respectively; po0.01).

To evaluate the correlation between
residual NFAT activity as dependent
variable to and C2 blood level, data
were displayed as scatter diagrams (not
shown). Correlation of residual NFAT
activity and CsA-C2 blood concentra-
tion was inverse (residual NFAT activity
5 24.6191(� 0.0018 � CsA-C2 blood
level), p 5 0.023, R2 5 14.4%).

Concomitant medication

Patients were also treated with several
other supplemental drugs: 35 subjects
(97.2%) received an antihypertensive
medication, in 32 patients (91%) two
or more antihypertensive agents were
combined. More than half of the studied
patients (58.3%) took calcium channel
blockers (CCB) additionally to CsA
(Table 2). The proportion was signifi-
cantly higher in the responder group
(76.5%) than in the non-responder group
(42.1%; po0.05). The following CCB
were applied: dihydropyridine (amlodi-
pine, felodipine or lercanidipine; overall
57.2%), benzothiazepine (diltiazem;
overall 33.3%), and in two patients
compounds of both groups (Table 2).

Median GOS in patients medicated with
calcium channel blockers was 21.3%
compared with 14.6% in subjects with-
out this additional medication. How-
ever, the difference between both
groups was statistically not significant.

Periodontal variables and GO score (GOS)

Overall patients had a mean of 24.9
teeth; the number of teeth was similar
in both groups (Table 3). Only 5.3% of

teeth had an increased mobility, the
majority (79.2%) of grade I. Responders
showed significantly more teeth with
increased tooth mobility of grade II or
III (39.1%) than non-responders (4%).

The mean value for all assessed PPD
was about 0.5 mm deeper in responders
than in non-responders (po0.01). In
responders the most pronounced GO
was observed in anterior teeth (GOS
22%). Most notably, lower anterior teeth
showed severe GO (GOS 18%), whereas

Table 1. Demographic and CsA-relevant parameters for responders showing a gingival overgrowth score (GOS)X10% and non-responders
(GOSo10%)

Responders (n 5 17) Non-responders (n 5 19) p

Age in years (mean � SD; range) 44 � 14; 24–67 46 � 16; 19–69 NS
Female sex (no./total no.; %) 4/17; 23.5% 5/19; 26.3% NS
Weight in kg (mean � SD; range) 71 � 15; 48–95 72 � 11; 53–90 NS
Post-transplantation time in months (mean � SD; range) 106 � 73; 14–246 78 � 68; 11–224 NS
Creatinine in mg/dl (mean � SD; range) 1.55 � 0.46; 1.01–2.69 1.38 � 0.5; 0.51–2.67 NS
MDRD in ml/min/1.73 m2 (mean � SD; range) 54.35 � 19.68; 28.89–94.3 64.97 � 30.28; 18.52–144.65 NS
Duration of CsA therapy in months (mean � SD; range) 106.47 � 72.77; 14–246 71.63 � 67.4; 12–225 NS
CsA dosage/day in mg (mean � SD; range) 160.0 � 44.02; 85–235 183.42 � 51.51; 100–260 NS
CsA dosage/kg BW (mean � SD; range) 2.31 � 0.81; 1.32–4.9 2.6 � 0.9; 1.22–4.91 NS
CsA-C0 blood level in ng/ml (mean � SD; range) 102.24 � 29.43; 39–157 110.58 � 32.8; 30–161 NS
Dose-adjusted CsA-C0 blood level in ng/ml per mg/kg BW
(mean � SD; range)

46.97 � 15.35; 19.66–70.68 47 � 17.32; 8.7–68.08 NS

CsA-C2 blood level in ng/ml (mean � SD; range) 628.29 � 238.92; 216–1182 647.79 � 214.27; 346–1178 NS
Dose-adjusted CsA-C2 blood level in ng/ml per mg/kg BW
(mean � SD; range)

285.61 � 108.25 274.61 � 105.25 NS
(108.86–496.44) (70.53–465)

Residual NFAT activity in % (mean � SD; range) 7.88 � 4.92; 2–17 18.11 � 11.78; 3–46 o0.01
CsA level in unstimulated saliva in ng/ml (median; IQR; no.) 5.9; 3.78–9.37; n 5 16 3.9; 2.9–8.5; n 5 17 NS
CsA level in stimulated saliva in ng/ml (median; IQR; no.) 4.5; 2.8–6.6; n 5 17 3.2; 2.35–4.35; n 5 17 NS

BW, body weight; C0, before CsA administration; C2, 2 h after intake; CsA, cyclosporine A; eGFR, estimated glomerular filtration rate; IQR, inter-quartile

range; MDRD, modification of diet in renal disease; NFAT, nuclear factor of activated T cells; NS, not statistically significant; SD, standard deviation.

Fig. 2. The boxplot diagram illustrates the residual activity of the transcription factor NFAT
(nuclear factor of activated T-cells; residual NFAT activity) 2 h after cyclosporin A (CsA)
administration (C2) displayed as percent. For responders showing a gingival overgrowth
score (GOS)X10% mean residual NFAT activity was significantly lower (po0.01) than for
non-responders (GOSo10%). The box encloses the middle half of the values from the lower
to the upper quartile and the whiskers represent the highest/lowest values that are no outliers
or extreme values. Mild outliers (between 1.5 and three times the inter-quartile range) are
denoted by a dot (patient no. 15 and 26). The red line within the box shows the median.
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no statistically significant difference
could be observed between both groups
in the area of the upper anterior teeth
(responders: 10%, non-responders: 4%).
GO was more pronounced buccally than
at oral sites, and more severely in the
maxillary gingiva than in the mandibu-
lar gingiva (Table 3).

Correlation and extend of variability of

GOS to CsA-specific and periodontal
parameters

Firstly an univariate regression analysis
with GOS as dependent variable was
performed to evaluate an association

between GOS and CsA-specific para-
meters and periodontal variables. As
indicator of the overall fit of the model,
F-statistic was assessed, revealing that
models with acceptable suitability could
only be calculated for dose-adjusted
CsA-C2 blood level, residual NFAT
activity, CsA concentration in unstimu-
lated and stimulated saliva and FMBS
(Table 4). Dose-adjusted CsA-C2 blood
level (p 5 0.026, R2 5 13.8%), square
root (SQRT)-transformed values of resi-
dual NFAT activity (p 5 0.013, R2 5
16.8%), quadratic-transformed values
of FMBS (p 5 0.002, R2 5 25.2%), and
salivary CsA concentration in unstimu-

lated (po0.0001, R2 5 64.6%) and sti-
mulated saliva samples (po0.0001,
R2 5 69.3%) demonstrated a statistically
significant correlation to the expression
of CsA-induced GO (Table 4).

Subsequently, multiple regression
analysis was applied to evaluate which
of the factors considered in this study
have an impact on the expression of
CsA-induced GO. All variables, which
had demonstrated a significant associa-
tion on GOS in univariate analysis,
were included at the start. Variables
without regression coefficient differing
significantly from zero were gradually
excluded from the model (dose-adjusted

Table 2. Intake of calcium channel blockers (CCB) for responders showing a gingival overgrowth score (GOS)X10% and non-responders
(GOSo10%)

Responders (n 5 17) Non-responders (n 5 19) p

CCB (no./total no.; %) 13/17; 76.5% 8/19; 42.1% o0.05
Benzothiazepine (no./total no.; %) 5/13; 38.5% 2/8; 25.0% NS
Dihydropyridine (no./total no.; %) 7/13; 53.8% 5/8; 62.5% NS
Benzothiazepine1dihydropyridine (no./total no.; %) 1/13; 7.7% 1/8; 12.5% NS

CCB, calcium channel blocker; NS, not statistically significant.

Table 3. Periodontal variables for responders showing a gingival overgrowth score (GOS)X10% and non-responders (GOSo10%)

Responders (n 5 17) Non-responders (n 5 19) p

Number of teeth (mean � SD; range) 24.18 � 7.58; 3–31 25.63 � 4.5; 14–32 NS
Number of mobile teeth (no./total no.; %) 23/411; 5.6% 25/487; 5.1% NS
FMBS in % (median; IQR) 14.7; 7.6–23.3 15.2; 12.5–20.5 NS
FMPS in % (mean � SD; range) 25.37 � 15.96; 8.3–62.5 24.88 � 12.47; 8.3–53.9 NS
BOP in % (median; IQR) 12.5; 8.5–19.3 11.4; 7.3–14.5 NS
PPD in mm (mean � SD; range) 2.81 � 1.13; 1–7 2.35 � 0.7; 1–8 o0.01
GOS in % (median; IQR) 14.62; 10.21–18.65 2.94: 0.56–4.62 o0.01
GOS maxilla in % (median; IQR) 15.0; 10.0–41.15 4.0; 0–6.67 o0.001
GOS mandible in % (median; IQR) 10.77; 5.96–22.02 1.33; 0–4.55 o0.01
GOS anterior teeth in % (median; IQR) 22.0; 10.5–31.12 3.33; 0–6.25 o0.01
GOS posterior teeth in % (median; IQR) 11.88; 10–15.5 1.88; 0–4.29 o0.01
GOS anterior teeth maxilla in % (median; IQR) 10.0; 10–40 4.0; 0–10 NS
GOS anterior teeth mandible in % (median; IQR) 18.0; 7–33 2.0; 0–4 o0.01
GOS posterior teeth maxilla in % (median; IQR) 14.29; 8.38–33.75 3.75; 0–7.5 o0.01
GOS posterior teeth mandible in % (median; IQR) 8.75; 4.73–19.38 0.0; 0–2 o0.01
GOS labial sites in % (median; IQR) 17.69; 12.69–26.21 5.38; 0–7.06 o0.01
GOS oral sites in % (median; IQR) 11.25; 7.91–17.08 0.0; 0–2.31 o0.01

BOP, bleeding on probing; FMBS, full-mouth bleeding score; FMPS, full-mouth plaque score; GOS, gingival overgrowth score; IQR, inter-quartile

range; NS, not statistically significant; PPD, probing pocket depth; SD, standard deviation.

Table 4. Univariate regression analysis investigating the relationship between gingival overgrowth score (GOS) and cyclosporin A (CsA)-specific
parameters as well as periodontal variables

Independent variables Transformation Equation p-value SE 95% R2 (%)

Dose-adjusted CsA-C2 blood level
(ng/ml per mg/kg BW)

x0.063–5.364 0.026 0.027 0.008–0.118 13.8

Residual NFAT activity (%) SQRT(NFAT) x(� 5.525)131.124 0.013 � 0.41 � 9.807–(� 1.243) 16.8
CsA level in unstimulated saliva samples (ng/ml) x1.786–0.452 o0.0001 0.804 1.325–2.246 64.6
CsA level in stimulated saliva samples (ng/ml) x3.535–3.998 o0.0001 0.832 2.688–4.383 69.3
FMBS (%) FMBS2 x0.00619.339 0.002 0.502 0.002–0.009 25.2

BW, body weight; CI, confidence interval; C2, 2 h after intake; CsA, cyclosporine A; FMBS, full-mouth bleeding score, nuclear factor of activated T

cells; SE, standard error; SQRT, square root.
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CsA-C2 blood level and CsA concentra-
tion in stimulated saliva). According to
the results depicted in Table 5, expres-
sion of GOS can be explained by the
following equation: GOS 5 10.925�
3.766 � SQRT(NFAT)� 0.004 � FM-
BS212.253 � CsA unstimulated saliva.

All coefficients were significantly dif-
ferent from zero with a significance
level of 5%. FMBS, residual NFAT
activity, and CsA concentration in unsti-
mulated saliva could predict the varia-
bility of GOS up to 77% (R2 5 0.768
and R 5 0.876).

Discussion

The aetiology of CsA-induced GO is
multi-factorial in nature and numerous
risk factors have been identified pre-
viously (Seymour et al. 2000, Seymour
2006). Since pharmacokinetic parameters
do not seem to be reliable prognostic
factors for GO, the present study aims
to evaluate the correlation of GO and
expression of NFAT-regulated genes, as
a specific pharmacodynamic parameter of
CsA therapy. Moreover, periodontal vari-
ables and pharmacokinetic parameters
were studied accordingly.

Analysis of the data revealed no statis-
tically significant difference between both
groups for post-transplantation time,
duration of CsA intake, daily CsA dosage,
daily CsA dosage related to the body
weight, and CsA blood level at C0 and
C2. However, these results can be related
to the low threshold level of X10%,
which may be too low to identify sig-
nificant differences between both groups.

Subsequently, association between
measured variables and expression of
GO was examined applying simple
regression analysis in addition to the
comparison of groups. This analysis
demonstrated a marginal statistically
significant positive correlation to the
severity of GO only for the dose-
adjusted CsA-C2 blood level. In recent

years numerous studies have focused on
the relationship between pharmacoki-
netic parameters and the incidence and
severity of GO showing conflicting
results. The majority could not demon-
strate a significant association between
CsA concentration in blood/serum and
GO (Wysocki et al. 1983, Daley et al.
1986, Friskopp & Klintmalm 1986,
McGaw et al. 1987, Ross et al. 1989,
Seymour & Smith 1991, King et al.
1993, Cebeci et al. 1996a, b, Margiotta
et al. 1996, Afonso et al. 2003, Thoma-
son et al. 2005, Cota et al. 2010). In
contrast, other authors detected an asso-
ciation between CsA daily dosage, CsA
blood level and GO (Hefti et al. 1994,
Somacarrera et al. 1994, Thomas et al.
2000, Radwan-Oczko et al. 2003, de
Oliveira Costa et al. 2006). Regarding
the discussed results, pharmacokinetic
data such as CsA daily dosage and blood
level do not seem eligible as prognostic
indicators for patients with increased
risk for GO.

Most investigations evaluated the
expression of GO either to the trough
level or it was not clearly described
at which time after CsA intake blood
concentration was determined. For the
new galenic formulation of CsA
(Sandimmuns Neoral, Novortis Phar-
ma, Nüremberg, Germany), the 2-h
level provides a better calculation of
the CsA exposure compared with the
previously favoured pre-dose level
(Keown et al. 1996).

So far, only few studies have evalu-
ated the association of salivary CsA
concentration and occurrence and
expression of GO (McGaw et al. 1987,
King et al. 1993, Hefti et al. 1994,
Margiotta et al. 1996). As yet only one
group shows that GO is significantly
correlated with the salivary CsA level
(McGaw et al. 1987). Additionally,
authors reported that CsA concentration
in saliva exceeded the corresponding
serum level by as much as factor 12
(McGaw et al. 1987). Patients in the

study were medicated with a CsA sus-
pension and oral mucosal exposure to
CsA by administration of a mixture is
approximately 130 times higher than in
capsule form (Modeer et al. 1992). We
could not show any significant differ-
ence between both groups regarding
salivary CsA concentration, yet in con-
trast to the investigated literature, we
observed a statistically significant posi-
tive correlation between the salivary
CsA level and the severity of GO. The
mean CsA concentration in stimulated
salivary samples was significantly lower
than in unstimulated saliva. However,
increased oral fluid production changes
the pH and as a result salivary concen-
tration of the drug (Drummer 2006).

In contrast to the pharmacokinetic
data, we could detect a statistically
significant difference between respon-
ders and non-responders regarding the
residual NFAT activity as well as a
significant inverse correlation between
expression of NFAT-regulated genes
and severity of GO. Patients with GO
demonstrated less residual NFAT activ-
ity as consequence of CsA-induced cal-
cineurin inhibition while CsA blood
concentration differed not significantly
between both groups. The association of
pharmacodynamic parameters and GO
has not been evaluated so far. Never-
theless a specific association between
the residual NFAT activity and CsA
related adverse events such as recurrent
infections or malign transformations
have been proven (Sommerer et al.
2006, 2008b, Konstandin et al. 2007,
Billing et al. 2010). These events are
associated with the immunosuppressive
effect of CsA. Though it is questionable
whether the immunomodulative effect
of CsA is relevant for the aetiology of
GO, these surrogate parameters allow a
more precise estimation of the indivi-
dual bioavailability of CsA compared
with the conventionally applied thera-
peutic drug monitoring (Sommerer et al.
2008a, 2009). Further intervention stu-
dies have to elucidate if GO reduces
when CsA dosage is adjusted according
to the residual NFAT activity.

Numerous studies have described that
a concomitant medication with CCB
does not consistently increase the inci-
dence but significantly aggravates the
expression of GO (Pernu et al. 1993,
Thomason et al. 1993, 1996, Khoori
et al. 2003, Ellis et al. 2004, Vescovi
et al. 2005, Cota et al. 2010). In the
present study 76.5% of responders but
only 42.1% of non-responders were

Table 5. Multivariate regression analysis investigating the relationship between gingival over-
growth score (GOS) and residual NFAT (nuclear factor of activated T cells) activity, full-mouth
bleeding score (FMBS) and cyclosporin A (CsA) level in unstimulated saliva sample

Coefficient SE 95% CI p-value

Constant 10.925 4.776 1.196–20.654 0.029
SQRT(NFAT) � 3.766 1.165 � 6.138–(� 1.394) 0.003
FMBS2 � 0.004 0.002 � 0.007–0.000 0.027
CsA unstimulated saliva 2.253 0.311 1.619–2.887 o0.001

CI, confidence interval; CsA, cyclosporine A; FMBS, full-mouth bleeding score; NFAT, nuclear

factor of activated T-cells; SE, standard error; SQRT, square root.
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additionally medicated with CCB. The
median GOS was increased for patients
taking CCB, but the difference failed to
reach statistical significance. The class of
CCB includes different substances. Clin-
ical trials show that various agents have a
different effect on the occurrence and
severity of GO (Cebeci et al. 1996a, b,
James et al. 2000, Radwan-Oczko et al.
2003). However, the number of patients
enrolled in the present study is too small
and intake too heterogeneous to allow
evaluation of the impact of concomitant
medication with CCB on GO.

The mean FMPS calculated in the
present study was only 25.4% and no
association could be detected for FMPS
and severity of GOS. In many cases GO
is so extensive, that much of the tooth
crown is covered. Evaluation of plaque
scores on the basis of application of a
disclosing solution may therefore under-
estimate the presence of plaque. Bacter-
ial plaque and subsequently gingival
inflammation still have to be considered
as risk factors for GO, even if a direct
association may be masked by the above
mentioned problems. Although the inci-
dence and expression of GO might not
only be related to the amount but
also to the qualitative composition of
the microbiota (Romito et al. 2004, Cota
et al. 2010) challenging the mere quan-
titative assessment of plaque as appro-
priate tool for the estimation of the
association between plaque and GO
(Romito et al. 2004).

Plaque-induced gingivitis was identi-
fied as an important risk factor for GO in
the majority of previous clinical studies
corroborating our results (Tyldesley &
Rotter 1984, McGaw et al. 1987, Ross
et al. 1989, King et al. 1993, Pernu et al.
1993, Thomason et al. 1993, 2005, Hefti
et al. 1994, Somacarrera et al. 1994,
Cebeci et al. 1996a, b, Margiotta et al.
1996, Afonso et al. 2003, Ellis et al.
2004, de Oliveira Costa et al. 2006,
Lima et al. 2008, Cota et al. 2010). As
in our trial, most of the previous inves-
tigations are cross-sectional trials,
which cannot differentiate whether the
gingival inflammation was present
before onset of GO or was subsequently
induced by aggravated plaque accumu-
lation as consequence of GO.

Assessment of the clinical attachment
in patients with GO often shows a con-
siderable measurement error due to the
difficulty to identify the cemento-enam-
el junction. Therefore we measured PPD
but not the attachment level. This how-
ever is surely a shortcoming of our study

design, as we could not determine the
loss of periodontal attachment and the
potential influence on expression of GO.

Conclusion

In the present study we could demon-
strate that gingival inflammation, sali-
vary CsA level, and residual NFAT
activity significantly influence the sever-
ity of GO; 77% of GO’s variability
could be attributed to these three factors
in a multi-variate analysis. These factors
are therefore important indicators for the
incidence of GO.
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Clinical Relevance

Scientific rationale of the study: Phar-
macokinetic parameters are not reliable
prognostic indicators for CsA-induced
GO due to the highly variable bioavail-
ability of CsA. Nuclear factor of acti-
vated T cells (NFAT)-regulated gene
expression as a specific pharmacody-
namic parameter displays directly the

biologic effect of CsA and allows
estimation of the individual immuno-
suppressive responsiveness to the drug.
Association of GO and residual NFAT
activity has not been evaluated so far.
Principal findings: Extend of GO
correlates highly significantly with
residual NFAT activity. Residual
NFAT activity, gingival inflamma-

tion and salivary CsA concentration
explain up to 77% of the variability
of GO expression.
Practical implications: Residual
NFAT activity, inflammatory status
of the gingival and salivary CsA-
level could be used by clinicians to
identify patients on CsA with
increased risk for GO.
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