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Abstract
Aims: The relationship between gingival overgrowth (GO) induced by cyclosporine
A (CsA) and transforming growth factor-b1 (TGF-b1) remains unclear. The aims of
the present study were to evaluate TGF-b1 gene expression under different
immunosuppressive treatments and its association with TGF-b1 gene functional
polymorphism and GO in renal transplant recipients.

Material and Methods: The study included 98 CsA-treated renal transplant
recipients (with and without GO) and 44 tacrolimus-treated transplant patients
(without GO). TGF-b1 mRNA expression was measured using a real-time quantitative
polymerase chain reaction assay. The levels were correlated with TGF-b1 gene
polymorphisms at codons 10 and 25, with different immunosuppressive treatment and
GO.

Results: The level of TGF-b1 gene expression was insignificantly lower in the CsA-
treated group compared with the tacrolimus group, and significantly lower in the group
with GO compared with patients without GO. In tacrolimus- and CsA-treated patients,
but not in patients with GO, the level of TGF-b1 gene expression was associated with
functional phenotypes of TGF-b1. The incidence, degree and extent of GO were higher
in recipients with lower TGF-b1 gene expression.

Conclusions: Lower level TGF-b1 gene expression, not functional polymorphism, in
patients treated with CsA may be considered to be a risk factor for GO.
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Tadeusz Dobosz3

1Department of Periodontology;
2Department of Nephrology and Transplant

Medicine and 3Department of Forensic

Medicine, Molecular Techniques Unit,

Silesian Piasts University of Medicine,

Wroczaw, Poland

Conflict of interest and source of
funding statement

The authors declare that they have no
conflict of interests.
The study was self-funded by the authors
and their institution.

Gingival overgrowth (GO), an unwanted
effect related to cyclosporine A (CsA)
and calcium channel blockers’ adminis-
tration in renal transplant recipients, is
well recognized (O’Valle et al. 1995,
James et al. 2000, Routray et al. 2003).
Although the alternative immunosup-

pressive drug, tacrolimus, became
more widely used, cyclosporine remains
an important drug for prevention
of organ transplant rejection (Berloco
et al. 2001). Numerous studies have
investigated local and systemic factors
that contribute to development of GO,
but the exact mechanism for this pathol-
ogy is still unknown (Afonso et al. 2003,
Radwan-Oczko et al. 2003, Bartoli et al.
2004). A significant correlation between
oral hygiene and gingival or periodontal
status and the extent and severity of GO
was proved. Nevertheless, the elimina-
tion of the local factors during the initial

phase of periodontal therapy resulted in
a more ameliorating inflammation than
in a reduction in GO (Kantarci et al.
1999, Leung et al. 2003, Radwan-Oczko
et al. 2004, Aimetti et al. 2005a, b).
Some studies suggested that the total
dose and trough blood concentration of
cyclosporine and the human leucocyte
antigen HLA-DR2 are related to the
development of GO (Thomas et al.
2000). The level of CsA evaluated in
whole saliva, and the level of cytokines
in gingival crevicular fluid (GCF) were
also considered to be important deter-
minants of this pathology (Modeer et al.
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1992, Atilla & Kütükcüler 1998). But
today various factors related to GO
remain an area of controversy.

Attention was also drawn to immu-
nopathological and molecular mechan-
isms and genetic predispositions
concerning the multifactorial pathogen-
esis of cyclosporine-induced gingival
changes. Transforming growth factor-
b1 (TGF-b1) has been widely recog-
nized as a key fibrogenic cytokine.
Recent studies considered the role of
plasma and GCF levels of TGF-b1 and
TGF-b1 gene polymorphisms. There are
studies pointing out that the CsA ther-
apy increases the level of this cytokine
(Buduneli et al. 2001, Wright et al.
2004). However, the results are equivo-
cal. Earlier studies described the asso-
ciation between increased levels of
TGF-b1 and both hereditary GO
(Wright et al. 2000) and CsA-induced
GO (James et al. 1998). However, the
latter type of overgrowth is not predo-
minantly fibrotic and the pathology can
result from deficiency of this cytokine.
In the latest investigation, in which the
influence of periodontal status and TGF-
b1 plasma concentration on GO was
analysed, the low plasma level of this
cytokine was found to be a risk factor of
GO in patients receiving CsA and con-
comitantly calcium channel blockers
(Ellis et al. 2004).

In our previous study, we did not find
any relationship between TGF-b1 plas-
ma levels and GO. We identified the
high producer phenotype of TGF-b1 to
be overrepresented in patients suffering
from GO. The lowest incidence of GO
was observed in the 10 C/C genotypes
(Radwan-Oczko et al. 2006).

In the last decade, tacrolimus
(FK506) has been introduced as an
alternative immunosuppressant to CsA
(Berloco et al. 2001, Chand et al. 2001).
This calcineurin inhibitor has also been
investigated for its impact on GO. Renal
transplant patients treated with tacroli-
mus do not suffer from GO even if
calcium channel blockers are used
concomitantly (James et al. 2001, Rad-
wan-Oczko et al. 2004). Moreover, sig-
nificant or complete regression of GO
and improvement of gingival conditions
were noticed after conversion from CsA
to tacrolimus both in the objective and
in the subjective evaluation (Busque
et al. 1999, Kohnle et al. 1999, Thorp
et al. 2000, Hernandez et al. 2003,
Radwan-Oczko & Boratyńska 2006).
Tacrolimus, like CsA, increases TGF-
b1 production.

Thus, the aim of the present study
was to investigate and compare the level
of TGF-b1 gene expression in renal
transplant recipients under CsA therapy
with and without GO and in patients
under tacrolimus therapy. Furthermore,
the association of the TGF-b1 gene
expression with functional polymorph-
isms and development, degree and
extent of GO was investigated.

Material and Methods

In this study, 142 outpatients after renal
transplantation from the Department of
Nephrology and Transplant Medicine,
Silesian Piasts University of Medicine,
Wroczaw, were enrolled. All patients
provided informed consent to participate
in the study. The research was launched
following local committee approval and
conducted in accordance with the Hel-
sinki Declaration of 2002. There were
85 males and 57 females with a mean
age of 39 years (range 15–70) and mean
48 months (range 4–312) after trans-
plantation. In the immunosuppressant
treatment, CsA (98 individuals) and
tacrolimus (44 individuals) were given.
Both CsA and tacrolimus were used in
combination with azathioprine or myco-
phenolate mofetil and prednisolone.
Besides, 75% of the patients received
calcium channel blockers concomi-
tantly. The dose of immunosuppressive
drugs depended on the through level and
the time lapse after transplantation. The
patients had stable renal graft function.

The CsA-treated group consisted of
54 patients with (GO1) and 44 recipi-
ents without (GO� ) GO. Patients in the
tacrolimus-treated group were free of
GO. The data collected included the
following clinical and gingival vari-
ables: immunosuppressive drug total
dose, time after transplantation, gender,
plaque and bleeding indices.

GO was observed in degrees from 1
to 3 as assessed according to a 4-degree
scale. The scale described in earlier
investigations (Radwan-Oczko et al.
2006) ranges from 0 – indicating no
overgrowth, to 3, indicating enlarge-
ment covering more than half of the
tooth crown. The extent of GO present
was from 33% to 100% dental units. The
average number of teeth in the investi-
gated groups was from 22 to 23. For
clinical evaluation of bleeding, the
SBI% index and for plaque the API%
index were used (Mühlemann & Son
1971, Lange et al. 1977). All dental

examinations were performed by the
same dentist.

TGF-b1 quantitative gene expression
(E) was estimated in 96 renal transplant
recipients (35 CsA group with GO, 31
CsA group without GO and 30 treated
with tacrolimus) by the real-time reverse
transcriptase-polymerase chain reaction
(RT-PCR) method. Forty-eight patients
were not assayed for mRNA TGF-b1,
because of systemic factors, which
might influence the expression of this
cytokine (ischaemic heart disease, ather-
osclerosis, HCV infection, administra-
tion of inhibitor of HMG-CoA reductase
and/or angiotensin-converting enzyme
inhibitor). Genetic polymorphism, on
the other hand, is invariable under dif-
ferent systemic influences.

TGF-b1 gene expression was mea-
sured in peripheral mononuclear cells
using real-time RT-PCR. Total RNA
was extracted using the PAXgene Blood
RNA Kit (PreAnalytix, Hombrechticon,
Switzerland). Purity and yield were
determined spectrophotometrically and
2 mg of total RNA was reverse tran-
scribed by the ThermoScriptt RT-PCT
system (Invitrogen, Carlsbad, California).
All quantitative real-time PCR (Taq-
Mant, Branchbuvg, New Jersey) pri-
mers, probes and Universal Master Mix
were obtained from Applied Biosystems
(Foster City, California, USA). All
PCRs were performed using 2.5ml
cDNA per reaction in triplicates of
25 ml volume on an ABI Prism
7900HT Sequence Detection system
(TaqMan) using a two-step PCR proto-
col after the initial denaturing of the
cDNA (10 min. at 951C) with 40 cycles
of 951C for 15 s and 601C for 1 min.

cDNA aliquots were quantified for
target genes using the threshold cycle
(Ct) method normalized for the house-
keeping gene GAPDH. The TGF-b1
target in unknown samples was quanti-
fied by measuring DCtðDCt ¼ Cttarget

gene� CtendogeneouscontrolÞ. The para-
meter Ct is defined as the fractional
cycle number at which the fluorescence
generated by cleavage of the probe
passes a fixed threshold above the base-
line. The Ct value is inversely propor-
tional to the number of target copies and
thus better suited for quantification than
maximum fluorescence. The larger the
starting quantity of the target molecule,
the earlier a significant increase in fluor-
escence is observed. The precise amount
of total RNA added to each reaction
(based on absorbance) is difficult to
assess. We therefore use the GAPDH

372 Radwan-Oczko et al.

r 2008 The Authors
Journal compilation r 2008 Blackwell Munksgaard



gene as the endogenous control for
normalization of different amounts of
RNA across samples. On the basis of
DCt values, the levels of mRNA TGF-
b1 expression (E) were determined.

In all patients, the two biallelic poly-
morphisms of the TGF-b1 gene were
studied at codon 10 (at position 1869)
and at codon 25 (position 1915) accord-
ing to the methodology presented in
our previous work (Radwan-Oczko
et al. 2006). The genotypic combina-
tions T/T at codon 10, G/G at codon
25 (10T/T 25G/G) and 10T/C � 25G/G
were described as high producer pheno-
types; combinations 10T/C � 25G/C,
10C/C � 25G/G and 10T/T � 25G/C as in-
termediate producer phenotypes and
10C/C � 25G/C, 10T/T � 25C/C, 10T/C �
25C/C and 10C/C � 25C/C as low producer
phenotypes (Hoffmann et al. 2001).

The association between the func-
tional polymorphisms of TGF-b1 and
the genotypes with the level of TGF-b1
gene expression was analysed.

Statistical analysis

Data were presented as mean values �
standard deviations (SD). Student’s
t-test and Mann–Whitney U tests with
a value po0.05 were accepted as statis-
tically significant.

Results

The clinical characteristics of the groups
investigated are presented in Table 1.
When we compared CsA- and tacroli-
mus-treated groups, there was a signifi-
cant difference only in time lapse after
transplantation. Comparison of clinical
data between the group with (GO1) and
without GO (GO� ) showed insignif-
icant differences except for plaque and
bleeding indices, which were higher in
patients with overgrowth. Also, calcium
channel blocker use was similar in the
CsA-treated groups; thus, it has not
influenced the results of the investiga-
tions. Slightly fewer calcium channel
blockers were used in the tacrolimus-
treated patients, which were not suscep-
tible to overgrowth.

In the group of patients suffering from
GO, 79.6% displayed high producer phe-
notype, 16.7% intermediate and only
3.7% low producer phenotype. In the
group without GO, high producer pheno-
type was present in 72.7% patients, inter-
mediate in 20.5% and low producer
phenotype in 6.8%, almost twice more
frequently than in the group with GO.

In the whole CsA-treated group of
patients, the level of TGF-b1 gene
expression was lower by 8% (not sig-
nificantly) in comparison with the tacro-
limus-treated group (Fig. 1).

In tacrolimus-treated patients, the
level of TGF-b1 gene expression was
associated with functional phenotypes
of TGF-b1 and was the lowest for
low and the highest for high producer
phenotypes. In the whole group treated
with CsA (regardless of GO), excluding
low producer phenotype, the relation-
ship between the level of TGF-b1
gene expression and functional pheno-
types was similar. When CsA-treated
patients were compared with tacroli-
mus-treated patients, the level of TGF-
b1 expression in the CsA group was
significantly lower for the high producer
phenotype and significantly higher for
the intermediate producer phenotype
and more than four times higher for

the low producer phenotype (only three
patients) (Table 2).

Patients treated with CsA, who had
T/C alleles at codon 10 and G/C alleles at
codon 25, displayed significantly higher
levels of TGF-b1 expression when com-
pared with the tacrolimus-treated group;
conversely, the carriers of T/T alleles at
codon 10 had significantly lower levels
of expression than when treated with
tacrolimus. Figure 2 shows a signifi-
cantly lower TGF-b1 expression for the
T/T allele when compared with the car-
rier C/C allele in the CsA-treated group
of patients. In codon 25, the level of
expression was comparable with G/G
and G/C allele carriers (Fig. 3).

In the group with GO, TGF-b1 gene
expression was lower by 25% and con-
versely in the group without GO,
expression was higher in reference to
the tacrolimus-treated group (Fig. 1).
When groups with and without GO

Table 1. Baseline clinical characteristics of investigated groups

Whole CsA-
treated group

Tacrolimus-
treated group

CsA-treated groups

with GO without GO

Number of patients 98 44 54 44
Gender distribution (F:M) 40:58 17:27 18:36 22:22
Age (years) 40.1 � 11.4 37.7 � 12.5 39.9 � 10.1 40.3 � 13.0
Time lapse after transplantation
(months)

61.3 � 45.6 17.5 � 8.2n 55.8 � 35.6 68.0 � 55.2

CsA/tacrolimus total dose (g) 298 � 189.2 6.6 � 12.2 306 � 190.4 288 � 189.4
Calcium channel blockers use (%) 78.5 68.1 77.7 79.5
API% 52 � 30.9 45 � 27.8 57 � 27.9 47 � 33.8w

SBI% 27 � 27.7 17 � 18.2 34 � 31 19 � 20.3z

Significant differences between investigated groups.
npo0.00; Students’t test; CsA versus tacrolimus group.
wpo0.05; Mann–Whitney U test; GO1 versus GO� group.
zpo0.00; Mann–Whitney U test; GO1 versus GO� group.

CsA, cyclosporine A; GO, gingival overgrowth.

−30.0%

−20.0%

−10.0%

0.0%

10.0%

20.0%

CsA Tac GO+ GO−

Fig. 1. Level of transforming growth factor-b1 gene expression in cyclosporine A (CsA)-
treated and GO1 and GO� groups in reference to the level of the tacrolimus-treated group
(0%). Significant difference between GO1 versus GO� group; po0.05. GO, gingival
overgrowth.
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(without distinction for polymorphism)
were compared, there was a signifi-
cantly lower level of TGF-b1 expression
in the group with GO (Table 3 and
Fig. 1). A similar observation was found
for patients bearing a high producer
phenotype (Table 3 and Fig. 4). In
case of patients bearing low and inter-
mediate phenotypes, the level of TGF-
b1 expression in the group with GO was
also lower by 48% (lack of statistical
significance).

The relationship between the TGF-b1
gene expression level and the incidence,
degree and extent of GO was also
investigated. Also, when gene expres-
sion amounted to 1 or 41 (EX), the
level of expression amounted to o1
(Eo), all investigated parameters that
described GO were higher (not signifi-
cantly) in relation to lower TGF-b1 gene
expression levels (Figs 5–7).

Discussion

Many earlier studies have evidenced the
influence of CsA therapy on TGF-b1
synthesis both in in vitro and in vivo
studies. It was shown that cyclosporine
increases the circulating TGF-b1 level,
its expression in kidney tissue (Shin
et al. 1998, Khanna et al. 1999) and
GCF level (Buduneli et al. 2001,
Wright et al. 2004). Our previous data
(Radwan-Oczko et al. 2006) showed an
insignificantly higher TGF-b1 plasma
level in patients treated with cyclospor-
ine compared with healthy controls and
tacrolimus-treated patients. These find-
ings were not confirmed in other inves-
tigations (Hughes et al. 1999, Hetzel
et al. 2001).

TGF-b1 gene expression was also
investigated in association with TGF-b1
gene polymorphisms in renal transplant
recipients under different immunosup-
pressive therapies. A lower TGF-b1
gene expression was found in renal
recipients treated with tacrolimus, espe-
cially for the low producer phenotype
(Ochsner et al. 2002). The data also
pointed out the relationship between
mRNA TGF-b1 expression and TGF-
b1 genotypes (Guo et al. 2002). Our
study confirmed these results for
patients treated with tacrolimus and a
subgroup treated with CsA but without
GO. Comparison of cyclosporine- and
tacrolimus-treated patients revealed simi-
lar levels of TGF-b1 gene expression.
Our studies evaluated, for the first time,
the TGF-b1 gene expression level in

Table 2. Transforming growth factor-b1 gene expression (E) in CsA- and tacrolimus-treated
groups

n CsA-treated
group

n Tacrolimus-treated
group

Whole group 66 1.42 � 2.88 30 2.873 � 9.67
Low-producer phenotype 3 2.2955 � 2.75 2 0.533 � 0.09
Intermediate-producer phenotype 9 0.9961 � 0.36 7 0.7184 � 0.19n

High-producer phenotype 54 1.4441 � 3.13 21 3.814 � 11.51n

Alleles C/C in codon 10 6 1.5983 � 1.9 6 0.7044 � 0.21
Alleles T/C in codon 10 39 1.7906 � 3.64 9 0.6542 � 0.16n

Alleles T/T in codon 10 21 0.6863 � 0.21 15 5.0719 � 13.54n

Alleles G/G in codon 25 57 1.4156 � 3.4 25 3.3302 � 10.57
Alleles G/C in codon 25 9 1.4609 � 1.55 5 0.5876 � 0.12n

Significant difference between CsA- versus tacrolimus-treated groups.
npo0.05.

CsA, cyclosporine A.
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2,0000
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6,0000

T/TT/CC/C

Fig. 2. Level of transforming growth factor-b1 gene expression in the cyclosporine A (CsA)-
treated group for C/C, C/T and T/T alleles in codon 10. Significant difference in the CsA-
treated group between C/C and T/T alleles; p 5 0.02. Error bars represent SD.
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G/CG/G

Fig. 3. Level of transforming growth factor-b1 gene expression in the cyclosporine A-treated
group for G/G and G/C alleles in codon 25. Error bars represent SD.

Table 3. Transforming growth factor-b1 gene expression (E) in group with (GO1) and without
(GO� ) gingival overgrowth

n GO1 n GO�

Whole group 35 0.949 � 1.28 31 1.955 � 3.94n

Low- 1 intermediate-producer phenotype 3 0.914 � 0.194 9 1.457 � 1.551
High-producer phenotype 32 0.953 � 1.341 22 2.159 � 4.595n

npo0.05.

GO, gingival overgrowth.
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CsA-treated renal transplant patients
with and without GO. The results showed
that the level of expression in patients
suffering from GO was significantly
lower in comparison with subjects

without this pathology and also lower
in comparison with tacrolimus-treated
patients. Greater frequency, higher
degree and larger extent of GO were
observed in patients with a lower

(Eo1) level of TGF-b1 gene expression
(Figs 4–6).

Surprisingly, no relationship between
functional polymorphisms and level of
expression of TGF-b1 was identified in
the patients with GO. Such a relation-
ship was observed for all the other
patients, i.e. patients without GO and
patients treated with tacrolimus. The
patients with GO had an equally low
level of TGF-b1 expression in the low,
the intermediate and the high producer
phenotypes. Low TGF-b1 gene expres-
sion is responsible for diminished TGF-
b1 protein production. In our previous
paper, we described a lower plasma
level of TGF-b1 protein in patients
with GO compared with patients with-
out GO. In the high producer phenotype,
the plasma level of TGF-b1 was lower,
which corresponds to the finding of low
TGF-b1 gene expression in this pheno-
type concerning patients with GO. Cur-
rently, it is impossible to establish as to
whether low TGF-b1 expression is the
primary reason or result of GO. In the
patients with GO, CsA failed to increase
TGF-b1 expression. It is not clear which
additional factors play a role in the
pathomechanism in susceptible patients.
On the other hand, many factors are able
to change mRNA expression and act in
changing latent to active form of TGF-
b1 protein in vivo. Hence, evaluations
of mRNA expression in comparison
with the plasma or GCF level should
be the subject of further investigations.
The best and most reliable source for
assessment of mRNA expression is gin-
gival tissue (with and without over-
growth). In this study, patients refused
to take gingival samples.

Ellis et al. (2004) reported a lower
plasma TGF-b1 concentration in patients
with GO. They found a significantly
inverse correlation between plasma levels
of TGF-b1 and GO, suggesting that
patients are at a greater risk of more
severe overgrowth with a lower, rather
than a higher, TGF-b1 concentration. The
plasma level of TGF-b1 may not fully
reflect its local tissue level; however, the
expression of mRNA for TGF-b1 in
peripheral blood mononuclear cells,
which migrate to impaired tissues, where
they are responsible for local production
of this cytokine, provides more accurate
information about tissue expression.

A low level of TGF-b1 expression in
the microenvironment of CsA toxicity
may initiate the pathomechanism lead-
ing to GO. TGF-b1 exhibits many pos-
sible mechanisms by which it protects

0,000

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

HL+ I 

GO+
GO−

Fig. 4. Level of transforming growth factor-b1 gene expression for both low and inter-
mediate phenotypes and high producer phenotype in GO1and GO� groups. Significant
difference between the GO1 and GO� groups investigated for the H phenotype; po0.05.
Error bars represent SD. GO, gingival overgrowth.

0%

10%

20%

30%

40%

50%

60%

70%

E≥1 E<1

Fig. 5. Incidence of gingival overgrowth in the cyclosporine A-treated group in patients with
higher than and equal to and lower than 1 transforming growth factor-b1 gene expression.
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Fig. 6. Degree of gingival overgrowth level in the cyclosporine A-treated group in patients
with higher than and equal to and lower than 1 transforming growth factor-b1 gene
expression.
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gingiva from pathological overgrowth,
e.g. it counteracts many pro-inflamma-
tory effects, inhibits proliferation of
endothelial and epithelial cells, stimu-
lates apoptosis and exerts immunomo-
dulatory effects. Deficiency of this
molecule in the environment impaired
by CsA toxicity may enhance inflamma-
tion, epithelial cell proliferation and,
most of all, disturb gingivae repair
(Buduneli et al. 2001). To date, GO in
patients treated with CsA was associated
with a higher level of TGF-b1 and its
fibrogenic effect (James et al. 1998,
Wright et al. 2000, Buduneli et al.
2001). Recent experimental studies sug-
gest that the overgrowth of the gingivae
is the result of the increase of the
epithelial thickness, stemming from cel-
lular hypertrophy in the keratinized
epithelia and from cellular hyperplasia
in the junctional epithelium, increased
angiogenesis, vasodilatation, inflamma-
tion and a lesser grade of fibrosis
(Mariani et al. 1996, Ayanoglou &
Lesty 1999, Nurmenniemi et al. 2001).
In the light of these data, lower TGF-b1
expression associated with the lack of
control and coordination of repair pro-
cesses of gingiva injured by CsA toxi-
city may be a pathogenic factor of GO.
It is not known what level of mRNA
TGF-b1 expression allows the proper
function of this cytokine. TGF-b1
knockout mice died due to multiorgan
inflammations, while transfection of the
TGF-b1 gene to the transplanted heart
inhibited immunological and inflamma-
tory responses (Kulkarni et al. 1993, Qin
et al. 1994).

Deficiency of TGF-b1 may cause
disequilibrium between numerous
growth factors (e.g. PDGF, FGF, TNF-
a, IL-1, IL-6) in the surrounding gingi-
val tissue, resulting in GO (Werner &

Grose 2003). We believe that higher
TGF-b1 gene expression in CsA-treated
patients exerts a protective influence in
the development of GO, in contrast to
low expression, which does not keep the
cell proliferation and inflammatory
response in gingival tissue under control.

It is unknown as to why patients with
GO reveal low systemic expression of
mRNA TGF-b1. We hypothesized that
these patients had primary (before trans-
plantation) lower mRNA TGF-b1
expression, caused by environmental or
genetic factors, apart from the func-
tional TGF-b1 gene polymorphism.
The survey of patients followed from
the pre-transplantation period up to
the incident of gingival hyperplasia
should explain this issue. Secondly,
TGF-b1 positively regulates its own
production, and a relationship exists
between the level of expression and
stimulation (low expression causes low
stimulation; high expression causes high
stimulation) (Chand et al. 2001, Guo
et al. 2002). Furthermore, expression
of TGF-b1 depends on many growth
factors and inflammatory cytokines,
because they act in a network of rela-
tionships. Production of TGF-b1 is
blocked, e.g. by IL-1, IL-15, epithelial
growth factor, inhibition of vascular
endothelial growth factor and platelet-
derived growth factor. Blood mononuc-
lear cells, the main source of TGF-b1
and other cytokines, are affected
by immunosuppressive treatment and con-
sequently, the production of these factors
is decreased. Interindividual variations of
pharmakogenetics, pharmacodynamics
and pharmacokinetics of immunosuppres-
sive drugs (CsA, azathioprine/mycophe-
nolate mofetil and prednisone) may result
in systemic underexpression of mRNA
TGF-b1 in some patients.

In conclusion, a low level of TGF-b1
gene expression, not the functional
polymorphism in patients treated with
CsA, may be considered to be a risk
factor in the multifactorial aetiopatho-
genesis of CsA-induced GO.
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Clinical Relevance

Scientific rationale for the study:
Some evidence, although ambiguous,
has shown an association between
TGF-b1 levels and TGF-b1 gene
polymorphisms and CsA-induced
GO.

Principal findings: TGF-b1 gene
expression in CsA- and tacrolimus-
treated groups was, in a distinct way,
elevated with phenotypes and geno-
types of the TGF-b1 gene. The high-
er incidence, degree and extent of
GO were related to the low level of
TGF-b1 expression, which was sig-

nificantly lower in the group with
GO in comparison with the group
without GO.
Practical implications: The exami-
nation of polymorphisms and expres-
sion of the TGF-b1 gene can take
advantage of evaluation of the level
of GO risk factors related to TGF-b1.
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