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Abstract: Objective: Uterine myomas are the most common non-malignant tumours in adult females. Causes of
development and progression of the tumour remain unclear but, apart from steroid hormones, factors which stimulate
growth of uterine myomas include cytokines and growth factors. In this study an analysis was conducted of cytokine
environment in myomas of various size and in healthy uterine tissue in women of various age. Methods: Concentrations
of selected cytokines and growth factors were evaluated using immunohistochemical techniques in small (<3cm) and
large (>5cm) uterine myomas, in women of generative age or perimenopausal age. Immunohistochemical studies were
performed on properly prepared paraffin sections, to which the primary antibodies was applied. The obtained
immunohistochemical reactions were evaluated under a light microscope. The results were subjected to statistical
analysis. Photographic documentation was prepared with photographic attachment. Results: Interleukin-1 level in young
women in small myomas was higher than in the control, amounting to 345%. In large myomas - it was 415%. In women
of perimenopausal age in small myomas was augmented to 320% and in large myomas - 240%. Interleukin-6 level in
young women in small myomas was higher than in the control, reaching 255%. In large myomas — it was 285%. In
women of perimenopausal age in small myomas was augmented to 240% and in large myomas - 235%. TNF-a level in
young women in small myomas was higher than that in the control, amounting to 265%. In large myomas — it was 230%.
In women of perimenopausal age in small myomas was augmented to 270% and in large myomas - 140%. TGF-31,
TGF-B2, TGF-B3 levels in the young women in small myomas amounting to 310%, 285%, 335% of the control levels for,
respectively, TGF-B1, TGF-B2 and TGF-B3. In large myomas — it was respectively 390%, 375%, 320%. In women of
perimenopausal age in small myomas was augmented, respectively, to 260%, 270%, 385% and in large myomas -
295%, 295%, 355%. IGF-1 and IGF-2 levels in young women in small myomas was higher than in the control, amounting
to respectively 210% and 250%. In large myomas — it was respectively 290% and 200%. In women of perimenopausal
age in small myomas was augmented, respectively, to 245% and 195% and in large myomas - 265% and 215%.
Conclusions: in myomatous uterine cells of young women an increase was noted in expression of IL-1 and IL-6 both in
small and in large myomas. In women of perimenopausal age, the increase in expression of TNF-a took place only in
small myomas with lower expression in large myomas. In women of generative age subjected to evaluation of
transforming growth factors, high expression of the peptide was detected in all groups of leiomyomas. In both types of

leiomyomas a comparable expression of insulin-like growth factors was detected, irrespectively of women'’s age.
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factors, age.

1. INTRODUCTION

Uterine myomas pose a significant health problem.
They are frequently accompanied by signs/symptoms
such as menorrhagia, which may lead to anaemia,
infertility, unsuccessful pregnancies [1]. They represent
the most frequent indication for hysterectomy [2,3].

Transformation of normal uterine muscle into a
myoma represents a complex and a step-wise process.
It is assumed that the primary factor which induces
pathological growth of myometrium involves alterations
at the level of cellular genome [1]. A cell stripped of the
potential of entering the process of programmed death
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begins to divide in an uncontrolled manner, providing
grounds for tumour development. Estrogens are
thought to provide the principal growth controller of
leiomyomas [1,4,5]. Nevertheless, studies in vitro on
human tissues aimed to provide proof for direct action
of the hormones in stimulation of myoma growth
provided equivocal results [1,6,7]. This suggested
existence of intermediate elements, such as cytokines
or growth factors, through which ovarian hormones
may exert their stimulatory effect on cell growth of
uterine leiomyomas [1,7]. Estrogens and progesteron
may control expression of genes coding for the
cytokines and growth factors, which, in turn, modifies
transcription of other genes. The modified production
and release of cytokines and growth factors may result
in a stimulated cellular proliferation and pronounced
accumulation of extracellular matrix (ECM) [7].
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Myomas are composed of smooth muscle cells of
myometrium, vast amounts of ECM, which may be
more abundant by as much as 50% than in
corresponding healthy myometrium [7]. The leiomyoma
structure is dominated by collagen types | and Il but
the fibres demonstrate disturbances in arrangement
similar to those observed in keloids [3].

Among cytokines and growth factors analyzed from
the perspective of their potential role in cellular prolife-
ration and growth of uterine myomas, our particular
attention was focused on isoforms of transforming
growth factor-B (TGF-B), insulin-like growth factor 1
(IGF 1); insulin-like growth factor 2 (IGF 2), tumour
necrosis factor o(TNF-o), interleukins 1 and 6 (IL-1;
IL-6).

TGF-B seems to play a significant role in accumu-
lation of extracellular matrix, particularly though an
increased expression of fibronectin and collagen [8].
Arici et al. demonstrated a higher level of TGFfB3
expression in myoma than in myometrium [9]. In
several studies leiomyomas were found to contain
higher levels of IGF than normal myometrium [10-13].
TNF-o represents a promoter of neoplastic lesions in
multiple animal models, pointing to possible role of the
factor in pathogenesis of uterine myomas. Interleukines
1, 6, 8 and tumour necrosis factor (TNF-a) are elevated
in peritoneal fluid of women with pathological lesions in
uterus [14].

This study aimed at analysis of cytokine environ-
ment in uterine myomas of various size and in healthy
uterine tissues looking for an appropriate approach of a
potential conservative treatment.

2. MATERIAL AND METHODS

The studies took advantage of ready paraffin
blocks, which served for immunohistochemical stain-
ings using antibodies specific for defined epitopes.

The studies included altogether 67 women of
generative or perimenopausal age with diagnosis of
small uterine myomas (below 3 cm) or large myomas
(above 5 cm), which required surgery. In the group of
young women 9 preparations represented the control
group, 14 preparations contained small myomas and
12 represented large myomas. In the group of
perimenopausal women the respective numbers
amounted to, respectively, 11, 16 and 15 cases. From
every paraffin block three microscopic preparations

were made, selecting every fifth section. Upon
sectioning, the test was performed in order to find
whether the consecutive sections included the uterine
lesion.

The control groups included young women in the
follicular phase of menstrual cycle, whose uteri were
removed due to cystic, relapsing, benign lesions in
ovaries while in the group of older women the control
included uteri removed due to prolapse of the uterus.
Patients with postoperatively histologically diagnosed
malignant uterine and/or ovarian tumours, with myo-
mas who received hormonal therapy or oral contra-
ceptives, with autoimmune diseases and smoking
patients were eliminated from the investigated material.

Protocol of the studies received consent of
Bioethical Commission, Silesian Medical University.

The sampled tissue fragments were fixed in 4%
formalin (v/v), dehydrated in a row of alcohols of
growing concentrations, made translucent in xylene
and infiltrated with paraffin, to be finally embedded in
paraffin blocks.

The paraffin blocks were cut in a microtome to 5
pm-thick sections which were placed on silanized
microscope glasses. The preparations were depara-
finized and rehydrated in a row of alcohols from
absolute alcohol to 30% alcohol. At the end, the
preparations were rinsed with distiled water, with PBS,
pH 7.5.

2.2. Immunohistochemical Studies

Characteristics of antibodies is presented in Table
1. In order to unmask antigens, the preparations were
incubated in a water bath at the temperature of 95°C in
Tris EDTA solution, pH 9 or in a citrate buffer, pH 6 for
30 minutes and, then, cooled for around 20 minutes.
After cooling, the preparations were rinsed in PBS.
Sites of non-specific antibody bonding were blocked
with 1% solution of BSA in PBS, for 30 minutes at room
temperature. After removing BSA solution, the section
was overlaid with respective primary antibodies. The
incubation was conducted for 22 hours at the
temperature of 40°C. Activity of endogenous
peroxidase was blocked by incubation in 0.3% (v/v)
hydrogen peroxide in 0.1% solution of NaN3 in PBS for
10 minutes. Binding of complexed antibodies was
visualized using ABC technique: (Vectastain Elite ABC
Kit, Vector Laboratories).
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Table 1: Characteristics of Employed Antibodies and Conditions of their Application
Antibody Type Host Producer Antibody concentration Conditions of antigen unmasking
Anti-IL-1 Monoclonal | Mouse | Santa Cruz Biotechnol. Inc. 1 pg/ml pH=6
Anti-IL-6 Polyclonal Rabbit Abcam 1 pg/mi pH=9
Anti-TNF-o Polyclonal Rabbit AbD Serotoc 10 pug/ml pH=9
Anti-TGF-f1 Polyclonal Rabbit Abcam 2.5 ug/ml pH=6
Anti-TGF-2 Polyclonal Rabbit Abcam 5 ug/mi pH=9
Anti-TGF-3 Polyclonal Rabbit Santa Cruz Biotechnol. Inc. 2 ug/ml pH=6
Anti-IGF-1 Polyclonal Rabbit Abcam 2 ug/mi pH=6
Anti-IGF-2 Polyclonal Rabbit Abcam 1 ug/mi pH=6

The ABC complex was visualized following the
manufacturer’s protocol (Vector Laboratories). The
preparations were counterstained with Gill'es
hematoxylin. The negative control involved sections in
which primary antibody was substituted by IgG of
rabbit, mouse or goat, respectively. The control
reaction was performed in parallel on every slide in
order to detect nonspecific binding of primary antibody.

The obtained immunohistochemical reactions were
evaluated under a light microscope. The evaluation
included both cellular localization of selected proteins
and, due to computer-assisted image analysis, their
amount. The results were subjected to statistical
analysis.

Photographic documentation was prepared with
photographic attachment. Intensity of every immuno-
logical reaction was evaluated using magnification of
x200 and x400 and a Nikon Eclipse E200 microscope
with Nikon DS-Fil digital camera.

In studied sections quantitative analysis was
conducted of the studied protein content. Employing
NIS-AR 3.0 computer software optical density of
microscopic preparations was evaluated in fields with
immunohistochemical colour reaction for a given

protein. Absorption of the employed wavelength
pointed to optical density of cell cytoplasm containing
antigen-antibody complexes or to its content of the
reaction product.

2.3. Statistical Analysis

Characteristics of the examined parameters was
presented in the form of an arithmetic mean, as a
measure of central tendency, and a standard deviation
as a measure of variability. Normal distribution was
verified using tests of Kolmogorov-Smirnov and of
Shapiro-Wilk and visually, inspecting the histograms.
The distributions were thought to resemble normal one
when the significance level in both tests exceeded 0.05
and the histogram shape was symmetrical.
Distributions of all studied parameters were found to be
normal.

Effects of studied variables, myoma size and
patient's age were appraised using ANOVA analysis of
variance. The assumption of a uniform variance was
verified using Levene’s test. In the ANOVA analysis, as
a post-hoc test for comparisons of individual means
with the control values, an advantage was taken of the
multiple comparison test of Dunnett. The results were
considered significant at p<0.05. The statistical
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Figure 1: Optical density of reaction product for interleukin 1 (IL-1) in control and in myomas.
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analyses were conducted using the professional kit of
statistical procedures STATISTICA PL version 8.0.

3. RESULTS
3.1. Interleukin 1

3.1.1. Women of Generative Age

Interleukin-1 level in young women optical density of
imunohistochemical reaction product in small myomas
was clearly higher than in the control, amounting to
345% of the latter (Figure 1).

In large myomas, the former was found to amount
to 415% of the control level.

3.1.2. Women of Perimenopausal Age

IL-1 level in women of perimenopausal age optical
density of the reaction product in small myomas was
augmented to 320% of the control level (Figure 1).

In large myomas, the expression was high,
amounting to 240% of the level found in the control
group (Figure 2).
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Figure 2: Immunohistochemical expression of interleukin 1
(IL-1) in control (A, D), small myomas (B, E) and large
myomas (C, F). Figures A, B, C correspond to women of
generative age while D, E, F to women of perimenopausal
age. Magnification: 400x.

3.2. Interleukin 6
3.2.1. Women of Generative Age

Interleukin-6 level in young women optical density of
the immunohistochemical reaction product in small

myomas was evidently higher than in the control,
reaching 255% of the latter level (Figure 3).

In large myomas, the expression amounted to 285%
of the control level.
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Figure 3: Optical density of reaction product for interleukin 6
(IL-6) in the control and in myomas.

3.2.2. Women of Perimenopausal Age

IL-6 level in women of perimenopausal age optical
density of the reaction product increased in small
myomas to 240% of the control level (Figure 3).

In large myomas, the expression was high, reaching
235% of the control level (Figure 4).
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Figure 4: Immunohistochemical expression of interleukin 6
(IL-6) in control (A, D), small myomas (B, E) and large
myomas (C, F). Figures A, B, C correspond to women of
generative age while D, E, F to women of perimenopausal
age. Magnification: 400x.
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3.3. Tumour Necrosis Factor-o. (TNF-at)
3.3.1. Women of Generative Age

TNF-o level in women of generative age was found
to manifest higher optical density of the immunohisto-
chemical reaction in small myomas than that in the
control, amounting to 265% of the latter (Figure 5).

In large myomas, the former was found to amount
to 230% of the control level.

3.3.2. Women of Perimenopausal Age

TNF-o level in women of perimenopausal age
optical density of the reaction product was found to
increase in small myomas to 270% of the control level
(Figure 5).
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Figure 5: Optical density of reaction product for TNF-o in the
control and in myomas.

In large myomas, the expression was found to
reach around 140% of the control level (Figure 6).
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Figure 6: Immunohistochemical expression of tumour

necrosis factor-o. (TNF-c) in control (A, D), small myomas (B,
E) and large myomas (C, F). Figures A, B, C correspond to
women of generative age while D, E, F to women of
perimenopausal age. Magnification: 400x.

3.4. Transforming Growth Factor-p (TGF-B)
3.4.1. Women of Generative Age

TGF-B1, TGF-B2, TGF-B3 levels in the young
women manifested optical density of immunohisto-
chemical reaction clearly higher in small myomas,
which amounted to 310%, 285% and 335% of the
control levels for, respectively, TGF-f1, TGF-f2 and
TGF-B3 (Figures 7, 9, 11).

In large myomas, expressions were found to
amount to 390% of the control level for TGF-f1, 375%
for TGF-B2 and 320 % for TGF-3.
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Figure 7: Optical density of reaction product for TGF-1 in
the control and in myomas.

3.4.2. Women of Perimenopausal Age

TGF-B1, TGF-B2, TGF-B3 levels in women of peri-
menopausal age optical density of immunohistochemi-
cal reaction product for TGF-B1, TGF-B2, TGF-B3 was
found to increase in small myomas to, respectively,
260%, 270%, 385% of control levels (Figures 7, 9, 11).

growth factor f1 (TGF-B1) in control (A, D), small myomas (B,
E) and large myomas (C, F). Figures A, B, C correspond to
women of generative age, and D, E, F to women of
perimenopausal age. Magnification: 400x.
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Figure 9: Optical density of the reaction product for TGF-B2
in the control and in myomas.

In large myomas, expressions proved to be also
high, amounting to, respectively, 295%, 295%, 355% of
the control levels (Figures 8, 10, 12).
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Figure 10: Immunohistochemical expression of transforming
growth factor-2 (TGF-B2) in the control (A, D), small
myomas (B, E) and large myomas (C, F). Figures A, B, C
correspond to women of generative age while D, E, F to
women of perimenopausal age. Magnification: 400x.
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Figure 11: Optical density of reaction product for TGF-B3 in
control and in myomas.

Figure 12: Immunohistochemical expression of transforming
growth factor B3 (TGF-f3) in control (A, D), small myomas (B,
E) and large myomas (C, F). Figures A, B, C correspond to
women of generative age while D, E, F to women of
perimenopausal age. Magnification: 400x.

3.5. Insulin-Like Growth Factors

3.5.1. Women of Generative Age

IGF-1 and IGF-2 levels in women of generative age
optical density of immunohistochemical reaction
product in small myomas was found to be higher than
in the control, amounting to 210% of the latter for IGF-1
and 250% for IGF-2 (Figures 13, 15).
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Figure 13: Optical density for the reaction product for insulin-
like growth factor 1 (IGF-1) in the control and in myomas.

Comparing expressions in large myomas with those
in the control group, the former were found to amount
to, respectively, 290% of the control for IGF-1 and
200% for IGF-2.
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3.5.2. Women of Perimenopausal Age

IGF-1, IGF-2 levels in women of perimenopausal
age optical densities of the reaction products in small
myomas were augmented to 245% of the control level
for IGF-1 and 195% for IGF-2 (Figures 13, 15).

Figure 14: Immunohistochemical expression of insulin-like
growth factor 1 (IGF-1) in the control (A, D), small myomas
(B, E) and large myomas (C, F). Figures A, B, C correspond
to women of generative age while D, E, F to women of
perimanopausal age. Magnification: 400x.
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Figure 15: IGF-2 Optical density of reaction product for
insulin-like growth factor 2 (IGF-2) in the control and in
myomas.

In large myomas, the expressions were found to be
higher, amounting to 265% of the control level for IGF-
1 and 215% for IGF-2 (Figures 14, 16).

4. DISCUSSION

Cytokines comprise a large family of protein
intercellular mediators, which control cell growth

processes, their differentiation, migration and
apoptosis. Data on cytokines and their receptors point
to their significant role in development of tumours due
to their effects in reciprocal interaction of various
components in tumour microenvironment. They
influence growth and survival of neoplastic cells,
controlling, i.a., infiltration of neoplastic tumours by
leukocytes, stimulation of new blood vessel formation
and involvement in shaping of extracellular matrix.
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Figure 16: Immunohistochemical expression of insulin-like
growth factor 2 (IGF-2) in control (A, D), small myomas (B, E)
and large myomas (C, F). Figures A, B, C correspond to

women of generative age while D, E, F to women of
perimenopausal age. Magnification: 400x.

Significance of proinflammatory cytokines in patho-
genesis of tumours was relatively well documented, but
not completely understood. Proinflammatory cytokines,
such as TNF-a or IL-1B, are capable of activating
signalling cascades, including induction of various
cytokines.

As a result, levels of, e.g., pro-inflammatory
cytokine of IL-6 were markedly higher in sick women
[15,16]. Even if it is known that macrophages provide
the main source of cytokines, exogenous TNF-a is
known to up-regulate expression of IL-6 through
activation of NF-kB or MAPK pathway in cells of uterine
stroma [17,18].

Release of IL-6 was observed in cells of several
tumours, such as carcinoma of uterine cervix or urinary
bladder. The interleukin inhibits proliferation of certain
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neoplastic cells. Nevertheles, the role of IL6 in a neo-
plastic disease has not been unequivocally determined
[19,20]. On one hand it stimulates cytotoxicity of
lymphocytes T, on the other, also due to neoplastic
cachexia, it stimulates angiogenesis in developing
tumours and growth of numerous types of neoplastic
cells [21]. High concentration of IL-6 in a neoplastic
disease argues for existence of, a based on the
cytokine, an autocrine or paracrine mechanism which
promotes tumour expansion, which has been confirmed
in our studies.

The obtained results are interesting since they may
indicate that IL-6 may represent a significant marker,
which might be used to evaluate progression of human
myometrium.

Following radical surgery before implementation of
chemotherapy in patients who manifested a prog-
ression at the later stage of the disease, IL-6 concen-
tration proved to be twofold higher than in persons
manifesting a remission. This may indicate prognostic
value of IL-6 estimations.

Results related to estimations of IL-1, which |
obtained in my study, are in a sense unexpected. |
expected that alterations in expression of the cytokine
will at least in part resemble those obtained for IL-6.
However, the similarity involved only myomas in
women of generative age. | was also surprised to see
that the results obtained for IL-1 resembled those
obtained for TNF-o. Explanation of the similarity
remains difficult since such a coincidence of cytokines
remains rare in literature of the subject. If this will be
confirmed, it will be rather IL-1 and not as expected IL-
6, which will constitute an element of kits used to
prognose development of myomas [22].

TNF-a was demonstrated to markedly increase
expression of IL-6 genes and proteins in stroma cells
[23,24], and the mechanism was shown to be definitely
dependent on activation of NF-kB pathway.

The discoveries suggest that uterine stroma cells
may manifest characters which need not to be con-
trolled for the purpose of maintaining a balance
between pro- and anti-inflammatory cytokines [24].
TNF-a is known to be capable of inducing an inhibition
of cancer cell growth in vitro, since proofs are available
that, e.g. women suffering from ovarian cancer
manifest elevated serum levels of TNF-a and, thus,
also TNF-a may be involved in control of in vivo growth
of cancer cells.

The ranges of concentrations manifested by TNF-a
and its receptors noted in the serum of affected
patients manifest a correlation with the tumour type,
degree of its histological differentiation and with its
clinical advancement. A high serum concentration of
the cytokine and its tissue expression suggest a rather
unfavourable course of the disease [25,26].

Evaluating expression of TNF-a, | have noticed that
in evaluated uterine myomas the cytokine level
increased manifesting no relationship with myoma size
and age of the patients.

Janes et al. [27] suggested that cells may respond
to TNF-a by a sequential release of a number of TNF-
o-stimulated cytokines and by some growth factors.
Even if the authors examined effects of exogenously
added cytokines, it seems rather sure that expression
of TNF-a may also develop such an endocrine cascade
and that upon an absence of a strong apoptotic signal
such a cascade may be favourable for tumour cells.
The results obtained up to now suggest that a direct
therapeutic targeting of TNF-a itself in tumour cells
may provide a strategy capable of controlling prog-
ression ability of neoplastic cells. The till now published
results indicate that both antibodies and soluble
receptors are well tolerated by patients and that they
may exert stabilizing and tumour growth inhibiting
effect [28]. A direct inhibition of TNF-a using RNAI
technology or blocking of signalling pathways for
molecular inhibitors of TNFa, which would down-
regulate the network of inflammatory cytokines, may
provide an interesting intervention, even if it would be
conducted in parallel with the other, conventional
therapies.

In most of the tissues physiological role played by
TGF-B has not been fully clarified. TGF-B inhibits cell
proliferation, induces apoptosis and influences morpho-
genesis through its effect on extracellular matrix [29,
30]. TGF-B controls its own expression, expression of
ECM, ECM metalloproteinases and tissue inhibitor of
metalloproteinases, of growth of leiomyoma and uterine
leiomyoma [9]. TGF-B induces a much more pro-
nounced thymidine incorporation to leiomyoma cells
than to normal myometrium smooth muscle cells [31].

Moreover, expression of TGF-f in uterine myomet-
rium cells adhering to leiomyoma cells was significantly
augmented. Expression of TGF-f was found to
increase twice as fast in rapidly growing leiomyomas in
patients as compared to the control [32].
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ECM molecules, such as collagen, fibronectin and
proteoglycans are used to localize cytokines or growth
factors close to neoplastic cells by strict binding to
them and anchorage to the sites [7]. However,
metalloproteinases play a mediatory role in dissociation
of cytokines, such as TGF-B, from proteoglycans by
proteolysis of ECM [33]. Proteoglycans interactions
with other proteins modulate arrangement if the matrix,
promote tumour growth and cellular proliferation.
Existence of a TGF-B3-dependent pathway was also
demonstrated as well as the fact that the cytokine
significantly controls expression of ECM proteins.

The augmented expression of certain proteoglycans
demonstrated in uterine myomas may lead to dis-
arrangement of ECM and an increased compactness of
the tumours, linked to an increased contents of total
glycosaminoglycan sulphates and of collagen [34]. This
was demonstrated in several studies which docu-
mented elevated levels of total glycosaminoglycans in
leiomyomas as compared to myometrium [35,36].

The altered expression of TGF-B3 leads to several
disturbences, including tissue fibrosis [37,38]. Multiple
investigators showed that TGF-B3 functions through
signalling pathways in various tissue types [39-41]
including tissue and cells of leiomyoma. Treatment
using TGF-B was found to stimulate various ECM gene
transcripts in cells of smooth cell myomas, including
collagen type I, fibronectin and connective tissue
growth factor (CTGF) in cells of primary leiomyoma and
in myometrium [42]. The increasing concentration of
TGF-B was paralelled by a concentration-dependent
growth in contents of collagen, fibronectin and CTGF in
cell lines of uterine myometrium and uterine myoma,
with expression in myometrial cells of all studied ECM
genes resembling expression in leiomyomas. The
obtained results support the hypothesis that upon
increased stimulation with TGF-B, myometrium cells
manifest characteristic traits common to molecular
phenotype of myoma cells and they support the
hypothesis that myometrial cells may manifest
molecular alterations under effect of TGF-B, which
resemble fibrotic phenotype of uterine myoma cells.

Earlier studies conducted in tissue cultures and
cultured cells proved that TGF- manifests high
expression in myomas [43], in which in synergy with
other growth factors [44,45] it can stimulate develop-
ment of various ECM proteins, such as various
proteoglycans [46], collagens and fibronectin [47]. Also
expression of TGFB was shown to be stably elevated in
myoma cells in the patients, as compared to normal

myometrial cells [48]. Considering that proteins of
intercellular matrix and synergistic growth factors
remain under effect of modulation, both in myometrium
and in myoma taking part along the TGF-B3-dependent
pathway, it is logical to assume that a myoma develops
from a myometrium due to an initiating event, which
leads to overexpression of TGF-f3, resulting in
overexpression of ECM genes and secretion of matrix
proteins. Ding et al. [49] showed that also the TGF-1
isoform directly stimulates expression of signalling
pathways linked to synthesis of ECM components.

In parallel to the increase of TGF-B3 concentrations
to supraphysiological levels, expression of mRNA in
myoma cells demonstrated a significant reduction as
compared to the expression at lower TGF-B3 concen-
trations. High therapeutic concentrations of TGF-$3
statistically failed to alter MMP-2 expression, while
expression of MMP-11 continued to be reduced.

Certain studies demonstrated that MMP-2 is
significantly higher in human leiomyomas than in
myometrium tissue [50-54].

TGF-B3 represents the dominating isoform in
smooth muscle cells. As compared to the surrounding
myometrium not affected by the lesions, leiomyomas
manifest high expression of TGF-3 [55]. A lowered
expression of TGF-B in smooth muscle cells of
myometrium and leiomyomas was described to reflect
an in vitro effect of GnRH-a [56]. Regression of
myomas induced by GnRH-a is linked in vivo to down-
regulation of expressions manifested by TGF- and its
receptors [57]. For example, in patients treated with
GnRH-a a decreased size of uterus was accompanied
by an unaltered expression of TGF-B3 in myometrium
and a lower one in leiomyomas, as compared to cases
of untreated patients [58]. The observations confirm
role of TGF-B3 in progression of myomas. In uterine
myomas, up-regulation of TGF-B3 by progesterone is
manifested in a lowered activity of matrix metallo-
proteoinases (MMP), the key enzymes in ECM degra-
dation, with a subsequent increase in ECM production

[9].

Moreover, progression of the neoplastic process is
accompanied by an autocrine stimulation of TGF-
secretion, in increasing amounts of its active form and
by release of proteases which activate the latent TGF(
form, linked to extracellular matrix [59].

Evaluating expression of TGF-B1 its level in
leiomyomas may be noted to increase with develop-
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ment of the tumour, it is at least two-fold higher in the
leiomyoma as compared to myometrium. The results
confirm suggestions presented in the world literature
that TGF-B1 in high concentrations becomes a pro-
proliferative factor [60].

In this study we have demonstrated that IGF-I is
clearly exposed on human myoma cells. This suggests
that IGF-1 may participate in control of various
metabolic and cellular responses in this type of cells in
an autocrine or paracrine manner.

It is suggested that IGF-I may stimulate growth of
myoma cells by increasing their proliferative potential
[55,61], and that IGF-I may also inhibit apoptosis of
myoma cells [62]. In addition the data are available,
showing that mRNA for IGF-I receptor [63-65]
manifests high expression in uterine leiomyomas, as
compared to the surrounding healthy myometrium.
Such data suggest that growth potential of myoma cells
may be elevated as compared to healthy myometrium
cells.

However, few data are available on effects of pro-
gesterone antagonists on expression of growth factors
and their receptors in cultured leiomyoma cells and
healthy cells of myometrium [55].

IGF-1 was demonstrated to markedly increase cell
proliferation and to inhibit apoptosis in cultured cells of
leiomyomas as compared to control cultures [62]. In
view of these discoveries, down-regulation of the IGF-
I/IGF-IR system may reduce the cell proliferative and
anti-apoptotic effect of IGF-I in cultured myoma cells.
TGF-B3 was demonstrated to inhibit synthesis of DNA
in cells of myometrium but to stimulate it in myoma
cells [55]. A disturbance in the TGF-B3/TGF-B RII
system may result in inhibition of the downstream
signalling, such as cell proliferation in cultured myoma
cells. Altogether, the IGF-I/IGF-IR system and TGF-
B3/TGF-B RII system may provide targets for asoprisnil
(a selective modulator of progesterone receptor) in
cultured leiomyoma cells, leading to inhibition of
myoma cell proliferation [66].
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