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We studied local expression of insulin-like growth factor 1, insulin-like growth factor re-
ceptor, epithelial growth factor, transforming growth factor β2, PCNA, TNF-α, type I TNF
receptor, Fas, FasL, IFN-γ, IL-1β, IL-4, IL-6, IL-8, IL-10, and IL-12 genes in intact and
hyperplastic endometrium. Endometrial hyperplasia was associated with reduced production
of TNF-α (p<0.05), PCNA (p<0.05), and epithelial growth factor mRNA and enhanced
production of Fas mRNA (p<0.01). The expression of TNF-R1, IL-1β, and IL-12 genes
decreased only in glandular cystic hyperplasia (p<0.05 for all genes), expression of insulin-
like growth factor 1 gene decreased only in adenomatous hyperplasia (p<0.05). Dufaston
therapy of glandular cystic hyperplasia and zoladex therapy of adenomatous hyperplasia
normalized expression of Fas receptor, PCNA, and insulin-like growth factor 1 genes, while
the expression of IFN-γ and IL-6 genes, which was normal in hyperplasia, decreased (p<0.05).
Zoladex therapy decreased the production of transforming growth factor β2 (p<0.05) and
IL-1β (p<0.01) mRNA, dufaston therapy decreased production of TNF-α (p<0.05) and IL-4
mRNA (p<0.05). Hence, both apoptosis and proliferative activity were suppressed in endo-
metrial hyperplasia, and hormone therapy created prerequisites for transition of the endo-
metrium into the normal proliferation stage.
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Hyperplastic processes occupy one of the first places
in the structure of gynecological diseases. Endometrial
hyperplasia (EHP) develops in 5-15% women. This
condition in the overwhelming majority of cases is
characterized by menstrual cycle disorders of the oli-
gomenorrhea type alternating with menometrorrhagias
against the background of relative hyperestrogenia
also caused by chronic anovulation. EHP risk factors
are polycystic ovary syndrome, obesity, and type II
diabetes mellitus [5]. However, in 30-40% cases EHP
develops in the absence of hormonal and metabolic
disorders, which implies multifactorial genesis of
hyperplastic processes.

Changes in the expression of factors regulating
endometrial status during the menstrual cycle during
EHP still remain unclear. There are good grounds to
hypothesize that these changes involve mainly the
growth and apoptosis factors. For example, the expres-
sion of PCNA and Ki-67 proliferation activator genes
in endometrial hyperplasia decreases in comparison
with the proliferation stage, especially in atypical hyper-
plasia (AH) [6,10]. Some authors reported increased
production of epithelial growth factor (EGF) in EHP
[12]; the data on insulin-like growth factor 1 (IGF-1)
(apoptosis inhibitor and proliferation factor) are con-
tradictory [7,12]. On the whole, the role of cytokines
and apoptosis factors in the development of endomet-
rial hyperplasia is virtually not studied.

We carried out a semiquantitative study of the
local expression of genes of 16 factors involved in the
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morphofunctional regulation in normal and hyper-
plastic endometrium samples from patients with glan-
dular cystic hyperplasia (GCH) and AH before and
after dufaston and zoladex therapy.

MATERIALS AND METHODS

Specimens of endometrium from women with GCH
(n=17) and AH (n=12) were examined. All patients
presented with chronic menstrual cycle disorders and
high incidence of relapses (1-9, 3.03±1.84 on aver-
age). Specimens of the endometrium from women of
reproductive age without endometrial diseases and
infections, collected at the stage of medium and late
proliferation (n=5; control) and early secretion (n=5;
reference group) served as the control. Patients with
GCH received dufaston in a daily dose of 20 mg on
cycle days 5-25 or 12-25, patients with AH were trea-
ted with zoladex (3-6 subcutaneous injections, 3.6 mg,
once in 28 days).

The expression of the following genes was stu-
died: IGF-1 proliferation activate, insulin-like growth
factor receptor (IGF-R), EGF, transforming growth
factor (TGF-β2), PCNA; TNF-α, TNF-R1, Fas, FasL,
IFN-γ (proliferation suppression and apoptosis activa-
tion factors); IL-1β, IL-4, IL-6, IL-8, IL-10, IL-12
(menstrual cycle and inflammatory process regula-
tors). Primer sequences were reported previously
[3,4], except 5'-GGTCTTGGGCATGTCGGTGTG
and 5'-TGTCCTCCTCGCATCTCTTCTACCTG
(IGF-1, 317 n. p.); 5'-TGCCCG-TCGCTGTCCTGT
TG and 5'-GCTTGCGGCCTCGTTCACTGT (IGF-R,
302 n. p.); 5'-TGCTGCTCACTCTTATCATTCTGT
TGC and 5'-AATGATTCCTTC-CTGTTGATTTGAC
CA (EGF, 419 n. p.); 5'-GCCTGTAGCGGCGTTGT
TGC and 5'-CGCGTTATCTTCGGCCCTTAGTG
(PCNA, 320 n. p.).

The study was carried out for all samples simul-
taneously. RNA isolation, DNase treatment, reverse
transcription and PCR were carried out as described
previously [1,4] using TRI REAGENTTM (Sigma),
RQ1 DNAse (Promega), MMLV reverse transcriptase
(Promega), hexarandome- and oligo-dT primers. PCR
was carried out in PCR Express thermocyclers (Hy-
baid). PCR results were analyzed by electrophoresis
and documented using Gel Doc 1000 system (Bio-
Rad). Production of mRNA for each factor during the
secretion stage was taken as one unit. Quantitative
analysis and statistical processing of the data were
described previously [4].

RESULTS

The expression of PCNA and IGF-1 proliferation fac-
tors and Fas apoptosis inductor in normal endomet-

rium samples was significantly higher during the pro-
liferation stage than during the secretion stage
(p<0.05). The expression of other 12 genes was simi-
lar in the control and reference groups.

Local expression of some cytokine genes was chan-
ged in patients with hyperplasia in comparison with
normal endometrium during the proliferation stage.
The direction of changes in GCH and AH in general
coincided, though with some exceptions: the expres-
sion of IGF-1 gene was lower in AH (p<0.01 vs. GCH
and p<0.05 vs. control), while the production of IL-
12 mRNA in GCH was significantly lowered (p<0.01
vs. AH and p<0.05 vs. control), as well as of IL-1β
mRNA (p<0.05 vs. AH and control).

The expression of Fas receptor gene markedly
increased in hyperplastic endometrium (30.3 times in
GCH, p<0.05; 15.8 times in AH, p<0.05), while the
expression of Fas ligand virtually did not differ from
normal. The expression of TNF-α significantly de-
creased both in GCH and AH (5.5 and 24 times, res-
pectively, p<0.05). The level of type I TNF-α receptor
mRNA was significantly reduced only in GCH (p<0.05),
while in AH this parameter only tended to decrease.

The expression of growth factors was decreased
in hyperplasia: PCNA: 8.7 times in GCH and 15.6
times in AH (p<0.05 and p<0.001, respectively); IGF-1:
1.6 times in GCH (negligibly) and 3-fold in AH (p<0.05).
The expression of EGF gene was markedly reduced in
both forms of hyperplasia, but we failed to detect the
differences by statistical methods because the groups
were very small. EGF gene was expressed in 50%
endometrial specimens at the secretion stage, in 75%
specimens at the proliferation stage, in 40% of GCH,
and in 50% of AH samples. Changes in the expression
of IGF-1 receptor were negligible.

The production of IL-1β mRNA decreased 32
times in GCH (p<0.01), while in AH this parameter
only tended to decrease. The expression of IL-12 gene
in GCH also markedly decreased (7.4 times, p<0.01).
The expression of IL-4, IL-6, IL-8, IL-10, TGF-β2, and
IFN-γ genes in hyperplasia of different types did not
differ significantly from the levels in normally pro-
liferating endometrium.

In general the production of many factors activa-
ting cell proliferation and preventing apoptosis is ap-
preciably reduced in EHP. This is true, first and fore-
most, for PCNA, an obligatory element of the replica-
tive complex [11]. Our findings are in line with
published data on decreased mitotic activity and PCNA
production in hyperplasia [6]. By contrast, the detected
decreased expression of IGF-1 and EGF genes was
never noted before [9,12]. On the other hand, an ap-
preciable increase in the Fas mRNA production seems
to indicate high readiness of cells to receive a signal
triggering programmed death. Since IGF-1 is an apo-
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ptosis blocker, the decreased expression of the corre-
sponding gene is an indirect prerequisite for activation
of apoptosis in hyperplastic endometrium. However,
it is known that apoptosis in EHP increases just ne-
gligibly in comparison with the proliferation stage [8].
Its negative regulation in EHP can be seen from low
activity of Ca2+/Mg2+-dependent endonucleases [2]
participating in DNA degradation. The causes of apo-
ptosis inhibition can be, among other things, decreased
expression of TNF-α or insufficient production of
FasL and TNF-R1, revealed in our study.

Dufaston therapy in GCH, similarly as zoladex
therapy in AH, led to changes in the expression of Fas
receptor, PCNA, and IGF-1 towards their normaliza-
tion. The decrease of Fas expression was significant
in both groups (37.6 times in GCH, p<0.01, and 24.9
times in AH, p<0.05). The increase of IGF-1 gene ex-
pression was also significant after therapy with zola-
dex and dufaston: 6- (p<0.01) and 3.7-fold (p<0.05),
respectively. On the other hand, the increase of PCNA
expression observed in both groups was significant
only after zoladex therapy of AH patients (4.8 times,
p<0.05). Expression of IFN-γ and IL-6 decreased sig-
nificantly in the GCH group (1.9 and 14.3 times, re-
spectively, p<0.05) and in AH group (1.6 and 91
times, respectively, p<0.05), though before therapy the
production of mRNA for these cytokines did not differ
from normal. The expression of TGF-β2 and IL-1β
decreased significantly (p<0.05 and p<0.01, respec-
tively) after zoladex therapy of AH patients; the initial
production of TGF-β2 mRNA was slightly higher and
of IL-1β mRNA lower than in the control. Dufaston
therapy was associated with further suppression of
TNF-α (p<0.05) and IL-4 (p<0.05) genes expression.

Hence, expression of many of the studied factors
remained low after the treatment in comparison with
the level characteristic of the proliferation and secre-
tion stages in intact endometrium (TNF-α, TNF-R1,
IFN-γ, IL-1β, IL-4, IL-6, EGF). In some cases sup-
pression of gene expression was even deeper than in
EHP. The production of FasL, IL-8, IL-10, IL-12,
IGF-R, and EGF mRNA was resistant to therapy with
drugs modulating the hormonal status. It seems that
the expression of some these genes cannot be regula-
ted by sex steroid hormones, as its level virtually did
not change in hyperplasia (FasL, IL-8, IL-10, IGF-R).
We conclude that in general the therapy led to a de-
crease in the expression of factors capable of inducing
apoptosis or suppressing cell growth (TNF-α, IFN-γ)
and an increase in the levels of some factors main-
taining proliferation and inhibiting apoptosis (PCNA,

IGF-1). These changes can be regarded as an evidence
of transition of the endometrium into the proliferation
phase. Morphological analysis indicated that 70% of
endometrial specimens after dufaston therapy and
44.4% specimens after zoladex therapy corresponded
to the proliferative stage.

These data indicate that many-fold increase of Fas
production in endometrial hyperplasia, typically not
characterized by high level of apoptosis, is not a signal
triggering programmed death. On the other hand, EHP
is associated with suppression of proliferative activity,
which is seen from decreased expression of cell pro-
liferation factor genes.

Hence, it seems that endometrial hyperplasia is a
condition when cell proliferation and apoptosis (both
processes whose consecutive activation maintains nor-
mal functioning of the endometrium) are inhibited.
Hormone therapy has a certain positive effect on the
expression of some genes encoding cell proliferation
and death factors, due to which the recovery of the
menstrual cycle becomes potentially possible. On the
other hand, revision of current views on the origin of
hyperplasia and understanding of EHP as a pheno-
menon of simultaneous inhibition of apoptosis and
proliferation can stimulate the improvement of tradi-
tional and development of principally novel appro-
aches to therapy.
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