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Abstract

Background. Epidermal and insulin-like growth factors (EGF, IGFs) act as mitogens promoting endothelial cell prolif-
eration and differentiation. Accumulating evidence for interactions between EGF and IGF signaling pathways has been
reported. Fibroblast Growth Factor-2 (FGF2) is also mitogenic for various cell types and is associated with regulation
of tumor angiogenesis and metastasis. However EGF, IGF-1 and FGF?2 transcript levels have been scarcely investigated
in endometrial carcinoma.

Methods. In the present study, we evaluated the mRNA expression pattern of EGF, IGF-1 and FGF2 by using Com-
parative Quantitative real-time RT-PCR assay in 30 endometrial cancer specimens and an equal number of adjacent nor-
mal tissues.

Results. Both overexpression and down-regulation of EGF, IGF-1 and FGF2 was demonstrated in endometrial cancer
compared to the adjacent normal specimens; however the main features of cancer were IGF-1 and EGF down-regulation
and FGF2 up-regulation. Different co-expression patterns of all three factors were displayed in normal and malignant
endometrium. Interestingly, FGF2 mRNA was positively correlated with EGF and IGF-1 transcript levels in endometrial
cancer (P = 0.024 and P = 0.006, respectively), while no co-expression was observed in the adjacent normal specimens.
Furthermore, endometrial tissue-pair analysis revealed a significant positive correlation between EGF and IGF-1
(P = 0.010), supporting the hypothesis of a cross-talk between IGF- and EGF-mediated signaling pathways in endometrial
cancer. EGF transcript levels were marginally higher in endometrioid than non-endometrioid tumors (P = 0.050), and in
grade I compared to grade II tamors (P = 0.053).

Conclusions. Up-regulation as well as down-regulation of EGF, IGF-1 and FGF2 transcript levels is observed in endo-
metrial cancer; however IGF-1 and EGF down-regulation and FGF2 up-regulation seem to comprise the main features of
endometrial carcinogenesis. The disruption of their mRNA co-expression pattern observed supports the hypothesis of a
cross-talk between IGF- and EGF-mediated signaling pathways in promoting endothelial cell proliferation and differen-
tiation in endometrial cancer.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Endometrial cancer is one of the most common
gynaecological malignancies [1]. Tumor develop-
ment and progression in the endometrium, as in
most human carcinomas, is mediated by angiogene-
sis. This complex procedure is an indispensable
requirement for tumor growth, as well as invasive-
ness and metastasis [2]. The uterine endometrium
however, is a dynamic organ that undergoes peri-
odic growth, remodeling and breakdown under hor-
monal influence during the menstrual cycle.
Nevertheless induction of abnormal angiogenesis
during endometrial cancer development has been
well documented [1]. Tumor and stromal vasculari-
zation has been shown to provide prognostic infor-
mation for patients with endometrial cancer [3,4].

Numerous growth factors and cytokines are
involved in the angiogenic process accompanying
endometrial carcinogenesis. Among them, Epider-
mal and Insulin growth factors (EGF, IGFs) act
as mitogens promoting endothelial cell proliferation
and differentiation. Fibroblast Growth Factor-2
(FGF2) is also mitogenic for various cell types
and is associated with regulation of tumor angio-
genesis and metastasis.

EGF exerts its proliferative function through
binding to its receptor EGFR, a 170-kDa trans-
membrane protein with tyrosine kinase action.
Extracellular ligand binding induces dimerization
and consequently activation of the intracellular
tyrosine kinase. Limited information is available
regarding EGF mRNA levels in the premalignant
and malignant endometrium [5,6]. Previous studies
on the field are suggestive of either higher or lower
EGF transcript levels in endometrial cancer com-
pared to normal endometrium, therefore they are
not adequate to elucidate EGFs exact role in the
malignant transformation of the endometrium.

The IGF signaling pathway on the other hand
is more complex. IGF-1 is a hormone-dependent
growth factor with a molecular weight of
7650 kDa, which binds to its receptor IGFR-1
under the regulation of IGF binding proteins [7].
Estrogen has been shown to stimulate IGF-1 gene
expression in the endometrium [7,8] and IGF-1 is
assumed to mediate estrogen action through auto-
crine as well as paracrine mechanisms. Originally
it was considered that these agents manifest their
mitogenic functions through separate pathways,
but a growing body of evidence supports the
hypothesis of interactions between estrogen and

IGF signaling pathways. Increased levels of
plasma IGF-1 in women have been associated
with increased risk of developing cervical, ovarian
or endometrial cancer [9,10]. Giudice et al. pro-
vided evidence of IGF-I involvement in endome-
trial growth regulation [11] but the underlying
mechanism of its participation in endometrial car-
cinogenesis is not yet clarified.

FGF2 can affect tumor vasculature not only
through paracrine but also through autocrine or pos-
sibly intracellular signaling [12]. FGF2 exists as five
distinct isoforms with distinct subcellular localiza-
tions. FGF2is produced as a cytoplasmic 18-kDa iso-
form that can be released and as four high-molecular
weight (HMW) isoforms that are nuclear. The 18-
kDa FGF2 is the predominant isoform released from
cells, and enters the nucleus via a receptor-dependent
pathway. FGF2 mediates tumor metastasis through
the remodeling of the extracellular matrix. FGF2
has been proposed to be a key regulator of angiogen-
esis in prostate cancers [13,14], skin melanoma [15]
and pancreatic cancer [16]. It has also been implicated
in cervical cancer development by our research group
[17], but its role in endometrial carcinogenesis has
scarcely been examined.

In the present study, we evaluated the mRNA
expression pattern of the most important mitogens
that regulate angiogenesis in endometrial cancer:
EGF, IGF-1 and FGF2. Our goal was to examine
their significance as possible markers of malignant
transformation of the endometrium, as well as to
investigate the underlying mechanism mediating
their expression during endometrial cancer devel-
opment and progression. Therefore, EGF, 1GF-1
and FGF2 mRNA levels were assessed by quanti-
tative real-time PCR analysis in endometrial can-
cer and adjacent normal tissue specimens. A few
cases of atypical endometrial hyperplasia were
additionally investigated. The expression profile
of the above genes was correlated with clinical
parameters. Moreover, the ratio of the transcript
levels of each gene in the tumor specimen to that
of the adjacent normal tissue was used to provide
a distinct molecular portrait of each tumor that
was subsequently compared with clinicopathologi-
cal features.

This is the first assessment according to our knowl-
edge of the mRNA co-expression pattern of EGF,
IGF-1 and FGF2 (pair-wise) in normal and malig-
nant endometrium, with the scope of elucidating possi-
ble interactions between these mitogenic growth factors
during the process of endometrial carcinogenesis.
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2. Materials and methods
2.1. Tissue specimens

Specimens were surgically obtained from a total of 34
patients who underwent hysterectomy as a therapy at the
Department of Obstetrics and Gynecology of PAGNH
University Hospital Crete, from 2003 to 2004. Tissue
specimens were obtained at the time of the surgery and
each specimen was bisected. Half of the sample was snap
frozen and stored at —80°C until required for RNA
extraction. The other half was fixed in 10% formaldehyde
solution for histopathological examination. Age at
the time of surgery ranged from 31 to 88, mean
(64.8 + 14.1). Only one woman was in the reproductive
period and the rest were in menopause. Staging was
reviewed based on the International Federation of Obstet-
rics and Gynecology (FIGO) staging system: 14 cancer
specimens were of stage I, 12 of stage II and 4 of stage
ITI. Endometrial cancer patients were stratified according
to tumor histological cell type and differentiation grade.
In addition, four patients suffering from atypical endome-
trial hyperplasia (AEH) were also examined. Table 1 sum-
marizes the clinical characteristics of the patients’ with
endometrial cancer. Tissue biopsies had been previously
received from all the patients with cancer to establish
the diagnosis, but none of them had undergone any radi-
otherapeutic or chemotherapeutic treatment prior to hys-
terectomy and tissue biopsies for the present study. The
Ethics Committee of the University of Crete approved
the present study, and all participating patients gave writ-
ten informed consent.

2.2. RNA extraction and reverse transcription (RT-PCR)

Total RNA was isolated from fresh tissues using the
Trizol reagent (Life Technologies Ltd., UK) according
to the manufacturer’s instructions. Tissue specimens were
homogenized in the TR1zol® reagent (Invitrogen, Carls-
bad, CA) using a power homogenizer and incubated at
room temperature, followed by chloroform addition and
centrifugation. Total RNA was precipitated from the
supernatant with isopropanol, washed with 75% ethanol
and resuspended in 50 pl DEPC-treated water. RNA con-
centration was calculated after measuring on a UV spec-
trophotometer (Hitachi Instruments Inc., USA) its 260-
nm absorbance and 260/280-nm absorbance ratio. One
percent agarose gel electrophoresis and ethidium bromide
staining were used to examine RNA integrity.

Reverse transcription reactions for the preparation of
first-strand ¢cDNA from 2 pg of total RNA, were per-
formed using the “Reverse transcription kit”, according
to the manufacturer’s protocol (Promega USA). Random
hexamers were used as amplification primers. In detail,
2 ug of total RNA, 50ng of random hexamers and
1 mM dNTPs were heated at 70 °C for 10 min, in order

Table 1
Clinical and histological characteristics of patients with endome-
trial carcinoma

Characteristic No. of patients
Total no. of patients 34
AEH 4

Endometrial cancer 30
Age
Mean + SEM 64.8 + 14.1
Range 31-88
Menopausal status
Pre 1
Post 29
Histological cell type
Endometrioid 23
Non-endometrioid 7
Serous papillary 2
Clear cell 1
Mixed 4
Histological grade
Gl 6
G2 17
G1-G2 2
G3 5
FIGO stage
I 14
II 12
I 4
Myometrial invasion
<50% 16
>50% 14
Cervical involvement
Positive . 10
Negative 20
Extra-uterine disease
Positive 6
Negative 24
LVS involvement
Positive 0
Negative 30

to remove RNA secondary structures, and placed on ice
until the addition of cDNA synthesis mix, which con-
tained 1x cDNA synthesis buffer (50 mM Tris—acetate,
pH 8.4, 75 mM potassium acetate, 8 mM magnesium ace-
tate), 5 mM dithiothreitol (DTT), 40 U RNasin™ (Pro-
mega) and 15U reverse transcriptase (Promega). The
final mix (volume 20 pl) was incubated for 10 min at
25 °C for primer extension, and cDNA synthesis was con-
ducted at 42 °C for 60 min. The reaction was terminated
by heating at 95°C for 5Smin. In order to remove the
RNA template, cDNA was incubated at 37°C for
20 min with 2 U of Escherichia coli RNaseH, and stored
at —20 °C until use.
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2.3. Real-time PCR

Real-time PCRs were carried out in the Mx3000P Real-
Time PCR system (Stratagene, USA) by using the SYBR®
Green I Master Mix (Stratagene, USA) according to the
manufacturer’s instructions. Data were collected and ana-
lysed with the use of the Mx3000P Real-Time PCR software
version 2.00, Build 215 Schema 60 (Stratagene, La Jolla,
CA). Specifically all growth factors’ mRNA expression
was measured using a real-time RT-PCR assay with
SYBR® Green I. Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as internal control, in order to
normalize EGF, IGF-1 and FGF2 mRNA expression lev-
els. The mRNA-specific primers used are listed in Table 2.
After initial experiments, in order to optimize primers’ con-
centration and annealing temperature, 1 nl cDNA from
normal, hyperplasia or malignant endometrial samples
was amplified in a PCR containing 2x Brilliant SYBR®
Green QPCR Master Mix (containing 2.5 mM MgCl,),
300 nM of each primer and 30 pM Rox passive reference
dye, in a final volume of 20 pl. To ensure the accuracy of
quantification measurements, a representative pool of all
samples was diluted in a series of seven 2x dilutions, and
was run in the same plate, in order to construct a standard
curve for the quantification process. After initial denatur-
ation at 95 °C for 10 min, samples were subjected to 45
cycles of amplification, comprised of denaturation at
95 °C for 30 s, annealing at 60 °C for 30 s and elongation
at 72 °C for 30 s, followed by a melt curve analysis, in which
the temperature was increased from 55 to 95 °C at a linear
rate of 0.2 °C/s. Data collection was performed both during
annealing and extension, with two measurements at each
step, and at all times during melt curve analysis. To verify
the results of the melt curve analysis, PCR products were
analyzed by electrophoresis in 2% agarose gels, stained with
ethidium bromide and photographed on a UV light transil-
luminator. The PCR product length of all growth factors
analyzed is presented in Table 2. In each PCR two negative
controls were included, one with no cDNA template and
one with no reverse transcription treatment. Peptide
growth factor transcription levels were calculated using

Table 2

Primer sequences used for quantitative real-time RT-PCR

Growth  Primer pair sequence (5'-3’) Product

factor size

EGF CTTGTCATGCTGCTCCTCCTG 118
TGCGACTCCTCACATCTCTGC

IGF-1 CCTCCTCGCATCTCTTCTACCTG 166
CTGCTGGAGCCATACCCTGTG

FGF2 CTGGCTATGAAGGAAGATGGA 149
TGCCCAGTTCGTTTCAGTG

GAPDH GGAAGGTGAAGGTCGGAGTCA 101

GTCATTGATGGCAACAATATCCACT

the following formula: NormalizedSample/Control =
(14 Egr) *“GF/(1 + Egarpn) “““GAPDH.  Twofold
increased or decreased expression was considered signifi-
cant. Representative examples of real-time quantitative
PCR amplification plots and dissociation curves corre-
sponding to the target genes or internal control (GAPDH)
are presented in Fig. 1. Procedures were repeated with
cDNA template synthesized 3 times from the same RNA.
Each sample’s mRNA levels for every growth factor tested
represent the mean value of data acquired from three inde-
pendent RT-PCR experiments.

2.4. Statistical analysis

One sample Kolmogorov-Smirnov test was employed
to assess the normal distribution of the mRNA expression
values of all genes studied. The mRNA expression of
EGF, IGF-1 and FGF2 was compared between the groups
of normal and pathological samples, as well as between the
groups of different clinicopathological features (histologi-
cal cell type, differentiation grade, myometrial invasion,
etc.) by the use of non-parametric procedures (Kruskal
Wallis and Mann—Whitney test). The Spearman rank corre-
lation (non-parametric test) was employed to examine the
growth factor mRNA correlation pair-wise. Finally the
Chi-Square (x°) test was used to assess differences in
EGF, IGF-1 and FGF2 mRNA expression status (overex-
pression or down-regulation) in the groups of endometrial
cancer and endometrial atypical hyperplasia cases. Proba-
bility values less than 0.05 were considered statistically sig-
nificant. Statistical calculations were performed using the
SPSS software, version 11.

3. Results

In the present study, we evaluated the mRNA expres-
sion profile of EGF, IGF-1 and FGF2 using a quantita-
tive real-time RT-PCR method. FGF2 and GAPDH
amplification plots and dissociation curves are representa-
tive examples of the analysis and are presented in Fig. 1.
Our study group consisted of 30 endometrial cancer tis-
sues, and adjacent normal tissue specimens of all subjects.
We additionally examined four atypical endometrial
hyperplasia (AEH) and adjacent normal specimens. Tran-
script levels of the housekeeping gene GAPDH were also
evaluated in all samples by real-time PCR analysis, in
order to be used as an internal control. The ratio of each
growth factor’s (EGF or IGF-1 or FGF2) transcript lev-
els, versus GAPDH mRNA levels of the same specimen
served as its normalized mRNA levels.

3.1. Transcript levels of EGF, IGF-1 and FGF2

Transcript levels of all three mitogenic growth fac-
tors studied (normalized to GAPDH) were found to
be similar in normal and malignant endometrial speci-
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Fig. 1. Representative examples of real-time quantitative PCR using SYBR Green I detection dye. (a) Amplification plots of target gene
(FGF2 in this case), (b) dissociation curves of target gene (FGF2), (c) standard curve of target gene (FGF2), (d) amplification plots of
internal control (GAPDH), (e) dissociation curves of internal control (GAPDH), (f) standard curve of internal control (GAPDH).

mens. Specifically mRNA levels of all three genes were
not found to be significantly different between patholog-
ical (hyperplasia or cancer) and adjacent normal speci-
mens. Furthermore, no significant differences in
mRNA levels of EGF, IGF-1, or FGF2 were observed
between cancer and endometrial hyperplasia specimens.
Fig. 2 depicts the mRNA expression profile of EGF,
IGF-1 and FGF2 in the normal and the malignant
endometrium.

EGF transcript levels were found to be higher in endo-
metrial cancer tissues of grade 1 (mean =2.73 £ 1.10),
than grade 2 tumors (0.73 & 0.30), but the difference
was marginally non-significant (P = 0.053, Mann-Whit-
ney test) (Fig. 3).

IGF-1 and FGF2 mRNA levels were not found to be
associated with any clinicopathological feature of the
specimens examined such as tumor histological
type, grade, or FIGO stage. Furthermore, the transcript

levels of all three growth factors studied were not
associated with parameters such as myometrial invasion,
cervical involvement or the presence of extra-uterine
disease.

3.2. mRNA co-expression analysis pair-wise

Spearman correlations for evaluation of EGF, IGF-1
and FGF2 co-expression patterns in the groups of cancer
and adjacent normal endometrial tissue specimens are
demonstrated in Table 3 (A and B, respectively). Different
co-expression patterns of all genes were displayed in nor-
mal and malignant endometrium. In normal specimens,
no correlations were observed between the three mito-
genic growth factors studied. However in the group of
endometrial cancer specimens FGF2 mRNA levels were
found to be positively correlated with EGF and IGF-1
transcript levels (P =0.024 and P = 0.006, respectively)
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(Table 3A and B). Due to the limited number of atypical
endometrial hyperplasia (AEH) cases included in the
study (N =4), the co-expression pattern of the growth
factors studied in AEH cases could not be evaluated.
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Fig. 3. EGF mRNA levels in endometrial cancer specimens in
respect to tumor grade (Grade 1 specimens exhibit marginally
higher mRNA levels than Grade 2 tumors, P = 0.055, Mann—
‘Whitney test).

Table 3
Spearman correlation p and P values
FGF2 IGF-1 EGF
(A) Normal endometrial specimens
GF2 Spearman’s p 1.000
Sig. 2-tailed
IGF-1 Spearman’s p 0.125 1.000
Sig. 2-tailed 0.622
EGF Spearman’s p 0.143 0.189 1.000
Sig. 2-tailed 0.626 0.499
(B) Endometrial cancer specimens
FGF2 Spearman’s p 1.000
Sig. 2-tailed
IGF-1 Spearman’s p 0.635° 1.000
Sig. 2-tailed 0.006° -
EGF Spearman’s p 0.621* 0.178 1.000
Sig. 2-tailed 0.024° 0.543 -
(C) Endometrial tissue-pairs
FGF2 Spearman’s p 1.000
Sig. 2-tailed
IGF-1 Spearman’s p 0.668° 1.000
Sig. 2-tailed 0.007° -
EGF Spearman’s p 0.333 0.800° 1.000
Sig. 2-tailed 0.381 0.010° -

# Correlation is significant at the 0.05 level (2-tailed).
b Correlation is significant at the 0.01 level (2-tailed).
¢ P values (Sig. 2-tailed) in bold, are statistically significant.

3.3. Endometrial tissue-pair analysis

In the present study, adjacent normal endometrial tis-
sue specimens were available for all pathological speci-
mens (cancer or hyperplasia). We therefore considered it
more appropriate to compare each pathological sample’s
mRNA levels with those of its adjacent normal specimen.
Consequently, we calculated the ratio of the transcript
levels of each gene to GAPDH in the tumor sample to
that of the adjacent normal tissue, for example ((EGF/
GAPDH) tumor/(EGF/GAPDH) normal). This ratio
was used to provide a distinct molecular portrait of each
tumor that was subsequently compared with clinicopath-
ological features. A twofold increased or decreased
expression ratio was considered to reflect overexpression
or down-regulation of the gene of interest.

Transcript levels of EGF were found to be significantly
elevated in 33% of endometrial cancer cases while EGF
down-regulation was observed in 56% of cancer cases.
Interestingly, EGF down-regulation is significantly more
frequent in endometrial cancer than up-regulation
(P=0.001, odds ratio (OR)=0.39, CI=0.21-0.71).
IGF-1 exhibited mRNA overexpression as well as down-
regulation in 39% and 56% of cancer cases correspond-
ingly. This difference was also statistically significant
(P=0.016, odds ratio (OR)=0.50, CI=0.27-0.92).
FGF?2 expression was found to be up-regulated in 75%
of cancer cases, and down-regulated in 25% of the cancer
specimens compared to controls. In the latter case FGF2
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overexpression is significantly more frequent in endome-
trial cancer than reduced expression (P < 10~*, odds ratio
(OR) = 3, CI = 1.71-5.29) (Table 4A).

Concerning the few cases of atypical endometrial
hyperplasia that we examined we observed EGF overex-
pression in 3/4 cases (75%) and down-regulation in 1/4
case (25%). IGF-1 up-regulation was demonstrated in 1/
4 cases (25%) and down-regulation in 1/4 case (25%).
Finally, FGF2 mRNA was found to be overexpressed in
2/4 cases (50%) and down-regulated in 1/4 cases (25%).
Although the number of hyperplasia cases is small, when
we compared the frequency of overexpression or down-
regulation observed for each growth factor, between the
groups of endometrial cancer and AEH, significant differ-
ences were demonstrated. Table 4B summarizes our
results. Specifically EGF down-regulation was more com-
mon in endometrial cancer while up-regulation was signif-
icantly more common in the hyperplasia cases. Our results
were the same regarding IGF-1 expression, while FGF2
mRNA overexpression was significantly more common
in endometrial cancer than hyperplasia cases.

Following this analysis, we correlated the tissue-pairs’
expression ratio for each growth factor included in our
study with clinicopathological parameters. According to
our findings, EGF transcript levels in endometrial cancer
tissue-pairs of endometrioid type were found to be higher
than in non-endometrioid tumors, this difference however
was borderline non-significant (P = 0.050, Mann-Whit-
ney test) (Fig. 4).

Spearman correlations for evaluation of EGF, IGF-1
and FGF2 co-expression patterns in endometrial tissue-
pairs revealed significant positive correlations between
IGF-1 and FGF2 (P =0.007), as well as IGF-1 and
EGF (P = 0.010) (Table 3C).

4. Discussion

Angiogenesis has been shown to play a major
role in endometrial cancer development. Among
the growth factors implicated in neovascularization,
EGF, FGF2 and IGF have been recognized as
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Fig. 4. EGF mRNA levels in endometrial tissue-pairs (ratio of
EGF transcript levels in cancer versus normal specimens from the
same patient) are marginally higher in endometrioid than non-
endometrioid tumors (P = 0.050, Mann-Whitney test).

important mitogens, which promote endothelial cell
proliferation and differentiation [18]. In the present
study, we evaluated the combined mRNA expres-
sion of EGF, FGF2 and IGF-1 in cancer, hyperpla-
sia and adjacent normal endometrial tissues. The
mRNA expression levels obtained were associated
with clinicopathological features followed by pair-
wise co-expression analysis.

This is the first time according to our knowledge
that mRNA expression profiles and co-expression
patterns have been evaluated in endometrial patho-
logical samples (hyperplasia or cancer) and com-
pared to normal tissue specimens of the same
patients, reflecting each tumors’ molecular portrait
(endometrial tissue-pair analysis). So far the tran-
script levels of the genes studied were assessed and
compared to the mean value of the mRNA levels

Table 4
Relative mRNA expression of mitogenic growth factors
Growth factor EGF IGF FGF2

1 (%) - (%) 1 (%) 1 (%) - (%) 1 (%) T (%) - (%) 1 (%)
(A) Endometrial cancer tissue-pairs
Cancer 33 11 56 39 5 56 75 0 25
P value® — o001t —J L 0.016 —J — <10 —
(B) Endometrial cancer tissue-pairs compared to atypical endometrial hyperplasia (AEH) tissue-pairs
Cancer 33 11 56 39 5 56 75 0 25
AEH 75 0 25 25 50 25 50 11 39
P value® <107’ 0.001 0.005 0.033 <107’ <107’ 0.0003 0.001 0.002

1, over-expression; -, normal expression; |, reduced expression, * test, (df = 2).
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of normal pre- and post-menopausal endometrium
derived from a different set of patients. Following
this approach we compared the mean values of the
growth factor transcript levels with the mean values
of the group of normal specimens (regarded as a
whole) from our patients. In this case we observed
no differences in EGF, IGF-1 or FGF2 transcript
levels between normal and pathological samples.
This finding however cannot lead to the assumption
that the growth factors studied are not implicated in
endometrial carcinogenesis because this approach
does not take into account the molecular character-
istics of each patient’s specimen. The latter could
explain the discrepancies in other investigators’
findings regarding mRNA levels of EGF, IGF-1
or FGF2 in comparison to normal endometrial tis-
sues. For example the expression of the IGF system,
even though it has been evaluated only in a limited
number of studies, is reported to be either overex-
pressed or down-regulated in endometrial cancer
compared to normal endometrium [9-11].

EGF as well as its receptor (EGFR) expression
has been investigated in normal human endome-
trium and its presence has been verified [19-22].
The expression of the EGF system in endometrial
cancer has mainly been investigated by immunohis-
tochemistry on archive material [23-28]. There are
only two evaluations of EGF mRNA in endometrial
cancer [29,30] and a study of EGF transcript levels in
endometrial cancer cell lines [31] that report the
absence of differences in EGF transcript levels
between normal and pathological samples, which is
consistent with our findings. Our finding that EGF
mRNA levels in endometrial tissue-pairs are higher
in endometrioid than non-endometrioid tumors sug-
gest that these tumors may comprise different enti-
ties with distinct molecular characteristics, thus
EGF transcription differs in these systems. The ele-
vated EGF transcript levels observed in Grade 1
tumors compared to Grade 2 endometrial tumors
reinforces the hypothesis that the EGF system
potentially plays a role in the malignant transforma-
tion of the endometrium. According to our endome-
trial tissuc-pair analysis, EGF mRNA is
overexpressed in 33% and down-regulated in 56%
of the endometrial tissue-pairs. The latter indicated
that down-regulation is more frequent in endome-
trial cancer specimens; however reduced EGF
expression cannot be blamed entirely for abnormal
endometrial growth and differentiation. Therefore
the role of the EGF system in endometrial cancer
development is complicated and not yet clear.

Previous studies stressed a role for the IGF-1
system (IGF-1, IGFR-1, IGF binding proteins) in
endometrial carcinogenesis [32,33]. Furthermore,
evidence has been provided that the expression of
IGF-1 positively correlated with tumor grade
[34]. These findings are also supported by the
active involvement of IGF-1 in the genesis of other
gynecological malignancies [35,36]. Maiorano et al.
showed that IGF-1 mRNA expression in endome-
trial carcinomas is significantly reduced when com-
pared with proliferative endometria which were
considered as normal controls [37]. Post-meno-
pausal normal endometrial specimens however
had also low IGF-1 mRNA levels that were com-
parable to the levels of the cancer specimens. This
is in agreement with our evaluation where all
patients (apart from one who was excluded from
this analysis) were post-menopausal and no statis-
tical differences were observed between normal
and malignant endometrial specimens. Based on
our endometrial tissue-pair evaluation, our results
show IGF-1 mRNA up-regulation in 39% and
reduced expression in 56% of endometrial cancer
specimens. Again IGF-1 down-regulation is
observed more frequently than up-regulation con-
firming partly Maiorano’s results. Nevertheless,
IGF-1 overexpression seems to be an almost
equally important event in endometrial cancer
specimens, supporting the complex role of the
IGF-1 system in angiogenesis of the malignant
endometrium.

FGF2 has been proposed to comprise an indica-
tor for advancement of endometrial cancers [38,39].
Our endometrial tissue-pair analysis exhibits FGF2
mRNA overexpression in 75%, and down-regula-
tion in 25% of cancer specimens, respectively, sug-
gesting that high levels of FGF2 potentially play a
role in endometrial carcinogenesis.

Although the number of endometrial hyperplasia
cases and adjacent normal specimens that we exam-
ined is very small (4 cases), our evaluation provides
indications that AEH and cancer cases could possi-
bly comprise distinct entities. The main features of
endometrial cancer were IGF-1 and EGF down-reg-
ulation and FGF2 up-regulation, whereas hyperpla-
sia cases were mostly characterized by IGF-1
normal expression and EGF and FGF2 up-regula-
tion. Further investigation is needed and in a larger
set of specimens in order to reveal whether and how
EGF, IGF-1 and FGF?2 are implicated in the molec-
ular pathways involved in the development of the
hyperplastic endometrium.
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The most interesting finding of our evaluation is
the disruption of the mRNA co-expression profile
of the angiogenic factors studied in the group of
endometrial tumor specimens compared to the
group of adjacent normal specimens. No correla-
tions were observed between EGF, IGF-1 and
FGF transcript levels in normal endometrium, while
FGF2 mRNA was significantly correlated with
EGF and IGF-1 in the malignant endometrium.
This leads us to the assumption that the deregula-
tion of the mRNA expression profile of the mito-
genic growth factors included in our study may be
the actual mediator of the tumorigenic process in
the endometrium. Furthermore, the co-expression
pattern provided by our endometrial tissue analysis
indicates significant positive correlations between
IGF-1 and FGF2, as well as IGF-1 and EGF. This
finding supports the hypothesis of a cross-talk
between IGF- and EGF-mediated signaling path-
ways in endometrial cancer. Conclusively, our eval-
uation provides indirect evidence that EGF, IGF-1
and FGF2 potentially act synergistically in the
tumorigenic process of the endometrium.
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