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Abstract. Chronic hyperinsulinemia due to insulin resistance
and elevated levels of insulin-like growth factor (IGF)-1 and
IGF-2 are suggestive of a significantly higher risk of endo-
metrial carcinoma. There is a wealth of evidence showing
differential expression of IGF-1 isoforms in various types
of cancer. In the present study, 99 archived endometrial
carcinoma tissue sections were retrospectively assessed by
immunohistochemistry for IGF-1Ec isoform expression.
Expression of IGF-1Ec was also assessed in nine cases of
non-neoplastic endometrial tissue adjacent to the tumor, in
30 cases with normal endometrium and in 30 cases with endo-
metrial hyperplasia. Furthermore, the association between
IGF-1Ec and the concurrent expression of phosphatase and
tensin homologue deleted on chromosome 10 (PTEN), p53 or
survivin was assessed, as well as their combined expression in
association with clinicopathological variables. In endometrial
carcinoma, IGF-1Ec expression was high in non-endometrioid
carcinoma (serous papillary or clear cell carcinoma) compared
with that in endometrioid adenocarcinoma. IGF-1Ec expres-
sion was also high in the presence of tumoral necrosis.
Furthermore, there was a significant correlation between the
histological differentiation and the sum of staining inten-
sity and the number of IGF-1Ec immunopositive cells in
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endometrial carcinoma. There was a moderate negative corre-
lation between co-expression of IGF-1Ec and PTEN, for both
the number of immunopositive cells (P=0.006, p=-0.343) and
the sum of staining (scores and intensity; P=0.006, p=-0.343).
Furthermore, there was a positive correlation between the
sum of staining (scores and intensity) and co-expression of
IGF-1Ec and survivin (P=0.043, p=0.225). However, there was
no association between concomitant expression of IGF-1Ec
and p53. These results emphasized the importance of IGF-1Ec
expression during development of non-estrogen dependent
endometrial adenocarcinoma. IGF-1Ec and PTEN may
function opposingly during endometrial carcinogenesis. By
contrast, IGF-1Ec and survivin may share common molecular
pathways and may promote, in parallel, tumoral development.

Introduction

Endometrial carcinoma accounts for 4.8% of all cancer cases
in women, and the life-time risk of development is 2-3%.
Endometrial carcinoma is the most common type of malig-
nancy of the female genital tract and the fourth most common
type of cancer in females after breast, colorectal and lung
cancer. Endometrial carcinoma can be either hereditary
or sporadic in 10 and 90% of women, respectively (1-8).
Endometrial carcinoma is classified as type I or type II based
on the pathological histology and clinical profile. Type I endo-
metrial carcinoma usually occurs in pre- and peri-menopausal
women, accounts for 80-90% of endometrial cancer cases,
and consists of endometrioid or mucinous adenocarcinomas.
Type I endometrial carcinoma is an estrogen-dependent
neoplasm of a low histological grade and arises through
persistent, unopposed estrogen stimulation of the endometrium
with a strong link to obesity. Typically, type I endometrial
carcinoma neoplasms begin as endometrial hyperplasia and in
particular, complex endometrial hyperplasia with atypia. The
early diagnosis and treatment of endometrial carcinoma type I
has favorable prognosis with a 5-year overall survival rate
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of 85-90% (1,5,9-11). Type II endometrial adenocarcinoma
accounts for 10-20% of endometrial cancer cases and consists
of high grade serous papillary and clear cell adenocarcinoma.
They are estrogen-independent neoplasms and frequently
begin as endometrial atrophy. Endometrial carcinoma type II
neoplasms are aggressive with exhibit metastasis at an early
stage, and patients have a poor prognosis and a 5-year survival
rate between 30-70% (9,12).

The insulin-like growth factor (IGF) system includes:
1) IGF-1, which is a growth hormone-dependent growth factor
with a molecular weight of 7,650 kDa, also known as somato-
medin C; ii) IGF-2, which is a small peptide that shares ~60%
of amino acid homology with IGF-1 and 40% with pro-insulin;
iii) type 1 IGF receptor (IGF-1R), which is a tyrosine kinase
receptor with >50% of homology with the insulin receptor (IR)
and binds to IGF-1 with the highest affinity or to IGF-2 with
low affinity, and mediates the majority of the somatomedin-like
actions of IGF-1 and IGF-2; iv) type 2 IGF receptor (IGF-2R),
which is a transmembrane single-chain glycoprotein known
as cation-independent mannose-6-phosphate receptor and
binds to IGF-1 with very low affinity and to IGF-2 but not to
insulin; v) IR, which is a cell surface tyrosine kinase receptor
that activates the ras-raf-MAPK-ERK, PI3K-AKT and mTOR
signaling pathways, and binds primarily to insulin, and to a
lesser degree with IGF-1 and IGF-2; vi) IR isoform A (IR-A),
which is derived from alternative splicing of IR mRNA with
the absence of exon 11, and exhibits a high affinity for insulin;
vii) IR isoform B (IR-B), which is derived from alternative
splicing of IR mRNA with inclusion of exon 11, and has a lower
binding affinity for insulin than IR-A; viii) the IR/IGR-1R
hybrid, which is hypothesized to function predominantly
as an IGF-1R; and ix) at least six insulin-like growth factor
binding proteins (IGFBPs) IGFBP-1-6, which bind to IGF-1
and IGF-2 with high affinity (13-26). The availability and
biological activities of IGFs are controlled and modulated by
IGFBPs (27,28). For example, IGFBP-3 binds to IGF-1 forming
a 150 kDa ternary complex, which protects IGF-1 from proteo-
lytic degradation. Pericellular proteases found in biological
fluids, cleave IGFBP-3, releasing free IGF-1 at the cell surface,
which diffuses into tissues and binds to IGF-1R to exert its
biological functions (20,21,29-36). IGFBPs compete with
IGF-1R and have higher binding affinity to IGF-1 compared
with IGF-1R. Binding of IGF-1 to IGFBPs suppresses
IGF-1 actions (35,37,38). Additionally, there is a group of
cysteine-rich proteins, known as IGFBP-related proteins that
shares important structural similarities with IGFBPs, but this
group of proteins exhibits a low binding affinity for IGF (30).

In humans, the IGF-1 gene is present in the human
genome as a single copy with 6 exons and 5 introns. The
transcription of the IGF-1 gene is controlled by two promoters
(P1 and P2), which are located before exons 1 and 2 respec-
tively (39-43). It is hypothesized that the P2 promoter encodes
the endocrine IGF-1 form, which remains under the control of
growth hormone (42). Alternative splicing of the exons of the
IGF-1 genes produces multiple heterogeneous IGF-1 mRNA
transcripts, including isoforms of mRNA called IGF-1Ea,
IGF-1Eb and IGF-1Ec (42,44-48). The translation of these
mRNA isoforms produces various isoforms of precursor IGF-1
proteins (45). IGF-1 activity is mediated by mature IGF-1, but
IGF-1 is synthesized as a precursor protein (49). The precursor

protein is termed prepro-IGF-1, which contains a signal peptide
and pro-IGF-1 (50). The signal peptide is removed in the
endoplasmic reticulum (50). Specific enzymes cleave post-trans-
lationally the polypeptidic pro-IGF-1 into mature IGF-1, and
free the carboxyl-terminal extension E-peptide (30,51-54). The
E-peptide possesses distinct bioactivity compared with the
mature form of IGF-1 (30,55,56). Exon 3 encodes parts of the
signal peptide and the mature peptide, which is common to
all IGF-1 isoforms (47). Exon 4 encodes the rest of the mature
peptide and the proximal part of the E-domain (47). Therefore,
the mature IGF-1 molecule is encoded exclusively by exons 3
and 4 and is composed of 70 amino acids (47). The mature IGF
peptide is the biologically active peptide, and is responsible for
binding to the receptors (30). Peptide Ec is encoded by exon 4,and
parts of exons 5 and 6 in the IGF-1Ec isoform and is composed
of the last 40 amino acids at the COO-terminal of the IGF-1Ec
isoform (45-47,57-60). Fig. 1 shows the molecular structure of
the human igf-1 gene, the various IGF-1 mRNA isoforms and
their IGF-1 protein isoforms (IGF-1Ea, IGF-1Eb and IGF-1Ec).
IGF-1Eb and IGF-1Ec are produced in negligible amounts,
and the predominantly expressed isoform under physiological
conditions is IGF-1Ea (60). IGF-1 synthesis in several tissues
exerts autocrine and paracrine effects. IGF-1 production in the
liver exhibits endocrine activity primarily (13,19,21,39,47,61,62).
Various studies have demonstrated the presence of IGF-1 in the
endometrium during a normal menstrual cycle (63). Estrogen
increases the expression of IGF-1 in the uterus and IGF-1 is
required to mediate its mitogenic effect on the endometrium via
IGF-1R, and possibly via hybrid IR/IGF-1R (20,27,34,64-66).
Progesterone has been reported to increase IGF synthesis to
antagonize estrogen-induced cell proliferation (27,28).

There is epidemiological evidence suggestive of a signifi-
cantly higher risk of endometrial carcinoma in women with
chronic hyperinsulinemia from insulin resistance (67). In
addition, IGF-1 and IGF-2 have been reported to be involved
in endometrial carcinogenesis (68). However, the results of
various studies which evaluated the biological significance
of IGF-1 and IGF-2 in endometrial carcinoma have produced
conflicting results, and are the subject of debate (22). The
biological and clinical role of IGF-1Ec isoform expression
in endometrial carcinogenesis has not been studied so far, to
the best of our knowledge. The aim of the present study was
to investigate the expression of IGF-1Ec isoform immuno-
histochemically in endometrial carcinoma in Greek patients,
in order to determine its potential role in endometrial carci-
nogenesis, and whether it is associated with well-established
clinicopathological parameters.

Material and methods

Patients. A total of 99 patients with primary endometrial
carcinoma who underwent surgical treatment with total
abdominal hysterectomy and bilateral salpingo-oophorec-
tomy were selected randomly and studied retrospectively
using archived formalin-fixed paraffin-embedded specimens.
The control group with normal endometrium consisted of
30 cases (including 12 proliferative and 8 secretory cases of
endometrium, and 10 cases of atrophic endometrium); the
group with hyperplastic endometrium consisted of 30 cases
(including 28 simple, 1 complex and 1 complex with atypia
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Figure 1. Molecular structure of the human igf-/ gene. The human igf-/ gene is composed of six exons and five introns. Transcription is controlled by one of the
two promoters (P1 and P2) located in exon 1 and 2, respectively. The P2 promoter encodes the endocrine IGF-1 form, which remains under the control of growth
hormone (GH). Various IGF-1 mRNA isoforms are generated by alternative splicing. Exons 1 and 2 are alternatively utilized and comprise class I and I, respectively.
Exons 3 and 4 are common part of all known isoforms. The IGF-1Ea isoform is encoded by exons 3, 4 and 6; exon 5 is absent in isoform IGF-1Ea. The IGF-1Eb
isoform is encoded by exons 3,4 and 5. The IGF-1Ec isoform is encoded by exons 3,4 and parts of exons 5 and 6. The translation of these mRNA isoforms produces
the corresponding IGF-1 protein isoforms, i.e. the IGF-1Ea, IGF-1Eb and IGF-1c pro-peptides. The mature peptide of IGF-1 is encoded exclusively by exons 3 and 4,
is the common part of each IGF-1 isoform, responsible for binding to the receptors, and is composed of 70 amino acids. IGF, insulin-like growth factor.

endometrial hyperplasia). In addition, non-neoplastic endo-
metrial tissue adjacent to endometrial tumor was studied in
9 cases. Endometrial biopsies without hysterectomy speci-
mens were excluded. All patients included in the present
study had not received radiation therapy, hormonal therapy or
neoadjuvant chemotherapy prior to the surgery. Additionally,
the patients with normal or hyperplastic endometrium did
not have concomitant ovarian lesions. In the patients with

endometrial carcinoma, the following histopathological
parameters were determined: Histological tumor type,
histological grade, depth of myometrial invasion, presence
of lymph-vascular space invasion, presence of fallopian
tube or ovarian invasion and presence of tumoral necrosis.
Pelvic and para-aortic lymph nodes were not dissected in all
of patients. Endometrial carcinomas were graded according
to the World Health Organization (WHO) system. Clinical
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staging for all of the patients was performed using CT scans
and MRI. Pathological confirmation of extension to the
cervix was also taken into consideration for the staging of
the disease. Additional details regarding the patients with
endometrial carcinoma used in the present study have been
described previously (69). Patients with metastases in the
pelvic or para-aortic or inguinal lymph nodes were excluded
from the study (FIGO stages Illc and IVb) (69). The present
study was approved by the Ethics Committee of the Medical
School of the Kapodistrian University of Athens. All patients
provided written informed consent before the study.

Histological analysis and evaluation of immunohistochem-
istry. For histological examination, endometrial carcinomas
were orientated longitudinally, routinely fixed with formalin
(4% final concentration) and embedded in paraffin for subse-
quent immunohistochemical analysis. For histological analysis
routine staining with hematoxylin and eosin was used, and a
pathologist confirmed the pathological diagnosis and identified
areas of tumor mass. The phosphatase and tensin homologue
deleted on chromosome 10 (PTEN), p53 and survivin immu-
nohistochemical staining was performed and evaluated as
described previously (69,70). Immunohistochemical staining
for IGF-1Ec was performed as follows: 4-ym-thick micro-
tome sections were prepared from the paraffin-fixed samples,
making sure to include a sufficient quantity of neoplasm
mass, which was mounted on a silane-coated glass slides,
dried at 37°C overnight, dewaxed in xylene and rehydrated
in serial dilutions of ethanol. Endogenous peroxidase activity
was quenched with 1% hydrogen peroxide in distilled water
for 15 min. After two serial washes with distilled water and
PBS buffer, the sections were incubated with polyclonal
anti-IGF-IEc antiserum (1:1,000 in PBS) overnight at 4°C. After
washing with PBS, secondary biotinylated goat anti-rabbit
IgG (Dako Real EnVision) was added for 25 min at room
temperature, followed again by repeated PBS washes. The
immunocomplex was visualized by incubating the sections
in a solution of 3,3-diaminobenzidine (Dako Real EnVision)
in PBS for 10 min. Sections were stained in hematoxylin for
5 min, washed in distilled water, dehydrated in serial dilu-
tions of ethanol and xylene and finally mounted in dibutyl
phthalate xylene. Tissue sections were visualized under a light
microscope. The immunohistochemical staining was followed
by a series of positive and negative control reactions. Positive
control sections for specificity included staining of positive
controls of prostate carcinoma that are known to be IGF-1Ec
positive. Negative controls were processed without adding the
primary antibody in the experiment.

All slides were scored by an independent pathologist
who was blinded to the characteristics of the tumors, in 10
randomly selected fields of view, at a magnification of x400 and
the results are expressed as a percentage of positive staining.
The neoplastic, hyperplastic and normal endometrium were
evaluated separately. The scores of immunohistochemical
expression of IGF-1Ec isoform, PTEN, p53 and survivin were
classified into the following four categories: 0,=<5% immu-
nopositive cells; 1,=5-25% immunopositive cells; 2,=25-75%
immunopositive cells; 3,=>75% immunopositive cells. Staining
intensity was defined as follows: 0, negative; 1, weakly posi-
tive; 2, moderately positive; and 3, strongly positive. The sum

of the stain intensity and positive cell scores was used as the
result for each section, as scored as: 0, -; 1 and 2, +; 3 and 4,
++; and 5 and 6, +++.

Statistical analysis. Categorical variables are presented as
absolute (n) and relative (%) frequencies, whereas continuous
variables are presented as the median range. Associations
between categorical variables were assessed using an exact
Pearson's 2 test. For continuous variables, differences
in medians between two groups were assessed using a
Mann-Whitney U test, and differences between three groups
were assessed using a Kruskal-Wallis test with Dunn test for
post hoc analysis. Correlations between continuous variables
were assessed by Spearman's rho (p). Multivariate linear
regression models were fitted to assess the effects of covariates
on the intensity of survivin staining, whilst adjusting for poten-
tial confounding variables. P<0.05 was considered to indicate
a statistically significant difference. Data were analyzed using
SPSS version 23.0 (IBM Corp.).

Results

Patient characteristics. The median age of the 99 patients
with endometrial carcinoma was 64 years (range 42,90).
The endometrial carcinoma group included 86.9% (86 cases)
endometrioid carcinomas and 13.1% (13 cases) clear cell and
papillary serous endometrial carcinomas. Using the WHO
grading system, the cases were distributed as follows: Well
differentiated adenocarcinomas (grade 1), 20.2% (20 cases);
moderately differentiated adenocarcinomas (grade 2), 49.5%
(49 cases); and poorly differentiated adenocarcinomas
(grade 3), 30.3% (30 cases). Lymph-vascular space inva-
sion was observed in 14.1% (14 cases), while fallopian tube
and/or ovarian invasion was observed in 19% (19 cases) cases.
Presence of tumoral necrosis was detected in 7.1% (7 cases).
The demographic characteristics of the patients with endome-
trial carcinoma has been previously published (69).

Immunohistochemical expression of IGF-1Ec in endometrial
carcinoma. The scores of IGF-1Ec immunohistochemical
expression were not statistically significantly associated with
the mean age of the patients (P=0.402), the clinical stage
(P=0.223), the depth of myometrial invasion (P=0.287),
lymph-vascular space invasion (P=0.121), and fallopian tube
and/or ovarian invasion (P=0.523) (Table I). The findings were
suggestive for the histological differentiation (P=0.056). There
was a statistically significant correlation between histological
types and the scores of immunohistochemical IGF-1Ec expres-
sion (P=0.039). Endometrioid carcinomas included 18 cases
(20.9%) with 5-25% IGF-1Ec immunopositive cells, 49 cases
(57.0%) with 25-75% IGF-1Ec immunopositive cells, and
13 cases (15.1%) with >75% IGF-1Ec immunopositive cells. In
the patients with clear cell and papillary serous endometrial
carcinomas, IGF-1Ec was immunohistochemically expressed
in 5-25% of cells in 7 cases (53.8%) and in 25-75% of cells in
5 cases (38.5%). In particular, in patients with endometrioid
carcinomas, there were a larger number of cases with low
IGF-1Ec expression, and a smaller number of high IGF-1Ec
expression than expected. The opposite was true for the
patients with clear cell and serous papillary adenocarcinomas.
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Table I. Association between clinicopathological characteristics and scores of immunohistochemical IGF-1Ec expression.

IGF-1Ec staining pattern scores (%)

Clinicopathological parameters 5-25% positivity 25-75% positivity >75% positivity P-value

Age, years 0.402
<60 2(8.7) 15 (65.2) 5@21.7)
=60 16 (21.1) 41 (53.9) 13 (17.1)

Histological type 0.039
Endometrioid 18 (20.9) 49 (57.0) 13 (15.1)
Clear cell and papillary serous 0(0.0) 7 (53.8) 5(38.5)

Clinical stage 0.223
I 12 (17.6) 42 (61.8) 10 (14.7)
I 4(26.7) 6 (40.0) 4(26.7)
I 0(0.0) 2 (40.0) 2 (40.0)

Histological differentiation 0.056
Gl 5(25.0) 9 (45.0) 3(15.0)
G2 12 (24.5) 30 (61.2) 6(12.2)
G3 13.3) 17 (56.7) 9 (30.0)

Myometrial invasion 0.287
<12 9 (26.5) 16 (47.1) 6 (17.6)
=1/2 9(13.8) 40 (61.5) 12 (18.5)

Lymph-vascular space invasion 0.121
Positive 0(0.0) 8 (57.1) 6 (42.9)
Negative 8 (15.7) 29 (56.9) 10 (19.6)

Fallopian tube and/or ovarian invasion 0.523
Positive 4 (21.1) 8 (42.1) 6 (31.6)
Negative 3(11.1) 15 (55.6) 6(22.2)

Tumoral necrosis 0.004
Yes 1(14.3) 0(0.0) 5(71.4)
No 7(13.5) 32 (61.5) 10 (19.2)

IGF-1Ec, insulin-like growth factor-1Ec.

In addition, there was a statistically significant association
between tumoral necrosis and the immunohistochemical
scores of IGF-1Ec expression (P=0.004). In the presence of
tumoral necrosis, immunohistochemical scores for IGF-1
were: 5-25% of cells in 1 case (14.3%), 25-75% of cells in
0 cases (0.0%), and >75% of cells in 5 cases (71.4%). If
necrosis was absent, the corresponding frequencies for the
three categories of IGF-1Ec expression were 7 cases (13.5%),
32 cases (61.5%) and 10 cases (19.2%) respectively. Therefore,
the presence of tumoral necrosis was associated with a larger
number of patients with high IGF-1Ec expression and lower
number of patients with moderate IGF-1Ec expression, than
expected. The opposite was true for the absence of tumoral
necrosis (Table II).

According to the intensity of IGF-1Ec expression out of
99 cases, 32 cases (32.3%) exhibited strong expression and
62 cases (62.6%) showed moderate expression. The intensity of
IGF-1Ec was not statistically significantly associated with the age
of the patients (P=0.802), the histological type (P=0.327), clinical
stage (P=0.546), histological differentiation (P=0.115), depth of
myometrial invasion (P=1.000), lymph-vascular space invasion

(P=0.768), fallopian tube and/or ovarian invasion (P=0.125) and
the presence of tumoral necrosis (P=0.677) (Table II).

Table III shows the sum of staining intensity and
scores of IGF-1Ec immunopositive cells in association
with the clinicopathological characteristics. There was
no association between the sum of staining intensity and
scores of IGF-1Ec immunopositive cells with the age of the
patients (P=0.875), histological types (P=0.383), clinical
stage (P=0.512), depth of myometrial invasion (P=0.091),
fallopian tube and/or ovarian invasion (P=0.557), presence
of lymph-vascular space invasion (P=0.724) and tumoral
necrosis (P=0.108). However, there was a statistical signifi-
cance between the sum of staining intensity and scores of
IGF-1Ec immunopositive cells and the histological differ-
entiation (P=0.014). Significantly, patients at Grade 1 had a
lower sum of stain intensity and scores of IGF-1Ec immu-
nopositive cells compared to patients at Grade 3 who had a
higher sum of immunopositivity.

Correlation analysis between concomitant expression of
IGF-1Ec and PTEN. The correlation between IGF-1Ec and
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Table II. Association between clinicopathological characteristics and intensity of immunohistochemical IGF-1Ec expression.

IGF-1Ec staining pattern intensity (%)

Clinicopathological parameters Moderate Strong P-value

Age, years 0.802
<60 16 (69.6) 7(304)
=60 46 (60.5) 25(32.9)

Histological type 0.327
Endometrioid 56 (65.1) 26 (30.2)
Clear cell and papillary serous 6 (46.2) 6 (46.2)

Clinical stage 0.546
I 41 (60.3) 24 (35.3)
I 11 (73.3) 3(20.0)
I 2 (40.0) 2 (40.0)

Histological differentiation 0.115
Gl 12 (60.0) 7(35.0)
G2 36 (73.5) 12 (24.5)
G3 14 (46.7) 13 (43.3)

Myometrial invasion 1.000
<12 22 (64.7) 11 (324)
=1/2 40 (61.5) 21(32.3)

Lymph-vascular space invasion 0.768
Positive 9(64.3) 5@357)
Negative 29 (56.9) 20 (39.2)

Fallopian tube and/or ovarian invasion 0.125
Positive 14 (73.7) 4(21.1)
Negative 14 (51.9) 12 (44.4)

Tumoral necrosis 0.677
Yes 3(42.9) 3(42.9)
No 31 (59.56) 20 (38.5)

IGF-1Ec, insulin-like growth factor-1Ec.

PTEN expression was assessed using Spearman's correlation
coefficient. According to the proportion of immunopositive
cells (scores), there was concomitant expression of IGF-1Ec
and PTEN in 27.0% of cases (17 out of 63) compared with
73.0% of cases without such co-expression, and this was
statistically significant (P=0.006, P=-0.343). The correlation
between scores of IGF-1Ec and PTEN immunopositive cells is
shown in the scatterplot (Fig. 2A).

According to the intensity of staining there was concomi-
tant expression of IGF-1Ec and PTEN in 28.8% of cases (19 out
of 66) compared with 71.2% cases without such co-expression,
but this was not significant (P=0.102, P=-0.203). The correla-
tion between intensity of IGF-1Ec and PTEN immunopositivity
is shown in the scatterplot (Fig. 2B).

Based on the sum of staining (scores and intensity) there
was concomitant expression of IGF-1Ec and PTEN in 42.9
of cases (27 out of 63) compared with 57.1% without such
co-expression, and the difference was statistically significant
(P=0.006, P=-0.342). The correlation between the sum of
IGF-1Ec and PTEN immunopositivity is shown in the scat-
terplot (Fig. 2C).

In the case of concomitant expression of IGF-1Ec and
PTEN, there was no correlation between the scores of immuno-
histochemical expression and the age of the patients (P=0.599),
histological type (P=1.000), clinical stage (P=0.294), histolog-
ical differentiation (P=0.494), depth of myometrial invasion
(P=0.563), lymph-vascular space invasion (P=1.000), fallopian
tube and/or ovarian invasion (P=0.357) and the presence of
tumoral necrosis (P=1.000) (Table IV).

With the co-expression of IGF-1Ec and PTEN there was
no correlations between the intensity of immunohistochem-
ical IGF-1Ec expression and the age of the patients (P=1.000),
histological differentiation (P=0.351), depth of myometrial
invasion (P=1.000), presence of fallopian tube and/or ovarian
invasion (P=0.352) and the presence of tumoral necrosis
(P=0.637) (Table V). The findings were suggestive of an asso-
ciation with clinical stage (P=0.056). There was a significant
association with the histological type (P=0.014). Specifically,
the number of patients with endometrioid carcinomas and
IGF-1Ec and PTEN concomitant moderate expression inten-
sity was higher than expected, whereas the opposite was
true for the group of patients with clear and serous papillary
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Table III. Association between clinicopathological characteristics and sum of stain intensity and scores of IGF-1Ec expression.

IHC results of IGF-1Ec, n (%)

Characteristics Cases, n (%) 0 + ++ +++ P-value
Age, years 0.875
<60 22 (23.9) 0(0.0) 2 (8.7) 13 (56.5) 7(304)
=60 70 (76.1) 0(0.0) 7(9.2) 36 (474) 27 (35.5)
Histological type 0.383
Endometrioid 80 (87.0) 0(0.0) 9 (10.5) 43 (50.0) 28 (32.6)
Clear cell and papillary serous 12 (13.0) 0(0.0) 0(0.0) 6 (46.2) 6 (46.2)
Clinical stage 0512
I 64 (78.0) 0(0.0) 7(10.3) 33 (48.5) 24 (35.3)
I 14 (17.1) 0(0.0) 1(6.7) 9 (60.0) 4(26.7)
I 449 0(0.0) 0(0.0) 1(20.0) 3 (60.0)
Histological differentiation 0.014
Gl 17 (18.5) 0(0.0) 4(20.0) 6 (30.0) 735.0)
G2 48 (52.2) 0(0.0) 4(8.2) 32 (65.3) 12 (24.5)
G3 27 (29.3) 0(0.0) 1(3.3) 11 (36.7) 15 (50.0)
Myometrial invasion 0.091
<12 31(33.7) 0(0.0) 6 (17.6) 14 (41.2) 11 (324)
=1/2 61 (66.3) 0(0.0) 3(4.6) 35(53.8) 23 (354)
Lymph-vascular space invasion 0.724
Positive 47 (77.0) 0(0.0) 3(5.9) 24 (47.1) 20(39.2)
Negative 14 (23.0) 0(0.0) 0(0.0) 7 (50.0) 7 (50.0)
Fallopian tube and/or ovarian invasion 0.557
Positive 18 (42.9) 0(0.0) 1(5.3) 11 (57.9) 6 (31.6)
Negative 24 (57.1) 0(0.0) 2(74) 10 (37.0) 12 (44.4)
Tumoral necrosis 0.108
Yes 6 (10.9) 0(0.0) 3(.8) 26 (50.0) 20 (38.5)
No 49 (89.1) 0(0.0) 0 1(14.3) 5(14)

P<0.05, statistically significant results; 0.05<P<0.10, suggestive results. IGF-1Ec, insulin-like growth factor-1Ec; IHC, immunohistochemistry.

carcinomas. Additionally, a statistical significance was found
for lymph-vascular space invasion (P=0.021; Table V). In
this case, the number of patients with no lymph-vascular
space invasion and concomitant IGF-1Ec and PTEN expres-
sion of moderate intensity was higher, whereas the number
of patients with no lymph-vascular space invasion and both
IGF-1Ec and PTEN high expression was lower. The opposite
was true for the patients with presence of lymph-vascular
space invasion.

With the concomitant IGF-1Ec and PTEN expression,
the sum of scores and staining intensity of the IGF-1Ec
immunopositive cells was not correlated with the age of the
patients (P=1.000), histological type (P=1.000), clinical stage
(P=0.688), histological differentiation (P=1.000) or the depth
of myometrial invasion (P=1.000) (Table VI).

Correlation analysis between concomitant expression of
IGF-1Ec and p53. The correlation between IGF-1Ec and
p53 expression was assessed using Spearman's correlation
coefficient. Based on the proportion of immunopositive cells
(scores), concomitant expression of IGF-1Ec and p53 was

observed in 46.8% of cases (36 out of 77) compared with
53.2% of cases without co-expression. The difference was
not significant (P=0.291, P=-0.122). The correlation between
scores of IGF-1Ec and p53 immunopositive cells is shown in
the scatterplot (Fig. 3A).

According to the intensity of staining, there was concomi-
tant expression of IGF-1Ec and p53 in 44.3% of cases (35 out
of 79) compared with 55.7% without such co-expression; the
difference was not significant (P=0.882, P=-0.017). The corre-
lation between intensity of IGF-1Ec and p53 immunopositivity
is shown in the scatterplot (Fig. 3B).

According to the sum of staining (scores and intensity)
there was concomitant expression of IGF-1Ec and p53 in
50.6% of cases (39 out of 77) compared with 49.4% of cases
without such co-expression. The findings were not statistically
significant (P=0.361, P=0.105). The correlation between the
sum of survivin and p53 immunopositivity is shown in the
scatterplot (Fig. 3C).

In the case of concomitant expression of IGF-1Ec and
p53 there was no significant correlation between the scores
of IGF-1Ec expression and the age of the patients (P=0.490),
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Table IV. Co-expression of IGF-1Ec and PTEN in endometrial carcinoma according to scores of immunopositive cells in relation

to clinicopathological parameters.

Patients with IGF-1Ec and
PTEN low scores

Patients with
IGF-1Ec and
PTEN high scores

Patients with either
IGF-1Ec or PTEN
moderate scores

Characteristics expression, n (%) expression, n (%) expression, n (%) P-value
Age, years 0.599
<60 0(0.0) 19 (82.6) 0(0.0)
=60 2(2.6) 49 (64.5) 0(0.0)
Histological type 1.000
Endometrioid 2(23) 61 (70.9) 0(0.0)
Clear cell and papillary serous 0(0.0) 7(53.8) 0(0.0)
Clinical stage 0.294
I 1(1.5) 52 (76.5) 0(0.0)
II 1(6.7) 6 (40.0) 0(0.0)
I 0(0.0) 3 (60.0) 0(0.0)
Histological differentiation 0.494
Gl 0(0.0) 14 (70.0) 0(0.0)
G2 24.1) 35(71.4) 0(0.0)
G3 0(0.0) 19 (63.3) 0(0.0)
Myometrial invasion 0.563
<172 0(0.0) 22 (64.7) 0(0.0)
=>1/2 2@3.1) 46 (70.8) 0(0.0)
Lymph-vascular space invasion 1.000
Yes 0(0.0) 10 (71.4) 0(0.0)
No 23.9) 32 (62.7) 0(0.0)
Fallopian tube and/or ovarian invasion 0.357
Yes 1(5.3) 9(474) 0(0.0)
No 0(0.0) 18 (66.7) 0(0.0)
Tumoral necrosis 1.000
Yes 0(0.0) 1(14.3) 0(0.0)
No 2(3.8) 35(67.3) 0(0.0)

IGF-1Ec, insulin-like growth factor-1Ec; PTEN, phosphatase and tensin homologue deleted on chromosome 10.

histological types (P=0.654), clinical stage (P=0.257),
histological differentiation (P=0.751), depth of myometrial
invasion (P=1.000), presence of lymph-vascular space inva-
sion (P=0.156), presence of fallopian tube and/or ovarian
invasion (P=0.705) and tumoral necrosis (P=0.125) as
well (Table VII).

The staining intensity was not correlated with the
age of the patients (P=0.371), clinical stage (P=0.272),
depth of myometrial invasion (P=0.374), the presence of
lymph-vascular space invasion (P=0.674), the presence of
fallopian tube and/or ovarian invasion (P=0.698) and the pres-
ence of tumoral necrosis (P=0.581) (Table VIII). However,
a statistical significance was found between the IGF-1Ec
staining intensity and the histological types (P=0.002).
Specifically, in patients with endometrioid carcinomas, there
were a larger number of patients with concomitant IGF-1Ec
and p53 moderate intensity staining than with both IGF-1Ec
and p53 high positive intensity. The opposite associations

were observed in patients with clear and serous papillary
carcinoma. In addition, a statistically significant correla-
tion was found for the histological differentiation as well
(P=0.007) (Table VIII). Specifically, in patients with Grade 2
carcinoma, a larger number of patients with concomitant
IGF-1Ec and p53 moderate positive intensity staining were
observed, whereas in the same group fewer patients with
both IGF-1Ec and p53 high positive intensity staining were
observed. The opposite association was observed in patients
with Grade 3 carcinoma.

The sum of scores and staining intensity of the IGF-1Ec
immunopositive cells was correlated with histological type
(P=0.049) and histological differentiation (P=0.002). There
was no correlation found with age (P=0.375), clinical stage
(P=0.119), depth of myometrial invasion (P=0.121), the pres-
ence of lymph-vascular space invasion (P=0.229), the presence
of fallopian tube and/or ovarian invasion (P=0.465) and the
presence of tumoral necrosis (P=0.079) (Table IX).
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Table V. Co-expression of IGF-1Ec and PTEN in endometrial carcinoma according to stain intensity of immunopositive cells in

relation to clinicopathological parameters.

Patients with IGF-1Ec and
PTEN weak positive

Patients with
IGF-1Ec and PTEN
strong positive

Patients with either
IGF-1Ec or PTEN
moderate positive

Characteristics expression, n (%) expression, n (%) expression, n (%) P-value

Age, years 1.000
<60 0(0.0) 18 (78.3) 2 (8.7)
=60 1(1.3) 41 (53.9) 5(6.6)

Histological type 0.014
Endometrioid 0(0.0) 53 (61.6) 44.7)
Clear cell and papillary serous 1(7.7) 6 (46.2) 3(23.1)

Clinical stage 0.056
I 0(0.0) 41 (60.3) 3144
I 0(0.0) 10 (66.7) 1(6.7)
I 0(0.0) 2 (40.0) 2 (40.0)

Histological differentiation 0.351
Gl 0(0.0) 9 (45.0) 1(5.0)
G2 0(0.0) 32 (65.3) 2(4.1)
G3 1(3.3) 18 (60.0) 4(13.3)

Myometrial invasion 1.000
<172 0(0.0) 19 (55.9) 2(5.9)
=1/2 1(1.5) 40 (61.5) 5@.7)

Lymph-vascular space invasion 0.021
Yes 0(0.0) 7 (50.0) 4 (28.6)
No 1(2.0) 33 (64.7) 2(3.9)

Fallopian tube and/or ovarian invasion 0.352
Yes 1(5.3) 11 (57.9) 3(15.8)
No 0(0.0) 18 (66.7) 2(7.4)

Tumoral necrosis 0.637
Yes 0(0.0) 5(714) 2 (28.6)
No 1(1.9) 31 (59.6) 4(7.7)

P<0.05, statistically significant results; 0.05<P<0.10, suggestive results. IGF-1Ec, insulin-like growth factor-1Ec; PTEN, phosphatase and

tensin homologue deleted on chromosome 10.

Correlation analysis between concomitant expression of
IGF-1Ec and survivin. The correlation between IGF-1Ec and
survivin expression was assessed using Spearman's correlation
coefficient. According to the proportion of immunopositive
cells (scores), there was concomitant expression between
IGF-1Ec and survivin in 54.3% of cases (44 out of 81) compared
with 45.7% of cases without such co-expression; the differ-
ence was not significant (P=0.062, P=0.208). The correlation
between scores of IGF-1Ec and survivin immunopositive cells
is shown in the scatterplot (Fig. 4A).

According to the intensity of staining there was concomi-
tant expression between IGF-1Ec and survivin in 36.6%
of cases (30 out of 82) compared with 63.4% without such
co-expression; the difference was not statistically significant
(P=0.259, P=0.126). The correlation between intensity of
IGF-1Ec and survivin immunopositivity is shown in the
scatterplot (Fig. 4B).

According to the sum of staining (scores and intensity)
there was concomitant expression of IGF-1Ec and survivin in
49.4% of cases (40 out of 81) compared with 50.6% without
such co-expression. The findings were statistically significant
(P=0.043, P=0.225). The correlation between sum of IGF-1Ec
and survivin immunopositivity is shown in the scatter-
plot (Fig. 4C).

In the case of concomitant expression of IGF-1Ec and
survivin, there was a significant correlation between the
scores of immunohistochemical expression and the clinical
stage (P=0.040), histological differentiation (P=0.024),
lymph-vascular space invasion (P=0.034) and the presence
of tumoral necrosis (P=0.008). There was no correlation
found for the age of the patients (P=0.558), histological types
(P=0.508), the depth of the myometrial invasion (P=0.171)
and the presence of fallopian tube and/or ovarian invasion
(P=0.341) (Table X).
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Table VI. Co-expression of IGF-1Ec and PTEN in endometrial carcinoma according to sum of stain intensity and scores of
immunopositive cells in relation to clinicopathological parameters.

Patients with IGF-1Ec and

Patients with either
IGF-1Ec or
PTEN ++

Patients with
IGF-1Ec and PTEN

Characteristics PTEN + expression, n (%) expression,n (%)  +++ expression,n (%) P-value

Age, years 1.000
<60 0(0.0) 16 (69.6) 1(4.3)
=60 0(0.0) 46 (60.5) 339

Histological type 1.000
Endometrioid 0(0.0) 55 (64.0) 44.7)
Clear cell and papillary serous 0(0.0) 7(53.8) 0(0.0)

Clinical stage 0.688
I 0(0.0) 41 (60.3) 4(59)
I 0(0.0) 10 (66.7) 0(0.0)
I 0(0.0) 4 (80.0) 0(0.0)

Histological differentiation 1.000
Gl 0(0.0) 10 (50.0) 1(5.0)
G2 0(0.0) 35(71.4) 2(4.1)
G3 0(0.0) 17 (56.7) 1(3.3)

Myometrial invasion 1.000
<172 0(0.0) 18 (52.9) 1(29)
=1/2 0(0.0) 44 (67.7) 3(4.6)

Lymph-vascular space invasion -
Yes 0 (0.0) 11 (78.6) 0 (0.0)
No 0(0.0) 30 (58.8) 0(0.0)

Fallopian tube and/or ovarian invasion -
Yes 0 (0.0) 13 (68.4) 0 (0.0)
No 0(0.0) 17 (63.0) 0 (0.0)

Tumoral necrosis -
Yes 0(0.0) 5(714) 0(0.0)
No 0(0.0) 31(59.6) 0(0.0)

No P-values are available for some comparisons, due to the sparse data. IGF-1Ec, insulin-like growth factor-1Ec; PTEN, phosphatase and

tensin homologue deleted on chromosome 10.

In the case of concomitant expression of IGF-1Ec and
survivin, the IGF-1Ec staining intensity was correlated with
histological differentiation (P=0.030) (Table XI). Specifically,
in Grade 2 patients, there were a larger number of patients
with concomitant IGF-1Ec and survivin moderate expres-
sion than expected. Furthermore, the opposite associations
were observed in Grade 3 patients. There was no correlation
found for the age of the patients (P=0.155), histological types
(P=0.084), clinical stage (P=1.000), depth of myometrial inva-
sion (P=0.615), the presence of lymph-vascular space invasion
(P=0.360), fallopian tube and/or ovarian invasion (P=0.338)
and tumoral necrosis (P=0.119) (Table XI).

In the case of concomitant expression of IGF-1Ec and
survivin, the sum of scores and staining intensity of the
IGF-1Ec immunopositive cells was correlated with histolog-
ical differentiation (P=0.008) and the presence of tumoral
necrosis (P=0.030) (Table XII). In terms of histological

differentiation, in Grade 2 patients a larger number of
patients with concomitant IGF-1Ec and survivin sum
moderate expression was observed than expected, whereas
in the same group, a lower number of patients with both high
sum score of IGF-1Ec and survivin expression was observed.
The opposite associations were observed in Grade 3 patients.
Additionally, in patients without tumoral necrosis, a larger
number of patients with concomitant IGF-1Ec and survivin
moderate sum expression was observed, and a lower
number of patients with both high IGF-1Ec and survivin
sum expression. The opposite associations were observed
in patients with tumoral necrosis. There was no correlation
found for the age of the patients (P=0.221), histological type
(P=0.784), clinical stage (P=0.235), depth of myometrial
invasion (P=0.421), presence of lymph-vascular space inva-
sion (P=0.297) and presence of fallopian tube and/or ovarian
invasion (0.546) (Table XII).
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Figure 2. (A) Scatterplot of the association between positive immunostaining scores for IGF-1Ec and PTEN. There was a moderate negative correlation
between IGF-1Ec and PTEN expression (P=0.006, p=-0.343). (B) Scatterplot of the association between staining intensity for IGF-1Ec and PTEN. There
was no correlation between the staining intensity of IGF-1Ec and PTEN (P=0.102, p=-0.203). (C) Scatterplot of the association between the sum of staining
intensity and scores of IGF-1Ec and PTEN. There was a moderate negative correlation between the sum of staining intensity and scores of IGF-1Ec and PTEN
(P=0.006, p=-0.342). IGF-1Ec, insulin-like growth factor-1Ec; PTEN, phosphatase and tensin homologue deleted on chromosome 10.
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Figure 3. (A) Scatterplot of the association between positive immunostaining scores for IGF-1Ec and p53. There was no correlation between the positive
immunostaining scores for IGF-1Ec and p53 (P=0.291, p=-0.122). (B) Scatterplot of the association between staining intensity for IGF-1Ec and p53. There
was no correlation between the staining intensity of IGF-1Ec and p53 (P=0.882, p=-0.017). (C) Scatterplot of the association between the sum of staining
intensity and scores of IGF-1Ec and p53. There was no correlation between the sum of staining intensity and scores of IGF-1Ec and p53 (P=0.361, p=0.105).

IGF-1Ec, insulin-like growth factor-1Ec.

Expression of IGF-1Ec in the normal endometrium and
endometrial hyperplasia, and comparison with expression in
endometrial carcinoma. The expression of IGF-1Ec in endo-
metrioid endometrial adenocarcinoma, normal endometrium
and complex endometrial hyperplasia with atypia are shown
in Figs. 5,6 and 7, respectively. Fig. 8 shows the IGF-1Ec immu-
noexpression in simple and complex endometrial hyperplasia.
In normal endometrium IGF-1Ec, staining was observed in
100% of cases and in 100% of cases of endometrial hyper-
plasia. There were no statistically significant differences in
the IGF-1Ec expression between normal endometrium and the
proliferative or secretary phase, or with atrophic endometrium
based on the scores (P=0.726), the intensity (P=0.260) or the
sum of immunopositivity (P=0.706) (Fig. 9). However, there
were differences in the levels of IGF-1Ec expression between
normal endometrium, endometrial hyperplasia and endome-
trial carcinomas.

In particular, the intensity of IGF-1Ec immunostaining
was statistically significantly different between normal and
hyperplastic endometrium (P<0.001); in the group of patients
with normal endometrium, there were more cases with
moderate expression and fewer patients with high expression,
while in the endometrial carcinoma group the opposite was

observed (Fig. 10A). There was no statistically significant
correlation between the scores or the sum of IGF-1Ec expres-
sion between normal and hyperplastic endometrium (P=0.779
and P=0.125 respectively).

In addition, the scores of IGF-1Ec expression was statisti-
cally significantly different between normal endometrium and
endometrial carcinomas (P<0.001); the low or moderate scores
of IGF-1Ec expression were significantly higher in patients with
endometrial carcinoma compared with patients with normal
endometrium (Fig. 10B). Furthermore, the sum of IGF-1Ec
immunoexpression was statistically significant between
normal endometrium and endometrial carcinomas (P=0.013);
the (+) or (++) or (+++) sum of IGF-1Ec expression were
significantly higher in patients with endometrial carcinoma
compared with patients with normal endometrium (Fig. 10C).
However, there was no statistically significant correlation
between the intensity of IGF-1Ec expression between normal
and carcinomatous endometrium (P=0.142).

The scores of IGF-1Ec expression were statistically
significantly different between endometrial hyperplasia
cases and carcinomas (P<0.001); more patients with low or
moderate IGF-1Ec expression were observed in the group
with endometrial carcinomas compared with patients with
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Table VII. Co-expression of IGF-1Ec and p53 in endometrial carcinoma according to scores of immunopositive cells in relation

to clinicopathological parameters.

Patients with IGF-1Ec and

p53 low scores

Patients with either
IGF-1Ec or p53
moderate scores

Patients with
IGF-1Ec and p53 high

Characteristics expression, n (%) expression, n (%)  scores expression, n (%) P-value

Age, years 0.490
<60 0(0.0) 21 (91.3) 0(0.0)
=60 5(6.6) 60 (78.9) 1(1.3)

Histological type 0.654
Endometrioid 5(5.8) 68 (79.1) 1(1.2)
Clear cell and papillary serous 0(0.0) 13 (100.0) 0(0.0)

Clinical stage 0.257
I 3(44) 57 (83.8) 0(0.0)
II 1(6.7) 10 (66.7) 1(6.7)
I 0(0.0) 5 (100.0) 0(0.0)

Histological differentiation 0.751
Gl 1(5.0) 15 (75.0) 0(0.0)
G2 3(6.1) 38 (77.6) 0(0.0)
G3 1(3.3) 28 (93.3) 1(3.3)

Myometrial invasion 1.000
<172 2(59) 27 (79.4) 0(0.0)
=>1/2 3(4.6) 54 (83.1) 1(1.5)

Lymph-vascular space invasion 0.156
Yes 0(0.0) 13 (92.9) 1(7.1)
No 359 38 (74.5) 0(0.0)

Fallopian tube and/or ovarian invasion 0.705
Yes 1(5.3) 14 (73.7) 1(5.3)
No 1(3.7) 22 (81.5) 0(0.0)

Tumoral necrosis 0.125
Yes 0(0.0) 4(57.1) 1(14.3)
No 3(5.8) 41 (78.8) 0(0.0)

P<0.05, statistically significant results; 0.05<P<0.10, suggestive results. IGF-1Ec, insulin-like growth factor-1Ec.

endometrial hyperplasia (Fig. 10D). Additionally, the intensity
of IGF-1Ec expression was statistically significantly different
between endometrial hyperplasia cases and carcinoma
cases (P<0.001); patients with endometrial carcinoma had
higher counts of weak, moderate and strong IGF-1Ec posi-
tive expression, compared with patients with hyperplastic
endometrium (Fig. 10E). The sum of IGF-1Ec expression
was statistically significantly different between endometrial
hyperplasia and carcinoma (P<0.001); the (+) or (++) or (+++)
sum of IGF-1Ec expression was significantly higher in patients
with endometrial carcinoma compared with patients with
hyperplastic endometrium (Fig. 10F).

In the case of concomitant IGF-1Ec and p53 expression,
there were no statistically significant differences between
normal and hyperplastic endometrium with scores (P=1.000)
or the sum (P=1.000) of immunopositivity. However, there
was a statistically significant difference between the intensity
of concomitant IGF-1Ec and p53 immunostaining (P=0.001);

in the group of patients with endometrial hyperplasia, there
were more patients with strong immunostaining compared
with patients with normal endometrium (Fig. 11A). In the
case of concomitant IGF-1Ec and p53 expression there were
no statistically significant differences between normal and
carcinomatous endometrium in the scores (P=1.000), intensity
(P=0.171) or sum (P=1.000) of immunopositivity. In the case
of concomitant IGF-1Ec and p53 expression there were no
statistically significant differences between hyperplastic and
carcinomatous endometrium with the scores (P=0.673) or sum
(P=1.000) of immunopositivity. However, there was a statisti-
cally significant difference in the intensity of concomitant
IGF-1Ec and p53 immunostaining (P=0.013); more patients
with moderate intensity were observed in the group of patients
with endometrial carcinomas compared with patients with
endometrial hyperplasia (Fig. 11B).

In the case of concomitant IGF-1Ec and PTEN expression
there were no statistically significant differences between
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Table VIII. Co-expression of IGF-1Ec and p53 in endometrial carcinoma according to stain intensity of immunopositive cells in

relation to clinicopathological parameters.

Patients with IGF-1Ec and
p53 weak positive

Patients with
IGF-1Ec and p53
strong positive

Patients with
either IGF-1Ec or
p53 moderate positive

Characteristics expression, n (%) expression, n (%) expression,n (%)  P-value
Age, years 0.371
<60 0(0.0) 18 (78.3) 1(4.3)
=60 1(1.3) 45 (59.2) 12 (15.8)
Histological type 0.002
Endometrioid 1(1.2) 59 (68.6) 7 (8.1)
Clear cell and papillary serous 0(0.0) 4 (30.8) 6 (46.2)
Clinical stage 0.272
I 1(1.5) 44 (64.7) 6 (8.8)
I 0(0.0) 9 (60.0) 3(200)
I 0(0.0) 2 (40.0) 2 (40.0)
Histological differentiation 0.007
Gl 1(5.0) 11 (55.0) 2 (10.0)
G2 0(0.0) 37 (75.5) 3(6.1)
G3 0(0.0) 15 (50.0) 8 (26.7)
Myometrial invasion 0.374
<172 0(0.0) 22 (64.7) 2(59)
=1/2 1(1.5) 41 (63.1) 11 (16.9)
Lymph-vascular space invasion 0.674
Yes 0(0.0) 10 (71.4) 3(21.4)
No 0(0.0) 33 (64.7%) 6 (11.8)
Fallopian tube and/or ovarian invasion 0.698
Yes 0(0.0) 12 (63.2) 4(21.1)
No 0(0.0) 18 (66.7) 4(14.8)
Tumoral necrosis 0.581
Yes 0(0.0) 4 (57.1) 2 (28.6)
No 0(0.0) 33 (63.5) 7 (13.5)

P<0.05, statistically significant results; 0.05<P<0.10, suggestive results. IGF-1Ec, insulin-like growth factor-1Ec.

normal and hyperplastic endometrium with scores (P=0.444)
or sum (P=0.282) of immunopositivity. However, there
was a statistically significant difference in the intensity of
concomitant IGF-1Ec and PTEN immunostaining (P=0.010);
in the group of patients with normal endometrium there
were fewer patients with strong immunostaining compared
with patients with endometrial hyperplasia (Fig. 12A). In the
case of concomitant IGF-1Ec and PTEN expression, there
were no statistically significant differences between normal
and carcinomatous endometrium with scores (P=1.000), or
intensity (P=0.446) and sum (P=0.282) of immunopositivity.
In the case of concomitant IGF-1Ec and PTEN expression,
there were no statistically significant differences between
hyperplastic and carcinomatous endometrium with scores
(P=0.108) or sum (P=0.330) of immunopositivity. However,
there was a statistically significant difference in the intensity of
concomitant IGF-1Ec and PTEN immunostaining (P=0.005);
stronger expression was observed in patients with endometrial

carcinomas compared with patients with endometrial hyper-
plasia (Fig. 12B).

In the case of concomitant IGF-1Ec and survivin expres-
sion there were no statistically significant differences between
normal and hyperplastic endometrium with scores (P=1.000)
or sum (P=0.375) of immunopositivity. However, there was a
statistically significant correlation in the intensity of concomi-
tant IGF-1Ec and survivin immunostaining (P=0.005); stronger
expression was observed in hyperplastic endometrium compared
with normal endometrium (Fig. 13A). In the case of concomitant
IGF-1Ec and survivin expression, there were no statistically
significant differences between normal and carcinomatous
endometrium with scores (P=0.163), intensity (P=0.069) or
sum (P=1.000) of immunopositivity. In the case of concomi-
tant IGF-1Ec and survivin expression there were statistically
significant differences between hyperplastic end carcinomatous
endometrium and scores (P=0.038) or intensity (P=0.042) of
immunopositivity. More patients showed higher scores and
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Table IX. Co-expression of IGF-1Ec and p53 in endometrial carcinoma according to sum of stain intensity and scores of immu-

nopositive cells in relation to clinicopathological parameters.

Patients with IGF-1Ec and

Patients with
IGF-1Ec and p53 +++

Patients with either
IGF-1Ec or p53 ++

Characteristics p53 + expression, n (%) expression, n (%) expression, n (%) P-value
Age, years 0.375
<60 0(0.0) 19 (82.6) 1(4.3)
=60 1(1.3) 47 (61.8) 12 (15.8)
Histological type 0.049
Endometrioid 1(1.2) 59 (68.6) 8(9.3)
Clear cell and papillary serous 0(0.0) 7(53.8) 5 (38.5)
Clinical stage 0.119
I 1(1.5) 47 (69.1) 5(74)
I 0(0.0) 9 (60.0) 4(26.7)
I 0(0.0) 2 (40.0) 2 (40.0)
Histological differentiation 0.002
Gl 1(5.0) 10 (50.0) 2 (10.0)
G2 0(0.0) 38 (77.6) 2(4.1)
G3 0(0.0) 18 (60.0) 9 (30.0)
Myometrial invasion 0.121
<172 0(0.0) 23 (67.6) 1(29)
=1/2 1(1.5) 43 (66.2) 12 (18.5)
Lymph-vascular space invasion 0.229
Yes 0 (0.0) 10 (71.4) 4 (28.6)
No 0(0.0) 33 (64.7) 5(9.8)
Fallopian tube and/or ovarian invasion 0.465
Yes 0 (0.0) 12 (63.2) 5(26.3)
No 0(0.0) 18 (66.7) 4(14.8)
Tumoral necrosis 0.079
Yes 0(0.0) 3(429) 3(42.9)
No 0 (0.0) 34 (65.4) 6 (11.5)

P<0.05, statistically significant results; 0.05<P<0.10, suggestive results. IGF-1Ec, insulin-like growth factor-1Ec.

stronger concomitant expression of IGF-1Ec and survivin in
patients with endometrial carcinoma compared with patients
with hyperplastic endometrium (Fig. 13B and C, respectively).

Discussion

For normal endometrial physiology, appropriate balances
between cellular proliferation, metabolism, cell cycle arrest
and apoptosis are of critical importance. The exact pathophys-
iology of endometrial carcinogenesis has not been accurately
determined, and may vary between individuals. A wealth of
evidence has shown that activation of oncogenes, inactivation
or deficiency of tumor suppressor genes, or inhibition of apop-
tosis results in endometrial carcinogenesis and metastasis.
Some of the possible causes of all these genetic alterations
include gene mutations, amplifications and chromosomal
translocations or rearrangements (71-74). Thus, clinicians
should take into consideration multiple factors which may
affect therapeutic options in patients with endometrial

carcinoma, to determine the appropriate therapeutic regimen,
and avoid over- or under-treatment (75,76). In clinical prac-
tice, well-established clinicopathological, prognostic and
neoplastic factors are used, such as the histological type,
histological grade, depth of myometrial invasion, cervical
involvement, lymphovascular space invasion, or presence of
tumoral necrosis. However, some patients with endometrial
carcinoma may benefit from screening for molecular markers,
such as growth or survival factors, oncogenes and tumor
suppressor genes. The purpose of the ongoing research in this
field is to allow for more optimal and personalized therapeutic
regimens, with the possibility gene targeting therapies, and
to improve estimation of the risk of recurrence and therefore
accurately predict prognosis (75,77,78). Endometrial carcinoma
type 1 is frequently associated with alterations in phosphatase
and tensing homologue deleted on chromosome 10 (PTEN),
K-ras, p-catenin, phosphatidyl-inositol-3-kinase catalytic
subunit (PIK3CA), MutL homolog (MLH)-1 and MLH-6, and
alterations in DNA-mismatch repair genes and microsatellite
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Table X. Co-expression of IGF-1Ec and survivin in endometrial carcinoma according to scores of immunopositive cells in

relation to clinicopathological parameters.

Patients with IGF-1Ec and
survivin low scores

Patients with
IGF-1Ec and
survivin high scores

Patients with either
IGF-1Ec or survivin
moderate scores

Characteristics expression, n (%) expression, n (%) expression, n (%) P-value
Age, years 0.558
<60 1(4.3) 18 (78.3) 0(0.0)
=60 8 (10.5) 54 (71.1) 2(2.6)
Histological type 0.508
Endometrioid 9 (10.5) 62 (72.1) 2(2.3)
Clear cell and papillary serous 0(0.0) 10 (76.9) 0(0.0)
Clinical stage 0.040
I 6 (8.8) 50 (73.5) 0(0.0)
I 2(133) 11 (73.3) 1(6.7)
I 0(0.0) 2 (40.0) 1(20.0)
Histological differentiation 0.024
Gl 4(20.0) 11 (55.0) 0(0.0)
G2 5(10.2) 38 (77.6) 0(0.0)
G3 0(0.0) 23 (76.7) 2 (6.7)
Myometrial invasion 0.171
<172 50147 20 (58.8) 0(0.0)
=1/2 4(6.2) 52 (80.0) 2(3.1)
Lymph-vascular space invasion 0.034
Yes 0(0.0) 10 (71.4) 2(14.3)
No 4(7.8) 40 (78.4) 0(0.0)
Fallopian tube and/or ovarian invasion 0.341
Yes 2(74) 20 (74.1) 0 (0.0)
No 2 (10.5) 13 (68.4) 2 (10.5)
Tumoral necrosis 0.008
Yes 1(14.3) 3(429) 2 (28.6)
No 3(5.8) 41 (78.8) 0 (0.0)

P<0.05, statistically significant results; 0.05<P<0.10, suggestive results. IGF-1Ec, insulin-like growth factor-1Ec.

instability (79,80). Endometrial carcinoma type I is frequently
associated with alterations in p53,p16,human epidermal growth
factor receptor type 2 (also known as proto-oncogene neu or
receptor tyrosine-protein kinase, c-erbB-2), E-type Cyclin El,
c-MYC, fibroblast growth factor receptor 3, SOX17, STK15
and E-cadherin, including loss of heterozygosity (79-84).
Metabolic syndrome is accompanying by chronic
proinflammatory status and is associated with the develop-
ment of cardiovascular disease and diabetic morbidity and
mortality (85,86). Most patients with metabolic syndrome have
hyperinsulinemia caused by insulin resistance (87). Metabolic
syndrome is diagnosed by abdominal obesity defined by waist
circumference (>102-cm in men and >88-cm in women),
dyslipidemia accompanying by elevated triglyceride levels,
low high-density lipoprotein-cholesterol levels, hyperglycemia
(fasting blood glucose >110 mg/dl) and raised blood pressure
(blood pressure >130/85 mmHg) (86,87). Also, metabolic
syndrome is a risk for common malignancies including liver,

gastric, esophageal, colorectal, bladder, breast, hepatic, pancre-
atic, renal, endometrial, cervical and ovarian cancer (86-89). It
seems that disarrangement by the adipose tissue in the regu-
lation of hormones and cytokines such as sex steroids, leptin,
adipokines, tumor necrosis factor (TNF)-a and plasminogen
activator inhibitor-1 leads to chronic inflammation and related
carcinogenesis (86,90,91). Chronic mitogenic endometrial
stimulation by the elevated free estrogen levels is thought to be a
risk factor for carcinogenesis through the activation of estrogen
receptor-a. In addition, estrogens can induce the secretion of
vascular endothelial factor and stimulate angiogenesis (92,93).
Disturbances in the function of the IGF/IGF-1R/IGFBPs system
may be responsible for the induction of carcinogenesis (22).
In particular, in colon cancer it has been shown that IGF-1
is associated with an increase in motility and migration of
malignant colonic cells through reorganization of integrin
receptors, modulation of E-cadherin/catenins complex func-
tion and activation of protein kinases C-y and C-9 (94,95).
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Table XI. Co-expression of IGF-1Ec and survivin in endometrial carcinoma according to stain intensity of immunopositive cells

in relation to clinicopathological parameters.

Patients with IGF-1Ec and
survivin weak positive

Patients with
IGF-1Ec and
survivin strong positive

Patients with either
IGF-1Ec or survivin
moderate positive

Characteristics expression, n (%) expression, n (%) expression, n (%) P-value
Age, years 0.155
<60 1(4.3) 18 (78.3) 1(4.3)
=60 339 43 (566) 14 (18.4)
Histological type 0.084
Endometrioid 4(4.7) 57 (66.3) 11 (12.8)
Clear cell and papillary serous 0(0.0) 4 (30.8) 4 (30.8)
Clinical stage 1.000
I 2(2.9) 43 (63.2) 10 (14.7)
I 0(0.0) 9 (60.0) 2 (13.3)
I 0(0.0) 2 (40.0) 1(20.0)
Histological differentiation 0.030
Gl 2 (10.0) 11 (55.0) 3(15.0)
G2 2(4.1) 37 (75.5) 4(82)
G3 0(0.0) 13 (43.3) 8 (26.7)
Myometrial invasion 0.615
<172 2(5.9) 22 (64.7) 4(11.8)
=1/2 2(3.1) 39 (60.0) 11 (16.9)
Lymph-vascular space invasion 0.360
Yes 0 (0.0) 8 (57.1) 4 (28.6)
No 3.9 30 (58.8%) 7(13.7)
Fallopian tube and/or ovarian invasion 0.338
Yes 0 (0.0) 12 (63.2) 2 (10.5)
No 3(11.1) 15 (55.6) 5(18.5)
Tumoral necrosis 0.119
Yes 0(0.0) 3(42.9) 3(42.9)
No 3(.8) 31 (59.6) 6 (11.5)

P<0.05, statistically significant results; 0.05<P<0.10, suggestive results. IGF-1Ec, insulin-like growth factor-1Ec.

Additionally, there may be a close association between IGF-1
and regulation of vascular endothelial growth factor (VEGF)
expression in human colon cancer through induction of tran-
scription of the VEGF gene (96). In a mouse model of colon
cancer, the administration of recombinant human IGF-1 has
been shown to increase tumor mass, growth of cecum tumors,
and increase metastasis to the liver, supporting the hypothesis
that circulating IGF-1 levels may serve an important role in
tumor development and metastasis of these neoplasms (97). In
addition, elevated IGF-1 levels in obesity and hyperinsulinemia
promote endometrial neoplastic transformation (97). Impaired
glucose management, hyperglycemia and expression of insulin
receptor trigger cancer cell proliferation and inhibit cancer cell
apoptosis (92,98). Furthermore, there is a growing interest in
the different expression patterns of IGF-1 splice transcripts in
normal vs. pathological tissues in order to determine the poten-
tial role of IGF-1 isoforms and immature IGF-1 products, and
in particular, the role of IGF-1Ec in the development of several

pathological conditions (47,48,60,99,100). The IGF-1Ec peptide
is a cellular and secreted mitogen peptide, which was originally
identified in the liver and serves a critical role in development
and growth of the skeletal muscle (46,101-105). IGF-1Ec may
serve a role in skeletal and cardiac muscle regeneration and
hypertrophy after exercise-induced skeletal muscle damage or
myocardial infarction (106-108). Milingos et al (20) suggested
that the expression of IGF-1Ec isoform may be associated with
the progression of endometriosis. In addition, it has been shown
that in prostate cancer cells the exogenous administration of a
synthetic 24-amino acid peptide of the COO-terminal of the
IGF-1Ec isoform (parts of exons 5 and 6 of the igf-/ gene) were
associated with the proliferation of neoplasmatic cells (109).
Therefore, there is strong evidence that IGF-1Ec serve a pivotal
role in stimulating somatic cell proliferation and growth, in
regulating differentiation and migration, and reducing apop-
tosis during cancer cell growth (21,22,32,35,58,59,66,110-113).
Furthermore, clinical studies have shown that treatment with
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Table XII. Co-expression of IGF-1Ec and survivin in endometrial carcinoma according to sum of stain intensity and scores of
immunopositive cells in relation to clinicopathological parameters.

Patients with Patients with
either IGF-1Ec or IGF-1Ec and
Patients with IGF-1Ec and survivin ++ survivin +++
Characteristics survivin + expression, n (%) expression, n (%) expression, n (%) P-value
Age, years 0.221
<60 1(4.3) 17 (73.9) 1(4.3)
>60 2(2.6) 45 (59.2) 15 (19.7)
Histological type 0.784
Endometrioid 3(3.5) 55 (64.0) 13 (15.1)
Clear cell and papillary serous 0©0.0) 7 (53.8) 3(23.1)
Clinical stage 0.235
I 229 44 (64.7) 9(13.2)
11 0 (0.0) 10 (66.7) 3(20.0)
111 0 (0.0) 1(20.0) 2 (40.0)
Histological differentiation 0.008
Gl 2 (10.0) 9 (45.0) 3(15.0)
G2 1(2.0) 39 (79.6) 4(8.2)
G3 0 (0.0) 14 (46.7) 9 (30.0)
Myometrial invasion 0421
<172 2(5.9) 20 (58.8) 4(11.8)
>1/2 1(1.5) 42 (64.6) 12 (18.5)
Lymph-vascular space invasion 0.297
Yes 2 (3.9 30 (58.8) 7(13.7)
No 0(0.0) 8(57.1) 50357
Fallopian tube and/or ovarian invasion 0.546
Yes 0(0.0) 12 (63.2) 4 (21.1)
No 2(74) 15 (55.6) 4 (14.8)
Tumoral necrosis 0.030
Yes 0 (0.0) 2 (28.6) 4 (57.1)
No 2 (3.8) 32 (61.5) 6 (11.5)
P<0.05, statistically significant results; 0.05<P<0.10, suggestive results.
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Figure 4. (A) Scatterplot of the association between positive immunostaining scores for IGF-1Ec and survivin. There was no correlation between the positive
immunostaining scores for IGF-1Ec and survivin (P=0.062, p=0.208). (B) Scatterplot of the association between staining intensity for IGF-1Ec and survivin.
There was no correlation between the staining intensity of IGF-1Ec and survivin (P=0.259, p=0.126). (C) Scatterplot of the association between the sum of
stain intensity and scores of IGF-1Ec and survivin. There was a positive correlation between the sum of staining intensity and scores of IGF-1Ec and survivin
(P=0.043, p=0.225). IGF-1Ec, insulin-like growth factor-1Ec.

metformin exhibits antiproliferative effects and restrains endo- In the present study, the expression of IGF-1Ec in endo-
metrial cancer growth (114,115). metrial adenocarcinoma tissues was compared with adjacent


https://www.spandidos-publications.com/10.3892/ol.2020.12258
https://www.spandidos-publications.com/10.3892/ol.2020.12258
https://www.spandidos-publications.com/10.3892/ol.2020.12258

18 STAVROPOULOS et al: CLINICAL SIGNIFICANCE OF IGF-1Ec EXPRESSION IN ENDOMETRIAL CARCINOMA

Figure 5. Immunohistochemical expression of IGF-1Ec in endometrioid endometrial adenocarcinomas. IGF-1Ec immunohistochemical staining of tissues at a
magnification of (A) x40; (B) x100; and (C) x400. IGF-1Ec, insulin-like growth factor-1Ec.

Figure 6. Immunohistochemical expression of IGF-1Ec in normal endometrium. IGF-1Ec immunohistochemical staining of tissues at a magnification of

(A) x100; (B and C) x200; and (D) x400.

histologically normal tissues, endometrial hyperplasia and
normal endometrial tissues. Positive staining for IGF-1Ec
was observed in the primary endometrial tumors and
hyperplastic endometrium, the first study to show this, to
the best of our knowledge. The intensity or sum of IGF-1Ec
expression in normal, hyperplastic and malignant endome-
trium were also shown to differ. The continuous expression
of IGF-1Ec supports an autocrine and/or paracrine role in
the endometrial pathophysiology. This, it is hypothesized
that the different levels of expression of IGF-1Ec may be a
critical mediator of transformation from normal endome-
trium to hyperplastic and then to cancerous. The upregulated
expression of IGF-1Ec in premalignant biopsy samples may
be a marker of progression to malignancy. Thus, IGF-1Ec
upregulation may initiate malignant endometrial transforma-
tion, highlighting the importance of IGF-1Ec in progression
of endometrial carcinoma. Continuous stimulation of IGF-1Ec
with a possible synergistic action with growth or survival
factors, oncogenes, tumor suppressor genes or hormones

may result in uncontrolled cell proliferation resulting in
malignant endometrial transformation. This hypothesis is
supported by the results of the present study, which showed
significantly stronger co-expression of IGF-1Ec with p53,
PTEN or survivin in hyperplastic vs. normal or cancerous vs.
hyperplastic endometrium. Interestingly, there was no statis-
tically significant difference between normal-adjacent and
cancerous endometrium, suggesting that in the histologically
normal adjacent endometrium, the necessary molecular altera-
tions for its cancerous transformation may have taken place.
In addition, IGF-1Ec expression was significantly higher in
non-endometrioid (serous papillary or clear cell) compared
with endometrioid endometrial adenocarcinomas, emphasizing
the importance of IGF-1Ec expression in the development of
non-estrogen dependent carcinomas. Furthermore, expression
of IGF-1Ec in the presence of tumoral necrosis in endometrial
adenocarcinomas was significantly increased, suggesting an
association between IGF-1Ec expression and more aggressive
endometrial tumors, as it has been shown that tumoral necrosis
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Figure 7. Immunohistochemical expression of IGF-1Ec in complex endo-
metrial hyperplasia with atypia. IGF-1Ec immunohistochemical staining of
tissues at a magnification of (A) x200; and (B) x400. IGF-1Ec, insulin-like
growth factor-1Ec.

is strongly associated with aggressive behavior of endometrial
cancer, and is associated with hypoxia, angiogenesis and
inflammation response (116). Furthermore, there was a posi-
tive correlation between the sum of staining-intensity and the
scores of IGF-1Ec immunopositive cells and the tumor grade
of endometrial carcinomas, suggesting that higher expression
of IGF-1Ec may contribute to a higher degree of differentia-
tion during endometrial carcinogenesis, and may be associated
with the malignant progression in these patients. The molec-
ular pathway of endometrial carcinogenesis is mediated by
IGF-1Ec in high-grade uterine endometrioid adenocarcinomas
may be similar to that of non-endometrioid (serous papillary
and clear cell) endometrial adenocarcinomas. This hypothesis
is supported by the active involvement of IGF-1Ec in the carci-
nogenesis of other types of cancer. In particular, increased
expression of IGF-1Ec has been reported in prostate cancer,
osteosarcomas, neuroendocrine neoplasms and thyroid carci-
nomas (25,100,109,117-119). Armakolas et al (109) showed
significantly higher expression of IGF-1Ec in prostate tissues
and human prostate cancer cell lines compared with normal
prostate tissues, and the normal prostate epithelial cells did
not express IGF-1Ec. Immunohistochemical analysis from
prostate cancer specimens showed that IGF-1Ec expression
was significantly positively associated with prostate cancer
stage (117). A synthetic analogue of the Ec domain, human
Ec, has been shown to promote progression in vitro in human
prostate cancer PC-3 cells (118). Philippou ef al (100) assessed
the expression of IGF-1Ea, IGF-1b and IGF-1Ec isoforms in
human osteoblast-like osteosarcoma MG-63 cells, and found
that these cells expressed only the IGF-1Ea and IGF-1Ec tran-
scripts. Alexandraki ez al (25) investigated IGF-1Ec expression
in neuroendocrine neoplasms and found cytoplasmic staining
in 49% (23 out of 47 cases). Furthermore, samples from

Figure 8. Immunohistochemical expression of IGF-1Ec in simple and complex
endometrial hyperplasia. IGF-1Ec immunohistochemical staining of (A) simple
endometrial hyperplasia (magnification, x100) and (B) complex endometrial
hyperplasia (magnification, x200). IGF-1Ec, insulin-like growth factor-1Ec.

metastatic neuroendocrine neoplasms exhibited significantly
higher immunohistochemical expression compared with
primary tumors (25). Karagiannis et al (119) investigated
the expression of IGF-1Ec in thyroid cancer specimens using
immunohistochemistry, and found that the expression of
IGF-1Ec was significantly associated with advanced cancer
stages, and with muscular and capsule malignant invasion.
Together, these findings support the hypothesis that IGF-1Ec
expression is directly involved in tumorigenesis, although
the exact mechanisms remain to be determined. It has been
proposed that Ec domain of the IGF-1Ec isoform may possibly
mediate its mitogenic bioactivity through autonomous
mechanisms, independent of IGF-1R and IR (100,109). This
hypothesis is supported by our findings, showing a strong
connection between high levels of IGF-1Ec expression and
non-endometrioid endometrial carcinomas, which develop
independently from estrogen action.

It has been shown that the IGF-1 pathway serves an
important role in the normal proliferation of epithelium
and stromal cells in normal menstruating or premenopausal
endometrium (63,120,121). IGF-1 and IGF-2 promote cellular
growth and differentiation, and act as mediators of steroid
hormones (122). Estrogen modulates IGF signaling by increasing
the expression of IGF-1 and activation of IGF-1R, whereas
progesterone increases the synthesis of IGFBPs to antago-
nize estrogen-induced cell proliferation (20,27,28,34,64-66).
Zhou et al (123) found that endometrial IGF-1 expression was
maximal during the proliferative phase, and not in the secre-
tory phase of the menstrual cycle. Results of various studies
which evaluated the role of IGF-1 in the biology of endometrial
cancer are ambiguous and conflicting (22). Rutanen et al (27)
found that the expression of IGFBP-2,IGFBP-4 and IGFBP-5 in
endometrial cancer tissues did not differ from those in normal
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Figure 9. Presentation of IGF-1Ec expression in productive, secretary or atrophic non-neoplastic endometrium. There was no difference in IGF-1Ec expression
between the different endometrium categories (productive, secretory and atrophic non-neoplastic) based on the (A) scores (P=0.726), (B) intensity (P=0.260)
or (C) sum of scores and intensity of immunopositivity (P=0.706). IGF-1Ec, insulin-like growth factor-1Ec.
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Figure 10. Demonstration of the differences in the levels of IGF-1Ec expression between normal, hyperplastic and carcinomatous endometrium. There was
a significant difference in IGF-1Ec expression based on the (A) intensity of IGF-1Ec expression between normal and hyperplastic endometrium (P<0.001);
(B) based on the scores of IGF-1Ec expression between normal and carcinomatous endometrium (P<0.001); (C) based on the sum of scores and intensity of
IGF-1Ec expression between normal and carcinomatous endometrium (P=0.013); (D) based on the scores of IGF-1Ec expression between hyperplastic and
carcinomatous endometrium (P<0.001); (E) based on the intensity of IGF-1Ec expression between hyperplastic and carcinomatous endometrium (P<0.001);

and (F) based on the sum of scores and intensity of IGF-1Ec expression between hyperplastic and carcinomatous endometrium (P<0.001). IGF-1Ec, insulin-like
growth factor-1Ec.
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Figure 11. Concurrent IGF-1Ec and p53 expression. There was a statistically
significant correlation in the (A) intensity of expression between normal
and hyperplastic endometrium (P=0.001) and (B) in the intensity of expres-
sion between hyperplastic and carcinomatous endometrium (P=0.013).
IGF-1Ec, insulin-like growth factor-1Ec.

endometrium. Laatikainen et al (124) found that the expression
of IGF-1 was similar in tamoxifen-treated and control patients.
Elkas et al (125) found that IGF-1 and IGFBP-1 were expressed
in normal and neoplastic endometrium of all patients, regard-
less of tamoxifen treatment. Mairano et al (126) showed that
the levels of IGF-1 and IGF-IR proteins measured by immuno-
histochemistry were the same between normal and malignant
endometrium. However, O'Toole et al (127) found lowered
IGF-1, ERa, ERD and progesterone expression in endometrial
carcinoma tissues compared with normal premenopausal and
postmenopausal endometrial samples. IGF-1 is also modulated
by interactions with growth factors (128). Soufla er al (129)
showed that IGF-1 and epidermal growth factor (EGF)
down-regulation and simultaneous fibroblast growth factor-2
up-regulation may be involved in endometrial carcinogenesis.
Furthermore, it has been shown that upregulation of IGF-1R is
correlated with expression of VEGF factor C and this may be
important in lymph node metastasis in patients with endome-
trial adenocarcinoma (130).

PTEN is a tumor suppressor gene which modulates cell
proliferation and cell survival, and is frequently mutated or
deleted in several types of cancer. PTEN functions as a lipid
phosphatase and serves a key role in regulation of the PI3
kinase/Akt pathway. The IGF system serves an important role
in cell proliferation and cell survival via the PI3 kinase/AKT

Weak
Intensity of IGF-1Ec and PTEN co-expression

Moderate Strong

Figure 12. Concurrent IGF-1Ec and PTEN expression. There was a statisti-
cally significant correlation in the intensity of expression between (A) normal
and hyperplastic endometrium (P=0.010) and (B) between hyperplastic
and carcinomatous endometrium (P=0.005). IGF-1Ec, insulin-like growth
factor-1Ec; PTEN, phosphatase and tensin homologue deleted on chromo-
some 10.

and MAP kinase pathways in several neoplasmatic cells. In
human gastric adenocarcinoma cells, Yi et al (131) suggested
that PTEN may inhibit the anti-apoptotic properties of IGF.
PTEN may block IGF-IGFR-induced Akt activity and may
also regulate the expression of members of the IGF system, in
particular through up-regulation of IGFBP-3. The association
between IGF-1R activation status and PTEN expression status
in cases of complex atypical endometrial hyperplasia and endo-
metrial carcinoma were investigated by McCamplell et al (132),
who suggested that elevated levels of activated IGF-1R and
concomitant PTEN may be associated with an increased
risk of either endometrial carcinoma or subsequent develop-
ment of endometrial carcinoma. In endometrial cancer cells,
Dong et al (133) showed that picropodophyllin, an IGF-1R
inhibitor in the growth of endometrial cancer, resulted in
down-regulation of IGF-1R phosphorylation and reduced cell
proliferation via the PI3K/Akt signaling pathway. In the present
study, there was a negative association between the proportion
of immunopositive cells (scores) or the sum of staining (scores
and intensity) and the coexistence of IGF-1Ec and PTEN
expression. Thus, IGF-1Ec and PTEN may work in opposite
directions from each other during endometrial carcinogenesis.
These findings suggest that cases with high IGF-1Ec staining
score show decreased scores of PTEN staining scores and
vice versa. The molecular mechanism underlying this negative
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Figure 13. Concurrent IGF-1Ec and survivin expression. There was a statistically significant correlation in the intensity of expression between (A) normal and
hyperplastic endometrium (P=0.005); (B) in the scores of expression between hyperplastic and carcinomatous endometrium (P=0.038); (C) in the intensity of
expression between hyperplastic and carcinomatous endometrium (P=0.042). IGF-1Ec, insulin-like growth factor-1Ec.

association between these two mediators of apoptosis remains
to be determined. There was, a significant association between
the intensity of IGF-1Ec and PTEN positivity with the histo-
logical type or the presence of lymph-vascular space invasion.
Therefore, these findings suggest that the opposite relationship
between IGF-1Ec and PTEN may result in a worse prognosis
during endometrial carcinogenesis.

The nuclear transcript pS3 is a tumor suppressor gene with
strong apoptotic effects. There is considerable evidence showing
the interplay between the IGF signaling pathway and the tumor
suppressor gene p53. In prostate cancer cell lines in vitro,
Leung ef al (134) suggested IGF-1 was potentially down-regu-
lated by p53. Tucci (135) suggested a potential association
between p53 and IGF-1 signaling pathways in dietary caloric
restriction-induced life extension; pS3 may regulate longevity
via TOR/insulin/IGF-1 signaling. Luo et al (136) showed that
prolonged activation of IGF-1 signaling enhanced ameliora-
tive hepatic steatosis and fibrogenesis via inhibition of nuclear
p53-progerin interaction. A possible molecular connection
between p53 and IGF-1 was also suggested by Tran er al (137)
involving IGF-1-SIRT1-p53 signaling in cellular senescence
and aging. Attias-Geva et al (138) assessed the involvement of
p53 in regulation of IGF-1R gene expression in uterine serous
carcinoma cell lines and found that wild type p53 repressed
the IGF-1R promoter. In the present study, there was no asso-
ciation between the concomitant expression of IGF-1Ec and
p53. However, there was a significant association between the
concomitant IGF-1Ec and p53 stain intensity or the sum of their
scores and staining intensity with the histological type and/or
the histological grade of endometrial carcinomas; non-endo-
metrioid carcinomas or Grade 3 endometrial adenocarcinomas
showed concomitant high IGF-1Ec and p53 immunostaining.
These results suggest that the co-expression of IGF-1Ec and
p53 serves an important role in the development of non-endo-
metrioid or high-grade endometrial adenocarcinoma.

Survivin is a unique member of the inhibitor of apoptosis
family of proteins, and regulates cell proliferation. Survivin is
upregulated in the majority of human tumors through poorly
defined mechanisms (139-144). Additionally, activation of the
Stat3 transcription pathway determines the radio-sensitivity
of cancer cells (145). In hepatocellular carcinoma cell lines it
has been shown that IGF-1 and survivin are able to co-regulate

metastasis; surviving may serve a vital role in the IGF-1
signaling pathway by mediating epithelial-mesenchymal
transition (EMT) through the up-regulation of the expression
of EMT markers, and the knockdown of surviving expression
may suppress metastasis of cancer cells (78). In addition, in
prostate cancer cells a positive correlation between IGF and
survivin was observed. IGF-1/mTOR signaling may increase
survivin-expression via rapid changes in mRNA transla-
tion (146). Furthermore, in rat prostatic epithelial cells, it has
been shown that IGF-1 signaling increased the expression
of survivin via a PI3K/Akt/mTOR1 pathway and promoted
cell growth by suppressing Smad-dependent autocrine trans-
forming growth factor-f3 signaling (147). In renal cell lines,
Sato et al (148) suggested that cell proliferation and survivin
expression were induced by IGF-1. In pancreatic cancer cells,
IGF-1 may promote radio-resistance through activation of the
Stat3 pathway (145). Oh et al (149) suggested that treatment
with a farnesyltransferase inhibitor in head and neck squamous
cell carcinoma and non-small cell lung cancer cell lines acti-
vated the IGF-1R/PI3-kinase/Akt signaling pathway, leading
to increased mTOR-mediated protein synthesis of survivin.
Morgillo et al (150) suggested that enhanced synthesis of
survivin protein mediated by the IGF-1R/EGFR heterodimer
counteracts the antitumor action of erlotinib, an EGFR tyro-
sine kinase inhibitor in human NSCLC cell lines. In particular,
erlotinib induced heterodimerization of IGF-1R/EGFR, and
stimulated the IGF-1R and PI3K/Akt/mTORI1 pathways
resulting in an increase in EGFR and survivin protein expres-
sion; however, assessment of combined treatment with erlotinib
and inhibitors of IGF-1R or mTOR resulted in suppression of
survivin and EGFR expression (150). In the present study, a
positive association was observed between the sum of staining
(scores and intensity) and the coexistence of IGF-1Ec and
survivin expression. Thus, IGF-1Ec and survivin may promote
endometrial carcinogenesis together, regulating in parallel each
other's actions, and therefore may share a common molecular
pathway. In addition, in the present study, there was an associa-
tion between the scores of immunohistochemical concomitant
expression of IGF-1Ec and survivin and the clinical stage,
histological differentiation, lymph-vascular space invasion
and the presence of tumoral necrosis. Furthermore, in the case
of concomitant expression of IGF-1Ec and survivin, the sum
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of scores and staining intensity of immunopositive cells was
associated with the histological differentiation, or the presence
of tumoral necrosis. These results suggest the importance of
further studying the coexistence of IGF-1Ec and survivin in
the development of more aggressive endometrial carcinomas.

The development of endometrial adenocarcinoma is compli-
cated and is based on multiple steps. The mapping of IGF-1Ec
in normal, hyperplastic and malignant endometrium allows for a
better understanding of endometrial carcinogenesis. Continuous
endometrial stimulation of IGF-1Ec with concomitant expres-
sion of PTEN, p53 and survivin may initiate uncontrolled cell
proliferation and result in malignant transformation. The results
of the present study highlight the importance of IGF-1Ec
expression in the progression of endometrial carcinoma, which
progresses from normal endometrium to hyperplasia and then on
to carcinoma. In addition, the different levels of IGF-1Ec expres-
sion in normal, hyperplastic and malignant endometrium, and
the synergistic action of IGF-1Ec with p53, PTEN or survivin
observed in the present study support the autocrine and/or para-
crine role with growth factors, survival factors, oncogenes and/or
tumor suppressor genes during the endometrial pathophysiology.

The upregulated expression of IGF-1Ec in non-endometrioid
(serous papillary or clear cell) compared with endometrioid
adenocarcinomas emphasize the importance of IGF-1Ec expres-
sion in the development of non-estrogen dependent carcinomas.
Furthermore, the upregulated expression of IGF-1Ec in the
presence of tumoral necrosis in endometrial adenocarcinomas
suggest an association between IGF-1Ec expression and more
aggressive endometrial tumors. The present study showed that
upregulation of IGF-1Ec is associated with a high histological
grade in endometrial carcinoma, and supports the hypothesis
that IGF-1Ec serves an important role in differentiation and
progression of endometrial carcinogenesis. Additionally, the
present study is the first to show that the molecular pathway
of endometrial carcinogenesis is similar between high grade
and non-endometrioid (serous papillary and clear cell) uterine
endometrial adenocarcinomas; and this pathway may be acti-
vated by the IGF-1Ec upregulation. These results suggest that
higher levels of IGF-1Ec expression are associated with more
aggressive behavior in endometrial adenocarcinomas. These
findings reflect the biological behavior and spreading patterns
of endometrial carcinomas which may in turn allow for more
accurate prognostic prediction. Although our study shows
for the first time a potential role of high scores of IGF-1Ec in
non-endometrioid (serous papillary or clear cell) compared to
endometrioid endometrial carcinomas, it also has a number of
limitations including the relative low number of studied cases
of clear cell and serous papillary compared to endometrioid
adenocarcinomas (13 vs. 86 cases, respectively). In addition,
the experimental design of our study did not allow fresh frozen
endometrial tissue collection for analysis of the IGF-1Ec
mRNA expression. Furthermore, the research design of the
present study did not consider the examination of hormone
receptor expression in endometrial tumors for confirmation of
our statement on hormone-insensitivity.

In conclusion, the concomitant expression between
IGF-1Ec and PTEN, p53 and survivin highlights the molecular
mechanisms which may be involved in endometrial carci-
nogenesis. IGF-1Ec and PTEN may act together opposing
direction from each other during endometrial carcinogenesis.
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The inverse association between the intensity of IGF-1Ec and
PTEN positivity, and the histological type and the presence of
lymph-vascular space invasion may suggest a regulatory role of
IGF-1Ec in modulating PTEN expression, resulting in a worse
prognosis during endometrial carcinogenesis. In contrast, the
positive correlation between IGF-1Ec and survivin suggests
that these molecules may share a common molecular pathway,
and may act in parallel as potential mediators during endo-
metrial carcinogenesis. A combination of high positive levels
of IGF-1Ec expression and survivin expression was associated
with a high clinical stage, high grade of histological differenti-
ation, presence of lymph-vascular space invasion and presence
of tumoral necrosis. These findings suggest that IGF-1Ec and
survivin work cooperatively resulting in the development of
more aggressive endometrial carcinomas. Finally, the asso-
ciation between the concomitant IGF-1Ec and p53 staining
intensity or the sum of their scores and staining intensity,
and the histological types or the histological grade was
shown. It is hypothesized that the concomitant upregulation
of IGF-1Ec and p53 serves an important role in the develop-
ment of non-endometrioid endometrial carcinomas and in the
progression to high grade endometrial tumors.
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