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INTRODUCTION
Endometriosis is a common benign gy-

necological condition that is defined as
the presence of endometrial stromal and
glandular cells outside the endometrial
cavity and has a prevalence of 6–10% in
women of reproductive age (1). This
prevalence is approximately 20% in
women with infertility (2). Despite ex-
tensive research and numerous theories
proposed, the pathogenesis of en-

dometriosis is yet to be determined, and
several immunological and growth fac-
tors have been investigated in the estab-
lishment and maintenance of endometri-
otic lesions.

In addition, it has been suggested that
ectopic endometrial cells undergo de-
creased apoptosis compared with eutopic
endometrial cells (3) and that insulinlike
growth factor 1 (IGF-1) is one of the con-
tributing factors that inhibits apoptosis

and acts mitogenically on endometrial
cells in vitro (4). Furthermore, increased
levels of IGF-1 have been found in the
peritoneal fluid of women with endo -
metriosis compared with controls (5) and
were associated with increased proteoly-
sis of IGF-binding protein 3 (IGFBP-3)
mediated by urokinase-type plasmino-
gen activator (uPA) (6,7).

The igf-1 gene contains six exons that,
in humans, give rise to three igf-1 gene
transcripts by alternative splicing,
namely IGF-1Ea, IGF-1Eb and IGF-1Ec
(which has also been named mechano
growth factor [MGF]). The resulting
IGF-1 isoforms undergo posttranslational
cleavage to produce a common biologi-
cally active product, namely the mature
IGF-1, which is encoded by exons 3 and
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posttranslational bioactive E-peptide of
the IGF-1Ec isoform may be involved in
the pathophysiology of endometriosis.

MATERIALS AND METHODS

Ethical Approval
A written informed consent was ob-

tained by all the volunteers to participate
in this study, which was approved by the
Ethics Committee of the National and
Kapodistrian University of Athens, and
all experimental procedures conformed
to the Declaration of Helsinki.

Subjects
The subjects were women of reproduc-

tive age undergoing laparoscopy for en-
dometriosis. Median age of the women
was 35.7 years (range 28–49), and none
had received any form of hormone ther-
apy up to 3 months before the operation.

zation of the intracellular signaling of
MGF E-domain vis-à-vis IGF-1 signaling
in endometrial-like cells (20,22).

Herein, we report that all IGF-1 iso-
forms are expressed in both eutopic and
ectopic endometrium, which is, however,
significantly lower in endometriotic cysts
compared with either eutopic en-
dometrium or red lesions. In addition,
we report for the first time that the glan-
dular cells of eutopic endometrium and
endometriotic cysts are deprived of any
expression of the IGF-1 isoforms,
whereas the glandular cells of red lesions
express the IGF-1Ec isoform. Further-
more, our data documented that a syn-
thetic MGF E-peptide can stimulate the
proliferation of human KLE cells, an en-
dometrial carcinoma cell line with a phe-
notype of endometrial-like cells, via an
IGF-1R–independent and IR-independent
mechanism. These data suggest that a

4, and it is responsible for binding with
the IGF receptors and different E-domain
products (Figure 1), which contain differ-
ent parts of exon 5 and/or exon 6 (8–11)
and have been proposed to act au-
tonomously (8,12).

IGF-1 mediates its actions through
binding to specific receptors, such as the
type 1 IGF receptor (IGF-1R), the insulin
receptor (IR), and several atypical recep-
tors such as the hybrid IR/IGF-1R. IGF-
1R and IR are cell surface heterotetrameric
tyrosine kinase receptors that are coupled
to intracellular signaling pathways, such
as the ras-raf-MAPK-ERKs and PI3K-AKT
signaling cascades (13).

Except for binding IGF-1, IGF-1R can
also bind insulinlike growth factor 2
(IGF-2). This is a small peptide that
shares approximately 60% of amino acids
with IGF-1 and 40% with pro-insulin,
and by its binding to IGF-1R, IGF-2 regu-
lates cell proliferation, survival and dif-
ferentiation. The affinity of IGF-2 for
binding IGF-1R is far less than IGF-1 and
so it is for insulin (14,15). Although IGF-2
can bind all three receptors (IGF-1R,
IGF-2R and IR), its mitogenic and meta-
bolic actions are mediated primarily by
binding to IGF-1R. In contrast to IGF-1R,
IGF-2R is a transmembrane single-chain
glycoprotein known as the cation-
 independent mannose-6-phosphate re-
ceptor (16).

The distinctive biological roles of the
IGF-1 isoforms and the mechanisms that
regulate their expression have not been
clearly documented. Several studies have
investigated the expression patterns of
these IGF-1 transcripts in skeletal muscle
(17–19), and there is growing interest vis-
à-vis the potential role of MGF expression
in skeletal and cardiac muscle regenera-
tion and hypertrophy after exercise-
 induced skeletal muscle damage (20) and
myocardial infarction (21,22). In addi-
tion, we have previously reported pre-
liminary data on the expression of IGF-1
isoforms in endometriosis at mRNA level
(23). However, there is little information
regarding the IGF-1Ec (MGF) expression
in stromal and glandular epithelium of
endometriotic lesions and the characteri-

Figure 1. Human IGF-1 alternative splicing and encoded propeptides. The igf-1 gene
gives rise to multiple mRNA transcripts by alternative splicing. The different IGF-1 mRNA
transcripts encode several precursor proteins, which differ by the length of the amino-
 terminal (signal) peptide and the structure of the extension peptide (E-peptide) on the
carboxy-terminal end. The mature IGF-1 peptide results from posttranslational cleavage
of all precursor polypeptides, by which the signal and the E-peptide are removed. Exons
5 and 6 encode distinct portions of the E-peptide (called the E-domain) with alternative
carboxy-terminal sequences of the extension peptide. The IGF-1Ec splice variant is an
exon 4-5-6 variant that produces an E-peptide, termed Ec-peptide. The synthetic 
MGF E-peptide that comprises the last 24 C-terminal amino acids (aa) of Ec-peptide is
shown.  
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embedded and processed for paraffin
sections. The sections were incubated
with the same primary antibodies used
for the Western blot analyses (i.e., the
polyclonal anti-MGF antibody at a dilu-
tion of 1:1,000 in phosphate-buffered
saline (PBS) and the monoclonal
anti–IGF-1) (1:50 dilution, MS-1508;
Thermo Scientific) overnight at 4°C.
After repeated PBS buffer washing,
 secondary biotinylated goat antirabbit
IgG or goat antimouse IgG (DAB; Dako
Real EnVision, Glostrup, Denmark)
 antibody was added for 25 min at room
temperature, followed again by re-
peated PBS buffer washes. Visualization
of the immunocomplex was obtained
by incubating the sections in a solution
of 3,3-diaminobenzidine (DAB) in PBS
for 10 min. Tissue sections were visual-
ized under light microscopy, and images
were captured on a PENTAX ASAHI
digital color camera mounted on the
microscope. A qualitative analysis of
the tissue sections was then performed
in the form of positive or negative
staining. Negative control staining pro-
cedures were included in all immuno-
histochemical analyses, as described
elsewhere (25).

Cell Cultures
Human KLE cells were obtained by

the American Type Culture Collection
(ATCC, Bethesda, MD, USA) and main-
tained as subconfluent monolayers in
culture using Dulbecco’s modified
Eagle’s medium (DMEM/F-12; Cambrex,
Walkersville, MD, USA) supplemented
with 10% fetal bovine serum (FBS; Invit-
rogen) at 37°C in a humidified atmos-
phere with 5% CO2, with culture media
being replaced every 2–3 d. KLE cells
were treated with 0.5 ng/mL up to
30 ng/mL insulin (Novo Nordisk,
Bagsværd, Denmark), with 0.5 ng/mL
up to 50 ng/mL of mature IGF-1 peptide
(rhIGF-1; Chemicon, Temecula, CA, USA)
and with 0.5 ng/mL up to 50 ng/mL of a
synthetic MGF peptide (which comprises
the last 24 amino acids of the E-domain
of human MGF, synthesized and vali-
dated as previously described [25]; see

transcripts have been described else-
where (23).

Protein Extraction and Western
Analysis of IGF-1 and MGF

The extracts were analyzed for total
protein concentration using the Bradford
procedure (Bio-Rad Protein Assay; Bio-
Rad, Hercules, CA, USA). Samples were
stored in aliquots at –80°C until Western
blot analysis as previously described (25).
The following primary antibodies were
used for the immunodetection of IGF-1Ec
(MGF) and IGF-1: MGF, a rabbit antihu-
man MGF polyclonal antibody (1:10,000
dilution), which was raised against a syn-
thetic peptide corresponding to the last 24
amino acids of the E-domain of human
MGF (IGF-1Ec) and characterized in our
laboratory, as has been described else-
where (22); and IGF-1, a mouse mono-
clonal anti–IGF-1 (1:1,000 dilution) (MS-
1508; Thermo Scientific, Fremont, CA,
USA; molecular weight of antigen:
~7.6 kDa). After the overnight incubation
of blots with the primary antibodies,
membranes were incubated with a horse-
radish peroxidase–conjugated secondary
antirabbit IgG (goat antirabbit, 1:2,000 di-
lution; Santa Cruz Biotechnology, Santa
Cruz, CA, USA) or antimouse IgG goat
antimouse (1:2,000 dilution; Santa Cruz
Biotechnology) for 1 h at room tempera-
ture. Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as an in-
ternal control to correct for potential
variation in the protein loading and to
normalize the protein measurements on
the same immunoblot. Blots were incu-
bated with a mouse monoclonal primary
antibody for GAPDH (1:2,000 dilution;
Santa Cruz Biotechnology) and with a
horseradish peroxidase–conjugated sec-
ondary antimouse IgG (goat antimouse,
1:2,000 dilution; Santa Cruz Biotechnol-
ogy), and specific band(s) were visual-
ized as described elsewhere (20).

Immunohistochemical Analysis
Formaldehyde-fixed eutopic and

 ectopic endometrium (red lesions and
endometriotic cysts) samples from all
patients’ biopsies were paraffin wax

Laparoscopy was performed during the
proliferative phase of the menstrual cycle
(fifth to tenth day after menstruation).

Tissue Sampling
Tissue sampling was from normal en-

dometrium (eutopic), red lesions and/or
endometriotic cysts. We analyzed 15 tis-
sue biopsies of endometriotic peritoneal
lesions (red lesions) and 20 tissue biop-
sies of endometriotic cysts from 15 and
20 patients, respectively. From the same
women, normal endometrium was aspi-
rated using the Cornier device (Labora-
toire C.C.D., Paris, France). All patients
had stage III–IV endometriosis according
to revised American Fertility Society
(rAFS) classification. Tissue biopsies for
RNA and protein extraction were snap-
frozen in liquid nitrogen and then stored
at –80°C until analysis, whereas biopsies
for immunohistochemistry were trans-
ferred to formaldehyde 9%. The diagno-
sis of endometriosis was confirmed with
histological examination of related tissue
biopsies. The proliferative phase of the
menstrual phase was determined based
on the last menstrual period and con-
firmed with histological examination of
the eutopic endometrium using the
Noyes’ criteria (24).

RNA Extraction and Relative
Quantitative PCR Analysis

The expression of IGF-1 transcripts in
eutopic and ectopic endometrium (red
lesions and/or endometriotic cysts) and
in KLE endometrial-like cells was as-
sessed as previously described (23).
Briefly, each endometriotic tissue sample
was homogenized and total RNA was
extracted using Trizol Reagent (Invitro-
gen, Carlsbad, CA, USA) according to
the manufacturer’s recommendations.
The RNA samples were used for the de-
termination of the mRNA of specific
IGF-1 transcripts by reverse transcription
(RT) and semiquantitative RT–polymerase
chain reaction (PCR) procedures. Both
these RT and PCR methods have been
described and extensively validated else-
where (19). Primer sets and PCR condi-
tions used for the assessment of IGF-1
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Figure 1) in a time-dependent manner
(i.e., for 24 and 48 h).

Trypan Blue Assay
KLE cells were plated at a cell density

of about 2.3 × 104 cell/well in 24-well
plates and grown with DMEM/F-12 con-
taining 10% FBS. Twenty-four h after
plating, the media were changed to
DMEM/F-12 containing 0.5% FBS, and
mitogens under investigation were
added in a dose-dependent manner (ma-
ture IGF-1, MGF E-peptide and insulin).
The actual living KLE cell number was
measured at different time intervals (24
and 48 h) using the Trypan Blue exclu-
sion assays, as previously described (26).

IGF-1R and IR siRNA Knock Out
To investigate if the synthetic MGF E-

peptide acts on KLE cells via the IGF-1R–
or IR-mediated pathway, IGF-1R and IR
expression was silenced in KLE cells
using the commercially available Stealth
siRNA technology (Invitrogen). Three
different 25-mer siRNA molecules were
examined in each case for their potential
to knock out (KO) the expression of IR
and that of IGF-1R in KLE cells. It was
determined that the most efficient KO of
the IR was obtained by using the
ACAAACUGCCCGUUGAUGACGGUGG
siRNA duplex at a concentration of
40 pmol by using the reverse transfection
method. In the case of IGF-1R KO, the
molecule of choice was the UCUUC
AAGGGCAAUUUGCUCAUUAA
siRNA duplex, at a concentration of
50 pmol, again by using reverse transfec-
tion according to the manufacturer’s in-
structions. As a negative control, we
used a universal negative control stealth
siRNA (Invitrogen). In brief, KLE cells
were grown in 10% DMEM/F-12 media.
The transfection mixture was obtained
by diluting the 40 pmol of the siRNA du-
plex in 100 μL OptiMem serum-free
 medium (Invitrogen) in a well of a 24-well
plate, followed by the addition of 2 μL
lipofectamine RNAiMAX (Invitrogen).
After 20 min, 500 μL of the trypsinized
KLE cells was added to the mixture.
Forty-eight hours after the KO, the

media switched to DMEM 0.5% FBS, and
after 24 h, the IR KO cells were exposed
to either insulin or MGF E-peptide,
whereas the IGF-1R KO cells were ex-
posed to mature IGF-1 or MGF E-peptide
for 24 and 48 h in triplicate determina-
tions. The viable cells were counted
using the Trypan Blue exclusion assay.

Expression of IGF-1R and IR
The expression level of IGF-1R and IR

transcripts, after the siRNA IGF-1R KO and
IR KO in KLE cells, was assessed by quanti-
tative real-time PCR (qRT-PCR). The KO
mRNA levels were determined 48 h after the
siRNA KO according to the manufacturer’s
instructions. As an internal control, we used
GAPDH and β-actin. The validation of the
product identity was obtained by the melt-
ing curve. Quantitative RT-PCR to examine
the levels of expression of IGF-1R and IR
was carried out before and after the siRNA
IGF-1R or IR KO in KLE cells. Briefly, RT-
PCR data quantification analysis was carried

out in the forms of melting and amplifica-
tion curves, cycle threshold (Ct) values and
normalized gene expression (Delta Delta Ct
[ddCt]), using the Bio-Rad IQ5 optical soft-
ware 2.0. The primers used in the reactions
were generated using the FastPCR program
and were as follows: IGF-1R forward:
 ACCCGGAGTACTTCAGCGC; IGF-1R re-
verse: CACAGAAGCTTCGTTGAGAA; IR
forward: ACTCTCAGATCCTGA
 AGGAGCTGGA; IR reverse: AGTGT
TGGGGAAAGCTGCCAC. The set of
primers for IR was designed to detect
both IR isoforms in a single PCR. The
PCR conditions were the same in both
cases: 95°C for 30 s × 1 cycle, 94°C for
20 s, 60°C for 30 s, 72°C for 30 s × 35 cy-
cles and 72°C for 5 min.

Statistical Analysis
Changes in cell numbers were assessed

using analysis of variance (ANOVA)
(SPSS v. 11 statistical package; SPSS, Chi-
cago, IL, USA). Where significant F ratios

Figure 2. Expression of the different IGF-1 transcripts (IGF-1 Ea, IGF-1 Eb and IGF-1 Ec
[MGF]) in eutopic endometrium (EU), peritoneal red lesion (PE) and ovarian endometriotic
cyst (OvE). Representative PCR gel images demonstrate the differential mRNA expression
of the IGF-1 transcripts in PE and in OvE compared with EU (upper panel). In the lower
panel, PCR relative quantification is presented. Values of PE and OvE were normalized to
each corresponding ribosomal 18S and expressed as percentage differences (%) from EU
levels (means ± SD, PE: n = 15, OvE: n = 20). *Significantly different from EU (P < 0.01). 
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were found (P < 0.05), the means were
compared using Tukey post hoc tests. A
Student t test was used to evaluate tran-
scriptional and translational differences
in IGF-1 isoform expression between eu-
topic endometrium and endometriotic
cysts or red lesions. All data are pre-
sented as mean ± SD. The level of signifi-
cance was set at P < 0.05.

RESULTS
The expression of IGF-1 mRNA tran-

scripts was found to be significantly
lower in the endometriotic cysts com-
pared with that of the eutopic en-
dometrium and that of the red lesions, as
assessed by semiquantitative PCR meth-
ods (Figure 2). Similar patterns of the IGF-
1 transcripts translation were also de-
tected in red lesions and endometriotic
cysts compared with eutopic endo -
metrium at the protein level (Figure 3A,
B). The immunohistochemical analysis re-
vealed that in the eutopic endo metrium
(Figure 4A, E) and the endometriotic cysts
(Figure 4C, G), the IGF-1 transcripts were
expressed only in the stromal cells and
not in the glandular epithelium, whereas
in the red lesions, the IGF-1 transcripts
were expressed not only in the stroma but
also in the glandular cells (Figure 4B, F).
All 15 red lesion biopsies were positive
for glandular MGF/ IGF-1 expression,
whereas all 15 biopsies from the eutopic
endometrium (of the same women) were

negative for glandular MGF/IGF-1 ex-
pression. The stroma was steady positive
for MGF/ IGF-1 expression in all eutopic
and ectopic endometrial biopsies; how-
ever, endometriotic cysts did express con-
siderably lower MGF/IGF-1 levels, as
noted by immunohistochemical analysis.

In order to characterize the IGF-1Ec
posttranslational products (mature IGF-1
peptide and synthetic MGF E-peptide) in
vitro, we initially characterized the KLE
cells. We documented that the KLE en-
dometrial-like cells express all three IGF-
1 mRNA transcripts, which are certainly
translated to pro–IGF-1 and pro–IGF-1Ec
(MGF) products at protein level (Fig-
ure 5A, B).

Because the actions of IGF-1 can be me-
diated not only via its high-affinity IGF-1R
but also via IRs as well as hybrid IGF-
1R/IR, we experimentally engineered KLE
cells with silenced IGF-1R and IR expres-
sion, using siRNA methods, to further

Figure 3. Representative Western blots
demonstrating the expression of IGF-1
and IGF-1Ec (MGF) in (A) peritoneal red
lesion (PE) and in (B) ovarian endometri-
otic cyst (OvE) samples examined in rela-
tion to eutopic endometrium (EU).

Figure 4. (A–D) Cytoplasmic localization of IGF-1 in stromal cells (SC) in eutopic en-
dometrium (A), endometriotic lesion (B) and endometriotic cyst (C). Note the absence of
staining in glandular epithelium (GE) in eutopic endometrium as opposed to the positive
staining of glandular epithelium in endometriotic lesions. (D) Negative control. (E–H) Cyto-
plasmic localization of MGF (IGF-1Ec) in stromal cells (SC) of tissue biopsies from eutopic
endometrium (E), endometriotic lesion (F) and endometriotic cyst biopsies (G). Note the
absence of MGF staining in glandular epithelium biopsies (GE) of the eutopic en-
dometrium and endometriotic cyst as opposed to the positive staining of glandular ep-
ithelium in endometriotic lesion. (H) Negative control. Solid arrows represent stromal cells;
hollow arrows represent glandular epithelium. 

Figure 5. Expression of the different igf-1
gene transcripts in KLE endometrial-like
cells. (A) PCR products (that is, amplified
target cDNAs) from the different primer
sets and PCR conditions used for the de-
tection of IGF-1 transcripts at the mRNA
level. An equal amount of each PCR prod-
uct was loaded onto a 2% agarose gel
and separated by electrophoresis. (B)
Translational products of the different IGF-1
mRNA transcripts were detected by West-
ern blot analysis using antibodies specific
for anti–IGF-1 and anti–IGF-1Ec (MGF). 
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characterize MGF E-peptide  actions in
KLE cells. Thus, we generated transfectans
of siRNA IGF-1R KO KLE cells and siRNA
IR KO KLE cells. Indeed, we achieved ap-
proximately 60–80% reduction of IR
mRNA expression (for both IR transcripts;
IR-A and IR-B) compared with the respec-
tive expression levels assessed in control

KLE cells (Figure 6A, D, G). Similar results
were obtained in the siRNA IGF-1R KLE
cells (Figure 6B, E, F). Analyses of β-actin
(Figure 6C) and GAPDH expression (not
shown) were used as internal controls for
normalization in all cases.

Using these KLE transfectans, we were
able to show that exogenous IGF-1 and

insulin administration did not stimulate
the IGF-1R KO and IR KO KLE cells. On
the contrary, IGF-1 and insulin stimu-
lated the growth of parental KLE cells
(Table 1). Interestingly, MGF E-peptide
stimulated the proliferation of parental
and IGF-1R KO and IR KO KLE cells (see
Table 1).

Figure 6. Characterization of the degree of reduction of IR expression in IR KO KLE cells (A) and of IGF-1R expression in IGF-1R KO KLE
cells (B) by qRT-PCR. IR KO and IGF-1R KO lines represent the melting curves of IR (IR-A and IR-B isoforms) and IGF-1R in IR KO KLE and
IGF-1R KO KLE cells, respectively, compared with the lines of IR and IGF-1R in control KLE cells. The amplification curves and Cts (D, E) as
well as normalized expression (ddCt) charts (F, G) are also shown. The degree of reduction of IR and IGF-1R expression was from 60% up
to 80% in this cell line. Normalization in all the cases was carried out by β-actin (C). 
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DISCUSSION
In this study, we documented that eu-

topic and ectopic (endometriotic cysts and
red lesions) endometrium obtained from
women with endometriosis as well as
human KLE endometrial-like cells express
IGF-1 transcripts. We have defined that
the IGF-1Ec transcript is expressed both at
the mRNA and protein level. This particu-
lar IGF-1 transcript has been associated
with regeneration mechanisms of skeletal
muscle and myocardial cells (20–22).

Semiquantitative analysis of the IGF-1
transcript expression using PCR methods
revealed that endometriotic cysts ex-
pressed IGF-1 transcripts at a significantly
lower level than eutopic endometrium
and red lesions. These findings were in-
line with our preliminary data previously
published (23). Our findings could be ex-
plained by the fact that even though en-
dometriotic cysts represent a feature of
advanced disease, they are characterized
by the presence of fibrosis and low levels
of active endometriotic tissue. This result
is consistent with the natural history of
the disease, during which active en-
dometriotic tissue is substituted by fi-
brotic tissue accounting for the increased
scarring and adhesion formation found in
late stages of endometriosis (23). This re-
sult is also consistent with the results of
our previous studies, where we docu-
mented increased expression of other
components of the IGF bioregulatory sys-
tem, which includes IGFs/uPA/plas-
min/IGFBP-3 expression (6,7,27).

In this study, we used specific antibod-
ies to identify the expression of IGF-1 and
MGF in endometriotic biopsies by im-
munohistochemical and Western blot
analyses. Because IGF-1 peptide is a com-
mon product of all three IGF-1 transcripts,
anti–IGF-1 antibody can detect the expres-
sion of pro–IGF-1 peptide from any IGF-1
transcript. On the contrary, our anti-MGF
antibody identifies the expression of the
IGF-1Ec (MGF) transcript only. The im-
munohistochemical analysis of IGF-1
transcripts posttranslational products re-
vealed that in eutopic endo metrium and
endometriotic cysts, IGF-1 and IGF-1Ec
(MGF) were expressed only in stroma
cells but not in glandular cells. In contrast,
in red lesions, there was positive staining
not only in stroma cells but also in glan-
dular epithelium. Even though histologi-
cal diagnosis of endo metriosis requires
the presence of stroma and glandular cells
in tissue biopsies, the proportion of
stroma/glands in endometriotic tissue is
not constant, and it has been suggested
that lesions related to more active forms
of endo metriosis (for example, red le-
sions) present a higher proportion of glan-
dular cells (28). This was evident in our
biopsies as well, as histological examina-
tion showed increased proportion of glan-
dular epithelium in red lesions compared
with endometriotic cysts. This could ac-
count for the increased IGF-1 transcripts
expression (although not significant) in
red lesions as it was documented by semi-
quantitative PCR analysis in our study.

The expression of IGF-1 and IGF-1Ec in
the glandular epithelium of only en-
dometriotic lesions and not in eutopic en-
dometrium and endometriotic cysts could
favor our hypothesis that IGF-1 and IGF-
1Ec isoforms are associated with active
endometriosis, and their action in ectopic
endometriotic cells could be involved in
the progression of the disease and evolu-
tion of endometriotic lesions.

The IGF-1 stimulates the growth and
differential function of endometrial cells
via the IGF-1R, and possibly via several
atypical receptors, including the hybrid
IR/IGF-1R. The latter is composed of an
IR hemi-receptor linked to an IGF-IR
hemi-receptor and has been reported to
have an important role in cancer biology
(29–31). Recently, the two IR isoforms
(IR-A and IR-B) have been reported that
are overexpressed in cancer tissues (32),
whereas the expression of IGF-1R has
been previously characterized in KLE
cells in our laboratory (7). Therefore, aim-
ing to the characterize the MGF E-peptide
actions in KLE cells, we performed a se-
ries of silencing experiments of these
major receptors involved in the IGF-
 mediated actions. Our data suggested that
silencing of the IGF-1R and IR expression
in KLE cells did not have an important ef-
fect on the proliferative activity of the ex-
ogenous MGF E-peptide in vitro, thus sug-
gesting that synthetic MGF E-peptide
action is apparently mediated via an IGF-
1R–independent, IR- independent mecha-
nism. Because the IR/IGF-1R hybrid re-

Table 1. The effects of 48 h of treatment with mature IGF-1, insulin and synthetic MGF E-peptide on KLE cell proliferation, as assessed by
Trypan blue exclusion assays (cell number × 104). 

IGF-1 (50 ng/mL) in MGF (50 ng/mL) in IGF-1 (50 ng/mL) in MGF (50 ng/mL) in Control siRNA-transfected
untransfected KLE cells untransfected KLE cells IGF1R siRNA KLE cells IGF1R siRNA KLE cells KLE cells

112.5 ± 8.66 103.33 ± 5.20 76.25 ± 5.30 95.83 ± 3.81 73.75 ± 5.30
a b c

Insulin (30 ng/mL) in MGF (50 ng/mL) in Insulin (30 ng/mL) in MGF (50 ng/mL) in Control siRNA-transfected
untransfected KLE cells untransfected KLE cells IR siRNA KLE cells IR siRNA KLE cells KLE cells

32.9 ± 5.49 34.37 ± 5.15 12.5 ± 2.5 28.87 ± 4.73 11.25 ± 2.5
b a b

The mitogenic activity of the IGF-1 and insulin was blocked in IGF-1R siRNA KLE cells and in the IR siRNA KLE cells, respectively, whereas
MGF E-peptide mitogenic actions were not affected in IGF-1R siRNA KLE cells and in the IR siRNA KLE cells. These data suggested that
MGF actions are possibly mediated via an IGF-1R–independent, IR-independent and hybrid IGF-1R/IR–independent mechanism in KLE
endometrial-like cells. Significantly different from control-siRNA transfected KLE cells: aP < 0.001; bP < 0.01; cP < 0.05.
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ceptor consists of IR and IGF-1R hemi-re-
ceptors, the silencing of the IR or the IGF-
1R is expected to block the formation of
the hybrid receptor. Therefore, our experi-
ments suggested that mitogenic activity of
the synthetic MGF E-peptide is mediated
via another receptor molecule.

Further evidence for such autonomous
actions of the synthetic MGF E-peptide
was provided by our recent data, which
revealed that MGF E-peptide activated
ERK1/2 phosphorylation but did not ac-
tivate AKT phosphorylation in skeletal
muscle–like and myocardial-like cells
(20,22). This particular phosphorylation
pattern generated by the MGF E-peptide
is in agreement with the trypan blue ex-
clusion assays in KLE cells, thus suggest-
ing that MGF E-peptide activity is via an
IGFR/IR-independent mechanism and
via an as yet unidentified molecule.

In conclusion, our data suggest the pos-
sible role of IGF-1Ec (MGF) expression in
endometriosis. This is supported by the
preferential expression of this IGF-1 tran-
script in glandular epithelial cells in ec-
topic endometrium only (red lesions).
Conceivably, this preferential MGF ex-
pression generates posttranslational prod-
ucts IGF-1 and MGF E-peptide, with the
latter being capable of stimulating the
proliferation of endometrial-like cells via
an IGF-1R–independent, IR-independent
and hybrid IGF-1R/IR–independent
mechanism. These data suggest that there
may be a role for MGF in the pathogene-
sis of endometriosis that is autonomous
and independent from the IGF system.
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