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Abstract

Endometrium is one of the fastest growing human tissues. Sex hor-
mones, estrogen and progesterone, in interaction with several growth
factors, control its growth and differentiation. Insulin-like growth
factor 1 (IGF-1) interacts with cell surface receptors and also with
specific soluble binding proteins. IGF-binding proteins (IGF-BP)
have been shown to modulate IGF-1 action. Of six known isoforms,
IGF-BP-1 has been characterized as amarker produced by endometrial
stromal cells in the late secretory phase and in the decidua. In the
current study, IGF-1-BP concentration and affinity in the proliferative
and secretory phase of the menstrual cycle were measured. Endome-
trial samples were from patients of reproductive age with regular
menstrual cycles and taking no steroid hormones. Cytosolic fractions
were prepared and binding of '*I-labeled IGF-1 performed. Cross-
linking reaction products were analyzed by SDS-polyacrylamide gel
electrophoresis (7.5%) followed by autoradiography. '°I-IGF-1 af-
finity to cytosolic proteins was not statistically different between the
proliferative and secretory endometrium. An approximately 35-kDa
binding protein was identified when '5I-IGF-1 was cross-linked to
cytosol proteins. Secretory endometrium had significantly more IGF-1-
BP when compared to proliferative endometrium. The specificity of
the cross-linking process was evaluated by the addition of 100 nM
unlabeled IGF-1 or insulin. Unlabeled IGF-1 totally abolished the
radioactivity from the band, indicating specific binding. Insulin had
no apparent effect on the intensity of the labeled band. These results
suggest that IGF-BP could modulate the action of IGF-1 throughout
the menstrual cycle. It would be interesting to study this binding
protein in other pathologic conditions of the endometrium such as
adenocarcinomas and hyperplasia.
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Introduction

Endometrium is one of the fastest growing
human tissues. Sex hormones, estrogen and
progesterone, in interaction with several growth
factors, control its growth and differentiation.
Insulin, insulin-like growth factor 1 (IGF-1)
and other growth factors have been exten-
sively investigated in recent years. Their ex-
pression and activity in human endometrium
have been previously described (1).

IGF-1 and insulin receptors show a high
degree of structural homology (2). Both are
heterotetramers consisting of two a- and two
B-subunits bound by disulfide bridges. The
o-subunits (MW 135 kDa), located outside
the plasma membrane, are the receptor-bind-
ing sites. The 95-kDa B-subunits are trans-
membrane proteins with intrinsic kinase ac-
tivity. Hormone binding triggers a phospho-
rylation cascade of cellular proteins at ty-
rosine residues that transmits the growth
hormone signal to the metabolic effector
systems of the target cell (3-5).

IGF-1, unlike insulin, interacts with cell
surface receptors and also with soluble bind-
ing proteins specific for IGFs. Insulin-like
growth factor-binding proteins (IGF-BPs)
have been shown to modulate IGF-1 action.
In a variety of tissues IGF-BPs may enhance
IGF-1 action (3,4), but this effect has not
been reported for endometrial cells. Sexual
steroids probably modulate the effects of
these growth factors on endometrium. For
the IGF-1 signal a modulation of the level of
the hormone itself has been demonstrated
(1,6,7). In 1993, Strowitzki et al. (7) found
that the number of insulin receptors was
significantly increased in the secretory phase
ofthe cycle, whereas IGF-1 receptor number
and activity appeared to be unaltered in both
phases.

Human endometrium is a target organ of
ovarian steroids. Estrogen is mitogenic for
the endometrium, whereas progesterone
blocks and modifies the action of estrogen
and changes the proliferative endometrium
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into a secretory one capable of receiving a
fertilized blastocyst. Growth factors are found
inabundance during normal ovulatory cycles
in this tissue and are associated with cellular
proliferation. The modulation of IGF-1 ac-
tion in endometrial proliferation and differ-
entiation seems to be mediated by IGF-BPs.
There are six IGF-BP isoforms (IGF-BP-1
through IGF-BP-6), and their affinities are
about two orders of magnitude greater than
the affinities of the IGF receptors for the
peptide. The IGF-BP-1 is the best character-
ized binding protein in endometrium, prima-
rily because it is a major protein produced by
endometrial stromal cells in the late secre-
tory phase and in the decidua (8). In 1992,
IGF-1-dependent tyrosine kinase activity was
identified in highly purified membrane prepa-
ration from stromal cells of human endome-
trium in vitro and estrogen and progesterone
did not modify the binding and tyrosine ki-
nase activity of the IGF-1 receptor (1). Later
it could be demonstrated that in ex vivo
endometrium samples obtained either in the
proliferative or in the secretory phase of the
menstrual cycle IGF-1 signaling is not modu-
lated during the menstrual cycle (7). On the
other hand, Rutanen et al. (6) showed a
higher IGF-1 binding in the luteal phase.

Whereas the expression of IGF-BP with a
maximum in the secretory endometrium has
been extensively investigated, no data are
available on the affinity of IGF-1 for IGF-BP
and its possible modulation throughout the
menstrual cycle. In the current study we
isolated IGF-1-BP from ex vivo endome-
trium samples obtained during the prolifera-
tive and secretory phase of the menstrual
cycle and determined its concentration and
affinity for IGF-1 in the phases of the men-
strual cycle.

Material and Methods
Tissue samples

In the present study, 12 endometrial
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samples were obtained from patients sub-
mitted to hysterectomy for reasons not re-
lated to this study. All patients were of repro-
ductive age, had regular menstrual cycles,
and none was taking any steroid hormones.
Six proliferative samples were compared with
6 samples of the secretory phase. One por-
tion of the endometrial tissue was rapidly
frozen and stored in liquid nitrogen until
further preparation. Endometrial tissues were
classified as proliferative or secretory speci-
mens according to the menstrual phase of the
patients. Furthermore, histologic examina-
tion of all endometria tested was performed
retrospectively to confirm classification. All
patients gave informed consent to partici-
pate in the study.

Preparation of cytosol fractions

Endometrial tissues were weighed and
homogenized with an Ultraturrax blender
for 10 to 15 s at a maximal speed of 20,000
rpm at 4°C in the presence of the protease
inhibitors phenylmethyl sulfonyl fluoride (2.5
mM), aprotinin (1,200 trypsin-inhibiting
units/l), benzamidine (10 mM), and bacitra-
cin (7,500 U/1) in 25 mM HEPES buffer, pH
7.4. Subsequently the lysates were centri-
fuged for 50 min at 200,000 g at 4°C. The
supernatant containing the cytosolic fraction
was centrifuged for 120 min at 300 rpm in 2-
ml Amicon 10 tubes.

Binding of 125|-labeled IGF-1 to cytosolic
proteins

Cytosolic fractions from 6 proliferative
and 6 secretory samples in different concen-
trations (0, 0.01, 0.1, 1, and 2) were incu-
bated with 23 pM (20,000 cpm) '>I-IGF-1
for 45 min at 22°C in a solution containing
50 mM Tris-HCL, pH 7.5, 10 mM MgSO,,
and 1% BSA. Separation of the free and
cytosolic protein-bound '>°I-IGF-1 was per-
formed using dextran-coated charcoal. The
amount of 1[-IGF-1 bound to cytosolic pro-

tein was determined with a gamma-counter.

Affinity cross-linking of 125]-1GF-1 to cytosolic
proteins

Cross-linking experiments were per-
formed as previously described (8). Fifty
microliters of cytosolic proteins was incu-
bated with 4 mM MgSO,, 0.2% BSA, and
0.5 nM 'ZI-IGF-1 (450,000 cpm) in the pres-
ence or absence of 100 nM unlabeled IGF-1
or insulin in a final volume of 80 ul for 12 h
at 4°C. Tubes were chilled on ice, and 3 pul of
the cross-linking agent DSS (7 mM in di-
methyl sulfoxide) was added for 20 min at
4°C. The incubation was terminated by the
addition of Laemmli buffer containing 10
mM dithiothreitol and subsequent boiling
for 20 min at 95°C. The reaction products
were analyzed by SDS-polyacrylamide gel
electrophoresis (7.5%) followed by autora-
diography.

Results

Figure 1 shows the binding of 'I-IGF-1
to cytosolic proteins from endometrial tis-
sues. The presence of binding sites for IGF-
1 could be demonstrated by the increasing
binding with cytosolic fractions. The bind-
ing (cpm) was higher in the secretory than in
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Figure 1 - Different concentra-
tions of cytosolic fractions (O,
0.01, 0.1, 1, and 2) from 6 pro-
liferative and 6 secretory endo-
metrium specimens were incu-
bated with 23 pM 125|-IGF-1.
The binding (cpm) to cytosolic
fractions was higher in the se-
cretory (circles) than in the
proliferative (squares) endome-
trium, suggesting the presence
of more IGF-BP in the luteal
phase. However, the affinity of
125].1GF-1 for cytosolic proteins
was not significantly different
between the proliferative and
secretory endometrium.
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the proliferative endometrium, suggesting
the presence of more IGF-BP in the luteal
phase (Figure 1).

To identify molecular weight of the cyto-
solic protein responsible for the binding with
IGF-1 these proteins were affinity labeled
with 12I-IGF-1 (Figure 2). An approximately
35-kDa binding protein was identified when
125].IGF-1 was cross-linked to cytosol pro-
teins. Secretory endometrium (lanes A-D)
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Figure 2 - Autoradiogram of 125|-labeled IGF-1 (0.5 nM) cross-linked to endometrial cytosols
prepared from specimens obtained during the secretory (lanes A-D) and proliferative (lanes
E-G) phases. Samples were analyzed by SDS-polyacrylamide gel electrophoresis (7.5%)
under reducing conditions (100 mM dithiothreitol).
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Figure 3 - Cytosolic proteins were incubated with 125-IGF-1 in the absence (lane 1) or
presence (lane 2) of unlabeled IGF-1 or insulin (lane 3). Samples were analyzed by SDS-
polyacrylamide gel electrophoresis (7.5%) under reducing conditions (100 mM dithiothrei-

tol).
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had significantly more IGF-1-BP when com-
pared to proliferative endometrium (lanes E-
G). This was demonstrated in the most in-
tensely labeled band present in secretory
endometrium (Figure 2, lanes A-D). The
125]-radioactivity incorporation into the 35-
kDa band was greater in the secretory phase
(600.67 + 188.58 cpm) than in the prolifera-
tive phase (164.00 = 60.76 cpm) (P<0.05) of
the menstrual cycle. This figure shows that
IGF-BPs are present in both cycle phases.

The specificity of the cross-linking pro-
cess was evaluated (Figure 3) by the addition
of 100 nM unlabeled IGF-1 or insulin. Unla-
beled IGF-1 totally abolished the radioactiv-
ity from the band (lane 2), indicating specific
binding. Insulin (100 nM) had no apparent
effect on the intensity of the labeled band
(lane 3).

Discussion

Inprevious reports (8), IGF-1 immunore-
active binding proteins were detected in the
cytosol of the secretory, but not the prolif-
erative endometrium. In cross-linking of 12°1-
IGF-1 to cytosolic proteins, we also found
these binding proteins in proliferative en-
dometria (Figure 2). Our results suggest that
human endometrium has cytosolic proteins
that specifically bound '?’I-IGF-1 in both
cycle phases, although the concentration of
IGF-BP in the secretory phase was higher
than in the proliferative phase (Figure 1).
This specificity was demonstrated by the
increasing binding with concentrated cyto-
solic proteins, and by the fact that this pro-
tein has no affinity for insulin because ex-
cess insulin did not abolish the labeled '*°I-
IGF-1 (Figure 3).

IGFs are believed to have a role in the
mitotic and differentiating events observed
in human endometrium during the menstrual
cycle and in early pregnancy (5,9). IGF-1
activity is altered during the menstrual cycle.
Strowitzki et al. (7) demonstrated that the
number of IGF-1 receptors is not cycle de-
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pendent. Our results show a cycle-depend-
ent IGF-BP concentration. The incorpora-
tion of 12°I-IGF-1 was significantly higher in
the secretory (600.67 + 188.58 cpm) than in
the proliferative (164.00 + 60.76 cpm) endo-
metrium. This helps to answer the question
of how the IGF-1 action was modulated,
since there was no difference in IGF-1 re-
ceptor number in different cycle phases. Pro-
gesterone, the main steroid hormone of the
secretory phase, seems to play a role in this
higher IGF-BP expression and lower IGF-1
bioavailability. We can suppose that IGF-1
has a proliferative action in the first cycle
phase and that IGF-BP inhibits IGF-1 bind-
ing to its receptor in human secretory endo-
metrium, regulating the proliferative actions
of IGF-1 in the second cycle phase. Proges-
terone enhances 10- to 15-fold the IGF-BP
secretion by endometrial stromal cells in
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