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An accumulation of insulin-like growth factor I (IGF-I)
in human myometrium and uterine leiomyomas
in various stages of tumour growth
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ABSTRACT. It is commonly thought that uterine leiomyomas result from hyperstimulation of myometrium by
ovarian hormones. Some observations suggest that cytokines and growth factors are intermediate elements
through which the ovarian hormones may exert their growth-stimulatory effects on leiomyomas. Human
myometrium and uterine leiomyomas of various weights were homogenised and extracted with 1M acetic acid or
with 0.05M Tris/HCI, pH 7.6. The extracts were assayed for IGF-I using the ELISA technique. It was found that
0.05 M Tris/HCI extracts contained several times more IGF-I than the 1M acetic acid extracts. Nanogram amounts
of IGF-I were found in both control myometrium and in leiomyomas. It was found that the amounts of IGF-I
extracted from leiomyomas were distinctly higher in comparison to control myometrium and they increased as a
function of tumour growth. Polyacrylamide gel electrophoresis, followed by Western immunoblotting, demon-
strated that IGF-I in acidic and alkaline extracts exists as stable complexes, probably with extracellular matrix
components. No free IGF-I was detected. Furthermore, it was found that some components of both the acidic and
alkaline extracts were able to bind exogenous '**I-labeled IGF-I. It is suggested that IGF-I plays an important role

both in myometrium biology and in the growth of uterine leiomyomas.
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INTRODUCTION

Neoplastic tumours are composed of two discrete com-
partments: tumour cells and stromal connective tissue. The
latter constitutes a significant proportion of the neoplastic
mass and provides the infrastructure that the tumour cells
require for growth, gas exchange, and waste disposal.
Glycosaminoglycans (GAGs) are intrinsic constituents of
the extracellular environment associated with a proliferat-
ing neoplasm. They are present at the cell surface of most,
if not all, tumour cells and in the cell membranes. Most of
them (except hyaluronic acid) are bound to protein cores,
forming proteoglycans (PGs). They influence the surface
charge of plasma membranes, the movement of molecules
across tissues, the structure of biological filters, and the
migration of cells along defined routes. PGs and GAGs
modulate biological activities of tumour cells. They may
also serve as a storage site to concentrate and stabilize
growth factors in the vicinity of tumour cells. Some of
them modify the binding of tumour cells to extracellular
matrix components and affect the secretion of hydrolytic
enzymes, e.g. proteinases, type IV collagenases and hep-
aritinases, which degrade the extracellular matrix (ECM).
Others may modulate tumour metastasis and angiogenesis.

In general, underexpression of PGs or decreased GAGs-
biosynthesis may inhibit tumour growth [1-3].

It is commonly thought that uterine leiomyomas are the
effect of hyperstimulation of myometrium by ovarian hor-
mones. Sozen and Arici [3] suggest that cytokines and
growth factors are intermediate elements through which
the ovarian hormones may exert their growth-stimulatory
effects on leiomyomas Estrogen and progesterone may
regulate gene expression of these cytokines and growth
factors, which in turn, modify the transcription of other
genes. This abnormal production of cytokines and growth
factors may result in increased cell proliferation, cellular
hypertrophy, accumulation of extracellular matrix, or a
combination of these phenomena.

A large number of growth factors have been found to
associate with extracellular matrix proteins or with hepa-
ran sulphate. Rapid and localised changes in the activity of
these factors can be induced by hydrolytic release from
matrix storage and/or by activation of latent forms. These
growth factors, in turn, may control cell proliferation and
differentiation, as well as synthesis and remodelling of
extracellular matrix [4]. It is well known that the biosyn-
thesis of ECM components is enhanced by several peptide
growth factors, mainly IGF [5], FGF [6] and TGF- [7].
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Several peptide growth factors (TGF-f, EGF, IGF-I, IGF-
II, bFGF) have been detected in uterine leiomyoma (for
review see [3]). It was found in our preliminary studies and
reported by other authors [8, 9], that IGF-I is an abundant
growth factor in these tumours.

This report compares the amounts of extractable IGF-I in
normal human myometrium and leiomyomas, in consecu-
tive stages of the tumour’s growth. Furthermore, the bind-
ing of IGF-I by tissue (probably extracellular matrix) com-
ponents was compared.

PATIENTS AND METHODS

The protocol of this study was accepted by the Committee
for Ethics and Supervision on Human and Animal Re-
search of the Medical Academy of Biatystok.

Tissue material

Tissues were provided by Professor Stefan Jaworski from
the Department of Gynaecology, Medical Academy of
Bialystok. Studies were performed on leiomyomas extir-
pated during surgery. The material was taken from 24
patients. Small tumours weighing less than 10 g (taken
from 12 patients, age 41 + 4) and large tumours weighing
more than 100 g (taken from 12 patients, age 44 + 5) were
compared. In each case, the diagnosis was confirmed by
histopathological examination of the excised tumour. Con-
trol myometrium was taken from 10 patients (age 50 + 4)
undergoing uterus excision because of other clinical indi-
cations (ovarian cyst, cervical carcinoma, endometrial
polyp). Tissue samples were washed with 0.9% NaCl and
stored at -70 °C, until assay.

Extract preparation

Tissue homogenates (10% w/v) were prepared in 1M ace-
tic acid or in 0.05M Tris-HCI, pH 7.6 using a knife ho-
mogeniser (20 000 RPM, 3x 30 sec, 0 °C). The homoge-
nates were submitted to ultrasonification (20 kHz, 3 x 15
sec, 0 °C) followed by centrifugation at 10,000 x g for
30 minutes at 4 °C. The supernatants (tissue extracts) were
collected and used for growth factor assay, for Western blot
analysis, and for the assay of IGF-I binding.

IGF-I assay

The commercial ELISA kit used for the assay of IGF-I was
provided by R&D Systems Inc, Minneapolis, USA (Cata-
logue number DG 100). The assays of IGF-I in tissue
extracts were carried out in duplicate according to the
instructions provided by the manufacturer. The amounts of
growth factor were expressed per gram of wet tissue.

Sodium dodecyl sulphate / polyacrylamide gel
electrophoresis (SDS/PAGE)

Slab SDS/PAGE was performed according to the method
of Laemmli [10] in 10% polyacrylamide gel. The extract
samples were dissolved in sample buffer (0.0625M
Tris/HCI, pH 6.8, containing 20% glycerol and 5% SDS),
and 20 pL of each were applied to the gel. The following
Bio-Rad molecular mass standards were used: 112.0 kDa,
81.0 kDa, 49.9 kDa, 36.2 kDa, 29.9 kDa and 21.3 kDa.
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After SDS/PAGE, the gels were allowed to equilibrate in a
mixture of 0.025M Tris and 0.2M glycine in 20% (v/v)
methanol for five min. The protein was transferred to 0.2
pm pore-sized nitrocellulose, at 100 mA for 1 h using a
Sigma-Aldrich SV 20-SDB electrophoresis unit. Nitrocel-
lulose was blocked with 3% IGEPAL CA-630 in TBS for
30 min, then 1% bovine serum albumin (BSA) in TBS for
2 h and finally 0.1% Tween 20 in TBS for 10 minutes at
room temperature, as described by Hosenlopp et al. [11].

Western blot analysis

After SDS-PAGE, the protein was transferred to nitrocel-
lulose using a LKB 2117 Multiphor II electrophoresis unit.
The nitrocellulose was incubated with anti-IGF-I mono-
clonal antibody (R&D, Catalogue number MAB 291), at a
concentration of 1:1,000 in 5% dried milk in TBS-T
(0.02M Tris-HCI buffer, pH 7.4, containing 0.15M NaCl
and 0.05% Tween 20) for 1 hour, followed by alkaline
phosphatase-conjugated secondary antibodies against
mouse Fc IgG, added at a concentration of 1:7,500 in
TBS-T. Incubation was continued for 30 minutes with slow
shaking. The nitrocellulose was washed with TBS-T (5
times for five minutes) and submitted to Sigma-Fast
BCIP/NBT reagent.

Binding of exogenous IGF-1

The proteins contained in tissue extracts and separated by
SDS/PAGE were transferred onto a nitrocellulose mem-
brane and submitted to the ligand binding procedure [11]
with radioactive '>’I-IGF-I (ICN Biomedicals, INC,
USA).

Statistical analysis

Mean values from 10 assays performed on control myo-
metrium and 12 assays performed on leiomyomas + stan-
dard deviations (S.D.) were calculated. The results were
submitted to statistical analysis using Student’ #-test, ac-
cepting p < 0.05, as significant.

RESULTS

It is apparent from figure 1 that the extractability of IGF-I
depends on the type of extracting solvent. A small amount
of IGF-I was extracted by 1 M acetic acid with much more
solubilised in 0.05M Tris/HCI, pH 7.6. The small tumours
contained three times more, and the large tumours con-
tained more than four times the IGF-I extracted from the
control myometrium.

SDS/PAGE separated those proteins reacting with anti-
IGF-I antibody into several bands. The electrophoreto-
grams submitted to Western blotting show the positions of
IGF-I. As can be seen in figure 2A (lanes 1, 2, 3), the acidic
extracts did not contain bands characteristic of free IGF-I.
Only some weak bands, which reacted with anti-IGF-I
antibody, were detected, particularly in the extracts from
the large tumours (lane 3).

It is apparent from figure 2B, that Tris/HCl (pH 7.6)
extracts from control myometrium (lane 1) and from small
(lane 2) and large (lane 3) leiomyomas did not contain free
IGF-I. However, in contrast to acidic extracts, several
distinct bands of material reacting with anti-IGF-I anti-
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Figure 1

The amounts of IGF-I in the extracts of control myometrium and in
leiomyomas of various weights.
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Figure 2
Western immunoblot analysis for IGF-I in the extracts of control
myometrium and tumours of various weights. A — 1M acetic acid
extracts. B — 0.05M Tris/HCI, pH 7.6 extracts. Lane 1 - control
myometrium, lane 2 - small tumours, lane 3 - large tumours.

body were detected; the main one having a molecular
weight of about 81 kDa. Similar immunoblots have been
obtained in the case of control myometrium, as well as in
small and large leiomyomas.

It can be seen (figure 3A) (lane 1) that the acetic acid
extracts of control myometrium contain some constituents
that are able to bind exogenous '*’I-IGF-I. One '*’I-IGF-1
-binding band is apparent at a position corresponding to
more than 100 kDa, with two other bands corresponding to
a molecular weight of 40-45 kDa. Small leiomyomas
(lane 2) did not demonstrate the 100 kDa band whereas the
40-45 kDa bands are distinctly visible. In contrast, the
large tumours (lane 3) demonstrated an intense 100 kDa
band as well as those corresponding to 40-45 kDa.
The Tris/HCl extracts demonstrated a quite different
IGF-I-binding pattern. Both the control myometrium
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The SDS/PAGE pattern of '**I-IGF-I - binding to components in the
extracts of control myometrium and tumours of various weights. A —
IM acetic acid extracts. B —0.05M Tris/HCI, pH 7.6 extracts. Lane 1
- control myometrium, lane 2 - small tumours, lane 3 - large tumours.

(lane 1) and small tumours (lane 2) contained an homog-
enous, high molecular weight (100 kDa) component,
which strongly binds radioactive IGF-I. The large tumours
(lane 3) , also contained the high molecular weight com-
ponent binding exogenous IGF-I, but in addition showed
another IGF-binding substance with a molecular weight of
40-45 kDa.

DISCUSSION

The growth factors exert their regulating roles on various
cells by the action on specific receptors. These may be
present on the surface of the same cell, which produces the
growth factor (autocrine action). Alternatively, the growth
factors may work on other cells, which are not themselves
producers. In most cases, the target cells lie close to the
producer cells (paracrine regulation). In some cases, the
target cells may also occur in distant parts of the body,
giving rise to a type of regulation analogous to the mode of
action of polypeptide hormones (endocrine regulation)
[12, 13]. Most of the growth factors investigated exert their
regulatory effects by autocrine or paracrine mechanisms.
IGF-1 is the only peptide growth factor, which apart from
its autocrine and paracrine actions, may be released in
significant amounts into the bloodstream and transported
to target cells located in other organs [12, 13].

It is apparent from the data presented that both human
myometrium and leiomyomas contain large amounts
(nanogram quantities) of extractable IGF-1. These are dis-
tinctly higher in comparison to those of other peptide
growth factors, which are extracted at picogram levels,
both from these and other tissues [14]. This observation
suggests that IGF-I plays a special role in the biology of
both normal myometrium as well as in tumour growth.

It is of interest that the extractability of IGF-I from myo-
metrium and leiomyomas is distinctly greater in 0.05M
Tris/HCI than in 1M acetic acid, but in no case was free
IGF-I detected. Some IGF-I extracted from myometrium
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and uterine leiomyomas hardly penetrated the polyacryla-
mide gel during SDS/PAGE, probably because it forms
high molecular weight complexes with extracellular ma-
trix components [4]. Such complexes are very stable. They
do not dissociate in denaturing conditions despite the ac-
tion of SDS and a high temperature (100 °C). It seems that
the mechanism of binding of IGF-I, both in myometrium
and in leiomyomas, may be different from that in other
tissues. Such stable complexes were not detected in other
organs. It is known that most plasma IGFs (80-90%) asso-
ciate with binding-protein-3 (IGF-BP-3). Such a complex
readily dissociates in 1 M acetic acid solution. It therefore
seems possible that myometrial cells bind IGF-I through a
binding component(s) different from IGF-BPs, which ex-
ist in plasma and other tissues. It is of special interest that
exogenous '*’I-IGF-I strongly binds to a high molecular
weight component (about100 kDa), as reported for some
other peptide growth factors [4].

It is known that some growth factor: ECM interactions
involve the binding of such factors (e.g. FGF, EGF) to
glycosaminoglycan chains of heparin or to heparan sul-
phate proteoglycans [4]. Syndecan-2, a transmembrane
heparan sulphate proteoglycan binds TGF-3 through its
core protein [15]. Latent TGF-B-binding proteins are com-
ponents of the extracellular matrix, structurally related to
fibrillin, which are responsible for storage of latent TGF-f3
in the ECM [16-18]. PDGF binds to secreted protein,
which is acidic and rich in cysteine (SPARC), and is a
pericellular matrix protein ubiquitously expressed during
development, its expression being high in tissues undergo-
ing remodelling or repair [4]. EGF binds to decorin, a
small, leucine-rich proteoglycan [19].

IGFs associate with several extracellular binding proteins
(IGF-BPs) that regulate the activity of IGFs in tissues [20].
IGF-BP-5 was described as a component of fibroblast
ECM, and matrix localisation of IGFs could be due to
IGFBP-5 binding [21]. It also binds to types III and IV
collagen, as well as to laminin and fibronectin. Such a
bound form of IGF-BP-5 is protected from degradation.
Increasing salt concentrations inhibited the binding of
IGFBP-5 to ECM and accelerated the release of IGFBP-5
from ECM, suggesting an ionic basis for this interaction.
The binding of IGF-BP-5 to ECM resulted in a seven-fold
decrease in its affinity for IGF-I compared to IGF-BP-5 in
solution. This suggests that ECM-bound IGF-BP-5 may
have a specialised role in localising IGF to ECM and in
mediating its actions. The high affinity of IGF-BP-5 for
IGF in solution would allow IGF to remain bound during
intercellular transport. The low affinity of ECM-bound
IGF-BP-5 for IGF could facilitate delivery of IGF to cell
surface receptors. Furthermore, if it is bound to IGFBP-5,
IGF is protected from degradation. The high affinity of
IGF-BP-5 for IGF during transport, followed by a lower-
ing of its affinity after matrix localisation near IGF cell
receptors, could potentiate the biological effects of IGF-I
[21].

It is well known that biosynthesis of extracellular matrix
components is enhanced by several peptide growth factors,
mainly IGF [8], FGF [6] and TGF- [7]. As we reported in
a previous paper [22], leiomyomas contain distinctly more
collagen and proteoglycans in comparison to control myo-
metrium. It is apparent from our study that leiomyomas
accumulate relatively large amounts of IGF-I. The action
of a protease and/or a glycosidase may release and activate
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the stored IGF-I and generate rapid and highly localised
signals [4]. Overproduction and accumulation of IGF-I
may be a cause of hyperstimulation of myometrial cell to
evoke hyperplasia and tumour growth. Furthermore, these
signals may stimulate the leiomyoma cells to produce
large amounts of ECM components.

REFERENCES

1. Jackson RL, Bush SJ, Cardin AD. Glycosaminoglycans: Molecular
properties, protein interactions, and role in physiological processes.
Physiol Rev 1991; 71: 481.

2. Tozzo RV. Proteoglycans and neoplasia. Cancer Metastasis Rev
1988; 7: 39.

3. Sozen I, Arici A. Interactions of cytokines, growth factors and the
extracellular matrix in the cellular biology of uterine leiomyomata.
Fertil Steril 2002; 78: 1.

4. Taipale J, Keski-Oja J. Growth factors in the extracellular matrix.
FASEB J 1997; 11: 51.

5. Edmondson SR, Thumiger SP, Werther GA, Wraight CJ. Epider-
mal homeostasis: the role of the growth hormone and insulin-like
growth factor systems. Endocr Rev 2003; 24: 737.

6. Yu C, Wang F, Jin C, et al. Role of fibroblast growth factor type 1
and 2 in carbon tetrachloride — induced hepatic injury and fibrogens-
esis. Am J Pathol 2003; 163: 1653.

7. Shalitin N, Schlesinger H, Levy MJ, Kessler E, Kessler-Icekson G.
Expression of procollagen C-proteinase enhancer in cultured rat
heart fibroblasts: evidence for coregulation with type I collagen. J
Cell Biochem 2003; 90: 397.

8. Vollenhoven BJ, Herrington AC, Healy DL. Messenger ribonucleic
acid expression of the insulin-like growth factors and their binding
proteins in uterine fibroids and myometrium. J Clin Endocrinol
Metab 1993; 76: 1106.

9. Chandrasekhar Y, Heiner J, Osuampke C, Nagamani M. Insulin-
like growth factor I and 2 binding in human myometrium and
leiomyomas. Am J Obstet Gynecol 1992; 166: 64.

10. Laemmli UK. Cleavage of structural proteins during the assembly
of the head of bacteriophage T4. Nature 1970; 227: 680.

11. Hossenlopp P, Seurin D,  Segovia-Quinson B,  Hardouin S,
Binoux M. Analysis of serum insulin insulin-like growth factor
binding proteins using Western blotting; use of the method for
titration of the binding proteins and competitive binding studies.
Anal Biochem 1986; 154: 138.

12. Rosso F, Giorgano A, Barbarisi M, Barbarisi A. From Cell-ECM
interactions to tissue engineering. J Cell Physiol 2004; 199: 174.

13. Schonherr E, Hausser HJ. Extracellular matrix and cytokines: a
functional unit. Dev Immunol 2000; 7: 89.

14. Eshet R, Gil-Ad I, Apelboym O, Segev Y, Phillip M, Weer H.
Modulation of brain insulin- like growth factor I (IGF-I) binding
sites and hypothalamic GHRH and somatostatin levels by exog-
enous growth hormone and IGF-I in juvenile rats. J Mol Neusosci
2004; 22: 179.

15. Chen L, Klass C, Woods A. Syndecan-2 regulates transforming
growth factor-&#xF062; signalling. J Biol Chem 2004; 279: 15715.

16. Saharinen J, Keski-Oja J. Specific sequence motif of 8-Cys repeats
of TGF- binding proteins. LTBPs create a hydrophobic interaction
surface for binding of small latent TGF-. Mol Biol Cell 2000; 11:
2691.

17. Unsold C, Hyytidinen M, Bruckner-Tuderman L, Keski-Oja J. La-
tent TGF- &#xF062; binding protein LTBP-1 contains three poten-
tial extracellular matrix interacting domains. J Cell Sci 2001; 114:
187.



IGF-I in myometrium and leiomyomas

18.

20.

Saharinen J, Hyytidinen M, Taipale J, Keski-Oja J. Latent TGF-
binding proteins (LTBPs) — structural extracellular matrix proteins
for targeting TGF-8 action. Cytokine Growth Factor Rev 1999; 11:
2691.

. Santra M, Reed CC, Iozzo RV. Decorin binds to a narrow region of

the epidermal growth factor (EGF) receptor, partially overlapping
but distinct from EGF-binding epitope. JBiol Chem 2002; 277:
35671.

Clemmons DR. Role of insulin-like growth factor binding proteins
in controlling IGF actions. Mol Cell Endocrinol 1998; 140: 19.

21.

22.

363

Jones JI, Gockerman A, Busby WH,  Camacho-Hubner C,
Clemmons DR. Extracellular matrix contains insulin-like growth
factor binding protein-5: potentiation of the effects of IGF-1. J Cell
Biol 1993; 121: 679.

Wolanska M, Sobolewski K, Drozdzewicz M, Barikowski E. Extra-
cellular matrix components in uterine leiomyoma and their alter-
ation during the tumour growth. Mol Cell Biochem 1998; 189: 145.



