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Expression of insulin-like growth factors and their
receptorsin malignant fibrous histiocytoma of soft
tissues
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Summary

The insulin-like growth factor (IGF) family of ligands and receptorsis an important cell growth factor involved in
the development and progression of a variety of malignant tumors. Little information is currently available
regarding the expression of IGFs and their receptors in soft tissue tumors of a fibrohistiocytic origin. We
investigated the expression of IGFs and their receptors in 43 malignant fibrous histiocytoma (MFH) tissue
specimens using immunohistochemical techniques. Furthermore, we examined the correlation between the IGF
receptor (IGF-R) expression and proliferative activity assessed by MIB-1 immunostaining and mitotic indices.
Positive cytoplasmic immunoreactivity for IGF-1 and IGF-2 was identified in tumor cells of all MFHs studied.
Positive cytoplasmic immunoreactivity for IGF-1R and IGF-2R was identified in tumor cells of 6 (19%) and 30
(70%) respectively of the MFHs. There was no significant difference in the MIB-1 or mitotic indices between the
IGF-1R positive and negative groups. There was no significant difference in the MIB-1 or mitotic indices between
the IGF-2R positive and negative groups. The results might indicate that, in most MFHs, any direct autocrine
effects of this ligand/receptor system on cell growth regulation are precluded. Further studies on the role of other
I GF family membersarerequired to determine thetumor growth mechanism of MFH.

tissues of epithelial and mesenchymal origin, and are

. Intr.OdUCtlon . involved in the promotion of cell growth, differentiation
Insulin-like growth factors (IGF) are polypeptide and motility (Cullen et al, 1991; LeRoith and Roberts,

hormones which regulate the cell growth of normal and 2003). However, little information is currently available
neoplastic tissues in vivo and in vitro (Zaof et dl, 1978; on ti)1e prevalence and distribution of IGFs and their
Van Buul-Gffers and Van den Brande 1981). IGFs are receptors in soft tissue tumors with a fibrohistiocytic
secreted in the liver and in a variety of other fissues origin, including malignant fibrous histiocytoma (MFH)
(Froesch and Zapf, 1985). . IGF~-1 .and .lGFTZ are (Sekyi-Otu et a, 1995). Malignant fibrous histiocytoma is
structurally related, and both ligands bind with different one of the most common soft tissue sarcomas in adult life
affinities to the IGF-1 receptor (IGF-1R). In addition, |GF- and has an aggressive behavior and a high metastatié
R1 is known to mediate the variable biologic effects of potential (Enzinger and Weiss, 1995). The aims of the
both ligands through a tyrosine kinase activity (Ullrich et present study  were to invéstig ate. the endogenous
al, 1986). IGF-2 binds to the IGF-2 receptor (IGF-2R), but expression of IGF-1, IGF-2 and their receptors in human

IGF-2 does not bind with high affinity to the IGF-1R. |GF- MFH tissues using immunohistochemical techniques, and
2R is asingle transmembrane polypeptide which does not discuss its significance in tumor progression. Furthermore,

possess tyrosine kinase activity (Morgan et al, 1987). . : . y
Previous studies have shown that both 1GE-1 and 1GE-2 we aimed to examine the correlation between the IGF-Rs

are overexpressed in a variety of tumor cell lines and
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expression in MFHs and proliferative activity assessed by
mitotic indices and M1B-1 immunohistochemical staining.

1. Materials and methods

A. Tissue samples

Tissue samples from 43 cases of soft tissue MFH were
selected from the files of the pathology departments in the
current authors’ institutes. All the specimens were fixed in 10%
neutral buffered formalin and embedded in paraffin blocks.
There were 21 female and 22 male patients. The patients ranged
in age from 17 to 83 years (mean, 61 years). The tumors were
located in the upper extremity (n=10), lower extremity (n=28),
and in the trunk (n=5). The specimens were obtained from
biopsies or resections prior to chemotherapy. Four-micrometer
serial sections were prepared for hematoxylin and eosin staining,
and for immunohistochemical studies. After evaluating the
specimens stained with hematoxylin and eosin, all cases were
confirmed to conform to the diagnostic histologic criteria of
MFH proposed by Enzinger and Weiss (Enzinger and Weiss,
1995). The specimens were classified based on their histology
into 31 spindle-pleomorphic, 8 myxoid, 2 inflammatory, and 2
giant cell MFHSs according to Enzinger and Weiss's classification
(Enzinger and Weiss, 1995). In each specimen, the mitotic index
was scored by observing 10 high power fields (HPF) of viable
tumor tissue areas using a standard light microscope equipped
with a40X objective.

B. Immunohistochemistry

Immunohistochemical staining was performed on formalin-
fixed, paraffin-embedded sections by the indirect immuno-
peroxidase method. Briefly, the sections were deparaffinized
with xylene and routinely dehydrated through a series of graded
alcohols. Antigen unmasking in the sections was performed by
autoclaving pretreatment for 15 min. Following elimination of
endogenous peroxidase activity with a 10-min incubation in
3%H,0,, the sections were incubated at 44AC overnight with
primary antibodies against IGF-2 (monoclonal, 1:50, Genzyme-
Techne, Minneapolis, MN, USA), IGF-1R (monoclonal, 1:50,
Quertett GMBH, Berlin, Germany), and MIB-1 (monoclonal,
prediluted, Dako Japan, Japan), or at room temperature for one
hour with primary antibody against IGF-1 (monoclonal, 1:50,
Upstate Biotechnology, Lake Placid, NY, USA) and IGF-2R
(polyclonal, 1:80, Santa Cruz Biotechnology, Santa Cruz, CA,
USA). After washing with Triton-X-100/trisbuffered saline
(TBS), for IGF-1, IGF-1R and MIB1 immunostaining, the
sections were then incubated at room temperature for 40 min
with goat antimouse immunoglobulins conjugated to peroxidase-
labeled dextran polymer (EnVision*, HRP™, Dako Japan). For
IGF-2 and IGF-2R immunostaining, the sections were developed
using the streptavidine-biotin-peroxidase complex technique
(Dako LSAB+kit/HRP, Dako Japan). 3,3-diaminobenzidine was
used for color development, and the sections were counterstained
with hematoxylin. Negative controls were obtained by
substituting the primary antibodies with non-immune mouse
serum.

C. Evaluation of immunohistochemistry

A semi-quantitative system was employed to evaluate the
level of antigen expression: immunoreactivity was scored as
either negative (0), foca (1+; less than 10% of positive tumor
cells), moderate (2+; 10-50% of positive tumor cells), or diffuse
(3+; more than 50% of positive tumor cells). The percentage of
MIB-1 positive cells (MIB-1 proliferative index) was determined
by examining 20 HPFs in representative areas. In each case, at

least 500 viable tumor cells were counted. The specimens were
evaluated by two observers.

The statistical significance of the individual findings and
their association indices were evaluated by Mann-Whitney U
test. Probability (P) values less than 0.05 were considered to be
significant.

[11. Results

The results of immunohistochemical staining for
IGFs and their receptors are shown in Table 1. Positive
cytoplasmic immunoreactivity for IGF-1 and IGF-2 was
identified in tumor cells of al 43 MFH cases anayzed
(Figure 1). All the MFHSs coexpressed both ligands. Most
MFHs showed intense and diffuse immunoreactivity for
both ligands (IGF-1: 93%, IGF-2: 91%). Most MFHs
analyzed (81%) showed negative immunoreactivity for
IGF-1R. Only six of the 43 cases (19%) showed focally
positive immunoreactivity for IGF-1R, and number of
positive tumor cells was very limited. Positive
immunoreactivity for IGF-2R was identified in tumor cells
of 30 (70%) of the 43 MFHSs studied. Coexpression of
IGF-1R and IGF-2 was observed in five cases (12%).

immunoreactivity for IGF-1 (A) and IGF-2 (B) (immunostain,
origina magnification x 400).
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Table 1. Expression of |GFs and their receptorsin soft tissue MFH

staining IGF-1 IGF-2 IGF-1R IGF-2R
number of cases (%)
0 0 (0%) 0 (0%) 37 (81%) 13 (30%)
1+ 0 (0%) 1 (2%) 6 (19%) 12 (28%)
2+ 3 (7%) 3 (7%) 0 (0%) 7 (16%)
3+ 40 (93%) 39 (91%) 0 (0%) 11 (26%)
Total: n=43

IGF: insulin-like growth factor, MFH: malignant fibrous histiocytoma

Overdl, in the MFH cases analyzed, the MIB-1
proliferative indices ranged from 2.5 to 74% (mean; 26.0).
Because al the MFHs expressed both ligands, the cases
were divided into two groups: those with the receptors
negative and those with the receptors positive. The mean
MIB-1 index was 23.5% in the IGF-1R negative cases and
39.7% in the positive cases. The mean MIB-1 index was
18.3% in the IGF-2R negative cases and 29.8% in the
positive cases. There were no significant differencesin the
MIB-1 indices between the IGF-1R or IGF-2R negative
and positive cases. Overdl, the mitotic indices ranged
from one to 37 per 10 HPFs (mean; 8.1). The mean mitotic
index was 7.8 in the IGF-1R negative cases and 9.7 in the
positive cases. The mean mitotic index was 6.0 in the IGF-
2R negative cases and 9.0 in the positive cases. There
were no significant differences in the mitotic indices
between the IGF-1R or IGF-2R negative and positive
cases.

V. Discussion

There have been many in vivo and in vitro studies
indicating that IGFs regulate a variety of epithelial and
mesenchymal cells, and influence the development and
progression of human malignant neoplasms (Cullen et a,
1991; LeRoith et al, 1995; Zumkeller et a, 1996). It has
been suggested that this receptor/ligand system might play
an important role in tumor growth regulation in an
autocrine or paracrine manner. Many investigators
demonstrated expression of IGFs and their receptors in
various tumor tissues and tumor cell lines of mesenchymal
origin (Blatt et al, 1984; Burrow et al, 1998; El-Badry et
al, 1990; Toretsky et al, 2001; Van der Ven et a, 1997,
van Vaen et a, 1992; Yun, 1992).

Using in situ hybridization, Minniti et 4.
demonstrated that al embryonad and aveolar
rhabdomyosarcoma specimens examined expressed the
gene for IGF-2 and this expression was localized to the
tumor cells themselves (Minniti et al, 1994). El-Badry et
al. showed that most rhabdomyosarcoma tissues express
high levels of IGF-2 mRNA and IGF-1R mRNA, and
exogenous |GF-2 was able to stimulate cellular motility in
rhabdomyosarcoma cell lines (El-Brady et a, 1990). In
addition, Stewart et a. found that, in muscle cell lines,
autocrine secretion of IGF-2 plays a critical role in
stimulating spontaneous myogenic differentiation in vitro
(Stewart et al, 1886), while other investigators have found
that high levels of IGF-1 RNAs and IGF-2 RNAs were
detected in lelomyomas and leiomyosarcomas, compared
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to those of normal smooth muscle tissues of the uterus
(Hoppener et a, 1988; Gloudemans et a, 1990). Xie et a.
reported that IGF-1R was detectable by Western blot
analysis in 18 of 35 synovial sarcomas examined, and the
IGF-1R positive tumors were associated with a high
incidence of lung metastasis and a high tumor cell
proliferative rate (Xie et a, 1999). Sekyi-Otu et al.
evaluated expression of IGF-1R, IGF-1 and IGF-2 in a
variety of bone and soft tissue sarcomas by reverse-
transcription polymerase chain reaction (RT-PCR), and
found that IGF-1R, IGF-1 and IGF-2 were expressed in
41%, 79%, and 63% of sarcomas examined, respectively
(Sekyi-Out et al, 1995). Roholl et a. showed that most
leiomyosarcomas, malignant schwannomas, and synovial
sarcomas  immunohistochemically expressed IGF-1
(Roholl et a, 1990). Pollak et a. reported that the IGF-1R
in human M G-63 osteosarcoma cells and IGF-1 is a potent
stimulator of proliferation fot MG-63 cells in vitro (Pollak
et al, 1990). Severa other investigators aso demonstrated
expression of IGF-1, IGF-2 and their receptors in many
osteosarcoma cell lines and tissues, suggesting that
autocrine stimulation might be an important mechanism
for stimulation of osteosarcoma proliferation (Blatt et al,
1984; Mohan et a, 1990; Fournier et al, 1993; Burrow et
al, 1998).

However, there have been only afew reports on the
prevalence and distribution of IGFs and their receptors in
soft tissue tumors of a fibrohistiocytic origin including
MFH. Rohall et a. reported that 10 of 18 MFHs analyzed
expressed IGF-1, and suggested that positive
immunoreactivity for IGF-1 in the 10 MFHs appeared to
be related to the coexpression of smooth muscle actin
(Roholl et al, 1990). Sekyi-Otu et a. evaluated five MFHs
for the ligands and IGF-1R by RT-PCR and found that
four and two of the MFHs studied expressed high levels of
IGF-1 and IGF-1R, respectively, but levels of IGF-2
expression were low in al the MFHs, compared with
control cell lines (Sekyi-Otu et al, 1995).

In the present study, we immunohistochemically
examined the expression of IGFs and their receptorsin the
human MFH tissue specimens. Our data revealed that, of
43 MFH cases studied, al cases showed positive
immunoreactivity for both IGF-1 and IGF-2. More than
90% of the MFHs showed intense and diffuse
immunoreactivity for both ligands. In contrast, only 19%
of the MFHs studied showed positive immunoreactivity
for IGF-1R, and staining was weak and focal. There were
no significant differences in the MIB-1 indices or mitotic
indices between IGF-1R negative and positive groups.
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Most of the actions of both IGF-1 and IGF-2 are mediated
by their activation of the IGF-R (Roberts, 1996). These
results might preclude the possibility of any direct
autocrine effects of IGF-1 or IGF-2 through IGF-1R on the
tumor cell growth in most MFHSs.

Our results showed that IGF-2R was expressed in
70% of the MFHs studied. Recent studies have shown that
the IGF-2R has tumor suppression function, while ligand
binding to IGF-1R provokes mitogenic and anti-apoptotic
effects (Pavelic et al, 2002; LeRoith and Roberts, 2003).
Chen et al. reported that decreased expression of IGF-2R
promotes growth of breast cancer cells (Chen et al, 2002).
However, in the present study, there were no significant
differences in the MIB-1 and mitotic indices between | GF-
2R negative and positive MFH groups.

In MFH, there have been some reports on
autocrine/paracrine stimulation systems of growth factor
receptors by their ligands. It has been suggested that
autocrine/paracrine growth stimulation is related to the cell
proliferation of MFH through platelet-derived growth
factor (PDGF) receptors (Taniuchi et al, 1997; Abdiu et a,
1998). The current authors have found that the
transforming growth factor (TGF)-b ligand/receptor
system plays an important role in promoting cell
proliferation of MFH (unpublished data). Nakatani et al.
reported a MFH cell line expressed both stem cell factor
(SCF) and c-kit (Nakatani et al, 2003).

In summary, we analyzed the expression of |GFs and
their receptors in MFH tissue specimens using
immunohistochemical  techniques. All MFH cases
analyzed demonstrated positive immunoreactivity for both
ligands but 81% of the cases were negative for IGF-1R.
Because most of the actions of both IGF-1 and IGF-2 on
promoting cell growth are mediated by their activation of
the IGF-R, the results indicate that any direct autocrine
effects of this ligand/receptor system on cell growth
regulation are precluded in most MFH cases. There was no
significant difference of the cell proliferative indices
between IGF-1R positive and negative groups. Further
studies on the role of other cell growth factor are required
to determine the tumor growth of MFH.
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