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Abstract: Soft-tissue sarcomas (STS) are a heterogeneous group of mesenchymal tumors whose classification and
treatment is complicated by molecular heterogeneity within the histological subtypes and by the lack of prognos-
tic/therapeutic biomarkers. This study analyses expression of target proteins involved in insulin-like growth factor
pathway (IGF1RB, IRS1 S612 and IGFBP7) in high-grade STS to stratify patients with the worst prognosis. Tissue
microarray analysis performed on 145 high-grade STS samples revealed a uniform expression of IGF1R( and IRS1
S612, while IGFBP7 was more strongly expressed in metastatic than in metastasis-free patients. This was confirmed
by multivariate regression analysis that demonstrated the independent poor prognostic role of IGFBP7 overexpres-
sion with a significant increase of risk of metastasis (HR = 6.358, 95% Cl = 2.946-13.721; P < 0.0005). Given the
evidence that circulating protein may generate from tissue tumor cells, in 59/145 patients who had available serum
we measured IGFBP7 concentration. The ELISA assay revealed significantly higher levels in tumor patients than in
the control with a possible threshold value of 25 ng/ml. Differentiating sera according to primary tumor histotype,
significantly higher IGFBP7 concentration was found in synovial sarcoma and liposarcoma than in other STS histo-
types. This study revealed that tissue expression of IGFBP7, considered a tumor stroma marker in mesenchymal
derived cells, was highly prognostic in poor metastasis-free survival. In parallel, the determination of serum protein
levels might contribute to STS diagnosis. Subsequent analyses will be crucial to understand the clinical relevance
of IGFBP7 protein in STS.
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Introduction

Soft-tissue sarcomas (STS) are a heteroge-
neous group of mesenchymal tumors [1] that
comprise 1% of adult cancers including approx-
imately 50 subtypes [2, 3].

Complete surgical removal in association with
radiation and chemotherapy increased 5-year
disease-free survival in localized high-grade
STS patients, while clinical outcome of patients
with advanced/metastatic tumors at diagnosis,
or following adjuvant therapy, remains strongly
unfavourable. Since the majority of sarcomas
present multiple genomic diversity [4] even
among tumors with the same diagnosis, STS
clinical management requires a more profound
knowledge about the molecules dictating tumor
cell metastatic potential.

In previous studies on high-grade STS, bone
metastasis [5, 6] and bone tumors [7] we iden-
tified proteins highly associated with metastatic
events. Moreover, several clinical parameters
such as tumor size, depth, histological tumor
grade and age have been defined as predictive
factors for STS patient survival [8-10]. In par-
ticular, 50% of patients with high-grade tumors
die of disease [10]. Therefore, there is a clear
need to establish easily determinable biomark-
ers that can be used for a better patient stratifi-
cation and new therapeutic strategies.

The insulin-like growth factor (IGF) system is
one of the most extensively studied target sys-
tems in sarcomas [11]. IGF-I receptor (IGF1R)
and its substrate, insulin receptor substrate 1
(IRS1) are kinase-activated proteins in IGF axis
that play a role in cell proliferation and drug
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Table 1. Clinical characteristics of STS patients in discovery

(IHC) and validation (IHC and ELISA) sets

In the current study we focused on
tissue and circulating levels of

IHC (n = 86) IHC, ELISA (n = 59)

IGFBP7 in high-grade STS patients

Gender No.
Male 50
Female 36

Median age - yr (range) 62 (19-92)

Site No.
Upper Limbs 15
Lower Limbs 65
Axial Skeleton 6

Total median follow up - months 42 (3-204)

Metastasis median time - months 4 (0-98)

Outcome No.
Alive with Disease 39
Dead of Disease 47

Clinical Course No.
Non Metastatic STS 34
Metastatic STS 52

Histotype No.
LMS 32
UPS 27
SS 10
LS 10
FS 7

Adjuvant Treatments No.
Chemotherapy 29
Radiotherapy 37

and demonstrated that a high tis-

';(;' sue expression had a significant
poor prognostic value in terms of
27 metastasis-free survival. Moreover,
53 (13-83) circulating IGFBP7 levels might be
No. useful in discriminating tumor from
7 non tumor patients and in contrib-
48 uting to STS diagnosis.
52 (;239) Materials and methods
17 (3'187) Patients and tumor samples
0.
39 145 patients (82 males and 63
20 females) diagnosed at Rizzoli
No. Orthopedic Institute (IOR) from
32 October 1991 to April 2011 with
27 high-grade primary STS according
No. to the Union for International
Cancer Control (UICC) TNM Classi-
8 L. .
fication of Malignant Tumors were
4 included in the study. The primary
16 tumors, deeply localized and with a
25 diameter > 5 cm, arose from soft
6 tissues of the extremities and chest
No. wall. Selection criteria excluded
13 patients previously treated with
19 radio/chemotherapy and with local

Abbreviations: ELISA, Enzyme-linked Immunosorbent Assay; IHC, Immuno-
histochemistry; LMS, Leiomyosarcoma; UPS, Undifferentiated Pleomorphic
Sarcoma; SS, Synovial Sarcoma; FS, Fibrosarcoma; LS, Liposarcoma.

resistance [12]. Previously found highly
expressed in STS bone metastases [5] they are
thus potential targets for sarcoma treatment
[13, 14]. IGF1R correlates with poor prognosis
in malignant peripheral nerve sheath tumor
[14] promoting cell survival [15] and acting as
biomarker in human sarcomas [16, 17]. In
human rhabdomyosarcomas cell lines IGF-II
overexpression mediates AKT phosphorylation
[18].

IGF signaling is modulated by IGF binding pro-
teins (IGFBPs) that act as tumor suppressor
genes or oncogenes depending on the context
[19-24]. In particular, IGFBP7 binds insulin with
high affinity and may be considered a tumor
stroma marker in malignant epithelial and mes-
enchymal derived cells [22].
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relapses at presentation.

The diagnosis based on histologi-
cal, cytogenetic and immunohisto-
chemical criteria, according to the
World Health Organization International Histo-
logical Classification of Tumours [2], was con-
firmed by independent pathologists (Table 1).
Follow-up time was considered from the date of
diagnosis to the first event (metastasis) or to
the last follow-up (minimum follow-up 3 years
for metastasis-free patients). Patients under-
went wide local excision of the primary tumor.
98 patients received adjuvant treatment within
3 months after tumor excision (Table 1).

First, IGF pathway protein expression was ana-
lyzed by immunohistochemistry on tissue mac-
roarray (TMA) sections of archived STS paraf-
fin-embedded samples from 86 patients (Table
1). The most significant protein, IGFBP7, was
then validated by TMA in another 59 high-grade
STS with paired serum available (Table 1) and
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its circulating levels were determined on serum
by ELISA assay.

The research protocol was approved by the
Rizzoli Institute Ethic Committee (n = 865;
1-14-2009) and all patients provided appropri-
ate informed consent. The work was carried out
in accordance with The Code of Ethics of the
World Medical Association (Declaration of
Helsinki).

Tissue microarray analysis (TMA)

Hematoxylin-eosin sections from paraffin-
embedded tumor samples were reviewed by
pathologists and the most representative area
was chosen for TMA construction using TMA
Master System (Euroclone SpA, Milano, Italy).

Protein expression was evaluated by immuno-
histochemistry (IHC).

After antigen retrieval and blocking with ready-
to-use Universal Block (catalog no. 71-00-61;
KPL, Gaithersburg, MD, USA) for 20 minutes at
room temperature, sections were incubated
with rabbit polyclonal anti-IGF1RB (Cat. #sc-
713, 1:50; Santa Cruz Biotechnology, Santa
Cruz, CA, USA), rabbit polyclonal anti-phospho-
IRS1 (S612) (Cat. #PAB12628, 1:1000; Abnova,
Walnut, CA, USA) and goat polyclonal anti-
IGFBP7 (Cat. #AF1334, 5 yg/ml; R&D Systems,
Abingdon, UK) at 4°C overnight. Negative con-
trols were included by omitting antibodies dur-
ing primary incubation. IHC staining was per-
formed using Dako LSAB + System-HRP
followed by treatment with 3,3-diaminobenzi-
dine (DAB) solution as chromogen (Dako, Milan,
Italy) and sections were counterstained with
Meyer’s hematoxylin.

According to the percentage of positive tumor
cells, samples were scored as O (£ 10% posi-
tive cells); 1 (11%-25%); 2 (26%-49%); 3 (=
50%). Staining intensity was scored as O, no
visual staining; 1, weak; 2, moderate; 3, strong.
Cut-off levels for the sum of scores were applied
as 0-1 for negative cases, 2-4 for weak posi-
tivity or moderate positivity in less than 50%
of tumor cells and 5-6 for strong and mode-
rate expression in more than 50% of tu-
mor cells. This was considered protein
overexpression.

Enzyme-linked immunosorbent assay (ELISA)

The levels of circulating IGFBP7 protein were
measured by ELISA in 59 sera from patients
with high-grade STS and 10 healthy controls.
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Briefly, blood samples were centrifuged at
3000 g for 20 min (4°C), and the supernatants
were collected, made to aliquots, and stored in
-80°C until assayed. Time interval between
processing and freezing was less than 2 h per
sample. None of the samples were thawed
more than twice before analysis. Individual
serum samples (50 ul) were mixed with 450 pl
dilution buffer and the concentration of IGFBP7
(ELISA kit from Boster Biological Technology
Co., Fremont, CA, USA) was determined accord-
ing to manufacturer’s instructions. The plate
was read at 450 nm in a microtiter plate reader
(Promega, Milan, Italy). The average percent-
age recovery was approximately 100%.
Sensitivity of the assay was < 20 pg/ml.

Statistical analysis

Kaplan-Meier survival analysis was used to
assess the influence of nominal variables on
the development of metastasis. Cox Regression
univariate analysis was used to assess the
influence of continuous variables on the devel-
opment of metastasis.

Cox Regression multivariate analysis was used
to select variables independently predicting
development of metastasis.

Mann-Whitney and Kruskal-Wallis followed by
post hoc Dunnett test for multiple comparisons
were used for data with non-homogeneous
variance test.

For all tests P < 0.05 was considered signifi-
cant.

All statistical analyses were performed using
SPSS v.19.0 (IBM Corp., Armonk, NY, USA).

Results

Protein expression in high-grade STS surgical
specimens

Population study: 34 of 86 patients with prima-
ry high-grade STS included in the discovery set
for IHC analysis were metastasis-free. 52
patients had metastasis during follow-up and
28/52 presented metastasis at diagnosis or
within the first 4 months from diagnosis (Table
1). Average metastasis-free survival (MFS) was
80.8 months (95% Cl = 59.9-101.7) with a
median of 19 months (95% CI = 0-47.7) (Figure
1A).

Age, gender, tumor size and site, histotype and
chemotherapy did not significantly influence
the risk of metastatic progression, while

Am J Cancer Res 2015;5(11):3446-3454



IGFBP7 expression in high-grade STS

0,9

0,8

0,7

0,6

0,5

04

more intense and uniform
in 24/29 patients with me-
tastasis at presentation or
within the first 4 months
(Figure 2A).
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less than 25% of tumor cells
with cytoplasmatic and/or
nuclear intracellular distribu-
tion (Figure 2A). Based on
cytoplasmatic IGFBP7 stain-
ing intensity score (range
1-6), univariate Cox analysis
demonstrated that the risk
of metastasis increased of
78.4% (95% Cl = 1.32-2.41; P
< 0.0005) for each increa-
sing score. Accordingly, Mann-
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Whitney analysis revealed
statistically significant higher
IGFBP7 staining levels in met-
astatic compared to non met-
astatic samples (P = 0.01)
(Figure 2B).

No significantly different ex-

Years

pression intensity was seen
according to histological sub-
types.

Figure 1. Survival curves. A. Metastasis-free survival of 86 high-grade STS

patients analyzed in discovery set. B. Kaplan-Meier survival curves show that
the radiotherapy treatment is associated with a better prognosis.

Kaplan-Meier analysis showed a statistically
significant difference between MFS curves
based on radiotherapy treatment (log-rank =
7.619; P = 0.006) (Figure 1B), with a higher
probability of MFS for patients who were given
radiotherapy.

Immunohistochemical analysis

In order to verify the role of proteins controlling
IGF pathway signaling on malignant progres-
sion, thus providing prognostic information and
new strategies for high-grade STS manage-
ment, we performed TMA analysis of IGF1R[,
IRS1 S612 and IGFBP7 proteins.

In detail, 81% (42/52) of metastatic STS pre-
sented a moderate to strong IGFBP7 staining in
more than 25% of tumor cells, with both cyto-
plasmatic and nuclear intracellular distribution
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When the clinical course of
patients with IGFBP7 overex-
pression (score 5-6) was
matched with that of other patients (score < 4),
we found that MFS probability was 16% versus
72% respectively and the difference of Kaplan-
Meier curves was statistically significant (log-
rank = 25.811; P < 0.0005) (Figure 2C). No
significant differences were seen for overall
survival. IGFIRB and IRS1 S612 expression
was uniformly distributed across STS samples.
IGF1R[ was moderately to strongly positive in
the majority of STS samples with a predomi-
nant cytoplasmatic immunostaining in more
than 50% of tumor cells (Figure 3A), while IRS1
S612 presented also nuclear immunoreactivity
in 35 of 86 (41%) tumor tissues (Figure 3B). No
significant differences were observed between
metastatic and non metastatic subsets in
terms of IGF1RB and IRS1 S612 expression.
Univariate analysis for MFS and overall survival
based on IGFA1RB and IRS1 S612 expression
was not statistically significant.
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Figure 2. IGFBP7 protein expression. A. Representative immunostaining of IGFBP7 in leiomyosarcoma (LMS) and
undifferentiated pleomorphic sarcoma (UPS). A stronger expression is evident in metastatic patients, with predomi-
nant cytoplasmatic distribution (IHC 20 x). B. Mann-Whitney analysis reveals statistically significant higher IGFBP7
staining levels in metastatic compared to non metastatic samples. C. Kaplan-Meier survival curves show the higher
probability of the metastatic event in patients with high IGFBP7 expression (score 5-6).

Multivariate analysis

Cox regression model including patient vari-
ables, IGFBP7 staining intensity (score 1-6),
IGFBP7 overexpression (score 5-6), histotype,
and treatment, showed that IGFBP7 cytoplas-
matic overexpression had the strongest poor
predictive value (HR = 6.358, 95% Cl = 2.946-
13.721; P < 0.0005) while radiotherapy (HR =
0.564, 95% Cl = 0.310-1.027; P = 0.061) was
protective for metastatic event.

IGFBP7 validation and serum levels

Population study: IGFBP7 expression was vali-
dated in another 59 high-grade STS tissue
samples with paired serum available (Table 1).

32 out of 59 patients were metastasis-free, 27
developed metastases. Four had metastasis at
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presentation or within the first 4 months (Table
1).

MFS rate was 80.6% + 5.3% at 1 year, 77% *
5.6% at 2 years, 59% + 6.9% at 5 years and
44.4% + 8.3% at 10 years (Figure 4A). Average
MFS was 103 months (95% Cl = 79-126) with a
median of 69 months (95% Cl = 35-102).

Long-term good response to radiotherapy treat-
ment (Figure 4B) was confirmed by Kaplan-
Meier analysis (log rank = 4.893; P = 0.03),
while age, gender, chemotherapy, and primary
tumor site did not significantly affect the risk of
metastasis (P > 0.05).

IHC validation and ELISA analysis

IHC analysis performed on additional 59 STS
confirmed a higher IGFBP7 expression in meta-

Am J Cancer Res 2015;5(11):3446-3454
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Figure 3. Representative immunostaining of IGF1RB and IRS1 S612 in fibrosarcoma (FS) and leiomyosarcoma
(LMS). A, B. IGF1RB and IRS1 S612 were uniformly distributed with predominant cytoplasmatic and nuclear staining

respectively (IHC 20 x).
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Figure 4. Survival curves. A. Metastasis-free survival of 59 STS patients with

available serum. B. Kaplan-Meier survival curves show that radiotherapy
treatment is associated with a better prognosis.

static when compared with
non metastatic patients (P <
0.01) with an increased risk
of metastasis for patients
with IGFBP7 overexpression
(score 5-6) (HR = 7.032, 95%
Cl = 3.27215.115; P <
0.0005).

When the levels of circulating
protein were determined by
ELISA test, a significant differ-
ence was seen between
serum IGFBP7 median values
in STS (37.5 ng/ml; 14.58-
114.44) and control (18.83
ng/ml; 4.69-32.14) (Mann-
Whitney test P < 0.0005)
(Figure 5A).

Examining IGFBP7 distribu-
tion across the samples we
found that 75% of non-tumor
patients had IGFBP7 serum
levels < 23 ng/ml, while 75%
of STS patients had IGFBP7
serum levels > 27 ng/ml
(Figure 5A), thus providing a
possible threshold of 25 ng/
ml to distinguish tumor from
non-tumor patients. The reli-
ability of the test was
assessed by a sensitivity and
specificity of 79.7% and 80%
respectively. Positive and
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Figure 5. IGFBP7 serum level in STS patients. A. Mann-Whitney test shows that serum levels of STS patients were
significantly higher than the control, revealing a threshold level of 25 ng/ml. B. Kruskal-Wallis analysis followed by
Dunnett test demonstrated that synovial sarcoma (SS) and liposarcoma (LS) had significantly higher IGFBP7 levels
when compared to both the control and the other tumors (**P < 0.0005 and *P = 0.001 respectively).

negative predictive value analyses were 95.9%
and 40% respectively with Cohen’s kappa coef-
ficient of 0.422.

Then, the sera were differentiated according to
primary tumor histotype (Figure 5B). Kruskal-
Wallis analysis followed by Dunnett test demon-
strated that IGFBP7 protein had significantly
higher levels in SS (48.69 + 15.37 ng/ml) and
LS (42.48 + 22.6 ng/ml) than in other STS
including LMS, UPS and FS that together pre-
sented a median value of 27.8 £ 10.2 ng/ml (P
= 0.001 for SS and P = 0.04 for LS respective-

ly). No significant differences were found
between metastatic and non metastatic
subgroups.
Discussion

Besides conventional combined treatment
high-grade STS require new therapeutic
approaches to target aberrant key end-points
in signalling pathways. IGF signaling was found
frequently altered in sarcomas so to be consid-
ered a potential therapeutic target in sarcoma
[5, 13, 14, 23, 24].

Inhibition of IGF1R led to attenuation of mito-
gen-activated protein kinase pathways [14,
18]. Recently, we demonstrated that nuclear
IGF1R expression was significantly related to
poor survival in synovial sarcoma patients who
did not receive adjuvant chemotherapy, differ-
entiating a subgroup of synovial sarcoma
patient’s candidate to the treatment [25].

In this study, IGFARB and its substrate IRS1
phosphorylated at S612 were uniformly
expressed across high-grade STS samples with
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moderate to strong immunostaining and vari-
able intracellular localization independently
from patient clinical course.

In contrast, staining intensity and distribution
of IGFBP7 protein was significantly higher and
more homogeneous in metastatic than in non
metastatic tumors. Regression analysis show-
ed that metastatic risk significantly increased
by increasing staining intensity score and indi-
cated tissue IGFBP7 overexpression as an
independent poor prognostic biomarker, also
confirming the role of radiotherapy treatment in
preventing metastatic progression [25].

IGFBP7, a cell adhesive glycoprotein of about
30kDa also known as IGFBP7-related Protein 1
(IGFBP-rP1) or tumor-derived adhesion factor/
angiomodulin, is a member of the IGFBP super-
family that modulating cell functions through
dependent- and independent-IGF mechanism
may be a useful prognostic biomarker [19, 26].

Both increased and decreased expression of
IGFBP7 has been reported in different tumors,
suggesting a complex role in tumor cells [27-
29]. Recent data recognized IGFBP7 as a tumor
antigen in mesenchymal-derived tumors acting
in TGFB signaling pathway [30]. In addition,
IGFBP7 interacts in vitro with various extracel-
lular matrix proteins to stimulate adhesion and
migration/invasion [31, 32].

Although IGFBP7 was also detectable in human
body fluids, very few studies examined the rela-
tionship between circulating IGFBP levels and
tumor stage [21]. Given the evidence that circu-
lating protein may generate from tissue tumor
cells, we measured circulating IGFBP7 in high-
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grade STS sera with an easily quantifiable
assay. Significantly higher mean levels were
found in STS when compared with controls, pro-
viding a threshold value of 25 ng/ml to distin-
guish tumor from non tumor patients. However,
further studies on a larger series of STS are
necessary to confirm a potential clinical
validity.

Differentiating sera according to primary tumor
histotype, IGFBP7 circulating protein had a sig-
nificantly higher concentration in synovial sar-
coma and liposarcoma than in other STS. Unlike
STS tissue data, no significant differences
between metastatic and non metastatic serum
were found.

Conclusion

In accordance with previous studies that found
IGFBP7 associated with poor prognosis [33],
tissue IGFBP7 expression appears to have a
predominant prognostic role in high-grade STS
independently from histological subtype. In par-
allel, the concentration of serum IGFBP7 might
be useful in providing a threshold value of 25
ng/ml to discriminate tumor from non tumor
patients. Subsequent experiments will be cru-
cial to understand the clinical relevance of
IGFBP7 and its role in providing information
about the presence and progression of
disease.
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