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The insulin-like growth factor (IGF) system plays an important role in the growth and development of cells and
has been implicated in oncogenesis and tumor progression. Gene expression profiling studies on limited
numbers of specimens have shown high expression of IGF2, encoding the activating ligand for this system, in
gastrointestinal stromal tumors (GISTs) and in synovial sarcomas. This data may have concrete clinical
implications, as several reports exist of patients with GISTs suffering from severe hypoglycemia, a predicted
effect of IGF2. Furthermore, new drugs targeting IGF signaling are entering clinical trials. The purpose of this
study is to survey IGF2 expression at the protein level on a broad number of mesenchymal tumors representing
all major diagnostic classes. By immunostaining tissue microarrays, results were obtained for 51 diagnostic
categories of bone and soft-tissue tumors representing 1288 cases. Distinct membranous and/or cytoplasmic
IGF2 immunoreactivity was assessed according to published criteria. Solitary fibrous tumors had the highest
expression. Of 20 tumor types represented by more than 10 cases, synovial sarcomas, myxoid liposarcomas,
GISTs, malignant peripheral nerve sheath tumors, chondrosarcomas, undifferentiated pleomorphic sarcomas
(MFH), Ewing’s sarcomas and tenosynovial giant cell tumors showed high levels of expression in more than
20% of cases. Of the 445 GIST cases with clinical information, those with high expression of IGF2 had a
significantly worse outcome than those with low or no expression. IGF2 protein expression among
mesenchymal tumors is largely consistent with gene expression studies and suggests a potential for molecular
therapy targeting the IGF signaling pathway system in these neoplasms.
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The insulin-like growth factor (IGF) signaling
system plays a critical role in the growth and
development of many tissues and regulates the
overall growth, particularly in the prenatal period.1

Under normal physiological conditions, the balance
between the expression and activities of the proteins
involved in this pathway is tightly controlled. The
IGF system has been implicated in various patho-
physiological conditions, and is thought to play an
especially prominent role in tumorigenesis.2–5

Throughout life, the majority of circulating ligands,
IGF1 and IGF2, are produced by the liver, with the
synthesis of IGF1 dependent on growth hormone but
with the synthesis of IGF2 relatively independent of
growth hormone.6 The IGFs circulate in the blood

and are largely bound to one of the six IGF-binding
proteins that modulate IGF activity.7 IGF1 and IGF2
both interact with the cell-surface IGF1 receptor
(IGF1R), which possesses tyrosine kinase activity.8

IGF1R initiates signaling through two primary
cascades, the MAP kinase and PI3 kinase pathways.
IGF2 can also bind to IGF2R,9 which is regarded as a
clearance receptor for IGF2 and decreases its effects.
High levels of circulating IGFs and/or the down-
regulation of IGF2R have been shown to correlate
with the development of cancer in the colon, breast
and prostate.10–12 Some mesenchymal (non-islet
cell) tumors produce and release an excessive
amount of a prohormone form of IGF2 (often termed,
‘big IGF2’).13

Clues about which tumor types are most likely
to be dependent on IGF signaling can come from
gene expression profiling studies. Publicly available
datasets show consistently that IGF2 is very highly
expressed in gastrointestinal stromal tumors
(GISTs), indeed making it one of the strongest discri-
minators for this diagnosis.14–17 The supplemental
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data presented by Hernando et al17 show IGF2 to be
the only tested signaling molecule to be relatively
overexpressed in GIST to a greater extent than the
KIT oncogene itself; indeed their data reveal IGF2 to
be overexpressed by an impressive two to three
orders of magnitude above most other signaling
molecules.

The physiological actions of IGF2 include insulin-
like effects18 and interestingly, several cases of
patients with GIST suffering from severe hypogly-
cemia have been reported.19–23 Furthermore, a recent
study by Braconi et al24 indicates that IGF1 and IGF2
might help to predict disease outcome in GIST
patients. The published expression profile data by
Hernando et al17 also suggest that synovial sarcomas
(and, to a lesser extent, fibrosarcomas and myxoid/
round cell liposarcomas) also express the IGF2 gene
at very high levels, and high-grade sarcomas have
been reported to express significantly more IGF2
than intermediate grade soft-tissue sarcomas.25

Gene expression findings need to be validated at
the protein level, on larger numbers of specimens,
with clinical correlation. Tissue microarrays are
useful for such studies, permitting rapid testing of
the diagnostic and prognostic utility of antibodies in
large numbers of archival samples.26 In this study,
we use tissue microarrays to evaluate the expression
of IGF2 protein in a comprehensive collection of
mesenchymal tumors. In the case of GISTs, a
particularly large number of samples linked to
clinical outcome were included, allowing assess-
ment of IGF2 expression as a prognostic factor.
These findings have a particular relevance in the
context of new efforts to develop IGF pathway
inhibitors27 and to apply them to sarcomas (eg,
SARC 011; http://www.sarctrials.com).

Materials and methods

Patients, Samples and Tissue Microarrays

The following tissue microarrays were used in this
study:

1. Norwegian GIST and mesenchymal tumor array,
5 blocks/704 cases.28

2. Synovial sarcoma differential diagnosis array,
1 block/82 cases.29

3. Chondroid tumor array, 1 block/121 cases.30

4. TA167 and TA170 soft-tissue tumor arrays, 2
blocks representing an expanded rebuild of ear-
lier published multi-sarcoma arrays.31

5. MPNST differential diagnosis array, 1 block/172
cases.32

6. Adipose tumor array, 1 block/58 cases, including
32 primary myxoid liposarcomas, 10 well-differ-
entiated liposarcomas, 10 lipomas and 6 pleo-
morphic liposarcomas.

Each TMA comprises duplicate 0.6-mm cores
generated from representative areas of formalin-
fixed, paraffin-embedded surgical excision blocks,

which had been reviewed by at least two patho-
logists with appropriate subspecialty expertise.

Immunohistochemical Staining and Scoring

Four-micron sections from the arrays were stained
with hematoxylin and eosin to confirm the presence
of representative tumor in each core. Sections were
stained with an anti-IGF2 rabbit polyclonal antibody
from Abcam (Cambridge, MA, USA; cat#ab9574)
raised against a recombinant human IGF2 protein.
This antibody recognizes both the prohormone form of
IGF2 (also named ‘big IGF2, 15kDa’) and the smaller
IGF2 (7.5kDa). Immunostaining was performed on a
Ventana Discovery XT (Tucson, AZ, USA) using a
standard CC1 heat-induced epitope retrieval protocol
(Tucson, AZ, USA), 1:100 dilution and DABMap
detection system (Tucson, AZ, USA). A cervical
carcinoma was used as a positive control with every
staining run. To aid the analysis of the numerous
tissue cores stained by immunohistochemistry, digital
images were collected using a BLISS instrument
(Bacus Laboratories, Lombard, IL, USA; http://
www.bacuslabs.com). Tissue cores with 450 interpre-
table tumor cells were scored on the basis of the
percentage of positive tumor cells staining above
background intensity in a membranous and/or cyto-
plasmic pattern according to published methodology.33

In tumor cells, the staining intensity was designated as
either non-existent (0), weak (1), moderate (2) or strong
(3). The number of cells was scored as either no cells
stained (0), o10% (1), 10–50% (2), 50–80% (3) or
480% (4). The final score was calculated by multi-
plying these two variables. A score of 0–5 was consid-
ered negative (IGF2 not overexpressed), and a score of
6 was considered positive (overexpression of IGF2) in
accordance with Kobel et al33 Discrepant score results
for duplicate cores, when present, were consolidated
as the higher interpretable score.34

Prognostic Evaluation

To compare IGF2 staining in GISTs with established
prognostic factors, whole section slides that were
used for selecting representative TMA cores were
used for a histological review of mitotic count in 50
consecutive high power fields. Clinicopathological
data were present for all the GIST cases on the
Norwegian GISTs and mesenchymal tumor array.28

The tumors were classified according to the con-
sensus risk-group stratification system based on
maximum tumor size, mitotic count (per 50 high
powered fields) and location of tumor.35

Statistical Analysis

SPSS for Windows (Chicago, IL, USA; Version 14.0)
was used for statistical analyses. For tumor types
represented by 410 distinct patient samples, an
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overall immunostaining score was calculated as the
mean of the scores among arrayed cases, with 95%
confidence interval. For correlations between IGF2
staining and size, mitosis and location of primary
tumor, Pearson’s w2-test was performed. Survival
curves were plotted using the Kaplan–Meier method,
with significance assessed using log-rank tests. Cox
proportional hazard regression was used for multi-
variate analysis with clinical and morphologic
variables for 445 GISTs. For tumors without a known
tumor size, this was categorized as a separate group
for the purpose of retaining cases for analysis.
Statistical significance was declared if the P-value
was o0.05.

Results

Immunostaining Observations

IGF2 immunostaining was readily interpretable in the
cytoplasm and on the membrane of positive mesen-
chymal cells, with low background staining (Figure 1).
Primary image data for tumors included in this study
are accessible at http://www.gpecimage.ubc.ca (login:
igf2. password: abc123). Results on all tumor types
represented by 410 cases are represented in Table 1a,
and those with r10 cases in Table 1b.

GIST Tumors

A total of 445 of the samples on the Norwegian
abdominal mesenchymal tumor tissue microarray
were KIT-positive and regarded as definite GISTs.
Clinicopathological characteristics of these GISTs
are listed in Table 2.

In 333 cases, the size of the tumors were known,
and when combining this variable with number of
mitoses and primary sites of tumor (the stomach,
small bowel or other sites), a risk stratification using
the method of Hornick and Fletcher35could be
estimated. A total of 70 tumors from the stomach
were regarded as having a very low potential for
malignancy, 36 had a low malignancy potential, 23
moderate and 48 a high malignancy potential. Of the
tumors arising in the small bowel, only one was
regarded as having a very low malignancy potential,
8 with low, 53 with moderate and 56 with a high
malignancy potential.

There was an overall median survival time
for patients with gastric GISTs of 5.5 years, com-
pared with patients with tumors in the small bowel
with a median of 3.2 years (Po0.001). There was
a correlation of IGF2 with risk stratification
(P¼ 0.024), with twice as many of the low IGF2-
expressing tumors represented among the groups
with very low and low malignancy potential. In this
pre-imatinib cohort, the median overall survival of
patients with tumors with low expression of IGF2
was 4.9 years, compared with patients with an
overexpression of IGF2 who had a median survival

time of 3.4 years (Figure 2, log rank P¼ 0.015). There
was also a correlation between low IGF2-expressing
tumors and gastric locations, which were more than
twice as frequent compared with tumors in the small
bowel (Po0.001). Among the gastric tumors, the
patients with IGF2 overexpression had a median
survival time of 4.0 years compared with those with
tumors lacking overexpression, who had a median
survival time of 6.9 years (P¼ 0.039).

Figure 1 Evaluation of staining intensity and number of stained
cells. (a) GIST (with spindle cell features) with no staining in any
of the cells, giving a score of 0. (b) GIST (with epithelioid features)
with strong staining intensity in 480% of cells, giving a score
of 12. (c) Leiomyosarcoma with moderate staining intensity in
50–80% of the cells, giving a score of 6.
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In a multivariable analysis of all the 445 GIST
patients, high mitotic count (45/50 high power
fields) and increased tumor size (45 cm) were
unfavorable prognostic factors (Po0.001 and
P¼ 0.001). Localization of gastric tumor compared
with all other sites was favorable in the same
analysis (P¼ 0.018), but overexpression of IGF2
did not hold up as independently significant in
the multivariate test (P¼ 0.188) against these estab-
lished prognostic factors.

Mesenchymal Tumors

Results were obtained for 51 diagnostic classes of
bone and soft-tissue tumors. The tumor type with
the most prominent expression, in frequency and
magnitude, was solitary fibrous tumor. Among those
with 410 cases, synovial sarcomas, myxoid lipo-
sarcomas, GISTs, malignant peripheral nerve sheath
tumors, chondrosarcomas, undifferentiated pleo-
morphic sarcomas (MFH), Ewing’s sarcomas and
tenosynovial giant cell tumors showed high level of
expression in more than 20% of cases (Table 1a).

Chondrosarcomas were registered additionally by
grade, with 30 cases in grade 1, 17 in grade 2 and 4
in grade 3. The expression in grades 1 and 2 was the
same with a median of 3.47 in both, but all 4 cases in
the grade 3 category overexpressed IGF2 (P¼ 0.003).
Synovial sarcomas fell into either grade 2 (62 cases)
or grade 3 (18 cases), but there was no difference in
the IGF2 expression between these groups (mean of
4.95 versus 4.46, P¼ 0.7).

Lower levels of expression (10–20% of tumors
meeting the criteria for overexpression) were present
among dermatofibrosarcoma protuberans, extrauter-
ine leiomyosarcomas and schwannomas. Little or
no IGF2 overexpression was found in fibroblastic/

myofibroblastic and perivascular/vascular tumors.
Among the classes with r10 cases, pleomorphic
liposarcomas and angiomyolipomas had high ex-
pression of IGF2 in more than half of the cases.
Among rhabdomyosarcomas, four of seven embry-
onal (including infantile, pediatric and adult cases)
and both pleomorphic rhabdomyosarcomas had
high expression of IGF2, versus none of the four
tested alveolar rhabdomyosarcomas. Other tumor
types in which 430% of cases had an expression
score of 6 included well-differentiated liposarco-
mas, desmoplastic round cell tumors, clear cell
sarcomas and chondroblastomas (Table 1b).

Discussion

The IGF1R is a growth factor receptor tyrosine
kinase, with an extracellular ligand-binding do-
main, a transmembrane region and a cytoplasmic
domain that contains a tyrosine kinase domain.36,37

Ligand binding is extracellular, but receptor activa-
tion is translated into the activation of intracellular
domain functions. The sequences and structural
characteristics of receptor tyrosine kinases is the
basis for classifying them into subclasses.38,39 KIT
belongs to group III together with platelet-derived
growth factor receptor A and B, whereas the IGF1R
belongs to group II subclass, together with the
insulin receptor. The induced activation of the
kinase domain is mediated by receptor oligomeriza-
tion40 and the phosphorylated receptors stimulate
intracellular signaling pathways controlling cell
proliferation, adhesion, apoptosis, survival and
differentiation, primarily through the RAS–RAF–
MAPK and the PI3-K/AKT-mTOR cascades.17,41–43

The study of Hernando et al17 surveying the
activation of these pathways in sarcomas found

Table 1a IGF2 expression in tumor groups represented by more than 10 cases

Diagnosis n Positive % Mean score 95% CI

Solitary fibrous tumor 25 20 80 7.4 ±1.6
Synovial sarcoma 80 34 43 4.9 ±0.7
Myxoid liposarcoma 33 13 39 4.6 ±1.2
Gastrointestinal stromal tumor 449 196 44 4.6 ±0.3
Malignant peripheral nerve sheath tumor 76 35 46 4.2 ±0.8
Chondrosarcoma 51 17 33 3.8 ±0.9
Tenosynovial giant cell tumor 34 8 24 3.7 ±0.7
Undifferentiated pleomorphic sarcoma (MFH) 65 21 32 3.6 ±0.7
Ewing’s sarcoma 14 3 27 3.1 ±1.5
Neurofibroma 55 4 7 2.1 ±0.5
Dermatofibrosarcoma protuberans 17 2 12 1.7 ±1.3
Leiomyosarcoma (extrauterine soft tissue) 59 6 10 1.6 ±0.6
Schwannoma 42 5 12 1.4 ±0.7
Endometrial stromal tumor 12 0 0 1.3 ±0.9
Osteosarcoma 12 0 0 1.0 ±0.7
Angiosarcoma 13 0 0 0.9 ±0.8
Fibroma (benign) 28 0 0 0.8 ±0.5
Hemangioendothelioma (epithelioid) 12 0 0 0.5 ±0.7
Fibromatosis (desmoid-type) 23 0 0 0.4 ±0.3
Fibroadenoma (breast) 11 0 0 0.2 ±0.4
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evidence for massive upregulation not only of KIT,
but also of IGF2 in GISTs. IGF2 was also over-
expressed in synovial sarcoma, fibrosarcoma and
myxoid/round cell liposarcoma. In our study, we
had very few fibrosarcoma cases, but for synovial
sarcomas, myxoid liposarcomas and GISTs, we
found a relative overexpression of the IGF2 protein
in B40% of the cases, among the highest levels seen

in any of the 450 mesenchymal tumor types
surveyed. In Hernando’s study, there was no
increased IGF2 gene expression in clear cell sarco-
mas, pleomorphic/de-differentiated liposarcomas,
leiomyosarcomas or pleomorphic/undifferentiated
sarcomas (MFH). For the two first categories, we
had o10 cases and among the leiomyosarcomas,
IGF2 protein overexpression was found in B10% of
the cases. For the pleomorphic/undifferentiated
sarcomas (MFH), we found protein overexpression
in 430% of the cases; the number of cases (10 cases
in Hernando et al versus 65 in ours) might
contribute to this discrepancy.

An earlier study correlating malignant potential
with IGF expression in 46 soft-tissue sarcomas has
been published,44 including 10 low-grade, 9 inter-
mediate and 27 high-grade cases. A significant
difference was found between the expression of
IGF2 in the intermediate and the high-grade groups.
In our material, there was also a significant
difference in expression between chondrosarcoma
grades 1 and 2 compared with that in grade 3, but
the number of cases in the latter was only four and
can only be taken into account as a trend. The
synovial sarcomas in our material showed no
difference in the expression of IGF2 by grade, but
were in general overexpressing IGF2 compared with
many other tumor groups. It is noted that the tumor
type with the highest expression (solitary fibrous
tumor) is generally benign.

The ligands, IGF1 and IGF2, interact with IGF1R
to promote growth. IGF2 can also bind to the IGF2R
receptor, which has a growth inhibitory role by
shunting IGF2 for lysosomal degradation, thereby
decreasing circulating levels. Increased levels of
circulating IGF2 (secretion from a tumor or reduced
IGF2R receptor expression) can inhibit the secretion
of growth hormone from the pituitary with secon-
darily decreased levels of IGF1 and insulin.13,21

The prohomone form of IGF2, ‘big IGF2’, released
from mesenchymal tumors interacts poorly with
IGF-binding proteins, thereby disproportionately
increasing the level of unbound IGF, and has been
reported to have a higher affinity for the insulin
receptor than physiological IGF2.13 Severe hypogly-
cemia has been associated with non-islet-cell tumors
and IGF2 is known to have such hypoglycemic
effects presumably through insulin-like activity. The
majority of the circulating IGF2 in non-islet-cell
tumor hypoglycemia is big IGF2, and circulating
high levels in a case with leiomyosarcoma and in
cases with GISTs were reduced after surgery.13,21,23

The high expression of IGF2 protein in our study
provides a biological explanation for case reports of
GIST patients suffering from hypoglycemia.18–23

This phenomenon has been observed relatively
frequently in association with solitary fibrous tumor,
in which associated hypoglycemia has been termed
‘Doege–Potter Syndrome’.45,46 In GISTs, we also
found that the expression of IGF2 correlated with
increased size and higher mitotic count. This could

Table 1b IGF2 expression in tumor groups with 10 or fewer cases

Diagnosis n Cases overexpressing
IGF2

Adipocytic
Lipoma 10 0

Liposarcoma
Well-differentiated 10 4
Pleomorphic 6 4

Angiomyolipoma 8 5

Fibroblastic/myofibroblastic
Fasciitis (nodular, cranial,
proliferative)

9 0

Phylloides 2 0
Digital fibromatosis 4 0
Inflammatory pseudotumor 3 0
Inflammatory myofibroblastic tumor 2 1
Myxoma 7 2
Low-grade fibromyxoid sarcoma 9 0
Fibrosarcoma 2 0

Fibrohistocytic and histocytic tumor
Fibroxanthoma 4 0
Atypical fibroxanthoma 2 0

Muscle and related tumors
Leiomyosarcoma, uterine 5 1

Rhabdomyosarcomas
Embryonal 7 4
Alveolar 4 0
Pleomorphic 2 2

Perivascular/vascular tumors
Glomus tumor 10 2
Hemangioma/lymphangioma 7 0
Karposi sarcoma 2 0

Peripheral nervous system tumors
Perineuroma 4 1

Mesenchymal tumors of uncertain differentiation
Desmoplastic small round cell
tumor

6 2

Fibrous dysplasia 10 1
Clear cell sarcoma 7 3
Extraskeletal myxoid
chondrosarcoma

8 0

Bone tumors
Enchondroma 5 0
Chondroblastoma 4 2
Chondromyxoid fibroma 2 1

Epithelial tumors
Carcinosarcoma 7 0
Desmoplastic melanoma 9 0
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be because of simultaneous stimulation of multiple
downstream pathways. Tarn et al47 have shown that
the AKT pathway can be inhibited after treatment
with tyrosine kinase inhibitors affecting the KIT
receptor, keeping the MAPK pathway active. On the
basis of this, an overexpression of IGF2 may cause a
more aggressive cell phenotype resulting in larger
tumors with a higher proliferation rate.

In synovial sarcoma, in vitro studies have found
that the SS18-SSX oncogene induces IGF2 expres-
sion which seems critical to convey tumorigenic
properties.48–50 IGF2 expression was associated with
both the �SSX1 and �SSX2 translocation sub-
types.48 In this study, we present evidence that in
primary synovial sarcoma tumor specimens, IGF2 is
highly expressed at the protein level, supporting
translational relevance to patients of these experi-
mental findings, and attempts to target this pathway
in patients using IGF signaling inhibitors.

The association between IGFs and neoplasia has
been a subject of investigation for many years.
Under normal conditions, the balance between the
expression and activities of these factors is tightly
controlled, and changes in this balance may trigger
events leading to malignancy. This knowledge has
been the subject of intense interest because the IGF
system can be a target for anti-cancer therapy.22 For
example, Burtrum et al51 have generated an antibody
that binds IGF1R with high affinity and inhibits
ligand binding, leading to the inhibition of down-
stream signaling in two of the major IGF pathways,
and several humanized antibodies are now in
clinical development. Tomizawa et al52 were able
to suppress the proliferation of hepatoblastoma cell
lines by inhibiting the IGF1R with PPP, a commer-
cially available tyrosine kinase inhibitor. Nielsen
et al53 showed that urokinase plasminogen activator
(uPa) and IGF1R are highly expressed in breast
cancer; inhibiting uPa resulted in the degradation of
IGF1R and also inhibited the production of uPA
mRNA and protein in the presence of IGF1. mTOR, a

Table 2 Clinicopathological characteristics of 445 GIST patients

All cases (n¼445) IGF2-positive cases (n¼196) IGF2-negative cases (n¼249)

Gender
Male 231 107 124
Female 214 89 125

Age at primary diagnosis, mean (range) 64.9 (23–94) 64.3 (25–93) 65.3 (23–94)

Localization of primary tumor
Stomach 229 83 146
Small bowel 153 90 63
All other locations 63 23 40

Size in cm, mean (number of cases) 8.2 (333) 8.4 (151) 8.1 (182)

Tumors 45 cm 195/333 (59%) 95/151 (63%) 100/182 (55%)

Mitoses/50HPF, mean (range) 9.1 (0–276) 9.2 (0–92) 8.9 (0–276)

Tumors with 45 mitosis/50HPF 143/445 (32%) 75/196 (38%) 68/249 (27%)

Risk of malignancya

Very low potential 24% 17% 28%
Low potential 15% 14% 18%
Moderate potential 26% 26% 22%
High potential 35% 43% 32%

a
Among 295 case with IGF2 staining data, complete size and mitotic count information.

20.0015.0010.005.000.00
Years

1.0

0.8

0.6

0.4

0.2

0.0

S
u
rv
iv
al

p=0.015

n=249

n=196

Figure 2 Overall survival for patients with GISTs expressing high
IGF2 (bottom gray line, n¼196) versus low IGF2 (top black line,
n¼249).
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major downstream effector of the IGF signaling
pathway, is targeted by a new generation of rapa-
mycin analogs, which are undergoing active evalua-
tion in clinical trials.54 For GISTs in particular, a
study on inhibiting IGF1R has shown promising
results.55

In summary, following a broad examination of
mesenchymal tumors by immunohistochemistry on
tissue microarrays, expression of the growth factor
and therapeutic target IGF2 is shown in solitary
fibrous tumors, synovial sarcomas, myxoid liposar-
comas, GISTs, malignant peripheral nerve sheath
tumors, chondrosarcomas, undifferentiated pleo-
morphic sarcomas (MFH), Ewing’s sarcomas and in
tenosynovial giant cell tumors. High expression of
IGF2 correlates with poor prognosis in GISTs, and is
consistent with findings from gene expression
studies in GIST and synovial sarcoma and also with
reports of hypoglycemic complications in solitary
fibrous tumors and GISTs.
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