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Introduction: The present study tried to provide insights into the expression
pattern and diagnostic significance of the IGF-1 axis main mediators in three
main primary bone tumor types with different degrees of severity.

Methods: The real-time gRT-PCR (to analyze IGF-1R gene expression), the
immunohistochemistry (to measure IGF-1R protein), and the ELISA assay (to
assess the circulating level of IGF-1, IGFBP-1, and IGFBP-3) were applied to
confirm this hypothesis. A total number of 180 bone tissues (90 tumors and 90
noncancerous adjacent tissues) and 120 blood samples drained from 90
patients with bone tumors and 30 healthy controls were enrolled in the
study. The association of insulin-like growth factor (IGF)-1 axis expression
pattern with the patient’s clinical pathological characteristics and tumor
aggressive features, the diagnostic and predictive values were assessed for all
tumor groups.

Results: A significantly elevated level of IGF-1R gene and protein was detected
in bone tumors compared to the noncancerous bone tissues that were
prominent in osteosarcoma and Ewing sarcoma compared to the GCT
group. The positive association of the IGF-1R gene and protein level with
tumor grade, metastasis, and recurrence was detected in the osteosarcoma
and Ewing sarcoma groups. The circulating level of IGF-1, IGFPB-1, and IGFBP-
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3 were increased in osteosarcoma and Ewing sarcoma and GCT groups that
were correlated significantly to the tumor severity. The ability of the IGF-1 axis
to discriminate between bone tumors also malignant and benign tumors
was considerable.

Discussion: In summary, our data suggested that IGF-1R, IGF-1, IGFBP-1, and
IGFBP-3 levels are associated with bone tumor malignancy, metastasis, and
recurrence that might serve as biomarkers for osteosarcoma and Ewing
sarcoma recurrence.

KEYWORDS

insulin-like growth factor-1 (IGF-1), bone tumors, osteosarcoma, Ewing sarcoma,
giant cell tumors, tumor recurrence

1 Introduction

The insulin-like growth factor (IGF) family is a
multifunctional system composed of polypeptide hormones
(IGF-1 and 2) and their surface receptors; Insulin-like growth
factor receptors I and II (IGF-1R, IGF-2R) and several IGF-
binding proteins (IGFBPs) (1). As a tyrosine kinase receptor, the
IGF receptor is a homolog of the insulin receptor (IR) with the
highest affinity for IGF, which upon activation, mediates
tyrosine phosphorylation and activates the Shc-dependent
downstream signaling pathways (2). IGF-1 as a hormone can
act through a growth hormone (GH) dependent pathway and
promote cell growth and proliferation (3). The half-life of IGF is
mediated by IGF-binding proteins, which can primarily
sequester circulating IGFs and antagonize IGF receptors;
although they exert considerable functions independent of
IGFs (4). Several influential metabolic functions have been
postulated for IGF-1, including its stimulatory role in protein
synthesis and fatty acid utilization, as well as its regulatory role
in GH and insulin secretion, which can provide sufficient signals
for growth (5). However; The critical role of the IGF family in
the context of carcinogenesis through both canonical and non-
canonical IGF receptor signaling and interaction with multiple

Abbreviations: IGF, Insulin-like growth factor; IGF-1R, Insulin-like growth
factor receptors; IGFBP, IGF-binding protein; IR, Insulin receptor; GH,
Growth hormone; Shc, She-transforming protein 1; MAPK, Mitogen-
activated protein kinase; IRS, Insulin receptor substrate; GCT, Giant cell
tumor; OCT, Optimal Cutting Temperature; DAB, 3’-diaminobenzidine;
ROC, Receiver operating characteristic; AUC, Area under the curve; SEM,
Standard error of mean; ECM, Extracellular matrix; MMP-2, matrix
metalloproteinase-2; OS, Osteosarcoma; FAK, Focal adhesion kinase; PI3K,
Phosphatidylinositol 3 kinase; ERK, Extracellular signal-regulated kinase;
MAPK, Mitogen-activated protein kinase; FoxO, Forkhead transcription
factor; GSK3, Glycogen synthase kinase3a.,f.
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signaling pathways has become evident (6). Activation of IGF-
IR has been shown to recruit anchor proteins such as Shc-
transforming protein 1 (Shc), which mediates mitogen-activated
protein kinase (MAPK) activation via Shc-dependent
downstream signaling pathways (2). Also, IGF-1R activation
can recruit the insulin receptor substrate (IRS), resulting in
activation of the PI3K/Akt pathway, which overall favors cell
cycle progression, intensified proliferation, increased
mitogenesis, and resistance to apoptosis (7). In addition, IGF-
IR translocation to the nucleus mediates IGF-1R binding to the
enhancer region and triggers transcription of target genes such
as cyclin DI, leading to IGF-1R-mediated cell transformation.
IGF-1R was shown to mediate E-cadherin cleavage from the
cytoskeleton and increase [3-catenin levels, which may facilitate
cell motility and invasion (8). Because of the multiple effects of
the IGF family on cancer cell fate, altering the expression levels
of IGF axis mediators and their function in cancer seems
reasonable (9). In addition to the importance of this axis for
cell growth and proliferation, its key role in bone homeostasis is
also of interest. It is well documented that IGFs regulate bone
length, bone growth, and bone properties through their effects
on chondrocytes, osteoblast, and osteoclast functions (10). It was
shown that binding of IGF-1 to the IGF-1R induces receptor
phosphorylation and activation of downstream insulin receptor
substrate (IRS) and Shc leading to the activation of
phosphatidylinositol 3 kinases (PI3K), the extracellular signal-
regulated kinase (ERK)/mitogen-activated protein kinase
(MAPK), AKT and mTOR signaling pathways (11, 12).
Besides the fact that these signaling pathways are involved in
controlling metabolic process during cell differentiation, it was
shown that the phosphorylated AKT activate substrates such as
mTORCI, Forkhead transcription factor (FoxO) and glycogen
synthase kinase30,3 (GSK3) that regulate bone cell proliferation,
differentiation and skeletal development (13-15). In addition, it
appears that the interaction of IGFs with steroid hormones and
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parathyroid hormones plays a role in bone homeostasis (16).
Bone sarcomas are tumors of mesenchymal origin with
unresolved challenges such as complicated diagnosis due to
morphological overlap with bone lesions, inefficient response
to chemotherapeutic approaches, high rate of metastasis, and the
possibility of tumor recurrence (17). Efforts are therefore being
made to develop plausible therapeutic approaches and effective
diagnostic biomarkers for the early detection of bone tumors
(18). However, the relevance of the IGF family for the
pathogenesis of bone tumors is exploited in some studies. For
example; The high proliferative activity of cells of the human
osteosarcoma cell line HOS 58 was shown to be associated with
increased IGF-1R expression, indicating the regulatory role of
the IGF axis in bone cancer proliferation and differentiation (19).
The current study is designed to shed more light on the
expression profile of the IGF-1 axis in predominant bone
tumor types and to underscore the status of IGF-1, its
receptor, and major binding proteins in bone tumor severity.

2 Materials and methods
2.1 Patients and sample collection

A total number of 180 bone tissues (30 osteosarcoma tumors
and 30 paired noncancerous tissue, 30 Ewing sarcoma tumor
and 30 paired noncancerous tissue, and 30 giant cell tumors
(GCT) and 30 paired noncancerous tissue) were studied in the
current study. The sample collection, preparation, molecular and
serological assessments were conducted following the
declaration of Helsinki with local ethical approval (20) and
informed consent and regulations of our institute’s ethical
standards. The patient’s demographic features are described in
our previous study (21) and a brief description of the number of
patients in each tumor group in terms of gender, age
distribution, tumor grade, metastasis, recurrent, and receiving
or not receiving chemotherapy treatment is summarized in
Supplementary Table 1. The age distribution of the patients
with osteosarcoma tumors was as 13.33% of them were between
15-20 years of age; 23.33% of them were between 20-30 and
63.33% were over 30 years of age. The average age of patients
with osteosarcoma tumors was 37.76+ 3.17 years and 53.3% of
them were male. The age distribution of the patients with Ewing
sarcoma tumors was 36.66% between 15-20 years of age; 30%
between 20-30, and 33.33% were over 30 years of age. The
average age of patients with Ewing sarcoma was 25.60 + 1.64
years, and 40% of them were male. Regarding patients with GCT,
26.66% of patients were between 15-20 years of age; 26.66% were
between 20-30 and 46.66% were over 30 years of age. The
average age of patients with GCT was 31.50 + 2.8 and 56.7%
of them were male. To check the serum level of the investigated
factors, 6 ml of blood was collected from each patient, and
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therefore 30 blood samples from the group of patients with
osteosarcoma tumor, 30 blood samples from the group of
patients with Ewing sarcoma and 30 blood samples from the
group of patients with GCT was received and subjected to serum
separation and further assays. To compare the changes in the
serum levels of the investigated factors in the patient group, 30
blood samples were collected from healthy individuals who
matched with the patients in terms of age and gender and
were analyzed. The age distribution of the healthy controls
was 16.66% between 15-20 years of age; while 33.33% between
20-30 and 50% were over 30 years of age and the average age was
34.59 + 3.02. An equal number of males and females were
selected among healthy individuals. Blood samples were
obtained from each patient immediately before surgery and in
fasting conditions, and for a better comparison, blood samples
from healthy individuals were also obtained in similar
conditions. A pair of tumor and marginal tissue samples were
taken from all the patients who were subjected to surgery at
Shafa Orthopedic Hospital and were kept immediately at -80 for
later assays (22). In this study, patients with different disease
satges and tumor grades were examined. The grading of bone
tumors is based on the degree of cellularity and cell
differentiation which is a valuable prognostic indicator for
patients with primary bone tumors (23, 24). Accordingly and
based on the pathology reports in this study and our previous
reports (18, 21), tumors were divided based on the degree of
differentiation into low (well-differentiated) and high (low-
differentiated) grades. Also based on the patient’s pathology
information, if the primary bone tumor of the patient had
metastasized to distant organs, this tumor was included in the
metastatic tumor category and if no evidence of distant
metastases was detected in the patient, the tumor was included
in the non-metastatic tumor group. This study collected the
primary bone tumor from both metastatic and non-metastatic
tumors. Also, a local recurrent bone tumor indicates tumor
returns one or more years after the patient finishes an initial
treatment. Additionally, patients who received a course of a
chemotherapy treatment at least 1 month before surgery were
considered as patients receiving chemotherapy regimen in the
current study. In terms of tumor characteristics in patients with
osteosarcoma tumors, 63.3% of tumors were high grade, 30% of
tumors were metastatic and 26.7% of tumors were recurrent.
Moreover, 46.7% of patients with osteosarcoma had tumor sizes
over 10 cm and 50% of patients received chemotherapy before
surgery. As previously described (21), for patients with
osteosarcoma, the combination of doxorubicin, cisplatin, and
methotrexate was applied as a chemotherapy treatment protocol.
Amongst patients with Ewing sarcoma, 66.7% of patients had a
high-grade tumor, 70% had a non-metastatic tumor, 76.7% had
a non-recurrent tumor, 40% had a big tumor size and 60%
received a chemotherapy regimen. For patients with Ewing
sarcoma, the combination of vincristine, cyclophosphamide,
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and doxorubicin was used for chemotherapy treatment. No
report of metastasis, tumor recurrent, and high grade tumor
was received for GCT patients enrolled in this study.

2.2 RNA extraction, cDNA synthesis, and
real-time PCR

To determine the IGF-1R gene expression level, total RNA
was extracted from fresh tumor and healthy bone tissue of each
patient using Trizol (Invitrogen, Grand Island, USA) following
the instructions. The Nanodrop spectrophotometer (Nanodrop
Technologies) and electrophoresis using 1% agarose gel were
applied for determining the quantity and integrity of the
extracted RNA from each patient. The PrimeScript First
Strand ¢cDNA Synthesis Kit (Takara, Japan) was used for
cDNA synthesis from RNA (1 pg) of each sample and the
SYBR Premix Ex Taq II (Takara, Japan) was utilized for
quantification of mRNA level using Applied Biosystems Step
One Plus, Real-Time System (Applied Biosystems, USA). To
normalize the IGF-1R expression, the B-actin expression level
was simultaneously assessed for all samples, and the reaction
running program was as: 10 minutes (95°C), 5 seconds (95°C,
40x), 20 seconds (55°C), and 35 seconds (60°C). The primer
sequences were as follows: IGF-1R forward primer: 5-
GGAACCTGAGAATCCCAATG -3, IGF-1R reverse primer:
5- GAGAGATGTGGCCTGAATC -3’ (Tm=57), B-actin
forward primer: 5-GAT CTC CTT CTG CAT CCT GT-3, B-
actin reverse primer: 5-TGG GCA TCC ACG AAA CTA C- 3’
(Tm=57). The PCR product length was evaluated using
electrophoresis and the primer specificity was confirmed by
evaluating their melt curve.

2.3 Assessment of serum IGF-1, IGFBP-1
and IGFBP-3 levels

The IGF-1, IGFBP-1, and IGFBP-3 levels in the serum of the
patients and healthy subjects were measured using ELISA assay kits
according to the manufacturer’s recommendations. A human IGF-
1 Quantikine ELISA Kit (R&D, USA, Cat No.# DG100B) with an
analytical sensitivity of 0.022 ng/mL, a Human IGFBP-3 Quantikine
ELISA Kit (R&D, USA, Cat No.# DGB300) with an analytical
sensitivity of 0.14 ng/mL and a Human IGFBP-1 DuoSet ELISA kit
(R&D, USA, Cat No.# DY871) with an analytical sensitivity of 31.1
pg/mL were applied in this regards.

2.4 Protein assessment via
immunohistochemistry

The local protein expression level of the IGF-1 receptor
was assessed in tumor and normal bone tissues via
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immunohistochemistry. The dilution of 1:100 of IGF-1R (Abcam,
USA, Cat No. # ab39675) and t1:200 of the anti-rabbit IgG HRP-
conjugated secondary antibody (Cell Signaling, the Netherlands,
Cat No. # 7074) was applied for staining. The tissue processing,
preparation, and staining protocol are based on our previously
described method. Briefly, the frozen tissue blocks were prepared
using Optimal Cutting Temperature (OCT) embedding medium
and tissues were fixed in paraformaldehyde (4%). The tissue
sections (10nm) were prepared using cryotome and incubated in
Triton (3%) for 30 minutes to induce membrane permeability
following appropriate washing. The non-specific antigenic sites
were blocked using goat serum (10%) and the tissue slides were
exposed to 1 pl of 3’-diaminobenzidine (DAB) chromogen and 20yl
of DAB substrate for 10 minutes. The stained tissues were evaluated
by a pathologist and the intensity of IGF-1R staining was
determined using Image ] software and the percentage of positive
reactivity was reported. In this regard, multiple images were taken
from each sample and were processed with software by converting
them to black-and-white images. The percentages of cells were
determined by setting up a threshold and the threshold was
adjusted by removing the background signals. The THC images
were analyzed based on the threshold and evaluated at least three
times in a blinded manner (25, 26). The weak intensity of IGF-1R
indicates <10% immune reactivity, the moderate intensity of IGF-
IR indicates 10-20% immune reactivity and the strong intensity of
IGF-1R indicates > 20% immune reactivity.

2.5 Statistical analysis

To analyze the gene expression level of the IGF-1 receptor, the

A% method was used that is based on the

comparative Ct (2
subtraction of the Ct of the IGF-1 receptor from the Ct of the -
actin, as an endogenous gene for each sample (tumor and/or
margin). The normal distribution of data was evaluated by
Kolmogorov-Smirnov analysis and according to the result, a
nonparametric Mann-Whitney U-test was applied to compare
the IGF-1 receptor gene expression level between different groups
(Results are illustrated in Figure 1, and statistical details are
provided in Supplementary Table 2). The parametric unpaired t-
test was used to analyze the IGF-1R protein level, IGF-1, IGFBP-1
and IGFBP-2 between different patient groups (Results are
illustrated in Figures 2, 4-6). The diagnostic value of the IGF-1R
gene and protein, IGF-1, IGFBP-1, and IGFBP-3 levels in patients
with bone cancer was calculated by the receiver operating
characteristic (ROC) curves and area under the curve (AUC), also
the optimal cut-off values points were defined based on Youden
index (27) (Results are illustrated in Table 1). The association of
IGF-1, IGFBP-1, IGFBP-3, and IGF-1R with demographic features
of patients with bone cancer was using Spearman’s correlation
coefficient test (Results are illustrated in Table 2). The logistic
regression was used to determine the possible effect of the IGF-1
axis in tumor features prediction (Results are illustrated in Table 3).
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FIGURE 1

The gene expression level of IGF-1R in osteosarcoma, Ewing sarcoma and GCT. The mean mRNA expression level of IGF-1R increased in bone
tumor (N=90) tissues compared to the adjacent noncancerous tissues (N=90) (A). The elevated level of expression was detected in
osteosarcoma (N=30), Ewing sarcoma (N=30) and GCT (N=30)compared to the margin tissues (30 tumor margin tissues that were obtained and
compared for each tumor group separately) also osteosarcoma (N=30) compared to the GCT (N=30) (B). The difference in the IGF-1R
expression in malignant (N=60) and benign tumors (N=30) is shown (C). The comparison of IGF-1R expression level in tumor subtypes including
tumor grade, chemotherapy-received status, metastasis, and recurrence is shown separately for osteosarcoma (D) and Ewing sarcoma (E). The
number of examined samples in each tumor subtype is shown in Supplementary Table 1. The statistical differences between groups are shown
as asterisks (*P <0.05, ***P <0.001, ****P<0.0001), (ns) indicates unspecific, (#) indicates P<0.0001 for comparing osteosarcoma and Ewing

sarcoma with adjacent noncancerous tissues.

The mean and standard error of the mean (SEM) of IGF-1R mRNA
level also IGF-1, IGFBP-1, and IGFBP-3 serum levels are reported
in the results with two decimal points for each sample group,
separately. The Graph Pad Prism Version 6 (Graph Pad Software,
San Diego California) and Statistical Package for Social Science
(SPSS v.16) was applied for statistical analysis, and P-values < 0.05
(two-tailed) were considered statistically significant.

3 Results

3.1 The IGF-1R gene expression level in
osteosarcoma, Ewing sarcoma and GCT

The gene expression analysis demonstrated a significant
increase in the mRNA level of IGF-1R in bone tumor tissues
compared to tumor margins (P < 0.0001) (Figure 1A). The
median of IGF-1R mRNA level was 0.1510for tumor tissues and
0.02900for tumor margins. The tumor tissues of osteosarcoma
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(0.2391) and Ewing sarcoma (0.1565) groups expressed higher
level of IGF-1R compared to the tumor margins (0.029) (P <
0.0001); while the difference between GCT (0.03356) and
margins was not notable (Figure 1B). Also, osteosarcoma and
Ewing sarcoma tumors expressed higher level of IGF-1R
compared to GCT tumors (P < 0.0001); while the difference
between osteosarcoma and Ewing sarcoma tumors was not
remarkable (Figure 1B). The malignant bone tumors (0.1999)
expressed a significant gene level of IGF-1R compared to benign
tumors (0.03356) (P < 0.0001) (Figure 1C). While comparing
osteosarcoma tumors as a matter of tumor features, it was
revealed that the IGF-1R mRNA level was significantly higher
in metastatic tumors (0.5007) compared to non-metastatic
tumors (0.1618) (P < 0.0001); however, the difference between
recurrent (0.2710) and non-recurrent (0.2088) tumors was not
statistically significant (Figure 1D). Also, no remarkable
difference was detected between high grade (0.2556) compared
to low grade tumors (0.2225), and chemotherapy-received
tumors (0.2225) compared to their opposite counterparts
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The IGF-1R protein expression level in primary bone tumors. The protein level of IGF-1R is represented as a positive reactivity percentage and
the level was increased in bone tumors (N=90) versus tumor margins (N=90) (A), also bone tumor subtypes versus adjacent noncancerous
tissues (B). The osteosarcoma tumors (N=30) expressed more IGF-1R protein compared to Ewing sarcoma (N=30) and GCT (N=30) (B). The
elevated level of IGF-1R protein in malignant tumors (N=60) versus benign tumors (N=30) is shown (C). The elevated IGF-1R protein level is
demonstrated in high-grade (N=19), metastatic (N=9) and recurrent (N=8) osteosarcoma tumors (D) and in metastatic (N=9) and recurrent
(N=7) Ewing sarcoma tumors (E). The number of examined samples in each tumor subtype is shown in Supplementary Table 1. The statistical
differences between groups are shown as asterisks (*P <0.05, **P <0.01, ***P <0.001, ****P<0.0001) and (ns) indicates unspecific. (#) indicates
P<0.0001 for comparing osteosarcoma, Ewing sarcoma, and GCT with adjacent noncancerous tissues.

(0.2864). Regarding Ewing sarcoma, both metastatic tumors
(0.3280) and recurrent tumors (0.3280) expressed a
significantly higher level of IGF-1R compared to non-
metastatic (0.1168) (P < 0.05) and non-recurrent tumors
(0.1234) (P < 0.001), respectively (Figure 1E). No remarkable
difference was detected while comparing the high-grade (0.1492)
and chemotherapy-received tumors (0.1850) to the low-grade
(0.1714) and tumors with no chemotherapy history (0.1193)
(Figure 1E). The detail of the group and intergroup comparison
of IGF-1R gene expression levels in primary bone tumor tissues
is illustrated in Supplementary Table 2.

3.2 The IGF-1R protein expression
level in osteosarcoma, Ewing sarcoma
and GCT

The staining intensity of IGF-1R protein was assessed in
tumor and margin tissues and the results are presented as the
percentage of positive reactivity. As shown in Figure 2, bone
tumors expressed a significantly higher level of IGF-1R protein
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compared to tumor margins (P < 0.0001) (Figure 2A). Moreover,
the IGF-1R protein level was considerably higher in osteosarcoma
tumors (P < 0.0001), Ewing sarcoma tumors (P < 0.0001) and
GCT (P < 0.01) compared to their matched noncancerous tumor
margins, respectively (Figure 2B). The IGF-1R protein over-
expression was detected in osteosarcoma tumors compared to
Ewing sarcoma (P=0.03) and GCT (P < 0.0001), also Ewing
sarcoma tumors compared to GCT (P < 0.0001) (Figure 2B).
The malignant bone tumors expressed more IGF-1R protein
compared to benign tumors (P < 0.0001) (Figure 2C). The IGF-
IR protein level was significantly increased in high-grade,
metastatic and recurrent osteosarcoma tumors compared to
low-grade (P=0.01), non-metastatic (P=0.002) and non-
recurrent tumors (0.008) (Figure 2D). Also, the IGF-1R protein
level was significantly elevated in metastatic and recurrent Ewing
sarcoma tumors compered to non-metastatic (P=0.0008) and
non-recurrent tumors (P < 0.0001) (Figure 2E). The IGF-1R
protein level in chemotherapy-received osteosarcoma and Ewing
sarcoma tumors showed no remarkable difference compared to
their opposite counterparts (Figures 2D, E). The representative
images of bone tumor tissues histopathology using hematoxylin
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TABLE 1 The value of IGF axis to discriminate between different groups of primary bone tumors (ROC curve information).

Variable Cutoff point Sensitivity (%) Specificity (%)

IGF-1 Patient Vs. Control >173.8 95.56 100.0 0.9878 <0.0001
IGF-1 Malignant Vs. Control > 252.6 98.33 100.0 0.9922 <0.0001
IGF-1 Benign Vs. Control >173.8 90.00 100.0 0.9789 <0.0001
IGF-1 Malignant Vs. Benign > 378.7 76.67 80.00 0.8189 <0.0001
IGFBP-1 Patient Vs. Control > 33.65 71.11 63.33 0.6869 0.0022
IGFBP-1 Malignant Vs. Control > 32.34 88.33 56.67 0.7672 <0.0001
IGFBP-1 Benign Vs. Control > 33.80 53.33 63.33 0.5261 0.7283
IGFBP-1 Malignant Vs. Benign > 41.25 53.33 83.33 0.7272 0.0005
IGFBP-3 Patient Vs. Control > 2.260 86.67 90.00 0.9335 <0.0001
IGFBP-3 Malignant Vs. Control > 2.630 93.33 96.67 0.9869 <0.0001
IGFBP-3 Benign Vs. Control > 2.260 63.33 90.00 0.8267 <0.0001
IGFBP-3 Malignant Vs. Benign > 3.275 83.33 83.33 0.8889 <0.0001
IGF-1R Patient Vs. Normal margin > 0.09488 68.89 75.56 0.7294 <0.0001
(Gene)

IGF-1R Malignant Vs. Normal margin > 0.09488 86.67 75.00 0.8354 <0.0001
(Gene)

IGF-1R Benign Vs. Normal margin > 0.1568 26.67 90.00 0.5117 0.8766
(Gene)

IGF-1R Malignant Vs. Benign > 0.06304 90.00 63.33 0.8081 <0.0001
(Gene)

IGF-1R Patient Vs. Control >10.13 87.78 100.0 0.9435 <0.0001
(Protein)

IGF-1R Malignant Vs. Control >15.03 100.0 100.0 1.000 <0.0001
(Protein)

IGF-1R Benign Vs. Control > 8.935 70.00 96.67 0.8306 <0.0001
(Protein)

IGF-1R Malignant Vs. Benign > 19.98 100.0 100.0 1.000 <0.0001
(Protein)

and eosin (H&E) staining are illustrated in Figures 3A-C, also the
images of IGF-1R immunohistochemistry staining with different
intensities of immune reactivity are shown in Figures 3D-I.

3.3 The IGF-1, IGFBP-1 and IGFBP-3
level in osteosarcoma, Ewing sarcoma
and GCT

The circulating level of IGF-1 in serum of patients indicated
the elevation of IGF-1 in patients (475.3 + 24.62) compared to
healthy controls (110 + 5.12) (P < 0.0001) (Figure 4A). The IGF-
1 level increased significantly in osteosarcoma (624.3 + 52.92),
Ewing sarcoma (467.4 + 18.80) and GCT (334.2 + 31.17) groups
compared to healthy controls (110.8 + 28.18) (P < 0.0001); also
patients with osteosarcoma produced a significant higher level of
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IGF-1 compared to patients with Ewing sarcoma (P=0.04) and
GCT (P < 0.0001) (Figure 4B). The difference of IGF-1level
between Ewing sarcoma and GCT was considerable (P < 0.0001)
(Figure 4B). The IGF-1level between malignant (545.8 + 29.67)
and benign (334.2 + 31.17) tumors was statistically significant
(P < 0.0001) (Figure 4C). In addition, the high-grade (733.9 +
70.71) vs low-grade (435.1 + 31.20) (P=0.0007), metastatic
(897.4 + 79.2) vs non-metastatic (507.2 + 40.78) (P=0.0002)
and recurrent (937.2 + 98.38) vs non-recurrent (510.5 + 42.35)
(P < 0.0001) osteosarcoma tumors expressed statistically
significant amount of IGF-1 compared to their opposite
counterparts (Figure 4D). The difference of IGF-1 level
between high-grade (497.7 + 21.73) vs low-grade (406.7 +
28.47) (P=0.003), metastatic (542.6 + 34.86) vs non-metastatic
(435.1 + 85.83) (P=0.004) and recurrent (565.9 + 40.89) vs non-
recurrent (437.4 + 17.14) (P=0.004) Ewing sarcoma tumors was
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TABLE 2 The association of IGF-1, IGFBP-1, IGFBP-3 and IGF-1R with bone cancer different features.

Tumor Tumor
(Gene expression) (Protein expression)

Variable IGF-1R IGF-1R
Age

Correlation -0.004 0.183 0.108 0.075 0.030

P value 0.970 0.085 0.313 0.487 0.778
Tumor size

Correlation 0.361** 0.272%* 0.404** 0.419** 0.548**

P value 0.0001 0.010 0.0001 0.0001 0.0001
Malignancy

Correlation 0.521** 0.371** 0.635%* 0.503** 0.817**

P value 0.0001 0.0001 0.0001 0.0001 0.0001
Tumor grade

Correlation 0.586** 0.360** 0.583** 0.309** 0.592%*

P value 0.0001 0.0001 0.0001 0.003 0.0001
Metastasis

Correlation 0.482** 0.346** 0.423** 0.562** 0.581**

P value 0.000 0.001 0.000 0.0001 0.0001
Recurrence

Correlation 0.501** 0.393** 0.374** 0.398** 0.554**

P value 0.0001 0.0001 0.0001 0.0001 0.0001
IGF-1

Correlation 1.000 0.360** 0.615%* 0.430** 0.571**

P value 0.0001 0.0001 0.0001 0.0001
IGFBP-1

Correlation 0.360** 1.000 0.489** 0.196 0.429**

P value 0.0001 0.0001 0.064 0.0001
IGFBP-3

Correlation 0.615** 0.489** 1.000 0.409** 0.682**

P value 0.0001 0.0001 0.0001 0.0001
IGF-1R gene

Correlation 0.430** 0.196 0.409** 1.000 0.561**

P value 0.0001 0.064 0.0001 0.0001
IGF-1R protein

Correlation 0.571** 0.429** 0.682** 0.561** 1.000

P value 0.0001 0.0001 0.0001 0.0001
P <0.01.
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TABLE 3 The regression of IGF axis (Logistic regression).

10.3389/fonc.2022.1096438

Dependent Independent variable (0] 95% ClI P value
Malignancy IGF-1 0.999 0.996-1.002 0.449
(Benign Vs. Malignant)
IGFBP-1 1.52 0.00- 0.999
IGFBP-3 35.89 0.00- 0.999
IGF-1R (Gene) 1.20 0.00- 0.996
IGF-1R (Protein) 1.80 0.00- 0.987
Tumor grade IGF-1 1.00 1.00-1.01 0.050*
(Low grade Vs. High grade)
IGFBP-1 1.00 0.95-1.07 0.898
IGFBP-3 1.80 0.77-4.21 0.173
IGF-1R (Gene) 0.34 0.01-13.47 0.568
IGF-1R (Protein) 1.13 1.03-1.24 0.013*
Metastasis IGF-1 1.00 1-1.01 0.412
(Negative Vs. Positive)
IGFBP-1 1.06 0.87-1.28 0.558
IGFBP-3 0.97 0.12-8.19 0.977
IGF-1R (Gene) 1.13 1.05-1.22 0.002*
IGF-1R (Protein) 1.29 1.03-1.61 0.028*
Recurrence IGF-1 1.01 1.00-1.01 0.017*
(Negative Vs. Positive)
IGFBP-1 1.09 0.98-1.22 0.115
IGFBP-3 0.33 0.08-1.36 0.124
IGF-1R (Gene) 1.23 0.02-98.50 0.925
IGF-1R (Protein) 1.20 1.03-1.40 0.019*

*P <0.05.

statistically significant (Figure 4E). The IGF-1 level showed no
remarkable different between chemotherapy-received patients
with osteosarcoma and Ewing sarcoma compared to their
opposite counterparts. As illustrated in Figure 5A, the elevated
level of IGFBP-1 was detected in patients with bone tumors
(38.47 + 1.15) compared to healthy subjects (32.48 + 1.55)
(P=0.007). The IGFBP-1 level was increased a significantly in
patients with osteosarcoma (43.70 + 2.23) (P=0.0001) and Ewing
sarcoma (38.82 + 1.29) (P=0.002) compared to the healthy
controls (32.48 + 1.55); while no significant difference was
detected between osteosarcoma and Ewing sarcoma. Also,
GCT (32.90 * 1.55) group expressed significantly lower level
of IGFBP-1 compared to osteosarcoma (P=0.0005) and Ewing
sarcoma (P=0.01) groups (Figure 5B). The IGFBP-1 level in
serum of patients with malignant tumors (41.26 + 1.32) was
higher compared to patients with benign tumors (32.90 + 1.86)
(P=0.0004) (Figure 5C). The patients with metastatic (50.46 +
3.29) and recurrent (52.11 * 3.29) osteosarcoma tumors

Frontiers in Oncology

09

produced a significantly higher level of IGFBP-1 compared to
patients with non-metastatic (40.80 + 2.66) (P=0.04) and non-
recurrent (40.64 + 2.53) (P=0.009) osteosarcoma tumors
(Figure 5D). The IGFBP-1 level showed no statistically
significant difference in patients with different subtypes of
Ewing sarcoma (Figure 5E). As shown in Figure 6A, the
IGFBP-3 level was increased significantly in patients with
tumors (3.53 £ 0.13) compared to healthy subjects (1.63 +
0.08) (P < 0.0001). The notable increase in the IGFBP-3 level
was detected in patients with osteosarcoma (4.39 + 0.25), Ewing
sarcoma (3.75 + 0.12) and GCT (2.53 + 0.15) compared to
healthy controls (1.63 + 0.08) (P < 0.0001); also the difference
between patients with osteosarcoma compared to Ewing
sarcoma (P=0.003) and GCT (P < 0.0001); and/also Ewing
sarcoma and GCT (P < 0.0001) was remarkable (Figure 6B).
Accordingly, patients with malignant tumors (4.04 + 0.14)
produced higher level of IGFBP-3 in serum compared to
patients with benign tumors (2.50 = 0.15) (P < 0.0001)
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FIGURE 3

magnification for (A-E) is 40 and for (F-I) is 200.

The immunohistochemistry staining of IGF-1R protein. The representative images for hematoxylin and eosin (H&E) staining of the osteosarcoma
tumor tissue (A), Ewing sarcoma (B, C), and GCT (D, E) are shown. The negative immunereactivity of IGF-1R using immunohistochemistry is
shown (F). The weak staining intensity (G), the moderate intensity (H), and the strong intensity (I) of IGF-1R staining are shown. The scale of

(Figure 6C). The patients with metastatic (5.51 + 0.57) and
recurrent (5.64 + 0.66) osteosarcoma tumors showed higher
level of IGFBP-3 in the serum compared to non-metastatic
(3.91 = 0.20) (P=0.001) and non-recurrent (3.93 * 0.18)
(P=0.001) osteosarcoma tumors (Figure 6D). However,
between different Ewing sarcoma subtypes, only patients with
high-grade tumor (3.93 + 0.13) expressed a significant elevated
level of IGFBP-3 compared to patients with low-grade tumor
(3.24 % 0.17) (P=0.005) (Figure 6E).

3.4 The association of IGF-1 axis with
different demographic features of
patients and the diagnostic values

Examining the relationship between levels of IGF-1, IGFBP-1,
IGFBP-3, and/also IGF-1R gene and protein expression level with
patient age, tumor size, tumor grade, metastasis, tumor
recurrence, and malignancy showed the positive correlation
between the mentioned tumor features with IGF-1, IGFBP-1,
IGFBP-3 and IGF-1R gene and protein expression level. No
association was detected regarding the patient’s age and IGF-1
axis that required to be validated by further studies. The IGF-1,
IGFBP-3, and IGF-1R gene and protein levels were also
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significantly correlated with each other; while the IGFBP-1 level
in serum correlated significantly just with IGF-1, IGFBP-3, and
IGF-IR protein level (The results are shown in Table 2 and the
specificity (p-value) of each factor is illustrated). Additionally, by
using a logistic regression model (Table 3) and based on IGF-1R
protein level, the model could predict significantly the tumor
grade (P=0.013), metastasis (P=0.028) and tumor recurrence
(P=0.019). Also based on the IGF-1 level and IGF-1R gene
expression, the model could predict significantly the tumor
grade (P=0.05) and tumor metastasis (P=0.02), respectively.
Notably, the diagnostic value of IGF-1, IGFBP-1, IGFBP-3, and/
also IGF-1R gene and protein expression in patients with different
subtypes of primary bone tumors using ROC curve analysis
showed that the IGF-1 levels differed between patients with
bone tumors and healthy controls (Cut off > 173.8, AUC=0.98,
P<0.0001), patients with a malignant tumor and healthy controls
(Cut off > 252.6, AUC=0.99, P<0.0001), patients with benign
tumor and healthy controls (Cut off > 173.8, AUC=0.97,
P<0.0001) and patients with bone malignant and benign tumor
(Cut off > 378.7, AUC=0.81, P<0.0001); IGFBP-1 level differed
significantly between patients with bone tumors and healthy
controls (Cut off > 33.65, AUC=0.68, P=0.002), patients with a
malignant tumor and healthy controls (Cut off > 33.34,
AUC=0.76, P<0.0001) and patients with bone malignant and
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The circulating level of IGF-1 in patients with primary bone tumors. The amount of IGF-1 level in the serum of subjects (patients and healthy
controls) was detected using ELISA assay. The increased IGF-1 level was detected in patients with bone tumors (N=90) versus healthy controls
(N=30) (A). The osteosarcoma group (N=30) expressed a higher level of IGF-1 compared to the Ewing sarcoma (N=30) and GCT(N=30); while
the IGF-1 level was higher in all tumor subtypes compared to the healthy subjects (N=30) (B). Patients with malignant tumors (N=60) showed
more IGF-1 levels (C) and the high-grade (N=19), metastatic (N=9), and recurrent (N=8) osteosarcoma (D) and the high-grade (N=20),
metastatic (N=9), and recurrent (N=7) Ewing sarcoma patients showed a higher circulating level of IGF-1 compared to their opposite
counterparts. The number of examined samples in each tumor subtype is shown in Supplementary Table 1. The statistical differences between
groups are shown as asterisks (*P < 0.05, **P <0.01, ***P <0.001, ****P<0.0001), and (ns) indicates unspecific. (#) indicates P<0.0001 for

comparing osteosarcoma, Ewing sarcoma, and GCT with healthy subjects.

benign tumor (Cut off > 41.25, AUC=0.72, P=0.0005).
Accordingly, IGFBP-3 levels differed significantly between
patients with bone tumors and healthy controls (Cut off > 2.26,
AUC=0.93, P<0.0001), patients with a malignant tumor and
healthy controls (Cut off > 2.63, AUC=0.98, P<0.0001), patients
with benign tumor and healthy controls (Cut off > 2.26,
AUC=0.82, P<0.0001) and patients with bone malignant and
benign tumor (Cut off > 3.27, AUC=0.88, P<0.0001); while IGF-
1R gene level of expression differed significantly between patients
with bone tumors and healthy controls (Cut off > 0.09, AUC=0.72,
P<0.0001), patients with a malignant tumor and healthy controls
(Cut off > 0.09, AUC=0.83, P<0.0001) and patients with bone
malignant and benign tumor (Cut off > 0.06, AUC=0.80,
P<0.0001). Also, the IGF-1R protein level of expression differed
significantly between patients with bone tumors and healthy
controls (Cut off > 10.13, AUC=0.94, P<0.0001), patients with a
malignant tumor and healthy controls (Cut off > 15.03, AUC=I,
P<0.0001), patients with benign tumor and healthy controls
(Cut off > 8.93, AUC=0.83, P<0.0001) and patients with
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bone malignant and benign tumor (Cut off > 19.98,
AUC=1, P<0.0001).

4 Discussion

Bone sarcomas, as mesenchymal-originated tumors represent
distinct neoplasms with tumoral heterogeneity their prevalence in
the pediatric population is significant (17). The variability of
response to chemotherapy treatment and lack of appropriate
response in some patients is still a noticeable challenge in
primary bone tumor therapy (28). Given the dismal prognosis
of bone tumors and the inefficiency of current therapies, more
effective treatment strategies and efficient diagnostic methods are
urgently required. There is increasing evidence suggesting that the
IGF-1 receptor and related mediators promote the growth,
metabolism, and differentiation of cancer cells (29). The
multifactorial IGF-1 family consists of IGF ligands, receptor and
binding proteins that exhibits aberrant expression in favor of
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FIGURE 5

The IGFBP-1 level in patients with primary bone tumors. The IGFBP-1 level is increased in patients with bone tumors (N=90) versus healthy
controls (N=30) (A), patients with osteosarcoma (N=30) and Ewing sarcoma (N=30) compared to the healthy controls (N=30) and GCT group
(N=30) (B). The patients with malignant tumors (N=60) expressed a higher levels of IGFBP-1 (C); while comparing the tumor subtypes, patients
with metastatic (N=9) and recurrent (N=8) osteosarcoma tumors showed higher IGFBP-1 level compared to their opposite counterparts (D) and
no significant difference was detected in Ewing sarcoma subtypes (E). The number of examined samples in each tumor subtype is shown in
Supplementary Table 1. The statistical differences between groups are shown as asterisks (*P <0.05, **P <0.01, ***P <0.001), and (ns) indicates
unspecific. (a) indicates P=0.0001, (b) indicates P=0.002 and (c) indicated P=0.864 for comparing osteosarcoma, Ewing sarcoma, and GCT with

healthy subjects.

cancer genesis in various tumor types (2). According to the
cooperative role of the IGF family in bone homeostasis and
regulatory effects in bone length and growth, the hypothesis of
their influence on the pathogenesis of bone tumors becomes
stronger (10). Examining the IGF-1 family revealed an increase
in the gene and protein level of IGF-1R in bone tumors of
osteosarcoma and Ewing sarcoma compared to tumor margins
as well as the circulating level of IGF-1, IGFBP-, and IGFBP-3 in
these patients. The association of the IGF-1 axis with the severity
of the tumor (grade and size) and tumor metastasis and
recurrence indicates its possible role in the progression of
osteosarcoma and Ewing sarcoma. In support of our data, the
elevated level of IGF-1R mRNA and protein in osteosarcoma
tissue and its correlation with tumor stage and distant metastasis
was reported (30). Moreover, the local expression of IGF-1R (31),
and the circulating expression of IGF-1 and IGFBP-3 (32) were
detected in patients with Ewing sarcoma. Based on our data, no
noticeable changes in the IGF-1R gene and protein, but a relative
increase in circulating levels of IGF-1, IGFBP-1, and 3 were
detected in GCT tissues and serum. Comparing the
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osteosarcoma, Ewing sarcoma, and GCT groups, the over-
expression of the IGF-1 axis was more prominent in
osteosarcoma and Ewing sarcoma compared to GCT which
might be influenced by higher tumor grades and disease stages
in these groups. It was shown that the expression level of IGF-1 in
recurrent GCT was significantly higher than in non-recurrent
GCT subjects (33); however, GCT cases in our study were GCT
patients without recurrence. Most of the studies in the literature
regarding the IGF-1 axis in bone tumor pathogenesis are focused
on determining the functional mechanism of this axis. Evidence
revealed that IGF-1R downstream signaling through MEK/ERK
pathway (34) and Akt activation mediates migration and invasion
of osteosarcoma cells (30). Interestingly, IGF-1 stimulates
collagen-1 production in osteosarcoma cells that can further
arrange cells, shape, behavior, and proliferation (35). Another
study showed that IGFBP-3 induced the expression of VCAM-1
and mediates the migration of human osteosarcoma cells through
the activation of PI3K, Akt, and AP-1 signaling pathways (36). It
seemed that the effect of the IGF-1 axis on the expression or
activity of extracellular matrix (ECM) components facilitates bone
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The IGFBP-3 level in patients with primary bone tumors. Patients with bone tumors (N=90) showed a higher level of IGFBP-3 in the serum
compared to healthy subjects (N=30) (A). A significant elevation of IGFBP-3 was detected in osteosarcoma (N=30), Ewing sarcoma (N=30) and
GCT (N=30) compared to healthy subjects (N=30) also osteosarcoma and Ewing sarcoma group compared to GCT group (B). The IGFBP-3 level
in patients with malignant tumors (N=60) was considerable compared to the benign group (N=30) of tumors (C). Patients with metastatic (N=9)
and recurrent (N=8) osteosarcoma tumors (D) and patients with high-grade (N=20) Ewing sarcoma tumors expressed a higher level of IGFBP-3
compared to their opposite counterparts (E). The number of examined samples in each tumor subtype is shown in Supplementary Table 1. The
statistical differences between groups are shown as asterisks (**P <0.01, ****P <0.0001), and (ns) indicates unspecific. (#) indicates P<0.0001 for

comparing osteosarcoma, Ewing sarcoma, and GCT with healthy subjects.

tumor cell promotion. Accordingly, blockage of IGF-1R caused
down-regulation of matrix metalloproteinase-2 (MMP-2) and
MMP-9 and suppress migration of human osteosarcoma (OS)
MG-63 cells (37). In support of this, our previously published data
showed the over-expression of MMP-9 and its association with
tumor recurrence and metastasis of osteosarcoma and Ewing
sarcoma (21). The simultaneous increase of IGF-1R and its
associated mediators in the same set of samples in our current
study can confirm the possible role of the IGF-1 axis on the
change of ECM proteases in favor of bone cancer cell invasion.
Moreover, the effect of exogenous biglycan on the activation of
IGF-1R and the mediatory role of B-catenin hypothesize the
plausible effect of B-catenin/IGF-1R signaling pathway in
controlling the osteosarcoma cell growth (38). Notably, -
catenin showed clinical significance and positive association
with primary bone tumor aggressiveness in our previous study
which can emphasize the possible relation of IGF-1R and B-
catenin in bone tumor pathogenesis (22). Regarding the
stimulating or inhibiting role of the IGF-1 axis in the
pathogenesis of Ewing sarcoma, the evidence is conflicting. It
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was shown that the high level of IGF-1 in the serum of patients
with Ewing sarcoma was correlated with a lower risk of tumor
progression (31). In addition, the improved overall survival (OS)
and event-free survival of patients with Ewing sarcoma were
correlated with an elevated level of IGF-1 and IGFBP3 (32).
Also, it was illustrated that exogenous IGFBP3 reduced Ewing
sarcoma motility and growth (39). Data from the current study
showed over-expression of IGF-1R, IGF-1, IGFBP-1, and 3 in
local tumor tissues and serum of patients with Ewing sarcoma.
Although the circulating level of IGFBP-1 and 3 showed no
significant correlation with tumor metastasis and recurrence in
Ewing sarcoma; this correlation was significant for tumor relapse
and metastasis of osteosarcoma patients. The observed difference
may be due to the different etiology of Ewing sarcoma regarding
the specific chromosomal translocation t (11, 22)(q24;q12) in
these tumors that is required for encoding the fusion protein,
EWS:FLIL, which is a modifier and acts as a master regulator of
Ewing sarcoma (40). It was shown that inhibition of EWS:
FLIlprotein was associated with reduced IGF-1/IGF-1R
signaling and induced Ewing sarcoma apoptosis and death that
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is postulated to be related to the interaction of IGF-1R and focal
adhesion kinase (FAK) (41). Investigating the relevance of IGF-1R
over-expression with poor outcomes and survival of Ewing
sarcoma remained inconclusive (42) and it seemed that
contradictions need to be verified by future mechanistic surveys.
In the current study the diagnostic value of the IGF-1 axis to
discriminate patients with osteosarcoma and Ewing sarcoma from
healthy subjects was considerable; to propose this axis as a
diagnostic marker, more samples need to be examined.

Ultimately, it should be noted that this study had some
limitations. First, the relationship between the age of the patients
and the level of the IGF-1 axis in this study was inconclusive.
Considering that IGF-1 secretion occures in an age-dependent
manner and its level is increased during puberty (43), it is
possible that an unequal distribution of patients in terms of
age in this study may lead to the lack of appropriate conclusions
in this field and investigating the relationship between the age of
patients with bone tumors and the level of IGF axis production
should be perused in future studies. Second, the relationship
between the effect of receiving chemotherapy treatment on the
level of IGF-1 axis in patients with malignant bone tumors was
inconclusive, and investigating the relationship between
receiving chemotherapy treatment and the rate of response to
treatment in patients as well as changes in tumor histology on
circulating and local IGF-1 axis levels should be investigated in
future studies.

5 Conclusion

Due to the comprehensive investigation of the local and
circulating expression profile of the important effectors of the
IGF-1 axis in three types of common bone tumors, our study can
provide important evidence for the more effective design of
chemotherapy treatments based on the inhibitors of this axis.
Over-expression of the IGF-1 axis may account for an as
negative prognostic biomarker for patients suffering from
primary bone cancers especially osteosarcoma.
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