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Summary

Purpose: To detect protein expressions of insulin-like 
growth factor II messenger ribonucleic acid-binding protein 
3 (IMP3) and vascular endothelial growth factor (VEGF) in 
osteosarcoma tissues and explore the relationships of pro-
tein expressions of IMP3 and VEGF with stage, microvessel 
density (MVD) and pulmonary metastasis of osteosarcoma 
patients.

Methods: Immunohistochemical staining was used to de-
tect protein expressions of IMP3 and VEGF in 37 cases of 
osteosarcoma, and their correlations with stage, MVD and 
pulmonary metastasis of osteosarcoma patients were ana-
lyzed in combination with clinical data. 

Results: Protein expressions of IMP3 and VEGF in osteosar-
coma were significantly higher than those in normal tissues 

adjacent to the tumor (p<0.05, p<0.05). The distribution of 
stage III in osteosarcoma patients with high protein expres-
sions of IMP3 and VEGF increased. With the enhancement 
of protein expressions of IMP3 and VEGF, MVD elevated, 
the probability of pulmonary metastasis increased, and the 
survival time decreased markedly in osteosarcoma patients.

Conclusions: High expressions of IMP3 and VEGF are posi-
tively correlated with stage, MVD and pulmonary metastasis 
of osteosarcoma, and can be applied as potential indicators 
of the malignant degree of osteosarcoma and the prognosis 
of patients.
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Introduction

 As one of the most common primary malignant 
tumors that are prone to occur in people aged 10-
30 years old, osteosarcoma is mainly detected in 
the metaphysis with active growth and character-
ized by relatively strong invasion and metastasis, 
which seriously endangers the health of the young 
population [1,2]. About 20% of osteosarcoma pa-
tients have pulmonary metastasis at presentation, 
and 85% die within 2 years after the diagnosis. The 
5-year survival rate can reach 30-50% only after 
exposing to the most active treatment in time. Cur-
rently, there is no reliable and effective means of 
early diagnosis and treatment [3]. Therefore, find-
ing out new reliable and effective treatment meth-

ods or approaches has always been an important 
subject in bone tumor studies.
 Up to now, although chemotherapy drugs have 
been actively applied in clinic to delay or change 
the occurrence, location and time of metastasis, 
patients still have a 70-85% recurrence rate with-
in one year. Studies have stated that metastasis 
is a biological characteristic of malignant tumors, 
which occurs in about 1/3 of osteosarcoma pa-
tients, with pulmonary metastasis being the most 
common one [4,5]. Moreover, for most patients 
with pulmonary metastasis, surgery is no longer 
applicable. Therefore, it is a pressing scientific 
challenge for researchers to explore the mecha-
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nisms of occurrence, development, invasion and 
metastasis of osteosarcoma. With the progress of 
molecular biological technology, scholars in China 
and foreign countries have conducted some studies 
on osteosarcoma at the molecular level, however, 
further investigations are still needed due to the 
complex pathogenesis of osteosarcoma [6].
 In recent years, it has been denoted in studies 
that insulin-like growth factor II messenger ribo-
nucleic acid-binding protein 3 (IMP3) is largely in-
volved in the regulation of tumor occurrence, devel-
opment and other processes [7,8]. It is an insulin-like 
growth factor RNA binding protein located on hu-
man chromosome 7 and is transcribed and translat-
ed from IGF2BP3 gene. Recent studies have discov-
ered that IMP3 is not expressed in healthy human 
tissues, but has a notably up-regulated expression 
in pancreatic cancer, bladder cancer and liver can-
cer, which indicates a poor prognosis. Yet, there 
are few reports on its role in osteosarcoma [9-11].
 Another study result pointed out that angio-
genesis changes abnormally in the occurrence and 
metastasis of tumors. Tumor cells enter the circula-
tory system along with new blood vessels and then 
transfer to other organs. The tumor will further de-
teriorate due to the nourishing effect of new blood 
vessels [12]. Among multiple factors promoting 
angiogenesis, vascular endothelial growth factor 
(VEGF) is the most crucial regulator with the most 
evident effect [13]. A study has proved that VEGF ex-
pression is an independent prognostic factor for ma-
lignant tumor patients, but there are few studies on 
the relationship of VEGF expression with microves-
sel density (MVD) and pulmonary metastasis [14].
 As a result, this study collected tissue sections 
from 37 osteosarcoma patients in our hospital, and 
detected the protein expression levels of IMP3 and 
VEGF in osteosarcoma patients with and without 
pulmonary metastasis by immunohistochemical 
staining, to explore and determine the correlations 
of expressions of IMP3 and VEGF with stage, MVD 
and pulmonary metastasis of osteosarcoma. The 
report is as follows. 

Methods 

Specimen source and clinical data

 Specimens were collected from 37 recorded cases 
of osteosarcoma in the oncology pathology department 
of our hospital from June 2013 to June 2016. Besides, 
9 specimens of corresponding paraneoplastic tissues 
(over 5 cm away from the cutting edge of tumor tissues) 
were taken. Specimens excised during the surgery and 
confirmed by clinical pathology as osteosarcoma were 
immersed in 4% paraformaldehyde for fixation, conven-
tionally embedded in paraffin and serially sectioned with 
a thickness of 5 μm. All patients were never treated with 

radiotherapy or chemotherapy, among whom 21 were 
male and 18 were female. The onset age was in the range 
of 9-65 years old, with an average age of (23.8±14.6) 
years old. Pulmonary metastasis occurred in 15 cases. 
The Ethics Committee of our hospital approved this pro-
ject and all patients signed the informed consent.

Reagents and methods

 Rabbit anti-IMP3 and VEGF antibodies were pur-
chased from Beijing Bioss Biotech Co., Ltd. (Beijing, 
China). The universal streptomycin-biotin-peroxidase 
(SP) test kit was purchased from Beijing Solarbio Sci-
ence and Technology Co., Ltd. (Beijing, China). SP im-
munohistochemical method was adopted to detect the 
expressions of IMP3 and VEGF in osteosarcoma and 
adjacent tissues. The working concentration of IMP3 
and VEGF was 1: 100. According to the instructions, the 
slices were dehydrated in xylene and ethanol, endog-
enous enzymes were inactivated with the help of 3% 
H2O2 solution, confining liquid was added, IMP3 and 
VEGF primary antibodies were incubated respectively. 
After washing with phosphate buffer saline (PBS) solu-
tion, goat anti-rabbit IgG working solution was added, 
and incubation was carried out for 20 min. Then incuba-
tion with streptavidin-PDO working solution for 30 min 
and diaminobenzidine (DAB) coloration were performed, 
hematoxylin was added dropwise to dye the nuclei, and 
the staining was observed under a microscope.

Determination of immunohistochemical results

 The results were assessed based on the staining in-
tensity and the quantity of positive cells. Scoring accord-
ing to the staining intensity of cells: colorless (0 point), 
weakly positive (1 point), moderately positive (2 points) 
and strongly positive (3 points). The number of positive 
cells in 10 high power fields was randomly observed 
and counted. Scoring based on the number of positive 
cells: <5% (0 point), 6-25% (1 point), 26-50% (2 points), 
51-75% (3 points) and >75% (4 points). After reviewing 
the above two indicators, statistics and Σpi scoring, the 
total score <2 points was regarded as negative and ≥2 
points as positive.

Follow-up

 After treatment, all of the 37 patients received regu-
lar outpatient review or telephone contact to collect data, 
with a follow-up rate of 100%. The disease progression 
and survival time of patients were recorded in detail. The 
survival time (month) was from the date of diagnosis of 
osteosarcoma to the date of death or final follow-up.

Statistics

 The correlation analysis of IMP3 and VEGF and clin-
icopathological features of osteosarcoma was conducted 
by χ2 and Fisher exact test. The presence or absence of 
pulmonary metastasis and survival time of patients were 
estimated by Kaplan-Meier survival curves and tested by 
Log-rank. All data were analyzed by Statistical Product 
and Service Solutions (SPSS) 15.0 software (SPSS Inc., 
Chicago, IL, USA), and p<0.05 suggested that the differ-
ence was statistically significant.
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Results

Protein expressions of IMP3 and VEGF in osteosar-
coma and adjacent tissues

 The results of immunohistochemical staining 
method are shown in Figure 1A, 1B, the protein 
expressions of IMP3 and VEGF in osteosarcoma 
are located in the cytoplasm, and if IMP3 and VEGF 
are expressed, cytoplasm will be stained yellowish-
brown. Statistics displayed that the expression of 
IMP3 in osteosarcoma tissues was higher than that 
in adjacent tissues (p<0.05) (Table 1). Similarly, 
the protein expression of VEGF in osteosarcoma 
tissues was higher than that in adjacent tissues 
(p<0.05) (Table 2).

Relationships of protein expressions of IMP3 and 
VEGF with the stage of osteosarcoma

 In this study, Enneking surgical staging sys-
tem used in bone tumors was chosen, 6 cases were 
in low-grade malignant stage (stage I) with the 
protein expression of IMP3 positive in 1 case and 
negative in 5 cases and that of VEGF positive in 
5 cases and negative in 1 case, 21 cases were in 
high-grade malignant stage (stage II) with the pro-

tein expression of IMP3 positive in 19 cases and 
negative in 2 cases and that of VEGF positive in 20 
cases and negative in 1 case, and 10 cases were in 
distant metastasis stage (stage III) with the pro-
tein expressions of IMP3 and VEGF positive in all 
of them. Chi-square partition results showed that 
there were statistical significances between stage 
II and stage III in terms of protein expressions of 
IMP3 and VEGF (p<0.05, p<0.05), as shown in Table 
3 and Table 4. The above results indicate that high 
expressions of IMP3 and VEGF are closely related 
to the stage of osteosarcoma.

Relationships of protein expressions of IMP3 and 
VEGF with MVD

 The number of microvessels in the vascular 
density areas under 5 high power fields was count-
ed, and the average value was MVD. In 37 osteo-
sarcoma tissue specimens, the protein expression 
of IMP3 was positive in 34 cases and negative in 
3 cases, and the protein expression of VEGF was 
positive in 35 cases and negative in 2 cases. With 
the enhancement of MVD, the positive expression 
proportions of IMP3 and VEGF were remarkably 
elevated (p<0.05, p<0.05). The correlation analysis 

Figure 1. Staining results of IMP3 and VEGF in osteosarcoma and adjacent tissues (40×). (A) Expression of IMP3,
(B) Expression of VEGF.

Figure 2. Relationships of protein expressions of IMP3 and VEGF with overall survival time of osteosarcoma patients. 
(A) The effect of expression of IMP3 on the survival time of osteosarcoma patients (p>0.05). (B) The effect of expression 
of VEGF on the survival time of osteosarcoma patients (p>0.05).
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results are shown in Table 5 and Table 6, indicat-
ing that high expressions of IMP3 and VEGF are 
closely related to MVD.

Relationships of protein expressions of IMP3 and 
VEGF with pulmonary metastasis

 Before the operation, the positive expression 
rates of IMP3 and VEGF were 76.92% and 72.72% 
respectively in patients with pulmonary metasta-
sis, which were higher than those in patients with-
out pulmonary metastasis (29.17% and 30.77%, 
respectively) (p<0.05, p<0.05). In the follow-up pe-
riod, pulmonary metastasis occurred respectively 
in 5 cases with IMP3 expression and no pulmonary 
metastasis and 6 cases with VEGF expression and 
without pulmonary metastasis or before the opera-
tion. The pulmonary metastasis rate was respec-

tively 71.43% and 60.00%, which was higher than 
that of patients without pulmonary metastasis and 
without the expression of IMP3 or VEGF before op-
eration (29.41% and 33.33%, respectively) (p<0.05, 
p<0.05) (Table 7).

Relationships of protein expressions of IMP3 and 
VEGF with overall survival time of osteosarcoma 
patients

 The data of 37 patients were complete, and all 
patients were followed up. Kaplan-Meier survival 
curves exhibited that the 3-year survival rate of 
patients with IMP3 (+) [26.47% (9/34)] was sig-
nificantly lower than that of patients with IMP3 
(-) [66.67% (2/3)], (p<0.05), as shown in Figure 2A. 
The 3-year survival rate of patients with VEGF (+) 
was significantly lower than that of patients with 

Group Negative Positive rate (%) χ2 p

Osteosarcoma tissues (n=37) 3 91.89 18.47 < 0.05

Adjacent tissues (n=9) 8 11.11

Table 1. Expression of IMP3 in osteosarcoma and adjacent tissues

Group Positive Negative Positive rate (%) χ2 p

Osteosarcoma tissues (n=37) 35 2 94.59 16.38 < 0.05

Adjacent tissues (n=9) 2 7 22.22

Table 2. Expression of VEGF in osteosarcoma and adjacent tissues

Group n IMP3 (+) IMP3 (-) Positive rate p

Osteosarcoma 37 34 3 91.89 %

I 6 5 1 83.33 %

II 21 19 2 90.48 %

III 10 10 0 100.00 % 0.016

Table 3. Protein expression of IMP3 in osteosarcoma with different Enneking stages

Group n VEGF (+) VEGF (-) Positive rate p

Osteosarcoma 37 35 2 94.59 %

I 6 5 1 83.33 %

II 21 20 1 95.24 %

III 10 10 0 100.00 % 0.018

Table 4. Protein e of VEGF in osteosarcoma with different Enneking stages

IPM3 n MVD r p

Positive 34 57.34±6.98 0.243 <0.05

Negative 3 34.15±4.12

Table 5. Relationship between the protein expression of IMP3 and MVD in osteosarcoma
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VEGF (-) (22.86 % (8/35) vs. 100.00% (2/2), p<0.05), 
as shown in Figure 2B. This indicates that IMP3 
and VEGF are factors that affect the prognosis of 
osteosarcoma patients. 

Discussion

 Osteosarcoma is a highly metastatic malignant 
tumor with an extremely high recurrence rate and 
poor prognosis, accounting for 25% of bone tu-
mors. Osteosarcoma is the most popular malignant 
tumor in pediatric orthopedics, with a proportion of 
nearly 5% of pediatric tumors. Its main pathologi-
cal process is that osteoblast mesenchymal cells 
produce bone or bone-like tissues. Clinically, it ma-
jorly manifests as pain, local swelling, claudication 
caused by limb pain, amyotrophy and systemic de-
terioration due to metastasis in severe cases [15]. 
The main clinical diagnostic bases include clinical 
manifestations, imaging examination, tissue biop-
sy and so on. At present, the treatment methods for 
osteosarcoma are composed of surgical resection, 
adjuvant chemotherapy, interventional therapy, as 
well as cellular immunotherapy and gene therapy, 
but the clinical effects need to be further confirmed 
[16]. Recent years have witnessed an improvement 
in the treatment of osteosarcoma, but there are still 
some challenges. New approaches of prevention, 
diagnosis and treatment of osteosarcoma still re-
quire to be uncovered in order to provide the best-
individualized treatment regimen for patients.
 IMP3 protein is a K homologous protein that 
is considered to be overexpressed in cancer tis-
sues, which is closely related to the occurrence 
and development of malignant tumors. A study 
suggested that IMP3 plays an important role in 
the proliferation, metastasis and invasion of tumor 
cells. Dahlem et al. [17] found that in gallbladder 
cancer, patients with high expression of IMP3 pro-
tein tend to have a poor prognosis. Hui et al. [18] 
pointed out that the expression of IMP3 is notably 
enhanced in 44 patients followed up in the study 

of malignant peritoneal mesothelioma, suggest-
ing that IMP3 can serve as a prognostic factor for 
patients with malignant peritoneal mesothelioma. 
Studies mentioned above have proven that IMP3 
is vital to malignant tumors. Moreover, VEGF, the 
most important factor in angiogenesis, plays an 
irreplaceable role in angiogenesis. VEGF can pro-
mote the proliferation of endothelial cells, cause ir-
reversible neovascularization in tumor tissues, and 
stimulate the continuous growth and metastasis of 
tumors. As the tumor volume enlarges, the density 
of peripheral blood vessels raises, greatly increas-
ing the possibility of tumor metastasis. Liu et al. 
[19] discovered that the expressions of cysteine-
rich protein 61 (Cyr61) and VEGF are remarkably 
up-regulated in 84 patients with osteosarcoma. The 
survival time turned out to be shortened if Cyr61 
and VEGF are positively expressed, and the analy-
sis indicates that Cyr61 and VEGF can be chosen 
as independent prognostic indicators. Yu et al. [20] 
analyzed the article on the relationship between 
VEGF and the survival of osteosarcoma patients, 
and it is pointed out that the overexpression of 
VEGF is not conducive to the survival of osteo-
sarcoma patients, suggesting a poor prognosis of 
patients. The above studies have denoted that IMP3 
and VEGF are highly expressed in osteosarcoma, 
but there are few reports on the correlations of 
IMP3 as well as VEGF with stage, pulmonary me-
tastasis and other aspects of osteosarcoma.
 Therefore, this study discussed the correla-
tions of protein expressions of IMP3 and VEGF 
with stage, MVD and pulmonary metastasis of os-
teosarcoma in 37 osteosarcoma patients. First of 
all, the expressions of IMP3 and VEGF in osteosar-
coma tissues and adjacent tissues were detected 
with the SP immunohistochemical method. The 
results revealed that the positive rate of IMP3 was 
91.89%, and that of VEGF was 94.59%, indicating 
that expressions of IMP3 and VEGF in osteosar-
coma tissues are significantly up-regulated. It was 
further found that overexpressions of IMP3 and 

VEGF n MVD r p

Positive 35 63.71±7.04 0.213 <0.05

Negative 2 29.48±3.15

Table 6. Relationship between the protein expression of VEGF and MVD in osteosarcoma

Group n IMP3 (+) IMP3 (-) n VEGF (+) VEGF (-)

Metastasis (-) 24 7 17 26 8 18

Metastasis (+) 13 10 3 11 8 3

Table 7. Relationships of protein expressions of IMP3 and VEGF with pulmonary metastasis in osteosarcoma
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VEGF were accompanied by a significant increase 
in the positive rate of osteosarcoma patients in 
stage II and III, and the positive rate of patients 
in stage III was as high as 100.00%. In the study 
of MVD, it was found that the MVD of patients 
with high expressions of IMP3 and VEGF elevated 
markedly. In addition, the positive rates of IMP3 
and VEGF were 76.92% and 72.72% respectively, 
which were higher than 29.17 % (p<0.05) and 
30.77 % (p<0.05) of patients without pulmonary 
metastasis before the operation. The survival 
time decreased obviously, suggesting that ex-
pressions of IMP3 and VEGF are closely related 
to the physiological and pathological processes of 
osteosarcoma.

Conclusions

 To sum up, the positive overexpression rates of 
IMP3 and VEGF in osteosarcoma patients in stage 
II and III are obviously increased, and the MVD 
is raised accordingly, and there is a greater prob-
ability of pulmonary metastasis, which shortens 
the survival period and indicates a poor prognosis 
of patients. It is revealed that IMP3 and VEGF can 
serve as potential excellent indicators for predict-
ing the prognosis of osteosarcoma patients.
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