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Abstract 

Background:  Increasing data has indicated an association between increased soluble B7-H3 (sB7-H3) levels and 
unfavorable prognosis in patients with malignancies. However, the level of sB7-H3 and its clinical significance in 
osteosarcoma (OS) are not well known. In this present study, we investigated whether sB7-H3 levels in serum could 
be as a tool for differential diagnosis of OS patients.

Methods:  Peripheral blood samples from healthy controls, benign bone tumors, and OS patients were collected. Lev‑
els of sB7-H3 in serum samples were measured by enzyme-linked immunosorbent assays. The correlation between 
OS-derived sB7-H3 and clinical features was analyzed, and prognostic significance of the sB7-H3 concentrations and 
tumor expressions of the biomarkers was then evaluated.

Results:  sB7-H3 concentrations were significantly increased in patients with OS than in osteochondroma patients, 
bone fibrous dysplasia patients and healthy people (p < 0.05, respectively). Using 60.94 ng/mL as a cutoff value, the 
sensitivity and specificity of sB7-H3 was to differentiate between OS patients and other bone benign tumor patients 
were 75.7% and 83.8%, respectively. In addition, upregulated serum sB7-H3 in patients with OS associated with tumor 
differentiation, tumor stage, and metastasis status (p < 0.05, respectively). The area under the curve value for sB7-H3 
(0.868) was markedly higher than those for ALP (0.713) and CA125 (0.789) for differentiating between OS patients and 
other begin bone tumor patients.

Conclusions:  We demonstrated that enhanced sB7-H3 levels correlated with the clinical characteristics of OS 
patients, and B7-H3 might be a potential biomarker and associated with the pathogenesis of OS.
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Background
Osteosarcoma (OS) is a highly aggressive and life threat-
ening type of malignant bone tumor in children and ado-
lescents [1, 2]. It arises from mesenchymal cells and often 
offends the metaphyseal region of long bones, including 
the femur, tibia, or humerus [3]. Due to the considerable 
improvements in surgery adjuvant chemotherapy, the 
5-year survival rate of patients with OS has dramatically 
increased from approximately 30 to 70% [4]. However, 
overall survival and prognosis for OS patients was far 

from satisfactory, because this tumor normally develops 
and progresses quickly and easily generates drug-resist-
ance after chemotherapy. Additionally, approximately 
25% of the patients have already been found distant 
metastasis when diagnosed, most of these cases are 
inclined to have poor prognosis [5, 6].

Since OS patients normally present no obvious or spe-
cific clinical symptoms, early diagnosis is reliant on the 
traditional imaging methods, such as X-ray, computed 
tomography (CT), positron emission tomography (PET)-
CT, magnetic resonance imaging (MRI), and scintigra-
phy [7, 8]. Although biomarkers are increasingly used in 
cancer treatment to refine risk stratification and augment 
current clinical decision making tools, there is still absent 
suitable and useful biomarkers for detecting OS in clinic 
[9, 10]. For now, alkaline phosphatase (ALP), has been 
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widely applied in clinic and known as a standard tumor 
biomarker of osteosarcoma, however, sometimes it pro-
vides false positives since ALP would be elevated in chil-
dren after bone damage [11, 12]. Other tumor markers, 
such as CA125 and CA199, were auxiliary evaluated the 
status of OS patients, however, these levels in the periph-
eral blood of OS patients are increased to varying degrees 
[13, 14]. Therefore, identification of clinically relevant 
biomarkers for prediction and prognosis is therefore 
urgently needed for these OS patients.

B7-H3, a recent recognized member of the B7 fam-
ily, was previously shown an accessory co-stimulator in 
mediating T cell immune response in cooperation with 
a putative B7-H3 receptor (B7-H3R) expressed on T 
cells [15, 16]. However, more recently, Leitner et al. [17] 
showed that B7-H3 led to a profound downmodulation 
of T cell responses via inhibition of IFN-γ, IL-2, IL-10, 
and IL-13 production. Moreover, B7-H3 has been widely 
detected on the different kinds of tumors and is able to 
subvert the immune system in immunological and non-
immunological way [18–20]. In addition, soluble form 
B7-H3 (sB7-H3) expression has also been elevated in 
several tumors and tumor cell lines, and its high levels 
have been significantly correlated with the invasion and 
metastasis of tumor [21, 22]. But the precise physiologi-
cal role of B7-H3 remains debatable. Our previous study 
showed that B7-H3 was abnormally expressed on the tis-
sue of OS patients and correlated with the development 
and progression of OS [23, 24]. If soluble form B7-H3 
could be validated as a potential biomarker for OS, that 
would be of great help for the clinical diagnosis. How-
ever, whether sB7-H3 can be used as a biological marker 
for the differential diagnosis of OS and whether sB7-H3 
expression correlates with disease progression and prog-
nosis in patients with OS remain unclear.

In the current study, we investigated sB7-H3 levels in 
serum samples from OS patients and other benign bone 
tumors using ELISA. In addition, the prognostic signifi-
cance of sB7-H3 and its correlation with clinical param-
eters as well were also investigated. We concluded that 
an enhanced sB7-H3 is correlated with tumor stage and 
prognosis of OS and might be an innovative non-invasive 
peripheral blood biomarker for early detection and dis-
crimination of OS.

Materials and methods
Patients and plasma samples
Blood samples were collected from 37 OS patients, 42 
other benign tumors (including 25 osteochondroma and 
17 bone fibrous dysplasia patients, and 40 healthy vol-
unteers at the Third Hospital of Hebei Medical Univer-
sity and Bethune International Peace Hospital between 
September 2012 and September 2015. All osteosarcoma 

patients with OS were confirmed by pathology accord-
ing to the 2002 World Health Organization (WHO) 
classification standards. The staging of the disease was 
determined according to the Enneking staging standard, 
as follows: stage I (low grade malignancy), stage II (high 
grade malignancy) and stage III (metastasis) [25, 26]. 
Patients didn’t receive any treatment such as hormones, 
Chinese traditional drugs, or radio, chemotherapy prior 
to surgery. Additional inclusion and exclusion crite-
ria were set according to the standards outlined by the 
WHO. All procedures were approved by and performed 
in accordance with our institutional review board. Writ-
ten informed consent was obtained from all patients or 
their families.

Serum samples were collected before any treatments 
were initiated and within 24  h after hospitalization and 
then kept at room temperature for 30  min. Serum was 
separated by density gradient centrifugation of 5  mL 
peripheral blood at 3000 rpm for 10 min, and was subse-
quently aliquot and stored at − 80 °C until use.

Measure the level of sB7‑H3 via ELISA
sB7-H3 concentrations were determined using aB7-H3 
ELISA kit (R&D Systems) according to the manufac-
turer’s instructions. In brief, the serum samples were 
centrifuged and then transferred to a 96-well plate for 
incubating 2  h. Then, 200  μL of B7-H3 conjugate was 
added and incubated for another 2 h at room after wash-
ing the plate four times ahead. Next, the same aliquant 
of substrate solution was added into each well and incu-
bated for 30 min in the dark. Finally, 50 μL stop solution 
was added to each well, and the absorbance was meas-
ured at 450/540 nm.

Statistical analysis
Results are recorded as mean ± SD. All the experimental 
data were analyzed by the SPSS 20.0 statistical software 
package. One-way ANOVA was applied to identify sta-
tistical differences between sB7-H3 in OS patients with 
other benign bone disease or normal patients. Correla-
tion analyses of clinicopathological factors were tested 
with Pearson Chi square test or Spearman rho test. 
Receiver operating characteristic (ROC) curves were 
used to compare the diagnostic accuracy of sB7-H3 in 
discriminating between OS patients and OS patients 
with lung metastasis. Survival periods were counted in 
months from the date of first visit to date of death or last 
follow-up before study closure. We used Kaplan–Meier 
method to estimate the overall survival for low and high 
levels of sB7-H3 expression. Univariate analyses were 
performed to compare the diagnostic performance of 
serum B7-H3 and other tumor markers in differentiat-
ing between the two groups of patients. Univariate and 
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multivariate analyses (Cox regression models) were used 
to identify prognostic factors in OS patients. Covariates 
with p values < 0.05 in univariate analysis were included 
in multivariate analysis. A p value < 0.05 was considered 
as statistically significant.

Results
Different expression level of sB7‑H3 in OS patients, benign 
bone diseases and healthy volunteers
ELISA assay results showed that serum soluble B7-H3 
was higher in patients with OS than those with benign 
tumors or control group. The relative clinical character-
istics of these enrolled patients are shown in Table 1. As 
shown in Fig. 1, the mean concentration of sB7-H3 in the 
serum of the osteochondroma patients (58.11 ± 9.12 ng/
mL, with a range of 25.79–82.09 ng/mL) and bone fibrous 
dysplasia patients (41.85 ± 10.88  ng/mL, with a range 
of 22.15–69.08  ng/mL), were comparatively higher than 
that in the healthy volunteers (32.59 ± 9.02 ng/mL, with 
a range of 11.18–51.09  ng/mL). In addition, the mean 
concentration of sB7-H3 in the serum of the OS patients 
(78.47 ± 21.01  ng/mL, with a range of 33.09–133.56  ng/
mL) was significantly higher than that in the osteochon-
droma patients (p < 0.05), bone fibrous dysplasia patients 
(p < 0.001) or healthy volunteers (p < 0.001). 

Diagnostic value of serum sB7‑H3 in patients with OS
To evaluate the value of sB7-H3 as a serum marker 
for bone tumor diseases, ROC curve analyses were 
employed to assess the value of sB7-H3 in differentiat-
ing between OS patients, begin bone tumors patients 
and healthy people. Results showed that the areas 
under the ROC (AUV) curves reached 0.863 (95% 

Table 1  Demographic and clinical data of the study patients’ cohort of OS and non-OS patients

The italic values show the significance of p < 0.05

NS not significant

Variable OS patients Non-OS patients p value

Osteochondroma Bone fibrous dysplasia

Cases 37 25 17

Age

 ≤ 10 16 9 10 NS

 > 10 21 16 7

Gender

 Male 20 18 10 NS

 Female 17 7 7

Site

 Femur 18 12 7 NS

 Tibia 14 8 6 NS

 Others 5 5 4 NS

Differentiation status

 High 20 25 17 NS

 Low 17 0 0

Lung metastasis

 Yes 13 0 0 0.001

 No 24 25 17

ALP (ng/mL) 108.91 ± 23.02 91.28 ± 12.67 90.34 ± 19.15 0.031

CA125 (U/mL) 56.19 ± 14.18 49.21 ± 3.56 39.65 ± 3.44 0.046

Fig. 1  Detection of the different sB7-H3 levels in OS patients, Bone 
fibrous dysplasia patients, osteochondroma patients and healthy 
control people (*p < 0.05)
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confidence interval = 0.803–0.933). Using a cutoff 
value (60.94  ng/mL) determined by the Youden Index 
[27], the sensitivity and specificity values for identify-
ing a patient with osteosarcoma were 75.7% and 83.8%, 
respectively. To compare the sensitivity and specificity 
of sB7-H3 with those of other tumor markers for dif-
ferentiating between OS patients, the diagnostic values 
of two conventional biomarkers for osteosarcoma, ALP 
and CA125, were also analyzed. The AUC value of sB7-
H3 level was much higher than that of ALP and CA125, 

(0.713, 95% confidence interval = 0.615–0.811; 0.789, 
95% confidence interval = 0.700–0.877; Fig. 2a).

ROC curve analysis result showed that sB7-H3 level 
was a potential biomarker for distinguishing OS patients 
from those with osteochondroma patients (AUC of 0.707; 
sensitivity 0.432; specificity 0.917, Fig.  2b), from those 
with bone fibrous dysplasia patients (AUC of 0.878; sen-
sitivity 0.703; specificity 0.938, Fig.  2c). To assess the 
potential of B7-H3 as a diagnostic biomarker to distin-
guish advanced Ennecking stage OS patients (III) from 

Fig. 2  a Compared the diagnostic value of sB7-H3 level, ALP and CA125 for distinguishing OS, respectively (*p < 0.05). ROC analysis for sB7-H3 for 
distinguishing OS patients from those with osteochondroma (b). Bone fibrous dysplasia (c) or OS patients with III stages from those with II stages (d) 
(*p < 0.05, respectively)
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early clinical stages (II), we got an AUC of 0.897 (95% CI 
0.736–0.987) with a sensitivity of 0.778 and a specificity 
of 0.893 (Fig. 2d). These results demonstrate that serum 
levels of B7-H3 might be a valuable tumor marker to help 
partially differentiating patients with osteosarcoma from 
those with non-osteosarcoma and healthy individuals.

Correlations between the serum B7‑H3 level 
and clinicopathological features in OS patients
Our study showed that serum B7-H3 level was not sta-
tistically significant correlated with age (p = 0.103), 
gender (p = 0.135), disease site (p = 0.801), tumor his-
tology type (p = 0.479) and tumor size (p = 0.055) 
in OS patients  (Table  2). However, OS patients with 
low differentiation tumors had greater serum solu-
ble B7-H3 level than those with high differentiated 
tumors (109.83 ± 18.76 vs 69.84 ± 24.25, p = 0.0412, 
Fig.  3a). Patients with poor response to chemotherapy 
had relatively higher concentration of sB7-H3 com-
pared to patients with good response (88.27 ± 11.34 vs 
58.07 ± 9.98, p < 0.05, Fig. 3b). Moreover, levels of sB7-H3 
in OS patients tended to increase with increased tumor 

clinical stages, that is sB7-H3 level of stage III was notice-
ably higher than that of stage IIB or IIA (110.73 ± 13.87 vs 
72.83 ± 9.14 or 64.91 ± 7.43; both p < 0.05, Fig. 3c). Like-
wise, sB7-H3 level of OS patients with distant metasta-
ses was remarkably higher than those without metastases 
(105.8 ± 17.89 vs 80.95 ± 30.12, p < 0.05, Fig.  3d). Above 
all, the results suggest that sB7-H3 level may be closely 
related to the progression and development of OS. 

Association of sB7‑H3 level with overall survival 
and prognosis in OS patients
The consequences of overall survival for all the 37 detected 
OS patients analyzed by Kaplan–Meier survival were 
shown in Fig.  4. It was found that the median survival 
time for the OS patients with high- and low-sB7-H3 lev-
els were 48.69 and 70.62  months, respectively (Table  3). 
Patients with lower levels of serum soluble B7-H3 level 
tended to have longer overall survival in comparison with 
those expressing higher levels of B7-H3. Cox univariate 
and multivariate regression analysis were used to deter-
mine whether B7-H3 could serve as a reliable predictor 
for OS prognosis. Univariate analysis indicated that the 

Fig. 3  Correlation analysis serum B7-H3 level and OS patients characteristics (a) tumor differentiation (b) response to chemotherapy (c) tumor 
Ennecking stage (d) with and without lung metastases (*p < 0.05, respectively)
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crucial indexes impacting survival status of OS patients 
were tumor size, tumor differentiation, TNM stage, metas-
tasis, response to chemotherapy and sB7-H3 level respec-
tively (Table  3). In addition, multivariate Cox regression 
analysis showed that the worse prognosis in the patients 
from the high-sB7-H3 group was tendency to be signifi-
cantly higher than that of the patients from the low-sB7-H3 
group (p = 0.015). These data demonstrated that increased 
sB7-H3 level could be functioned as a potential biomarker 
for predicting poor prognosis in OS patients. 

Discussion
Initially, we found that membrane expression of B7-H3 
was present in 91.8% of the osteosarcoma lesions, and 
the intensity of B7-H3 expression in osteosarcoma was 

significantly correlated with tumor progression, immune 
cells infiltration and overall survival status, suggesting 
that B7-H3 could be as a potential predictor and thera-
peutic target in OS patients [23]. In our following study, 
we showed that B7-H3 was bond to and mediated by 
onco-miRNA miR-124 in cell growth, invasion and 
migration [24]. Determining how to increase the rate of 
OS detection and improve early identification of benign 
and malignant bone tumor is very important. Inspired 
by previous studies, our current research mainly focuses 
on using soluble form of B7-H3 to predict the prog-
nosis of osteosarcoma. Herein, we measured sB7-H3 
expression in serum samples obtained from OS patients, 
benign bone tumor and healthy people using sandwich 
ELISA. Results showed that sB7-H3 level in OS patients 
was significantly higher than that in benign bone tumor 
patients, and sB7-H3 level in benign bone tumor patients 
was comparatively higher than that in healthy people. 
Therefore, it is presumed that serum sB7-H3 may serve 
as a potential biomarker for OS patients.

Osteosarcoma is characterized by production of oste-
oid tissue or immature bone tissue, therefore, biochemi-
cal markers reflexing bone turnover and tumor indicator 
are normally considered clinically useful to predict OS 
development and progress [10, 28, 29]. To further deter-
mine the value of circulating sB7-H3 as a diagnostic 
marker, we assessed it in parallel with two other tumor 
markers, including ALP and CA125 in patients with OS. 
It has been reported that sB7-H3 level can predict the 
presence of non-small-cell lung cancer, hepatocellular 
carcinoma in compared to other tumor markers tested 
including CA125, CA153, CA199, and CEA [30]. In our 
study, when the sB7-H3 level cutoff as a marker for OS 

Table 2  Correlations between  sB7-H3 level 
and clinicopathological characteristics

The italic values show the significance of p < 0.05

Characteristics Total number sB7-H3 p value

High Low

Age

 ≤ 10 19 14 4 0.395

 > 10 18 13 6

Gender

 Male 22 16 6 0635

 Female 15 11 4

Site

 Femur 24 18 6 0.887

 Tibia 9 6 3

 Others 4 3 1

Size (cm)

 ≥ 5 21 15 6 0.555

 < 5 16 12 4

Ennecking stage

 I 12 6 6 0.037

 II 16 12 4

 III 9 9 0

Histologic type

 Osteoblastic 27 18 9 0.343

 Chondroblastic 8 7 1

 Others 2 2 0

Differentiation status

 High 23 13 10 0.003

 Low 14 13 1

Pulmonary metastasis

 Yes 10 9 1 0.024

 No 27 17 10

Response to chemotherapy

 Good 17 9 8 0.015

 Poor 20 18 2

Fig. 4  Kaplan–Meier survival curves of all OS patients in relation to 
sB7-H3 level (*p < 0.05)
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was 60.94  ng/mL, the predicted values had a sensitivity 
of 75.7% and specificity of 83.8%. sB7-H3 was a promis-
ing diagnostic biomarker to distinguish OS from benign 
bone tumors and healthy controls, and can also distin-
guish advanced from early OS stages. Compared with 
the other two biomarkers, the sensitivity of sB7-H3 was 
almost equal to that of ALP and CA125, but the speci-
ficity was much higher than those of two biomarkers, 
suggesting that serum sB7-H3 may be a better tumor 
marker than the other options for differentiating between 
patients with and without OS. During recent years, 
strong efforts were directed to establish non-invasive 
biomarkers from liquid biopsies. The clinical relevance of 
various newly established blood-based biomarkers com-
prising circulating tumor cells (CTCs), circulating cell-
free nucleic acids or tumor-educated platelets is being 
tested in cancer patients. If sB7-H3 is an indicative bio-
marker for predicting OS progression, trace of little sB7-
H3 changes in CTCs or exosomes would be helpful to 
monitor tumor micrometastasis and even might be ame-
nable for OS immunotherapy in the future study under 
application of digital PCR approaches or next generation 
sequencing (NGS). Based on our results, we reason that 
the observed correlation trend of high B7-H3 circulat-
ing levels with tumor size, tumor differentiation, TNM 
stage, and metastasis could be biologically significantly 
relevant. The present study revealed a link between sB7-
H3 level and overall survival in patients with OS. Moreo-
ver, univariate and multivariable analysis validated that 
sB7-H3 is an independent and significant factor influenc-
ing postsurgical survival time in patients with OS. These 
results indicate that measuring a circulating B7-H3 levels 
shows favorable sensitivity and specificity which could be 
detected by protein expression analysis of patient’s serum 
rather than the simple focus on dysregulated mRNAs in 
tumor cells or tissues, sB7-H3 might be easier to obtain 
and provide application into the prediction and progress 
for OS patients. Patients with high serum B7-H3 expres-
sion may be at high risk for OS progression and there-
fore may benefit from more aggressive treatment or 

surveillance. By contrast, patients with OS that exhibit 
low-sB7-H3 expression might be better suited for less 
intensive management. Based our above results, B7-H3 
blockade may offer a feasible tumor suppression func-
tion by reinvigorating antitumour immune response. Tar-
geting B7-H3 may be valuable for the development of a 
new strategy for antitumor therapy in OS. However, this 
study also has several limitations. The research cohort is 
comparatively small, and most cases belong to the type 
of conventional osteosarcoma since OS is a rare kind of 
tumor. Bedsides, the applicability of our results to inop-
erable advanced primary OS requires further study.

Conclusions
The serum level of sB7-H3 reflected tumor progression 
in patients with OS, and serum sB7-H3 levels were sig-
nificantly correlated with the clinical stage and patients’ 
prognosis. These results suggest that serum sB7-H3 levels 
can be functioned as a potential biomarker for predict-
ing poor prognosis in OS patients and might be partially 
helpful in differential diagnosis of OS and other tumors.
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