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Abstract. Osteosarcoma is among the most frequently occur-
ring bone tumors in infants and teenagers. However, despite 
its widespread prevalence, no effective diagnostic and prog-
nostic biomarkers for osteosarcoma are known. Macrophage 
inhibitory cytokine 1 (MIC-1) has been considered a prom-
ising biological marker of various tumor types. However, the 
possible role of circulating MIC-1 as a screening biomarker 
for osteosarcoma remains to be elucidated. The present study 
evaluated the circulating levels of MIC-1 in patients with osteo-
sarcoma with the aim of elucidating its effect on the diagnosis 
and prognosis of this specific tumor. The circulating levels of 
MIC-1 were measured via an enzyme-linked immunosorbent 
assay in 300 individuals, including 100 patients with osteosar-
coma, 100 patients with benign bone tumors, and 100 healthy 
subjects, and its correlation with clinicopathological charac-
teristics was then evaluated. Various analyses were performed 
to determine its utility in diagnosis and prognosis. The levels 
of circulating MIC-1 were increased considerably in patients 
with osteosarcoma. The patients bearing larger tumors, those 
with distant metastases, and those with later-stage tumors 
had relatively higher levels of MIC-1. According to the multi-
variate logistic regression analysis, a high level of circulating 
MIC-1 was an independent variable for distant metastases. 
Receiver operating characteristic analysis revealed MIC-1 as 
a possible biological marker for distinguishing patients from 
healthy controls. Patients with osteosarcoma with higher levels 
of MIC-1 had relatively higher risk of mortality. Furthermore, 
multivariate data analysis on general survival rate revealed 
that a high level of circulating MIC-1 was a prognostic indi-
cator of osteosarcoma. These findings suggest that an elevated 
level of circulating MIC-1 is a novel potential diagnostic and 
prognostic biomarker for osteosarcoma.

Introduction

Osteosarcoma is one of the most frequently diagnosed 
primary malignant bone tumors in children and teenagers, 
with an incidence rate of ~4-5 individuals in every 1,000,000 
individuals (1,2). It originates from osteoid production and 
nurtures immature bone tissue (3). Despite the emergence and 
advances in various novel therapies, including adjuvant chemo-
therapy or radiotherapy, wide local excision of relative regions 
is still observed, with significant morbidity and mortality 
rates among patients with osteosarcoma (4,5). The five‑year 
overall survival rate and five‑year disease‑free survival rate of 
osteosarcoma have been reported to be ~50-60, and ~40% of 
patients with osteosarcoma eventually succumb to mortality 
from metastases in the lung tissue (6-8). Consequently, it is 
imperative to develop novel diagnostic strategies for osteosar-
coma at early phases to provide more therapeutic alternatives. 
Elucidating the underlying molecular pathogenesis of osteo-
sarcoma is important as it can assist in targeting diagnostic 
and prognostic biomarkers for the most effective therapeutic 
approach.

Macrophage inhibitory cytokine 1 (MIC-1) is a secre-
tory protein of the transforming growth factor-β (TGF-β) 
family and is important in carcinogenesis-related processes, 
including diffusion, metastasis, apoptosis and revascular-
ization; furthermore, it is involved in irregular immune 
activities (9-11). MIC-1 has been considered as a potential 
candidate biomarker of colorectal carcinoma (12,13). 
Currently, comprehensive confirmation regarding the associa-
tion between circulating MIC-1 levels and early diagnosis of 
osteosarcoma is required.

In the present study, circulating MIC-1 levels were 
measured via an enzyme-linked immunosorbent assay 
(ELISA), following which its correlation with tumor prop-
erties was assessed, and the possibility of its use as a novel 
potential diagnostic and prognostic maker for osteosarcoma 
was examined.

Materials and methods

Participants. In total, 300 patients were included in the present 
study, which included 100 patients with primary osteosarcoma 
who were treated in Xuzhou Children's Hospital (Xuzhou, 
China) between March 2012 and May 2015. Osteosarcoma was 
diagnosed via clinical and microanatomical examination, and 
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by histological assessment of specimens from osteosarcoma 
tissue. Participants did not have any history of other tumors 
and did not undergo any other pre-treatment when the initial 
diagnosis of osteosarcoma was confirmed. To select patients 
with benign bone tumors, 100 patients with benign bone 
tumors, including osteoenchondroma, ecchondrosis, bone 
cysts and fibrous osteoma, were included. These bone‑related 
benign tumors were diagnosed via histological examination, 
similar to osteosarcoma. An additional 100 healthy age- and 
gender-matched subjects constituted the control group. These 
individuals were not diagnosed with any orthopedic issue or 
tumor. The experiments and all follow-up evaluations gained 
approval from the Ethics Committee of Xuzhou Children's 
Hospital (no. 20130116) and all participants provided written 
informed consent.

Data recording and follow‑up evaluations. For each patient, 
his/her demographic information, tumor site, metastasis posi-
tion, and pathological pattern were recorded upon diagnosis. 
All patients with osteosarcoma were treated with standard 
therapeutic pro Ethics Committee of cesses involving new 
accessorial chemotherapy and wide-margin surgical exci-
sion coupled with adjuvant chemotherapy or radiotherapy. 
Chemotherapy-induced reactions were categorized into two 
types on the basis of histological assessment of the osteo-
sarcoma specimens: Poor, when tumor cell necrosis rate 
was <90%; good, when tumor cell necrosis rate was >90%. 
Furthermore, all patients with osteosarcoma were moni-
tored postoperatively. The continuous disease-free survival 
period was recorded from the date of surgery until the time 
of tumor recurrence or the patient succumbed to mortality. 
The final follow‑up record was on May 2017 and the median 
value of overall survival was 40.1 months in a total range of 
10-75 months.

ELISA for circulating MIC‑1. Venous blood samples from 
patients with osteosarcoma were obtained upon diagnoses. 
The blood samples were stored in serum separator tubes for 
coagulation, followed by centrifugation at a speed of 7500 x g 
for 20 min at 4˚C to separate serum into other tubes at ‑80˚C 
prior to ELISA for circulating MIC-1. The level of circu-
lating MIC-1 was assessed via a sensitive in-house ELISA 
(RAB0204; Sigma-Aldrich; EMD Millipore, Billerica, MA, 
USA). Remixed MIC-1 (50 µl) in different concentrations and 
serum were added in a 96-well plate, with wells coated with 
5 µg/ml anti-MIC-1 antibody. Thereafter, 50 µl of 0.2 µg/ml 
rabbit anti-MIC-1 biotinylated antibody was mixed in and incu-
bated for 1 h at 37˚C. Streptavidin‑HRP was added following 
cleaning the plates with washing buffer (cat. no. RAB0204; 
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), followed 
by incubation for 30 min at 37˚C. Eventually, the optical 
density of every well was measured on a microplate reader at 
450 nm. Based on the standard curve plotted from stepwise 
dilution of the recombinant MIC-1, circulating MIC-1 levels 
from each individual were calculated. All samples were 
assayed in duplicate.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis. Resected osteosarcoma tissue samples 
and non-cancer bone tissues were obtained and incubated at 

‑80˚C. RNA was isolated from the frozen tissues using TRIzol 
(Invitrogen; Thermo Fisher Scientific, USA), in accordance 
with the manufacturer's protocol. Total RNA (1 µg of every 
sample) was used for cDNA synthesis, using a reverse tran-
scription kit (Takara Bio, Inc., Otsu, Japan). Subsequently, 
RT-qPCR analysis was performed for synthesized cDNA 
under the following cycling conditions: 2 min pre-treatment 
at 95˚C, followed by 60˚C for 15 sec, 72˚C and 95˚C each 
for 30 sec, in 35 cycles, and extension at 72˚C for 5 min. The 
samples were then maintained at 4˚C. RT‑qPCR reactions 
were performed using an ABI Prism 7000 sequence detec-
tion system (Applied Biosystems; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) with the GoTaq qPCR Master Mix 
(Promega Corporation, Madison, WI, USA). The following 
primers were used: MIC-1, forward 5'-CGG AAT TCA TGG 
CGC GCA ACG-3' and reverse 5'-CCC TCG AGT ATG CAG 
TGG CAG T-3'; β-actin, forward 5'-AGG CAC CAG GGC GTG 
AT-3' and reverse 5'-GCC CAC ATA GGA ATC CTT CTG 
AC-3'. Relative mRNA levels of all genes were normalized 
against the levels of β-actin using the ΔΔCq method (14). The 
experiments were repeated three times.

Western blot analysis. The tumor tissues and their adjacent 
tissues were homogenized in ice and lysed in RIPA buffer 
with protease inhibitors (Sigma; EMD Millipore) and 
phenylmethylsulfonyl fluoride (Sigma; EMD Millipore). The 
dissolved solid was sonicated and centrifuged at a speed of 
7,500 x g at 4˚C for 5 min. Supernatant liquor was obtained 
following precipitation. Proteins were extracted their concen-
trations were determined using a BCA Protein kit (Thermo 
Fisher Scientific, Inc.). Protein (50 µg) was then separated 
via sodium dodecyl sulfate polyacrylamide gel electropho-
resis (10% resolving gel) and subsequently electroblotted 
onto polyvinylidene fluoride membranes (EMD Millipore), 
which were washed with Tris-buffered saline and 0.05% 
Tween 20, followed by blocking with 5% skimmed milk. 
The membrane was then incubated with anti-MIC-1 (Thermo 
Fisher Scientific, Inc.; cat. no. PA5‑71579, 1:1,000) and β-actin 
antibodies (Santa Cruz Biotechnology, Inc., Dallas, TX, USA, 
cat. no. sc‑130656, 1:1,000) at 4˚C overnight. The membrane 
was then incubated with HRP-conjugated secondary antibody 
(Santa Cruz Biotechnology, Inc., cat. no. sc-2004, 1:4,000) 
at room temperature for 1 h. Following washing, protein 
bands were detected using an Enhanced Chemiluminescence 
Western Blotting kit (Thermo Fisher Scientific, Inc.) and then 
quantified by Image J 1.43 software (National Institutes of 
Health, Bethesda, MD, USA).

Statistical analysis. One-way analysis of variance was 
performed to determine differences in circulating MIC-1 
levels in the osteosarcoma patient group, benign tumor group, 
and control group. A t-test was performed to quantify the 
mRNA expression of MIC-1 in tumor tissues and associated 
peri‑carcinomatous tissue. Diagnostic efficiency was evaluated 
via receiver operating characteristic (ROC) analysis. Survival 
rates were determined via Kaplan-Meier survival analysis. 
Statistically significant differences were measured via the 
log-rank test. Multivariable assessment of factors affecting 
prognosis was performed via Cox's regression analysis model. 
Statistical analysis was performed using Prism 5 software 
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(GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Clinical features and circulating MIC‑1 levels. The present 
study investigated the association between circulating levels of 
MIC-1 and clinicopathological characteristics in patients with 
osteosarcoma. The clinical features of the samples are shown 
in Tables I and II. There were no considerable differences 
among patient features. As shown in Fig. 1, the circulating 
MIC-1 levels were elevated in patients with osteosarcoma 
compared with those in the benign bone tumor group and the 
healthy controls. In addition, the levels of MIC-1 in patients 
with benign tumors were marginally, higher than those of the 
healthy controls.

Correlation between circulating MIC‑1 levels and clinico‑
pathological features of patients with osteosarcoma. The 
present study investigated the correlation between the level 
of circulating MIC-1 and clinicopathological features in 
patients with osteosarcoma. The levels of circulating MIC-1 
did not correlate with age, gender, or chemotherapeutic 
response. Patients with osteosarcoma with thigh bone 
tumors had a marginally, but not significantly, higher level 
of circulating MIC-1 than those with tumors at other loca-
tions (data not shown). The analysis of tumor size indicated 
that circulating MIC‑1 levels were increased significantly in 
tumors >8 cm, compared with those that were <8 cm (P<0.05; 
Fig. 2A). Circulating MIC-1 levels differed among patients 
at various clinical stages; patients with stage III tumors had 
a significantly higher level of circulating MIC‑1 than those 
with stage IIA and IIB tumors (P<0.05 for both). Similarly, as 
shown in Fig. 2B, patients with stage IIB tumors had signifi-
cantly higher levels of circulating MIC-1 than those with 
stage IIA osteosarcoma (P<0.05). Circulating MIC-1 was 
higher in patients with osteosarcoma with distant metastases 
and in low tumor grades (P<0.05; Fig. 2C and D).

ROC analysis of circulating MIC‑1 in patients with osteo‑
sarcoma. Assessment of the area under the ROC curves 
(ROC/AUC) determined the sensitivity and specificity of 
circulating MIC-1 at different concentrations. Circulating 
expression levels of MIC-1 were considered a biological 
indicator for distinguishing patients with osteosarcoma from 
healthy controls (Fig. 3A). This measurement may also assist 
in differentiating between patients with osteosarcoma and 

those with benign bone tumors (Fig. 3B). As shown in Fig. 3C, 
circulating MIC-1 may assist in differentiating patients with 
late-stage cancer, for example stage III, from those with 
early-stage cancer, for example stage IIA. The aforementioned 
findings indicated that circulating MIC‑1 levels also assist in 
distinguish among different stages of osteosarcoma; there-
fore, MIC-1 may serve as a potential biomarker of disease 
progression.

Correlation between circulating MIC‑1 and osteosarcoma 
prognosis. All 100 patients with osteosarcoma included in the 

Table I. Demographics of the study population.

 Total Osteosarcoma Benign tumor Healthy
Factor (n=300) (n=100) (n=100) (n=100) P-value

Male gender  193 (64.3) 59 (59) 70 (70) 64 (64) 0.32
Age (years) 13.3 (8.21) 12.2 (10.22) 13.1 (9.27) 13.8 (8.93) 0.62
BMI (kg/m2) 23.02 (1.45) 23.59 (1.54) 23.01 (1.34) 22.66 (1.43) 0.45

Values are expressed as n (%) or mean ± standard deviation. BMI, body mass index.

Table II. Characteristics of the study population.

 Osteosarcoma Benign tumor Healthy
Characteristics (n=100) (n=100) (n=100)

Age (years)   
  ≤20 73 76 80
  >20 27 24 20
Gender (n)   
  Male 59 70 64
  Female 41 30 36
Location (n)   
  Femur 69  
  Tibia 29  
  Other 12  
Size (cm)   
  <8 71  
  ≥8 29  
Clinical stage (n)   
  ⅡA 31  
  ⅡB/Ⅲ 69  
Tumor grade (n)   
  Low 39  
  High 61  
Metastasis (n)   
  With 65  
  Without 35  
Chemotherapy (n)   
  Poor 63  
  Good 37  
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present study received a complete set of unified treatments 
and complete follow-up evaluation. On categorizing patients 
with osteosarcoma in accordance with average circulating 
levels of MIC-1, two types of patient group were obtained: 
High and low. Significant differences in overall survival rate 
were detected between the high circulating MIC-1 expression 
group and the low MIC-1 expression group (Fig. 4). Patients 
with high circulating MIC-1 levels tended to have a shorter 
survival rate, compared with those with low circulating MIC-1 
levels. To determine whether MIC-1 is a potential prognostic 
indicator of osteosarcoma, Cox's univariate and multivariate 
regression analyses were performed, which suggested that a 
high level of MIC-1 served as a functional biomarker in the 
poor prognosis group (Table III).

MIC‑1 levels in osteosarcoma tumor tissue. The levels of 
MIC-1 in tumor tissue and adjacent tissue were detected via 
RT-qPCR analysis. As shown in Fig. 5A, the mRNA levels of 
MIC-1 were considerably higher in the osteosarcoma tumor 
tissue than in the tumor-adjacent tissue. Concurrently, western 
blot analysis revealed an enhancement in the protein levels of 
MIC-1 in osteosarcoma cancer tissues (Fig. 5B). These data 
suggested that the increased production of MIC-1 may be a 
potential source of circulating MIC-1.

Discussion

Osteosarcoma is a popular primary bone malignancy predom-
inantly occurring in teenagers, infants, and adults (15,16). 
Osteosarcoma usually occurs in the metaphysis of long 
bones; however, it can also occur in the proximal tibia and 
distal femur (16). For patients with osteosarcoma with no 
metastases upon initial diagnosis, surgery, radiation therapy 
and chemotherapy considerably increased a patients' 5-year 
survival rate (1). However, a large proportion of patients are 
diagnosed with osteosarcoma at a late stage. For these indi-
viduals, a short survival rate is common (1,17). Due to the low 
incidence and marked heterogeneity of osteosarcoma, its path-
ological molecular mechanism is less clear than that of other 
types of tumor (18). Currently, neoadjuvant chemotherapy 
with ifosfamide, cisplatin, methotrexate, and doxorubicin is 

frequently applied in the treatment of patients with osteosar-
coma to prolong survival rate and suppress recurrence (1,19). 
Identifying diagnostic tumor biomarkers for the early detec-
tion of metastases and survival prediction is of interest in 
investigations.

MIC-1 is a dissimilative member of the TGF-β family, 
which can be a potential therapeutic target and/or a prog-
nostic biological indicator for the treatment of certain tumor 
types (20,21). Until now, no studies have reported the asso-
ciation between the levels of MIC-1 and factors associated 
with osteosarcoma. Therefore, the present study assessed 
MIC-1 levels in the context of osteosarcoma and observed 
that the mRNA and protein levels of MIC-1 were consider-
ably elevated in osteosarcoma tissues, compared with those 
in tumor-adjacent tissues. The role of MIC-1 in diagnosis and 
prognosis was assessed, as a potentially nonintrusive sero-
logical biological marker, and it was revealed that the level 
of circulating MIC-1 was markedly elevated in patients with 
osteosarcoma and that this level was closely associated with a 
low cancer grade, late cancer stage and distant metastases. The 
circulating and tissue levels of MIC-1 may facilitate the diag-
nosis in differentiating patients with osteosarcoma from those 
with benign bone tumors, and for early-stage and late-stage 
diagnoses of osteosarcoma. In addition, increased circulating 
MIC-1 levels can serve as an independent biological marker in 
prognosis of osteosarcoma.

The present study is the first, to the best of our knowledge, 
to reveal the value of MIC-1 as a diagnostic biomarker for 
osteosarcoma. Furthermore, analysis of circulating MIC-1 
in patients with osteosarcoma accurately differentiated 
cancerous lesions from noncancerous lesions. The results 
of the present study are concurrent with previous findings 
wherein circulating MIC-1 was associated with cancer. Based 
on previous studies, the diagnostic efficiency of circulating 
MIC-1 varies among different types of cancer; however, as an 
independent diagnostic biomarker, large AUCs of circulating 
MIC-1 have been observed among patients with pancreatic 
carcinoma and non-small-cell lung cancer (22-24). The ROC 
figures corroborated the weak ability of MIC‑1 to distinguish 
osteosarcoma patients from those with noncancerous tumors 
and healthy controls. Other serological markers also show 
similar weak sensitivity, and their elevation is currently 
a clinical challenge. Previous studies have reported that 
advances in immune bead assessment and protein microarrays 
facilitate the concurrent identification of various serologic 
biological markers, which may contribute to resolving the 
issue of sensitivity (25-27).

The present study revealed a strong correlation between 
levels of MIC-1 and the survival rate of patients with osteo-
sarcoma. The results suggested that higher levels of MIC-1 
increased the mortality rate, compared with lower levels 
of MIC‑1. Various elements can influence the prognosis of 
patients with osteosarcoma, including demographic factors, 
the size and position of tumor, tumor stage, and patients' 
response to chemotherapy. The present study showed that 
circulating MIC-1 was positively correlated with the prog-
nosis of osteosarcoma. In addition, tumor grade and stage, 
reaction to chemotherapy, and distant metastases were 
associated with its prognosis. Circulating MIC-1 levels were 
measured in a blinded manner and ELISA was performed as 

Figure 1. Circulating MIC-1 levels among healthy controls, patients with 
benign bone tumors, and patients with osteosarcoma were analyzed 
by enzyme-linked immunosorbent assays. *P<0.05; **P<0.01. MIC-1, 
macrophage inhibitory cytokine 1.
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a quantitative method to assess circulating MIC-1. The use 
of ELISA is advantageous as the procedure is fairly simple 
and is easily replicable, thereby increasing the reliability of 
results. However, the present study has the following limita-
tions. Owing to the inter-session arrangement, the correlation 
between circulating MIC-1 levels and risk of osteosarcoma 

was not assessed. Furthermore, the specific source of higher 
circulating MIC-1 levels was unknown. Higher MIC-1 
concentrations were noted in osteosarcoma tissues; however, it 
is unknown whether the increased levels of circulating MIC-1 
were completely attributable to the overexpression of MIC-1 
in osteosarcoma tissue. Further thorough investigations are 

Figure 3. ROC assay of circulating MIC-1 in differentiating patients with osteosarcoma from those with noncancerous bone tumors and healthy controls. 
ROC of circulating MIC-1 levels differentiating patients with osteosarcoma from (A) healthy controls and (B) patients with noncancerous bone tumor and in 
(C) screening patients with IIB or III stage osteosarcoma from those with IIA stage osteosarcoma. ROC, receiving operating characteristic; AUC, area under 
the ROC curve; MIC-1, macrophage inhibitory cytokine 1.

Figure 2. Correlation between the level of circulating MIC-1 and features of patients with osteosarcoma. Circulating MIC-1 levels in patients with osteosar-
coma with (A) differently sized tumors, (B) tumor stages, (C) tumor grades, and the (D) presence/absence of distant metastases. *P<0.05; **P<0.01. MIC-1, 
macrophage inhibitory cytokine 1.
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required to determine the reason underlying the increase in 
MIC-1 levels.

In conclusion, the present study revealed that MIC-1 
was an efficient potential diagnostic biological indicator 
in patients with osteosarcoma. It was also demonstrated 
that circulating MIC-1 levels were usually elevated among 
patients with osteosarcoma with distant metastasis in rela-
tively late clinical stages, in comparison with those who 
did not have distant metastasis or an advanced tumor stage. 
Multivariate survival analyses verified that circulating MIC‑1 
was an independent prognostic indicator for overall survival 
rate among patients with osteosarcoma. These findings bear 
testimony for the possible utility of circulating MIC-1 as a 
potential noninvasive screening and prognostic indicator of 
osteosarcoma.
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