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Objective: The purpose of this study was to detect the expression level of circRNA 
hsa_circ_0003074 in the tissues and peripheral blood of patients with osteosarcoma, and to 
explore its value in diagnosis and predicting prognosis of patients with osteosarcoma.
Materials and Methods: Tissue samples of osteosarcoma patients for chip sequencing 
were collected and circRNA hsa_circ_0003074, which was associated with the most obvious 
differential expression, was selected for qRT-PCR analysis. At the same time, the expression 
levels of hsa_circ_0003074 in different osteosarcoma cell lines, and in the peripheral blood 
of osteosarcoma patients before and after chemotherapy or surgery, as well as those in 
healthy volunteers matched by age and sex were also tested. This study aimed to explore 
the relationship between hsa_circ_0003074 and clinical characteristics of patients with 
osteosarcoma and analyzed its impact on patient survival.
Results: High expression of hsa_circ_0003074 was detected in osteosarcoma tissues, per-
ipheral blood and osteosarcoma cell lines, and the expression level of hsa_circ_0003074 in 
the peripheral blood of patients with osteosarcoma decreased significantly after chemother-
apy or surgery. In addition, hsa_circ_0003074 was closely related to clinical characteristics, 
such as tumor size, lung metastasis, enneking stage, and chemotherapy resistance. The ROC 
curve showed that hsa_circ_0003074 was a good diagnostic indicator for osteosarcoma, and 
survival analysis results revealed that high expression of hsa_circ_0003074 affected the 
survival of patients.
Conclusion: hsa_circ_0003074 is not only highly expressed in the tissues and peripheral 
blood of osteosarcoma patients but also a reliable diagnostic and prognostic biomarker for 
osteosarcoma patients.
Keywords: osteosarcoma, circRNA, diagnosis, prognosis, biomarkers

Background
Osteosarcoma is a type of primary malignant bone tumor that tends to occur in 
children and adolescents. About 80% of patients with osteosarcoma are 10–25 years 
old.1 These patients have no typical clinical symptoms at onset and the degree of 
malignancy is high. In the early stage of disease diagnosis, 20% of patients may 
already have distant metastases,2 including brain and lung metastases,3 which is 
pernicious and associated with a high mortality rate. With the combined use of 
chemotherapy and radical resection, the survival rate of osteosarcoma patients has 
been effectively improved, but the 5-year survival rate is still only 60–70%.2 

Particularly for patients with local recurrence or metastasis, the prognosis is even 
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worse, and the 5-year survival rate is only 30%.4 Alkaline 
phosphatase (ALP) and lactate dehydrogenase (LDH) have 
been the most common serum markers for the diagnosis of 
osteosarcoma in the past,5,6 but the sensitivity and speci-
ficity of these markers are unsatisfactory. Therefore, it is 
urgent to find specific diagnostic and prognostic indicators 
for early diagnosis and prognosis prediction of osteosar-
coma patients, so that these patients can benefit from 
a more proactive treatment plan as early as possible to 
improve their prognosis.

CircRNA is a new type of special non-coding cova-
lently closed circular RNA molecule, with a level of 
stability that is higher than corresponding linear RNA. 
Since it can be stably expressed in various tissues and 
cells,7 more and more CircRNA molecules have been 
identified and used as a clinical diagnostic marker. 
Studies have shown that the abnormal expression of 
CircRNAs has an important relationship with the occur-
rence and development of various tumors, such as 
cholangiocarcinoma, bladder cancer, breast cancer, and 
non-small cell lung cancer.8–11 In addition, the expres-
sion of CircRNAs may also be closely related to the 
prognosis of cancer patients. Studies have found poten-
tial CircRNA biomarkers for hepatocellular carcinoma,12 

gastric cancer,13 and lung adenocarcinoma.14 These find-
ings indicate that circRNAs are expected to become new 

diagnostic and prognostic biomarkers for malignant 
tumors. However, research on CircRNAs as biomarkers 
for osteosarcoma is still relatively rare. The purpose of 
this study was to detect the expression of hsa_-
circ_0003074 in the tumor tissue and serum of osteo-
sarcoma patients as well as a control group, to evaluate 
its impact on disease-free survival (PFS) and overall 
survival (OS), and to explore its use as a marker for 
early diagnosis and prognosis prediction.

Materials and Methods
Patient and Clinical Data
A total of 60 patients with primary osteosarcoma who 
were treated with the same chemotherapy regimen before 
surgery and underwent complete resection in our hospital 
from 2017 to 2019 were included. The chemotherapy 
regimen for patients with osteosarcoma is as follows: 
After the diagnosis is confirmed by the pathological 
examination of the tumor site puncture, the patient under-
goes four drugs combined sequential neoadjuvant che-
motherapy: methotrexate 8–12g/㎡, ifosfamide 2–3g/ 
㎡×3–5 days, cisplatin 100 mg/㎡, epirubicin 60㎎/㎡, 
every 4 single drugs are sequentially a cycle, and the 
operation is performed after 1 to 2 cycles. A total of 60 
pairs of osteosarcoma tissues and their adjacent tissues 
were obtained. In addition, we also collected peripheral 

Figure 1 Flow chart of patient selection in the study and main study procedures.
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blood samples from 40 patients with osteosarcoma before 
and after chemotherapy and surgery as well as that of 30 
healthy volunteers matched for age and sex. Once 
obtained, all tissue samples were stored at −80 °C until 
they were used. Basic information of patients with osteo-
sarcoma (including age, gender, tumor location, 
Enneking stage, tumor size, lung metastasis, tumor dif-
ferentiation, chemotherapy resistance, ALP and LDH, 

etc.) was collected via an electronic medical record sys-
tem. All patients were followed up. All patients and 
healthy volunteers provided written informed consent. 
The study was approved by the ethics committee of our 
hospital (approve number:2017-S057 and 2017-N039) 
and was conducted according to the Declaration of 
Helsinki. Flow chart of patient selection in the study 
and main study procedures as shown in Figure 1.

Table 1 Twenty up-regulated and 20 down-regulated circRNA in patients with osteosarcoma

circRNA Regulation Fold Change Chrom circRNA_Type P-value

hsa_circ_0007418 up 1.02 chr1 exonic 0.01
hsa_circ_0000654 up 1.63 chr15 exonic 0.02

hsa_circ_0007390 up 1.05 chr15 exonic 0.02

hsa_circ_0031460 up 1.11 chr14 exonic 0.01
hsa_circ_0055451 up 1.53 chr2 exonic 0.01

hsa_circ_0007822 up 1.29 chr1 exonic 0.02

hsa_circ_0005753 up 2.71 chr6 exonic 0.03
hsa_circ_0001445 up 1.23 chr4 exonic 0.04

hsa_circ_0002076 up 1.54 chr2 exonic 0.02
hsa_circ_0004103 up 2.33 chr11 exonic 0.01

hsa_circ_0000566 up 1.25 chr14 exonic 0.03

hsa_circ_0003074 up 3.83 chr1 exonic 0.01
hsa_circ_0090868 up 2.64 chr16 exonic 0.03

hsa_circ_0001616 up 1.66 chr6 exonic 0.04

hsa_circ_0002863 up 1.75 chr2 exonic 0.03
hsa_circ_0007458 up 2.55 chr11 exonic 0.02

hsa_circ_0035226 up 2.35 chr10 exonic 0.04

hsa_circ_0001551 up 2.77 chr5 exonic 0.01
hsa_circ_0004976 up 2.22 chr2 exonic 0.03

hsa_circ_0044949 up 2.03 chr17 exonic 0.02

hsa_circ_0047552 down 1.24 chr8 exonic 0.03
hsa_circ_0011933 down 1.10 chr1 exonic 0.04

hsa_circ_0000546 down 1.28 chr14 exonic 0.02

hsa_circ_0047135 down 1.01 chr18 exonic 0.01
hsa_circ_0006063 down 1.30 chr10 exonic 0.03

hsa_circ_0026134 down 1.53 chr12 exonic 0.04

hsa_circ_0055377 down 1.67 chr2 exonic 0.02
hsa_circ_0075826 down 2.71 chr6 exonic 0.01

hsa_circ_0047151 down 1.56 chr18 exonic 0.03

hsa_circ_0067524 down 1.44 chr3 exonic 0.04
hsa_circ_0000246 down 2.19 chr10 exonic 0.02

hsa_circ_0046753 down 1.35 chr18 exonic 0.04

hsa_circ_0045801 down 1.61 chr17 exonic 0.03
hsa_circ_0002554 down 1.31 chr3 exonic 0.01

hsa_circ_0019799 down 1.68 chr10 exonic 0.0

hsa_circ_0072797 down 2.14 chr5 exonic 0.05
hsa_circ_0049637 down 2.66 chr19 exonic 0.04

hsa_circ_0002971 down 1.30 chr6 exonic 0.03

hsa_circ_0018758 down 2.25 chr10 exonic 0.04
hsa_circ_0075829 down 1.45 chr6 exonic 0.01
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RNA Extraction and Chip Sequencing
TRIzol kit (Invitrogen, USA) was used to extract total 
RNA from osteosarcoma cancer tissues, adjacent tissues 
and peripheral blood samples. After removing ribosomes 
and linear RNA, circRNAs were amplified and transcribed 
into fluorescent cRNA. Arraystar Human circRNA Array 
V2 (8x15K, Arraystar) was used for sequencing analysis, 
and GeneSPring 13.0 (Agilent) software was used to ana-
lyze circRNA data. Differentially expressed circRNA was 
defined as a fold change of circRNA>2.0 and 
P value <0.05.

Quantitative RT-PCR Verification
Total RNA was extracted using the TRIzol kit (Invitrogen, 
USA). After removing the linear RNA from the total RNA, 
the remaining circRNAs were transcribed into cDNA, and 

real-time qRT-PCR (Arraystar) was performed using the 
ViiA 7 Real-time PCR System (APPlied Biosystems). 
Using GAPDH as a qPCR control, the ΔCt value reflected 
the circRNA expression level. The gene primers were as 
follows: hsa_circ_0003074, Forward: 5ʹ-TCCTCTTGTAC 
GCCCCA-3ʹ; hsa_circ_0003074, Reverse: 5ʹ-GCGGGCAG 
TCCTCGAGT-3ʹ; GAPDH, Forward: 5ʹ-AATGGGCA GC 
CGTTAGGAAA-3ʹ; GAPDH, Reverse: 5ʹ-TGAAGGGGT 
CATTGATG GCA-3ʹ.

Cell Culture
Normal adult bone cell lines (hFOB1.19) and 5 osteosar-
coma cell lines (HOS, SJSA-1, 143B, MG-63 and U2OS) 
purchased from the Chinese Academy of Sciences 
(Shanghai) cell bank were cultured in 10% fetal bovine 
serum 1640 medium (HyClone, Logan, UT, USA). The 

Figure 2 hsa_circ_0003074 expression in osteosarcoma cancer tissues and osteosarcoma cell lines. (A) is a heat map of circRNA chip detection in osteosarcoma cancer 
tissues and adjacent tissues. (B) shows the results of qRT-PCR detection of hsa_circ_0003074 in 60 pairs of osteosarcoma cancer tissues and adjacent tissues. (C) shows the 
results of qRT-PCR detection of hsa_circ_0003074 in different osteosarcoma cell lines. *The difference is statistically significant compared with adjacent tissues and the 
hFOB1.19 cell line (p <0.05), respectively. All experiments are repeated three times.
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medium was placed in a 37°C, 5% carbon dioxide incu-
bator. Cells at logarithmic growth phase were used for the 
experiment.

Statistical Analysis
The data were statistically analyzed using SPSS 20.0 
software, and the data were expressed as mean ± stan-
dard deviation. t-test or chi-squared test was used to 
compare whether the differences were statistically sig-
nificant. A receiver operating curve (ROC) was estab-
lished, and used to analyze the diagnostic value of 
hsa_circ_0003074 to osteosarcoma patients. A Kaplan- 
Meier survival curve was established, and the Log rank 
test was used to analyze whether there was 
a difference in survival rates between high and low 
circRNA groups. P <0.05 was considered statistically 
significant.

Results
High Expression of hsa_circ_0003074 in 
Osteosarcoma Tissues and Cells
Through chip sequencing, it was found that there were 20 up- 
regulated and 20 down-regulated differentially expressed 
circRNAs (fold change> 2.0 and P value <0.05) in osteosar-
coma cancer tissues and adjacent tissues respectively (Table 1), 
of which hsa_circ_0003074 was most up-regulated (Figure 
2A). Subsequently, qRT-PCR was performed on 60 pairs of 
osteosarcoma cancer tissues and adjacent tissues. The results 
showed that the expression of hsa_circ_0003074 in cancer 
tissues increased significantly (Figure 2B), which supported 
the results of chip sequencing. In addition, the expression of 
hsa_circ_0003074 was further detected in normal adult bone 
cell lines (hFOB1.19) and osteosarcoma cell lines (HOS, 
SJSA-1, 143B, MG-63, and U2OS), and the results showed 
that HOS, SJSA-1, 143B, MG-63 and U2OS cell lines had 

Figure 3 hsa_circ_0003074 expression in the serum of osteosarcoma patients. (A) is the expression of hsa_circ_0003074 in the serum of 40 patients with osteosarcoma 
and 30 healthy volunteers matched for age and sex. (B) is the expression of hsa_circ_0003074 in serum of 40 patients with osteosarcoma before and after surgery. (C) is the 
expression of hsa_circ_0003074 in serum of 40 patients with osteosarcoma before and after chemotherapy. (D) is the expression of hsa_circ_0003074 in the serum of 
osteosarcoma patients who are chemo-sensitive (n=25) and chemo-resistant (n=15). *Indicates that the difference is statistically significant (p <0.05).
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significantly higher expression of hsa_circ_0003074 than the 
hFOB1.19 cell line (Figure 2C).

High Expression of hsa_circ_0003074 in 
the Plasma of Osteosarcoma Patients
Using qRT-PCR to analyze the expression of hsa_-
circ_0003074 in the blood samples of 40 patients with 
osteosarcoma and 30 healthy volunteers matched for age 
and sex, it was found that compared with healthy volun-
teers, the expression of hsa_circ_0003074 in the serum 
of patients with osteosarcoma was substantially higher 
(Figure 3A). In addition, we also analyzed the expres-
sion of hsa_circ_0003074 in the serum of patients with 
osteosarcoma before and after chemotherapy or surgery. 
The results showed that the expression of hsa_-
circ_0003074 in the plasma of patients with osteosar-
coma after chemotherapy or after surgery was 
considerably lower (Figure 3B and C). Also, according 

to further analysis using the chemotherapy results of 
patients, the expression of hsa_circ_0003074 in the 
plasma of chemo-resistant patients was significantly 
higher (Figure 3D).

hsa_circ_0003074 is Closely Related to 
the Diagnosis and Prognosis of 
Osteosarcoma Patients
A ROC curve was established to analyze the diagnostic value 
of hsa_circ_0003074 in osteosarcoma, and it was found that 
hsa_circ_0003074 can clearly distinguish patients with osteo-
sarcoma from healthy volunteers (Figure 4A), with an area 
under the curve (AUC) of 0.93, P <0.0001. In addition, 
through comparison with the ROC curves of LDH and ALP 
(Figure 4B and C), it was found that the diagnostic effect of 
hsa_circ_0003074 in osteosarcoma was better than that of 
LDH and ALP. The above results indicated that hsa_-
circ_0003074 can be used as an effective diagnostic 

Figure 4 Analysis of hsa_circ_0003074 in the diagnosis of osteosarcoma patients. (A) is a ROC analysis of hsa_circ_0003074 in osteosarcoma patients (n=40) and healthy 
volunteers (n=30). (B) is a ROC analysis of LDH in osteosarcoma patients (n=40) and healthy volunteers (n=30). (C) is a ROC analysis of ALP in osteosarcoma patients 
(n=40) and healthy volunteers (n=30).
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biomarker in osteosarcoma. In order to analyze the value of 
hsa_circ_0003074 as a prognostic marker, we first analyzed 
its correlation with the common clinical prognostic markers 
ALP and LDH. The results showed that the expression of 
hsa_circ_0003074 had a strong correlation with ALP and 
LDH (Figure 5A and B). Then, according to the expression 
of hsa_circ_0003074 in 60 patients, we divided them into 
hsa_circ_0003074 high/low expression groups, and estab-
lished Kaplan-Meier survival curves according to their 
expression levels. The results showed that OS and PFS of 
osteosarcoma patients with high expression of hsa_-
circ_0003074 were significantly lower (Figure 5C and D).

hsa_circ_0003074 is Closely Related to 
Clinical Symptoms and Severity in 
Osteosarcoma Patients
Based on the median (0.465), the level of expression 
of hsa_circ_0003074 was divided into two groups of 

high/low expression, and then the relationship between 
clinicopathological characteristics and hsa_-
circ_0003074 expression was analyzed. The results 
showed that the expression level of hsa_circ_0003074 
was related to tumor size, lung metastasis, Enneking 
Stage, resistance to chemotherapy, ALP and LDH, but 
it was not related to age, gender, tumor differentiation, 
and surgical site (Table 2). Subsequent further analysis 
revealed that patients with tumors ≥ 8 cm, lung metas-
tases, and stage IIB-III disease had significantly 
increased hsa_circ_0003074 expression levels (Figure 
6A–C). Finally, based on the follow-up results, the 
relationship between hsa_circ_0003074 and disease 
recurrence was analyzed. The results showed that the 
expression level of hsa_circ_0003074 in osteosarcoma 
patients following relapse was significantly higher than 
that in patients without relapse (Figure 6D).

Figure 5 Analysis of hsa_circ_0003074 in the prognosis of osteosarcoma patients. (A and B) show linear regression analysis of hsa_circ_0003074 with LDH and ALP. 
(C and D) show effects of hsa_circ_0003074 expression levels on the overall survival and progression-free survival of osteosarcoma patients (n=60), respectively.
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hsa_circ_0003074 is an Independent 
Factor that Predicts Prognosis of 
Osteosarcoma Patients
The factors that can predict prognosis in patients with osteo-
sarcoma were studied using univariate and multivariate ana-
lysis. Univariate analysis showed that hsa_circ_0003074 
expression levels, Enneking Stage, tumor size, lung metas-
tasis, chemotherapy resistance, ALP and LDH were signifi-
cantly correlated with the prognosis of osteosarcoma patients 

(Table 3). The above factors were further included in multi-
variate analysis. The results showed that hsa_circ_0003074 
expression levels, Enneking Stage, tumor size, lung metas-
tasis, and chemotherapy resistance were independent factors 
that were predictive of prognosis of osteosarcoma patients 
(Table 3).

Discussion
Osteosarcoma is a common bone tumor in China, asso-
ciated with a high level of malignancy, and the incidence is 
about 3/1 million/year.15 Osteosarcoma has no obvious 
precancerous lesions. At the point of diagnosis, the disease 
is usually advanced and metastatic, with a poor 
prognosis.16,17 In addition, chemotherapy resistance and 
lung metastasis have always been important factors affect-
ing the prognosis of osteosarcoma patients.18 Therefore, 
identifying markers to facilitate early diagnosis and prog-
nosis prediction in osteosarcoma patients is important for 
improving prognosis of osteosarcoma patients and improv-
ing their quality of life. As a focal point of research in 
recent years, circRNAs have been shown to have an 
increased level of expression in many diseases and, as 
such, can be used as markers for early diagnosis, espe-
cially in tumors.19–21 In this study, it was found for the first 
time that the expression of circRNA hsa_circ_0003074 
was increased in osteosarcoma patients, and that it could 
be used as a reliable biomarker for early diagnosis and 
prognosis in osteosarcoma patients.

CircRNAs are conservative and stable circular mole-
cules that can be stably expressed in many diseases (espe-
cially tumors), including osteosarcoma. Zhu Kun-Peng 
et al22 found that hsa_circ_0081001 was highly expressed 
in osteosarcoma tissues, Zhu Kai et al23 showed that 
hsa_circ_0000885 was highly expressed in the serum of 
osteosarcoma patients, and Qi and his colleagues24 found 
that circ_0000502 was significantly up-regulated in osteo-
sarcoma and could predict poor prognosis of osteosarcoma 
patients. In this study, it was found that hsa_circ_0003074 
was highly expressed in the cancer tissues and serum of 
osteosarcoma patients and in osteosarcoma cell lines. In 
addition, it was also found that hsa_circ_0003074 in the 
serum of patients with osteosarcoma following che-
motherapy and surgery was significantly decreased. This 
result is consistent with the results of Zhu Kai et al, 
suggesting treatment methods such as chemotherapy and 
surgery may affect circRNA expression. Subsequently, 
further analysis of the expression of hsa_circ_0003074 
and the clinicopathological characteristics of patients 

Table 2 Correlation between clinicopathological characteristics 
of patients with osteosarcoma and expression of hsa_-
circ_0003074 in cancer tissue

Low Expression of 
hsa_circ_0003074

High Expression of 
hsa_circ_0003074

P value

Gender 0.293

male 17 18

female 11 14

Age (years) 0.314

<25 15 18

≥25 16 11

Enneking stage <0.01

stage I-IIA 18 7

stage IIB-III 10 25

Tumor size(cm) <0.01

<8 17 5

≥8 11 27

Surgical site 0.308

Femur 11 15

Tibia 14 12

other 5 3

Differentiation 0.073

High 5 8

Moderate 10 13

Low 14 10

Lung metastasis <0.01

Yes 8 25

No 18 9

Chemoresistant <0.01

Yes 9 22

No 19 10

LDH 0.043

Normal 19 12

Abnormal 11 18

ALP 0.041

Normal 18 9

Abnormal 13 20

Abbreviations: LDH, lactate dehydrogenase; ALP, alkaline phosphatase.
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with osteosarcoma revealed that patients with tumors 
≥8 cm, lung metastasis, Enneking stage IIB-III, and che-
motherapy resistance had high levels of hsa_circ_0003074 
expression, and the condition of these patients was usually 

more severe, with worse prognosis. Therefore, these find-
ings suggest that the expression level of hsa_circ_0003074 
can determine the severity of disease in patients with 
osteosarcoma.

Figure 6 Correlation analysis of hsa_circ_0003074 and clinicopathological characteristics in patients with osteosarcoma. (A) is the expression of hsa_circ_0003074 in the 
serum of osteosarcoma patients (n=40) with different tumor sizes. (B) is the expression of hsa_circ_0003074 in the serum of osteosarcoma patients (n=40) with lung 
metastasis and non-pulmonary metastasis. (C) is the expression of hsa_circ_0003074 in the serum of osteosarcoma patients (n=40) with different Enneking stages. (D) is the 
expression of hsa_circ_0003074 in the serum of osteosarcoma patients (n=40) with and without relapse. *Indicates that the difference is statistically significant (p <0.05).

Table 3 Univariate and Multivariate analysis of prognostic factors of patients with osteosarcoma

Variables Univariate Analysis Multivariate Analysis

Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value

Age 0.943 0.345–1.244 0.532
Sex 0.895 0.724–0.938 0.634

Tumor size 2.483 1.114–2.945 0.034 3.633 2.414–4.386 0.001

Differentiation 1.473 1.023–2.473 0.336
Enneking Stage 2.394 1.734–3.398 0.025 3.877 1.335–5.394 0.003

Lung metastasis 3.545 2.235–4.325 0.013 4.862 3.548–5.521 0.003

Surgical site 1.053 1.011–1.565 0.436
Chemoresistant 2.532 1.624–3.334 0.033 3.957 2.454–4.601 0.003

LDH 1.837 1.165–2.657 0.043

ALP 1.953 1.212–2.943 0.042
hsa_circ_0003074 3.725 1.906–5.565 0.011 4.927 3.954–5.625 0.001

Abbreviations: LDH, lactate dehydrogenase; ALP, alkaline phosphatase.
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ALP and LDH are currently effective blood markers 
for evaluating the prognosis of osteosarcoma patients. 
Previous studies have found that patients with metastatic 
osteosarcoma have significantly increased ALP, and 
increased ALP can be used as a prognostic indicator of 
osteosarcoma.25 LDH can reflect tumor load via participa-
tion in glycolysis, and it has been shown that the expres-
sion level of LDH is closely related to the prognosis of 
patients with osteosarcoma.26 In this study, it was first 
found by ROC analysis that the diagnostic sensitivity and 
specificity of hsa_circ_0003074 were higher than those of 
LDH and ALP. Secondly, through correlation analysis, it 
was found that the expression of hsa_circ_0003074 had 
a strong correlation with the expression of ALP and LDH, 
which indirectly showed that hsa_circ_0003074 may be 
related to the prognosis of patients with osteosarcoma. 
Next, we further found through survival analysis that OS 
and FPS of osteosarcoma patients with high expression of 
hsa_circ_0003074 were significantly decreased. Finally, 
through univariate and multivariate analysis, it was 
shown that hsa_circ_0003074 was an independent prog-
nostic factor of osteosarcoma patients. These results indi-
cated that hsa_circ_0003074 can effectively predict the 
prognosis of patients with osteosarcoma.

In conclusion, the results of this study indicate that 
hsa_circ_0003074 is highly expressed in osteosarcoma 
cancer tissues and serum, and is related to poor prognosis 
of the patients. hsa_circ_0003074 can be used as an effec-
tive diagnostic and prognostic biomarker.
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