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Abstract
Chemo-resistance and lung metastasis have been the two obstacles in the osteosarcoma (OS)
treatment, which is still lack of effective biomarkers for prediction, diagnosis and treatment. Circular
RNA (circRNA) is a new type of endogenous noncoding RNA that could serve as ideal biomarkers
in cancer because of its stable loop structure. However, little is known about the diagnostic value of
circRNAs in OS as well as their associations with clinicopathologic characteristics of OS patients. In
the current study, we identified a novel circRNA, hsa_circ_0081001, screened by the RNA
sequencing in the three paired chemo-resistant and chemo-sensitive OS cell lines (MG63/DXR vs
MG63, KHOS/DXR vs KHOS, U2OS/DXR vs U2OS), and found that hsa_circ_0081001 was
significantly up-regulated in the OS cell lines, tissues and serums, associated with poor overall
survival and cox multivariate analysis showed that hsa_circ_0081001 was a novel independent
prognostic factor for OS patients. Then, receiver operating characteristic (ROC) curve analysis
revealed that hsa_circ_0081001 could act as a biomarker for the OS diagnosis and prognosis
prediction, better than alkaline phosphatase (ALP) and lactate dehydrogenase (LDH). In addition, we
preliminarily found that hsa_circ_0081001 expression level may dynamically monitor and reflect the
condition changes of OS patients in a small-scale prospective clinical pretest. In conclusion, our
study suggested that circulating hsa_circ_0081001 could serve as a potential biomarker and
therapeutic target for OS patients.
Key words: osteosarcoma; circRNA; biomarker.

Introduction
Osteosarcoma (OS) is the most common
primary malignant bone tumor in the children,
adolescents and young adults [1]. Surgery with
combinational chemotherapy has made limb salvage
possible for most of patients and led to an increased
5-year survival rate to about 70%-80% [2]. However,
the patients who occurred in chemo-resistance and
lung metastasis always had an unfavorable prognosis,
with the markedly decreased 5-year survival rate to
nearly 20% [3]. Despite having unsatisfactory
sensitivity and specificity, alkaline phosphatase (ALP)
and lactate dehydrogenase (LDH) are still the most
common serum markers used for diagnosing OS [4-7].

Therefore, it is very critical for OS patients to find
some novel efficient biomarkers and targets for early
diagnosis and treatment [8].
With the rapid development of high-throughput
sequencing technology, more and more non-coding
RNAs have been identified and paid more attention in
the few decades [9, 10]. Of them, circular RNAs
(circRNAs) are a large class of non-coding RNAs
characterized by a covalently closed continuous loop
with neither 5′–3′ polarities nor polyadenylated tails.
The closed loop structure has made it more stable
than the linear RNA in response to the RNA
exonuclease degradation [11]. Besides, most of
http://www.ijbs.com
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circRNAs are evolutionarily conserved and often
expressed in tissue-type-specific and developmental
stage-specific manners [12]. Increasing evidence has
shown that circRNAs could play an essential role in
various cellular pathological and physiological
processes, including carcinogenesis [13] and circRNA
could be a promising and technically suitable
biomarker for the cancer diagnosis and treatment [14,
15]. Actually, many circRNAs, such as hsa_circ_
0001649, hsa_circ_0000190, hsa_circ_0013958, have
been reported to be biomarkers in the hepatocellular
carcinoma
[16],
gastric
cancer
[17],
lung
adenocarcinoma [18], respectively. However, there
are seldom circRNAs reported to be a biomarker in
the osteosarcoma.
In the current study, we identified a novel
circRNA, hsa_circ_0081001, screened by the RNA
sequencing in the three paired chemo-resistant and
chemo-sensitive osteosarcoma cell lines (MG63/DXR
vs MG63, KHOS/DXR vs KHOS, U2OS/DXR vs
U2OS), and found that hsa_circ_0081001 was
significantly up-regulated in the OS cell lines, tissues
and serums, related to poor prognosis of OS patients.
Then, we found that hsa_circ_0081001 could be used a
promising biomarker for the osteosarcoma diagnosis
and prognosis prediction through the ROC cure
analysis, better than ALP and LDH. In addition, we
preliminarily found that hsa_circ_0081001 expression
level may dynamically monitor and reflect the
condition changes of OS patients in a small-scale
prospective clinical pretest, which may provide a new
diagnostic tool in OS.

Materials and Methods
Cell culture
Three
human
osteosarcoma
cell
lines
(MG63,KHOS,U2OS) were purchased from American
Type Culture Collection and cultured in DMEM
supplemented with 10% FBS (Gibco, Gran Island, NY,
USA), 100 U/mL of penicillin and 100 mg/mL of
streptomycin (Invitrogen) at 37°C in a humidified CO2
(5%) atmosphere. The paired three doxorubicinresistant osteosarcoma cell lines (MG63/DXR,
KHOS/DXR, U2OS/DXR) were kindly donated by
Dr.Yoshio Oda, Dr. Gonos ES and Dr. Duan ZF,
respectively, which have been described in our
previous study[19, 20].

Patients and specimens
A total of 82 primary osteosarcoma patients who
received the same chemotherapy regimen before
surgery and underwent complete resection surgery at
Shanghai Tenth People’s Hospital between 2006 and
2017 were included in this study. The study was
approved by the Ethics Committee of Shanghai Tenth

1514
People’s Hospital, and written informed consent was
obtained from all the participants. All patients’ slides
were reviewed to confirm the diagnosis and to
classify the tumor according to Enneking Stage.
Besides, we collected blood samples (5ml, peripheral
vein) from 50 OS patients before surgery, other 30
patients with benign bone tumor (ten cases of giant
cell tumor of bone, eight cases of osteoclastoma,
twelve cases of fibrous dysplasia) and 20 age- and
sex-matched healthy volunteers as the control group.
All the resected or biopsy specimens were placed
immediately into liquid nitrogen and stored at - 80°C.
The serum extracted from the blood samples were
collected using standard procedures. According to the
Huvos scoring system [21], the patients were
classified as chemo-resistant and chemo-sensitive
groups. ALP and LDH data were simultaneously
collected and analyzed through the routine liver
function monitoring. The clinical parameters of
osteosarcoma patients in this study are shown in
Table 1.
Table 1. Clinical parameters of osteosarcoma patients enrolled in
this study
Pathological characteristics
Gender
Male
Female
Age
≥25
<25
Location
Distal of Femur
Proximal of Tibia
Other
Enneking stage
I+IIA
IIB/III
Lung Metastasis
Yes
No
Chemoresistant
Yes
No

Cases (n)

hsa_circ_0081001 expression
High(27)
Low(55)

P value

49(59.8%) 17(63%)
33(40.2%) 10(37%)

32(58.2%)
23(41.8%)

NS

24(29.3%) 10(37%)
58(70.7%) 17(63%)

14(25.5%)
41(74.5%)

NS

38(46.3%) 12(44.4%)
28(34.1%) 10(37.0%)
16(19.6%) 5(18.6%)

26(47.3%)
18(32.7%)
11(20%)

23(28%)
59(72%)

3(11.1%)
24(88.9%)

20(36.4%)
35(63.6%)

25(30.5%) 21(77.8%)
57(69.5%) 6(22.2%)

4(7.3%)
51(92.7%)

32(39%)
50(61%)

10(18.2%)
45(81.8%)

NS

0.046

0.024

0.012
22(81.5%)
5(18.5%)

Next generation RNA sequencing analysis
Total RNA from three paired chemo-resistant
and chemo-sensitive osteosarcoma cell lines were
treated with mirVana miRNA Isolation Kit (Ambion,
Texas, USA) and RNAse R (Epicenter, CA, USA) to
remove ribosomal and linear RNA. The quantity and
quality of total RNA samples were measured using
NanoDrop ND-1000 (Wilmington, DE, USA). RNA
integrity was evaluated using the Agilent 2100
Bioanalyzer (Agilent Technologies, Santa Clara, CA,
USA). The samples with RNA Integrity Number
(RIN)≥ 7 were subjected to the subsequent analysis.
The libraries were constructed using TruSeq Stranded
Total RNA according to the manufacturer’s
http://www.ijbs.com
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instructions. Then these libraries were sequenced on
the Illumina sequencing platform (HiSeqTM 2500)
and 150 bp/125bp paired-end reads were generated.
All the sequencing procedures and analyses were
performed in OEbiotech (Shanghai, China).

RNA isolation and quantitative real-time PCR
(qRT-PCR)
Total RNA was isolated from cells, tissues or
serums using the TRIzol kit (Invitrogen, Carlsbad,
CA, USA) following to the manufacture’s guide.
Quantitative real-time PCR (qRT-PCR) analysis was
performed to detect the hsa_circ_0081001 expression
using SYBR green kit (TaKaRa, Dalian, China) on the
Light Cycler 480 (Roche, Switzerland) in accordance
with
the
instructions.
The
expression
of
hsa_circ_0081001 was normalized to GAPDH.
Divergent primers were shown as follows:
hsa_circ_0081001 forward primers: 5′-CATGCAGCCT
GGCTCTTACC-3′, reverse primers: 5′-CTGCTCCAA
GAAAACCTGAAACT-3′; GAPDH forward primers:
5′-AATGGGCAGCCGTTAGGAAA-3′, reverse primers: 5′-TGAAGGGGTCATTGATGGCA-3′.

Statistical analysis
All statistical analyses were performed using
SPSS 22.0 software (IBM) and Graphpad. Differences
between OS tissues and paired adjacent nontumorous
tissues were analyzed using paired t test. The
correlations between circRNA expression levels and
clinicopathological factors were further analyzed by
one-way analysis of variance (ANOVA). Overall
survival were calculated by Kaplan-Meier survival
analysis and compared using the log-rank test. The
joint effect of covariables was examined using the Cox
proportional hazards regression model. A receiver
operating characteristic (ROC) curve was established
to determine the efficiency as a biomarker. A
combined ROC was calculated based on the logistic
regression model. Differences were considered
statistically significant when P values < 0.05.

Results
Hsa_circ_0081001 was significantly
up-regulated in the OS cell lines and tissues,
correlated with poor clinical outcomes
To find the specific circRNA in the osteosarcoma,
we first screened the circRNA expression profile in
the three paired chemo-resistant and chemo-sensitive
osteosarcoma cell lines (MG63/DXR vs MG63,
KH-OS/DXR vs KH-OS, U2-OS/DXR vs U2-OS) and
found 80 circRNAs were dysregulated, with 57
up-regulation and 23 down-regulation. Of them,
hsa_circ_0081001 was up-regulated with 12 fold
change in the chemo-resistant OS cell lines compared
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to the controlled (Fig. 1A). qRT-PCR results showed
the consistency with RNA sequencing (Fig. 1B). Then
we examined the expression of hsa_circ_0081001 in
the 82 OS tissues and paired adjacent non-tumor
tissues and found that hsa_circ_0081001 was
markedly overexpressed in the OS tissues relative to
the controlled (Fig. 1C). Besides, we divided the 82
patients into different groups, including I+IIA or
IIB+III
grade
groups,
chemo-resistant
or
chemo-sensitive groups and lung metastasis or
non-lung metastasis groups, according to the medical
records. As was illustrated in the Figure,
hsa_circ_0081001 expression was higher in the IIB+III
group, chemo-resistant group and lung metastasis
group compared to the controlled groups (P<0.01,
Figure 1D-F).
In addition, we further divided the 82 patients
into two groups with high or low hsa_circ_0081001
expression based on the average expression level and
further K-M survival analysis demonstrated that
patients with high hsa_circ_0081001 expression have
shorter overall survival lifetime than those with low
hsa_circ_0081001 expression.
Furthermore, we used cox proportional hazards
regression model to evaluate whether the
hsa_circ_0081001 expression could be used to predict
the overall survival of OS patients. The results of
univariate and multivariate survival analyses
revealed that hsa_circ_0081001 as well as
chemo-resistance, lung metastasis and Enneking
stage, other than age, gender, tumor size or site could
be considered as an independent prognostic factor for
OS (Table 2). These results indicated the potential
oncogenic role of hsa_circ_0081001 in OS.
Table 2. Univariate and multivariate Cox regression analyses of
the
relationship
between
hsa_circ_0081001
level,
clinicopathological characteristics and survival of patients with
osteosarcoma
Parameters

Categories

Age(years)
Sex
Tumor location

≤25, >25
Male, female
Femur and tibia,
others
I+IIA, IIB+III
Negative, positive
Negative, positive
Low, high

Enneking stage
Lung Metastasis
Chemo-resistance
hsa_circ_0081001
expression

Univariate
analysis
HR
P value
0.642 NS
0.836 NS
0.722 NS

Multivariate
analysis
HR
P value
0.763 NS
0.592 NS
0.681 NS

2.214
3.232
4.625
3.81

2.015
3.014
4.102
3.122

0.025
<0.01
<0.001
<0.01

0.032
<0.01
<0.001
<0.01

Serum hsa_circ_0081001 may be a better
diagnostic biomarker than ALP and LDH in OS
We then examined the expression level of
hsa_circ_0081001 in serum samples from 50 OS
patients, 30 benign bone tumor patients and 20 agehttp://www.ijbs.com
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Figure 1. Hsa_circ_0081001 was significantly up-regulated in the OS cell lines and tissues, correlated with poor clinical outcomes. (A) Top 15 up-regulated
and down-regulated differently expressed circRNAs screened by RNA sequencing in the three paired chemo-resistant and chemo-sensitive osteosarcoma cell lines. Of them,
hsa_circ_0081001 was up-regulated with 12 fold change in the chemo-resistant OS cells compared with the controlled. (B) Expression level of hsa_circ_0081001 in the three
paired chemo-resistant and chemo-sensitive OS cell lines by qRT-PCR. (C) Expression level of hsa_circ_0081001 in 82 paired OS and paracancerous tissues. (D) Expression
level of hsa_circ_0081001 in OS tissues of patients in I+IIA and IIB+III groups. (E) Expression level of hsa_circ_0081001 in OS tissues of chemo-resistant and chemo-sensitive
groups. (F) Expression level of hsa_circ_0081001 in OS tissues of lung metastasis and lung non-metastasis groups. (G) Patients with high hsa_circ_0081001 expression had a
decreased overall survival time than those with low level of hsa_circ_0081001 expression.

and sex-matched healthy individuals as controlled to
explore its diagnostic value as a potential biomarker
for OS. As was shown in the Figure, hsa_circ_0081001
expression was gradually increased in the benign
bone tumor and OS compared with the controlled
(Fig. 2A). Besides, we found that hsa_circ_0081001
expression
level
markedly
decreased
after
preoperative chemotherapy of two cycles and after
operation (Fig. 2B-C). According to the grouping
method previously described, we further found that
serum hsa_circ_0081001 expression was higher in the
chemo-resistant, lung metastasis or recurrence groups
than the controlled, consistent with the results in the
tissues (Fig. 2D-F).
To investigate the diagnostic value of
hsa_circ_0081001 in distinguishing patients from OS
and the controlled healthy individuals, ROC curve
was used and the results showed that the area under

the ROC curve (AUC) was 0.898. In addition, we
simultaneously compared the effectiveness of
hsa_circ_0081001, ALP, and LDH, which are two
biomarkers commonly used in clinical as diagnostic
biomarker in OS. Obviously, as was shown in the Fig
2G-H, hsa_circ_0081001 was more reliable to separate
osteosarcoma from healthy individuals (AUC=0.898,
P<0.001) than ALP (AUC=0.673, P=0.026) and LDH
(AUC=0.80, P<0.05). Besides, we compared the
diagnosed value of hsa_circ_0081001 with a circRNA
biomarker of OS, circPVT1, previously reported by us
in the same training set [22] and the result showed
that AUC value of hsa_circ_0081001 is comparable to
circPVT1(AUC 0.898 vs 0.871, P>0.05). In our study,
circRNA (hsa_circ_0081001 and circPVT1) and tumor
markers (ALP and LDH) were also combined into a
single diagnostic panel after a logistic regression
analysis in the training set. The integration analysis
http://www.ijbs.com
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showed that hsa_circ_0081001 as well as
hsa_circ_0081001 combined with ALP has the most
AUC value, better than ALP, LDH, circPVT1 or other
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combinations (data not shown). The above results
demonstrated the possible clinical significance of
hsa_circ_0081001 as a diagnostic biomarker in OS.

Figure 2. Serum hsa_circ_0081001 may be a better diagnostic biomarker than ALP and LDH in OS. (A) Expression level of hsa_circ_0081001 in serum from 50
OS patients, 30 benign bone tumor patients and 20 age- and sex-matched healthy volunteers. (B) Expression level of hsa_circ_0081001 in serum of 50 patients before and after
preoperative chemotherapy. (C) Expression level of hsa_circ_0081001 in serum of 50 patients before and after operation. (D) Expression level of hsa_circ_0081001 in serum of
chemo-resistant and chemo-sensitive groups. (E) Expression level of hsa_circ_0081001 in serum of lung metastasis and lung non-metastasis groups. (F) Expression level of
hsa_circ_0081001 in serum of recurrence and non-recurrence groups. (G-I) ROC curves of the serum hsa_circ_0081001, ALP, LDH and circPVT1 in 50 newly diagnosed
patients and 20 healthy donors.

http://www.ijbs.com
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Figure 3. Serum hsa_circ_0081001 could dynamically monitor the condition changes of OS patients in a prospective clinical pretest.

Serum hsa_circ_0081001 could dynamically
monitor the condition changes of OS patients

potential value of clinical application in predicting OS
progression.

Owing to the lower incidence rate and the novel
circRNA, to further demonstrate the clinical
significance
and
potential
application
of
hsa_circ_0081001, we tried to test its feasibility and
reliability in a small-scale prospective clinical pretest.
We then enrolled another five newly diagnosed OS
patients from 2016, Jan and 2017, Jan, collected their
serum samples in every treatment stage, and analyzed
the correlation of hsa_circ_0081001 expression level
with condition changes of OS patients. As was shown
in the figure, in patient 1#, 2# and 3#,
hsa_circ_0081001 level in serum gradually increased
in the preoperative chemotherapy, greatly decreased
after surgery, and increased again in the
postoperative chemotherapy. All of them were
verified as chemo-resistance according to the
evaluation of tumor necrosis rate in the resected
tumor tissues. Patient 1# and 2# eventually suffered
tumor recurrence 6 months after surgery and patient
3# suffered lung metastasis in the postoperative third
chemotherapy cycle. However, in patient 4# and 5#,
both of them are chemo-sensitive, occur surgery, and
have a good prognosis without recurrence or lung
metastasis during the 2-year follow-up period.
Hsa_circ_0081001 level in their serum was initially
lower than the other 3 patients, not greatly increased
in the period of chemotherapy, and always
maintained in a low level after operation. Therefore,
the
above
results
indicated
that
serum
hsa_circ_0081001 level may early and accurately
reflect the condition changes of OS patients, especially
for the chemo-response and lung metastasis, with a

Discussion
Chemo-resistance and lung metastasis have been
the two obstacles in the OS treatment [23]. Until now,
there is lack of effective biomarker to early diagnose
OS and predict the OS progression, especially for the
chemo-resistance
and
lung
metastasis
[24].
Uncovering the novel biomarker is very important for
the OS diagnosis and treatment.
Owing to the stable characteristic of loop
structure, many circRNAs have been reported to be
biomarkers in various cancers [25, 26]. For example,
Zhang S et al [27] reported hsa_circ_0014130 as a new
circular RNA biomarker in non-small cell lung cancer.
Xie Y et al [28] found that hsa_circ_0074362 probably
plays a role in the initiation of gastric cancer and may
be a potential biomarker of gastric cancer. Zhang X et
al [29] showed that hsa_circ_0001649 could act as a
novel prognostic biomarker and a potential
therapeutic target for hepatocellular carcinoma
patients. Besides, Yang F et al [30] found that circular
RNA circ-LDLRAD3 could be a biomarker in
diagnosis of pancreatic cancer. Zhuo F et al [31]
reported that circRNA0003906 serves as a potential
biomarker for the diagnosis and treatment of
colorectal cancer. Li W et al [32] showed
hsa_circ_0004277 as a new biomarker for acute
myeloid leukemia. However, there have been seldom
reports about circRNA as biomarker in OS
progression.
In the present study, we first screened the
circRNA expression profile in three paired
http://www.ijbs.com
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chemo-resistant and chemo-sensitive OS cell lines by
RNA sequencing and found that a novel circRNA,
hsa_circ_0081001,
was
up-regulated
in
the
chemo-resistant OS cell lines compared with the
controlled, which was also verified by qRT-PCR.
Then, we further found that hsa_circ_0081001
expression was significantly up-regulated in the OS
tissues relative to the paratumor tissues. Besides, we
found that hsa_circ_0081001 expression was greatly
increased in the IIB+III group, chemo-resistant group
and lung metastasis group compared to the controlled
groups, related to poor prognosis of OS patients.
Further multivariate survival analysis revealed that
hsa_circ_0081001 as well as chemo-resistance, lung
metastasis and Enneking stage could act as an
independent prognostic factor for OS.
Then, we further detected the hsa_circ_0081001
expression level in serum from patients with OS or
benign bone tumor and the controlled healthy
individuals to explore its possibility to be a biomarker
of OS. The results indicated that hsa_circ_0081001
expression was gradually increased in the benign
bone tumor and OS compared with the controlled.
Then we further found that serum hsa_circ_0081001
expression
level
markedly
decreased
after
preoperative chemotherapy of two cycles and after
operation. And hsa_circ_0081001 expression was
higher in the chemo-resistant, lung metastasis or
recurrence groups than the controlled, consistent with
the results in the tissues. Besides, ROC curve analysis
further demonstrated that hsa_circ_0081001 may be a
better diagnostic biomarker than ALP and LDH, two
biomarkers commonly used in clinical [33], with more
sensitivity and specificity.
Actually, a previous study by Song YZ et al
found that hsa_circ_0001564 was significantly
overexpressed in OS tissue, as well as in OS cell lines
and could act as a potential biomarker for the OS [34].
But they did not analyze the correlation of
hsa_circ_0001564
expression
level
with
OS
progression, such as chemo-resistance, lung
metastasis, and overall survival time and did not
examine the hsa_circ_0001564 expression in serum of
OS patients. Besides, in a previous study by us, we
first reported that circPVT1, a potential new circular
RNA biomarker, contributes to doxorubicin and
cisplatin resistance of OS cells by regulating ABCB1
[22]. To further demonstrate the feasibility of
hsa_circ_0081001, we compared its specificity and
sensitivity with circPVT1 by ROC curve and found
that AUC value of hsa_circ_0081001 is comparable to
circPVT1 (AUC 0.898 vs 0.871, P>0.05), with an
important value as a biomarker in OS.
In addition, we performed a small-scale
prospective clinical pretest to demonstrate whether
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the changes of hsa_circ_0081001 expression level
could dynamically monitor and reflect the condition
changes of OS patients. Preliminary results indicated
that the changes of hsa_circ_0081001 expression could
predict the pivotal condition changes of OS patients,
especially for chemo-resistance and lung metastasis.
Obviously, a large-scale prospective multi-center
clinical trial with more enrolled patients and more
careful experimental design should be conducted to
further identify the value of hsa_circ_0081001 in
predicting OS progression. Besides, the function and
regulatory mechanism of hsa_circ_0081001 in OS
progression in vitro and in vivo should be clarified in
the further study.
In summary, the current study identified that a
novel circRNA, hsa_circ_0081001, was up-regulated
in OS cell lines, tissues and serums, correlated with
poor prognosis and may be a better diagnostic
biomarker than ALP and LDH in OS. In addition,
preliminary results indicated that hsa_circ_0081001
expression level may dynamically monitor and reflect
the condition changes of OS patients. Our findings
first shed light on the role of hsa_circ_0081001 as a
novel circulating biomarker for the diagnosis and
treatment target of OS.
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