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Serum level of miR-217 predicts prognostic outcome for osteosarcoma patients in
China
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Abstract

In this study, we aimed to investigate the expression of miR-217 in osteosarcoma and adjacent tissues, and its relationship
with clinical features, and thus provide a scientific basis for the diagnosis and treatment of osteosarcoma. Sixty patients with
osteosarcoma who underwent radical osteosarcoma resection in our hospital in China from January to December 2015 were
selected. Real-time reverse transcription PCR (qQRT-PCR) was used to detect the expression of miR-217 in osteosarcoma and
parasarcoma tissues. Its correlation with clinical data and prognosis of patients was analyzed. Our results showed that the average
expression level of miR-217 in osteosarcoma tissues (2.94 + 0.79) was higher than that of parasarcoma tissues (2.14 £ 0.66)
(P <0.05). The difference between the expression level of miR-217 in osteosarcoma tissue and pathological grade (P = 0.034)
and clinical stage (P = 0.007) was statistically significant. Cox multivariate analysis showed that clinical stage (HR =4.135, 95%
CI = 1.682-6.236) and miR-217 (HR = 3.764, 95% CI = 1.572-5.921) are independent risk factors that affect the prognosis of
osteosarcoma (P < 0.05). In conclusion, miR-217 plays a key regulatory role in the occurrence and progression of osteosarcoma.
Serum miR-217 levels can predict the prognosis of osteosarcoma patients.
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Practical Application: Osteosarcoma is a kind of malignant bone tumor that more commonly occurs in adolescents or children
under 20 years old. Our results show that miR-217 plays a key regulatory role in the occurrence and progression of osteosarcoma.

Serum miR-217 levels can predict the prognosis of osteosarcoma patients.

1 Introduction

Osteosarcoma is a kind of malignant bone tumor that more
commonly occurs in adolescents or children under 20 years old
(Verschoor et al., 2020; Younis et al., 2019; Takeuchi et al., 2019).
Itis the most common among malignant bone tumors in children,
about 5% of children’s tumors (Kopp et al., 2019; Guenther et al.,
2018). Osteosarcoma mainly occurs in the distal femur and
the proximal metaphysis of the tibia. Osteosarcoma is a highly
aggressive tumor that is most likely to metastasize to the lungs, it
develops from the interstitial cell line (Haralambiev et al., 2020;
Siontis et al., 2020). The rapid growth of the tumor is due to the
formation of tumor bone-like tissue and bone tissue directly or
indirectly through the cartilage stage. Under the influence of
external factors (such as viruses), the weight-bearing bones of
the lower limbs mutate the cells, which may be related to the
formation of osteosarcoma (Kurelac et al., 2019). The typical
osteosarcoma originates in the bone, and another completely
different type is the osteosarcoma juxtaposed with the cortical
bone, which originates from the outer membrane of the bone and
nearby connective tissue (Banerjee & Bose, 2019; Oliveira et al.,
2018).

At present, the main treatment plan for osteosarcoma is
primary tumor resection combined with preoperative and

postoperative chemotherapy, which increases the 5-year survival
rate of osteosarcoma patients to 60% to 70% (Marec-Berard et al.,
2020; Schott et al., 2018; Vaseenon et al., 2017). It is reported that
high protein diet has a certain effect on postoperative nursing
of patients with osteosarcoma (Dias et al., 2020; Cordeiro et al.,
2020; Gavido et al., 2021; Zhou et al., 2021). In recent years, the
treatment strategy for osteosarcoma has been greatly improved,
but the overall survival of osteosarcoma patients is still not
optimistic, which is closely related to the relatively low clinical
early diagnosis rate (Lin et al., 2019; Sugiura et al., 2018).
Therefore, it is urgent to discover and identify new molecular
biomarkers for early diagnosis of osteosarcoma, and these new
discoveries will have a certain impact on the treatment strategy
of osteosarcoma.

About 80% of the genes in the human genome can be
transcribed into RNA, but only 2% of the genes can eventually
be encoded into proteins (Pan et al., 2020). These RNAs that
cannot be translated are called non-coding RNAs (Zhao et al.,
2019). Micro non-coding RNAs (microRNAs, miRNAs) are
important members of non-coding RNAs (Lin et al., 2019;
Wang et al., 2019), which are a type of short-chain non-coding
RNAs encoded by endogenous genes, it can combine with the
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target gene transcript to perform gene transcriptional regulation
(Fellenberg et al., 2019). miRNA can play a role in suppressing
or promoting cancer by targeting and regulating genes related to
tumor cell differentiation, proliferation, apoptosis and metastasis.
More and more studies have shown that miRNA expression
is closely related to the prognosis of osteosarcoma patients.
At present, studies have confirmed that several miRNAs have
played an important role in the formation of osteosarcoma, such
as miR-150, miR-496, miR-27a, etc. (Ye et al., 2020; Lin et al.,
2018), miR-217 is abnormally expressed in various tumors
such as breast cancer, gastric cancer, liver cancer, and affects
the proliferation, migration and invasion ability of tumor cells
(Zhou et al., 2017; Safaralizadeh et al., 2019), but the expression
of miR-217 in osteosarcoma is still unclear. This study mainly
explored the expression of miR-217 in osteosarcoma, and evaluated
the relationship between miR-217 and various pathological
features, and thus provide a scientific basis for the diagnosis
and treatment of osteosarcoma.

2 Materials and method

2.1 Collection of clinical data

A total of 60 patients with osteosarcoma who underwent
radical osteosarcoma resection in our hospital in China from
January to December 2015 were collected. The average age of
participants was (17.6 + 3.5) years old. Enneking staging: 22 cases
in stage I, 25 cases in stage II, and 13 cases in stage III. 39 cases
were low grade malignant and 21 cases were highly malignant.
All patients had no history of radiotherapy and chemotherapy
before surgery. All cases have first-level pathological diagnosis
support. Each patient’s tissue specimens were osteosarcoma and
its nearby tissues (= 5 cm from the lesion, confirmed by pathology
without tumor cell infiltration), and the tissues were obtained
within 10 minutes after surgical resection and stored at -80 °C.
The reagents and instruments used in the laboratory mainly
include: miRNeasy extraction kit (Kang Wei Century, Beijing),
miRNA reverse transcription kit (Tiangen Biochemical Company,
Beijing), fluorescent quantitative PCR kit (Novizan, Beijing),
Biotek Epoch micro nucleic acid quantifier was purchased from
Biotek in the United States, and 7500 fluorescent quantitative
PCR instrument was purchased from ABIL

2.2 RNA extraction and reverse transcription

The primer sequences of the primer design software
Primer Premier5.0 were used to design the primer sequences
of miR-217 and U6. The specific sequences are as follows: has-
mir-217-5p: 5-TAGCAC-CATCTGAAATCGGTTA-3 ¢ Ué6:
5-GCTTCGGCAG-CACATATACTAAA-3’ This sequence was
synthesized by Shanghai Biotech Co., Ltd.

The total RNA was extracted using the TRIzol method,
and the operation was performed according to the instruction
manual of the TRIzol (Sigma) kit. Spectrophotometry was used
to quantify RNA. The RNA was reverse transcribed according
to the instructions of the PrimeScript RT Master Mix (Takara,
Shiga, Japan) RNA reverse transcription kit. In the reverse
transcription reaction system, total RNA is 1 ug, 2 x RTmix

10 pL, mix 2 uL, oligo dNTPs 1 pL, random hexamers 1 pL,
and total system 20 pL. 25 °C 5 min, 50 °C 15 min, 85 °C 5min,
reverse transcription to form cDNA.

2.3 qRT-PCR detection

miR-217 was tested with AceQ qPCR SYBR Green Master
Mix (Novizan, USA) for miR-217 and U6, and the real-time
PCR system was 20 uL. Reverse transcription product 2 pL,
forward primer 2 pL, reverse primer 2 pL, 2 x mix 10 pL, pure
water 4 pL. 1 cycle includes 95 °C 30s, 95 °C 5s and 60 °C 30s,
a total of 40 cycles. All samples were repeated 3 times. U6 was
used as an internal reference to calibrate the Ct value of each
sample miR-217, and 2-ACt was used to indicate the relative
gene expression level.

2.4 Statistical analysis

SPSS 22.0 software was used for data analysis. Quantitative
data is expressed as mean + standard deviation (M+SD), and
qualitative data is expressed as rate (%). Paired sample t test was
used to compare miR-217 in osteosarcoma tissue. The Kaplan-
Meier method is used for the survival function. Cox regression
was used to analyze the hazard ratio and 95% confidence interval,
and analyze the influence of various factors on the prognosis of
osteosarcoma. P < 0.05 was considered statistically significant.

3 Results

3.1 miR-217 expression

Taking the tissue samples near the osteosarcoma as the
reference value, the 2-ACt value was analyzed by paired sample
t test. The average expression level of miR-217 in osteosarcoma
tissue was (2.94 £ 0.79), which was higher than that of parasarcoma
tissue (2.14 + 0.66), the difference was statistically significant
(t=3.958, P <0.05) (see Figure 1).

3.2 The relationship between miR-217 and
clinicopathological characteristics

The expression level of miR-217 in osteosarcoma tissue was
(3.02 £ 0.86) in the group under 18 years old, and (2.87 £ 0.61)
in the group under 18 years old and above. The expression level
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Figure 1. miR-217 expression (*compared with control group, P < 0.05).
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of miR-217 in osteosarcoma tissue was (2.72 + 0.79) in the male
group and (3.28 + 0.85) in the female group. The expression
level of miR-217 in osteosarcoma tissue was (2.73 + 0.72) in
the group without tumor family history and (3.21 + 0.91) in
the group with tumor family history. The expression level of
miR-217 in osteosarcoma tissue was not statistically different
between different age groups, different gender groups, and the
family history of tumors (P > 0.05).
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Figure 2. miR-217 and prognosis of osteosarcoma patients.

The expression level of miR-217 in osteosarcoma tissue was
(2.66 * 0.69) in the pathological grade of low-grade malignant
group and (3.45 £ 0.82) in the pathological grade of low-grade
malignant group. The expression level of miR-217 in osteosarcoma
tissue was (2.48 + 0.71) in the clinical staging group below stage
I and (3.45 + 0.87) in the clinical stage staging group and
above. The difference between the expression level of miR-217 in
osteosarcoma tissue and pathological grade (f=-2.169, P=0.034)
and clinical stage (t=-2.788, P = 0.007) was statistically significant.
The statistical analysis results are shown in Table 1.

3.3 The relationship between miR-217 and patient prognosis

The last follow-up time of this study is December 2019. The study
cohort was followed up for 48 months. 34 of 60 patients relapsed
and 26 died, all of whom died of recurrence and metastasis. Among
osteosarcoma patients, the median survival time of miR-217 patients
was 20.5 months (see Figure 2). Cox univariate analysis showed
that pathological grade, clinical stage, and miR-217 expression
were related to overall survival (OS). Cox multivariate analysis
showed that clinical stage (HR =4.135,95% CI = 1.682-6.236) and
miR-217 (HR = 3.764, 95% CI = 1.572-5.921) are independent
risk factors that affect the prognosis of osteosarcoma (P < 0.05).
The statistical analysis results are shown in Table 2.

4 Discussion

Osteosarcoma is a common primary malignant tumor of
bone, it occurs in the metaphysis of long bones, which is one

Table 1. Correlation between miR-217 expression and clinical data of osteosarcoma patients.

Variables n miR-217 expression level t P
Age(years)
<18 26 3.02 +0.86 0.458 0.649
=18 34 2.87+0.61
Gender
Male 37 2.72+0.79 -1.499 0.139
Female 23 3.28+0.85
Family history of cancer
None 35 2.73+0.72 -1.319 0.192
Yes 25 3.21+0.91
Pathological grade
Low grade malignancy 39 2.66 * 0.69 -2.169 0.034
High grade malignancy 21 3.45+0.82
Clinical stage
<III 32 2.48 +0.71 -2.788 0.007
> 111 28 3.45+0.87

Table 2. Univariate and multivariate analysis of the overall survival of osteosarcoma patients.

Univariate analysis
Variables 4

Multivariate analysis

HR 95% CI P HR 95% CI P
Age 0.715 0.424 - 1.516 0.351
Gender 1.284 0.895-2.913 0.089
Pathological grade 2.565 0.807 - 3.881 0.477
Clinical stage 3.227 1.254 - 5.419 0.041 4.135 1.682 - 6.236 0.035
miR-217 5.548 3.311 - 6.855 0.024 3.764 1.572 -5.921 0.021
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of the main causes of cancer-related deaths in children and
adolescents (Jiang et al., 2017a; Cuscino et al., 2019). At present,
the etiology of osteosarcoma is unclear. The risk factors of the
disease include history of radiotherapy or chemotherapy, Paget
disease or other benign bone lesions, and hereditary diseases
(including hereditary retinoblastoma, Lifraumeni syndrome,
Rothmund-Thomson syndrome, Bloom and Werner syndrome,
etc.) (Jiang et al., 2017b). Many factors affect the entire disease
process and outcome, including age, tumor volume, tumor
location, surgical margin, histological response to preoperative
chemotherapy, and interval between recurrence-free (Cai et al.,
2017; Denaro et al., 2017).

Although the methods of treating osteosarcoma have been
continuously developed, the 5-year survival rate of patients with
osteosarcoma is still very low, which is related to no obvious
progress in the early diagnosis of osteosarcoma in recent years
(Yang et al., 2017). Therefore, early diagnosis is a necessary
condition for effectively improving the survival prognosis of
patients. With the continuous deepening of the understanding
of the occurrence and development of osteosarcoma, exploring
the mechanisms regulating the occurrence and metastasis of
osteosarcoma has gradually become a research hotspot (Yang et al.,
2019; Tuohy et al., 2019). By studying the signal targets related
to the occurrence and metastasis of osteosarcoma, and targeted
interventions to determine a more effective treatment plan, it
is expected to improve the clinical efficacy and prognosis of
osteosarcoma.

In recent years, miRNAs have the potential as biomarkers
in cancer (Feng et al., 2020; Dong et al., 2019). Since then, more
and more studies have begun to pay attention to the functional
analysis of miRNAs. Many results suggest that miRNAs are a new
target and prognostic marker for cancer treatment (Liu et al,,
2019; Ruetal., 2018). Among more than 1,000 known miRNAs,
the miR-217 family is considered to have an important role in
the progression of cancer due to its abnormal expression in
various tumor tissues. miRNA is an endogenous non-coding
ribonucleic acid, which regulates gene expression in a series of
mammalian cell processes. At present, the correlation between
miRNA and autophagy has become a research hotspot. Many
studies have shown that multiple miRNAs are considered to be
key epigenetic regulators in tumorigenesis and development,
including osteosarcoma (Berlanga et al., 2016; Wang et al., 2020).

Recurrence and metastasis are the main causes of poor
prognosis of osteosarcoma (Ma et al.,, 2020). Accurately predicting
patients with a high risk of recurrence, and conducting appropriate
monitoring and treatment interventions on patients, is of great
significance for improving patient survival rates. This study
explored the expression of miR-217 in 60 cases of osteosarcoma
and tissues near osteosarcoma, and analyzed the relationship
between it and prognosis in combination with case data. The
results of this study show that the expression of miR-217 in
osteosarcoma is higher than the tissues near osteosarcoma, and
can affect the prognosis of patients. Many studies have shown
that miR-217 inhibits laryngeal cancer metastasis by repressing
AEG-1 and PD-L1 expression (Miao et al., 2017), miR-217
regulates the tumor growth and apoptosis of colorectal cancer
by targeting the MAPK signaling pathway (Zhang et al., 2016),

HOTAIR contributes to the growth of liver cancer via targeting
miR-217 (Wang et al., 2018), etc. This shows that miR-217, like
other miRNAs, has the difference of tissue expression, that is,
the expression level is different in different tissues, the role it
plays is different, and may even be the opposite.

This study also found that the expression level of miR-217 is
related to the pathological grade and clinical stage of the tumor.
Pei et al (Pei et al., 2016) found that the incidence of osteosarcoma
has a gender difference, and the incidence ratio of men and
women is 1.4: 1. The peak of relapse is in the second 10a after
the first incidence. Kaplan-Meier analysis of this study showed
that patients with up-regulated miR-217 expression had a poor
prognosis. This study believes that this is related to the difference
of different tumor tissues and the tissue diversity of miRNAs.

In conclusion, miR-217 plays a key regulatory role in the
occurrence and progression of osteosarcoma, serum miR-217
levels can predict the prognosis of osteosarcoma patients, and
the clinical application value is high.
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