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Introduction

Osteosarcoma (OS) is a malignant primary tumor of 
the bone. It has a mesenchymal origin and is characterized 
by the production of immature osteoid matrix. Primary 
malignant bone neoplasms are rare, representing less than 
5% of all malignant tumors in children and adolescents 
[1, 2]. The progression of this tumor is mainly related to 
cellular growth/proliferation processes, DNA damage, and 
alterations in cell cycle checkpoint control [3]. Studies 
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indicate an association between osteosarcoma and genetic 
syndromes such as hereditary retinoblastoma, Li-Fraumeni 
syndrome, Werner syndrome, Rothmund-Thomson 
syndrome, and Bloom syndrome. Additionally, there are 
a few reports indicating that isolated genetic alterations 
also play a role in the progression of osteosarcoma and 
that modifications in genes such as FOS and MYC are 
related to the development of OS [3, 4].

In this context, circular RNA (circRNA) has recently 
been identified as a class of molecules that potentially plays 
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an important role in the development of OS. CircRNA is 
a type of endogenous non-coding single-stranded RNA 
that presents a closed, stable circular structure with 
tissue-specific expression that has been associated with the 
initiation and progression of different types of cancers [5].

The most well-established function of circRNAs 
is to act as “microRNA sponges” (Figure 1). In this 
mechanism, circRNA binds to and sequesters microRNA 
molecules in the cytoplasm, reducing their availability 
to the cytoplasmic environment. As a result, circRNA 
is capable of modulating gene expression, impacting in 
the modulation of different signaling pathways in a cell 
[5, 6]. In the osteosarcoma scenario, studies have shown 
that these molecules exhibit altered expression, related 
to characteristics of the carcinogenic process such as 
chemotherapy resistance, cellular proliferation, cellular 
metastasis, glycolysis, among others [7].

An important tool for characterizing the oncogenic 
process is the cancer hallmarks. They constitute an 
organizing principle to rationalize the complexities of 
neoplastic disease, and currently, there are 14 hallmarks 
proposed [8-10]. In this sense, several studies have 
shown that alterations in circRNAs expression have been 
associated with these hallmarks in the pathogenesis of 
osteosarcoma, being important for a better characterization 
of the carcinogenic process of this neoplasia [11-13].

In this context, more studies are needed to obtain a 
solid knowledge base about the dole of circRNAs in OS 
carcinogenesis and progression. In the perspective of 
helping in the process of filling this gap, the present study 
presents an integrative review on the correlation between 
the expression of circular RNAs and the development 
and progression of osteosarcoma. For this purpose, we 
analyzed the influence of alterations in circular RNAs 
expression on the development and progression of 
osteosarcoma through an integrative literature review 
on the topic. Here, we summarize the past empirical or 
theoretical literature to provide a greater comprehensive 
understanding of the roles that circular RNAs play in 
osteosarcoma carcinogenesis and how they are associated 
with cancer hallmarks. Furthermore, we evaluated the 
relationship between circular RNA expression and clinical 
characteristics and patient prognosis.

Materials and Methods

Search strategy
This article is a literature review with a high-sensitivity 

search conducted between September 10th and November 
12th, 2021. For the search process, we used the keywords 
“circular RNA” and “osteosarcoma” combined with 
their associated terms. The databases used, along with 
their respective search tools, were PubMed/MEDLINE, 
SCOPUS, OVID, EMBASE, and Web of Science 
(Supplementary materials and methods 1).

Selection eligibility criteria
Primary studies that focused on circular RNA in the 

context of osteosarcoma were included, with no minimum 
time restriction for publication. Reviews, abstracts, case 
reports, editorials, and works in languages other than 

English, Spanish, or Portuguese were excluded (Figure 2).
For reference management, the digital platform 

Rayyan was used. The first step for article selection was 
the removal of duplicates. Subsequently, two independent 
reviewers, following the eligibility criteria, excluded 
studies based on titles and abstracts that did not fit the 
scope of this review. All conflicts were resolved without 
the need for a third reviewer. Finally, with the full-
text reading of the articles, both reviewers performed 
standardized data extraction and made a final judgment 
regarding eligibility.

Circular RNAs classification system
For better understanding, the circRNAs were identified 

according to a specific code C and their respective number 
(Supplementary Table 1, 2). This classification was needed 
based on the fact that it was found a high number of 
circRNAs, as the authors had made comparison between 
the amount of circular RNA in healthy cells and/or tissues 
and cells and/or tissues affected by osteosarcoma.

In addition, a classification of the circRNAs was 
established according to the mechanism by which 
altered circRNAs expression impact in the different 
Cancer Hallmarks in osteosarcoma. Regarding the 
clinicopathological relationship, we examined the 
association between altered circular RNA and clinical 
data of patients, such as metastasis, overall survival, 
and degree of differentiation. Finally, the perspective 
analysis summarized the authors’ expectations regarding 
the respective work’s contribution in the context of 
osteosarcoma.

Results

Expression profile of circular RNAs
Ninety-four different circular RNAs with altered 

expression levels correlated to oncogenic processes in 
osteosarcoma were identified. From this total, it was 
observed that the majority of circRNAs, 84 (89.36%) 
exhibited increased expression in osteosarcoma. Among 
these, 7 (8.33%) circRNAs were specifically increased in 
osteosarcoma cell lines, while 77 (91.66%) were increased 
in both tissues and cells. No circular RNAs were found 
to be increased only in tissues affected by osteosarcoma.

A smaller number of molecules, 14 (14.89%) out of 
all identified circRNAs, showed decreased expression 
in osteosarcoma. Among these, 1 (7.14%) circRNA 
was decreased only in osteosarcoma cell lines, and no 
circRNA was specifically decreased in tissues affected by 
osteosarcoma. From this group, the remaining 13 (92.85%) 
circRNAs exhibited decreased expression in both cells and 
tissues affected by osteosarcoma.

It is important to note that there was a disagreement 
concerning the expression of 4 circular RNAs in 
osteosarcoma. For C32, two articles reported increased 
expression [14, 15], while one article reported decreased 
expression in OS [16]. For C34, one study reported 
increased expression [17], and another study reported 
decreased expression [18]. For C31, Li et al. 2020 [12] 
reported an increased expression, and one study reported 
its decreased expression in OS [19]. Lastly, for C84, one 
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Figure 1. Role of CircRNA as a Sponge for MicroRNA. (a) Specific microRNAs interact in a sequence-specific 
manner with messenger RNA, inducing their cleavage and/or translation inhibition. (b) In the presence of circRNA, 
microRNAs are captured (sponging function) through base complementarity interactions, allowing for efficient 
translation of messenger RNAs.

Figure 2. Flowchart for Obtaining the Selected Studies.

study reported increased expression [20], and one study 
reported decreased expression [21].

Mechanism of action
Among the 129 analyzed studies, 124 investigated 

the mechanisms by which circular RNAs influence the 
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Figure 3. Correlation between the Expression of Circular RNAs and Key Clinical Characteristics of Patients. In red: 
Circular RNAs with decreased expression; in green: Circular RNAs with increased expression. For the C codes, please 
refer to their corresponding numbers in Supplementary table 1 and 2. Superscribed numbers indicate the number of 
papers referring to the same circRNA.

Figure 4. Continued Correlation between the Expression of Circular RNAs and Key Clinical Characteristics of 
Patients. In red: Circular RNAs with decreased expression; in green: Circular RNAs with increased expression. For 
the C codes, please refer to their corresponding numbers in Supplementary Table 1 and 2. Superscribed numbers 
indicate the number of papers referring to the same circRNA.

carcinogenic process in OS. The most predominantly 
observed mechanism of action was the capacity of 
circRNAs to act as microRNA sponges, acting as 
competitive endogenous RNAs that regulate the 
interaction between a microRNA and its target gene, which 
was seen in 113 (91.12%) of the studies that explored their 
mechanisms of action.

A less common mechanism mentioned was the 
capacity of circRNAs to act in an opposite direction, 
stabilizing microRNA molecules, which was reported in 

4 (3.22%) studies. Also, 7 (5.64%) studies only mentioned 
the target genes and/or pathways without specifying the 
mechanism by which these processes were influenced.

Association of circular RNAs with Cancer Hallmarks
After identification, circRNAs were grouped according 

to the hallmarks with which they were associated. The 
most observed hallmark was the induction of proliferative 
signaling, present in approximately 87 (92.5%) of the 94 
identified circular RNAs. The second most predominantly 
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Circular RNA

Associaed Hallmark Increased expression Decreased expression

Proliferative signaling C1, C3, C4, C6-C22, C24-C64, C66-C68, C70-C84 C31, C32, C34, C84-C93

Invasion and metastasis C1, C3, C4, C6-C18, C20-C28, C31-C53, C55, C56, C58, C59, 
C61-C64, C67-C70, C72-C76, C79-C81, C83, C84 

C31, C32, C34, C84-C88, C90, 
C92, C93

Resistance to cell death C2-C8, C10-C12, C14, C15, C17, C18, C20-C26, C35-C40, C45-
C48, C51, C52, C54-C58, C60, C62-C64, C66, C70-C78, C80-C84

C31, C34, C87-C91, C93

Cellular energy dysregulation C5, C7, C14, C21, C28, C36, C44 N/A

Induction of angiogenesis C8, C9, C19 N/A

Inflammation promotion C16 N/A

Evasion of suppressive mechanisms C63 N/A

Genome instability and mutation C67 C92

Table 1. Correlation between the Expression Profile of Circular RNAs from All Studies and the associated Hallmarks. 
Identification of articles and circular RNAs with the C code and their respective numbers are available in Supplementary 
Table 1 and 2.

associated hallmark was invasion and metastasis, found 
in approximately 72 (76.6%) of the identified circRNAs. 
Lastly, resistance to cell death was the third most 
predominantly reported hallmark, present in 56 (59.5%) 
of the identified circRNAs (Table 1, 2).

Circular-RNAs expression and clinical pathological 
characteristics

A relationship between the expression profile of 
circRNAs and the clinical characteristics of patients was 
observed in 71 studies. Among the main characteristics 
identified, lower survival was reported in 52 (73.2%) 
studies, involving 43 distinct circular RNAs, with 
36 (83.7%) circRNAs showing increased expression 
and 7 (16.2%) others showing decreased expression. 
Furthermore, the higher incidence of metastasis was found 
to be higher in 32 (45%) studies, involving 30 distinct 
circular RNAs, with 26 (86.6%) circRNAs showing 
increased expression and 4 (13.3%) circRNAs showing 
decreased expression (Figure 3).

The altered expression of circRNAs was also analyzed 
in relation to TNM (tumor, nodes, metastasis) staging 
and/or advanced Enneking stage, the latter being a 
surgical staging system used to guide the treatment of 
musculoskeletal tumors, including osteosarcoma. From 
this analysis, 34 (47.8%) studies reported that altered 
expression correlated with advanced Enneking and/or 
TNM stages, involving 30 distinct circular RNAs, with 
26 (86.6%) showing increased expression and other 4 
(13.3%) showing decreased expression (Figure 3).

Other clinical characteristics related to altered 
expression of circular RNAs included largest tumor 
size, reported in 23 (32.3%) studies, and higher 
chemoresistance, reported in 14 (19.7%) studies, among 
others (Figures 3, 4).

The altered expression of circRNAs was primarily 
associated with decreased overall survival, advanced 
Enneking and TNM stages, and increased incidence of 
metastasis, to name a few (Figures 3, 4). For example, the 
increased expression of C65 was related to 6 out of the 7 
analyzed characteristics, except for lower differentiation 
grade, making it the circRNA most associated with 
pathological clinical features [22]. It was observed 

that 54 (76%) studies reported that the analyzed RNAs 
were related to more than one clinical characteristic 
(Figures 3, 4).

Discussion

Circular RNAs were discovered approximately three 
decades ago, but only more recently they have received 
greater attention. It is now known that they can regulate 
many biological processes and play an important role in 
the development of various types of cancer, including 
osteosarcoma [23].

In this context, an altered pattern of circular RNA 
expression was observed in the context of OS, with a 
predominance of increased expression in both OS cell 
lines and tissues affected by the disease, and only a few 
circular RNAs showing decreased expression in OS. Thus, 
it can be observed that the expression profile of circRNAs 
is closely related to the carcinogenic process of OS.

When certain circular RNAs showed increased 
expression in OS, higher rates of proliferation, migration, 
cell viability, and lower apoptotic rates were observed. 
Examples of this include C82 [24], C80 [25], and C78 [26]. 
These characteristics directly affect cellular progression 
and are important for the carcinogenesis process, 
ultimately contributing to cancer progression or evolution. 
By decreasing the expression of these RNAs through 
experiments, a reversal of the previously established 
effects was generally observed, with decreased rates of 
proliferation, invasion, and metastasis, and increased rates 
of apoptosis. These findings reinforce the idea that altered 
expression of circRNAs contributes to the development 
of osteosarcoma.

On the other hand, low expression of certain circular 
RNAs promoted similar effects as mentioned above 
in carcinogenic development. However, when their 
expression was increased through experiments, a decrease 
in these effects was observed. Thus, the hypothesis arises 
that circular RNA may also play a protective role in cancer 
development, albeit to a lesser extent since the majority 
of the circRNAs studied had increased expression in OS 
context.

Furthermore, some studies showed conflicting 
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expression profiles for the same circular RNA, such as 
C32 [16, 14, 15], C34 [18, 27], C31 [19, 12], C84 [20, 21]. 
This raises the hypothesis that the expression pattern of 
circular RNA may change in OS due to the development of 
the carcinogenic process and may be influenced by other 
factors such as the primary site of the disease or the stage 
of cancer evolution. A large part of the studies, however, 
does not specify the bone site from which the affected 
tissue was obtained or the stage of disease progression in 
the patients, when the samples were collected.

Among the mechanisms described for the action of 
circRNA, its role as a microRNA sponge was the most 
prevalent, which is a well-known function of circular 
RNAs. In this mechanism, circular RNA negatively 
regulates the expression of a microRNA, thereby 
influencing the expression of its target gene as well as 
the activation or inhibition of other cellular pathways 
[28]. It was noted that, most of the time circRNAs have 
more than one microRNA target and can simultaneously 
regulate the expression of multiple microRNAs. For 
example, C21 targets microRNAs miR-423-5p, miR-137, 
miR-205-5p, and miR-256b, which were identified in 
independent studies [29, 30, 7, 31, 32]. Another example 
is C63 [33], which regulates the expression of miR-23a-
3p, miR-23b-3p, miR-23c, and miR-130a-5p, and C17 
[34], which regulates the expression of miR-145-5p and 
miR-151-3p, simultaneously.

In our investigation, we noticed that miR-145-5p 
plays a role in regulating the expression of genes related 
to the progression and metastasis of osteosarcoma [35]. 
Furthermore, the action of miR-145-5p is controlled by 
different circRNAs: C1 (hsa_circ_0001900) [36], C6 
(circ_0008932) [37], C17 (hsa_circ_0000073) [38], and 
C37 (hsa_circ_0008934) [39].

Hsa_circ_0001900, a type of circRNA derived from 
the CAMSAP1 gene, acts as a “sponge” for miR-145-
5p, restoring the expression of FLI1. This results in 
a complex regulatory axis, where hsa_circ_0001900, 
miR-145-5p, and FLI1 are interconnected in the biology 
of osteosarcoma. In this context, miR-145-5p acts as a 
tumor progression suppressor, and the reduction of FLI1, 
partially mediated by hsa_circ_0001900 and miR-145-5p, 
can impact on inhibiting metastasis and proliferation of 
osteosarcoma [36].

CircRNA circ_0008932 exerts a significant influence 
on the cellular functions of osteosarcoma by negatively 
regulating miR-145-5p. Circ_0008932 acts as a molecular 
competitor, establishing a direct physical binding with 
miR-145-5p, inhibiting its physiological regulatory action. 
This interaction leads to the suppression of miR-145-5p 
activity, which normally plays crucial roles in regulating 
cell proliferation, migration, invasion, and apoptosis. This 
suggests that the interaction between circ_0008932 and 
miR-145-5p plays a critical role in the pathogenesis of 
osteosarcoma [37].

It has been reported that the levels of miR-145-
5p and miR-151-3p were significantly reduced in 
osteosarcoma tissues and cell lines, and these levels 
were inversely correlated with the levels of circRNA 
hsa_circ_0000073. Functional interaction demonstrated 
that hsa_circ_0000073 directly affects the levels of 

miR-145-5p and miR-151-3p in osteosarcoma cells, and 
this regulation plays an important role in the expression 
of the NRAS gene. Therefore, it is suggested that hsa_
circ_0000073 may increase the expression of NRAS by 
inhibiting the expression of miR-145-5p and miR-151-3p 
in osteosarcoma cells, with potential implications for 
osteosarcoma progression [40].

The interaction between hsa_circ_0008934 and miR-
145-5p was investigated in the context of osteosarcoma, 
and the results revealed that hsa_circ_0008934 acts as 
a “sponge” for miR-145-5p, inhibiting its action. This 
inhibition results in an increase in the expression of 
the E2F3 gene, which plays an important role in the 
proliferation and migration of osteosarcoma cells. This 
cascade regulation, in which hsa_circ_0008934 acts as 
a modulator of gene expression by sequestering miR-
145-5p, has a significant impact on the progression of 
osteosarcoma [40].

In addition to this usual function, it was identified 
that circRNA can also act through adsorption and/or 
stabilization of microRNAs in OS, leading to increased 
expression of the target microRNAs: C22 [41], C83 [42], 
C26 Zhang P, Li J (2021) [30] and C31 [38], to name 
some. C22 acts as a sponge for miR-217 and a stabilizer 
for miR-19b, which represents different functions in 
different studies [41, 19]. This fact raises the hypothesis 
that the same RNA can act as a sponge and stabilizer of 
microRNAs simultaneously, influencing different genes 
and pathways. It also raises the question of whether 
circular RNA alters its mechanism of action depending 
on the conditions under which the carcinogenic process 
occurs or the clinical status of the analyzed patient.

Among the hallmarks of osteosarcoma in which 
the identified circular RNAs were associated with its 
development, there was a predominance of proliferative 
signaling, invasion and metastasis, and resistance to 
cell death. As osteosarcoma is an aggressive type of 
cancer, it was expected that these characteristics would 
be prominently present. On the other hand, the lack of 
expression of other hallmarks can be explained by the 
absence of appropriate functional experiments to evaluate 
them correctly or directly. Therefore, this fact does not 
mean that the other hallmarks are less important or less 
common in the carcinogenic process of osteosarcoma.

It was also observed that the vast majority of circular 
RNAs were associated with different types of hallmarks, 
not just one. For example, C7 [43], C8 [44], C63 [33], 
to name a few. Therefore, it can be stated that circular 
RNAs play a very important role in the pathogenesis of 
osteosarcoma.

The evolution of osteosarcoma is rapid and aggressive, 
making it important to recognize factors that can predict a 
worse clinical and/or prognostic outcome. In this regard, 
altered expression of circular RNAs has been associated 
with various clinical characteristics of OS patients. In 
general, they have been associated with worse prognosis, 
including lower overall survival, disease-free survival, and 
5-year survival. This is the case for C15 [45], C19 [46], 
and C34 [47] circRNAs. 

Circular RNAs have also been linked to a higher 
incidence of metastases, particularly in the lungs, as 
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reported in the literature. C39 [48], C43 [49], and C36 
[50] are some examples. Moreover, circRNAs have 
been associated with advanced Enneking/TNM stages 
of osteosarcoma, as it was seen with C51 [51], C17 [52], 
and C60 [40]. Additionally, an increased tumor size has 
been correlated with C71 [53], C26 [54], and C79 [55].

Of note, the altered expression of C65, which was 
associated with lower survival rates, higher incidence of 
metastases, advanced disease stage, larger tumor size, 
early recurrence, and increased chemoresistance. Thus, it 
is understood that this molecule has an important influence 
on the progression and development of osteosarcoma 
and may be the subject of future studies for alternative 
therapies in the treatment of this cancer [22]. 

When examining the correlation between the 
expression profile of circular RNAs and patient prognosis, 
some authors demonstrated that these molecules could 
be used as potential biomarkers. In this context, C23 
was mentioned as a possible diagnostic and prognostic 
biomarker that is more sensitive and specific than alkaline 
phosphatase (ALP) and lactate dehydrogenase (LDH), the 
current biomarkers used in osteosarcoma [56]. C65 was 
indicated as a possible diagnostic biomarker, referred 
as even more sensitive and specific than ALP and LDH, 
and it could also be used as a prognostic biomarker 
[22]. Furthermore, C21 was mentioned as a diagnostic 
biomarker that is more sensitive and specific than ALP 
in the context of osteosarcoma [29].

In addition to increased expression in tissues and 
cells affected by osteosarcoma, the aforementioned three 
circular RNAs also showed increased expression in 
serum. It was observed that the serum expression of these 
molecules decreased as chemotherapy and/or surgery 
treatments were performed. This raises the hypothesis that 
circular RNA could be used as a biomarker for monitoring 
osteosarcoma treatment.

In conclusion, a close relationship was observed 
between altered expression of circular RNAs, impacting on 
different hallmakers and the progression and development 
of osteosarcoma. In this aspect, C65 (hsa_circ_0003074) 
could be highlighted as their expression profile were 
closely associated to the clinical outcomes of OS patients. 
In this context, circular RNAs may provide a future 
complementary therapeutic alternative in the treatment of 
osteosarcoma, as well as serve as relevant prognostic and 
diagnostic biomarkers. Furthermore, these molecules can 
contribute to a better understanding of the pathogenesis 
of osteosarcoma, which remain unclear. Finally, studies 
focused on the relationship between circular RNAs and 
osteosarcoma are of paramount importance and should be 
conducted and encouraged to improve the prognosis and 
outcome of this condition, leading to better survival rates 
for patients in the future.
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