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Abstract. Papillary thyroid carcinoma (PTC) accounts for 
>80% of thyroid cancer cases with an increasing incidence 
worldwide. Despite improved diagnostic strategies and 
treatments, certain aggressive characteristics of PTC render 
the identification of alternative therapeutic approaches 
necessary. Circular RNAs (circRNAs) are a novel class of 
long non‑coding RNAs (lncRNAs) containing a closed‑loop 
structure with a covalent linkage of 3'‑5' ends. Thus, they are 
more stable and resistant to RNA exonucleases. A significant 
number of recent studies on circRNAs have illustrated the 
dysregulated expression of these biomarkers in various types 
of tumors. However, the function of these non‑coding RNAs 
and downstream mechanisms in PTC have not yet been 
entirely identified. In the present review article, the authors 
aim to discuss and summarize the functions and roles of 
circRNAs, including their expression profiles, potential 
targets and regulatory mechanisms previously recognized in 
PTC.
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1. Introduction

Papillary thyroid carcinoma (PTC). Thyroid cancer, originating 
from thyroid follicular epithelial cells, is the most common type 
of cancer of the endocrine system, exhibiting a rapid increase in 
mortality rate worldwide (1‑3). There are 4 subtypes of thyroid 
cancer, including papillary thyroid cancer (PTC), follicular 
thyroid cancer (FTC), anaplastic thyroid cancer (ATC) and 
medullary thyroid cancer (MTC) (4). PTC accounts for >80% 
of all thyroid cancer cases (1,5,6). Among all types of thyroid 
cancers, the incidence of PTC is much higher and is often 
observed mainly among younger patients (7). Genetic muta‑
tions and environmental exposure are considered risk factors 
of PTC (8). The optimal treatment period for PTC is the early 
stages of the disease; this period is often surpassed by the time 
of diagnosis, due to the slow growth rate and atypical symp‑
toms (9). Despite the increase in the 5‑year survival rate up to 
90% and favorable prognosis in the majority of patients in the 
case of prompt treatment, including thyroidectomy and adju‑
vant radioactive iodine therapy, certain aggressive phenotypes 
of PTC, such as extra‑thyroidal extension, multifocal tumors, 
and lymph node and distant metastases lead to a poor prog‑
nosis (10,11). Hence, it is of utmost importance to identify novel 
diagnostic and therapeutic targets for PTC.

It has recently been demonstrated that genetic factors 
affect thyroid cancer progression  (12). Various molecular 
deregulations direct the tumorigenicity of PTC. BRAFV600E 
is known as a highly specific prognostic factor for patients 
with PTC. It functions by activating mitogen‑activated protein 
kinase (MAPK) that has previously been proven to participate 
in various human cancers (13‑15). Although the diagnostic 
strategies for thyroid cancer have greatly improved, fine 
needle aspiration (FNA) cytology remains the gold standard 
technique, which has a success rate of 70% in determining 
the findings (16,17). Therefore, it is vital to identify novel 
diagnostic, prognostic and therapeutic biomarkers in order to 
diagnose thyroid cancer during the early stages.

Characteristics and roles of circular RNAs (circRNAs)
General characteristics. Non‑coding RNAs (ncRNAs) 
form the majority of the human transcriptome. A number 
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of regulatory mechanisms and pathophysiological pathways 
are controlled by these ncRNAs, including microRNAs 
(miRNAs or miRs), long non‑coding RNAs (lncRNAs) and 
circRNAs (18). The existence of circRNAs in human cells was 
first observed and reported by Kos et al in 1986 (19). Recently, 
more investigations have been conducted on the function of 
circRNAs in various diseases and circRNAs have become 
a hotspot in cancer research. circRNAs are a product of a 
back‑splicing mechanism containing a single‑stranded cova‑
lently closed‑loop structure possessing neither 5'‑3' polarity 
nor a polyadenylated tail  (18,20). These characters render 
them more stable and resistant to RNase R (21). circRNAs are 
mainly located in the cytoplasm and are found in a wide range 
of living organisms (22). Given their interesting features, the 
present review article aimed to summarize their main func‑
tions in cancer.

circRNAs as miRNA sponges. Predominantly, circRNAs 
act as miRNA sponges and regulate the cell progression and 
cell cycle by modulating gene expression or protein‑generation 
in transcriptional or post‑transcriptional stages (23). Similar 
to other ncRNAs, circRNAs have been found to play a 
pivotal role in the onset of diseases (24,25). Recent studies 
have demonstrated that a number of circRNAs function as 
tumor‑promoters or tumor‑suppressors. For instance, the 
overexpression of circCDR1as in osteosarcoma cells sponges 
miR‑7 and suppresses the inhibitory effects of miR‑7 on osteo‑
sarcoma cell progression (26,27). In addition, the upregulation 
of circRNA HIPK3 has been shown to promote the develop‑
ment of gall bladder cancer by sponging miR‑124 and acting 
as a tumor‑promoter (28).

Role of circRNAs in cancer. miRNAs have previously been 
used as molecular biomarkers in various types of cancer (29). 
Currently, researchers have found that the up‑ or downregula‑
tion of certain circRNAs can affect tumor progression in some 
diseases (30‑32). However, the investigations on the functions 
of circRNA in cancerous tissues are insufficient, and their 
reliability for being used as diagnostic, prognostic or thera‑
peutic biomarkers is indeterminate. circRNAs are resistant 
to exonucleases and RNase R, and these characters render 
them more stable than other types of ncRNAs (21,33). Hence, 
circRNAs may be acknowledged as ideal biomarkers for the 
diagnosis of cancer tissues.

2. Roles of circRNAs in PTC cell progression. 

Microarray analysis has indicated that certain circRNAs 
are differently expressed between PTC and adjacent normal 
tissues; however, their function and downstream mechanisms 
remain largely unknown (34). A graphical abstract of the iden‑
tified circRNAs that are dysregulated in PTC cells and their 
downstream signaling pathways is depicted in Fig. 1. Conducted 
studies on the role of circRNAs in PTC are limited; however, 
circRNAs have a more stable structure, they are considered as 
ideal biomarkers for diagnosis (33). In the present review, the 
deregulated circRNAs in PTC are discussed, with particular 
focus on their regulatory mechanisms and functions.

Upregulated circRNAs in PTC 
hsa‑circ‑0058124. Conducting RT‑qPCR, hsa‑circ‑0058124, 
located on chromosome 2 and generated from the fibronectin1 

gene  (35,36), has been demonstrated to be upregulated in 
PTC tissues and cell lines. Cell fraction assay and FISH have 
exhibited that this circRNA is mainly available in the nucleus 
and sometimes in the cell cytoplasm (37). The overexpression 
of hsa‑circ‑0058124 has been shown to result in the poor 
prognosis of patients with PTC; in addition, a larger tumor 
size, advanced stage, extra‑thyroidal extension, lymph node 
metastasis and distant metastasis are more often observed 
in patients with a higher expression of hsa‑circ‑0058124. 
Western blot analysis and dual‑luciferase assay have revealed 
that hsa‑circ‑0058124 upregulates NUMB expression by 
sponging miR‑218‑5p to suppress the NOTCH3 signaling 
pathway. hsa‑circ‑0058124 functions by restraining the 
NOTCH3/GATAD2A cascade (37). These findings suggest 
that hsa‑circ‑0058124 regulates PTC progression and func‑
tions as an oncogene; thus, it can be used as an ideal prognostic 
biomarker for patients with PTC.

hsa‑circ‑0039411. The overexpression of hsa‑circ‑0039411, 
located on chromosome 16, has been proven by conducting 
RT‑qPCR in PTC tissues and cell lines  (38). Gain‑ and 
loss‑of‑function and CCK‑8 assays have demonstrated that 
hsa‑circ‑0039411 is positively associated with cell growth. 
Flow cytometric analysis have also shown that the down‑
regulation of hsa‑circ‑0039411 leads to PTC cell apoptosis. 
Transwell assay has also confirmed that PTC cell migration 
and invasion are positively controlled by this biomarker (39). 
RT‑qPCR, along with dual‑luciferase assay, have revealed that 
hsa‑circ‑0039411 sponges miR‑1179 and miR‑1205, and two 
potential binding sites for miR‑1205 have been recognized. 
hsa‑circ‑0039411 upregulates the expression of ABCA9 and 
MTA1 by sponging miR‑1179 and miR‑1205, respectively, and 
thus performs an oncogenic role in PTC cell progression (39). 
It can thus be concluded that hsa‑circ‑0039411 may be used as 
a therapeutic target in patients with PTC.

circBACH2. Cai  et  al have reported that circBACH2, 
also known as hsa‑circ‑0001627 and derived from exon 2 of 
chromosome 6, is upregulated in PTC tissues and cell lines. 
Previously, ROC curve analysis determined that circBACH2 
expression level was upregulated in PTC tissues in comparison 
with adjacent non‑tumor tissues; a longer survival lifetime was 
recognized among patients with higher expression levels of circ‑
BACH2 by conducting Kaplan‑Meier analysis (40). Previously, 
luciferase reporter assay also proved that miR‑139‑5p had 
some potential binding sites on circBACH2, and this circRNA 
functioned by sponging miR‑139‑5p. RT‑qPCR, western 
blot analysis and CCK‑8 assay revealed that circBACH2 
sponged miR‑139‑5p and suppressed its inhibitory effect on 
LIM domain only 4 (LMO4) (40). These results indicate that 
circBACH2 mediates PTC cell progression and invasion by 
regulating the miR‑139‑5p/LMO4 axis.

circFOXM1. circFOXM1, also known as circ‑0025033, 
is a product of the FOXM1 gene and is mapped on chro‑
mosome 12. In a previous study, by performing circRNA 
microarray analysis and RT‑qPCR, it was found that the 
expression level of circFOXM1 was upregulated in PTC 
tissues and cell lines. RT‑qPCR, CCK‑8 assay and colony 
formation assay also revealed that circFOXM1 affected cell 
proliferation. Cell apoptosis and metastasis were also found to 
be controlled by circFOXM1, and the overexpression of this 
biomarker promoted PTC cell migration and invasion (38). In 
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previous studies, bioinformatics analysis also demonstrated 
that circFOXM1 functioned as a sponge for both miR‑1231 
and miR‑1304. These two miRNAs were reported to function 
as tumor‑suppressors (41‑43). In a previous study by Pan et al, 
CCK‑8 and Transwell assay conducted demonstrated that 
circFOXM1 negatively regulated the expression of miR‑1231 
and miR‑1304, and played an oncogenic role in patients with 
PTC (38). These data indicate that circFOXM1 promotes PTC 
progression by sponging miR‑1231 and miR‑1304.

circUGGT2. Zhou et al described circUGGT2, also known 
as hsa‑circ‑0008274 and located on chromosome 11, as an 
upregulated biomarker in PTC tissues and cell lines  (44). 
These data were obtained using bioinformatics analysis and 
RT‑qPCR. In addition, in that same study, it was found out 
that the high expression of circUGGT2 was associated with 
TNM stage and lymph node metastasis, but not with age, sex, 
extra‑thyroidal extension, primary tumor and tumor size. 
Furthermore, MTT assay was conducted and it was shown 
that circUGGT2 regulated PTC cell proliferation. In the same 
study, further investigations revealed that the invasion of PTC 
cells was contributed to circUGGT2. Western blot analysis 
was also performed to explore the downstream mechanisms. 
The results revealed that the overexpression of circUGGT2 
led to the suppression of the 5'AMP‑activated protein kinase 
(AMPK)/mammalian target of rapamycin (mTOR) signaling 
pathway (44). The AMPK/mTOR signaling pathway has been 
shown to inhibit autophagy and increase cell proliferation in 

both normal and tumor tissues (45). Taken together, it can be 
concluded that circUGGT2 mediates PTC cell progression and 
invasion by regulating the AMPK/mTOR signaling pathway.

circEIF6. In a previous study, bioinformatics and RT‑qPCR 
confirmed that circEIF6 (hsa‑circ‑0060060) was upregulated 
in PTC tissues and cell lines. Conducting sequence analysis, 
two potential binding sites were assessed between circEIF6 
and miR‑144‑3p. RT‑qPCR also revealed that the level of 
miR‑144‑3p was decreased in PTC tissues and cell lines. 
Dual‑luciferase reporter assay proved that circEIF6 sponged 
miR‑144‑3p and regulated the expression of TGF‑α as a 
result in cisplatin‑treated cells  (46). Previous studies have 
reported miR‑144‑3p can function as either tumor‑promoter 
or tumor‑suppressor (47,48). Previously, the results of MTT 
assay and flow cytometry demonstrated that the overexpres‑
sion of circEIF6 enhanced cell proliferation and autophagy, 
and suppressed cell apoptosis  (46). These data suggest 
that circEIF6 promotes PTC progression by activating the 
miR‑144‑3p/TGF‑α signaling pathway.

circ‑102171. circ‑102171 has been shown to be signifi‑
cantly upregulated in PTC tissues and cell lines. In a previous 
study, functional assays, including CCK‑8 and colony 
formation assays, demonstrated that circ‑102171 regulated 
the proliferation and apoptosis of PTC cells, and affected 
their cell cycle. Performing Transwell assay indicated 
that the knockdown of circ‑102171 suppressed the migra‑
tion and invasion of PTC cells. Using silver staining, MS 

Figure 1. Upregulated and downregulated circRNAs in PTC. circRNAs, circular RNAs; PTC, papillary thyroid carcinoma.
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identification, biotin‑labeled probes and RNA‑EMSA assay, 
it was also found that circ‑102171 interacted with CTNNBIP1 
protein in PTC cells (49). CTNNBIP1 has been shown to be 
negatively associated with the Wnt/β‑catenin pathway by 
regulating the β‑catenin‑TCF/LEF cascade. As a result, the 
overexpression of circ‑102171 leads to the increased activation 
of the Wnt/β‑catenin signaling pathway (50). In a previous 
study, RT‑qPCR and functional experiments revealed that 
CTNNBIP1 was downregulated in PTC cells, and this protein 
functioned as a tumor‑suppressor (49). To sum up, these data 
confirm that circ‑102171 controls PTC cell progression and 
invasion by activating the Wnt/ β‑catenin pathway by regu‑
lating CTNNBIP1.

circNUP214. circNUP214, also known as hsa‑circ‑0089153, 
is located on chromosome 9. In a previous study, bioinformatics 
and RT‑qPCR revealed that this circRNA was significantly 
upregulated in PTC tissues and cell lines. Localized by fluo‑
rescence in situ hybridization, circNUP214 was found to be 
mainly located in the cytoplasm. CCK‑8 and colony forma‑
tion assays revealed that the expression of circNUP214 was 
directly associated with the proliferation and apoptosis of PTC 
cells. Transwell assays also demonstrated that the circNUP214 
expression level was associated with PTC cell migration 
and invasion. By conducting the dual‑luciferase assay, it 
was also confirmed that circNUP214 enhanced zinc finger 
E‑box‑binding homeobox 2 (ZEB2) expression by sponging 
miR‑145 (51). ZEB2 has previously been reported to function 
as an oncogene in various tumor tissues (52,53). These results 
suggest that the overexpression of circNUP214 promotes 
PTC cell proliferation and invasion by sponging miR‑145 in a 
ZEB2‑dependent manner.

hsa‑circ‑007148. In a previous study, bioinformatics and 
RT‑qPCR validated that hsa‑circ‑007148 expression was 
enhanced in PTC tissues and cell lines. It was also found 
that the overexpression of hsa‑circ‑007148 was significantly 
associated with lymph node metastasis; however, no other 
clinicopathological association was detected. ROC curve 
analysis also indicated that hsa‑circ‑007148 may be used as 
a diagnostic biomarker for distinguishing PTC tissues (12). 
These data suggest that the upregulation of hsa‑circ‑007148 
plays an oncogenic role in patients with PTC.

hsa‑circ‑0004458. hsa‑circ‑0004458, located on chromo‑
some 8: 18656804‑18662408 with 448 nucleotides in length, 
was first detected in gastric cancer and PTC. The upregulation 
of this biomarker was previously confirmed among PTC tissues 
and cell lines by performing RT‑qPCR. It was also proven that 
hsa‑circ‑0004458 expression was associated with tumor size, 
invasion, lymphatic metastasis, distant metastasis and TNM 
stage. Following the knockdown of hsa‑circ‑0004458, a reduc‑
tion in tumor growth was also observed, as well as cell cycle 
arrest. Dual‑luciferase assay confirmed that hsa‑circ‑0004458 
modulated RAC1 by sponging miR‑885‑5p  (54). RAC1 is 
a critical protein in underlying mechanisms responsible 
for cell growth, migration and the activation of various 
protein kinases  (55,56). These findings indicate that the 
hsa‑circ‑0004458/miR‑885‑5p/RAC1 signaling pathway regu‑
lates PTC cell progression and invasion.

circZFR. circZFR, also known as hsa‑circ‑0072088 
and mapped on chromosome 5p13.3, plays a role in various 
tumor‑regulating mechanisms (57,58). In a previous study, 
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bioinformatics and RT‑qPCR revealed the upregulated 
expression of this biomarker in PTC tissues and cell lines. 
Moreover, the overexpression of circZFR in patients with 
PTC exhibited a positive association with clinical severity, 
including TNM stage and distant metastasis. Kaplan‑Meier 
analysis also indicated that a higher expression of circZFR 
was associated with a poor prognosis. The effects of circZFR 
on cell proliferation and invasion were also confirmed by 
performing CCK‑8, colony formation and Transwell assays, 
respectively. To explore the underlying mechanisms, a 
dual‑luciferase reporter assay was conducted and it was vali‑
dated that circZFRmodulated C8orf4 expression by sponging 
miR‑1261 (59). C8orf4 is known as thyroid cancer 1 (TC1) 
and has been previously shown to play an oncogenic role 
in other cancerous tissues (60,61). In conclusion, these data 
illustrate that circZFR regulates PTC cell proliferation and 
invasion via the miR‑1261/C8orf4 axis.

circRNA plasmacytoma variant t ranslocat ion 
gene 1 (circPVT1). circPVT1, located on chromosome 8q24, has 
been reported to promote PTC progression through different 
pathways. Exploring the potential role of circPVT1 in PTC, 
it was found that circPVT1 was upregulated in PTC tissues. 
Further investigations revealed that the T stage, lymph node 
metastasis and survival status were associated with a higher 
expression of circPVT1. Still, no association was found with age, 
sex and the ATA risk of patients. In addition, the overexpression 
of circPVT1 promoted apoptosis and inhibited the migration and 
invasion of PTC cells. Luciferase reporter assay demonstrated 
that circPVT1 had putative binding sites for miR‑126. RIP assay 
and RT‑qPCR indicated that circPVT1 sponged miR‑126 and a 
reduction in miR‑126 level occurred by circPVT1 overexpres‑
sion (62). It has previously been demonstrated that miR‑126 
functions as a tumor‑suppressor (63). In summary, the upregu‑
lation of circPVT1 promotes the progression of PTC cells by 
sponging miR‑126.

circRASSF2. hsa‑circ‑0059354, also known as circRASSF2 
and derived from the RASSF2 gene on chromosome 20: 
4760668‑4766974, was previously found to be upregulated in 
PTC tissues and cell lines. Microarray analysis indicated that 
circRASSF2 was overexpressed in PTC tumor tissues with a 
>10‑fold change. Further investigations confirmed that the higher 
expression of circRASSF2 was associated with tumor stage and 
lymph node metastasis. Colony formation and Transwell assays 
demonstrated that the overexpression of circRASSF2 promoted 
cell proliferation, and enhanced the cell migratory and invasive 
capabilities. Dual‑luciferase reporter assay confirmed that 
circRASSF2 functioned as a sponge for miR‑1178. Functional 
experiments also revealed that Toll‑like receptor (TLR)4 was a 
direct target of miR‑1178 in PTC tissues (64). Thus, these data 
suggest that circRASSF2 sponges miR‑1178 and regulates PTC 
cell proliferation and invasion by targeting TLR4.

circ‑0005273. By conducting RT‑qPCR, a previous study 
found that circ‑0005273 was upregulated in PTC tissues and 
cell lines. circ‑0005273 was found to be mainly located in the 
cell cytoplasm and the presence of this biomarker indicated a 
poor prognosis of patients with PTC. Functional experiments 
revealed that circ‑0005273 promoted PTC tumor growth and 
progression. Further investigations indicated that there were 
potential binding sites on circ‑0005273 for miR‑1138. CCK‑8, 
colony formation and Transwell assays demonstrated that 

circ‑0005273 sponged miR‑1138 and suppressed its inhibitory 
effect on sex‑determining region Y (SRY)‑box 2 (SOX2) (65). 
Thus, circ‑0005273 plays an oncogenic role in PTC cells by 
regulating the circ‑0005273/miR‑1138/ SOX2 axis.

Downregulated circRNAs in PTC tissues
hsa‑circ‑100395. In a previous study, microarray analysis 
revealed that hsa‑circ‑100395 was downregulated in 
PTC tissues and cell lines. The lower expression of this 
biomarker was validated by conducting RT‑qPCR and bioin‑
formatics analysis. Functional experiments indicated that 
hsa‑circ‑100395 was associated with miR‑141‑3p and 
miR‑200a‑3p in PTC tissues. These two miRNAs were 
overexpressed in PTC tissues as a result of a downregulation 
that occurred in hsa‑circ‑100395 expression. Downstream 
cancer‑related genes were sponged by miR‑141‑3p and 
miR‑200a‑3p and this led to PTC cell progression. Accordingly, 
hsa‑circ‑100395 regulated PTC cell progression by modulating 
the hsa‑circ‑100395/miR‑141‑3p/miR‑200a‑3p axis (34).

circITCH. circITCH plays a vital role in a variety of down‑
stream mechanisms involved in tumorigenesis (66). Wang et al 
reported a downregulation in the expression of this biomarker 
in PTC tissues and cell lines, validated by RT‑qPCR. 
CircITCH expression was also shown to be positively asso‑
ciated with clinical stage and the lymph node metastasis of 
patients with PTC. CCK‑8 and Transwell assays demonstrated 
that the higher expression of circITCH led to the inhibition of 
the proliferation and invasion of PTC cells. Luciferase reporter 
assays indicated that circITCH functioned by sponging 
miR‑22‑3p. Moreover, functional experiments revealed that 
miR‑22‑3p had 3 potential binding sites for CBL (67). As has 
been previously demonstrated, CBL regulates PTC progres‑
sion by regulating the Wnt/β‑catenin pathway (68). To sum up, 
circITCH functions as a tumor‑suppressor by regulating the 
circITCH/miR‑22‑3p/CBL/β‑catenin pathway, and regulating 
the proliferation and invasion of PTC cells.

hsa‑circ‑047771. In a previous study microarray and 
RT‑qPCR analysis revealed that hsa‑circ‑047771 was downreg‑
ulated in PTC tissues and cell lines (12). Further investigations 
illustrated that there was a significant association between 
hsa‑circ‑047771 expression and BRAFV600 mutation, lymph 
node metastasis and TNM stage, whereas no association 
was observed with other clinicopathological features  (12). 
BRAFV600 mutation has been used as a poor prognostic 
marker in patients with PTC (69,70). In a previous study, ROC 
curve analysis demonstrated that hsa‑circ‑047771 was a diag‑
nostic biomarker for the differentiation of PTC tissues from 
adjacent normal tissues. Functional experiments also reported 
that hsa‑circ‑047771 targeted miR‑522‑3p/miR‑153‑5p, and 
that these miRNAs were upregulated in PTC tissues (12). It 
can thus be concluded from these data that the downregula‑
tion of hsa‑circ‑047771 results in PTC cell progression in a 
miR‑522‑3p/miR‑153‑5p‑dependent manner.

hsa‑circ‑0137287. In a previous study RT‑qPCR demon‑
strated that hsa‑circ‑0137287, located on chromosome  8: 
92301363‑92307931, was downregulated in PTC tissues 
and cell lines. Clinicopathological characteristics, including 
extra‑thyroidal extension, T stage, lymph node metastasis, 
microcarcinoma and tumor size among patients with PTC, 
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were primarily associated with hsa‑circ‑0137287 expression. 
ROC curve analysis also determined that hsa‑circ‑0137287 
could be used as a diagnostic biomarker (71). In conclusion, 
these pieces of information indicate that hsa‑circ‑0137287 is 
downregulated in PTC; however, further studies are required 
to explore the downstream mechanisms.

2. Conclusion

Thyroid cancer is the most prevalent disorder of the endocrine 
system. PTC is the most common type of thyroid cancer, 
exhibiting an increase in incidence worldwide  (72). It has 
recently been demonstrated that the dysregulation of certain 
circRNAs results in PTC cell progression or suppression (34). 
These circRNAs may function as tumor‑promoters or 
tumor‑suppressors and usually function by sponging different 
miRNAs. It has previously been demonstrated that circRNAs 
possess an annular structure and are thus known as a stable 
class of RNA molecules. Based on their unique characteris‑
tics, circRNAs are promising diagnostic and/or prognostic 
biomarkers in various types of cancer (73). circRNAs contain 
multiple miRNA binding sites, enabling them to sponge 
miRNAs and modulate downstream mechanisms by control‑
ling miRNA expression (74).

In PTC cells, researchers have discovered that certain 
defined circRNAs target miRNAs and regulate cell prolifera‑
tion, invasion and apoptosis. However, there are some circRNAs, 
including hsa‑circ‑007148 (12) and hsa‑circ‑0137287 (71), 
in PTC cells, for which the downstream mechanisms have 
yet to be distinguished. The overexpression of circRNAs in 
PTC [e.g., circBACH2 (40) and circFOXM1 (38)] function as 
tumor‑promoters and downregulated ones [e.g., circITCH (67) 
and hsa‑circ‑100395 (34)] function as tumor‑suppressors. These 
circRNAs, their identified target genes/proteins, and their 
biological functions are presented in Table I. Taken together, 
circRNAs with their distinctive features, are more stable in 
cells and can even cause drug resistance, thus suggesting that 
they may be used for distinguishing and treating malignancies.
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