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in thyroid cancer and serve as prognostic
and diagnostic indicators
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Abstract. - OBJECTIVE: Recent studies have
corroborated that circular RNAs (circRNAs) as
endogenous noncoding RNAs gain research in-
terest in carcinogenesis, functioning as prog-
nostic and diagnostic biomarkers and therapeu-
tic targets. The present study is aimed to deter-
mine whether circRNAs could serve as prognos-
tic and diagnostic biomarkers to predict thyroid
carcinoma.

MATERIALS AND METHODS: High-through-
put sequencing analysis was conducted to
detect circRNAs expression profile in thyroid
cancer. Reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) measurement
was utilized to validate circRNAs expression
in blood and tissue specimens. Kaplan-Meier
method and receiver operating characteristic
(ROC) curves and the area under the ROC curve
(AUC) were used to assess whether circRNAs
could function as prognostic and diagnostic
biomarkers of thyroid cancer, respectively.

RESULTS: Hsa_circ_0124055 and hsa_
circ_0101622 as the most conspicuous bio-
markers were significantly increased in tumor
tissues and plasma of thyroid cancer patients.
High hsa_circ_0124055 or hsa_circ_0101622
expression exhibited shorter overall survival.
Our findings also provided strong evidence that
plasma hsa_circ_0124055 (AUC = 0.836, 95%
Cl: 0.763-0.908, p<0.001) and hsa_circ_0101622
(AUC = 0.805, 95% CI: 0.727-0.883, p<0.001)
could be used as diagnostic markers for thy-
roid cancer, and hsa_circ_0124055 combined
with hsa_circ_0101622 could provide a more
powerful diagnostic value (AUC = 0.911, 95%
Cl: 0.859-0.962, p<0.001) than the use of hsa_
circ_0124055 or hsa_circ_0101622 alone. Fur-
thermore, the knockdown of hsa_circ_0124055
or hsa_circ_0101622 exhibited a significant an-
ti-proliferative and pro-apoptotic activity of thy-
roid cancer cells in vivo and in vitro.

CONCLUSIONS: Both hsa_circ_0124055 and
hsa_circ_0101622 could facilitate the prognosis
and diagnosis of thyroid cancer, and function
as the therapeutic targets for clinical practice.
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Introduction

Thyroid cancer is one of the most common
malignant tumors amongst the endocrine cancers
and ranks ninth for incidence, with 567,000 cas-
es worldwide"?. In recent decades, the incidence
of thyroid cancer has been increasing in many
countries, which is attributed to the increased
diagnosis of papillary thyroid carcinoma (PTC),
accounting for approximately 80% of all patients
with thyroid cancer’. Therefore, it is very mean-
ingful to investigate the prognostic and diagnos-
tic biomarkers to improve the clinical outcomes of
thyroid cancer patients.

With the development of next-generation se-
quencing and bioinformatics algorithm, the abun-
dance of non-coding RNAs, such as microRNAs
(miRNAs), long non-coding RNAs (IncRNAs),
and circular RNAs (circRNAs), is implicated in
various developmental stages in mammal and
pathological conditions*”. Among these noncod-
ing transcripts, circRNAs represent a novel class
of endogenous non-coding RNAs and generate by
back-splicing with covalently closed loop struc-
tures, which endows them a higher stabilization
and can blunt circRNAs to exonucleases-induced
degradation®. CircRNAs can function as prog-
nostic and diagnostic indicators in various dis-
eases, including cancers, which may be due to
their conservation, stability, abundance and tis-
sue specificity’'?. In PTC tissues, 98 circRNAs
are significantly differentially expressed, sug-
gesting that the dysregulation of circRNAs may
play a vital role in the pathogenesis of thyroid
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cancer”’. Bioinformatics analysis reveals an im-

portant regulatory mechanism of circRNAs that
function as competing endogenous RNAs via the
circRNA-miRNA-gene regulatory network'*".
The findings suggest that circRNAs provide po-
tential biomarkers and therapeutic targets for the
management of thyroid cancer.

The present study utilized high-throughput
sequencing analysis to investigate the circRNA
profile in thyroid cancer tissues and adjacent
non-tumor tissues. The results demonstrated
that hsa circ_0124055 and hsa_circ_0101622
were significantly elevated in thyroid can-
cer tissues compared with those in adjacent
non-tumor tissues. Hsa circ 0124055 and hsa
circ_0101622 are located in chr3:49514281-
49548252 and chrl4:31775937-31858211, the
spliced sequence length are 620 nt 4194 nt,
and their associated-gene symbols are dys-
troglycan 1 (DAGI1) and heat repeat contain-
ing SA (HEATRS5A), respectively. Moreover,
the prognostic and diagnostic significance of
hsa_circ_0124055 and hsa_circ_0101622 were
explored in our cohort. /n vivo and in vitro
experimental measurements were performed
to determine the association between thyroid
cancer cell growth and hsa circ_0124055 or
hsa_circ_0101622 expression levels.

Material and Methods

Clinical Specimens
66 thyroid cancer patients (50 papillary thy-
roid carcinoma, 13 follicular thyroid carcinoma,

and 3 undifferentiated thyroid carcinoma) and
66 healthy subjects were recruited in the First
People’s Hospital of Yunnan Province & Affili-
ated Hospital of Kunming University of Science
and Technology from January 2009 to Decem-
ber 2012. Clinicopathological characteristics of
66 patients with thyroid cancer were shown in
Table 1. 66 pairs of thyroid cancer tumor tissues
and adjacent non-tumor tissues were collect-
ed from thyroid cancer patients who underwent
curative-intent surgery. 10 ml peripheral whole
blood was also obtained from each pre-opera-
tive and post-operative thyroid cancer patient and
healthy subject using ethylenediaminetetraacetic
acid (EDTA)-containing tubes (Becton, Dick-
inson and Company, Franklin Lakes, NJ, USA),
and plasma was separated from peripheral whole
blood using centrifuge (x2000 g, 3 min; Thermo
Fisher Scientific, Inc., Waltham, MA, USA). All
thyroid cancer patients were not subjected to pre-
operative radiotherapy or chemotherapy and they
were diagnosed with histopathological evaluation.
Written informed consent was obtained from all
the participants before blood samples collection
or operative treatment. The study protocol was
approved by the Ethics Committee of the First
People’s Hospital of Yunnan Province & Affili-
ated Hospital of Kunming University of Science
and Technology (Kunming, China).

Enzyme-Linked Immunosorbent
Assay (ELISA)

Serum carcinoembryonic antigen (CEA) and
thyroglobulin (Tg) were measured using commer-
cial kits from (Elabscience Biotechnology Co.,

Table I. Clinicopathological characteristics of 66 patients with thyroid cancer.

Characteristics Subtype Patients (No.; %)
Gender Male 21 (31.8)
Female 45 (68.2)
Age > 45 31 (47.0)
<45 35 (53.0)
Histological type Papillary thyroid carcinoma 50 (75.8)
Follicular thyroid carcinoma 13 (19.7)
Undifferentiated thyroid carcinoma 34.5)
Focus type Unifocal 41 (62.1)
Multifocal 20 (30.3)
Unknown 5(7.6)
CEA (ng/mL) >5 22 (33.3)
<5 44 (66.7)
Tg (ng/mL) > 100 35 (53.0)
<100 31 (47.0)

CEA, carcinoembryonic antigen; thyroglobulin, Tg.
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Ltd, Wuhan, Hubei Province, China), according
to the manufacturer’s instructions.

High-Throughput Sequencing

Total RNA was extracted using TRIzol (Invi-
trogen; Thermo Fisher Scientifc, Inc., Waltham,
MA, USA). Ribosomal RNAs and linear RNAs
were removed from total RNAs using the Ri-
bo-Zero Magnetic Kit and RNase R (Epicentre
Technologies, Madison, WI, USA), respectively.
The paired-end sequencing library was construct-
ed according to TruSeq™ Stranded Total RNA
Library Prep Kit assay (Illumina, San Diego, CA,
USA). RNA sequences were identified using the
HiSeq 4000 sequencer platform (Illumina, San
Diego, CA, USA). Differentially expressed cir-
cRNAs were selected by p-value less than 0.001,
false discovery rate (FDR) < 0.001 and |Log,fold
change| > 1, and the analysis methods were per-
formed as previously described'™".

RT-qPCR

RT-qPCR was conducted to validate differen-
tially expressed circRNAs which were filtrated
by high-throughput sequencing analysis. Prime-
Script® RT kit (TaKaRa, Dalian, Liaoning Prov-
ince, China) and SYBR Premix® Ex Taq™ Kit
(TaKaRa, Dalian, Liaoning Province, China)
were used to perform RT-qPCR analysis by Ap-
plied Biosystems 7300 Real Time-PCR System
(Thermo Fisher Scientific, Inc., Waltham, MA,
USA). The relative expression levels of mRNA
were calculated using the 2-44¢4 method?*® and nor-
malized to U6. The PCR primers were used as fol-
lows: hsa_circ_0124055: forward primer 5’-AGT-
GCAGCCATCTGGGATAG-3* and reverse
primer  5-TTCGAGTGACCATTCCAACA-3’;
hsa circ_0101622: forward primer 5°-GAAGT-
GCAGAAGCAGCCTCAC-3’ and reverse prim-
er 5-AGGAATCCTGAACTCCCACG-3’; Ue:
forward primer 5- CTCGCTTCGGCAGCA-
CA-3’ and reverse primer 5-AACGCTTCAC-
GAATTTGCGT-3".

Cell Culture

All cell lines were utilized in our research ob-
taining from the American Type Culture Collec-
tion (ATCC, Manassas, VA, USA). Nthy-ori3-1
cells were cultured in CM-H023 medium (Pro-
cell, Wuhan, Hubei Province, China), and thyroid
cancer cell lines, including K-1, TPC-1, B-CPAP
and CAL-62, were cultured in RPMI-1640 medi-
um (Life Technologies, Carlsbad, CA, USA) sup-
plemented with penicillin G (100 U/ml), strepto-
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mycin (100 pg/ml) and 10% fetal bovine serum
(FBS, Life Technologies, Carlsbad, CA, USA)
with 5% CO, atmosphere at 37°C.

Cell Counting Kit-8 (CCK-8)
Assays

CCK-8 (Dojindo Laboratories, Kumamoto,
Japan) kit was used to analyze cell proliferation
every 24h for three days. Transfected cells (1 x
10* cells/well) were seeded into 96-well plates and
cultured at 37°C with 5% CO,. After incubated
with CCK-8 (10 pL) for 2 h, the absorbance was
measured at 450 nm a spectrophotometer (Ther-
mo Fisher Scientific, Inc., Waltham, MA, USA).

Cell Apoptosis

Annexin V-fluorescein isothiocyanate/propid-
ium iodide (Annexin V-FITC/PI) (Invitrogen,
Carlsbad, CA, USA) double staining was per-
formed to measure cell apoptosis rate. The apop-
tosis of transfected cells was measured by flow
cytometry analysis (FACScan, BD Biosciences,
San Jose, CA, USA). The apoptotic cell propor-
tion was analyzed by CELL Quest 3.0 software
(BD Biosciences, San Jose, CA, USA).

Cell Transfection

The small interfering RNAs (si-RNAs)
to specifically repress hsa circ 0124055 and
hsa_circ_0101622 was synthesized by RiboBio
(Guangzhou, Guangdong Province, China). K-1
and TPC-1 cells were transfected with corre-
sponding plasmids for 48 h at 37°C using Lipo-
fectamine 2000 (Invitrogen, Thermo Fisher Sci-
entifc, Inc., Waltham, MA, USA).

Tumor Growth In Vivo

TPC-1 cells (1 x 107/0.1 mL) were transfect-
ed with si-Con, si-0124055, and si-0101622 and
were then implanted subcutaneously into 4 week-
old male nude mice (n = 6 in each group, Beijing
HFK Bio-Technology Co., LTD., Beijing, China).
Tumor volume and weight were measured when
mice were sacrificed at 5 weeks after cell implan-
tation. The animal experiments were approved by
the Ethics Committee of the First People’s Hospi-
tal of Yunnan Province & Affiliated Hospital of
Kunming University of Science and Technology
(Kunming, China).

Statistical Analysis

Data were presented as mean + standard devia-
tion (SD). Statistical analysis was performed using
IBM SPSS Statistics Version 19.0 (SPSS Inc., Chi-
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cago, IL, USA). Chi-Square (%) tests were used to
evaluate the differences between the clinical char-
acteristics and circRNAs expression. The student
t-test was used to analyze two-group differences.
Inter-group differences were analyzed by one-way
analysis of variance, followed by Tukey’s post hoc
analysis. Survival analysis was performed using
the Kaplan-Meier method with the log-rank test
applied for comparison. Receiver operating charac-
teristic (ROC) curves and the area under the ROC
curve (AUC) were used to assess the ability to use
plasma hsa circ 0124055 and hsa circ 0101622
as diagnostic biomarkers of thyroid cancer. The bi-
nary logistic regression analysis was used to com-
bine the expression level of hsa_circ 0124055 and
hsa circ 0101622 as combined diagnostic mark-
ers for thyroid cancer. The maximum value of the
Youden index was used as a criterion for selecting
the optimum cutoff point. p < 0.05 was considered
to indicate a statistically significant difference.

Results

Differentially Expressed CircRNAs
Analysis

Using high-throughput sequencing circRNAs
expression profile was analyzed in five pairs of
thyroid cancer tissues and adjacent non-tumor
tissues. The results demonstrated that a total of
231 circRNAs were significantly abnormally ex-
pressed in thyroid cancer specimens as compared
to adjacent non-tumor tissues (Figure 1A), based
on screening criteria p < 0.001, FDR < 0.001 and
|[Log,fold change| > 1. Among these circRNAs, 98
circRNAs were significantly downregulated and
133 circRNAs were significantly upregulated in
thyroid cancer specimens compared with adjacent
non-tumor tissues (Figure 1A). In addition, the
heatmap exhibited the top six differentially ex-
pressed circRNAs, including hsa circ_ 0124055,
hsa circ 0101622,  hsa circ 0101174, hsa
circ_ 0103215, hsa_circ_0102450, and hsa_
circ_0103123 (Figure 1B). The expression lev-
els of hsa circ_ 0124055 and hsa_circ_0101622
were significantly higher in thyroid cancer spec-
imens than those in the adjacent non-tumor tis-
sues, while hsa circ 0101174, hsa_circ_0103215,
hsa circ 0102450 and hsa_circ_0103123 were
significantly lower in thyroid cancer specimens
than those in the adjacent non-tumor tissues (Fig-
ure 1C). Furthermore, the genetic information of
the top six differentially expressed circRNAs was
summarized in Figure 1C.

Hsa_circ_0124055 and Hsa_
circ_ 0101622 were Associated with Poor
Prognosis of Thyroid Cancer Patients

To corroborate the results from high-through-
put sequencing, RT-qPCR analysis was per-
formed to explore the expression levels of hsa
circ_0124055 and hsa_circ_0101622 in 66 pairs
of thyroid cancer tissues and adjacent non-tumor
tissues. The RT-qPCR data was consistent with
results from high-throughput sequencing (Figure
2A and 2B). 66 TH thyroid cancer patients were
divided into two sub-groups (high expression and
low expression groups) according to fold changes
of circRNAs greater than 1. High expression of
hsa_circ_0124055 or hsa circ 0101622 in thy-
roid cancer patients was significantly correlated
with larger tumor sizes, poorer TNM or histolog-
ical grades and lymph node metastases. Howev-
er, the expression levels of hsa circ 0124055 or
hsa circ_0101622 had no evident correlation with
gender and age in thyroid cancer patients (Table
IT). Kaplan-Meier analysis revealed a significant
association between poor prognosis and larger tu-
mor sizes, poorer TNM or histological grades and
lymph node metastases in thyroid cancer patients
(Figure 3). However, gender and age did not in-
fluence the overall survival prognosis of thyroid
cancer patients (Figure 3). Notably, patients with
high expression levels of hsa circ_ 0124055 or
hsa_circ_0101622 showed shorter overall survival
than patients with low expression (Figure 3).

Hsa_circ_ 0124055 and Hsa_
circ_ 0101622 Could Serve as Diagnostic
Biomarkers for Thyroid Cancer Screening
To determine whether hsa circ 0124055 and
hsa_circ_0101622 could function as biomarkers for
the diagnosis of thyroid cancer, we measured the
expression levels of hsa circ 0124055 and hsa
circ_0101622 in plasma from 65 thyroid cancer
patients and 65 healthy volunteers. The expression
levels of hsa_circ_0124055 and hsa_circ_0101622
were observed to be significantly upregulated in
the plasma of thyroid cancer patients compared
with that of healthy volunteers (Figure 4A and
4B). Previous study documents that non-cod-
ing RNAs are primarily released or leaked from
cancerous lesions, which supports the hypothesis
that non-coding RNAs can revert to normal lev-
els after excisional operation®'. To explore whether
plasma circRNAs were susceptible to neoplasm
growth, RT-qPCR analysis was carried out to de-
tect hsa_circ 0124055 and hsa_circ_0101622 lev-
els in the plasma of thyroid cancer patients before
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Figure 1. Differentially expressed circRNAs analysis. Using high-throughput sequencing analysis, circRNAs expression profile
is analyzed in five pairs of thyroid cancer and adjacent non-tumor tissues, and a total of 231 circRNAs are significantly abnormal-
ly expressed in thyroid cancer specimen as compared to adjacent non-tumor tissues (A). Heatmap represents top six differentially
expressed circRNAs (B). The genetic information of top six differentially expressed circRNAs was summarized (C).

and 14 days after surgery. Our findings uncovered
the significant decline of hsa circ 0124055 and
hsa_circ_0101622 in plasma of thyroid cancer pa-
tients with tumorectomy (Figure 4C and 4D). The
stability of circRNAs in plasma is a prerequisite for

utilizing them as diagnostic markers. Therefore,
we determined the stability of hsa circ 0124055
and hsa circ 0101622 under room temperature
and freeze-thaw conditions. Hsa circ 0124055
and hsa_circ_ 0101622 expression had no evident
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Figure 2. Hsa circ_0124055 and hsa_circ_0101622 expression levels were up-regulated in thyroid cancer tissues. RT-PCR
analysis is performed to measure the expression levels of hsa_circ_ 0124055 (A) and hsa_circ_0101622 (B) in 66 pairs of thy-

roid cancer specimen and adjacent non-tumor tissues. *p<0.05.

change in room temperature before 18 h, but then,
significantly declined at 24 h compared with 0 h
(Figure 4E and 4F). Data presented in Figure 4G
and 4H indicated that hsa_circ 0124055 and hsa
circ_0101622 in plasma remained stable in five
freeze-thaw cycles. The results suggest that hsa
circ_0124055 and hsa circ 0101622 are suitable
for serving as diagnostic markers.

To explore whether hsa circ 0124055 and
hsa_circ_0101622 could serve as the diagnostic
biomarkers for thyroid cancer, and ROC with AUC
was utilized to evaluate the diagnostic significance.
The ROC curve showed the diagnostic value of hsa
circ_0124055 (AUC = 0.836, 95% CI: 0.763-0.908,

p <0.001; sensitivity 0.712; specificity 0.939; Figure
SA and Table III); hsa_circ 0101622 (AUC = 0.805,
95% CI: 0.727-0.883, p < 0.001; sensitivity 0.712;
specificity 0.894; Figure 5B and Table III). The
AUC was markedly increased after combining with
hsa_circ 0124055 and hsa circ 0101622 (AUC =
0.911, 95% CI: 0.859-0.962, p < 0.001; sensitivity
0.894; specificity 0.818; Figure SC and Table I1I).

Knockdown of Hsa_circ_0124055 and
Hsa circ_ 0101622 Led to Thyroid Cancer
Cell Growth Blockage and Apoptosis
Based on the above findings, we speculated
that the upregulation of hsa_circ_0124055 and

Table II. Correlation between clinicopathological variables and the expression of hsa_circ_0124055 and hsa_circ_0101622.

hsa_circ_0124055 expression hsa_circ_0101622 expression
Variables No. Low High p-value Low High p-value
(n = 33) (n =33) (n = 38) (n = 28)

Gender 0.447 0.474
Male 25 11 14 13 12
Female 41 22 19 25 16

Age (years) 0.802 0.782
<45 27 13 14 15 12
> 45 39 20 19 23 16

Tumor size (cm) 0.002 0.003
<2 44 28 16 31 13
>2 22 5 17 7 15

TNM 0.007 0.007
I-11 47 29 18 32 15
I-1v 19 4 15 6 13

Histological grade 0.021 <0.001
Low 42 25 17 32 10
Moderate/advanced 24 8 18 6 18

Lymph node metastasis 0.017 0.029
No 45 27 18 30 15
Yes 21 6 15 8 13
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Figure 3. The association between physiopathological parameters and overall survival of thyroid cancer patients. Ka-
plan-Meier method with the log-rank test is applied to evaluate whether gender, age, tumor size, TNM stage, histological
grade, lymph node metastasis, hsa_circ_0124055 and hsa_circ_ 0101622 expression levels are associated with overall survival
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Figure 4. Hsa_circ_0124055 and hsa_circ_0101622 expression levels were up-regulated in the plasma of thyroid cancer
patients. RT-PCR analysis is performed to measure the expression levels of hsa_circ_0124055 (A) and hsa_circ_0101622 (B)
in the plasma of thyroid cancer patients (n = 66) and healthy subjects (n = 66). RT-PCR analysis is performed to measure the
expression levels of hsa_circ 0124055 (C) and hsa_circ_0101622 (D) in the plasma of thyroid cancer patient before and 14 days
after surgery. The stability of hsa circ_ 0124055 and hsa_circ_0101622 under room temperature (E and F) and freeze-thaw
conditions (G and H) was determined using RT-qPCR. *p<0.05.
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curves and AUC are used to assess the diagnostic value of plasma hsa circ 0124055 (A), hsa_circ 0101622 (B) or hsa

circ_0124055 combined with hsa_circ_0101622 (C) as diagnostic

hsa circ_0101622 might function as oncogenes
in the progression of thyroid cancer. First, the
expression levels of hsa_circ_0124055 and hsa_
circ_0101622 were explored in a normal thy-
roid follicular epithelium cell line (Nthy-ori3-1)
and four thyroid cancer cell lines (K-1, TPC-
1, B-CPAP and CAL-62). As expected, hsa
circ_0124055 and hsa_circ_0101622 expression
levels were significantly increased in thyroid
cancer cell lines compared with those in nor-
mal Nthy-ori3-1 cells (Figure 6A). Next, specific
siRNAs were designed to silence the expression
of hsa circ_ 0124055 and hsa_circ_0101622 in
vitro. After transfection with si-0124055 or si-
0101622 into K-1 and TPC-1 cells, the prolifer-
ation of thyroid cancer cells was significantly
inhibited, and cell apoptosis was significantly el-
evated compared with those of cells transfection
with si-Con (Figure 6B and 6C). Notably, a com-
bination of si-0124055 and si-0101622 showed a
synergistic effect to inhibit cell proliferation and
induce apoptosis in vitro.

Table Ill. Performance of hsa_circ_0124055 and hsa_circ_01016

biomarkers of thyroid cancer.

Knockdown of Hsa_circ_0124055 and
Hsa_circ_0101622 Inhibited Thyroid
Cancer Cell Growth In Vivo

To determine the pro-proliferative activity of
hsa_circ_ 0124055 and hsa_circ_0101622 in vivo, si-
0124055 or si-0101622 was transfected into TPC-1
cells to suppress the expression of hsa_circ_0124055
or hsa circ_0101622. Next, transfected TPC-1 cells
(1 x 107/0.1 mL) were implanted subcutaneously into
4-week-old BALB/c nude mice, and tumor growth
was evaluated every week for 5 weeks. Both tu-
mor volume and weight were significantly inhibited
by si-0124055 or si-0101622 transfection. We also
found that the inhibitory effect of si-0124055 com-
bined with si-0101622 on tumor volume and weight
was significantly better than that of si-0124055 or
si-0101622 transfection alone (Figure 7A and 7B).

Discussion
During the last decade, nucleic acids in the

cell-free plasma or serum were detectable and

22 in the differential diagnosis PTC from healthy controls.

AUC p-value 95% CI Sensitivity Specificity Youden Cutoff
index point
Lower Upper
Hsa_circ_0124055 0.836 <0.001 0.763 0.908 0.712 0.939 0.652 1.805
Hsa_circ_0101622 0.805 <0.001 0.727 0.883 0.712 0.894 0.606 1.825
Combined 0.911 <0.001 0.859 0.962 0.894 0.818 0.712 2.869
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Figure 6. Knockdown of hsa_circ_0124055 and hsa_circ_0101622 led to thyroid cancer cell growth blockage and apoptosis.
The expression levels of hsa_circ_0124055 and hsa_circ_0101622 were measured in a normal thyroid follicular epithelium cell
line (Nthy-ori3-1) and four thyroid cancer cell lines (K-1, TPC-1, B-CPAP and CAL-62) using RT-qPCR (A). After transfection
with si-Con, si-0124055 or si-0101622 into K-1 and TPC-1 cells, cell viability (B) and apoptosis (C) were detected using CCKS8
and Annexin V-FITC/PI double staining, respectively. *p<0.05.
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Figure 7. Knockdown of hsa_circ_0124055 and hsa_circ_0101622 inhibited thyroid cancer cell growth in vivo. Si-Con, si-
0124055 or si-0101622 was transfected into TPC-1 cells (1 x 107 cells/0.1 mL), and then cells were implanted subcutaneously
into 4-week-old BALB/c nude mice, and tumor volume (A) or weight (B) were evaluated after 5 weeks of cell implantation.

*p<0.05.

therefore supposed to be utilized as noninvasive
biomarkers for the diagnosis of cancers**. Al-
though numerous miRNAs and IncRNAs have
been highlighted as novel tumor indicators for
cancerous prognosis prediction and diagnosis®**,
the role of plasma circRNAs in the prognosis and
diagnosis of thyroid cancer remains unclear.

In our study, thyroid cancer-related circRNAs
screening was explored using high-through-
put sequencing analysis in five pairs of thyroid
cancer and adjacent non-tumor tissues to fil-
trate differentially expressed circRNAs. The top
six abnormally expressed circRNAs of interest
were then screened out as candidate biomarkers.
Among these circRNAs, only hsa circ_0124055
and hsa circ 0101622 were significantly in-
creased in thyroid cancer tissues compared with
those in adjacent non-tumor tissues. Therefore,
hsa circ_0124055 and hsa_circ_0101622 were
subjected to RT-qPCR validation. As expected,
RT-qPCR data were consistent with the results
from high-throughput sequencing. Ultimately,
hsa circ_0124055 and hsa_circ_0101622 were
established as potential biomarkers for fur-
ther study. In both tumor tissues and plasma of
thyroid cancer patients, a significant increase
in hsa circ_0124055 and hsa circ_ 0101622
expression level was validated by RT-qPCR.
First, we corroborated that patients with high
hsa circ_0124055 or hsa circ_ 0101622 expres-
sion exhibited shorter overall survival. Our
findings provided strong evidence that plasma
hsa circ_0124055 and hsa_circ_0101622 could
be used as diagnostic markers for thyroid cancer.
Furthermore, hsa circ_0124055 combined with
hsa_circ_0101622 could provide a more power-

4358

ful diagnostic value than hsa circ 0124055 or
hsa circ_0101622 alone.

Novel circRNAs that can predict prognosis
and improve clinical diagnosis of thyroid cancer.
Yao et al'® have reported that hsa_circ_0058124 is
upregulated in 68.48% (63/92) of thyroid cancer
tissues and correlated with unfavorable progno-
sis, including extrathyroidal extension, large tu-
mor size, advanced stage, lymph node metastasis,
and distant metastasis. However, the association
between hsa circ_0058124 expression and over-
all survival has not been delineated in this study'.
Lan et al*® have demonstrated that the downregu-
lation of hsa_circ_0137287 is correlated with ag-
gressive clinicopathologic characteristics, such as
extrathyroidal extension, lymph node metastasis,
advanced T stage, and larger tumor size, in thy-
roid cancer patients, and hsa_circ_0137287 exhib-
its a potential diagnostic value in thyroid cancer
(AUC = 0.897, 95% CI: 0.8452-0.9494, p < 0.001).
Similarly, our findings discovered that the upreg-
ulation of hsa_circ_0124055 or hsa_circ_0101622
in thyroid cancer tissues was associated with
poor clinicopathological parameters and overall
survival. Moreover, plasma hsa circ 0124055
(AUC = 0.836, 95% CI: 0.763-0.908, p < 0.001)
and hsa_circ_0101622 (AUC = 0.805, 95% CI:
0.727-0.883, p < 0.001) showed a high-efficiency
diagnosis performance for distinguishing thyroid
cancer from healthy subjects.

Our results also validated that circulating
hsa_circ_0124055 and hsa_circ_0101622 were re-
markably stable in room temperature and freeze-
thaw conditions. Therefore, stable property made
it possible for them to serve as diagnostic markers
in clinical practice.
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Numerous circRNAs have been corroborated
to manage cancer cell growth in vivo and in vitro.
CircPTN accelerates glioma cell proliferation in vi-
tro and in vivo via promoting the transition of the
G1-S phase in U87 and U251 cells?. Inversely, cir-
cRNA CBL.11 inhibits cell proliferation in colorec-
tal cancer cells by sponging miR-6778-5p*. In our
study, we also found that the knockdown of hsa
circ_0124055 or hsa_circ_0101622 expression led to
the decline of the proliferating rate of thyroid cancer
cells. Notably, the inhibition of hsa_circ_0124055 or
hsa_circ_0101622 simultaneously exhibited a sig-
nificantly higher proliferating rate than the silencing
of hsa_circ 0124055 or hsa_circ_0101622 alone.

However, some limitations still existed in
our study. For example, the precise mechanism
whereby circRNAs are released into blood re-
mained largely unknown, and the underlying
molecular mechanisms of hsa circ_0124055 and
hsa circ_0101622 had not been expounded in the
initiation and progression of thyroid cancer.

Conclusions

Our findings indicated that hsa circ_0124055
and hsa_circ_ 0101622 could be utilized as prog-
nostic and diagnostic biomarkers for thyroid can-
cer. Of note, a combination of hsa_circ_ 0124055
and hsa_circ_0101622 showed a higher positive
diagnostic rate of thyroid cancer.
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