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circCCDC66 promotes thyroid cancer cell
proliferation, migratory and invasive abilities and
glycolysis through the miR-211-5p/PDK4 axis
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Abstract. Cancer metastasis is the main cause of death in
cancer patients, including patients with thyroid cancer (TC).
TC is the most common malignant endocrine tumour. In the
recent years, increasing evidence has demonstrated that circular
RNAs (circRNAs) serve a significant role in the development
of many types of human cancer. However, the function and
underlying mechanism of circCCDC66 in TC remain unclear.
The present study aimed to explore the role of circCCDC66 in
TC. To do so, reverse transcription quantitative PCR was used
to detect the expression level of circCCDC66. Cell viability,
migratory and invasive abilities, and glucose consumption
were evaluated by cell counting kit 8, Transwell and glucose
consumption assays, respectively. The association between
circCCDC66 or pyruvate dehydrogenase kinase 4 (PDK4) and
miR-211-5p was verified by dual-luciferase reporter assay. The
results demonstrated that circCCDC66 expression was signifi-
cantly increased in TC tissues and cell lines. Furthermore,
silencing circCCDC66 inhibited TC cell proliferation, migra-
tory and invasive abilities and glycolysis in vitro. Further
validation demonstrated that circCCDC66 directly interacted
with the microRNA (miR) miR-211-5p. Subsequently, the
activity of circCCDC66 was attenuated by miR-211-5p. In addi-
tion, the results demonstrated that circCCDC66 may promote
papillary thyroid cancer progression by sponging miR-211-5p
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and increasing expression of PDK4. In conclusion, the present
study demonstrated that circCCDC66 could promote TC cell
proliferation, migratory and invasive abilities and invasion and
glycolysis through the miR-211-5p/PDK4 axis. These findings
suggested that targeting circCCDC66 may be considered as a
promising therapeutic strategy for TC.

Introduction

Circular RNAs (circRNAs) are non-coding RNAs with cova-
lently closed loop structures formed by reverse splicing (1).
Unlike linear RNAs, circRNAs have no exposed end and are
not easily degraded by conventional intracellular degradation
mechanisms. They are thus relatively stable in cells. Due to the
limitations of technology and the low abundance of circRNAs
in cells, circRNAs have not been well described (2). In the recent
years, thanks to improvements in technology and algorithms,
circRNAs have been implicated in numerous human diseases.
For example, circSLC8A1 is downregulated in bladder cancer
tissues and cell lines and its expression is associated with
the pathological and histological stages of bladder cancer.
In breast cancer, circTADA2As is a promising prognostic
biomarker for patients with large triple-negative breast cancer
(TNBC). Furthermore, the high expression of circRanGAP1
is closely related to the advanced TNM staging, lymph node
metastasis and poor survival rate of patients with gastric
cancer (3-5). Several studies have demonstrated that ncRNAs
are differentially expressed in tumour and normal tissues and
cells, including pediatric acute lymphoblastic leukemia and
thyroid carcinoma (6,7). Some circRNAs have been reported
to promote or inhibit cancer cell proliferation, migration and
invasion. For example, Li et al (8) reported that circ-ITCH is
expressed at lower levels in oesophageal carcinoma tissues
compared with adjacent tissues, and that circ-ITCH can
inhibit cell proliferation and tumorigenic ability by repressing
the Wnt pathway. CircRNAs can bind to intracellular regula-
tory proteins, thereby affecting cellular metabolic activity. A
study by Du et al (9) reported that circ-FOXO3 can interact
with important regulators of cell cycle progression, including
CDKG6, pl6, and p27, in order to regulate cell cycle progression
of cancer cells.
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Due to the expanded use of diagnostic imaging and surveil-
lance, the prevalence of TC has risen worldwide (10). In 2013,
33,939 patients with TC (7,146 men and 26,793 women)
were identified and the death toll was 4,974 (2,292 men and
2,682 women) in China (11). A steady increase has been
observed in TC incidence worldwide, whereas the death
rate has only slightly increased (12). According to previous
studies, a number of genes and signaling pathways that play
an important role in TC have been identified. Most patients
with TC exhibit overactivated MAPK signalling, which plays
an important role in the regulation of cell proliferation (13).
The regulation of cellular metabolic pathways by circRNA
is increasingly documented (14). For example, the circRNA
circZFR was reported to promote the expression of C8orf4 in
papillary TC (PTC) cells as a competitive endogenous RNA
(ceRNA) of the microRNA (miR) miR-1261, thus regulating
the carcinogenic effect of the miR-1261/C8orf4 axis (15).

A previous study by Hsiao et al (16) reported a novel
carcinogenic function of circCCDC66 in colon cancer. The
results demonstrated that circCCDCG66 is highly upregulated in
colorectal cancer and serves as a new cancer-related circRNA.
Furthermore, the study showed that 88% of patients with colon
cancer have high circCCDC66 expression, and that patients with
higher circCCDC66 expression have a lower overall survival
rate compared with patients with lower circCCDC66 expres-
sion. The dysregulation of circCCDC66 might therefore have a
prognostic potential in human cancers. This study also reported
that the suppression of circCCDC66 in cancer cells can inhibit
tumour invasiveness in xenograft mouse models. In addition,
circCCDC66 knockout results in decreased miRNA-targeted
oncogene expression in circCCDC66-mediated sponge
processes. Furthermore, the overexpression of circCCDC66
can promote cancer cell proliferation and colony formation,
suggesting therefore that circCCDC66 might be considered
as a critical driver of cancer aetiology. The overexpression of
circCCDC66 can stimulate oncogenes by inhibiting miRNAs
that are involved in the suppression of these oncogenes.
circCCDC66 acts as a miRNA sponge, affecting the expres-
sion of miR-211, leading to the upregulation of SRCIN1 and
promoting cell proliferation in non-small cell lung cancer (17).
In osteosarcoma, circCCDC66 promotes the malignant pheno-
type of osteosarcoma by stimulating miR-338-3p to upregulate
the expression of PTP1B (18). The present study aimed to
investigate the effects of circCCDC66 on the proliferation,
migratory and invasive abilities and glycolysis of TC cells.

Materials and methods

Human tissue samples. Samples of TC tissues and matched
adjacent normal tissues were collected from nine patients with
TC (age range, 32-69 years; mean age, 43.7+6.9 years; sex ratio,
four men and 18 women) who underwent surgery at Qingdao
Municipal Hospital. All subjects were recruited between
April 2019 and December 2019. This study was approved by
the Ethics Committee of Qingdao Municipal Hospital (approval
no. 2019QMH126) and all patients provided informed consent.

Cell culture and transfection. The cell lines Nthy-ori 3-1,
CALG62 and TPCI1 were purchased from the American Type
Culture Collection (ATCC). All cells were cultured in DMEM

(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (Invitrogen; Thermo Fisher Scientific, Inc.) and were
places at 37°C in a humidified incubator containing 5% CO,.

Cell transfection was carried out using Lipofectamine® 2000
Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturers' instruction when cells in culture reached
60-80% confluence. Small interfering (si)RNAs targeting
circCCDC66 (si-circCCDCO66#1, 5'-CAAUUAGAGCAU
CAGGAAA-3"; si-circCCDC66#2, 5'-GAGCAUCAGGAA
ACAGUAC-3") and negative control (si-NC, 5'-UUCUCC
GAACGUGUCACGUTT-3") were purchased from Shanghai
GenePharma Co., Ltd. miR-211-5p mimic and negative
control were purchased from Guangzhou RiboBio Co., Ltd
(cat. no. miR10000268-1-5). The transfection concentrations of
oligonucleotides were as follows: si-NC,40nM; si-circCCDC66,
40 nM; miR-211-5p mimic, 50 nM; and miRNA control, 50 nM.
Lipofectamine® 2000 Reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) and si-RNAs or miR-mimic were diluted into
serum-free DMEM medium, mixed together and incubated for
20 min at room temperature. This solution was subsequently
was added to CAL62 and TPC1 cells and transfected for 4-6 h
at 37°C in a humidified incubator containing 5% CO,.

Cell fractionation. The PARIS™ kit (cat. no. AM1921;
Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract
cytoplasmic and nuclear RNA. Briefly, CAL62 and TPCI cells
were incubated with the lysis solution from the kit on ice for
10 min following two washes with PBS. Samples were collected,
centrifuged at 500 x g for 30 min at 4°C, and cytoplasmic RNA
was extracted from the supernatant, whereas nuclear RNA was
extracted from the nuclear pellet. Samples were stored at -80°C
until further use. GAPDH and U6 were used as the cytoplasmic
RNA and nuclear RNA controls, respectively.

Online analysis of downstream target of circCCDC66.
CircRNAs are known to exert their functions through sponging
miRNAs and subsequently regulating downstream genes expres-
sion in cells (19,20). RegRNA2.0 (http://regrna2.mbc.nctu.
edu.tw/index.html) was therefore used to predict the potential
miRNA associated with circCCDC66. RegRNA2.0 is an inte-
grated web server used to identify functional RNA motifs and
sites. miRcode (http:/www.mircode.org/mircode/) was subse-
quently used to predict the miRNA target. MiRcode provides
the ‘whole transcriptome’ human miRNA target predictions
based on the comprehensive GENCODE gene annotation.

Dual-luciferase reporter assay. To generate luciferase reporter
expression constructs, full-length circCCDC66 or the 3'-UTR
of PDK4 containing the expected binding sites was inserted into
luciferase reporter DNA pGL3 vector (Promega Corporation).
circCCDC66 mutant DNA or PDK4 3'-UTR mutant DNA was
cloned into luciferase reporter DNA pGL3 vector. Plasmids
were transfected with miRNAs in 293T cells (ATCC) using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) for 48 h. The measurement of luciferase activity was
carried out with a Dual-Luciferase Reporter Assay System. The
relative activity was normalized to Renilla luciferase activity.

Reverse transcription quantitative (RT-q) PCR. Total RNA
was extracted from tissues or cells using TRIzol reagent
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(Invitrogen; Thermo Fisher Scientific, Inc.), which was then
reverse transcribed into cDNA. The cDNA was generated using
the Moloney Murine Leukemia Virus (M-MLV) first strand
kit (Thermo Fisher Scientific, Inc.) or miRNA reverse tran-
scription kit (Takara Biotechnology Co., Ltd.) according to the
manufacturer's protocol. RT-qPCR reactions were conducted
using a SYBR Green PCR Kit (Takara Biotechnology Co.,
Ltd). The thermocycling conditions are as follows: 95°C for
30 sec, followed by 40 cycles of 95°C for 5 sec and 60°C for
20 sec. All primers were purchased from Guangzhou RiboBio
Co., Ltd. The relative expression levels were normalized to
endogenous control and were expressed as 244% (21). GAPDH
and U6 were used as endogenous control. The sequences of the
primers used were as follows: circCCDC66, forward 5-TCT
CTTGGACCCAGCTCAG-3, reverse 5"TGAATCAAAGTG
CATTGCCC-3'; miR-211-5p, forward 5-GATGCTGTAATG
GATGATATGA-3'; reverse, 5-ATTGGAACGATACAGAGA
AGATT-3"; PDK4, forward 5'-GGAAGCATTGATCCTAAC
TGTGA-3, reverse, 5-GGTGAGAAGGAACATACACGA
TG-3'; GAPDH, forward 5-GGAGCGAGATCCCTCCAA
AAT-3', reverse, 5'-GGCTGTTGTCATACTTCTCATGG-3";
and U6, forward 5'-GCTCGCTTCGGCAGCACA-3' and
reverse, 5"AGGTATTCGCACCAGAGGA-3'.

Cell proliferation assay. CAL62 and TPCI1 cells
(2x10° cells/well) were seeded in a 96-well plate and five
wells were used for technical replicates. Cell proliferation was
assessed with a CCK-8 kit (Dojindo Molecular Technologies,
Inc.) according to the manufacturers' protocol. The absorbance
was measured at 450 nm on a microplate reader.

Cell migration and invasion assays. CAL62 and TPCI1 cells
(5x10* cells/well) were seeded in the upper chamber of a
Transwell plate (Corning, Inc.) containing DMEM supple-
mented with 1% FBS, which was coated with (invasion assay)
or without (migration assay) Matrigel mix (BD Biosciences).
Medium containing 15% FBS was added to the lower chamber.
After incubation for 48 h, methanol was used to fix the cells
for 10 min at room temperature and cells were subsequently
stained with DAPI for 10 min at room temperature. A fluores-
cent microscope (magnification, x200) was used to count the
number of cells in each treatment group (CAL62 cells trans-
fected with si-circCCDC66, CAL62 cells transfected with
si-NC, TPC1 cells transfected with si-circCCDC66 and TPC1
cells transfected with si-NC) and six areas were randomly
selected to calculate the average value.

Detection of glucose consumption. The metabolism of malignant
tumors is explained by the Warburg effect, which is the metabolic
shift from oxidative phosphorylation (OXPHOS) to glycolysis
in tumor cells (22). The effect of glycolysis on tumor growth
is crucial. As previously described, glucose consumption was
analysed. CAL62 and TPC1 cells (5x10* cells/well) were seeded
into 24-well plates for 48 h. The cell supernatants were collected
after 48 h of transfection. A glucose assay kit (cat. no. K606-100;
BioVision, Inc.) was used to determine glucose levels in the
supernatant according to the manufacturers' instructions.

Statistical analysis. Data from at least three independent
experiments were analysed using SPSS 10.0 (SPSS, Inc.) and
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Figure 1. circCCDC66 was upregulated in TC tissues and cell lines.
(A) circCCDC66 expression was significantly increased in TC tissues
compared with normal tissues. (B) circCCDC66 expression was significantly
increased in TC cell lines CAL62 and TPC1 compared with normal cell line
Nthy-ori 3-1. "P<0.05 and “P<0.01. TC, thyroid cancer.

were presented as the means + standard deviation. Normality
of data was evaluated using Shapiro-Wilk normality test.
Homoscedasticity of data was evaluated using F test. The
differences between two groups were compared using
Student's t-test. The differences among more than two groups
were compared using one-way ANOVA followed by the Least
Significance Difference post hoc test. P<0.05 was considered
to indicate a statistically significant difference.

Results

circCCDC66 is upregulated in TC tissues. The results from
RT-qPCR demonstrated that circCCDC66 was significantly
overexpressed in tumour tissues compared with normal
tissues (Fig. 1A). In addition, circCCDC66 expression levels
were assessed in the TC cell lines TPC1 and CAL62 and the
normal thyroid cell line Nthy-ori 3-1. The results showed that
circCCDC66 was significantly overexpressed in TC cells
compared with normal thyroid cells (Fig. 1B).

circCCDC66 knockdown inhibits TC cell proliferation. To
investigate the biological function of circCCDC66 in TC
cells, its subcellular localization was assessed in TPC1 and
CALG62 cells. U6 in the nucleus and GAPDH in the cyto-
plasm were detected as nuclear and cytoplasmic markers
(Fig. 2A and B). The results from RT-qPCR demonstrated that
circCCDC66 was mainly located in the cytoplasm, similarly
to GAPDH (Fig. 2C). TC cells (TPCI and CAL62) were then
transfected with si-circCCDC66#1 and si-circCCDC66#2
in order to knockdown circCCDC66 (Fig. 3A and C). The
effect of circCCDC66 knockdown on TC cell proliferation
was evaluated with a CCK-8 assay. Compared with control
siRNA-transfected cells, the proliferation of TPC1 and CAL62
cells transfected with si-circCCDC66#1 was significantly
decreased (Fig. 3B and D), suggesting that circCCDC66 knock-
down could inhibit TC cell proliferation. Since the efficiency
of knockdown and proliferation ability of si-circCCDC66#2
was not satisfactory, only si-circCCDC66#1 was used for
subsequent experiments (represented as si-circCCDC66).


https://www.spandidos-publications.com/10.3892/ol.2021.12677
https://www.spandidos-publications.com/10.3892/ol.2021.12677
https://www.spandidos-publications.com/10.3892/ol.2021.12677

4 REN et al: circCCDC66 PROMOTES THE GROWTH, METASTASIS AND GLYCOLYSIS OF THYROID CANCER CELLS

A B C

40 - Cytoplasm < 154 Cytoplasm § 1.5- " Cytoplasm

c  1E= Nuclear '§ 4 E3A Nuclear § Nuclear

S | o

3 501 5 o 3

o X 1.0 o 1.0

a : I o 1.

3 ] 8

© 20 o a

= < ] 9

F 8 o5 3 05-

& 104 2] 5

2 & ] 2

* 2 3 g
0 0.0 I I 2 0.0 ' |

TPC1 CAL-62 TPCAH CAL-62 TPC1 CAL-62

Figure 2. circCCDC66 was mainly located in the cytoplasm. (A) In TPC1 and CAL62 cells, U6 was located in the nucleus according to RT-qPCR results. The
expression level of U6 in cytoplasm was used as control. (B) GAPDH was mainly located in the cytoplasm in TPC1 and CAL62 cells according to RT-qPCR
results. The expression level of GAPDH in cytoplasm was used as control. (C) circCCDC66 was mainly located in the cytoplasm according to RT-qPCR
results. The expression level of circCCDC66 in cytoplasm was used as control. RT-qPCR, reverse transcription quantitative PCR.
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Figure 3. Knockdown of circCCDC66 inhibited thyroid cancer cell proliferation. (A,C) Following si-circCCDC66#1 was transfected into CAL62 and TPC1
cells, circCCDC66 expression was significantly decreased, which was not the case with si-circCCDC66#2. (B and D) Results from Cell Counting Kit-8 showed
that the proliferation of CAL62 and TPCI cells was significantly decreased following circCCDC66 silencing by si-circCCDC66#1, which was not the case
with si-circCCDC66#2. “P<0.01. NC, negative control; OCD, optical density; si, silencing.

circCCDC66 silencing inhibits TC cell migratory and inva-
sive abilities in vitro. Whether circCCDC66 knockdown
could affect the metastatic ability of the TC cells TPCI and
CALG2 was evaluated using Transwell assays. As presented
in Figs. 4 and 5, circCCDC66 silencing resulted in a smaller
number of migrating cells, suggesting that the knockdown of
circCCDC66 inhibited TC cell migratory and invasive abilities.

circCCDC66 knockdown inhibits TC glycolysis in vitro.
Glycolysis serves a key role in cancer progression (23). Therefore,
the effects of circCCDC66 knockdown on glycolytic metabolism
in TPC1 and CALG62 cells were analysed in the present study.
The results from Fig. 6A and B demonstrated that circCCDC66
knockdown significantly reduced the glucose consumption of
TPC1 and CAL62 cells compared with control cells.
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the control group. “P<0.01. NC, negative control; si, silencing.

A CAL62-migration

1.5

si-NC

si-circCCDC66

Relative migration to si-NC

NI
- o
o - 4

o - -
. '

Figure 5. Knockdown of circCCDC66 inhibited TC cell migratory ability in vitro. (A and C) Number of nuclei decreased significantly after circCCDC66
silencing both in CAL62 and TPCI cells. (B and D) Relative migratory ability of CAL62 and TPC1 cells following circCCDC66 knockdown was 19/20 lower
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Figure 6. Knockdown of circCCDC66 inhibited thyroid cancer cell glycolysis
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circCCDC66 serves as a sponge of miR-211-5p to promote
PDK4 expression. To explore the mechanism by which
circCCDC66 may serve important roles in TC cells, the
mechanism by which circCCDC66 may regulate PDK4
expression was examined. The expression level of PDK4 was
decreased following circCCDC66 silencing in TPC1 and
CALG62 cells (Fig. 7A). circCCDC66 might act as a competing
endogenous RNA and a sponge of miRNA and subsequently
affect the expression of target genes. The results demonstrated
that miR-211-5p and PDK4 were predicted as potential down-
stream targets associated with circCCDC66 function with
RegRNA2.0 (http://regrna2.mbc.nctu.edu.tw/index.html)
and miRcode (http:/www.mircode.org/mircode/; Fig. 7B).
Subsequently, the expression of PDK4 following miR-211-5p
overexpression was determined. The results demonstrated
that TC cells successfully transfected with miR-211-5p mimic
(Fig. 7C) presented a lower PDK4 expression compared
with control cells (Fig. 7D). Furthermore, the expression of
circCCDC66 in both TC cell lines was inhibited following
transfection with miR-211-5p-mimic (Fig. 7E).

In addition, to investigate the binding between miR-211-5p
and circCCDC66 or the 3'-UTR of PDK4, a luciferase
reporter assay was performed. The results demonstrated that
a miR-211-5p-mimic could decrease the luciferase activity
when wild-type circCCDC66 and wild-type 3'-UTR of
PDK4 were expressed, which was not the case with mutant
circCCDC66 and mutant 3'-UTR of PDK4 (Fig. 7F-I). These
findings suggested that circCCDC66 may act as a sponge for
miR-211-5p and promote PDK4 expression.

Discussion

High levels of metastasis and invasion are key character-
istics of cancer cells (24). The present study revealed that
circCCDC66 served a crucial stimulating role in TC cell
proliferation and migratory and invasive abilities. The results
demonstrated that circCCDC66 was expressed at higher levels
in TC tissues compared with normal tissues and was also
highly expressed in TC cells compared with normal cells. In
addition, circCCDC66 knockdown inhibited the proliferation,
glycolysis and migratory and invasive abilities of TC cells.
Furthermore, circCCDC66 silencing decreased the expression
of PDK4 by acting as a ceRNA and sponging miR-211-5p.

CircRNAs have been used as biomarkers for tumour
detection due to their differential expression in tumour tissues
and normal tissues (25). At the same time, the importance of
numerous circRNAs in TC cells has also been reported. For
example, Cui et al (26) performed a microarray analysis of
circRNAs in TC and reported that 98 different circRNAs
were abnormally regulated. The circRNA circZFR promotes
the expression of C8orf4 by sponging miR-1261 and further
promotes the proliferation and invasion of TC cells. The
circRNA circ-ITCH inhibits cancer progression via the
miR-22-3p/CBL/beta-catenin axis. However, the underlying
mechanism of circCCDC66 in TC remains unclear.

The present study evaluated the role and underlying
mechanism of circCCDC66 on the biological behaviour of TC
cells. The results demonstrated that circCCDC66 was highly
expressed in TC tissues and cells compared with normal thyroid
tissues and cells, suggesting that circCCDC66 may promote
the progression of TC. The results also demonstrated that the
proliferation and migratory and invasive abilities of TC cells
was significantly inhibited following circCCDC66 silencing.
In addition, circCCDC66 was reported to bind to miR-211-5p
and inhibit its expression. Subsequently, the overexpression of
miR-211-5p in TC cells significant decreased the expression
of PDK4 and circCCDC66. A luciferase assay demonstrated
that miR-211-5p decreased the activity of pmiR-RB-reporter
vectors containing PDK4 or circCCDC66 regions. These
finding indicated that circCCDC66 may competitively inhibit
the binding of miR-211-5p to PDK4, thereby affecting TC cell
proliferation and invasiveness.

miR-211-5p has been found to be associated with metabolic
activity in a variety of cancer cells. For example, the progres-
sion of TNBC is inhibited by miR-211-5p via targeting SET
binding protein 1, suggesting that miR-211-5p might act as
a potential prognostic biomarker and therapeutic target for
TNBC (27). Furthermore, a previous study reported that the
expression of snail family transcriptional repressor 1 (SNAI1)
is decreased following miR-211-5p overexpression. Luciferase
reporter assays showed that miR-211-5p can target the 3'-UTR
of SNAII. In addition, miR-211-5p reduces the weight of xeno-
graft tumours and inhibits tumour metastasis in mice. These
results indicate that the decrease in SNAIL1 expression medi-
ated by miR-211-5p could help to inhibit the progression of
renal cell carcinoma (28). Zinc finger E-box binding homeobox
2 (ZEB2) has also been reported to be a target of miR-211-5p
and miR-211-5p serves an inhibitory role in hepatocellular
carcinoma by inhibiting the expression of ZEB2 (29).

Pyruvate dehydrogenase kinase and phosphatase strictly
regulate the pyruvate dehydrogenase complex through
phosphorylation, thus regulating the irreversible reaction of
pyruvate oxidative decarboxylation and affecting the glucose
metabolism process and sugar homeostasis (30). Impaired
glucose homeostasis is one of the risk factors for metabolic
diseases, including obesity, type 2 diabetes and cancer (31).
Previous studies reported that PDK4 is highly expressed in
breast tumour tissues, and that higher PDK4 expression is asso-
ciated with a worse prognosis in patients. A study reported that
miR-211 can suppress PDK4 expression in breast cancer cells,
while lower miR-211 expression levels are correlated with a
worse overall survival, indicating that miR-211 and PDK4
expression levels are negatively correlated (32). In addition,
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Figure 7. Expression of PDK4 was regulated by circCCDC66 via sponging miR-211-5p in thyroid cancer cells. (A) Compared with the control group, PDK4
expression level in circCCDC66 knockdown cells was decreased. (B) Schematic diagram of the wild-type or mutant-type binding sequence predicted on the
online website. (C) Expression level of miR-211-5p was significantly upregulated in CAL62 and TPCI cells following transfection with miR-211-5p-mimic.
(D) Compared with the control group, PDK4 expression level was lower in cells overexpressing miR-211-5p. (E) Expression of circCCDC66 in TPC1 and
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the suppression of PDK4 by miR-211 can induce a dominant
phenotype of oxidative phosphorylation, including decreased
glucose and increased expression of key enzymes from pyru-
vate dehydrogenase and tricarboxylic acid cycle (33). These
studies suggested that the effect of circCCDC66 on glycolysis
might be mediated by PDK4 in TC cells.

The present study had several limitations. Although
glucose consumption is a marker of glycolysis in cancer cells,
it is not sufficient for evaluating glycolysis. Other experiment,

including lactate production and oxygen consumption, should
be performed. In future research, the signal pathways and
metabolic pathways of circCCDC66 regulating glycolysis will
be investigated. In addition, future investigation will further
verify that PDK4 and miR-211-5p may affect the proliferation
and migratory and invasive abilities of TC cells.

In conclusion, the present study demonstrated that
circCCDC66 may promote TC cell proliferation, migratory
and invasive abilities, and glycolysis in vitro by sponging
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miR-211-5p and increasing PDK4 expression. These findings
suggested that targeting circCCDC66 may be considered as a
promising therapeutic strategy for TC.
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