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Abstract: Purpose: The present study aimed to identify differentially expressed circRNAs in thyroid cancer and verify
their potential functions. Methods: Next-generation sequencing was used to identify differentially expressed cir-
cRNAs between papillary thyroid carcinoma (PTC) tissues and paired pericarcinomatous tissues. Polymerase chain
reaction and Sanger sequencing methods successfully identified hsa_circ_0007694. A hsa_circ_0007694 over-
expression vector was prepared to determine the effect of this circRNA on proliferation, migration, invasion, apop-
tosis, and the cell cycle in PTC cells. An in vivo animal assay was conducted by injecting PTC cells into the chests of
mice. Further, RNA-seq was performed, followed by Gene Ontology and Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis, to verify the regulatory mechanism of hsa_circ_0007694. Western blotting was used to verify
the genes thought to be involved in the hsa_circ_0007694 regulatory pathways based on KEGG analysis. Results:
We identified a circRNA, hsa_circ_0007694 that was down-regulated in PTC tissues compared to pericarcinoma-
tous tissues. Over-expression of hsa_circ_0007694 promoted apoptosis and inhibited proliferation, migration, and
invasion in PTC cells in vitro, and decreased tumor growth in vivo. Transcriptome sequence analysis suggested
129 differentially expressed genes between PTC tissue and paired pericarcinomatous tissue. KEGG analysis and
western blotting indicated that the PIBK/AKT/mTOR and Wnt signaling networks are most likely to be related to
hsa_circ_0007694 in thyroid cancer. Conclusion: The circRNA hsa_circ_0007694 is down-regulated in PTC and is
therefore a potential therapeutic target.
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Introduction

Thyroid cancer is the most common tumor of
the endocrine system, accounting for 2% of
systemic malignancies and 95% of endocrine
malignancies [1]. Furthermore, it is becoming
more common year on year; the number of
newly diagnosed thyroid cancer patients in-
creased from 37,200 cases in 2009 to 63,000
casesin 2014, andtheincidence rate increased
from 4.9/100,000 in 1975 to 14.3/100,000 in
2009. Papillary thyroid carcinoma (PTC), which
is a kind of differentiated thyroid cancer,
accounts for about 90% thyroid cancer patients
[2] and is almost entirely responsible for the
aforementioned recent increase in the inci-
dence of thyroid cancer. PTC grows slowly and

prognosis is generally good. However, its inci-
dence and recurrence rate (20% to 40%) are
high, and the mortality of PTC is about 50% of
the total mortality of thyroid cancer [3]. In addi-
tion, PTC is set to be the third most common
tumor in women in 2019, and national medical
expenditure to treat it will reach 19 billion to 21
billion U.S. dollars, which will be a huge eco-
nomic burden on families and society [2].

Currently, common methods of thyroid tumor
diagnosis include clinical examination, thyroid
radionuclide scanning, thyroid B ultrasound,
and fine needle aspiration (FNA) [4]. Of these
methods, FNA is considered the most impor-
tant. However, FNA is only useful for cytological
examination, and its success is directly related
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to the experience of the practitioner and the
amount of tissue obtained. A previous study
reported that about 1/3 of thyroid malignan-
cies can be missed using this method, resulting
in adverse clinical diagnosis and treatment [5].
Furthermore, FNA is an invasive procedure, and
patients consistently demonstrate low accep-
tance of this technique. With in-depth studies
of tumor-related genes, knowledge of the
molecular mechanism of PTC has improved. A
previous study determined that mutations in
BRAF and RAS, gene rearrangement of RET/
PTC are related to the occurrence and invasive-
ness of PTC [6]. Of these genetic changes,
BRAF mutation is most closely related to the
occurrence and development of PTC. For exam-
ple, BRAFYe%%E mutation is closely related to
multifocal lymph node metastasis and high
clinical pathological PTC staging, indicating
poor tumor prognosis [7, 8]. However, the use
of the BRAFY6°°E mutation as a diagnostic and
prognostic marker has limitations. For instance,
only 40% to 45% of PTC patients carry this gene
mutation [7]. Therefore, the need for a new
diagnostic biomarker for PTC patients is urgent.

Recent studies have shown that non-coding
RNAs participate in chromatin modification and
the regulation of transcription and gene expres-
sion [9, 10]. CircRNA is a class of non-coding
RNA that is widely found in mammals. Unlike
linear RNA, which has 5" and 3’ ends, the closed
circular structure of circRNA makes it more sta-
ble and therefore resistant to degradation by
RNA exoenzymes [11]. It has been reported
that there is a link between circRNA and tumors,
and a more comprehensive understanding of
this relationship would promote our under-
standing of tumor pathogenesis. Zhang et al.
reported abnormal differential expression of
circRNAs between pancreatic ductal adenocar-
cinoma tissue and pericarcinomatous tissue
using microarray technology [12]. Bachmayr-
Heyda et al. revealed that the circRNA/paired
linear RNA ratio is higher in colorectal cancer
tissue than in normal colorectal tissue [13].
Wang et al. noted that the expression of hsa_
circ_002059 in gastric cancer tissue was lower
than that in pericarcinomatous tissue, and that
this circRNA had high application value in clini-
cal trials [14]. The evidence mentioned above
indicates that circRNAs have the potential to be
applied in cancer treatments. Although previ-
ous studies have laid a solid foundation for fur-
ther study of this class of molecules, identifying
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dysregulated circRNAs in thyroid cancer and
elucidating their functions remains an ongoing
process in the field of cancer research.

In the present study, differentially expressed
circRNAs between PTC tissues and paired peri-
carcinomatous tissues were identified by cir-
cRNA sequencing. We further selected a spe-
cific circRNA (hsa_circ_0007694), which was
down-regulated in cancer tissues, for subse-
quent analysis. Functionally, hsa_circ_00076-
94 inhibits HBT-101 and KHM-5M cell prolifera-
tion, migration, and invasion while suppressing
apoptosis. The present study explored, for the
first time, the function and mechanism of hsa_
circ_0007694 in human thyroid cancer.

Materials and methods
Samples and H&E staining

Fresh samples of PTC tissues (n=3, patients
referred to as HA, WA, and LA) and paired peri-
carcinomatous tissues (n=3, HAP, WAP, LAP)
were collected and each tissue was divided into
two parts. One part was immediately trans-
ferred to liquid nitrogen and stored at -80°C
until gDNA and total RNA extrication. Mean-
while, H&E staining was used to identify the
pathological characteristics of the other part of
the tissue. The final results were assessed by
two experienced clinical technicians. Briefly,
H&E staining was carried out as follows: 1)
Samples were dewaxed with xylene for 10-15
min; 2) the xylene was washed away in an alco-
hol gradient; 3) samples were stained with
hematoxylin dye for 15 min after immersion in
distilled water for 5 min; 4) samples were
immersed in hydrochloric acid for color separa-
tion for 20 s; 5) samples were immersed in dis-
tilled water for 10 min; 6) samples were soaked
in 0.5% eosin for 20 s after washing; 7) sam-
ples were allowed to dry naturally, then gland
packing sheet; and 8) a microscope was used
to view the stained samples. This study was
approved by the Human Research Ethics
Committee of the Sun Yatsen Memorial
Hospital, Sun Yat-sen University.

Sequencing
Total RNA was used to deplete ribosomal RNA
with a Ribo-Zero Gold Kit (Epicenter, USA). The

rRNA-depleted RNAs were further incubated at
37°C for 1 h with 10 U/ug RNase R (Epicenter,
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Madison, WI). The remaining RNAs were used
to construct cDNA libraries according to the
MmRNA-seq Sample Preparation Kit protocol
(IMlumina, USA). A TruSeq PE Cluster Kit v3-cBot-
HS (lllumina, USA) was used to form the
sequence cluster according to the manufactur-
er’s instructions. Then, 2x150 bp paired-end
sequencing was carried out on an lllumina
HiSeq2500 platform. Differential expression of
circRNAs was identified according to a previous
study [15]. An lllumina® TruSeq RNA Library
Prep Kit v2 was used to construct RNA-seq
libraries. RNA-seq data was treated accord-
ing to the method of a previous study. Diffe-
rentially expressed genes were identified. Enric-
hr (http://amp.pharm.mssm.edu/Enrichr/) was
used to analyze Gene Ontology (GO) terms
enriched in differentially expressed genes. The
Enrichr settings used were described in a previ-
ous study [16]. Meanwhile, we used KOBAS
software to test the statistical enrichment of
differentially expressed genes in Kyoto Ency-
clopedia of Genes and Genomes (KEGG) path-
ways [17].

Identification of hsa_circ_007694

Total RNA and gDNA was extracted from thyroid
cancer tissues, pericarcinomatous tissues,
BHT-101 cells, and KHM-5M cells with a
MiniBEST Universal Genomic DNA Extraction
Kit Ver.5.0 (Takara, Japan) and a MiniBEST
Universal RNA Extraction Kit (Takara, Japan),
respectively. The total RNA was subsequently
reverse transcribed to cDNA with a PrimeScri-
pt™ Il 1st Strand cDNA Synthesis Kit (Takara,
Japan). The operation process was performed
strictly according to the manufacturer’s instruc-
tions. The concentration and quality of the total
DNA and RNA were measured with a NanoDrop
8000 (Thermo Fisher, USA). Values of 0D260/
0D280 between 1.8 and 2.1 were considered
to indicate ideal samples. The integrity of
the DNA and RNA was analyzed by dena-
turing agarose gel. We designed two primer
pairs to amplify hsa_circ_0007694 and the
corresponding linear RNA. The primer se-
quences were as follows: hsa_circ_0007694
(forward): 5-AGTACCATAGGCATCCTTCATCA-3’,
hsa_circ_0007694 (reverse): 5-CCTCCACCT-
CCATTAGATTTCCA-3’, linear RNA (forward): 5-
AGCCATTTGACCGTGGAGAA-3’, linear RNA (re-
verse): 5-TGGCTCTCTCCAGGTTCGTT-3. The
reactions were performed in 20 pl volumes
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comprising 10 pl 2x GoldStar Best MasterMix
(Dye) (CWbiotech, China), 1 pl primer mixture
(final concentration of each primer 0.5 pmol), 1
ul DNA template with different amounts of DNA,
and 8 ul ddH,0. Thermal cycling conditions
were as follows: 3 min at 98°C, followed by 40
cycles at 95°C for 15 s and 60°C for 25 s. The
amplification products were further examined
by agarose gel electrophoresis (2.0%) and
Sanger sequencing. Meanwhile, we performed
g-PCR analysis with different samples. The
reaction conditions were similar to those used
for PCR identification, but with minor modifica-
tions: the reactions were performed in 10 pl
volumes comprising 5 pl 2x FastSYBR Mixture
(CWbiotech, China), 0.5 ul primer mixture (final
concentration of each primer 0.25 pmol), 1 ul
DNA template with different amounts of DNA,
and 3.5 ul ddH,0. Data were collected using an
ABI analytical thermal cycler. RNA expression
was calculated based on a relative standard
curve using an AAct method, representing
10-fold dilutions of PCR products.

Cell treatment

BHT-101 and KHM-5M cells were purchased
from ATCC (Virginia, USA) and maintained in
RPMI 1640 with 10% (v/v) FBS (Invitrogen,
Carlsbad, CA). Cell lines were maintained in a
humidified chamber in 5% CO, and at 37°C. A
LVOO3 plasmid of hsa_circ_007694 was ob-
tained from Geneseed Biotech (China). A pEZ
LVOO3 vector was applied to construct a hsa_
circ_007694 over-expression system. Endo
Fectin-Lenti™ and Titer Boost™ reagents were
used to generate highly purified plasmids
according to the standard protocol (FulenGen,
Guangzhou, China). The lentiviral transfer vec-
tor was transfected into BHT-101 cells with a
Lenti-Pac HIV Expression Packaging Kit (Gene-
copoeia, USA).

Apoptosis, proliferation, and cell cycle

Apoptosis of BHT-101 or KHM-5M cells treated
with mock vehicle and BHT-101 or KHM-5M
cells overexpressing hsa_circ_007694 was
assessed with an Annexin V-FITC Apoptosis
Detection Kit (Sigma Aldrich, USA). The opera-
tion process was performed strictly according
to the manufacturer’s instructions. Meanwhile,
a cell proliferation assay of all of the various
cells was carried out with an MTT kit (Sigma
Aldrich, USA). OD values were measured after
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24,48, and 72 h. For a colony formation assay,
500 cells were placed into each well of a 6-well
plate and maintained in media containing 10%
FBS for 1 week. Colonies were fixed with meth-
anol and stained with 0.1% crystal violet (Sigma
Aldrich, USA) in PBS for 15 min. Colony forma-
tion was observed using an inverter micro-
scope. In addition, flow cytometry was applied
to analyze the cell cycle distribution of BHT-101
cells treated with mock vehicle and BHT-101
cells over-expressing hsa_circ_007694. After
48 h of transfection, cells were obtained via
trypsin digestion treatment and fixed with 70%
ethanol. A FACS calibur flow cytometer (BD
Biosciences) was used to analyze cell cycle
distribution.

Migration and invasion assay

A cell migration assay was carried out with
an EZCellTM Migration/Chemotaxis Assay
Kit (Biovision, USA). Briefly, BHT-101 or KHM-
5M cells treated with mock vehicle and BHT-
101 or KHM-5M cells over-expressing hsa_
circ_007694 were planted in the top chamber
of each transwell (1x10° cells/ml, 100 ul per
chamber). Cells were cultured at 37°C for 24 h.
Subsequently, cells that penetrated to the bot-
tom membrane were fixed in methanol, stained
with hematoxylin, and counted under an optical
microscope. Cell invasion analysis was per-
formed with an EZCell™ Cell Invasion Assay Kit
(EZCell™, USA) according to the manuals sup-
plied by the manufacturer. Briefly, 1x10% BHT-
101 or KHM-5M cells were seeded in 100 pl
serum-free media in the upper wells, which
were coated with Matrigel basement extract.
Cells were cultured at 37°C with 5% CO, for 24
h. Intact cells were removed, and migrated cells
were fixed with 500 ul cell dissociation solu-
tion/calcein-AM. Then, treated cells were incu-
bated at 37°C in 5% CO,, for 1 h and quantified
by fluorimetric analysis.

In vivo nude mouse models

Four-week-old female SPF/VAF nude mice
weighing approximately 13 g were purchased
from Vitalriver Company (Beijing, China). All of
the animal experiments in the present study
were approved by the Ethics Committee of Sun
Yat-sen University. Then, 3.5x108 BHT-101 cells
treated with mock vehicle and 3.5x10° BHT-
101 cells over-expressing hsa_circ_007694
were injected into the armpit or rear flank of the
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nude mice, respectively, to form implanted
tumors (170 pl RPMI1640 with 10% FBS).
Tumor growth was monitored at six different
time points. The tumor volume of both cells was
recorded at the different time points. The mice
were sacrificed 27 d after injection and the
tumor tissues were obtained and weighed. The
tumor specimens were immediately transferred
to liquid nitrogen and stored at -80°C for fur-
ther gPCR analysis.

Western blotting

Cells were treated with pre-cooled cell lysate
(volume of PMSF: volume of RIPA cell lysate
=1:100). A BCA Protein Assay Kit (Beyotime,
P0011) was used to determine the protein con-
centration. After boiling with SDS-PAGE sample
buffer for 5 min, SDS-PAGE was performed.
Then, the proteins were transferred onto a poly-
vinylidene difluoride membrane (Millipore,
USA). After blocking for 1 h at room tempera-
ture, the membrane was incubated with rabbit
polyclonal anti-mouse p21 (1:400), p-GSK3B
(1:1000), GSK3B (1:500), VIM (1:500), p-AKT
(1:1000), AKT (1:1000), N-CAD (1:500), and
p53 (1:2000) antibodies (BOSTER, USA) over-
night. Before detection with an ECL Chemi-
luminescence Detection Kit (Beyotime Institute
of Biotechnology, China), proteins were incu-
bated with the corresponding secondary anti-
bodies (1:2000 dilution) for 1 h at room tem-
perature (BOSTER, USA). Quantification was
performed on single channels with Image)
software.

Statistics

The results were presented as means + stan-
dard deviation (SD). The Student’s t-test was
applied to analyze differences between groups.
Estimations are presented with 95% confi-
dence intervals. Differences were considered
significant at a P-value of <0.05. Statistical
analysis was undertaken using SPSS and
GraphPad Prism v.6 (GraphPad Software Inc.,
La Jolla, CA, USA).

Results
Screening for differentially expressed circRNAs
In the present study, next-generation sequenc-

ing was employed to identify differentially
expressed circRNAs (DECs) between PTC tissue
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and corresponding pericarcinomatous tissue.
HE staining provided representative images of
the three paired tissues (Figure 1A) and a hier-
archical clustering method was then used to
reveal the DECs after low-quality data were fil-
tered out (Figure 1B). Scatter plots show the
DECs in each pair of PTC and pericarcinoma-
tous tissues (Figure 1C). A fold change method
and the Student’s t-test were applied to analyze
DECs. A more detailed description of this pro-
cesses is given in the Materials and Methods
section. Using a back-spliced junction reads
method, we found that 155, 17, and 17 DECs
were significantly up-regulated in PTC tissu-
es compared to pericarcinomatous tissues in
three patients (patients HA, WA, and LA, res-
pectively). Meanwhile, 153, 37, and 11 DECs,
respectively, were significantly downregulated
in PTC tissues compared to pericarcinomatous
tissues.

To determine the role of circRNA in gene regula-
tion, we performed GO analyses of biological
processes, cellular components, and molecu-
lar functions, as shown in Figure 2A-C. The
results of KEGG pathway analysis are present-
ed in Figure 2D-F. The host genes of DECs
were mainly associated with the PISK/AKT
signaling pathway, focal adhesion, and plate-
let activation.

In order to further confirm the RNA-seq re-
sult, the two circRNAs (hsa_circ_0000690
and hsa_circ_0006357) that were significant-
ly upregulated and three circRNAs (hsa_
circ_0000864, hsa_circ_0008797, and hsa_
circ_0007694) that were down-regulated in
PTC tissues compared to pericarcinomatous
tissues were selected for gRT-PCR validation.
The results (Figure 2G) showed that hsa_hsa_
circ_0007694, hsa_circ_0008797, and hsa_
circ_0000864 were down-regulated in the
PTC tissues (n=12), which is consistent with
the RNA-seq results. However, the expression
of hsa_circ_0000690 and hsa_circ_0006357
was not significantly different between tissues
according to gRT-PCR.

Verification of the functions of hsa_hsa_
circ_0007694 in cell proliferation, migration,
invasion, and apoptosis

Based on the results of gRT-PCR verification,
hsa_circ_0007694 was selected for further
analysis by agarose gel electrophoresis and
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Sanger sequencing (Figure 3A and 3B). While
hsa_circ_0007694 produced bands of the
expected sizes in cDNA analysis of PTC and
pericarcinomatous tissues, these bands were
not observed in gDNA analysis. The back-
spliced junction sites were validated and we
confirmed the expression levels of hsa_
circ_0007694 in the PTC cell lines with gRT-
PCR (Figure 3C).

To investigate the role of hsa_circ_0007694,
we constructed an over-expression system with
a pEZ-LVO03 vector to increase the expression
of hsa_circ_0007694 in BHT-101 and KHM-5M
cells. The results of qRT-PCR showed that hsa_
circ_0007694 expression was significantly
up-regulated after transfection (Figure 3D).
Moreover, we tested whether over-expression
of hsa_circ_0007694 in BHT-101 cell affected
cell proliferation. MTT results showed that over-
expression of hsa_circ_0007694 inhibited cell
proliferation in both BHT-101 and KHM-5M
cells (Figure 3E). The results of a cell colony for-
mation assay were similar to those of the MTT
assay. Cells transfected with the over-expres-
sion vector generated fewer colonies in both
cell lines (Figure 3F and 3G).

We then performed a transwell assay to check
whether hsa_circ_0007694 regulates BHT-101
and KHM-5M cell migration and invasion. The
results suggested that over-expression of hsa_
circ_0007694 in BHT-101 and KHM-5M cells
can effectively repress cell migration and inva-
sion (Figure 4A). Further, we studied the
effects of hsa_circ_0007694 over-expression
on cell apoptosis and found that apoptosis
was promoted in cells over-expressing this
circRNA compared to mock vehicle cells
(P<0.01) (Figure 4B). In addition, a cell cycle
study revealed that over-expression of hsa_
circ_0007694 in BHT-101 and KHM-5M cells
promoted transient cell accumulation in S
phase and decreased transient cell accumula-
tion in G1 phase (Figure 4C), suggesting a block
at S phase.

Over-expression of hsa_circ_0007694 sup-
pressed the growth of tumors in nude mice

In order to study the effects of hsa_circ_0007-
694 over-expression in BHT-101 cells in vivo,
both BHT-101 cells over-expressing hsa_
circ_0007694 and BHT-101 cells treated with
mock vehicle were injected subcutaneously
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Figure 1. Scatter plots and volcano plots that show differentially expressed circRNAs. A. Representative H&E-stained images of three PTC tumor samples (T) and

paired pericarcinomatous samples (P). The samples were imaged at 100x magnifications. B. Hierarchical clustering analysis of differential circRNA expression
between PTC tissues and pericarcinomatous tissues. C. Scatter plots used to identify differentially expressed circRNAs in PTC tumors versus normal thyroid tissue.

HA and HAP, WA and WAP, LA and LAP represent the tumor tissue and paired pericarcinomatous tissue of patients HA, WA, and LA, respectively. Green indicates low
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Figure 3. hsa_circ_0007694 over-expression inhibited PTC cell proliferation. A. hsa_circ_0007694 was ampli-
fied by divergent primers with cDNA and gDNA from tumor tissue and paired pericarcinomatous tissue. circRNA
could only be amplified from the cDNA template. M: DNA molecular markers. B. The head-to-tail back-splicing of
hsa_circ_0007694 was confirmed by Sanger sequencing. The black arrow indicates the junction sequences of
hsa_circ_0007694. C. qRT-PCR analysis of the hsa_circ_0007694 in PTC cell lines. D. gRT-PCR analysis of the ef-
fects of hsa_circ_0007694 transfection in BHT-101 and KHM-5M cells. E. Analysis of proliferation in BHT-101 and
KHM-5M cells over-expressing hsa_circ_0007694 or treated with mock vector after 1, 2, and 3 d. F, G. Analysis of
cell colony formation in BHT-101 and KHM-5M cells over-expressing hsa_circ_0007694 or treated with mock vector.
*P<0.05. ****P<0.0001.
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Figure 4. Over-expression of hsa_circ_0007694 inhibited migration and invasion and promoted apoptosis in
PTC cells. A. Images of cell migration and invasion analysis of BHT-101 and KHM-5M cells over-expressing hsa_
circ_0007694 or treated with mock vector. Samples were imaged at 40x maghnification. B. Analysis of apoptosis in
BHT-101 and KHM-5M cells over-expressing hsa_circ_0007694 or treated with mock vector. C. Analysis of cell cycle
in BHT-101 and KHM-5M cells over-expressing hsa_circ_0007694 or treated with mock vector. *P<0.05, **P<0.01.
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Figure 5. Over-expression of hsa_circ_0007694 suppressed the growth of tumors in nude mice. A. Images showing
tumor volume 27 d after transplantation. B. Representative H&E-stained images of tumors derived from BHT-101
cells over-expressing hsa_circ_0007694 or treated with mock vector. C. Volumes of tumors derived from BHT-101
cells over-expressing hsa_circ_0007694 or treated with mock vector at five different time points. D. Weight of tumors
derived from BHT-101 cells over-expressing hsa_circ_0007694 or treated with mock vector 27 d after transplanta-
tion. E. Expression of hsa_circ_0007694 in tumors derived from BHT-101 cells over-expressing hsa_circ_0007694
and mock vector tissues. *P<0.05, ****P<(0.0001.

into nude mice. The volume and weight of the growth. In addition, we analyzed the abundance
tumors that developed from the different cells of hsa_circ_0007694 in tumor and normal tis-
were recorded. After 27 d, the tumor weight sue harvested 27 d after injection by gRT-PCR.
was measured. Figure 5A shows the actual size The results indicate that hsa_circ_0007694
of the tumors of five experimental animals. was significantly up-regulated in tumor tissue
Additionally, we performed H&E staining to ana- compared to the mock vector group (Figure
lyze the pathological characteristics of tumors 5E).

obtained 27 d after injection (Figure 5B). Figure

5C shows that the tumor volume was lower in Investigating the molecular mechanism of

the hsa_circ_0007694 group compared to the hsa_circ_0007694 in thyroid cancer

mock vector group. The tumors that grew from

cells over-expressing hsa_circ_0007694 were In order to further study the molecular mecha-
lighter than those that grew from mock vector- nisms related to hsa_circ_0007694, we per-
treated cells (Figure 5D). The results suggest formed transcriptome sequencing with BHT-
that over-expression of hsa_circ_0007694 in 101 cells over-expressing hsa_circ_0007694
BHT-101 cells could effectively inhibit tumor and BHT-101 cells treated with mock vehicle.
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Figure 6. RNA-seq analysis of BHT-101 cells over-expressing hsa_circ_0007694 or treated with mock vector. A. Scat-
ter plot displaying differentially expressed genes between BHT-101 cells over-expressing hsa_circ_0007694 and
BHT-101 cells treated with mock vector. B. Hierarchical clustering analysis of differentially expressed genes between
BHT-101 cells over-expressing hsa_circ_0007694 and BHT-101 cells treated with mock vector. C. KEGG enrichment
analysis of differentially expressed genes. D. GO enrichment analysis of differentially expressed genes.

After removing low-quality data, a hierarchical
clustering method was used to reveal differen-
tially expressed genes (DEGs) (Figure 6A and
6B). A fold change method and the Student’s
t-test were applied to analyze the DEGs. We
identified 87 DEGs that were significantly up-
regulated and 42 DEGs that were significantly
down-regulated in BHT-101 cells over-express-
ing hsa_circ_0007694 compared with BHT-
101 cells treated with mock vehicle (Figure 6B).
Figure 6C shows the results of pathway enrich-
ment; it is clear that mTOR signaling pathways,
the Wnt signaling pathway, and cancer-related
pathways were the top three enriched terms. It
is worth noting that the p53 and Notch signal-
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ing pathways were also significantly enriched.
The pathways mentioned above were connect-
ed with the function that cancer played. GO
annotation of all the DEGs was implemented
using KOBAS software (http://kobas.cbi.pku.
edu.cn/home.do). GO terms with corrected
P-values of <0.05 were considered significantly
enriched. Any and all biological processes, cel-
lular components, and molecular functions are
shown in Figure 6D. Cellular processes, biologi-
cal regulation, and single organism processes
were the top three significantly enriched terms
in the “biological processes” category. Cells
and cell parts were the top significantly en-
riched terms in the “cellular components” cat-
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Figure 7. Western blot analysis of cancer-related proteins in BHT-101 cells and KHM-5M cells. Protein levels of N-
CAD, p21, AKT, p-ATKSe43 p-GSK3B®*®, GSK3B, Vim, and p53 were detected by western blotting. “7694” indicates
BHT-101 cells and KHM-5M cells over-expressing hsa_circ_0007694. *P<0.05, **P<0.01.

egory. Binding and catalytic activity were the
top significantly overrepresented terms in the
“molecular functions” category.

In the present study, we chose eight key pro-
teins for KEGG analysis (N-CAD, p21, AKT,
p-ATKSe™73  p-GSK3BS?, GSK3B, Vim, p53) to
determine their expression levels in BHT-101
cells and KHM-5M cells over-expressing hsa_
circ_0007694 or treated with mock vehicle by
western blot (Figure 7A and 7B). The results
suggest that there were no differences in
N-CAD, p21, and p53 expression between the
cell groups. However, the expression of p-ATKS
erdr3 p-GSK3B%e®, and Vim were significantly
lower, and the levels of AKT and GSK3B were
slightly lower in all cells over-expressing hsa_
circ_0007694 than in all cells treated with
mock vehicle. We speculate that over-expres-
sion of hsa_circ_0007694 in both cell types

1375

could inhibit cell proliferation and migration via
p-ATKSe73. p-GSK3BS*"®-, and Vim-related sig-
naling pathways, including pathways related to
cancer and the PI3K-AKT signaling pathway.

Discussion

In the present study, numerous differentially
expressed circRNAs (DECs) were identified
between PTC tissues and pericarcinomatous
tissues. Of these DECs, 155, 17, and 17 were
significantly up-regulated in PTC tissues com-
pared to pericarcinomatous tissues in three
PTC patients. Meanwhile, 153, 37, and 11
DECs were significantly down-regulated in PTC
tissues compared to pericarcinomatous tis-
sues in the same three patients. These results
suggest the differential expression of circRNAs
in PTC tissues. The role of circRNA in the thyroid
has previously been studied [18, 19]. Wei et al.

Am J Transl Res 2020;12(4):1362-1378



Role of hsa_hsa_circ_0007694 in thyroid cancer

[20] and Pan et al. [21] showed that circZFR
and circ_0025033 were up-regulated in PTC
tissues and promoted PTC cell proliferation and
invasion. A study by Lan et al. suggested that
hsa_circ_0137287 could predict the clinico-
pathologic characteristics of PTC [22]. These
results confirm that it is necessary to study the
function of circRNA in thyroid cancer, as such
research could provide guidance for the diag-
nosis and prediction of prognosis of thyroid
cancer.

In the present study, hsa_circ_0007694 was
found to be significantly down-regulated in thy-
roid lesions compared to pericarcinomatous
tissues, and this was confirmed by qRT-PCR. It
is reported that hsa_circ_0007694 was first
found to be enriched in ALU repeats in human
T lymphocytes and telomerized Hs68 human
fibroblast cells [23]. Subsequently, this mole-
cule was identified in various cell lines and the
cerebellum [24, 25]. However, there is still little
available information relating to the roles of
hsa_circ_0007694 in cancer, especially thy-
roid cancer. Therefore, we constructed a hsa_
circ_0007694 over-expression system to study
its functions in thyroid cancer cell lines. Over-
expression of hsa_circ_0007694 promoted
apoptosis and inhibited proliferation, migra-
tion, and invasion in BHT-101 and KHM-5M
cells. These findings suggest that over-expres-
sion of hsa_circ_0007694 could effectively
restrict cell behaviors. Based on the evidence
mentioned above, we speculate that hsa_
circ_0007694 is a multifunctional molecule
that could be related to multiple signaling path-
ways related to cell proliferation, behaviors,
apoptosis, etc. In the present study, we also
investigated the effects of hsa_circ_0007694
in in vivo mouse models. We found that cells
over-expressing hsa_circ_0007694 produced
tumors that were lower in size and weight;
these tumors were subsequently excised for
further study. In addition, we performed RNA-
seq to study, in detail, the molecular mecha-
nisms of hsa_circ_0007694 in BHT-101 cells.
GO enrichment analysis indicated that cellular
processes, biological regulation, cells, cell
parts, and binding were the most enriched
terms. These diverse functions indirectly reveal
that hsa_circ_0007694 is a multipotent mo-
lecule.

KEGG analysis indicated that the PISK/AKT/
mMTOR signaling pathway was enriched in this
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study, and this was verified by western blot.
The results showed that in cells over-express-
ing hsa_circ_0007694, the protein expression
of p-ATKSe™73, p-GSK3B%*®, and Vim were sig-
nificantly decreased, which indicates that hsa_
circ_0007694 over-expression could inhibit
cell proliferation and migration via the PI3K/
AKT/mTOR signaling pathway. This pathway is
activated in many types of cancer, such as
breast cancer, renal cell cancer, non-small cell
lung cancer, gastroesophageal cancer, and he-
patocellular cancer [26]. A previous cell apo-
ptosis study indicated that the PI3K/AKT/mTOR
signaling pathway could inhibit cell apoptosis
via the phosphorylation of Ser196 in caspase-
3 and caspase-9 by activated AKT [27]. Ad-
ditionally, a tumor metastasis study suggested
that the PI3BK/AKT pathway could up-regulate
the mRNA and protein abundance of MMP2/
MMP9, which could increase tumor cell metas-
tasis and invasion [28, 29]. In summary, PI3K/
Akt/mTOR plays an important role in tumor
cells. Based the above, we speculate that the
anticancer effects of hsa_circ_0007694 may
manifest via the PI3K/AKT/mTOR signaling
pathway. Additionally, the Wnt signaling path-
way was enriched in the present study. The Wnt
signaling pathway has been linked to various
types of cancer, including colorectal cancer,
gastric cancer, lung cancer, cervical cancer,
and malignant melanoma [30]. The detailed
mechanisms of the Wnt signaling pathway are
divergent in different cancer types. In thyroid
cancer, the Wnt pathway mainly functions by
activating downstream [-catenin [31]. There-
fore, we speculate that hsa_circ_0007694
may regulate the Wnt pathway in thyroid can-
cer, but the detail of the mechanisms by which
this occurs still need to be studied.

In the present study, we screened and identi-
fied hsa_circ_0007694 as the most differen-
tially expressed circRNA in thyroid cancer tis-
sue. A cell function study suggested that
over-expression of hsa_circ_0007694 effec-
tively inhibits cell behaviors and tumor growth
in vitro and in vivo. Transcriptome sequencing
analysis revealed that the PISK/AKT/mTOR
and Wnt signaling pathways are potential hsa_
circ_0007694-related pathways. Therefore,
hsa_circ_0007694 plays an important role in
thyroid cancer. This molecule may be valuable
in future clinical applications.
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