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circ_0067934 promotes the progression of papillary thyroid carcinoma cells
through miR-1301-3p/HMGBI1 axis
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Papillary thyroid carcinoma (PTC) is the most prevalent form of thyroid cancer (TC). There is increasing evidence
that circular RNAs play a role in the tumorigenesis of PTC. The aim of our study was to evaluate the potential function of
circ_0067934 in PTC and the underlying molecular mechanism. In our study, cell viability assay, quantitative real-time PCR
(qRT-PCR), colony formation assay, flow cytometry, wound-healing assay, Transwell invasion assay, western blot, soft agar
assay, RNA immunoprecipitation (RIP), dual-luciferase reporter assay, immunohistochemical (IHC) staining, and tumor
xenograft formation were conducted to evaluate the effects of circ_0067934 in PTC cells. We found that circ_0067934
was upregulated in PTC tissues and cell lines. Knockdown of circ_0067934 inhibited growth, colony formation, migra-
tion, invasion, EMT, and tumor xenograft growth, and induced apoptosis of PTC cells. Moreover, circ_0067934 acted as a
molecular sponge for miR-1301-3p, and depletion of miR-1301-3p abrogated the effects of circ_0067934 knockdown in PTC
cells. In addition, HMGBI was a target of miR-1301-3p, and miR-1301-3p overexpression inhibited the malignant effects of
PTC cells via suppressing HMGB1. Furthermore, knockdown of circ_0067934 suppressed HMGBI expression, PI3K/AKkt,
and MAPK activation by sponging miR-1301-3p. In nude mice, circ_0067934 depletion repressed tumor xenograft growth
of PTC cells. In conclusion, our results provided a novel insight into circ_0067934 in the tumorigenesis and progression of

PTC. circ_0067934 might be a prognostic marker or therapeutic target for PTC treatment.
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Thyroid carcinoma (TC) is the most common endocrine-
associated cancer worldwide, which accounts for about
2.9% of all cancers [1]. Papillary thyroid carcinoma (PTC)
is the main histological subtype for TC, taking up more than
80% of all cases [2]. The global incidence rate of PTC in
adults is increasing year by year, from 7.9/100,000 in 2000
to 16.9/100,000 in 2017 [3]. PTC is curable or controllable
in most patients under current treatment options, such as
thyroid hormone suppression, surgical resection, and oral
iodine treatment. However, just as most other cancers, a
small proportion of PTC patients have a poor prognosis.
These patients have certain clinicopathological features,
such as large primary tumors, lymph node metastasis, and
distant metastasis [4, 5]. The development of novel strategies
may be important for treating these patients. For example,
the development of new plant extracts to inhibit cancer [6],
combining therapy to enhance chemosensitivity [7, 8] and
radiosensitivity [9], development of novel strategy for drug
delivery [10], and oncogene targeted therapies [11, 12] are

all promising strategies for solid cancer treatment. Similarly,
it is of great significance to study novel therapeutic targets
for PTC.

In recent years, non-coding RNAs attract much more
attention for their potential roles in tumor initiation and
progression of cancers [13-18]. Circular RNAs (circRNAs),
which are mainly transcribed from the intergenic region of
the genome, have drawn much attention for cancer transcrip-
tome research. The cancer-promoting or inhibiting roles of
circRNAs have been well characterized [19]. For example,
circRNA_102171 is reported to facilitate the progression
of PTC by regulating the Wnt/p-catenin activation [20]. In
another study, circ_0058124 is proved to promote tumori-
genesis and invasiveness of PTC through the NOTCH3/
GATAD2A signaling axis [21]. circ_0067934 is circRNA
derived from the human protein kinase Ciota (PRKCI) gene
locus at chromosome 3q26.2 [22]. Previous studies indicate
that circ_0067934 plays a role in tumorigenesis of many
cancers, such as hepatocellular carcinoma [23], esophageal
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squamous cell carcinoma [24], and cervical cancer [25].
More importantly, circ_0067934 is reported to upregulate
and correlates with poor prognosis of TC [26]. Though a
previous report indicates that circ_0067934 promotes TC
progression by regulating the miR-1304/CXCRI axis [22], we
speculate that circ_0067934 may have other uncharacterized
targets or effects in PTC.

MicroRNAs are non-coding RNAs of 18-25 nucleo-
tides in length. They can regulate gene expression at post-
transcriptional levels, thus playing a role in tumorigenesis.
For example, miR-203 regulates the growth and stemness of
estrogen receptor-positive breast cancer cells by suppressing
SOCS3 expression [27]. LncRNA MIR22HG, the host gene
of microRNAs miR-22-3p and miR-22-5p, promotes growth
and invasion of glioblastoma cells by inhibiting the Wnt/(-
catenin signaling pathway through the loss of miR-22-3p
and miR-22-5p [28]. There are increasing evidences that
circRNAs regulate multiple cellular functions by acting as
a molecular sponge for microRNAs. For instance, circRNA
cRAPGEF5 inhibits proliferation and migration of renal cell
carcinoma cells by sponging miR-27a-3p and subsequently
increasing TXNIP expression [29]. circFOXM1 is upregu-
lated in PTC cells and promotes tumor growth by sponging
miR-1179 [30]. Moreover, circ_0067934 is reported to act as
a molecular sponge for microRNAs in hepatocellular carci-
noma [23], cervical cancer [25], and lung cancer [31].

In this study, the potential functions of circ_0067934 in
PTC were explored. The proliferation, apoptosis, migration,
invasion, and tumor formation of PTC cells were evalu-
ated after circ_0067934 knockdown. Our data provided a
novel insight of circ_0067934 in the progression of PTC. We
showed that circ_0067934 acted as a molecular sponge for
miR-1301-3p, thus increasing the level of HMGBI and facili-
tating the development of PTC.

Materials and methods

Collection of clinical tissue specimens. A total of 30
papillary thyroid carcinoma specimens and paired normal
tissues were collected from the First Affiliated Hospital
of Xinxiang Medical University from May 2015 to March
2019. The clinical pathological features were diagnosed by
two pathologists independently. The use of clinical samples
in this study was approved by the Institute Research Ethics
Committee of the First Affiliated Hospital of Xinxiang
Medical University and written consents were obtained from
all enrolled patients. The tissue specimens were cut into
small blocks, snapped frozen in liquid nitrogen, and stored
at =80 °C for further use. The demographic and clinicopatho-
logical features of enrolled patients were extracted from the
hospital database.

Cell culture and transfection. The HEK293, Nthy-ori3-1
normal thyroid cell line, and PTC cell lines (TPC-1, SW579,
FTC133,MDA-T32,MDA-T120,and XTC-1) were purchased
from the American Type Culture Collection (ATCC). PTC

cell line KAT-5 was purchased from the Chinese Academy of
Sciences (Shanghai, China). All cells were cultured in Dulbec-
co’s Modified Eagle’s Medium (DMEM, Gibco, Carlsbad, CA,
USA) containing 10% fetal bovine serum (FBS, Gibco), 0.5%
penicillin, and 0.5% streptomycin in a humidified incubator
at 37°C with 5% CO,. The mycoplasmas were tested every
4 weeks to rule out mycoplasma contamination in cultured
cells. All cells were verified by STR methods in our study.
Cell transfection was carried out using Lipofectamine 3000
(Invitrogen, USA) as protocol indicated. The transfection
efficacy was certified to reach at least 60% for all experiments.

Plasmid constructs. Small interfering RNA (si-RNA) for
circ_0067934 (5-UGUUG AUUGG GAUAU GUUAUU-
3’) were obtained from RiboBio (China). The sequences
for si-NC were 5-GAAUG CUCCG UAAUC UGAACC-3.
circ_0067934 expression plasmid, miR-1301-3p mimics,
anti-miR-1301-3p, and controls were obtained from
RiboBio (China). HMGBI1 coding sequence was inserted
into the pcDNA3 vector (Invitrogen, Thermo Fisher Scien-
tific, Inc.) for HMGBI1 overexpression. Small hairpin RNA
for circ_0067934 was constructed by cloning the targeting
sequence into pLKO.1 plasmid. The sh-RNA sequence for
circ_0067934 was: 5-TTGTG TATGT GTAAA TAATA
TAT-3" Empty pLKO.1 plasmid was used as sh-NC.

RNA extraction and quantitative real-time PCR
(qRT-PCR). Total RNAs from tissues and cell lines were
extracted by TRIzol reagent (Invitrogen, CA, USA) as
protocol indicated. RNase R was used to degrade poly(A)
tailed linear RNA. M-MLV Reverse Transcriptase (Invit-
rogen) and miScript Reverse Transcription Kit (QIAGEN,
Hilden, Germany) were used to synthesize the complemen-
tary DNA (cDNA). All-in-one miRNA RT-qPCR Detec-
tion Kit (GeneCopoeia, Guangzhou, China) or QuantiTect
SYBR Green PCR Kit (Qiagen) was used for in qRT-PCR.
The amplification reactions were: 94°C 10 min, 29 cycles of
94°C 30 s, 55°C 30 s, and 72°C 30 s GADPH was used as
an internal control. The relative RNA levels were calculated
by the Cq method. The primers used were: circ_0067934,
forward: 5-TAGC AGTT CCCC AATC CTTG-3; reverse:
5-CACA AATT CCCA TCAT TCCC-3’; miR-1301-3p,
forward: 5-TTAC AGCT GCCT GAGA GTGA CTTA-3;
reverse: 5-CTCT ACAG CTAT ATTG CCAG CCA-3’;
HMGBI1 forward: 5°- TTTC AAAC AAAG ATGC CACA-3,
reverse: 5’-GTTC CCTA AACT CCTA AGCA GATA-3’; Us,
forward: 5-GCAG ACCG TTCG TCAA CCTA-3] reverse:
5-AATT CTGT TTGC GGTG CGTC-3, GAPDH, forward:
5-GAAG GTGA AGGT CGGA GTC-3) reverse: 5-GAAG
ATGG TGAT GGGA TTTC-3’ Each sample was done in
triplicates.

RNA immunoprecipitation (RIP). RIP was conducted
using the BersinBioTM RNA Immunoprecipitation Kit
(BersinBio, Guangzhou, China) according to the manufac-
turer’s instructions. Briefly, cell lysates were incubated with
beads for 16 h at 4°C, then washed with RIP wash buffer
5 times. Then, beads were incubated with anti-Ago2 (Cell
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Signaling #2897, 1:200, USA) or anti-IgG (Abcam #ab238004,
1:300, USA) for 16 h at 4°C. The pulled-down RNA was
evaluated by qRT-PCR. All assays were done in triplicates.

Cell viability assay. The viability of cells was tested using
the CCK-8 assays. In brief, TPC-1 and SW579 cells were
seeded in 96-well plates at a density of 3,000 cells/well. At
each time point, a CCK-8 reagent (10 ul) was added to each
well and the cells were incubated at 37°C for 4 h. The absor-
bance at 450 nm was measured by a microplate reader. Each
sample was done in triplicates.

Colony formation assay. Cells (500/well) were seeded
in 6-well plates for 2 weeks without disturbance. Then, cells
were fixed by 4% paraformaldehyde for 10 min at room
temperature. Cells were washed with PBS 2 times and stained
with 0.1% crystal violet for 60 min at room temperature. The
image of colonies was obtained by a scanner. Each sample
was done in triplicates.

Soft agar assay. A soft agar assay was conducted as previ-
ously reported [32]. Briefly, cells (5000/well) were seeded in
0.4% top agar for three weeks. Then, colonies were stained
with 0.5 mg/ml thiazolyl blue tetrazolium bromide (MTT,
Sigma-Aldrich, USA) at 37°C for 3 h. The image of colonies
was obtained by a scanner. Each sample was done in tripli-
cates.

Flow cytometry. Cells apoptosis was measured by flow
cytometry. In brief, cells were digested with 0.5% trypsin,
washed with cold PBS three times, and resuspended in the
binding buffer. Then, cells (1x10°) were incubated with 5 pl
Annexin FITC and 10 ul PI (Beyotime, Jiangsu, China) at
4°C for 30 min. Fluorescent signals at 488/530 were analyzed
by Gallios Flow Cytometer (Beckman Coulter). Each sample
was done in triplicates.

Wound-healing assay. Cell migration of TPC-1 and
SW579 cells was evaluated by wound-healing assay. After the
cell confluence reached 90%, a straight scratch in the middle
of the well was created by a sterile pipette tip. Cell debris
was washed away by PBS 3 times. Then, cells were cultured
for another 24 h. Images were taken at 0 h and 24 h after
scratching. The migration distance was analyzed using the
Image] software. Three replicate wells were performed for
each group.

Transwell invasion assay. Transwell chamber (Costar
Corp, USA) was pre-coated with Matrigel (BD Biosci-
ences, USA). TPC-1 or SW579 cells (1x10°) were seeded in
the upper chamber without serum. Then, a normal culture
medium with 10% FBS (500 pl) was added into the lower
chamber. The invasion cells at 48 h later were fixed by
methanol (Solarbio) for 15 min at room temperature, stained
with 0.1% crystal violet (Solarbio) for 1 h at room tempera-
ture, and photographed under a microscope (Olympus).
Ten fields of invasion cells were randomly chosen under the
microscope, and three of them were chosen as representative
images. Each sample was done in triplicates.

Western blot analysis. Cell lysates were extracted by
RIPA lysis buffer (Beyotime, China) with protease inhibi-

tors (Sigma, USA). Protein concentration was determined
by the BCA kit (Beyotime, China). A total of 25 pg protein
was separated by 10% or 15% SDS-PAGE, then transferred
onto polyvinylidene fluoride (PVDF) membranes (Milli-
pore, Massachusetts, USA). The membranes were blocked
by 5% non-fat milk for 1 h at room temperature, incubated
with the primary antibodies at 4°C overnight, and corre-
sponding secondary antibodies for 1 h at room temperature.
The flowing antibodies were used: anti-E-cadherin (ab76055,
1:1000), anti-Vimentin (ab92547, 1:1000), anti-HMGBI1
(ab79823, 1:1000), anti-Cleaved Caspase-3 (ab32042,
1:1000), anti-Cleaved PARP (ab32064, 1:1000), anti-p-PI3K
(ab278545, 1:1000), anti-PI3K (ab32089, 1:1000), anti-p-
AKT (ab8805, 1:1000), anti-AKT (phospho T308) (ab38449,
1:1000), anti-MAPK (ab184699, 1:1000), anti-p-MAPK
(ab201015, 1:1000), and anti-GAPDH (ab8245, 1:1000) were
purchased from Abcam, USA. A ChemiDoc XRS imaging
system and Quantity One analysis software (Bio-Rad, San
Francisco, CA, USA) were used for detecting and analyzing
the expression of indicated proteins. GAPDH was used as an
endogenous control. All assays were repeated three times.

Dual-luciferase reporter assay. The potential binding
sites between circ_0067934 and mir_1301-3P, or HMGBI1
and miR-1301-3p, were predicted by starBase 2.0 or Target
Scan 7.2. The 3’-UTR of HMGBI1 or circRNA_0067934
fragments with targeted binding sites were inserted into
pMIR-REPORT vectors. Mutated plasmid generated by
Quickchange site-directed mutagenesis kit (Agilent Technol-
ogies, USA). Cells were co-transfected with pMIR-REPORT
vectors containing 3’-UTR of HMGBI or circRNA_0067934
fragments with targeted binding sites, miR-1301-3p mimics
or miR-NC, and a Renilla luciferase plasmid (2:2:1). The
Dual-Luciferase reporter assay system (Promega, USA) was
used for measuring luciferase activity. Each sample was done
in triplicates.

Tumor xenograft assay. The animal experiments were
performed in strict accordance with the protocol approved
by the Institutional Committee for Animal Research of the
First Affiliated Hospital of Xinxiang Medical University.
BALB/C nude mice (male, 4-week-old, n=5/group) were
purchased from the Kunming Research Center of Labora-
tory Animal. After accustoming for one week, the mice were
subcutaneously injected with 4x10° cells (TPC-1 cells stably
transfected with sh-circ_00067934 or sh-control). One week
later, tumor volume was measured every 4 days by caliper.
Mice were anesthetized with 4% isoflurane and sacrificed by
cervical dislocation at the end of the experiments. Tumors
were dissected out and weighed. Tumor volume was calcu-
lated by the formula: (length x width?)/2.

TUNEL assay. Apoptosis of TPC-land SW579 cells was
detected by TUNEL fluorescence FITC kit (Roche, USA)
according to the manufacturers instructions. In brief,
sections were deparaffinized by xylene and rehydrated by
alcohol gradients. After digesting with 20 ug protease K at
37°C for 30 min, the sections were incubated with TUNEL
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staining buffer at 37°C for 1 h avoiding light. DAPI (Thermo
Fisher Scientific, Waltham, MA, USA) was used to stain
the nuclei for 15 min at room temperature. Images were
taken by a laser scanning confocal microscope (Olympus,
Fluoview1000, Tokyo, Japan).

Immunohistochemical (IHC) staining. Tumors were
fixed by 4% PFA overnight, embedded in paraffin, and sliced at
5 um thickness. Next, sections were deparaftinized by xylene,
rehydrated by alcohol gradients, and microwave-heated
in pH 6.0 citrate buffer for the antigen retrieval. The slices
were then blocked with 1% BSA for 1 h at room temperature,
incubated with primary antibody against HMGBI1 (Abcam
#ab79823, 1:300), E-Cadherin (Abcam #ab212059, 1:300), or
Vimentin (Abcam #ab92547, 1:300) at 4°C overnight, and
corresponding HRP-conjugated secondary antibodies for 1 h
at room temperature. The DAB substrates were then added
and sections were observed under a laser scanning confocal
microscope (Olympus, Fluoview1000, Tokyo, Japan).

Statistical analysis. SPSS statistical software (version
20.0, SPSS Inc., USA) was used for statistical analysis.
Data are shown as mean + SD. Student’s t-test or one-way
ANOVA (two-sided) was used for comparison between two
or more groups. A p-value <0.05 was considered statistically
significant.

Results

circ_00067934 is upregulated in papillary thyroid carci-
noma tissues and cell lines. The expression of circ_00067934
in PTC tissues and paired adjacent normal tissues was evalu-
ated by RT-qPCR. We found that circ_00067934 was upreg-
ulated in thyroid cancer tissues compared with adjacent
normal tissues (Figure 1A). These patients were divided into
circ_00067934 high expression group and low expression
group by using the median expression as a cut-off value. We
found that high expression of circ_00067934 was positively
correlated with larger tumor size, advanced tumor stage, and
lymph node metastasis (Table 1). Meanwhile, the expression
of circ_00067934 in PTC cell lines and normal thyroid cell
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Nthy-ori3-1 was tested, too. Compared with Nthy-ori3-1,
circ_0067934 was upregulated in TPC-1, SW579, FTC113,
MDA-T32, and KAT-5 cells (Figure 1B). Taken together,
we found that circ_00067934 was upregulated in papillary
thyroid carcinoma tissues and cell lines.

Knockdown of circ_00067934 restrains growth, migra-
tion and invasion, and induces apoptosis of PTC cells.
To explore the potential function of circ_00067934 in PTC
cells, we knocked down its expression by siRNA specifi-
cally targeting circ_00067934. RT-qPCR results confirmed
that we successfully knocked down circ_00067934 in TPC-1
and SW579 cells (Figure 2A). TPC-1 and SW579 cells were
chosen for loss-of-function studies for their high expression
of circ_00067934 compared with other PTC cell lines. In cell
viability assay and colony formation assay, knockdown of

Table 1. Correlation between circ_0067934 expression and clinicopatho-
logical characteristics in papillary thyroid carcinoma patients.

circ_0067934 expression

Characteristics - p-value
Low High
Age (Years) 0.856
<60 11 5 6
>60 19 9 10
Sex 0.905
Male 12 7 5
Female 18 7 11
Tumor size (mm) 0.041
230 19 6 13
<30 11 8 3
Tumor stage 0.018
T1+T2 8 6 2
T3+T4 22 8 14
Lymphatic metastasis
Positive 19 5 14 0.001
Negative 11 9 2
Distant metastasis 0.143
Positive 12 4 8
Negative 18 10 8
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Figure 1. circ_00067934 is upregulated in papillary thyroid carcinoma tissues and cell lines. (A) circ_00067934 expression in 30 TC tissues compared
with adjacent normal tissues was detected by qRT-PCR. (B) circ_00067934 expression in PTC cell lines and normal thyroid cell line Nthy-ori3-1 was

evaluated by RT-PCR. *p<0.05. Each sample was done in triplicate.
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Figure 2. Knockdown of circ_00067934 restrains growth, migration and invasion, and induces apoptosis of PTC cells. (A) TPC-1 and SW579 cells
were transfected with si-circ_00067934 or si-NC, then relative circ_00067934 expression was evaluated by QRT-PCR. (B and C) TPC-1 and SW579 cells
transfected with si-circ_00067934 or si-NC were seeded in 96-well plates (3000 cells/well), then cell viability at 0, 24, 48, and 72 h was evaluated. (D)
TPC-1 and SW579 cells transfected with si-circ_00067934 or si-NC were seeded in 6-well plates (500 cells/well) for colony formation assay. Represen-
tative plates and colony numbers were shown. (E) TPC-1 and SW579 cells transfected with si-circ_00067934 or si-NC were used for flow cytometry
analysis. (F) TPC-1 and SW579 cells transfected with si-circ_00067934 or si-NC were used for the wound-healing assay. Representative images and
relative migration distance were shown. (G) TPC-1 and SW579 cells transfected with si-circ_00067934 or si-NC were used for Transwell invasion assay.
Representative images and relative invasion cells were shown. (H) TPC-1 and SW579 cells transfected with si-circ_00067934 or si-NC were used for
western blot. *p<0.05. Each sample was done in triplicate.
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circ_00067934 suppressed growth and colony formation of
TPC-1 and SW579 cells (Figure 2B-2D). In flow cytometry
analysis, knockdown of circ_00067934 induced apoptosis of
TPC-1 and SW579 cells (Figure 2E). However, we did not find
any difference in the cell cycle of TPC-1 and SW579 cells after
circ_00067934 knockdown (Supplementary Figure S1A).
Cyclin E and p21 are makers for cell cycle progression. There
was no significant difference in the expression of Cyclin E
and p21 after circ_00067934 knockdown, too (Supplemen-
tary Figure S1B). The migration and invasion of PTC cells
were evaluated by wound-healing assay and Transwell
invasion assay. We found that knockdown of circ_00067934
restrained migration and invasion of TPC-1 and SW579
cells (Figures 2F, 2G). The expression of epithelial-mesen-
chymal transition (EMT) markers E-cadherin and Vimentin
was evaluated by western blot. We found that silencing

circ_00067934 suppressed the expression of Vimentin and
increased the expression of E-cadherin, indicating that
knockdown of circ_00067934 suppressed EMT (Figure 2H).
In addition, we found that circ_00067934 overexpression
promoted anchorage-independent growth of normal thyroid
cell Nthy-ori3-1, indicating that circ_00067934 facilitated
the malignant transformation of PTC cells (Supplementary
Figure S2). Collectively, our results indicated that knock-
down of circ_00067934 restrained growth, migration and
invasion, and induced apoptosis of PTC cells.

miR-1301-3p was a direct target of circ_00067934
in PTC cells. The potential miRNAs that interacted with
circ_00067934 were predicted by starBase 2.0 or Target Scan
7.2. miR-1301-3p was finally selected in our study and the
predicted binding sites of circ_00067934 and miR-1301-3p are
shown in Figure 3A. The interaction between circ_00067934
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Figure 3. miR-1301-3p was a direct target of circ_00067934 in PTC cells. (A) The predicted binding sites of circ_00067934 and miR-1301-3p. (B-D)
TCP-1, SW579, or HEK293T cells were co-transfected with circ_00067934 WT or MUT, miR-1301-3p, or miR-NC for luciferase reporter assay. (E and
F) Lysates from TCP-1 and SW579 cells were collected for RIP assay. Relative circ_00067934 and miR-1301-3p levels are shown. (G) miR-1301-3p
expression in PTC tissues and adjacent normal tissues was tested by qRT-PCR. (H) miR-1301-3p expression in PTC cell lines was tested by qRT-PCR.
(I) TPC-1 and SW579 cells were transfected with si-circ_00067934 or si-NC, then the expression of miR-1301-3p was tested by qRT-PCR. *p<0.05. Each

sample was done in triplicate.
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and miR-1301-3p was further verified by the dual-luciferase
report assay. We found that overexpression of miR-1301-3p
could remarkably reduce the luciferase activity of wild type
circ_00067934 (WT) but this was abrogated in circ_00067934
with 2 bp mutations at the predicted binding sites (MUT)
(Figures 3B-3D). The interaction between circ_00067934
and miR-1301-3p was further validated by the RIP assay. We
found that circ_00067934 and miR-1301-3p were simultane-
ously pulled down by Anti-Ago2 in TPC-1 and SW579 cells
(Figures 3E, 3F). The expression levels of miR-1301-3p in PTC
tissues and cell lines were evaluated by RT-qPCR. Notably,
miR-1301-3p was downregulated in PTC tissues compared
with paired normal tissues (Figure 3G). Besides, a decreased
expression of miR-1301-3p was observed in TPC-1 and
SW579 cells compared with Nthy-ori3-1 cells (Figure 3H).
Moreover, silencing of circ_0067934 increased the expression
of miR-1301-3p in both TPC-1 and SW579 cells (Figure 3H).
Above all, our results indicated that miR-1301-3p was a direct
target of circ_00067934 in PTC cells.

Depletion of miR-1301-3p suppresses the effects of
circ_00067934 knockdown in PTC cells. To explore whether
miR-1301-3p was critical for the function of circ_00067934
in PTC cells, we depleted miR-1301-3p in PTC cells by
anti-miR-1301-3p. As showed in Figure 4A, knockdown of
circ_00067934 increased the levels of miR-1301-3p in both
TPC-1 and SW579 cells, and this was reversed by anti-miR-
1301-3p. Moreover, the inhibitory effects of si-circ_00067934
on the cell growth and colony formation of TPC-1 and
SW579 cells were overturned by the co-transfection of anti-
miR-1301-3p (Figures 4B-4D). Besides, knockdown of
circ_00067934 promoted apoptosis of TPC-1 and SW579
cells, but this was abrogated by adding anti-miR-1301-3p
(Figure 4E). In wound scratch healing assay and Transwell
invasion assay, anti-miR-1301-3p reversed the inhibitory
effects of si-circ_00067934 on migration and invasion of
TPC-1 and SW579 cells, too (Figures 4F, 4G). In western
blot analysis, si-circ_0067934 decreased Vimentin and
increased E-cadherin expression, but this was reverted by
anti-miR-1301-3p (Figures 4H, 4I). Taken together, our
results indicated that depletion of miR-1301-3p suppressed
the effects of circ_00067934 knock down in PTC cells.

HMGBI1 is a target of miR-1301-3p in PTC cells.
The downstream target of miR-1301-3p in PTC cells was
predicted by starBase 2.0 or Target Scan 7.2. We found
that HMGB1 was predicted to be targeted by miR-1301-3p
(Figure 5A). In dual-luciferase reporter assay, co-transfec-
tion of miR-1301-3p reduced the luciferase activity of WT
HMGBI1 but this was abolished in MUT HMGB], indicating
that HMGB1 was targeted by miR-1301-3p in PTC cells
(Figures 5B, 5C). Moreover, HMGB1 was upregulated in PTC
tissues compared with paired normal tissues (Figure 5D-5F).
Meanwhile, the levels of HMGB1 were higher in TPC-1 and
SW579 cells than that in Nthy-ori3-1 cells (Figures 5G, 5H).
Furthermore, miR-1301-3p mimics suppressed the expres-
sion of HMGBI1 in TPC-1 and SW579 thyroid cancer cells

(Figures 5I, 5]). Collectively, our data indicate that HMGB1
was a target of miR-1301-3p in PTC cells.

miR-1301-3p inhibits the malignant potential of PTC
cells via suppressing HMGBI1. To validate whether HMGB1
was involved in the antitumor effect of miR-1301-3p,
HMGBI1 was overexpressed in miR-1301-3p transfected
PTC cells. Overexpression of HMGBLI in our study abolished
the inhibition of miR-1301-3p on HMGBI levels in TPC-1
and SW579 cells (Figures 6A, 6B). Moreover, transfection
of miR-1301-3p mimics caused significant inhibition on
the viability, colony formation, migration and invasion, and
increasing of apoptosis in TPC-1 and SW579 cells but all
these effects were reversed by co-transfection with HMGBI1
(Figures 6C-6H). In addition, miR-1301-3p reduced the
protein levels of vimentin and increased the protein levels
of E-cadherin, but this was abrogated by HMGBI1 overex-
pression in TPC-1 and SW579 cells (Figures 61, 6]). Above
all, these results suggested that miR-1301-3p inhibited the
malignant potential of PTC cells via suppressing HMGBI.

Knockdown of circ_0067934 suppressed HMGB1
expression, PI3K/Akt, and MAPK activation through
sponging miR-1301-3p. Accumulated studies indicate that
HMGBIL is involved in the PI3K/Akt and MAPK signaling
in cancer cells [33-35], thus we speculated that circ_0067934
might regulate PI3K/Akt and MAPK signaling through the
miR-1301-3p/HMGB1 axis. We found that knockdown of
circ_0067934 inhibited HMGBI1 expression in TPC-1 and
SW579 cells but this was reverted by anti-miR-1301-3p
(Figures 7A, 7B). Moreover, we found that knockdown of
circ_0067934 suppressed the phosphorylation of PI3K, Akt,
and MAPK but this was partially abrogated by anti-miR-
1301-3p (Figures 7A, 7B). The correlation of circ_0067934,
miR-1301-3p, and HMGB1 expression in PTC patients was
explored by Pearson correlation analysis. Our data indicated
that circ_0067934 expression was negatively correlated with
miR-1301-3p but positively associated with HMGB1 in PTC
patients (Figures 7C-7E).

circ_0067934 depletion repressed tumor xenograft
growth of PTC cells. Finally, in vivo tumorigenesis of
PTC cells was applied to further validate the critical role
of circ_0067934 in thyroid cancer. In our study, TPC-1
cells stably transfected with sh-circ_0067934 or sh-NC
were subcutaneously injected into the nude mice. As illus-
trated in Figures 8A and 8B, knockdown of circ_0067934
impaired tumor xenograft growth of TPC-1 cells. The levels
of circ_0067934, miR-1301-3p, and HMGBI1 were tested
in tumor xenografts. As indicated in Figures 8C-8E the
levels of circ_0067934 and HMGBI1 were reduced in the
sh-circ_0067934 group compared with that in the sh-NC
group. In TUNEL staining, the apoptosis of transfected
cells was increased by the knockdown of circ_0067934
(Figure 8G). Furthermore, IHC staining showed an increased
expression of E-cadherin and decreased expression of
HMGB1 and Vimentin after circ_0067934 knockdown
(Figure 8H). Finally, a schematic diagram was drawn to show
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Figure 4. Depletion of miR-1301-3p suppresses the effects of circ_00067934 knockdown in PTC cells. TPC-1 and SW579 cells were transfected with
si-NG, si-circ_00067934, anti-miR-NC, or anti-miR-1301-3p as indicated in the following experiments. (A) The expression of miR-1301-3p in TPC-1
and SW579 cells was tested by qRT-PCR. (B and C) TPC-1 and SW579 cells were seeded in 96-well plates (3000 cells/well), then cell viability at 0, 24,
48, and 72 h was evaluated. (D) TPC-1 and SW579 cells were seeded in 6-well plates (500 cells/well) for colony formation assay. Representative plates
and colony numbers are shown. (E) TPC-1 and SW579 cells were used for flow cytometry analysis. (F) TPC-1 and SW579 cells were used for the wound-
healing assay. Representative images and relative migration distance are shown. (G) TPC-1 and SW579 cells were used for the Transwell invasion assay.
Representative images and relative invasion cells are shown. (H and I) TPC-1 and SW579 cells were used for western blot. *p<0.05. Each sample was

done in triplicate.
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the underlying molecular mechanism of circ_0067934 in
PTC (Supplementary Figure S3).

Discussion

Numerous studies indicate that circ_0067934 is involved
in tumorigenesis and progression of many cancers. For
example, upregulation of circ_00067934 is associated with
tumor growth and poor prognosis of non-small cell lung
cancer (NSCLC) patients [36], and silencing of circ_00067934
inhibits proliferation, migration, and invasion of NSCLC cells
[37]. The cancer promotion effects of circ_0067934 are also
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observed in esophageal squamous cell carcinoma, bladder
cancer, and cervical cancer [24, 25, 38]. More importantly,
Wang et al. find that circ_0067934 is upregulated and corre-
lated poor prognosis of TC [26]. This study also suggests
that circ_0067934 inhibits proliferation, migration, invasion,
EMT, and induces apoptosis of TC cells by regulating the
PI3K/Akt signaling. However, the underlying molecular
mechanism of circ_0067934 in TC is not fully elucidated by
this study. Besides, Zhang et al. reported that circ_0067934
knockdown suppressed proliferation, migration, invasion,
and tumor growth and promoted apoptosis of TC cells
through the miR-1304/CXCR1 axis [22]. In our study, we also
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Figure 5. HMGBI is a target of miR-1301-3p in PTC cells. (A) The predicted binding sites of HMGB1 and miR-1301-3p. (B and C) TCP-1 and SW579
cells were co-transfected with HMGB1 WT or MUT, miR-1301-3p, or miR-NC for the luciferase reporter assay. (D-F) The mRNA and protein expres-
sion of HMGBI1 in PTC samples and matched normal tissues were evaluated by qRT-PCR, western blot, and IHC staining. Scale bar = 50 um. (G and
H) The level of HMGBI in Nthy-ori3-1, TPC-1, and SW579 cells was measured by qRT-PCR and western blot. (I and J) TPC-1 and SW579 cells were
transfected with miR-NC and miR-1301-3p, then the level of HMGB1 was measured by qRT-PCR and western blot. *p<0.05. Each sample was done in

triplicate.
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found that silencing circ_0067934 inhibited proliferation,
migration, invasion, and EMT of PTC cells, corresponding
with previous studies. Moreover, we demonstrated that
circ_0067934 overexpression promoted anchorage-indepen-
dent growth of normal thyroid cell Nthy-ori3-1, suggesting
that circ_0067934 played an oncogenic role in PTC. In
addition, we found that silencing circ_0067934 suppressed
colony formation of PTC cells. These effects of circ_0067934
might due to regulating the miR-1301-3p/HMGBI axis and
subsequently mediating PI3K/Akt and MAPK activation in
PTC cells. This was different from Zhang’s report, and we
reasoned that circ_0067934 might act as a molecular sponge
for not only one miRNA in TC but for more miRNAs. Indeed,
circ_0067934 is reported to sponge several other miRNAs
such as miR-1182 in NSCLC [31], miR-1304 in bladder
cancer and TC [22, 38], and miR-545 in cervical cancer [25].
Though these previous studies reduced the novelty of our
study, we provided a clear elucidation and novel insight into
the function of circ_0067934 in the progression of PTC cells.
Our study also provided a novel molecular mechanism of
circ_0067934 in PTC cells.

It is widely acknowledged that circRNA-miRNA-mRNA
interactions play a key role in the tumorigenesis of cancers.
In our study, miR-1301-3p was predicted to be a direct
target of circ_0067934, and our results demonstrated that
circ_0067934 acted as a molecular sponge for miR-1301-3p
in PTC cells. Moreover, we found that depletion of
miR-1301-3p suppresses the effects of circ_00067934 knock-
down in PTC cells. We focused on miR-1301-3p in our study

because previous studies indicated that miR-1301-3p was
downregulated and acted as a tumor suppressor in PTC [39].
The tumor suppressor role of miR-1301-3p in cancers has
been well-characterized. For example, miR-1301 is proved to
suppress migration and invasion of multiple human cancer
cells by regulating the p53/UBE4B axis [40]. In breast cancer,
miR-1301-3p is downregulated and inhibits the prolifera-
tion of breast cancer cells by directly targeting ICT1 [41].
In PTC, Qiao et al. proved that miR-1301-3p is decreased
in PTC patients and cell lines, and enforced miR-1301-3p
expression suppresses proliferation of PTC cells [39]. In
our study, we also found that miR-1301-3p was downregu-
lated in PTC patients, and we speculated that miR-1301-3p
might be a prognostic marker for PTC, too. Virtually, the
function of miR-1301-3p in PTC is also reported by another
study. Wen et al. report that miR-1301-3p is sponged by
IncRNA ABHD11-AS1 thus promoting PTC progression by
regulating the PI3K/Akt pathway [42]. These studies and our
results pointed out a critical role of miR-1301-3p in tumori-
genesis and progression of PTC, and miR-1301-3p might be
a therapeutic target for PTC treatment.

HMGBI is a ubiquitous chromatin component of mamma-
lian cells that regulates gene transcription. HMGB1 overex-
pression has been observed in a variety of human cancers.
In our study, we found that HMGB1 was a downstream
target of miR-1301-3p. HMGBI expression was significantly
upregulated in PTC specimens. Moreover, we proved that
miR-1301-3p inhibited the malignant potential of PTC cells
via suppressing HMGBI1. We focused on HMGBI in our
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Figure 8. circ_0067934 depletion repressed tumor xenograft growth of PTC cells. (A and B) TPC-1 cells (4x10°) stably transfected with sh-
circ_00067934 or sh-NC were subcutaneously injected into nude mice, then tumor growth, tumor volume, and weight were evaluated. (C-E) The
levels of circ_00067934, miR-1301-3p, and HMGBI in tumor xenografts were evaluated by qQRT-PCR. (F) The protein expression of HMGBI in tumor
xenografts was evaluated by western blot. (G) TUNEL staining was used to detect cell apoptosis in tumor xenografts. (H) Expressions of HMGBI, E-
cadherin, and vimentin were observed by IHC staining in tumor xenografts of mouse model. *p<0.05. Each sample was done in triplicate.

study because accumulated studies pointed to an important
role of HMGBI in the initiation and progression of PTC. For
example, HMGBI is proved to upregulate and facilitate the
growth and motility of PTC cells by inducing miR-222 and
miR-221 expression [43]. Besides, upregulation of HMGB1 is
associated with NF-kB activation and inflammatory infiltrates
of PTC [44]. Ding et al. found that knockdown of HMGBI1
inhibits proliferation, migration, and invasion in PTC cells
[45]. Ye et al. found that HMGBI is involved in circFOXM1
mediated regulation of tumor growth of PTC cells in vitro
and in vivo [30]. These studies and our results revealed a
cancer-promoting role of HMGBI in PTC development and

HMGBI1 might be a prognostic marker or therapeutic target
for PTC treatment. In addition, our results indicated that
knockdown of circ_0067934 suppressed HMGBI1 expres-
sion, PI3K/Akt and MAPK activation through sponging
miR-1301-3p. Indeed, HMGBI is demonstrated to regulate
multiple signaling pathways including PI3K/Akt and MAPK.
For example, HMGBI overexpression induces miR-221/222
expression, thus, in turn, reducing PTEN expression (a
negative regulator for the PI3K/Akt signaling) in PTC cells
[46]. In prostate cancer, HMGB1 promotes proliferation
and metastasis of prostate cancer cells by activating the Akt
signaling [34]. In breast cancer, HMGBI1 enhances vessel
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formation and invasion of breast cancer cells via regulating
the PI3K/Akt signaling [47]. HMGBI is also reported to
regulate MAPK signaling in human bronchial epithelial cells
[48], mesenchymal stem cells [49], and hepatocellular carci-
noma cells [50].

There are potential limitations of our study. As
circ_0067934 can be a molecular sponge for multiple
miRNAs, and miR-1301-3p may have multiple targets in PTC
cells, we cannot rule out the possibility of another signaling
axis that is involved in the functions of circ_0067934 in PTC.
Moreover, most of our experiments are in cultured cell lines
and nude mice, these results may be different in human
subjects and more studies are needed to confirm this. Finally,
as the function of circ_0067934 in PTC has been reported
by others, the novelty of our study might decrease. However,
we gave a full elucidation of the function of circ_0067934
in PTC cells in vitro and in vivo, and novel functions and
new underlying molecular mechanism of circ_0067934 are
discovered in our study.

In summary, we found that circ_0067934 was upregu-
lated in PTC tissues and cell lines. Silencing circ_0067934
suppressed growth, colony formation, migration, invasion,
EMT, and tumor xenograft growth of PTC cells in vitro and
in vivo. Moreover, circ_0067934 acted as a molecular sponge
for miR-1301-3p, thus regulating HMGBI expression, PI3K/
Akt and MAPK signaling in PTC cells. Our results provided
a novel insight into circ_0067934 in the tumorigenesis and
progression of PTC. circ_0067934 might be a prognostic
marker or therapeutic target for PTC treatment.

Supplementary information is available in the online version
of the paper.
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