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Circular RNAs (circRNAs) have been reported to play important roles in human cancers. Circular RNA
homeodomain interacting protein kinase 3 (Circ-HIPK3) was investigated to be involved in tumorigenesis.
However, the functions of circ-HIPK3 in oral squamous cell carcinoma (OSCC) remain vague. The expression
of circ-HIPK3, microRNA (miR)-381-3p and Yes-associated protein1 (YAP1) was detected by qRT-PCR or
western blot. Cell proliferation, apoptosis, invasion and migration were measured by MTT assay, ﬂow
cytometry, or transwell assay. The dual-luciferase reporter assay was employed to test the target correlations
miR-381-3p and circ-HIPK3 or YAP1. Murine xenograft model was established to conduct in vivo assay. CircHIPK3 was elevated in OSCC tissues and cell lines, and decrease of circ-HIPK3 suppressed OSCC cell
proliferation, invasion, migration and induced apoptosis in vitro as well as inhibited tumor growth in vivo.
Rescue assay indicated circ-HIPK3 silence mediated OSCC progression inhibition by sponging miR-381-3p,
which was a target of circ-HIPK3. Furthermore, miR-381-3p directly interacted with YAP1 and miR-381-3p
inhibition could attenuate YAP1 deletion-induced suppression on cell malignant biological behavior in OSCC.
Meanwhile, co-expression analysis showed circ-HIPK3 could regulate YAP1 expression by competing for
miR-381-3p. Circ-HIPK3 contributed to OSCC growth and development through regulating YAP1 expression
by sponging miR-381-3p, indicating a promising therapeutic strategy for OSCC.
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1. Introduction
Oral squamous cell carcinoma (OSCC) is the most
frequent malignancy in oral cancers with over 300,000
new cases presenting each year worldwide (Viet and
Schmidt 2012). In recent years, the incidence of OSCC
is on the rise, particularly in younger patients and
women (Thomson 2018). Even though substantive
improvements in diagnosis and modern medicine, the
survival rate for patients with OSCC is still unsatisfactory (Markey et al. 2015; Thomson 2013). Thus,
there is a necessity to develop effective therapeutics for
OSCC.
Circular RNAs (circRNAs) are highly conserved
RNA transcripts with covalently closed-loop structures
and formed by the back-splicing of precursor mRNA
http://www.ias.ac.in/jbiosci

(pre-mRNA), which are highly stable comparing with
their linear types (Du et al. 2017; Lasda and Parker
2014). Although a large number of circRNAs have
been reported (Memczak et al. 2013), the biological
functions of circRNA remain poorly understood.
Recently, a growing amount of evidence has shown
that circRNAs are dysfunctional in diverse human
diseases, such as heart disease (Wang et al. 2016),
nervous system disease (Rybak-Wolf et al. 2015) as
well as cancers (Chen et al. 2017). It has been identiﬁed that many circRNAs are enriched and stable in
tumor tissues and participate in the modulation of many
biological processes, including proliferation, metastasis, apoptosis, tumorigenesis and so on (Liu et al. 2019;
Yao et al. 2017a, b). Among these circRNAs, circular
RNA homeodomain interacting protein kinase 3
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(Circ-HIPK3) has also been investigated to implicate in
the tumorigenesis, prognosis and progression in many
types of cancer (Jin et al. 2018; Liu et al. 2018).
Besides that, Wang et al. observed that circ-HIPK3
promoted OSCC cell proliferation by sponging
miRNA-124 (Wang et al. 2018a), indicating the
involvement of circ-HIPK3 in OSCC development.
However, the precise molecular mechanisms by which
circ-HIPK3 leads to cell tumorigenesis in OSCC
remain thoroughly unclear.
MicroRNAs (miRNAs) are one kind of endogenous,
noncoding RNAs with 18–25 nucleotides in size and
inversely modulate the expression of multiple genes via
interacting with 30 -untranslated regions (30 -UTR) of
mRNA targets (Hatziapostolou et al. 2011). Up to date,
the involvement of miRNAs in the physiology and
pathological processes of OSCC has been identiﬁed
(Dumache 2017; Hema et al. 2017). For example, miR143 inhibited OSCC cell proliferation, metastasis and
glucose metabolism by the direct inhibition of hexokinase 2 (Sun and Zhang 2017). MiR-375 repressed cell
metastasis by directly interacting with PDGF-A (Cao
et al. 2017). Recent studies showed that miR-381-3p
acted as an anti-tumor miRNA in several cancers and
was involved in the development of cancers (Kong
et al. 2018; Shang et al. 2019). However, there are few
studies on the role of miR-381-3p in OSCC. Yes-associated protein1 (YAP1) is a crucial effector of the
Hippo pathway and has been found to be ampliﬁed and
elevated in OSCC (Hiemer et al. 2015). In addition,
YAP1 served as a target of miRNAs to contribute to the
onset and development of OSCC (Xu et al. 2015).
Therefore, YAP1 may be a promising gene in the
regulation of OSCC development.
Here, this study aimed to detect the expression pattern and biological functions of circ-HIPK3 in OSCC,
explored the potential correlations between miR-3813p and circ-HIPK3 or YAP1 in cell tumorigenesis in
OSCC.

2. Materials and methods
2.1 Patients and specimens
Tumor specimens and adjacent normal tissues from 30
OSCC patients who received surgical resection were
collected from North China University of Science and
Technology Afﬁliated Hospital. All patients were
diagnosed by pathological examination and did not
receive any preoperative treatment. Immediately, all

fresh specimens were stored at -80°C for further
experiments. This study was permitted by the Ethics
Committee of North China University of Science and
Technology Afﬁliated Hospital and written informed
consent had been obtained from all patients.

2.2 Cell culture
Human normal oral keratinocytes (HNOK) cell lines
and human OSCC cell lines (H357, SCC-15, SCC-4
and SCC-9) were purchased from Shanghai Cell Bank
of the Chinese Academy of Science (Shanghai, China).
Human NOK was cultured in oral keratinocyte medium
(Gibco, Carlsbad, CA, USA) and other OSCC cell lines
were grown in Dulbecco’s modiﬁed Eagle’s medium
(DMEM; Gibco) harboring with 10% fetal bovine
serum and 1% penicillin/streptomycin (Gibco). All
cells were incubated with 5% CO2 at 37°C.

2.3 Rnase R treatment and qRT-PCR
TRIzol reagent (Thermo Fisher Scientiﬁc, Inc., Waltham, MA, USA) was used to isolate total RNA from
tissues and cells following the standard procedure.
RNA extracts were incubated with Rnase R (Epicentre,
Madison, WI, USA) and then was puriﬁed using
RNeasy MinElute Cleanup Kit (Qiagen, Valencia, CA,
USA). For circ-HIPK3 and YAP1 detection, complementary DNA (cDNA) was synthesized using the
Prime Script RT reagent Kit (Takara, Dalian, China)
and quantitative PCR was performed with SYBR Premix Ex Taq (Takara). For miR-381-3p detection,
cDNA was generated with One Step miRNA cDNA
Synthesis Kit (Takara) and quantitative PCR was conducted with SYBR Select Master Mix (Applied
Biosystems, Foster City, CA, USA). The fold changes
were qualiﬁed by 2-44Ct methods and normalized by
U6 or GADPH. The speciﬁc primer sequences were
presented as follows: circ-HIPK3, F 50 -TCGGCAG
CCTTACAGGGTTA-30 , R 50 -GGGTAGACCAAGAC
TTGTGAGG-30 ; YAP1, F 50 TTGGGAGATGGCAAA
GACAT-30 , R 50 -CGTTCATCTGGGACAGCAT-30 ;
miR-381-3p, F 50 -TAATCTGACTATACAAGGGCA
AGCT-30 , R 50 -TATGGTTGTTCTGCTCTCTGTCTC30 ; GAPDH, F 50 -TGCACCACCAACTGCTTAGC-30 ,
R 50 -GGCATGCACTGTGGTCATGAG-30 ; U6, F 50 CTCGCTTCGGCAGCACA-30 , R 50 -AACGCTTCA
CGAATTTGCGT-30 .
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2.4 Cell transfection

2.8 Western blot assay

The miR-381-3p mimic and miR-381-3p inhibitor
(anti-miR-381-3p) with negative control (miR-NC or
anti-miR-NC) were generated by RIBOBIO (Guangzhou, China). The short hairpin RNA (shRNA) targeting
circ-HIPK3 (sh-circ-HIPK3), shRNA targeting YAP1
(sh-YAP1), shRNA scramble control (sh-NC), pcDNA
and pcDNA circ-HIPK3 overexpression vector (circHIPK3) were synthesized by Genepharma (Shanghai,
China). All oligonucleotides or vectors were transfected into SCC-4 and SCC-9 cells by using Lipofectamine RNAiMax (Life Technologies Corporation,
Carlsbad, CA, USA).

Western blot assay was carried out as described before
(Chen et al. 2017). Immunoblot assays were performed
using primary antibodies against YAP1 (1:5000,
ab52771, Abcam, Cambridge, MA, USA) and GAPDH
(1:1000, ab8245, Abcam) as well as horseradish peroxidase-conjugated secondary antibody. The protein
signals were visualized by chemiluminescence chromogenic substrate (Beyotime).

2.5 Cell proliferation
Transfection cells were planted into 96-well plate and
cultured at 37°C overnight. Each well was incubated
with 20 lL of 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) solution (Beyotime, Shanghai, China) for the indicated times, then
the supernatants were removed and 150 lL DMSO
(Beyotime) was added into per well. Finally, the
absorbance was detected using a microplate reader at
490 nm (Bio-Rad, Hercules, CA, USA).

2.6 Cell apoptosis
Transfection cells were resuspended in binding buffer,
and then stained with 10 lL Annexin ﬂuorescein
isothiocyanate (FITC) annexin V and propidium iodide
(PI) (BD Biosciences, San Jose, CA, USA) for 15 min
in the dark. Lastly, the apoptotic cells were measured
by using FlowJo software.

2.7 Transwell assay
For migration assay, transfection SCC-4 and SCC-9
cells were seeded into the upper chamber with
serum-free DMEM, and 500 lL grown medium
mixed with 10% FCS was added into the lower
chamber. 24 h later, migrated cells were stained and
then counted with a microscope. For invasion assay,
the philosophy of measurement was similar to the
steps of cell migration, except that the upper chamber membrane was pre-coated with Matrigel (BD
Biosciences).

2.9 Dual-luciferase reporter assay
The WT or MUT circ-HIPK3/YAP1 30 UTR containing
putative target sequences of miR-381-3p was ampliﬁed
and cloned into the pmirGLO vector (Promega,
Shanghai, China) to generate corresponding luciferase
reporter constructs (circ-HIPK3-WT/MUT or YAP1WT/MUT), respectively. Thereafter, these constructed
luciferase reporters were introduced into SCC-4 and
SCC-9 cells together with miR-381-3p mimics or miRNC for 48 h. Finally, a dual-luciferase reporter assay kit
(Promega) was applied to analyze the relative luciferase activity.
2.10 Xenograft experiments in vivo
The study was permitted by the Animal Research
Committee of North China University of Science and
Technology Afﬁliated Hospital and undertaken in
accordance with the guidelines of the National Animal
Care and Ethics Institution. BALB/c nude mice (female, 4–6 weeks of age, N = 14) were used to establish the xenograft models. SCC-4 cells, stably infected
with lentivirus containing sh-circ-HIPK3 or sh-NC
were subcutaneously inoculated into the ﬂanks of the
nude mice. Tumor size was measured every 3 days. All
mice were sacriﬁced at days 25, and tumor masses
were weighed and harvested for further molecular
analysis.
2.11 Statistical analysis
All experiments were performed three times independently and statistical data was presented as the
mean ± standard deviation (SD). Signiﬁcant differences were analyzed using one-way analysis of variance (ANOVA) for multiple group experiments or
Student’s t-test for two data. The association between
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miR-381-3p and circ-HIPK3 or YAP1 was analyzed
using Spearman’s correlation analysis. P \ 0.05 suggested statistically signiﬁcant.

circ-HIPK3 silence suppressed the migration and
invasion abilities of SCC-4 and SCC-9 cells (ﬁgure 2E,
F). Thus, these data suggested that circ-HIPK3 was a
regulator of cell progression in OSCC.

3. Results
3.1 Circ-HIPK3 is up-regulated in OSCC tissues
and cell lines
The expression of circ-HIPK3 was detected, and results
indicated that compared with adjacent normal tissues
and human normal oral keratinocytes (HNOK), circHIPK3 was prominently elevated in OSCC tissues and
OSCC cell lines, including H357, SCC-15, SCC-4 and
SCC-9 (ﬁgure 1A, B), suggesting the possible regulatory role of circ-HIPK3 in OSCC.
3.2 Circ-HIPK3 deletion suppresses OSCC cell
progression in vitro
To explore the biological functions of circ-HIPK3
in vitro, circ-HIPK3 was silenced s using a shRNA that
targeted the back-splice sequences of circ-HIPK3 in
SCC-4 and SCC-9 cells, and circ-HIPK3 expression
was signiﬁcantly decreased as expected (ﬁgure 2A).
Thereafter, MTT assay showed that circ-HIPK3 deletion markedly inhibited the proliferation of SCC-4 and
SCC-9 cells (ﬁgure 2B, C). Results from ﬂow cytometry indicated that knockdown of circ-HIPK3 induced
apoptosis, reﬂected by the increasing number of
apoptotic SCC-4 and SCC-9 cells (ﬁgure 2D). Furthermore, transwell assay demonstrated that

3.3 Circ-HIPK3 regulates cell progression
in OSCC by serving as a sponge of miR-381-3p
The potential targets of circ-HIPK3 were predicted
using the starBase v2.0 database and we identiﬁed that
miR-381-3p had binding sites with circ-HIPK3
(ﬁgure 3A). Then results of dual-luciferase reporter
assay showed up-regulation of miR-381-3p obviously
suppressed the luciferase activity of the WT-circHIPK3 reporter vector but not MUT-circ-HIPK3
reporter vector in SCC-4 and SCC-9 cells (ﬁgure 3B,
C), which veriﬁed that circ-HIPK3 could target miR381-3p. Besides that, results of qRT-PCR analysis
indicated circ-HIPK3 silence elevated miR-381-3p
expression while overexpressed circ-HIPK3 decreased
miR-381-3p expression in SCC-4 and SCC-9 cells
(ﬁgure 3D). Thus, we conﬁrmed that circ-HIPK3
directly bound to miR-381-3p and inversely modulated
its expression.
Additionally, it was also discovered miR-381-3p
expression was remarkably down-regulated in OSCC
tissues and cell lines compared with the controls
(ﬁgure 3E, F), and a negative correlation between miR381-3p and circ-HIPK3 expression was observed in
OSCC tissues (ﬁgure 3G). Thus, we wanted to further
determine whether miR-381-3p was involved in circHIPK3-mediated regulation on OSCC progression.
Immediately, SCC-4 and SCC-9 cells were transfected

Figure 1. Circ-HIPK3 is up-regulated in OSCC tissues and cell lines. (A) qRT-PCR analysis of the expression of circHIPK3 in OSCC tissues and adjacent normal tissues. *P\0.05 vs the normal tissues. (B) qRT-PCR was used to measure the
level of circ-HIPK3 in human normal oral keratinocytes (hNOK) and OSCC cell lines, including H357, SCC-15, SCC-4 and
SCC-9. *P\0.05 vs the HNOK group.

Figure 2. Circ-HIPK3 deletion suppresses OSCC cell progression in vitro. Circ-HIPK3 was silenced in SCC-4 and SCC-9 cells using a shRNA that targeted the backsplice sequence. (A) The expression of circ-HIPK3 was detected by qRT-PCR in SCC-4 and SCC-9 cells. (B, C) Cell proliferation was measured using MTT assay.
(D) Flow cytometry of cell apoptosis was performed. (E, F) Cell migration and invasion abilities analyses using transwell assay. *P\0.05 vs sh-NC.
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3. Circ-HIPK3 regulates cell progression in OSCC
by serving as a sponge of miR-381-3p. (A) The binding sites
between circ-HIPK3 and miR-381-3p. (B, C) Relative
luciferase activity analysis in SCC-4 and SCC-9 cells
introduced with WT-circ-HIPK3 or MUT-circ-HIPK3
together with miR-NC or miR-381-3p. *P\0.05 vs miRNC. (D) The expression of miR-381-3p in SCC-4 and SCC9 cells transfected with sh-NC or sh- circ-HIPK3, pcDNA, or
circ-HIPK3 was measured using qRT-PCR. *P\0.05 vs the
corresponding control. (E, F) qRT-PCR analysis of the level
of miR-381-3p in OSCC tissues, and adjacent normal
tissues, as well as in hNOK and OSCC cell lines. *P\0.05
vs the normal tissues or the HNOK group. (G) The
association between miR-381-3p and circ-HIPK3 expression
in OSCC tissues was analyzed using Spearman’s correlation
analysis. *P\0.001. SCC-4 and SCC-9 cells were transfected with sh-NC, sh-circ-HIPK3, sh-circ-HIPK3 ? antimiR-NC, or sh-circ-HIPK3 ? anti-miR-381-3p. (H) qRTPCR analysis of the expression of miR-381-3p. (I, J) Cell
proliferation analysis using MTT assay. (K) Cell apoptosis
detection using ﬂow cytometry. (L, M) Analyses of cell
invasion and migration abilities using transwell assay.
*P\0.05 vs sh-NC or sh-circ-HIPK3 ? anti-miR-NC.

b Figure

with sh-NC, sh-circ-HIPK3, sh-circ-HIPK3 ? antimiR-NC, or sh-circ-HIPK3 ? anti-miR-381-3p. After
transfection, we found miR-381-3p inhibition reversed
circ-HIPK3 deletion-induced elevation of miR-381-3p
expression in SCC-4 and SCC-9 cells (ﬁgure 3H).
Then, a rescue assay was conducted and results implied
that miR-381-3p inhibitor transfection signiﬁcantly
attenuated the regulatory effects of si-circ-HIPK3 on
SCC-4 and SCC-9 cell phenotypes (ﬁgure 3I–M).
Taken together, circ-HIPK3 might regulate cell progression by sponging miR-381-3p in OSCC.

3.4 YAP1 is a target of miR-381-3p in OSCC cells
According to the prediction of starBase v2.0 software,
the putative binding sites of miR-381-3p in YAP1 were
searched (ﬁgure 4A). Then dual-luciferase reporter assay
was conducted to conﬁrm their correlation, and we
observed that the luciferase activity of YAP1-WT
reporter was obviously repressed when miR-381-3p was
up-regulated in SCC-4 and SCC-9 cells, while no
notable change was discovered in YAP1-MUT reporter
(ﬁgure 4B, C). Furthermore, we also found overexpressed miR-381-3p suppressed YAP1 expression while
miR-381-3p inhibition promoted YAP1 expression in
SCC-4 and SCC-9 cells (ﬁgure 4D). Thus, we knew that
miR-381-3p directly interacted with YAP1 and negatively regulated YAP1 expression in OSCC cells.
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Besides that, the expression of YAP1 was observed
to be increased in OSCC tissues and cell lines at
mRNA and protein levels (ﬁgure 4E–I), and a negative
correlation between YAP1 and miR-381-3p level was
also investigated in OSCC tissues (ﬁgure 4G), indicating the potential regulatory relationship between
YAP1 and miR-381-3p in the progression of OSCC.
3.5 MiR-381-3p inhibition overturns YAP1
deletion-mediated suppression on OSCC cell
progression
Given the target correlation between miR-381-3p and
YAP1, we assayed whether miR-381-3p/YAP1 axis
was responsible for OSCC progression. To verify this
hypothesis, SCC-4 and SCC-9 cells were transfected
with sh-NC or sh-YAP1 ﬁrstly, and then we found the
mRNA and protein levels of YAP1 were markedly
decreased in cells transfected with sh-YAP1 (ﬁgure 5A,
B). Next, SCC-4 and SCC-9 cells were respectively
transfected with sh-NC, sh-YAP1, sh-YAP1 ? antimiR-NC, or sh-YAP1 ? anti-miR-381-3p, then results
of rescue experiments exhibited silencing miR-381-3p
could reverse YAP1 deletion-induced suppression on
cell proliferation (ﬁgure 5C, D), migration and invasion
(ﬁgure 5F, G), and enhancement on apoptosis
(ﬁgure 5E) in SCC-4 and SCC-9 cells. In all, these
results indicated that miR-381-3p regulated OSCC cell
progression by directly targeting YAP1 in vitro.
3.6 Circ-HIPK3 indirectly regulates YAP1
expression by sponging miR-381-3p
In addition, through the subsequent analysis of western
blot, we observed that the expression of YAP1 was
signiﬁcantly inhibited by circ-HIPK3 deletion, while
this condition was rescued by miR-381-3p inhibition in
SCC-4 and SCC-9 cells (ﬁgure 6A, B). Therefore, circHIPK3 could indirectly regulate YAP1 expression by
competing for miR-381-3p in OSCC cells.
3.7 Knockdown of circ-HIPK3 hinders tumor
growth of OSCC in vivo
The carcinogenesis role of circ-HIPK3 in vivo was
further elucidated using xenograft models. As exhibited
in ﬁgure 7A, B, tumor volume and weight were greatly
inhibited in the sh-circ-HIPK3 group relative to the shNC group (ﬁgure 7A, B). Besides that, by contrast with
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Figure 4. YAP1 is a target of miR-381-3p in OSCC cells. (A) The binding sites between YAP1 and miR-381-5p. (B,
C) Relative luciferase activity measurement in SCC-4 and SCC-9 cells co-transfected with YAP1-WT or YAP1-MUT and
miR-NC or miR-381-3p. *P\0.05 vs miR-NC. (D) Western blot analysis of the expression of YAP1 in SCC-4 and SCC-9
cells transfected with anti-miR-NC, anti-miR-381-3p, miR-NC, or miR-381-3p. *P\0.05 vs the corresponding control. (E, F,
H, I) The mRNA and protein levels of YAP1 in OSCC tissues and adjacent normal tissues, as well as in HNOK and OSCC
cell lines were measured using qRT-PCR or western blot, respectively. *P\0.05 vs the normal tissues or the HNOK group.
(G) The association between miR-381-3p and YAP1 mRNA expression was analyzed using Spearman’s correlation analysis
in OSCC tissues. *P\0.001.

sh-NC group, circ-HIPK3 deletion obviously declined
circ-HIPK3 and YAP1 expression, but increased miR381-3p expression in isolated tumors (ﬁgure 7C, D).
Overall, we demonstrated that circ-HIPK3 downregulation suppressed OSCC tumor growth
in vivo through modulating miR-381-3p and YAP1
expression.
4. Discussion
CircRNAs, highly represented in the eukaryotic transcriptome, are naturally occurring RNAs with generegulatory potential (Du et al. 2017). Although

circRNAs were ﬁrst identiﬁed nearly 40 years ago
(Hsu and Coca-Prados 1979), it is still not fully clear
on the mechanism of circRNAs’ function. However,
with the improvements of RNA sequencing technology
and bioinformatics analyses, considerable researches
have shown that circRNAs may act as potential
biomarkers for disease diagnosis and therapy and
involve in the initiation and progression of human
diseases, especially in tumors (Meng et al. 2017).
Besides that, owing to the conservation, abundance and
tissue speciﬁcity of their sequences, circRNAs are
thought to be more promising molecular markers in the
therapy of tumors compared with lncRNAs and miRNAs (Rybak-Wolf et al. 2015).
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Figure 5. MiR-381-3p inhibition overturns YAP1 deletion-mediated suppression on OSCC cell progression. (A, B) The
mRNA and protein expression of YAP1 were respectively examined by qRT-PCR or western blot in SCC-4 and SCC-9 cells
transfected with sh-NC or sh-YAP1. *P\0.05 vs sh-NC. (C, D) Cell proliferation by MTT assay, (E) cell apoptosis by ﬂow
cytometry, (F, G) cell migration and invasion by transwell assay in SCC-4 and SCC-9 cells transfected with sh-NC, sh-YAP1,
sh-YAP1 ? anti-miR-NC, or sh-YAP1 ? anti-miR-381-3p. *P\0.05 vs sh-NC or sh-YAP1 ? anti-miR-NC.

Recently, several circRNAs have been found to
implicate in the development of OSCC. For instance,
circRNA-100533 prevented OSCC cell proliferation
and metastasis by regulating GNAS by sponging miR933 (Zhu et al. 2019). Circ-PKD2 restrained cell
tumorigenesis through the miR-204-3p/APC2 axis in
OSCC (Gao et al. 2019). Thus, circRNAs may be
potential therapeutic targets for OSCC. In the current
work, we found that circ-HIPK3 was signiﬁcantly
elevated in OSCC tissues and cell lines, suggesting the
possible regulatory role of circ-HIPK3 in OSCC.
Afterwards, the loss-of-function assay was performed
using an shRNA that targeted the back-splice sequence
of circ-HIPK3 in vitro and results indicated that circHIPK3 silence signiﬁcantly inhibited cell oncogenic
phenotypes in OSCC. Additionally, circ-HIPK3 deletion also impeded OSCC tumor growth in vivo. Thus,
circ-HIPK3 is a cell progression regulator in OSCC.

MiRNAs are signiﬁcant participators in the pathogenesis of virtually all human cancers (Rupaimoole
et al. 2016). It has been noted that some circRNAs
may act as miRNA sponges to compete for miRNAbinding sites to affect miRNA activities, thus modulating gene expression, and the circRNA-miRNAmRNA regulatory network has been found to involve
in a serious of cancer-related biological processes
(Rong et al. 2017). For example, circRNA Cdr1as
functioned as an oncogene to promote cell progression through regulating CCNE1 and PIK3CD
expression by sponging miR-7 in hepatocellular carcinoma (Yu et al. 2016). CircDOCK1 inhibited the
process of OSCC apoptosis by circDOCK1/miR-196a5p/BIRC3 axis (Wang et al. 2018b). Therefore, we
hypothesized circ-HIPK3 might participate in this
network by sponging miRNAs to modulate the
expression of targeted genes in OSCC.
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Figure 6. Circ-HIPK3 indirectly regulates YAP1 expression by sponging miR-381-3p. (A, B) The protein expression of
YAP1 was determined in SCC-4 and SCC-9 cells transfected with sh-NC, sh-circ-HIPK3, sh-circ-HIPK3 ? anti-miR-NC, or
sh-circ-HIPK3 ? anti-miR-381-3p by western blot. *P\0.05 vs sh-NC or sh-circ-HIPK3 ? anti-miR-NC.

In the present study, to verify our hypothesis, starBase v2.0 prediction program and dual-luciferase
reporter assay were used and miR-381-3p was conﬁrmed to be a target of circ-HIPK3 in OSCC cells.
MiR-381-3p has been exhibited to be decreased in
OSCC, and overexpressed miR-381-3p markedly
inhibited cell cycle, proliferation but induced apoptosis
in OSCC by targeting FGFR2 (Yang et al. 2017). In
this work, we also found miR-381-3p was decreased in
OSCC tissues and cell lines, which was consistent with
the previous study (Yang et al. 2017). Besides that, we
discovered that miR-381-3p was negatively regulated
by circ-HIPK3, immediately, rescue assay showed
miR-381-3p inhibition could reverse circ-HIPK3 deletion-mediated suppression on OSCC progression
in vitro. After that, the potential targets of miR-381-3p
in OSCC cells were further explored, and YAP1 was
validated to be a target of miR-381-3p. YAP1 is a

major effector of Hippo pathway, which involves in
organ size control in animals by regulating cell proliferation and apoptosis (Zhao et al. 2007). In this
study, YAP1 was elevated in OSCC and functional
experiments exhibited that knockdown of YAP1
repressed cell proliferation, metastasis and promoted
apoptosis in OSCC, while this suppression could be
overturned by the inhibition of miR-381-3p through the
direct interaction between them in vitro. Additionally,
we also observed that circ-HIPK3 could regulate YAP1
expression by sponging miR-381-3p in vivo. Thus, a
circ-HIPK3/miR-381-3p/YAP1 axis was veriﬁed in
OSCC.
In conclusion, our results demonstrated that circHIPK3 was elevated in OSCC, and knockdown of circHIPK3 inhibited OSCC cell progression in vitro and
tumor growth in vivo. In addition, the mechanical
analysis further exhibited circ-HIPK3 regulated YAP1
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Figure 7. Knockdown of circ-HIPK3 hinders OSCC tumor growth in vivo. (A) Tumor volume was calculated every 3 days.
(B) Tumor weight was analyzed in each group. (C–D) qRT-PCR or western blot analysis of the levels of circ-HIPK3, miR381-3p and YAP1 in two groups. *P\0.05 vs sh-NC.

by sponging miR-381-3p to contribute to OSCC
growth and development, which might shed new light
on the development of novel therapeutic strategies for
OSCC patients.
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