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CircDOCKI1 suppresses cell apoptosis via inhibition
of miR-196a-5p by targeting BIRC3 in OSCC
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Abstract. Oral squamous cell carcinoma (OSCC) is the
most frequent oral cancer in the world, accounting for
more than 90% of all oral cancer diagnosis. Circular RNAs
(circRNAs) are large types of non-coding RNAs, demon-
strating a great capacity of regulating the expression of
genes. However, most of the functions of circRNAs are still
unknown. Recent research revealed that circRNAs could
serve as a miRNA-sponge, consequently regulating the
expression of target genes indirectly, including oncogenes.
In this study, we built an apoptotic model with TNF-a, and
then we confirmed a circRNA associated with the apoptosis of
OSCC cells, circDOCKI1 by comparing the expression profile
of circRNAs in an apoptotic model with that in untreated
OSCC cells. We ascertained the presence of circDOCK1 with
qRT-PCR and circRNA sequencing. The knockdown of the
expression of circDOCKI1 led to the increase of apoptosis.
Utilizing multiple bioinformatics methods, we predicted
the interactions among circRNAs, miRNAs and genes, and
built the circDOCK1/miR-196a-5p/BIRC3 axis. Both the
silencing of circDOCKI1 with small interfering RNA and the
upregulation of the expression of miR-196a-5p with mimics
led OSCC cells to increase apoptosis and decrease BIRC3
formation. We further confirmed this outcome by comparing
the expression of circDOCKI1, miR-196a-5p and BIRC3 in
oral squamous carcinoma tissue with those in para-carcinoma
tissue, and examining the expression profile of circRNAs in
oral squamous carcinoma tissue and para-carcinoma tissue
with microarray. Our results demonstrated that circDOCK1
regulated BIRC3 expression by functioning as a competing
endogenous RNA (ceRNA) and participated in the process
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of OSCC apoptosis. Thus, we propose that circDOCKI1 could
represent a novel potential biomarker and therapeutic target
of OSCC.

Introduction

Cancer of the oral cavity (oral cancer) is the 11th most
frequent malignancy in the world, especially in developing
countries, ranking ninth in the total number of incidences (1).
Ninety-percent of oral cancers histologically originate in
squamous cells (2). The incidence and mortality of this cancer
exhibits variability resulting from: geographic location,
gender, as well as occurrence site (lips, tongue, gingiva, mouth
floor, parotid and saliva glands) (http://globocan.iarc.fr/Pages/
summary_table_pop_sel.aspx). Although with the develop-
ment of iatrotechniques, the mortality of oral squamous cell
carcinoma (OSCC) has remained relatively unchanged. Worse
still, the age of oral cancer patients is trending younger and
younger. The overall prognosis of this cancer is poor; the
survival rate is roughly 55-65% (3). This is probably due to
late diagnosis. An early diagnosis is key in decreasing the
mortality of oral cancer, which subsequently improves the
overall survival and prognosis. Therefore, seeking a novel
biomarker and therapeutic target is of the utmost importance.

Circular RNAs (circRNAs) are special types of non-coding
RNAs characterized by their circular shape resulting from
covalently closed continuous loops, widely expressed in cells
that regulate the expression of relative genes in multiple path-
ways (4,5). CircRNAs were initially thought to originate due to
a failure in alternative splicing owing to their low expression
levels (6). Since next-generation sequencing technologies and
bioinformatics analysis have developped, the regulatory func-
tion of circRNAs in eukaryotic cells is beginning to increasingly
attractemphasis. As particular non-coding RNAs, circRNAs are
widely expressed, highly conserved and stable in the cytoplasm
(RNase R resistant) (6). With the deepening of research, two
circRNAs (CDR1as and Sry) have been revealed to be miRNA
sponges regulating the expression of relevant genes (7,8).
Moreover, they were also found to be regulators of alternative
splicing (9), and transcription factors (10) and to encode for
proteins (11,12). CircRNAs participate in several pathological
states, including neurological diseases (13,14), hematopathy
(15), cartilage degradation (16), Hirschsprung's disease (17)
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and multiple cancers, which may serve as promising diagnostic
biomarkers and therapeutic targets. It is known that circRNAs
could compete for binding to cancer-related miRNAs. Multiple
circRNA/miRNA/mRNA axes in cancer-associated pathways
have been investigated in colorectal cancer (18,19), pancreatic
cancer (20), bladder carcinoma (21), esophageal squamous cell
carcinoma (ESCC) (22), glioblastoma (23), cervical cancer (24),
chronic lymphocytic leukemia (CLL) (25), non-small cell
lung cancer (NSCLC) (26), cholangiocarcinoma (27), ovarian
cancer (28) and hepatocellular carcinoma (HCC) (29,30), with
both agonist and antagonist effects on carcinogenesis. However,
whether circRNAs harbor miRNAs with regulatory roles in
OSCC is still unknown.

MicroRNAs (miRNAs) are one of the large families of
non-coding RNAs with small, endogenous, and evolutionarily
conserved features, (approximately 18-24 nucleotides) which
are involved in regulating several essential, cellular and
functional processes such as cell differentiation, migration,
growth, proliferation, apoptosis, metabolism and tumorigen-
esis (31-33). It is well known that miRNAs are known to play
key roles in most types of cancer and function as oncogenes
or tumor suppressors in upregulation or downregulation
processes respectively (31). miRNAs have the potential to be
used as prognostic and diagnostic biomarkers. Generally, to
be a negative regulator, miRNAs bind to the 3'-untranslated
region (3'-UTR) of their target mRNA based on the principle
of complementary base pairing and inhibit translation (34).
miRNAs play crucial roles in OSCC initiation and develop-
ment (35).

In this study, we investigated the molecular mechanisms
underlying the circRNAs in OSCC. We built an apoptosis
model by stimulating CAL-27 cells with TNF-a and acquired
a differentially expressed circRNA profile from the apoptosis
model and normal CAL-27 cells using high-throughput micro-
array. Several significant differentially expressed circRNAs
were further confirmed with qRT-RCR and we found that the
circRNA has_circ_100721 (circDOCKI1) was markedly over-
expressed and the knockdown of the expression of circDOCK1
led to the increase of apoptosis. According to a set of bioin-
formatics approaches, we constructed a circRNA/miRNA/
gene network and determined that circDOCKI interacted with
miR-196a-5p by competing with BIRC3, eventually regulating
cell apoptosis. Finally, we explored the functions of circ-
DOCKI1 in OSCC in vivo and in vitro. Hence, we concluded
that circDOCKI1 suppressed cell apoptosis via inhibition of
miR-196a-5p by targeting BIRC3 in OSCC.

Materials and methods

Ethics statement and tissue samples. This study was approved
and supervised by The Ethics Committee of Guangzhou
Medical University. All the experiments were carried out in
accordance with relevant guidelines and regulations. All oral
carcinoma tissues and adjacent normal tissues were collected
from patients who had undergone surgery at the Cancer Center
of Guangzhou Medical University and The First Affiliated
Hospital of Guangzhou Medical University from 2015 to 2016.
All carcinoma and paired normal tissues were ten groups each,
which were confirmed by pathological detection. The clinical
and pathological characteristics for each patient were noted
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before and after surgery. The patients were made aware of the
research purposes and informed consent was given.

Cell culture. The human OSCC cell lines CAL-27, SCC-9 and
SCC-25 were purchased from ATCC (American Type Culture
Collection, Manassas, VA, USA). Human normal oral epithe-
lial keratinocytes (HOK) were purchased from ScienCell
Research Laboratories (San Diego, CA, USA). HOK was
cultured in Dulbecco's modified Eagle's medium (DMEM)
(Gibco, Carlsbad, CA, USA) containing with 10% fetal bovine
serum (FBS) (Gibco). The other cell lines were cultured in
Dulbecco's modified Eagle's medium: nutrient Mixture F-12
(DMEM/F12) (Gibco) with 10% FBS. All cell lines were incu-
bated at 37°C in a humidified chamber containing 5% CO,.

Apoptosis model and flow cytometry (FCM). OSCC cell line
CAL-27 cells were stimulated with 100 ng/ml recombinant
human TNF-a (PeproTech, Rocky Hill, NJ, USA) for 48 h. The
FITC Annexin V Apoptosis Detection Kit I (BD Biosciences,
Franklin Lakes, NJ, USA) was used according to the FITC
Annexin V Staining Protocol to detect apoptotic cells 48 h
after being treating with TNF-a. First, the cells were collected
and washed twice with cold PBS and then resuspended
in 1X binding buffer at a concentration of 1x10° cells/ml.
One hundred microliters of the solution (1x10° cells) was
transferred to a 5 ml culture tube. FITC Annexin V (5 ul) and
propidium iodide (PI; 5 ul) staining solutions were added to the
cells. The cells were gently cycled in a vortex and incubated
for 15 min at RT (25°C) in the dark. Then 400 ul of 1X binding
buffer were added to each tube and the cells were analyzed by
flow cytometry (BD Biosciences) within 1 h.

CircRNA Microarray. An apoptosis model and a negative
control group, oral carcinoma tissues and adjacent normal
tissues were used to detect the expression of circRNAs by
CircRNA Microarray. Total RNA from each sample was
quantified using the NanoDrop ND-1000. The sample prepa-
ration and microarray hybridization were performed based
on the standard protocols of Arraystar Inc. (Rockville, MD,
USA). Briefly, total RNA from each sample was amplified
and transcribed into fluorescent cRNA utilizing a random
primer according to Arraystar's Super RNA Labeling
protocol (Arraystar Inc.). The labeled cRNAs were hybrid-
ized onto the Arraystar Human circRNA Microarray (8x15K,
Arraystar Inc.). After having washed the slides, the arrays were
scanned using the Agilent DNA Microarray Scanner G2505C.
Agilent Feature Extraction software (version 11.0.1.1) was used
to analyze acquired array images while quantile normaliza-
tion and subsequent data processing were performed using the
R software package. Differentially expressed circRNAs with
statistical significance between two groups were identified
through volcano plot filtering and these two groups were also
identified through fold change filtering. Hierarchical clustering
was performed to reveal the distinguishable circRNA expres-
sion patterns among samples. The microarray hybridization
and the collection of data were performed by KangChen
Bio-tech, Shanghai, China.

Quantitative real-time PCR and circRNA sequencing. Total RNA
was extracted from OSCC cell lines and oral cancer samples
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Table I. All the primer sequences of the genes used for this
study.

Genes Primer sequence (5'-3")
GAPDH GCACCGTCAAGGCTGAGAAC
TGGTGAAGACGCCAGTGGA
circDOCK 1 GAAATCGTCCACAGTGACCT
CACAGTGTCTCCGATCTGTAAA
circRNA_101531 TGCAGGGCGTCATCAAAACC
CACACACCTGTTCTCCTGTGG
circRNA_101315 AGATGCGCAGGCTCAACATA

CAATGGATTGTTCCTTGGCTGT
GCTACCATTTTGGCTGTTTGGA
TCTTCAGCCTTGGGCTTCTTTT

GCCTGTGTATATCCCAGTTCCT
TTTGGTCTGCATGTGAGGTTT

circRNA_104313

circRNA_101226

circRNA_104838 TTCCATAAATGGGGTCGAG
TTGAGTGGTCCAAAATCTGC
circRNA_102765 AAGCCTTCACCTGCATCCAA

AGACGTCTCTCAGTGACAAAG
CTGCGTCTCAGCCTCAAGTAT
TGGTTCCTTCTGTGGTCGTT

TGGAAGAATTGCTGTGCTGTT
TGCACCAAGATTTCCTGTTCG

circRNA_100790

circRNA_102367

T ATATIARADTADTAITIATIARATIADTATIATARATIADTATIATART

circRNA_102956 GTTTTGGGCGTGCTAGAGGT
GCTCGAATTCCTCCATGTCCA
BIRC3 CAACAGATCTGGCAAAAGCA
TTGCTCAATTTTCCACCACA
FOXOl1 AAGAGCGTGCCCTACTTCAA
CTGTTGTTGTCCATGGATGC
MDM?2 CATTGTCCATGGCAAAACAG
GGCAGGGCTTATTCCTTTT
DOCK1 TCGGACGCCGTACTCTTTCTC
CTGATTGCTTGGCAGATTCCT
miR-196a-5p TAGGTAGTTTCATGTTGTTGG
miR-138-2-3p CTATTTCACGACACCAGGGTT

F, forward; R, reverse.

using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) and
quantified using NanoDrop 2000 (Thermo Scientific, Carlsbad,
CA, USA). After RNA extraction, SuperScript® IIT Reverse
Transcriptase (Invitrogen) was used for reverse-transcription to
cDNA following the manufacturer's protocol. The RT products
were used as templates for amplification using the SYBR®
Premix Ex Tag™ II PCR amplification reagent (Takara, Shiga,
Japan). Specific divergent primers were designed to amplify
the circular transcripts. The reaction system of qRT-PCR was
performed in 25 ul of reaction volume, including 2 ul of cDNA,
12.5 pl 2X SYBR Premix Ex Taq II, 0.5 ul of forward primer
(10 pM), 0.5 pl of reverse primer (10 pM) and 9.5 ul of double
distilled water. The reaction was set at 95°C for 30 sec for pre-
denaturation, then at 95°C for 5 sec, at 60°C for 30 sec and at
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Table II. The sequence of siRNAs for circDOCKI1.
siRNA Target sequence (5'-3")
siRNA 1 CTTCACACAGCATGCTTTT
siRNA 2 TCACACAGCATGCTTTTTA
siRNA 3 CACACAGCATGCTTTTTAT

Table III. The sequence of miR-196a-5p mimics.

miRNA mimics Primer sequence (5'-3")

miR-196a-5p F:UAGGUAGUUUCAUGUUGUUGGG

R: CCCAACAACAUGAAACUACCUA

F, forward; R, reverse.

72°C for 30 sec for 39 cycles. Reactions for each sample were
performed in triplicate and the relative levels of target genes were
calculated using the 2% method and normalized to GAPDH.
The products of qRT-PCR were purified using Agencourt
AMPure XP PCR purification kit from Beckman Coulter Inc.
(Brea, CA, USA). Direct PCR product Sanger sequencing was
performed by LGC Genomics (Berlin, Germany) Ready2 Run
services. The forward primer for circDOCKI1 was provided for
sequencing the product of circDOCK1. All the primer sequences
of the genes used in this study are shown in Table I.

RNA interference, miRNA mimic and transfection. The small
interfering RNAs (siRNAs) (RiboBio, Guangzhou, China)
were designed for the junction of circDOCKI1 and the mimic
was designed for miR-196a-5p. The concentration of the
mimic for miR-196a-5p, the siRNA for circDOCKI1 and the
siRNA for the negative control was 50 nM. Transfection of
the siRNA and mimic was conducted with GenMute™ siRNA
Transfection Reagent (SignaGen Laboratories, Rockville,
MD, USA) according to the standard protocol. Before trans-
fection, the complex which included 100 gl 1X GenMute™
Transfection Buffer, 5 pl siRNA or mimic and 4 ul GenMute™
Reagent was incubated for 30 min at room temperature, and
then the above mixture was added to OSCC cell lines with
1 ml DMEM/F12 growth medium in 6-well plates. The cells
were cultured in a humidified atmosphere with 5% CO, at
37°C. After transfection for 48 h, the levels of circDOCK1 and
miR-196a-5p were assessed by qRT-PCR. All the sequence of
siRNAs and mimics are shown in Tables II and III.

Prediction for circRNA/miRNA/mRNA pathways. The rela-
tionship between circRNAs and miRNAs was predicted by
miRNA target prediction software based on miRanda and
TargetScan. Also, the circRNA/microRNA interaction was
speculated using Circinteractome according to the name
of circRNAs and miRDB according to the sequence of
circRNAs. Through combination of the three methods the
capability of seed match sequences was ranked. Using the
Cytoscape 3.4.0, the graph of circRNA/miRNA network was
drawn. The top 15 miRNA pathways were predicted based on
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Figure 1. Construction of an OSCC cell apoptosis model and depiction of differentially expressed circRNA profiles. (A) FCM detected the apoptosis rate
of the apoptosis model compared to the negative control and the apoptosis rate was increased by 10.6%. (B) A scatter diagram was used to evaluate the
differentially expressed circRNAs. The x-axis represents the relative expression of circRNAs in the negative control, and the y-axis represents the relative
expression of circRNAs in the apoptosis model. The spots above the top green line and below the bottom green line represent more than 2.0-fold changes
between the two groups. (C) The distribution of differentially expressed circRNAs in human chromosomes.

DIANA TOOLS-miRPath v.3 and the cancer-related pathways
and apoptosis-related pathways of the top 15 miRNAs were
selected. The target genes were acquired based on Database for
Annotation, Visualization and Integrated Discovery (DAVID).
Finally, several cancer-related pathways and apoptosis-related
pathways associating with circRNAs, miRNAs and target
genes were constructed.

Western blotting. The total protein of samples was extracted
using RIPA Lysis Buffer (Beyotime, China, which contained
PMSF (100:1) according to the standard procedure. The

protein samples were loaded onto 10% SDS PAGE and sepa-
rated. Then, they were transferred to a PVDF membrane. The
membrane was blocked for 2 h with 0.5% skim milk powder.
The target proteins on the membranes were incubated with the
relative primary antibodies [-actin (1:4,000; cat. no. ab8227)
and BIRC3 (1:1,000; cat no. ab32059) (both from Abcam,
Cambridge, UK) for 2 h on table concentrator at 4°C. After
being washed three times, the membranes were sequentially
incubated with the HRP conjugated secondary antibody
anti-Rabbit IgG H&L (HRP) (1:4,000; cat. no. ab205718)
(Abcam) for 1 h at RT and ECL detection followed.
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Figure 1. Continued. (D) The bar diagram shows the origin of differentially expressed circRNAs. Most of them originated from exons. Some originated
from introns, while, a few were from other sources. (E and F) Heat map and hierarchical clustering revealed expression values of all differentially expressed
circRNAs and the top 20 upregulated and downregulated circRNAs. OSCC, oral squamous cell carcinoma; FCM, flow cytometry; circRNAs, circular RNAs.

Statistical analysis. All of the experiments were repeated three
times independently. Data are expressed as the mean + stan-
dard deviation (SD). Student's t-test (two-tailed) was applied
for data analysis. The values P<0.05 indicated a statistically
significant difference.

Results

Construction of a cell apoptosis model and its differentially
expressed circRNA profiles. OSCC cell line CAL-27 was
stimulated with 100 ng/ml recombinant human TNF-a and
cultured for 48 h. The apoptosis rate of the apoptosis group
and the negative group were detected through FCM and

the apoptosis rate of the apoptosis model was increased by
10.6% compared to the negative control (Fig. 1A). Following
construction of the apoptosis model the circRNA profile of the
model was detected by means of high throughput microarray
assay. According to the fold change (=2.0), 628 circRNAs were
differentially expressed, among which 287 circRNAs were
upregulated while 341 circRNAs were downregulated (Fig. 1B).
By analyzing the data of differentially expressed circRNAs, we
classified their chromosomal origin (Fig. 1C) and determined
that most of the circRNAs came from the protein coding exons
(Fig. 1D). Furthermore, we listed the top twenty upregulated
and downregulated circRNAs in line with the fold changes of
the expression of circRNAs (Table IV). Moreover, hierarchical
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Figure 2. Differentially expressed circRNA/miRNA connection network. (A) All of the differentially expressed circRNAs and their candidate miRNAs

constitute a complex network.

clustering was drawn to reveal the differentially expressed
circRNAs between the apoptosis model and the negative control
(Fig. 1E and F). All of the data revealed that the expression of
circRNAs in the apoptosis group was different from that which
was matched in the negative group.

Construction of the circRNA/miRNA connection network.
According to the principle of complementary base pairing and
using the prediction software based on miRanda, TargetScan
and websites Circinteractome and miRDB, we found hundreds
of relative miRNAs targeting the differentially expressed
circRNAs. The top five candidate miRNAs out of a total of
628 circRNAs were selected in accordance with the strength of
their connection. The circRNA/miRNA network was depicted
using Cytoscape (Fig. 2A). In addition to the whole data, the

network of top 20 upregulated and downregulated circRNAs
and their candidate miRNAs was also depicted (Fig. 2B).

Validation of the differentially expressed circRNAs in
the apoptosis model and OSCC tissue by qRT-PCR and
sequencing. Ten circRNAs were selected to confirm the
differential expression between the apoptosis model and
the negative group via qRT-PCR. The results revealed, two
circRNAs, circCDC14B (hsa_circ_104838) and circDOCK1
(hsa_circ_100721) that were significantly downregulated in
the apoptosis group (Fig. 3A). However, the expression levels
of linear DOCK1 were slightly affected by TNF-a in SCC-9
and CAL-27 cells (Fig. 3B). To further confirm the significance
of these two circRNAs, their expression in OSCC cell lines
(CAL-27, SCC-9, SCC-25) and normal oral epithelial cells
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Figure 2. Continued. (B) The top 20 upregulated and downregulated circRNAs and their candidate miRNAs could also constitute a connective network. Red
nodes, upregulated circRNAs. Yellow nodes, downregulated circRNAs. Blue nodes, target miRNAs. CircRNAs, circular RNAs.

(HOK), OSCC tissue and para-carcinoma tissue (ten groups)
were ascertained by qRT-PCR. Furthermore, the circRNA
profiles of one of the OSCC tissue groups compared with
the para-carcinoma tissue was detected via high throughput
microarray assay. The results revealed that circDOCK1 was
distinctly upregulated in OSCC cell lines and OSCC tissue

(Fig. 3C and D). The sequencing of circDOCKI1 confirmed its
presence in OSCC (Fig. 3E). The data indicated that microarray
analysis was consistent with the qRT-PCR results regarding
the expression levels of circDOCKI1 (Fig. 3F). Consequently,
circDOCKI1 was chosen to be studied due to its mechanism
of action.
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Confirmation of circDOCKI apoptosis in OSCC cell lines.
CircDOCKI1 was significantly downregulated in the apoptosis
model compared with the negative group and markedly upreg-
ulated in the OSCC tissue compared with the para-carcinoma
tissue, however whether it could regulate the apoptosis rate
in OSCC cell lines was still unclear. Hence, a low expression

model of circDOCKI1 was constructed with three siRNAs
for circDOCKI1 in CAL-27 cells. After transfection for 48 h,
the effect of the three different siRNAs against circDOCK1
(si-circDOCK1) was analyzed by qRT-PCR and nucleic
acid electrophoresis. The most marked inhibitory result was
achieved with si-circDOCKI1-1 (siRNAI) (Fig. 4A and B).
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Figure 5. Prediction of the circDOCK1/miR-196a-5p apoptosis gene axis. (A and B) According to the principle of complementary base pairing, circDOCK1

and BIRC3 targeted the seed sequence of miR-196a-5p.

However, the expression levels of linear DOCK1 were not
affected by siRNA1 in SCC-9 and CAL-27 cells (Fig. 4C).
FCM detected the apoptosis rate of the low expression model
in CAL-27 and SCC-9 cells. Following transfection with
si-circDOCKI-1 for 48 h, the apoptosis rate was increased
by 13.7% and 9.6% in CAL-27 and SCC-9 cells, respectively
(Fig. 4D and E). Consequently, circDOCKI1 regulated the
apoptosis of OSCC cell lines.

Forecasting the circRNA/miRNA/mRNA axis of circDOCKI.
It is well known that circRNAs could serve as miRNA
sponges, indirectly regulating the expression of downstream
mRNAs. The combination of circRNAs and miRNAs as well
as miRNAs and mRNAs were based on complementary base
pairing (Fig. 5A and B). To study the apoptosis mechanism
of circDOCK1, circDOCK1/miRNA/mRNA was predicted.
DIANA TOOLS-mirPath v.3 ascertained all the candidate

miRNAs connecting with circDOCKI1, which participated
in cancer-related pathways and apoptosis-related pathways.
According to the P-value (P<0.05), the data revealed that the
candidate miRNAs for circDOCK1 hsa-miR-138-2-3p and
hsa-miR-196a-5p were involved in cancer-related pathways.
Further analysis of these two pathways revealed that only
hsa-miR-196a-5p was associated with apoptosis-related
pathways, including the p53 signaling pathway (Fig. 5C);
while 48 genes and 14 genes related to hsa-miR-196a-5p were
involved in the cancer-related pathways and the p53 signaling
pathway, respectively (Fig. 5SD). In order to further construct
the circDOCK1/miR-196a-5p/mRNA axis which was associ-
ated with the apoptosis pathway, DAVID functional annotation
was used. A total of 55 genes (7 genes were repetitive in cancer-
related pathways and the p53 signaling pathway) were analyzed
(Fig. 5E and F). The analysis revealed that some of these genes
were significantly correlated with cell apoptosis. Three genes
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Figure 5. Continued. (C) The signaling pathways related to miR-196a-5p were listed, which were based on P-values. (D) According to the bioinformatics
prediction, the circDOCK1/miRNA gene network was depicted, including 55 target genes, which were associated with cancer-related pathways and the p53
signaling pathway. (E and F) These two pathway maps indicate cancer-related pathways and the p53 signaling pathway related to miR-196a-5p. The red frames

represent the genes were regulated by the circDOCK1/miR-196a-5p axis.

were chosen: BIRC3, FOXO1, MDM2, which participated in
apoptosis-related pathways. Furthermore, it is well known
that Cyclin D1 and CDK4 could affect the cell cycle process
and cell proliferation. In addition E2F and c-Myc may block
cell differentiation. Ras, Racl, ITGA, ITGB and HSP90 were
involved in the PI3K-Akt signaling pathway which regulated
multiple cancer-related phenotypes. In addition, FOXO could
serve as a tumor-inhibiting factor. This indicated that most
of the genes correlated to circDOCK1 were closely related to
anti-apoptosis, tumorigenesis and metastasis.

OSCC cell apoptosis is regulated via the circDOCKI/
miR-196a-5p/BIRC3 pathway. The anti-apoptosis effect

of circDOCKI1 was previously demonstrated. Moreover, a
low expression model of circDOCKI1 was also constructed.
Bioinformatic prediction indicated that miR-196-5p may be
one of the target miRNAs of circDOCKI. Therefore, the low
expression model of circDOCK1 was used to detect the expres-
sion of miR-196a-5p. In addition, a negative group served as a
control. Following transfection for 48 h, the expression levels
of miR-196a-5p were upregulated distinctly in the low-expres-
sion circDOCKI1 group compared with the negative control in
CAL-27 and SCC-9 cells, while the expression levels of BIRC3
in the low-expression circDOCK1 group were downregulated.
However, FOXO1 and MDM?2 expressed no significant differ-
ences in expression (Fig. 6A). Moreover, the expression levels
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Figure 6. The circDOCK1/miR-196a-5p/BIRC3 pathway regulated OSCC cell apoptosis. (A) Following transfection with si-circDOCK1-1 for 48 h, the
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regulated. However, FOXO1 and MDM?2 exhibited no significant difference in expression. (B) The expression level of miR-196a-5p was significantly
downregulated in OSCC tissue compared to para-carcinoma tissue, while the expression levels of BIRC3 were upregulated. (C) Following transfection
with miR-196a-5p mimics, the expression level was increased nearly 7,000-fold. (D) The expression levels of circDOCK1 and BIRC3 were downregulated
in CAL-27 and SCC-9 cells after transfection with miR-196a-5p mimics as determined by qRT-PCR.

of miR-196a-5p in the OSCC tissue were lower than those
in the para-carcinoma tissue as determined by qRT-PCR,
while higher expression of BIRC3 was consistently detected
in OSCC tissue (ten groups) (Fig. 6B). Then, the overexpres-
sion model of miR-196a-5p was constructed with mimics of
miR-196a-5p in CAL-27 cells. Following transfection with
miR-196a-5p mimics for 48 h, the expression levels increased

nearly seven 7,000-fold (Fig. 6C). Accordingly, the expres-
sion levels of circDOCKI1 and BIRC3 were downregulated
in CAL-27 and SCC-9 cells as determined by qRT-PCR and
western blotting (Fig. 6D and E). Furthermore, FCM revealed
that the cell apoptosis rate after transfection with miR-196a-5p
mimics increased by 11.4% and 9.1% in CAL-27 and SCC-9
cells, respectively (Fig. 6F). These results revealed that OSCC
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Figure 6. Continued. (E) The expression levels of circDOCK1 and BIRC3 were downregulated in CAL-27 and SCC-9 cells after transfection with miR-196a-5p
mimics as determined by western blotting. (F) FCM revealed that the cell apoptosis rate following transfection with miR-196a-5p mimics was increased
by 11.4% and 9.1% in CAL-27 and SCC-9 cells, respectively. All data are expressed as the mean + SE of three independent experiments. "P<0.05, “P<0.01,
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cell apoptosis could be regulated through the circDOCK1/
miR-196a-5p/BIRC3 pathway.

Discussion

As early as 1976, circRNAs have been found in viroids (36)
however they were often considered as splicing byproducts
with low abundance (6). With the emergence of new genera-
tion sequencing technology and the progress of bioinformatics,
numerous circRNAs were found in eukaryotic organisms
and viruses (37-40). The regulatory effect of circRNAs in
eukaryotic cells was gradually recognized (4,10,11). Sanger
et al (36) found that viroids were single-stranded covalently
closed circRNA molecules, which could infect certain higher
plants. Unlike the linear RNAs, the 3- and 5-ends of circRNAs
were found to be joined together to form covalently closed
loop structures, which indicated their potential important
function (8). Salzman et al found that numerous circRNAs
existed in most normal cells and cancer cells. The function
of circRNAs were confirmed in succession (41). In addition to

P<0.001 vs. the control. OSCC, oral squamous cell carcinoma; FCM, flow cytometry.

the potential regulatory function, circRNAs may become new
biomarkers of cancer diagnosis and targeted therapy.

TNF-a could induce cancer cell apoptosis, which is an
accepted fact. The apoptosis effect in multiple types of cancer
have been demonstrated (42). The construction of an apoptosis
model in OSCC cell lines was successful, which revealed that
TNF-a could affect apoptosis in OSCC.

In the present study, we first constructed an OSCC cell apop-
tosis model and corresponding differentially expressed circRNA
profiles. The circRNA profiles revealed thathundreds of circRNAs
were aberrantly expressed in the OSCC cell apoptosis model
compared with the negative control, suggesting that circRNAs
were involved in the regulation of cell phenotype. We also
detected the differentially expressed circRNA profiles in OSCC
tissue and para-carcinoma tissue. Upon comparison of these
two sets of data, we determined that dozens of circRNAs over-
lapped, such as circDOCK1, circDLG1, circFBXLS, circPLCBI,
circLOC401320, circDHDDS, circZFYVE27, circPRDX3,
circPPAPDCI1A, circQSERI1, circCAPRINI, circGAPDH,
circRNFT2, circMETTLS3, circEML1, circHERC2P3, circCIB2,
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circABCCl1, circCLN3, circABCC3, circPGPEP1, circCACNG7,
circLMF2, circRADS54L2, circABHD®6, circLRIGI, circY-
EATS2, circSENPS5, circDEPDCIB, circG3BP1, circNUP153,
circLRRCI16A, circBVES, circFAMI120B, circSNDI, circ-
CREB3L2, circTRIM24, circDOCKS5, circKAT6A, circC9orf5,
circSUSDI, circZMIZ1, circRPL27A, circEXOC7, circMCMS5,
circQRICHI, circTJAPI, circCOL26A1, which indicated that
these overlapped differentially expressed circRNAs may be
significant in the regulation of OSCC cell apoptosis. CircDOCK1
was confirmed to be markedly dysregulated in the apoptosis
model, OSCC cell lines and OSCC tissue compared with the
negative control, HOK and para-carcinoma tissue, respectively.
A previous study revealed that circRNAs from DOCKI1 were
strongly decreased by TGF-f treatment, while the DOCK1
mRNA was increased 2-fold. Furthermore TGF-f treatment
could induce epithelial mesenchymal transformation (EMT). This
indicated that one of the functions of circRNAs from DOCK1
may induce the downregulation of mRNAs in epithelial cells,
keeping cellular stability (43). However, numerous circRNAs
from DOCK1, may possess other functions in biological regula-
tion. Therefore, circDOCK1 may be a promising biomarker and
therapeutic target for OSCC, and its other functions in OSCC
will be detected continuously in our laboratory.

In addition, it is the first time that differentially expressed
circRNA profiles in OSCC were constructed. We also
constructed the circRNA/miRNA networks of OSCC, which
enriched competing endogenous RNAs (ceRNAs). As negative
regulatory factors, miRNAs could degrade or suppress their
target mRNAs (32,44,45). However, in the past two years,
circRNAs have been demonstrated to serve as miRNA sponges,
such as the circRNAs CDR1as (7), SRY(7) and circ-ITCH (46).
They could interact with relevant miRNAs based on conserved
seed sequence matches, which suppress the negative effect of
miRNAs, thus upregulating the target mRNAs. For instance,
miR-7, which could be adsorbed by CDRI1as, and could inhibit
the EGFR signaling pathway by targeting EGFR, Rafl,
PSME3, PLEC1, CKAP4, CNOT8, CNN3, CAPZAI, PFN2
and ARF4 (47). Furthermore, the EGFR signaling pathway
exhibited a significant connection with cancer development
(48). Therefore, circRNAs play a crucial role in the ceRNA
system. As an upstream regulator, the change in the expression
levels of circRNA may lead to the change of miRNAs and
mRNAs. Eventually the balance of cells would lead to abnor-
mity, including cancers. According to recent research, apart
from their function as miRNA-sponges, circRNAs could serve
as regulators of alternative splicing (9), transcription factors
(10) and encode for proteins (11). The regulatory mechanism of
circRNAs is complex and it is not clear how many circRNAs
could function as miRNA-sponges. To date, there has been no
report on circRNAs in OSCC.

Improving the apoptosisrate is a great approach to hinder the
development of cancers. As a result, we found that circDOCK1
was significantly downregulated in the apoptosis model
compared to the control. Moreover, our results revealed that
circDOCKI1 was highly expressed in OSCC tissue and cell lines
compared to para-carcinoma and HOK cells, respectively. In
order to further confirm the biological function of circDOCK1
in OSCC, we downregulated its expression using siRNAs
and the apoptosis rate increased, which was consistent with
our previous results. With the use of bioinformatics analysis,
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we surmised that circDOCKI1 could serve as miR-196a-5p
sponge. DIANA-miRPath analysis revealed that miR-196a-5p
may be implicated in cancer-associated pathways and regulate
apoptosis-related genes. Based on diverse bioinformatics data,
we depicted a circRNA/miRNA/mRNA regulatory pathway
in OSCC. The data revealed that 61 genes, which were related
to miR-196a-5p, were involved in cancer-related pathways
and the p53 signaling pathway. Following the use of DAVID
functional annotations, we found that BIRC3, FOXO1 and
MDM2 participated in apoptosis-related pathways. In order to
validate the circDOCK1/miR-196a-5p/mRNA axis, our results
revealed that when the expression level of circDOCKI1 was
downregulated, miR-196-5p was upregulated while BIRC3
was downregulated accordingly. Moreover, when the expres-
sion level of miR-196-5p was upregulated, circDOCKI1 and
BIRC3 were downregulated accordingly, too. We also detected
the expression level of miR-196a-5p and BIRC3 in OSCC
tissue and cell lines compared to para-carcinoma and HOK
cells, respectively and found that miR-196a-5p was expressed
at a low level while BIRC3 was highly expressed in OSCC
tissue and cell lines. Both the RNA level and protein level
exhibited the same outcome. A recent study demonstrated that
both in vivo and in vitro BIRC3 upregulation led to apoptosis
evasion and therapeutic resistance in genome-wide analysis of
glioblastoma (GBM) (49). Inhibition of IAP protein expres-
sion by small molecule inhibitors or molecular biological
assays could promote tumor cell apoptosis and improve sensi-
tivity to chemotherapy (50), which was consistent with our
results. However, we noted that the apoptotic rate increased
predominately in quadrant 2 rather than quadrant 4 [compared
figs. 4D and E, 6F and 1A (apoptosis model)] in the siRNA
experiment, which may signify that more late apoptosis/
necrosis occurred.

In conclusion, our results demonstrated that circDOCK1
was upregulated and revealed its apoptosis-regulating func-
tion in OSCC. Using multiple bioinformatic methods, we
constructed the circRNA/miRNA/mRNA regulatory network
in OSCC. Finally, the apoptosis-regulating function of the
circDOCK1/miR-196a-5p/BIRC3 axis was further confirmed
in OSCC. In the future, other functions of circDOCK1 may
be detected in our laboratory however our present results
revealed that circDOCK1 may serve as a promising diagnostic
biomarker and therapeutic target in OSCC.
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