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Cholangiocarcinomas (CCA) are biliary tract tumors that are often challenging to
diagnosis and treatment. Accumulated evidence reveals that circular RNAs (circRNAS)
are involved in multiple cancer progression. However, the function of circRNAs in
cholangiocarcinoma remains largely unclear. In this study, we found that circ_0021205
expression was up-regulated in CCA and positively correlated with tumor size and TNM
stage. To further explore the role of circ_0021205 in CCA, cell functional assays were
performed. The results showed that circ_0021205 promoted the proliferation, migration,
and invasion of CCA cells. In vivo experiments showed that circ_0021205 inhibition
reduced tumorigenesis in mice. In addition, mechanisms investigation demonstrated
that circ_0021205 exerts its oncogenic function by sponging miR-204-5p to regulate
the expression of RAB22A. Overall, this study revealed that circ_0021205 might serve
as a potential diagnostic biomarker or therapeutic target for CCA.

Keywords: cholangiocarcinoma, circular RNAs, circ_0021205, miR-204-5p, RAB22A

INTRODUCTION

Cholangiocarcinoma (CCA) is a highly malignant tumor found in the epithelial cells lining the
bile duct, which is categorized according to anatomical location as intrahepatic, perihilar, and distal
cholangiocarcinoma (Cunningham et al., 2007; Rizvi et al., 2018). In the past 30-40 years, the global
incidence of cholangiocarcinoma has risen to 18% of all liver cancers (Erichsen et al., 2011). At
present, the effective treatments of cholangiocarcinoma are surgical resection, liver transplantation,
and drug therapy (Kinoshita et al., 2008; Wechagama et al., 2012). However, the therapeutic effects
of radiotherapy and chemotherapy are relatively poor. The only effective treatment method is early
surgical resection of cholangiocarcinoma (Fidelman et al., 2011; Patop et al., 2019). Therefore,
it is urgently needed to further explore the pathogenesis of cholangiocarcinoma to develop new
diagnostic and therapeutic methods for CCA.

Circular RNAs (circRNAs) are produced by reverse splicing, which is characterized by covalently
closed continuous loops and canonical splicing sites (Jens et al., 2013; Li et al., 2018). Due to the
lack of 5" cap structure and 3’ poly(A) tails, circRNAs have a long half-life, which enables them
to resist the conventional linear decay mechanism of RNA (Jeck and Sharpless, 2014; Chen et al.,
2017). Previous studies have shown that some circRNAs can bind to specific miRNAs as miRNA
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sponges (Hansen et al., 2013). In addition, recent studies have
shown that circRNAs play a role in multiple cancer progression
(Legnini et al.,, 2017; Yang et al., 2017). Because of the long half-
life and resistance to common degradation pathways, circRNAs
may serve as the potential biomarkers for cancer (Kulcheski et al.,
2016). However, the reports about the mechanism and function of
circRNAs in cholangiocarcinoma are limited.

MicroRNAs (miRNAs) are non-coding RNAs which
play roles in the negative regulation of gene expression
at the post-transcriptional level (Lee and Dutta, 2009; Lu
and Rothenberg, 2018). In the past decade, it has been
found that miRNAs are closely related to the development
of cancer and can play the role of tumor suppressor or
promoter (Rupaimoole and Slack, 2017). MiR-204-5p was
identified as a tumor-suppressive miRNA, plays a role in
cancer development and progression (Zhang et al., 2014). In
addition, the deregulation of miRNAs is associated with the
progression of many tumors, including cholangiocarcinoma
(Wan et al, 2018). However, The regulatory mechanism
of circRNA-miRNA network on cholangiocarcinoma is
rarely reported.

MATERIALS AND METHODS

Tissues and Cell Lines

Cholangiocarcinomas tissues and adjacent tissues were obtained
from Lishui Hospital of Zhejiang University. All patients gave
written informed consent before this study start. This study was
approved by the ethics committee of Lishui Hospital of Zhejiang
University. The clinicopathological characteristics of 27 CCA
patients were as shown below:

CCA patients 27
Sex
Male 13
Female 15
Age
<50 17
>50 10
AFP (ng/ml)
<20 15
>20 12

All cell lines were purchased from China Center for Type
Culture Collection (CCTCC). Normal biliary cell line HIBEC
and CCA cell lines (HCCC-9810, Huh-28, and KMBC) were
cultured in Roswell Park Memorial Institute (RPMI) 1640
Medium (Gibco, United States), CCA cell lines QBC939, RBE,
and HuCCT1 were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM, Gibco). All medium were supplemented with
10% fetal bovine serum (FBS, Gibco), 100 U/mL penicillin and
100 pg/mL streptomycin.

RNase R Treatment

Total RNA (10 png) from HuCCT1 and KMBC cells were
incubated with 5 U/ng RNase R (Epicenter Technologies,
United States) for 15 min at 37 °C. Subsequently, the treated
RNA was reverse transcribed and the level of circ_0021205
was examined by quantitative real time PCR (qRT-PCR) assay.
Experiments were repeated for three times.

Cell Transfection

The si-circ_0021205-1 (GTCTAATTCCTGTGGTGAAGA),
si-circ_0021205-2 (ATTGTCTAATTCCTGTGGTGA), miR-
204-5p mimic (5-UUCCCUUUGUCAUCCUAUGCCU-3'), and
miR-204-5p inhibitor (5-AGGCAUAGGAUGACAAAGGGAA-
3’) were purchased from Thermo Fisher Scientific
(United States). The oe-circ_0021205 pasmids were constructed
using pLO5-ciR vectors (Geneseed, China). All cell transfection
were performed using Lipofectamine 3000 (Thermo Fisher
Scientific, United States).

RNA Extraction and Quantitative Real
Time PCR (qRT-PCR)

Total RNA of CCA tissues and cell lines was extracted
using TRIzol reagent (Invitrogen, United States), then the
concentration and purity of RNA was measured by NanoDrop
2000 (Thermo Fisher Scientific, United States). The qRT-PCR
was performed using SYBR Green qPCR Mix (Takara, Japan). For
circRNA and mRNA, GAPDH was used as endogenous reference.
For miRNA, U6 was used as endogenous reference. All qRT-PCR
reactions were run on the ABI 7500 Fast Real-Time PCR System
(Applied Biosystems, United States). The relative expression of
RNAs was calculated with 272 2T algorithm. All primers used
in this study were listed in Table 1. Experiments were repeated
for three times.

Luciferase Reporter Assay

The pGL3 Luciferase Reporter Vectors (Promega, United States)
containing circ_0021205-W'T, circ_0021205-MuT, RAB22A-WT,
or RAB22A-MuT sequences were co-transfected with miR-204-
5p mimics or NC-mimics into HuCCT1 and KMBC cells. After
24 h of incubation, cells were lysed by 1 x PLB, then the
luciferase activities were measured using the Dual-Luciferase
Reporter Assay System (Promega, United States). Experiments
were repeated for three times.

Table 1 Primers used in gRT-PCR assay.

Gene Sequences

circ_0021205 F: 5'-ACATGTTTGCACTTGTCTTTGACT-3'

R: 5’-TGTCTTCACCACAGGAATTAGACA-3’

miR-204-5p F: 5'-GGGAAACAGUAGGAUACGGA-3’
R: 5’-CAGTGCGTGTCGTGGAGT-3
GAPDH F: 5'-CGCTCTCTGCTCCTCCTGTTC-3

R: 5’-ATCCGTTGACTCCGACCTTCAC-3
ue F: 5’-AGCCCGCACTCAGAACATC-3'
R: 5'-GCCACCAAGACAATCATCC-3
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Cell Counting Kit-8 Proliferation Assay

3 x 10° HuCCT1 and KMBC cells were seeded into 96-well
plates and cultured for 2-4 h. Then added 10 pL CCK-8 reagents
(YEASEN, China) to each well. After 2 h of incubation, the
optional density (OD) at 450 nm was measured by the Multiskan
FC with Incubator (Thermo Fisher Scientific, United States).
Experiments were repeated for three times.

Colony Formation Assay

2 x 10> HuCCT1 and KMBC cells in logarithmic growth phase
were seeded into 12-well plates, and cultured for 2 weeks. Then
cells were fixed using 4% paraformaldehyde for 15 min and
stained by crystal violet staining solution for 15 min. Slowly
washed the plates with running water and air-dried. Counted
the number of colonies in the plates. Experiments were repeated
for three times.

Transwell Migration and Invasion Assay

For migration assay, the transwell chambers (Millipore,
United States) were paved without matrigel mix. For invasion
assay, the upper transwell chambers were paved with matrigel
mix. HuCCT1 and KMBC cells were suspended in medium
without FBS and seeded into the upper transwell chambers.
And medium supplemented with 10% FBS was infused
into the bottom chambers as cell chemo attractant. After
24 h of incubation, the upper chamber was fixed with 4%
paraformaldehyde and then stained by crystal violet staining
solution for 15 min. The cell numbers were counted in five
different fields under the microscope. Experiments were repeated
for three times.

Western Blot and Immunohistochemistry
Staining

Cells were lysed using RIPA buffer containing protease
inhibitor (Sangon, China). 30 pg total protein extracted
from CCA cells was separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), and transferred
to polyvinylidene fluoride (PVDF) membranes (Millipore,
United States). The membranes were blocked by 5% skimmed
milk and incubated with the primary antibodies (anti-Ki-67,
1:1000, ab16667, Abcam, United States; anti-PCNA, 1:1000,
ab265609, Abcam, United States; anti-GAPDH, 1:1000, ab9485,
Abcam, United States; anti-RAB22A, 1:1000 ab137093, Abcam,
United States) overnight at 4°C. And incubated with the
HRP-conjugated secondary antibodies (1:10000; Abcam,
United States) at room temperature for 1 h. Subsequently, the
protein bands were visualized using the Clarity Western ECL
Substrate (Bio-Rad, United States). The primary antibodies
used in this study were as shown below: (anti-Ki-67, 1: 200,
ab16667, Abcam, United States; anti-PCNA, 1:250, ab265609,
Abcam, United States).

Xenografts in Mice

All male BALB/c nude mice were purchased from XX. 1 x 107
HuCCT1 cells stably transfected with si-circ_0021205 or si-NC
were subcutaneously injected into the mice, respectively. After

the injection, we measured the tumor and calculated the tumor
volume every 4 days. 20 days after injection, the mice were
euthanized, then tumors were excised and measured. We then
used the tumor tissues for qOCR, WB, and IHC analysis.

Statistical Analysis

GraphPad Prism 8.0 (GraphPad Software, San Diego, CA,
United States) and SPSS 22.0 (IBM, Chicago, IL, United States)
were used in this study. Student’s ¢ test and One-way ANOVA
followed by Dunnett’s multiple comparisons test were used to
analyze the difference between groups. P < 0.05 was considered
statistically significant. Each experiment was triplicated.

RESULTS
Circ_0021205 Is Upregulated in CCA

To investigate the correlation between circ_0021205 expression
and CCA development, we collected 27 pairs of CCA tissues
and adjacent tissues, and detected the circ_0021205 expression
using qRT-PCR. As shown in Figure 1A, the expression of
circ_0021205 in CCA tissues was significantly upregulated
compared with that in normal tissues. We also analyzed the
circ_0021205 expression in CCA tissues with different size
or TNM stage (Figures 1B,C). The results showed that the
circ_0021205 expression in larger size or advanced stage tumor
tissues was higher. In addition, the expression of circ_0021205 in
CCA cell lines was also higher than in normal human intrahepatic
biliary epithelial cells (Figure 1D). HuCCT1 and KMBC cell
lines were selected for further study for the relative high or low
expression level of circ_0021205 among 6 CCA cell lines. To
verify the circular feature of circ_0021205, RNase R treatment was
performed to examine the stability of circ_0021205 (Figure 1E).
Random hexamer and oligo(dt) 18 were used to amplify
circ_0021205 and liner mRNA (WEE]) respectively (Figure 1F),
the results showed that circ_0021205 is a circular RNA.

Circ_0021205 Promotes the Proliferation,

Migration, and Invasion of CCA Cells

To explore the role of circ_0021205 in CCA, the expression
of circ_0021205 was down-regulated in HuCCT1 cells using
si-circ_0021205-1 and si-circ_0021205-2 (Figure 2A) and
up-regulated in KMBC cells using over-expression vectors
(Figure 2B). si-circ_0021205-2 was selected for the subsequent
experiments (Figure 2A). Results of CCK-8 assay showed that
the down-regulation of circ_0021205 significantly inhibited
CCA cell proliferation, whereas circ_0021205 up-regulation
promoted the proliferation of CCA cells (Figures 2C,D).
Colony formation assay indicated that circ_0021205 inhibition
suppressed cell cloning capability of CCA cells, however, up-
regulation of circ_0021205 exerted opposite effects (Figure 2E).
We further confirmed the role of circ_0021205 in regulation
of CCA cells proliferation using western blotting to detect
the expression levels of proliferation makers, Ki-67 and
PCNA (Figure 2F). In addition, transwell assay showed
that the down-regulation of circ_0021205 inhibited the
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FIGURE 1 | Circ_0021205 is upregulated in CCA. (A) QRT-PCR data showed that circ_0021205 was significantly upregulated in CCA tissues than controls.

(B,C) QRT-PCR data showed that circ_0021205 expression in >4 cm size or | + |l stage tumor tissues was higher than in small size or Ill + IV stage tumors. (D) The
relative expression of circ_0021205 in different cell lines was detected using gRT-PCR. (E) QRT-PCR data showed that circ_0021205 expression has not been
decreased after RNase R treatment. (F) QRT-PCR data showed that circ_0021205 could not be amplified by oligo(dt) 18 primers. All experiments were repeated at
least three time. *P < 0.05, **P < 0.01, **P < 0.001.
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FIGURE 3 | Circ_0021205 serves as a miR-204-5p sponge. (A) RIP
experiments with AGO2 antibody were conducted, the expression of
circ_0021205 was detected using gRT-PCR. (B,C) The expression of miRNAs
bind to circ_0021205 probes in HUCCT1 and KMBC cells was detected by
gRT-PCR. (D) Schematic illustration of circ_0021205-WT and
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circ_0021205 and miR-204-5p. (E) The relative luciferase activities were
detected in HUCCT1 and KMBC cells after co-transfection with
circ_0021205-WT/MuT and miR-204-5p mimics/NC-mimics, respectively.

(F) The expression of miR-204-5p was detected in HUCCT1 and KMBC cells
transfected with si-circ_0021205 and OE-circ_0021205 plasmids,
respectively. (G) Relative expression of miR-204-5p was detected in CCA and
normal tissues. (H) The levels of proliferation makers, Ki-67 and PCNA, were
investigated using western blotting. (I) The proliferation of transfected CCA
cells was determined by CCK-8 assay. All experiments were repeated at least
three time. **P < 0.01, **P < 0.001.

migration and invasion of CCA cells, whereas circ_0021205
up-regulation promoted CCA cell migration and invasion
(Figure 2G). These results demonstrated that circ_0021205
promoted the proliferation, migration and invasion of CCA cells
in vitro.

Circ_0021205 Serves as a MiR-204-5p
Sponge

To explore whether circ_0021205 sponging miRNAs, RIP
experiments were performed. As shown in Figure 3A, the

expression of circ_0021205 was enriched in AGO2 groups,
indicating that circ_0021205 could bind to miRNAs through
AGO?2 protein. Then we predicted the potential target miRNAs
through CircInteractome', and detected their levels bind to
specific circ_0021205 probe in HuCCT1 (Figure 3B) and KMBC
(Figure 3C) cells. Results showed that the levels of miR-
204-5p binding to circ_0021205 probe were higher in both
HuCCT1 and KMBC cells. Next, miR-204-5p was selected
for subsequent experiments. To further verify the interaction
between circ_0021205 and miR-204-5p, luciferase reporter
vectors were constructed (Figure 3D). And miR-204-5p mimics
significantly decreased the luciferase activity in circ_0021205
WT groups, whereas brought no changes in circ_0021205
MuT groups (Figure 3E). The results demonstrated that
circ_0021205 could directly bind to miR-204-5p. In addition, the
expression of miR-204-5p was significantly increased in HuCCT1
cells transfected with si-circ_0021205, and circ_0021205 over-
expression inhibited miR-204-5p expression in KMBC cells
(Figure 3F). We then further examined the expression level
of miR-204-5p using CCA tissues, and found that miR-204-5p
level was remarkably decreased (Figure 3G). Through in vitro
assays, we also confirmed that miR-204-5p mimics inhibited
the proliferation of CCA cells, and miR-204-5p inhibitors
enhanced the proliferation ability of CCA cells with detection
of proliferation markers and CCK-8 assay (Figures 3H,I).
These data illustrated that circ_0021205 serve as a miR-204-

5p sponge.

RAB22A Is a Direct Target of MiR-204-5p

We predicted target genes of miR-204-5p by Starbase 3.0,
and RAB22A had been reported to involve in the progression
of several cancers (Liao et al, 2020). The putative binding
sites between miR-204-5p and RAB22A WT or MuT were
shown in Figure 4A. Luciferase reporter vectors containing
RAB22A WT/MuT sequences were co-transfected with
miR-204-5p mimics/NC-mimics into HuCCT1 and KMBC
cells. The results showed that miR-204-5p significantly
reduced the luciferase activities in RAB22A WT groups,
but no changes in RAB22A MuT groups (Figures 4B,C). In
addition, the data from TGCA showed that the expression
of miR-204-5p was negatively correlated with RAB22A levels
in human CCA tissues (Figure 4D). We also confirmed
that RAB22A level was increased in both CCA tissues abd
CCA cell lines (Figure 4G). Furthermore, the expression
of RAB22A was detected in HuCCTl and KMBC cell
transfected with miR-204-5p mimics and miR-204-5p
inhibitors, respectively. The results showed that the up-
regulation of miR-204-5p significantly inhibited RAB22A
expression, whereas miR-204-5p down-regulation increased
RAB22A expression (Figures 4E,F). Also, results collected
using CCK-8 assay and proliferation makers measurement
shown that si-RAB22A reduced the proliferation of CCA cells
(Figures 4H,I). These data demonstrated that RAB22A is a target
gene of miR-204-5p.

'https://circinteractome.nia.nih.gov
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FIGURE 4 | RAB22A is a direct target of miR-204-5p. (A) Schematic illustration of RAB22A-WT and RAB22A-MuT luciferase reporter vectors and the binding sites
between RAB22A and miR-204-5p. (B,C) The relative luciferase activities were detected in HUCCT1 and KMBC cells after co-transfection with RAB22A-WT/MuT
and miR-204-5p mimics/NC-mimics, respectively. (D) The correlation between miR-204-5p and RAB22A in CCA tissues. (E,F) The western blot was used to detect
the expression of RAB22A in HUCCT1 and KMBC cells transfected with miR-204-5p mimics and miR-204-5p inhibitors, respectively. (G) The levels of RAB22A in
CCA and normal tissues and CCA cell lines were investigated using western blotting. (H) The proliferation of transfected CCA cells was determined by CCK-8 assay.
(I) The levels of proliferation makers, Ki-67 and PCNA, were investigated using western blotting. All experiments were repeated at least three time. **P < 0.01,

**P < 0.001.

Circ_0021205 Promotes CCA Cell
Proliferation, Migration, and Invasion
Through MiR-204-5p/RAB22A Axis

To further explore whether circ_0021205 served as a
tumor promoter through miR-204-5p/RAB22A axis, rescue
experiments were performed using miR-204-5p mimics and
inhibitors. Western blot assay showed that knockdown of
circ_0021205 decreased RAB22A expression in HuCCT1
cells, while circ_0021205 up-regulation enhanced RAB22A
expression in KMBC cells. Simultaneously, these effects caused
by knocking down or over-expressing circ_0021205 were
reversed by miR-204-5p inhibitors or mimics, respectively
(Figures 5A,B). Moreover, CCK-8 assay (Figure 5C), colony
formation assay (Figure 5D), and transwell assay (Figure 5E)
were also performed. The results indicated that miR-204-5p
inhibitors reversed the suppressing effects of circ_0021205
down-regulation on proliferation, migration, and invasion
in HuCCT1 cells, whereas miR-204-5p mimics blocked the

promoting effects induced by circ_0021205 over-expression in
KMBC cells. Collectively, these results revealed that circ_0021205
served as a miR-204-5p sponge to regulate RAB22A expression,
thus promoting the progression of CCA.

Circ_0021205 Knockdown Inhibits the

Tumorigenesis of CCA in vivo

To further explore the role of circ_0021205 in vivo, the
HuCCT1 cells transfected with si-NC or si-circ_0021205 were
subcutaneously injected into the mice, respectively (n = 6).
Tumor volumes were recorded every 4 days (Figure 6B) and
the tumors were excised at 20 days after injection (Figure 6A).
Then the tumor weights were recorded (Figure 6C). We then
detect the expression level of miR-204-5p and RAB22A with
qPCR and WB, and confirmed that si-circ_0021205 increased
the expression level of miR-204-5p and decreased RAB22A
level in tumor tissues (Figures 6D,E). Next, we investigated
the proliferation of the cells in the tumors with western
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FIGURE 5 | Circ_0021205 suppresses CCA cell proliferation, migration and invasion through miR-204-5p/RAB22A axis. (A,B) Western blot results showed that
circ_0021205 regulated RAB22A expression through sponging miR-204-5p. (C,D) The proliferation ability of treated HUCCT1 and KMBC cells were detected by
CCK-8 assay and colony formation assay. (E) Transwell assay was performed to detect the migration and invasion of treated HUCCT1 and KMBC cells. All
experiments were repeated at least three time. **P < 0.01. # and ## mean the significant differences between oe-circ_0021205+miR-mimics and
oe-circ_0021205-+NC-mimics or si-circ_0021205+miR-inhibitors and si-circ_0021205+NC-inhibitors.

blotting and immunohistochemistry staining, and found the
expression of Ki-67 and PCNA were significantly decreased
after knocking down of circ_0021205 (Figures 6FEG). Six-
month after the xenograft, we confirmed that si-circ_0021205
did not affect the mice survival. The results revealed that
circ_0021205 knockdown could suppress the tumor growth of
CCA in vivo.

DISCUSSION

In recent years, emerging evidence illustrates that many circRNAs
function as tumor suppressors or promoters in several cancers,
such as hepatocellular carcinoma, lung cancer, gastric cancer, and

cholangiocarcinoma (Yang et al., 2019). So far, only a few CCA-
related circRNAs have been recognized. In the present study,
we first reveal that circ_0021205/miR-204-5p/RAB22A axis is
involved in CCA progression.

In this study, we found that circ_0021205 was significantly
up-regulated in CCA tissues and cells compare with the controls
and associated with tumor size and TNM stage. Subsequently, the
functional study demonstrated that circ_0021205 promoted the
proliferation, metastasis, and invasion of CCA cells. Currently,
accumulating studies reported that circRNAs could serve as
miRNA sponges to regulate the expression of downstream
genes. The “circRNA-miRNA-mRNA” axis has been reported
to be involved in the development of multiple cancers. For
example, circCCDC9 suppresses the progression of gastric
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FIGURE 6 | Circ_0021205 knockdown inhibits the tumorigenesis of CCA

in vivo. (A) The presentative image of xenograft tumors was showed.

(B) Tumor volumes were recorded every 4 days. (C) Tumor weights were
recorded. (D) Relative miR-204-5p expression after down-regulation of
circ_0021205 was measured using gPCR. (E) The levels of RAB22A in si-NC
and so-circ_0021205 tumor tissues were investigated using western blotting.
(F) The levels of proliferation makers, Ki-67 and PCNA, were investigated
using western blotting. (G) The proliferation properties of si-NC and
s0-circ_0021205 tumor tissues were detected using immunohistochemistry
staining. ***P < 0.001.

cancer by regulating CAV1 via miR-6792-3p (Luo et al., 2020).
Circ-ZKSCAN1 regulates FAM83A expression by sponging
miR-330-5p to promote non-small lung cancer progression
(Wang et al., 2019).

In our study, RIP experiment and liciferase report assay
indicated that circ_0021205 could act as the sponge of miR-204-
5p and RAB22A is the target gene of miR-204-5p. The rescue
experiments demonstrated that circ_0021205 exerts carcinogenic
effects in CCA by target RAB22A via miR-204-5p. RAB22A, a
member of the RAB family of small GTPases, is known to be
involved in several immune functions, and plays important roles
in the endocytic recycling and the formation of T cell conjugates
(Mayorga and Cebrian, 2019). Also, the expression of RAB22A
determines the progression of multiple tumors, including liver
cancer, ovarian cancer and malignant melanoma (Mayorga and
Cebrian, 2019). In 2017, a study reported that Rab22a could
enhance CD147 recycling and was required for the migration

and invasion of lung cancer cells (Zhou et al., 2017). Given the
above results, our results suggested the potential of circ_0021205
as a novel biomarker for the diagnosis of CCA. In CCA patients
with elevated circ_0021205 level, circ_0021205, miR-204-5p and
RAB22A could also be potential targets to be manipulated
with the help of adeno-associated virus (AAV) to inhibit the
progression of CCA. However, RAB22A plays important roles
in multiple cancers containing liver cancer, ovarian cancer,
malignant melanoma and CCA, and participates in multiple
cell signaling pathways. So the manipulation of RAB22A may
cause severe side effects in CCA patients. With the more specific
manipulation of the upstream circ_0021205 and miR-204-5p, the
side effects may be avoid. Nevertheless, there are some limitations
in our study. Firstly, whether circ_0021205 can be stably detected
in body fluids such as plasma still needs further study. Secondly,
although the carcinogenic effects of circ_0021205 in CCA were
revealed in this study, there also might be other critical circRNAs
or mechanisms involved in the development of CCA. Therefore,
the diagnostic potential of circ_0021205 in CCA is in need of
further investigation.

In conclusion, this study demonstrates that circ_0021205
promotes CCA progression through miR-204-5p/RAB22A axis,
which may provide a potential biomarker for CCA diagnosis.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Lishui Hospital of Zhejiang
University. The patients/participants provided their written
informed consent to participate in this study. The animal study
was reviewed and approved by the Ethics Committee of Lishui
Hospital of Zhejiang University.

AUTHOR CONTRIBUTIONS

JT and WC designed this study. LZ, SE DZ, CK, and YY
performed these experiments. RQ, ZZ, and CL analyzed the data.
XL and JJ wrote the manuscript. All authors contributed to the
article and approved the submitted version.

FUNDING

This study was supported by the National Key Research and
Development projects intergovernmental cooperation in science
and technology of China (2018YFE0126900), the National
Natural Science Foundation of China (No. 82072025 and
82072026), the Key R&D Program of Lishui City (Nos.
2019ZDYF17 and 2019ZDYF09).

Frontiers in Cell and Developmental Biology | www.frontiersin.org

May 2021 | Volume 9 | Article 653207


https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Tuetal.

Circ0021205/miR-204-5p/RAB22A Axis in Cholangiocarcinoma

REFERENCES

Chen, Y. G, Kim, M. V., Chen, X,, Batista, P. J., Aoyama, S., Wilusz, . E., et al.
(2017). Sensing Self and Foreign Circular RNAs by Intron Identity. Mole. Cell
67, 228-238. doi: 10.1016/j.molcel.2017.05.022

Cunningham, S. C., Cameron, J. L., Kamangar, F., Winter, J. M., Lillemoe, K. D,,
and Choti, M. A. (2007). Cholangiocarcinoma: thirty-one-year experience with
564 patients at a single institution. Ann. Surg. 245, 755-762. doi: 10.1097/01.
s1a.0000251366.62632.d3

Erichsen, R., Norgaard, M., Hoyer, M., Hansen, J. B, and Jacobsen, J. B. (2011).
Survival of patients with primary liver cancer in central and northern Denmark,
1998-2009. Clin. Epidemiol. 3(Suppl. 1), 3-10. doi: 10.2147/clep.s20623

Fidelman, N., Roberts, J. P, and Yao, F. Y. (2011). Mixed hepatocellular
cholangiocarcinoma and intrahepatic cholangiocarcinoma in patients
undergoing transplantation for hepatocellular carcinoma. Liver Transpl.
17, 934-942. doi: 10.1002/1t.22307

Hansen, T. B, Jensen, T. L, Clausen, B. H., Bramsen, J. B., Finsen, B., Damgaard,
C. K, etal. (2013). Natural RNA circles function as efficient microRNA sponges.
Nature 495, 384-388. doi: 10.1038/nature11993

Jeck, W. R,, and Sharpless, N. E. (2014). Detecting and characterizing circular
RNAs. Nat. Biotechnol. 32, 453-461. doi: 10.1038/nbt.2890

Jens, M., Elefsinioti, A. L., Torti, F., Krueger, J., Rybak, A., and Maier, L. (2013).
Circular RNAs are a large class of animal RNAs with regulatory potency. Nature
495, 333-338. doi: 10.1038/nature11928

Kinoshita, T., Konishi, M., Takahashi, S., and Gotohda, N. (2008). Surgical
Outcome and Prognostic Factors in Intrahepatic Cholangiocarcinoma. World
J. Surg. 32, 2675-2680. doi: 10.1007/s00268-008-9778-3

Kulcheski, F. R., Christoff, A. P., and Margis, R. (2016). Circular RNAs are miRNA
sponges and can be used as a new class of biomarker. J. Biotechnol. 238, 42-51.
doi: 10.1016/j.jbiotec.2016.09.011

Lee, Y. S., and Dutta, A. (2009). Micrornas in cancer. Annu Rev. Pathol. 4,199-227.

Legnini, I, Di Timoteo, G., Rossi, F., Morlando, M., Briganti, F., Sthandier, O., et al.
(2017). Circ-ZNF609 Is a Circular RNA that Can Be Translated and Functions
in Myogenesis. Mol. Cell 66, 22-37. doi: 10.1016/j.molcel.2017.02.017

Li, X,, Yang, L., and Chen, L. (2018). The Biogenesis, Functions, and Challenges of
Circular RNAs. Mole. Cell 71, 428-442. doi: 10.1016/j.molcel.2018.06.034

Liao, D., Zhong, L., Yin, J., Zeng, C., Wang, X., Huang, X,, et al. (2020).
Chromosomal translocation-derived aberrant Rab22a drives metastasis of
osteosarcoma. Nat. Cell Biol. 22, 868-881. doi: 10.1038/s41556-020-0522-z

Lu, T. X,, and Rothenberg, M. E. (2018). MicroRNA. J. Allergy Clin. Immunol. 141,
1202-1207.

Luo, Z., Rong, Z., Zhang, J., Zhu, Z.,, Yu, Z,, Li, T., et al. (2020). Circular RNA
circCCDCY acts as a miR-6792-3p sponge to suppress the progression of gastric
cancer through regulating CAV1 expression. Mol. Cancer 19:86.

Mayorga, L. S., and Cebrian, L. (2019). Rab22a: A novel regulator of immune
functions. Mol. Immunol. 113, 87-92. doi: 10.1016/j.molimm.2018.03.028

Patop, I. L., Wust, S., and Kadener, S. (2019). Past, present, and future of circRNAs.
EMBO J. 38:2100836.

Rizvi, S., Khan, S. A., Hallemeier, C. L., Kelley, R. K., and Gores, G. J. (2018).
Cholangiocarcinoma-evolving concepts and therapeutic strategies. Nat. Rev.
Clin. Oncol. 15, 95-111. doi: 10.1038/nrclinonc.2017.157

Rupaimoole, R., and Slack, F. J. (2017). MicroRNA therapeutics: towards a new era
for the management of cancer and other diseases. Nat. Rev. Drug Discov. 16,
203-222. doi: 10.1038/nrd.2016.246

Wan, P., Chi, X,, Du, Q. Luo, J., Cui, X, Dong, K, et al. (2018). miR-
383 promotes cholangiocarcinoma cell proliferation, migration, and invasion
through targeting IRF1. J. Cell Biochem. 119, 9720-9729. doi: 10.1002/jcb.27286

Wang, Y., Xu, R, Zhang, D, Lu, T, Yu, W, Wo, Y, et al. (2019).
Circ-ZKSCAN1 regulates FAMS83A expression and inactivates MAPK
signaling by targeting miR-330-5p to promote non-small cell lung cancer
progression. Transl. Lung Cancer Res. 8, 862-875. doi: 10.21037/tlcr.2019
.11.04

Wechagama, P., Namwat, N., Jusakul, A., Sripa, B., Miwa, M., Kuver, R, et al.
(2012). Expression of oxysterol binding protein isoforms in opisthorchiasis-
associated cholangiocarcinoma: a potential molecular marker for tumor
metastasis. Parasitol. Int. 61, 136-139. doi: 10.1016/j.parint.2011.07.003

Yang, F., Hu, A, Li, D,, Wang, J., Guo, Y., Liu, Y, et al. (2019). Circ-HuR
suppresses HuR expression and gastric cancer progression by inhibiting CNBP
transactivation. Mol. Cancer 18:158.

Yang, Q., Du, W. W, Wu, N,, Yang, W., Awan, F. M., Fang, L., et al. (2017). A
circular RNA promotes tumorigenesis by inducing c-myc nuclear translocation.
Cell Death Diff. 24, 1609-1620. doi: 10.1038/cdd.2017.86

Zhang, B., Wang, W, Fei, B., Quan, C., Zhang, J., and Song, M. (2014). miR-204-5p
Inhibits Proliferation and Invasion and Enhances Chemotherapeutic Sensitivity
of Colorectal Cancer Cells by Downregulating RAB22A. Clin. Cancer Res. Off.
J. Am. Assoc. Cancer Res. 20:6187. doi: 10.1158/1078-0432.ccr-14-1030

Zhou, Y., Wu, B., Li, J. H, Nan, G, Jiang, J. L., and Chen, Z. N. (2017).
Rab22a enhances CD147 recycling and is required for lung cancer cell
migration and invasion. Exp. Cell Res. 357, 9-16. doi: 10.1016/j.yexcr.2017.
04.020

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Tu, Chen, Zheng, Fang, Zhang, Kong, Yang, Qiu, Zhao, Lu, Lu and
Ji. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Cell and Developmental Biology | www.frontiersin.org

May 2021 | Volume 9 | Article 653207


https://doi.org/10.1016/j.molcel.2017.05.022
https://doi.org/10.1097/01.sla.0000251366.62632.d3
https://doi.org/10.1097/01.sla.0000251366.62632.d3
https://doi.org/10.2147/clep.s20623
https://doi.org/10.1002/lt.22307
https://doi.org/10.1038/nature11993
https://doi.org/10.1038/nbt.2890
https://doi.org/10.1038/nature11928
https://doi.org/10.1007/s00268-008-9778-3
https://doi.org/10.1016/j.jbiotec.2016.09.011
https://doi.org/10.1016/j.molcel.2017.02.017
https://doi.org/10.1016/j.molcel.2018.06.034
https://doi.org/10.1038/s41556-020-0522-z
https://doi.org/10.1016/j.molimm.2018.03.028
https://doi.org/10.1038/nrclinonc.2017.157
https://doi.org/10.1038/nrd.2016.246
https://doi.org/10.1002/jcb.27286
https://doi.org/10.21037/tlcr.2019.11.04
https://doi.org/10.21037/tlcr.2019.11.04
https://doi.org/10.1016/j.parint.2011.07.003
https://doi.org/10.1038/cdd.2017.86
https://doi.org/10.1158/1078-0432.ccr-14-1030
https://doi.org/10.1016/j.yexcr.2017.04.020
https://doi.org/10.1016/j.yexcr.2017.04.020
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

	Circular RNA Circ0021205 Promotes Cholangiocarcinoma Progression Through MiR-204-5p/RAB22A Axis
	Introduction
	Materials and Methods
	Tissues and Cell Lines
	RNase R Treatment
	Cell Transfection
	RNA Extraction and Quantitative Real Time PCR (qRT-PCR)
	Luciferase Reporter Assay
	Cell Counting Kit-8 Proliferation Assay
	Colony Formation Assay
	Transwell Migration and Invasion Assay
	Western Blot and Immunohistochemistry Staining
	Xenografts in Mice
	Statistical Analysis

	Results
	Circ_0021205 Is Upregulated in CCA
	Circ_0021205 Promotes the Proliferation, Migration, and Invasion of CCA Cells
	Circ_0021205 Serves as a MiR-204-5p Sponge
	RAB22A Is a Direct Target of MiR-204-5p
	Circ_0021205 Promotes CCA Cell*1pt Proliferation, Migration, and Invasion Through MiR-204-5p/RAB22A Axis
	Circ_0021205 Knockdown Inhibits the Tumorigenesis of CCA in vivo

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


