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Abstract
Hsa_circ_0128846 was found to be the most significantly up-regulated circRNA in 
our bioinformatics analysis. However, the role of hsa_circ_0128846 in colorectal can-
cer has not been explored. We thus aim to explore the influence and mechanism of 
hsa_circ_0128846 in colorectal cancer by sponging its downstream miRNA target 
miR-1184. We collected 40 colorectal cancer patients’ tumour tissues to analyse the 
expression of hsa_circ_0128846, miR-1184 and AJUBA using qRT-PCR and Western 
blot where needed. Then, we constructed stably transfected SW480 and HCT116 
cells to study the influence of hsa_circ_0128846, miR-1184 and AJUBA on colorectal 
cancer cell phenotypes. To obtain reliable results, a plethora of experiments including 
RNA immunoprecipitation assay, flow cytometry, EdU incorporation assay, wound 
healing migration assay, transwell invasion assay and live imaging of nude mice xeno-
graft assay were performed. The binding relationship between hsa_circ_0128846, 
miR-1184 and AJUBA mRNA in colorectal cancer was validated by reported gene 
assay. In colorectal cancer tissues, circ_0128846 and AJUBA were both significantly 
up-regulated, while miR-1184 was significantly down-regulated compared with 
healthy tissues. Meanwhile, hsa_circ_0128846 can absorb miR-1184 to promote the 
progression of CRC in vivo and SW480 and HCT116 cell phenotypes in vitro. The 
knockdown of AJUBA, a downstream target of miR-1184, reversed the effect of miR-
1184 in CRC cells via enhancing the phosphorylation of the Hippo/YAP signalling 
pathway proteins MST1, LATS1 and YAP. This study revealed that hsa_circ_0128846 
contributed to the development of CRC by decreasing the expression of miR-1184, 
thereby increasing AJUBA expression and inactivating Hippo/YAP signalling.

K E Y W O R D S

AJUBA, circ_0128846, colorectal cancer, Hippo, miR-1184, YAP signalling pathway

www.wileyonlinelibrary.com/journal/jcmm
https://orcid.org/0000-0002-5024-6805
https://orcid.org/0000-0002-1096-3551
mailto:﻿
mailto:﻿
https://orcid.org/0000-0002-6688-5900
http://creativecommons.org/licenses/by/4.0/
mailto:tuantuan150831@126.com
mailto:Sundyjlu@163.com


     |  9909WANG et al.

1  | INTRODUC TION

Colorectal cancer (CRC) is not only the world's third most usual 
disease, but also the second most death-leading cancer-related dis-
ease.1 Clinically, distant metastasis is a preponderant justification of 
death in CRC that can affect the 5-year survival time and the quality 
of life of the patients.2 Given the poor survival time and life quality of 
patients, it is meaningful to discover new treatments for CRC. Many 
researches have been reported that molecular targeted therapy has 
become a new treatment for CRC besides conventional surgery and 
chemoradiotherapy.3-5 At present, some molecular targeted thera-
pies have come out such as anti-VEG monoclonal antibody, VEGF 
tyrosine kinase inhibitor and anti-EGFR monoclonal antibody which 
can improve patient's quality of life.6-10 Nevertheless, little thera-
peutic effects happen in CRC patients taking the molecular targeted 
therapy drugs. Hence, it is imperative to find more effective thera-
peutic targets to treat CRC.

Circular RNA (circRNA) is a newly discovered non-coding RNA 
with a circular structure, which is different from other RNAs.11,12 
CircRNAs are stable in the cytoplasm, which means that they are not 
easy to be degraded.11-14 In recent researches, circRNAs have been 
found to have affluent binding sites for microRNAs.11,12,15,16 By bind-
ing with circRNAs, miRNAs thus release their target mRNAs.11,12,15,16 
This mechanism of action was known as the competitive endoge-
nous RNA (ceRNA) network.11,12,15,16 It has been reported that cir-
cRNAs could affect the development of colorectal cancer through 
the ceRNA network mechanism.17-19 However, there has been no 
research reporting circ_0128846 as a CRC development regulator.

MiR-1184 has been reported to be down-regulated in various 
tumours such as bladder cancer, breast cancer and colorectal can-
cer, and up-regulated in non-small-cell lung cancer and prostate can-
cer.20-25 It was once reported by Dengke Yang et al that miR-1184 got 
absorbed by circVANGL1 thus enhancing the bladder cancer pheno-
types.20 In this study, a novel ceRNA network involving miR-1184 
and its upstream regulator, hsa_circ_0128846, is to be unravelled 
in CRC.

AJUBA protein is a member of the LIM protein subfamily with 
three tandem LIM domains at the C-terminus.26 AJUBA can be trans-
ferred between the cytoplasm and the nucleus due to its nuclear im-
portation and nuclear exportation sequences.27-29 AJUBA has been 
proved to regulate the transmission of signals from the cytoplasm to 
the nucleus, and to participate in many signal transducer interactions 
such as JAK/SATA, Hippo/YAP, Smad/Snail and Wnt/β-catenin.29-33 
AJUBA was once reported to be up-regulated in CRC,34 and to pro-
mote CRC cell survival,30 suggesting that it is a possible regulator in 
CRC. Also, it has been reported that AJUBA could be regulated by 
miRNAs.35,36 Nonetheless, how AJUBA being regulated by miRNAs 
in CRC has not been studied.

In our study, we first determined the stimulating effects of 
hsa_circ_0128846 on the development of CRC via in vivo and in 
vitro experiments. We also found that circ_0128846 could sponge 
miR-1184 to elevate the expression level of AJUBA for accelerat-
ing the progression of CRC. Besides, the regulative mechanism of 

hsa_circ_0128846/miR-1184/AJUBA ceRNA network on CRC might 
be related to the Hippo/YAP signalling pathway. Our findings may 
exhibit a new target for the treatment of CRC.

2  | MATERIAL S AND METHODS

2.1 | Patients and cell lines

CRC tissues (n = 40) and adjacent healthy colon tissues (n = 24) col-
lected from CRC patients from the First Hospital of Jilin University 
were used in this study. The collection and the use of tissues fol-
lowed by the ethical standards in the Helsinki Declaration. The 
informed consent was signed by all patients. The clinical character-
istics are shown in Table 1. The study protocol was approved by the 
ethics committee of the First Hospital of Jilin University.

2.2 | Real-time quantification PCR

Total RNA from tissue samples and cells was dissociating by kit from 
Tiangen Biochemical (DP501, China) as well as RNA reverse tran-
scription. Before we performed the RNA reverse transcription, we 
used gel electrophoresis to check the purity of the RNA. Then, the 
instrument of 7500 from ABI was used to analyse the expression of 
circ_0128846, miR-1184 and mRNA of AJUBA in CRC tissues and 
CRC cells with using SYBR Green PCR Kit (Takara, RR820A, Japan). 
GAPDH was used as the reference gene for circ_0128846 and 
AJUBA, and U6 was used as the reference miRNA for miR-1184. All 

TA B L E  1   Clinical parameters of patients with colorectal cancer 
in this study

Pathological characteristics Case(n)

Gender

Male 24 (60%)

Female 16 (40%)

Age

≥25 22 (55%)

＜25 18 (45%)

Tumour differentiation

Well/moderately 25 (62.5%)

Poorly 15 (37.5%)

TNM stages

I-II 19 (47.5%)

III-IV 21 (52.5%)

Tumour size

<5 cm 22 (55%)

≥5 cm 18 (45%)

Distant metastasis

Negative 18 (45%)

Positive 22 (55%)
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the primers were purchased from GeneCopoeia (Guangzhou, China), 
and the sequences of primers are shown in Table 2.

2.3 | Cell culture

The human CRC cell lines (HCT116, SW480, CW-2, RKO and DLD-
1) were purchased from Cell Resource Center, Institute of Basic 
Medical Sciences, Chinese Academy of Medical Sciences (China). 
The human normal colon cell line (HCoEpiC) was purchased from 
BNCC (China). HCT116 cells were cultured in McCoy's 5A Media 
which had supplemented with 10% FBS, and the cells were humidi-
fied incubator with 5% CO2 at 37°C. HCoEpiC cells were cultured in 
DMEM, while SW480, CW-2, RKO and DLD-1 cells were cultured in 
RPMI 1640 with other condition same with HCT-116.

2.4 | RNase R treatment

Total RNA was digested by RNase R (Tiangen Biochemical, China) 
in 37°C for 15 minutes with 40U. Next, equal amount of RNA was 
reverse-transcribed into cDNA. The expression of circ_0128846 in 
cDNA was analysed by qRT-PCR. The expression level is positively 
correlated with the stability of hsa_circ_0128846 and its linear 
counterpart, ZFR mRNA.

2.5 | Constructs of circ_0128846 shRNA lentiviral 
vectors and circ_0128846 overexpression vectors

The pLV-CMV-puro-U6-shRNA lentiviral construct was purchased 
from OBiO Technology Shanghai Corp., Ltd. (China) and was used to 
establish the construct that could stably silence circ_0128846. The 

construction of pLV-CMV-puro-U6-sh-circ_0128846 lentiviral vec-
tor (sh-circ_0128846) was based on a previous study.37 Briefly, a total 
of three pairs of shRNA sequences for silencing hsa_circ_0128846 
were designed against the joint site of hsa_circ_0128846, and the 
corresponding sequences of these shRNAs are shown in Table  3. 
Then, the three shRNAs of hsa_circ_0128846 were synthesized and 
inserted between the EcoRI and XhoI sites of the pLV-CMV-puro-U6-
shRNA lentiviral vector using the corresponding restriction enzymes 
(Thermo Fisher Scientific, USA). As for hsa_circ_0128846 overex-
pression vectors, the pLCDH-circ-circ_0128846 overexpression 
vector (OE-circ_0128846) obtained from GeneCopoeia (Guangzhou, 
China) was used to transfect cells. Briefly, the full-length cDNA of 
hsa_circ_0128846 was amplified by PCR using PrimerSTAR Max 
DNA Polymerase Mix (TaKaRa, Japan). Then, the cDNA of hsa_
circ_0128846 was inserted into the overexpression vector, pLCDH-
cir (GenePharma, China). Puromycin was used to screen out the 
successfully transfected cells. To identify the transfection efficiency 
of sh-circ_0128846 and OE-circ_0128846, qRT-PCR was conducted 
to detect the expression of hsa_circ_0128846 and its linear coun-
terpart, ZFR mRNA, after the cells were transfected with pLV-CMV-
puro-U6-sh-circ_0128846 vectors or pLCDH-circ-circ_0128846 
overexpression vector for 48 hours.

2.6 | Other constructs and cell transfection

miR-1184 inhibitor and negative control plasmids were provided 
by GenePharma (Shanghai, China). The AJUBA lentiviral construct 
(pLV-CMV-puro-U6-sh-AJUBA) was provided by OBiO Technology 

TA B L E  2   The sequences of the primers in this study

Primer Sequences

Hsa_circ_0128846

Forward sequence 5′-GACCTCTGTCAGCGAGTTCC-3′

Reverse sequence 5′-GCTACTGGAGCCTGATGGAC-3′

miR-1184

Forward sequence 5′-CCTGCAGCGACTTGATGGC-3′

Reverse sequence 5′-GAACATGTCTGCGTATCTC-3′

AJUBA

Forward sequence 5′-GCTGCTGTTTCCCTCTGGAT-3′

Reverse sequence 5′-CCCTCCTGTGTGTGCCTAAG-3′

GAPDH

Forward sequence 5′-GTCAAGGCTGAGAACGGGAA-3′

Reverse sequence 5′-AAATGAGCCCCAGCCTTCTC-3′

U6

Forward sequence 5′-TGCGGGTGCTCGCTTCGGCAGC-3′

Reverse sequence 5′-CCAGTGCAGGGTCCGAGGT-3′

TA B L E  3   The oligonucleotide sequences of the shRNAs in the 
loss-of-function experiments

Primer Oligonucleotide sequences

shRNA1-circ_0128846

Forward sequence 5′-CAACUACAGUUGCUAGCUACA-3′

Reverse sequence 5′-UAGCUAGCAACUGUAGUUGGA-3′

shRNA2-circ_0128846

Forward sequence 5′-GUCCUGUGUGAUUAUCAUACG-3′

Reverse sequence 5′-UAUGAUAAUCACACAGGACUG-3′

shRNA3-circ_0128846

Forward sequence 5′-GCCUAUUCUCAUCCAACUACA-3′

Reverse sequence 5′-UAGUUGGAUGAGAAUAGGCUA-3′

shRNA1-AJUBA

Forward sequence 5′-GCACCTGTATCAAGTGCAA-3′

Reverse sequence 5′-TTGCACTTGATACAGGTGC-3′

shRNA2-AJUBA

Forward sequence 5′-GGAGCGGTTAGGAGAGAAA-3′

Reverse sequence 5′-TTTCTCTCCTAACCGCTCC-3′

shRNA3-AJUBA

Forward sequence 5′-GGACCTAGCTTTAAATCAA-3′

Reverse sequence 5′-TTGATTTAAAGCTAGGTCC-3′
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Shanghai Corp., Ltd. (China). Briefly, a total of three shRNAs of 
AJUBA were designed and inserted to the pLV-CMV-puro-U6-
shRNA lentiviral vector in the same way as sh-circ_0128846. The 
sequences of sh-AJUBA are shown in Table 3. Then, the constructs 
mentioned above were transfected into the SW480 and HCT116 
cells for 48 hours using Lipofectamine 2000 reagent (Thermo Fisher, 
11668027, USA) on the basis of the protocol given in the manual. 
The cells in the blank group were cultured without any transfection. 
The transfection efficiency was assessed by qRT-PCR.

2.7 | EdU assay

EdU Staining Proliferation Kit was obtained from Solarbio (China) for 
the assessment of cell proliferation capability. Briefly, the 1 × 105 
transfected SW480 and HCT116 cells were seeded in the 96-well 
plate. After an incubation for 48 hours, 50 mM EdU was added to 
each well to continue to incubate cells for 2 hours. Then, the cells 
were fixed by 4% formaldehyde for 30 minutes, stained by 100 μL 
Apollo reagent for 30 minutes and finally stained by 10 μL DAPI rea-
gent for 15 minutes. The representative images of EdU assay were 
taken using a fluorescence microscope (Nikon, Japan).

2.8 | The detection of cell apoptosis and cell cycle

Flow cytometry was used to measure the cell apoptosis and cell 
cycle. To detect cell apoptosis, we used 1× binding buffer including 
Annexin V-FITC to suspend the transfect CRC cells and incubated 
at 37°C for 10  minutes in the dark after washing the cell suspen-
sion by PBS for three times. Before we analysed by FACScan flow 
cytometer, the cells were stained with 5 μL propidium iodide. For cell 
cycle, the transfected SW480 and HCT116 cells were collected and 
suspended at a density of 3 × 104/mL. The cell suspension was then 
rinsed by PBS for three times and fixed with pre-chilled methanol at 
4°C for 4 hours. Subsequently, PBS with 50 μg/mL propidium iodide, 
100 μg/mL RNase A and 0.2% Triton X-100 was used to treat the cell 
suspension in the dark for 30 minutes. Lastly, the cell cycle of cells in 
every group was profiled using the FACS flow cytometer.

2.9 | Cell wound healing migration and cell transwell 
invasion assay

The 4  ×  105 cells were seeded into the 12-well plate before we 
scratched with the 20 μL micropipette tip in the centre of the cell 
monolayer. Then, the remaining cells were cultured with medium 
that contained no serum. At 0 and 24 hours, we captured images to 
observe the result of wound healing. In invasion assay, we seeded 
cells into the upper chambers precoated with Matrigel of the tran-
swell at the density of 1 × 105/mL. The medium in upper chambers 
was serum-free, while the serum concentration in the medium of the 
lower chambers was 10%. After 24 hours, we washed the transwell 

membrane by PBS, fixed the membrane in 4% methanol for 15 min-
utes and stained the cells attached to the membrane in 0.1% crystal 
violet for 15 minutes. Finally, we counted the number of cells that 
invaded through the transwell membrane in randomly selected three 
fields under a microscope.

2.10 | Animal studies

The animal experiment was carried out following the guidelines 
of the Institutional Animal Care and Use Committee (IACUC). 
Six BALB/c nude mice were purchased from Beijing Vital River 
Laboratory Animal Technology Co., Ltd. The nude mice were divided 
into two groups (NC and sh-circ_0128846). Then, the SW480 cells 
transfected with sh-circ_0128846 or NC were injected into the nude 
mice in the corresponding groups. The tumour volume was meas-
ured every six days. After 30  days, the IVIS 200 bioluminescence 
imaging system and Living Image software (Caliper Life Sciences, 
Hopkinton, MA) were used to monitor and analyse tumour growth. 
The nude mice were killed after 30 days to collect the xenografted 
tumours for the following Ki67 and H&E staining.

2.11 | Ki67 and H&E staining

First, tumours collected from the animal experiments were fixed in 
4% formalin for 48 hours. Then, the tissues were sequentially placed 
in 75%, 80%, 95% ethanol and absolute ethanol to dehydrate. After 
dehydration, the tissues were dipped in melted paraffin, and then 
embedded in an embedder. Next, we used a tissue slicer to slice tu-
mours into sections in 5 μm thickness. Before we started staining, 
we dewaxed the sections. Then, we treated the sections with perox-
ide blocker to remove endogenous peroxidases. Finally, the sections 
were incubated with the anti-Ki67 primaries (Cat#: ab16667, Abcam, 
UK) and the HRP-conjugated rabbit secondaries (Cat#: 6728, Abcam, 
UK) after being washed in PBS. In H&E staining, after dewaxing the 
sections, we stained the sections with haematoxylin for 5 minutes 
and eosin for 20 seconds.

2.12 | Reporter gene assay

Wild-type strains and mutants of hsa_circ_0128846 and AJUBA 
were constructed by GeneCopoeia (Guangzhou, China). Briefly, 
the wild-type fragments of hsa_circ_0128846 and AJUBA con-
taining the binding site of miR-1184 were amplified by PCR and 
used to construct the wild-type plasmids. To construct mutants, 
the fragments of hsa_circ_0128846 and AJUBA with the bind-
ing site for miR-1184 were mutated using QuikChange XL Site-
Directed Mutagenesis Kit (Agilent Technologies, USA). Next, the 
wild-type strains or mutants of hsa_circ_0128846 and AJUBA 
were inserted into the downstream of pGL3 luciferase vectors 
(Promega, USA) between HindIII and Xhol restriction sites. Finally, 
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the pGL3-circ_0128846-WT, pGL3-circ_0128846-MUT, pGL3-
AJUBA-WT or pGL3-AJUBA-MUT plasmids were transfected into 
HCT116 and SW480 cells together with miR-1184 mimics or miR-
1184 negative controls (NC) using Lipofectamine 2000 reagent 
(Thermo Fisher, 11668027, USA). 48  hours later, the cells were 
lysed in lysis buffer. The Promega system was employed for the 
detection of the luciferase activity.

2.13 | Western blot assay

The cell protein was obtained using RIPA buffer that included 
5 mM EDTA and PMSF. All protein samples were quantified using 
a spectrophotometer to ensure that the protein samples were the 
same concentration. The protein samples were then separated 
using sodium dodecyl sulphate-polyacrylamide gel electrophore-
sis and transferred onto PVDF membranes (Millipore, MA, USA), 
which were incubated with primary antibodies against AJUBA(Cat#: 

ab244285, Abcam, UK), phospho-MST1 (Cat#: 49332, Cell Signaling 
Technology, USA), MST1 (Cat#: 3682, Cell Signaling Technology, 
USA), phospho-LATS1 (Cat#: 9159, Cell Signaling Technology, USA), 
LATS1 (Cat#: 3477, Cell Signaling Technology, USA), phospho-YAP 
(Cat#: ab62751, Abcam, UK), YAP (Cat#: ab81183, Abcam, UK) and 
GAPDH (Cat#: ab8245, Abcam, UK) for four hours, respectively. 
GAPDH was used as an internal loading control. Then, the hybrid 
membranes were incubated with secondaries for 2 hour. The mem-
brane went through exposure, and the protein band intensity was 
read using FluorChem FC2 software.

2.14 | RNA immunoprecipitation (RIP) assay

RIP assay was performed to validate the binding relationship between 
has-circ_0128846 and miR-1184 using Magna RIP RNA-Binding 
Protein Immunoprecipitation Kit (Millipore, 17-700, USA) in accord-
ance with the protocols. SW480 and HCT116 cells that transfected 

F I G U R E  1   Hsa_circ_0128846 was 
highly expressed in CRC tissue and cells. 
(A) The structure of hsa_circ_0128846. 
(B) The qRT-PCR was used to detect the 
expression of hsa_circ_0128846 in CRC 
tissues and adjacent healthy tissues. (C) 
The expression of hsa_circ_0128846 
was measured in CRC cell lines (RKO, 
SW480, HCT116, CW-2, DLD-1) and 
human normal colon cell line (HCoEpiC). 
*P < .05, **P < .001 versus HCoEpiC cells. 
(D) The stability of hsa_circ_0128846 was 
detected by qRT-PCR. RNase R was used 
to digest hsa_circ_0128846 and mRNA of 
its host gene ZFR. *P < .05, **P < .001. (E) 
The distribution of hsa_circ_0128846 and 
ZFR mRNA was identified by qRT-PCR 
in cell nucleus and cytoplasm. *P < .05, 
**P < .001
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with miR-1184 mimic or NC were lysed in RIP lysis buffer contain-
ing magnetic beads conjugated with human anti-AGO2 antibodies 
or IgGs. Then, Proteinase K was added to the mixture to remove the 
proteins. Lastly, the immunoprecipitated RNA was collected, and the 
abundance of hsa_circ_0128846 was detected by qRT-PCR.

2.15 | Statistical analyses

We did the statistical analysis using GraphPad Prism v7.0. All results 
came from at least three independent experiments. Data were ex-
pressed as mean ± SD. Two-tailed t test analysis was conducted for 
analysing differences between two groups, while one-way ANOVA 
with Dunnett's multiple comparison method was conducted for an-
alysing differences among multiple groups. P-values that was less 
than 0.05 were deemed as statistically significant.

3  | RESULTS

3.1 | Expression, characterization and subcellular 
distribution of circ_0128846 in CRC tissue samples 
and cell lines

The hsa_circ_0128846 was generated from ZFR gene. It was iden-
tified to be the most significant up-regulated circRNA by our bio-
informatics analysis (Fig. S1A). Its structure is shown in Figure 1A. 
Firstly, we employed qRT-PCR to explore the expression of hsa_
circ_0128846 in CRC tissues and adjacent normal tissues, and found 
that the expression of hsa_circ_0128846 in CRC tissues was 2.2-fold 
higher than that in the normal tissues (Figure 1B). In addition, qRT-PCR 
was also conducted to measure the expression of hsa_circ_0128846 
in CRC cells and normal colorectal cells, and the data showed that 
the expression of hsa_circ_0128846 was significantly up-regulated 
in CRC cells in comparison with the normal colorectal cells, espe-
cially in SW480 and HCT116 cells (Figure  1C). Therefore, SW480 
and HCT116 cell lines were selected as our cell line models. Then, 
RNase R degradation assay was used to confirm the stable exist-
ence of hsa_circ_0128846 in CRC cells. The data demonstrated that 
the hsa_circ_0128846 resisted to the RNase R treatment, while the 
linear RNA (ZFR mRNA) was degraded in both SW480 and HCT116 
cells (Figure  1D). Lastly, qRT-PCR was performed to, respectively, 
measure the expression of hsa_circ_0128846 in cytoplasm and nu-
clear, and it was confirmed that hsa_circ_0128846 majorly existed in 
the cytoplasm of SW480 and HCT116 cells (Figure 1E).

3.2 | Hsa_circ_0128846 knockdown impeded the 
CRC cell phenotype, whereas hsa_circ_0128846 
overexpression enhanced it in vitro

We conducted loss-of-function and gain-of-function experiments 
to determine the effect of hsa_circ_0128846 on CRC. Before the 

experiments, we detected the transfection efficiency of the sh-
circ_0128846 and hsa_circ_0128846 overexpression vectors in 
SW480 and HCT116 cells. By qRT-PCR, shRNA1-circ_0128846 
most efficiently reduced the expression of hsa_circ_0128846, by 
70% (Fig. S2A), but did not affect the expression of linear RNA of 
ZFR (Fig. S2B). Therefore, shRNA1-circ_0128846 was selected to 
knock down hsa_circ_0128846. In addition, the hsa_circ_0128846 
overexpression vectors were successfully transfected into the 
SW480 and HCT116 cells as well, seen by the approximately 2-fold 
increase of hsa_circ_0128846 expression (Fig. S2C). The EdU assay 
was then used to assess the cell proliferation capability in the CRC 
cells transfected with sh-circ_0128846. The result showed that the 
introduction of sh-circ_0128846 induced more than 30% decrease 
of cell proliferation rate in the SW480 cells and almost 20% decrease 
of cell proliferation rate in HCT116 cells compared with the blank 
group, while the introduction of OE-circ_0128846 led to 1.12-fold 
increase of cell proliferation rate in the SW480 cells and 1.33-fold 
increase of cell proliferation rate in HCT116 cells compared with the 
blank group (Figure 2A and B). On the contrary, the apoptosis rate in-
creased by approximately 3-fold in the sh-circ_0128846 group com-
pared with the blank group, but decreased by approximately 30% 
in the OE-circ_0128846 group compared with the blank group in 
SW480 and HCT116 cells (Figure 2C and D). The cell cycle of SW480 
and HCT116 cells was arrested at G2 phase when the SW480 and 
HCT116 cells were transfected with sh-circ_0128846, and the cell 
cycle progression was accelerated when the CRC cells were trans-
fected with OE-circ_0128846 (Figure  2E). The cell migration rate 
was measured by wound healing assay. It was displayed that the cell 
migration rate of the sh-circ_0128846 group was reduced by 25% 
in the SW480 cells and by 57% in the HCT116 cells compared with 
the blank control. The cell migration rate of the OE-circ_0128846 
group was elevated by approximately 1.2-fold in CRC cells compared 
with the blank group (Figure 2F). The result of cell invasion displayed 
a similar trend with that of cell migration (Figure  2G). These data 
indicated that hsa_circ_0128846 was a tumour promoter for the de-
velopment of CRC in vitro.

3.3 | Hsa_circ_0128846 promoted the CRC tumour 
development in vivo

To further ascertain the CRC promoting role of hsa_circ_0128846, 
we conducted in vivo animal experiments. By implanting SW480 
cells stably transfected with sh-circ_0128846 or sh-NC vectors 
into the abdominal cavity of the nude mice, we established the CRC 
animal models. We found that mice in the sh-circ_0128846 group 
showed stronger luminescence signals than those in the sh-NC group 
(Figure 3A). The tumour volume of mice in sh-circ_0128846 group 
was significantly smaller than that of mice in the sh-NC group at days 
18, 24 and 30 (Figure 3B). The tumour in mice of sh-circ_0128846 
was also found significantly lighter than in mice of the sh-NC group 
at day 30 when the mice went through euthanasia (Figure  3C). 
Moreover, Ki67 staining results showed that the knockdown of 
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circ_0128846 caused repression of Ki67 protein expression in tu-
mour tissues (Figure 3D), suggesting that circ_0128846 silence in-
hibited the tumour growth. H&E staining results showed that the 
knockdown of circ_0128846 sabotaged the pathological structure 
of the tumour in nude mice (Figure 3E). These data suggested that 
hsa_circ_0128846 could enhance CRC tumour growth in vivo.

3.4 | Hsa-miR-1184 was a downstream target of 
hsa_circ_0128846

Among the identified three miRNAs (from the intersection of dif-
ferentially expressed miRNAs of GSE12​6095 data, the targets 
of hsa_circ_0128846 from circular RNA interactome database 

F I G U R E  2   Hsa_circ_0128846 
promoted the development of CRC in 
vitro. (A) EdU assay was used to assess the 
proliferation of the transfected SW480 
and HCT116 cells. The merged images 
were from EdU staining (green) and DAPI 
(blue) for SW480 and HCT116 cells. (B) 
The proliferation rate was measured 
and analysed based on the EdU assay. 
(C) The cell apoptosis was detected by 
flow cytometry in transfected SW480 
and HCT116 cells. The upper right (UR) 
quadrant: the late apoptosis. The lower 
right (LR) quadrant: the early apoptosis. 
(D) The sum of the UR and LR was 
calculated as the apoptosis rate. (E) Flow 
cytometry was performed to identify the 
cell cycle progression in the transfected 
SW480 and HCT116 cells. (F) The wound 
healing assay was used to assess the 
migration ability of SW480 and HCT116 
cells after transfection at 0 and 24 hours. 
(G) The number of invaded cells was 
identified by transwell invasion assay. 
Blank, the cells were cultured without any 
treatments. NC, the cells were transfected 
with negative control plasmids. sh-
circ, the cells were transfected with 
circ_0128846 shRNA vectors. OE-circ: the 
cells were transfected with circ_0128846 
overexpression vectors *P < .05, 
**P < .001 versus blank group

http://GSE126095
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and the targets of AJUBA mRNA from TargetScan Human 7.2 
database, Fig. S1D), hsa-miR-1184 was the most significantly 
down-regulated one, therefore being selected as our candidate 
miRNA of the ceRNA network. The complementary sequences 
of miR-1184 and hsa_circ_0128846 were obtained from circular 
RNA interactome database (Figure 4A). Then, we conducted the 
luciferase activity assay to confirm the binding relationship be-
tween hsa_circ_0128846 and miR-1184, finding that miR-1184 
obviously reduced the luciferase activity in cells transfected with 
wild-type circ_0128846 but not those transfected with mutated 
circ_0128846 (Figure 4B). In addition, RIP analysis revealed that 
hsa_circ_0128846 was utterly pulled down when transfected with 
miR-1184 mimics in SW480 and HCT116 cells, compared to the 
miR-1184 NC group (Figure 4C). Interestingly, miR-1184 was found 
down-regulated in CRC tissues compared with adjacent healthy 
tissues (Figure 4D), and there was a negative relationship between 
miR-1184 and hsa_circ_0128846 expression (Figure  4E). Thus, 
we concluded that miR-1184 was a downstream target of hsa_
circ_0128846. Before we conducted further experiments to study 
the effects of hsa_circ_0128846 and miR-1184, we examined the 

transfection efficiency of sh-circ_0128846 and miR-1184 inhibitor 
in SW480 and HCT116 cells. We validated that sh-circ_0128846 
could significantly down-regulate the expression of circ_0128846 
and up-regulate that of miR-1184. miR-1184 inhibitor could sig-
nificantly down-regulate the expression of miR-1184 but had 
no effects on circ_0128846 expression. sh-circ_0128846 could 
also reverse the down-regulation effects of miR-1184 inhibitor 
in both HCT116 and SW480 cells caused by miR-1184 inhibitor 
(Figure 4F).

3.5 | Knockdown of hsa_circ_0128846 
inhibited the proliferation, migration and invasion and 
promoted the apoptosis of CRC cells in vitro by 
sponging miR-1184

To further explore whether hsa_circ_0128846 could affect the phe-
notypes of CRC cells via sponging miR-1184, we performed the res-
cue experiments. The EdU assay showed that the co-transfection 
of sh-circ_0128846 and miR-1184 inhibitor in SW480 and HCT116 

F I G U R E  3   Silencing circ_0128846 
inhibited the tumorigenesis of CRC cells 
in vivo. (A) Bioluminescent images from 
the nude mice injected with the SW480 
cells with stable sh-circ 0128846 or NC. 
(B) The tumour volume was measured 
every 6 days. (C) The tumour mass 
was measured after 30 days. (D) The 
representative immunohistochemistry 
images of Ki67 in the tumour tissues of 
nude mice injected by the SW480 cells 
with sh-circ 0128846 or NC. (E) The 
representative H&E staining images 
from the nude mice injected with stably 
transfected SW480 cells. NC, the nude 
mice were injected with the SW480 cells 
with negative control plasmids. sh-circ, 
the nude mice were injected with the 
SW480 cells stably transfected with 
circ_0128846 shRNA plasmids. *P < .05, 
**P < .001, compared with the NC group
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cells led to a 1.14-fold increase of proliferation rate compared with 
the transfection of sh-circ_0128846 alone (Figure  5A). As shown 
in Figure  5B, miR-1184 inhibitor decreased the apoptosis rate of 
HCT116 cells and SW480 cells, but co-transfecting sh-circ_0128846 
and miR-1184 inhibitor reversed the effect of miR-1184 inhibitor on 
apoptosis rate of CRC cells. Additionally, FACS analysis showed that 

the co-transfection of miR-1184 relieved the cell cycle arrest at G2 
phase that was induced by sh-circ_0128846 in HCT116 cells and 
SW480 cells (Figure 5C). Moreover, it was discovered that miR-1184 
inhibitor obviously increased the cell migration rate by 1.2-fold in 
SW480 cells and 1.3-fold in HCT116 cells, while the co-transfec-
tion group was not different from the blank group in the two CRC 

F I G U R E  4   Hsa_circ_0128846 
directly targeted miR-1184. (A) The 
Circular RNA Interactome database 
was used to obtain the binding site 
between hsa_circ_0128846 and miR-
1184. (B) The luciferase reporter assay 
was used to validate the relationship 
between hsa_circ_0128846 and miR-
1184 in SW480 and HCT116 cells. 
*P < .05 versus the miR-NC subgroup. 
(C) The hsa_circ_0128846 was proved 
to be a sponge for miR-1184 by RIP 
assay. *P < .05, **P < .001, compared 
with miR-1184-Ago2 group. (D) The 
expression of miR-1184 was down-
regulated in tumour tissues. (E) MiR-1184 
expression was negatively correlated 
with hsa_circ_0128846 expression. (F) 
qRT-PCR was employed to determine the 
expression of hsa_circ_0128846 and miR-
1184 in the SW480 and HCT116 cells with 
different transfection. Blank, the cells 
were cultured without any treatments. 
NC, the cells were transfected with 
negative control plasmids. sh-circ, the 
cells were transfected with circ_0128846 
shRNA plasmids. Inhibitor, the cells were 
transfected with miR-1184 inhibitor 
plasmids. sh-circ + inhibitor, the cells were 
co-transfected with circ_0128846 shRNA 
and miR-1184 inhibitor plasmids. *P < .05, 
**P < .001 versus blank group
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cell lines (Figure 5D). The transwell invasion assay showed that the 
transfection of miR-1184 inhibitor led to a 1.8-fold increase of the 
number of invaded cells in SW480 cells and a 2-fold increase of that 

in HCT116 cells, while the transfection of sh-circ_0128846 reversed 
the pro-invading effect induced by miR-1184 inhibitor in HCT116 
cells and SW480 cells (Figure 5E). Taken together, the knockdown of 

F I G U R E  5   Effect of circ 0 128 846 on the development of CRC cells via sponging miR-1184. (A) EdU assay was used to assess the 
proliferation of the SW480 and HCT116 cells with different transfection. The merged images were from EdU staining (green) and 
DAPI (blue) for SW480 and HCT116 cells. (B) The cell apoptosis was detected by flow cytometry in SW480 and HCT116 with different 
transfections. UR, the late apoptosis. LR, the early apoptosis. The cell apoptosis was the sum of the UR and LR. (C) Flow cytometry was 
performed to detect the cell cycle progression in the transfected SW480 and HCT116 cells. (D) The wound healing assay was used to 
assess the migration ability of SW480 and HCT116 cells after transfection at 0 and 24 hours. (E) The number of invaded cells was identified 
by transwell invasion assay. Blank, the cells were cultured without any treatments. NC, the cells were transfected with negative control 
plasmids. sh-circ, the cells were transfected with circ_0128846 shRNA plasmids. Inhibitor, the cells were transfected with miR-1184 inhibitor 
plasmids. sh-circ + inhibitor, the cells were co-transfected with circ_0128846 shRNA and miR-1184 inhibitor plasmids. *P < .05, **P < .001 
versus blank group. #P < .05, ##P < .001 versus sh-circ group

F I G U R E  6   AJUBA was a target 
gene of miR-1184, and regulated by 
hsa_circ_0128846. (A) The TargetScan 
Human 7.2 predicted the two binding 
sites between AJUBA 3′UTR and miR-
1184. (B) The luciferase reporter assay 
was used to validate the binding sites of 
AJUBA 3′UTR and miR-1184 in SW480 
and HCT116 cells. *P < .05 versus the 
miR-NC group. (C) The expression of 
AJUBA was up-regulated in human 
tumour tissue samples. (D) AJUBA 
expression was negatively correlated 
with miR-1184 expression in CRC tumour 
tissues. (E-F) qRT-PCR and Western bot 
assay were employed to determine the 
expression of AJUBA mRNA and protein 
in the SW480 and HCT116 cells with 
different transfections. Blank, the cells 
were cultured without any treatments. 
NC, the cells were transfected with 
negative control plasmids. sh-AJUBA, 
the cells were transfected with AJUBA 
shRNA plasmids. Inhibitor, the cells were 
transfected with miR-1184 inhibitor 
plasmids. sh-AJUBA + inhibitor, the 
cells were co-transfected with AJUBA 
shRNA and miR-1184 inhibitor plasmids. 
*P < .05, **P < .001 versus blank group. 
(G) The expression of AJUBA protein was 
regulated by hsa_circ_0128846. Blank, 
the cells were cultured without any 
treatments. NC, the cells were transfected 
with negative control plasmids. sh-
circ, the cells were transfected with 
circ_0128846 shRNA plasmids. Inhibitor, 
the cells were transfected with miR-1184 
inhibitor plasmids. sh-circ + inhibitor, 
the cells were co-transfected with 
circ_0128846 shRNA and miR-1184 
inhibitor plasmids. *P < .05, **P < .001 
versus blank group
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hsa_circ_0128846 inhibited the phenotypes of CRC cells by freeing 
miR-1184 in vitro.

3.6 | AJUBA was a downstream target of miR-1184

AJUBA was identified from the intersection of differentially ex-
pressed mRNAs of GSE12​6095 data set and the Hippo signalling 
pathway genes. Among the nine common mRNAs, AJUBA and 
SCRIB were the upstream effectors of the Hippo signalling path-
way, whereas the others were all the downstream effectors (Fig. 
S1B). Then, we interrogated TCGA database and found that SCIB 
was not significantly up-regulated in colon adenocarcinoma, but 
AJUBA was (Fig. S1C). TargetScan Human 7.2 was used to predict 
the binding relationship between AJUBA mRNA and miR-1184 
(Figure 6A). The luciferase activity in the wild-type AJUBA + miR-
1184 group was the lowest, and that in the mutated sites 1 and 2 
of AJUBA 3′UTR groups was lower than that in the co-mutated 
AJUBA 3′UTR group (Figure  6B). Interestingly, we found that 
AJUBA showed a 3-fold up-regulation in tumour tissues compared 
with adjacent healthy tissues (Figure  6C) and a negative correla-
tion with the expression of miR-1184 in tumour tissues (Figure 6D). 
These results proved that AJUBA was a downstream target of miR-
1184. Before further experiments on miR-1184 and AJUBA, we 
examined the transfection efficiency of three shRNAs of AJUBA 
and miR-1184 inhibitor and found that shRNA1-AJUBA induced the 
lowest expression of AJUBA in SW480 and HCT116 (Fig. S3). Then, 
we transfected shRNA1-AJUBA (sh-AJUBA) and miR-1184 inhibi-
tor into HCT116 cells and SW480 cells. The data revealed that sh-
AJUBA inhibited the expression of AJUBA by almost 70% in CRC 
cells, miR-1184 inhibitor unregulated the expression of AJUBA by 
2.1-fold in SW480 cells and 1.8-fold in HCT116 cells, and the ex-
pression of AJUBA in co-transfection group did not show any dif-
ference from the blank group (Figure 6E). The expression of AJUBA 
protein displayed a similar trend as the expression of AJUBA mRNA 
(Figure  6F). Besides, we also detected the expression of AJUBA 
protein in the CRC cells transfected with sh-circ_0128846 and/or 
miR-1184 inhibitor, finding that sh-circ_0128846 resulted in about 
a 30% decrease of the expression of AJUBA protein in CRC cells, 
and the expression of AJUBA protein in the co-transfection group 
was similar to that in the blank group (Figure 6G).

3.7 | The knockdown of miR-1184 enhanced the 
phenotypes of CRC cells by targeting AJUBA thus 
further affecting Hippo/YAP signalling pathway

First of all, EdU assay was conducted to study the role of miR-
1184 and AJUBA in CRC cell proliferation. It was showed that 
AJUBA knockdown significantly suppressed the proliferating 
of both cell lines by approximately a third, and the co-transfec-
tion of sh-AJUBA with miR-1184 inhibitor increased the pro-
liferation rate compared with sh-AJUBA (41.4% versus 32.4%) 
group in SW480 cells, and a similar trend was also observed in 
HCT116 cells (Figure  7A). The cell apoptosis assay displayed 
that the knockdown of AJUBA significantly resulted in the in-
creased cell apoptosis (approximately 2-fold of the blank group), 
and the apoptosis rate in the co-transfection group decreased 
by 51% in SW480 and HCT116 cells compared with sh-AJUBA 
group (Figure 7B). At the same time, the knockdown of AJUBA 
led to a significant G2 phase arrest ratio (approximately 2-fold 
of the blank group), and the co-transfection of sh-AJUBA and 
miR-1184 inhibitor relieved the cell cycle arrest at G2 phase 
induced by sh-AJUBA (Figure  7C). What’ more, wound healing 
assay and transwell assay also discovered that the suppressing 
effect of sh-AJUBA on cell migration and invasion was relieved 
by the co-transfection with miR-1184 inhibitor in HCT116 cells 
and SW480 cells (Figure 7D and E). Lastly, as a critical member 
of Hippo/YAP signalling pathway, we wondered how miR-1184’s 
regulating AJUBA affected Hippo/YAP signalling. The expres-
sion of pathway-associated proteins, MST1, LATS1 and YAP, was 
detected. AJUBA knockdown led to a 1.38-fold increase of the 
rate of phosphorylated MST1 protein, a 1.56-fold increase of the 
rate of phosphorylated LATS1 protein and a 1.26-fold increase 
of the rate of phosphorylated YAP protein compared with the 
blank group. Then, the effect of sh-AJUBA on pathway was re-
lieved by co-transfection with miR-1184 inhibitor in SW480 cells 
(Figure 8A), indicating that AJUBA knockdown led to the activa-
tion of Hippo/YAP signalling and miR-1184 inhibition led to the 
inactivation of Hippo-YAP signalling. The similar results also dis-
played in HCT116 cells (Figure  8B). These data suggested that 
miR-1184 inhibitor enhanced the phenotypes of CRC cells via 
releasing AJUBA to inactivate the Hippo/YAP signalling pathway 
(a schematic mechanism illustration is presented in Figure 8C).

F I G U R E  7   Effect of miR-1184 on cell proliferation, cell apoptosis, cell cycle, cell migration and cell invasion in CRC cells via targeting 
AJUBA. (A) EdU assay was used to assess the cell proliferation capability in the transfected SW480 and HCT116 cells. The merged images 
were from EdU staining (green) and DAPI (blue) for SW480 and HCT116 cells. (B) The cell apoptosis was detected by flow cytometry in 
SW480 and HCT116 after transfection of different plasmids. UR, the late apoptosis. LR, the early apoptosis. The cell apoptosis was the 
sum of the UR and LR. (C) The cell cycle distribution was analysed by flow cytometry in the transfected SW480 and HCT116 cells. (D) The 
wound healing assay was used to assess the migration ability of SW480 and HCT116 cells after transfection at 0 and 24 hours. (E) The 
number of invaded cells was identified by transwell invasion assay. Blank, the cells were cultured without any treatments. NC, the cells 
were transfected with negative control plasmids. sh-AJUBA, the cells were transfected with AJUBA shRNA plasmids. Inhibitor, the cells 
were transfected with miR-1184 inhibitor plasmids. sh-AJUBA + inhibitor, the cells were co-transfected with AJUBA shRNA and miR-1184 
inhibitor plasmids. *P < .05, **P < .001 versus blank group. #P < .05, ##P < .001 versus sh-AJUBA group
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F I G U R E  8   The miR-1184/AJUBA axis could affect the Hippo/YAP signalling pathway. (A) The expression of proteins involving in the 
Hippo/YAP signalling pathway was measured by Western blot assay in SW480 cells that were transfected with the different plasmids. 
MST1, LATS1 and YAP were the key proteins in the Hippo/YAP signalling pathway. p-MST1, the phosphorylated MST1 protein. p-LATS1, 
the phosphorylated LATS1 protein. p-YAP, the phosphorylated YAP protein. Blank, the cells were cultured without any treatments. NC, the 
cells were transfected with negative control plasmids. sh-AJUBA, the cells were transfected with AJUBA shRNA plasmids. Inhibitor, the cells 
were transfected with miR-1184 inhibitor plasmids. sh-AJUBA + inhibitor, the cells were co-transfected with AJUBA shRNA and miR-1184 
inhibitor plasmids. *P < .05, **P < .001 versus blank group. #P < .05, ##P < .001 versus sh-AJUBA group. (B) The expression of proteins 
involving in the Hippo/YAP signalling pathway was measured by Western blot assay in HCT116 cells that were transfected with the different 
plasmids. MST1, LATS1 and YAP were the key proteins of the Hippo/YAP signalling pathway. p-MST1, the phosphorylated MST1 protein. 
p-LATS1, the phosphorylated LATS1 protein. p-YAP, the phosphorylated YAP protein. Blank, the cells were cultured without any treatments. 
NC, the cells were transfected with negative control plasmids. sh-AJUBA, the cells were transfected with AJUBA shRNA plasmids. Inhibitor, 
the cells were transfected with miR-1184 inhibitor plasmids. sh-AJUBA + inhibitor, the cells were co-transfected with AJUBA shRNA 
and miR-1184 inhibitor plasmids. *P < .05, **P < .001 versus blank group. #P < .05, ##P < .001 versus sh-AJUBA group. (C) The potential 
mechanism of hsa_circ_0128846/miR-1184/AJUBA axis on the progression of CRC
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4  | DISCUSSION

In our paper, in vitro and in vivo experiments demonstrated that 
the expression of hsa_circ_0128846 was raised in CRC tissues and 
CRC cells, as well, hsa_circ_0128846 contributed to CRC cell prolif-
eration, migration, invasion and cell cycle progression while inhib-
ited cell apoptosis. What's more, miR-1184 reversed the CRC cell 
phenotype-promoting effect of circ_0128846. Furthermore, we 
also found that the downstream target of miR-1184, AJUBA, could 
inactivate the Hippo/YAP signalling pathway to promote the devel-
opment of CRC.

Circular RNAs have been proved to be crucial in the develop-
ment of human cancers including human CRC; for example, ciRS-
7-A, hsa_circ_101555 and circNSD2 were once characterized to 
be significantly up-regulated in CRC.38-40 It was reported that 
circ_0053277 with the high expression level in CRC tissues and 
cells enhanced cell viability, migration and epithelial-mesenchy-
mal transition process in CRC.41 In our research, we found that 
hsa_circ_0128846 was significantly up-regulated in CRC tissues 
and cells, and it also contributed to enhanced cell proliferation, 
migration and invasion in vitro, as well as tumour growth in vivo. 
Silencing hsa_circ_0128846, on the other hand, led to the signifi-
cant cell cycle arrest at G2 phase and the increase of cell apoptosis 
rate in CRC cells.

In addition, there were other studies reporting the mechanism 
of competitive endogenous RNA (ceRNA) networks that involve cir-
cRNAs and miRNAs in CRC tumour formation. For instance, Geng 
Y’s research suggested that hsa_circ_0009361 acted as a sponge 
of miR-582 to impair the ability of the CRC tumorigenicity by reg-
ulating APC2 expression. In their research, hsa_circ_0009361 and 
APC2 were both reported to be up-regulated, while miR-582 was 
down-regulated in CRC.19 In another research, hsa_circ_0136666 
was able to up-regulate SH2B1 expression through competitively 
binding with miR-136 to promote CRC cell metastasis.42 Together, 
circular RNAs with affluent binding sites for miRNAs could act as 
miRNA sponges in tumour cells, thus affecting tumour progression. 
In our study, we also found that hsa_circ_0128846 had a binding 
site for miR-1184 and down-regulated the expression of miR-1184, 
thereby promoting the development of CRC.

It is widely accepted that microRNA participates in the base 
pairing of the 3′UTR of the target gene, thereby halting the tran-
scription or the translation process of the target.43,44 MiR-1184 
was first reported by Chen G, et al25 in 2016. Their team used 
GSE37178 data series from Gene Expression Omnibus database 
to identify differentially expressed genes and screen out the po-
tential diagnostic or therapeutic target genes for CRC. They found 
that the expression of miR-1184 was significantly reduced in CRC 
compared with the healthy control. In our study, we found that 
the expression of miR-1184 was down-regulated in CRC tissues 
and cells by qRT-PCR which was the same with Chen, et al’s. It 
was once reported that miR-1184 could increase insulin-like 
growth factor-binding protein 2, thereby promoting the aggres-
sive biological behaviours of bladder cancer cells.20 In addition, 

there was a positive relationship between miR-1184 and PD-L1 
mRNA, suggesting that miR-1184 might regulate PD-L1 expres-
sion at a post-transcription level in non-small-cell lung cancer.21 
Similarly, miR-1184 in our study was proved to inhibit the CRC cell 
phenotypes via suppressing AJUBA expression. Taking together, 
we concluded that miR-1184 was a significant tumour suppressor 
in human CRC.

AJUBA protein, consisting of 55 amino acids, is a member of 
the Zyxin/AJUBA family, which also includes Zyxin, Trip6, Wtip6, 
Limd1 and Lpp.28,45-48 AJUBA is composed of the carboxy-terminal 
LIM region and the amino-terminal PreLIM region,27,48,49 and is a 
cytoplasmic linker protein that had the ability to shuttle between 
the cell junction and the nucleus, thereby playing an important part 
in signal transmission.50 AJUBA was reported to be an upstream 
regulator of the Hippo signalling pathway,51 and it had the function 
of an epithelial integrity sensor and was necessary for re-entering 
the cell cycle progression.31,48 In addition, AJUBA promoted onco-
genic activity of YES-associated protein (YAP) by suppressing large 
tumour suppressor type 1/2 (LATS 1/2) core kinase in the Hippo 
signalling pathway.29,31,52,53 In other words, AJUBA could interact 
with LATS to prevent LATS from phosphorylating YAP, which was 
active in the un-phosphorylated state to increase cell prolifera-
tion.29,31,52,53 What's more, Song et al54 proved that the expres-
sion of YAP in CRC patients was high which was associated with 
an additional risk of cancer recrudesce and poor outcome of CRC 
patients who underwent 5-FU treatment. Above all, we speculated 
that the knockdown of AJUBA could increase YAP phosphoryla-
tion to promote the activation of Hippo/YAP signalling pathway, 
thereby suppressing cell proliferation and migration of CRC cells. 
This speculation was confirmed by our results that the knockdown 
of AJUBA increased the phosphorylated MST1, phosphorylated 
LATS1 and phosphorylated YAP, thereby inactivating Hippo/YAP 
signalling pathway. However, the effect of AJUBA knockdown 
could be reversed by miR-1184 inhibitor.

There are deficiencies in our study. Although we confirmed that 
the knockdown of AJUBA inactivated the Hippo/YAP signalling 
pathway, we did not study in depth how AJUBA protein entered the 
nucleus and interacted with YAP protein. What's more, tumour me-
tastasis was a critical biological feature of malignant tumours and 
the most fatal attribute of cancer. The quality of life and standard 
of living of the patient who undergoes metastasis significantly de-
creases. Therefore, inhibiting CRC metastasis was considered to be 
an efficacious method to improve the prognosis of patient. In our 
research, we did not study the metastasis in nude mice due to the 
experimental limitations. Future researches would be conducted to 
address these issues.

In summary, our study suggests that circ_0128846 promotes 
the development of CRC and inactivates Hippo/YAP signalling path-
way by decreasing the expression of miR-1184, thereby increasing 
AJUBA expression.
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