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and/or biliary obstruction, and few patients meet the crite-
ria for surgery or transplantation (Inchingolo et al. 2021). 
Therefore, the prognosis of HCCA is extremely poor, with 
median survival after surgical resection ranging from 11 to 
38 months and 5-year survival rates generally ranging from 
20 to 40%, while most patients without surgery could live 
less than a year from diagnosis (Khan and Dageforde 2019). 
Therefore, there is an urgent need to find new therapeutic 
targets for HCCA.

MicroRNAs (miRNAs/miRs) are a class of highly con-
served non-protein coding RNAs that maintain cell homeo-
stasis through negative gene regulation (Mishra et al. 
2016). More importantly, miRNAs play important roles in 
tumorigenesis, growth, and metastasis, and have the poten-
tial to be used as clinical therapeutic targets (Ali Syeda et 
al. 2020). Among them, miR-182-5p is widely involved in 
the development of various types of cancers. For example, 
silencing miR-182-5p can enhance the sensitivity of breast 
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Abstract
Background  Hilar cholangiocarcinoma (HCCA) is a common type of cholangiocarcinoma (CHOL) that originates from the 
right and/or left hepatic duct near the biliary tract confluence. The objective of this study is to investigate the impact of miR-
182-5p on the proliferation and invasion of HCCA cells and identify a potential target for HCCA treatment.
Methods  HCCA tissues were collected and HCCA cells were cultured. miR-182-5p and F-box and WD repeat domain 
containing 7 (FBXW7) were detected. After transfection of miR-182-5p inhibitor into HCCA cells, cell proliferation and 
invasion were detected by cell counting 8-kit and Transwell assay. FBXW7 expression was detected by Western blot. The 
targeted relationship between miR-182-5p and FBXW7 3’UTR was verified by dual-luciferase report assay. si-FBXW7 and 
miR-182-5p inhibitor were transfected into cells for combined experiments. HCCA cells with lowly-expressed miR-182-5p 
were injected into nude mice to establish the xenograft tumor model, and subsequent observations were made on tumor 
growth and gene expression changes.
Results  miR-182-5p exhibited high expression levels in both HCCA tissues and cell lines. Inhibiting miR-182-5p effectively 
suppressed the proliferation and migration of HCCA cells. miR-182-5p bounded to FBXW7 3 ‘UTR and inhibited FBWX7 
expression. Suppressing FBXW7 expression partially reversed the inhibitory effect of miR-182-5p inhibitor on HCCA cell 
proliferation and invasion. Silencing miR-182-5p could inhibit the HCCA growth in vivo.
Conclusion  miR-182-5p promoted the proliferation and invasion of HCCA cells by targeting and inhibiting FBXW7 
expression.
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cancer cells to tamoxifen and inhibit tumor growth (Sang 
et al. 2019). Overexpression of miR-182-5p worsens pros-
tate cancer progression and activates the epithelial-mesen-
chymal transition process in cancer cells, which leads to 
decreased overall survival of patients (Souza et al. 2022). 
Importantly, miR-182-5p is highly expressed in CHOL and 
induces angiogenesis (Wang et al. 2023). Nevertheless, the 
role of miR-182-5p in HCCA still needs further exploration.

F-box and WD repeat domain containing 7 (FBXW7), 
located on chromosome 4q32, is a member of the F-box 
protein family, a key tumor suppressor, and one of the most 
common deregulated ubiquitin-proteasome system proteins 
in human cancers (Yeh et al. 2018). Previous studies confirm 
that miR-182-5p can target and inhibit FBXW7 expression, 
while FBXW7 up-regulation can inhibit cell proliferation, 
migration, and tumor growth and migration in kidney can-
cer (Cao et al. 2022). Additionally, the miR-182-5p/FBXW7 
axis is also involved in the regulation of cell cycle and 
invasion in cervical cancer (Zhang et al. 2020a). Notably, 
CHOL patients with low FBXW7 expression show a larger 
tumor volume and significantly shorter overall survival than 
patients with high FBXW7 expression (Ishii et al. 2017). 
Inhibition of FBXW7 also reduces the sensitivity of CHOL 
cells to chemotherapy, resulting in reduced apoptotic effi-
ciency (Mori et al. 2018). However, the role of miR-182-5p/
FBXW7 in CHOL is still unknown.

In this study, we explored the role of miR-182-5p and 
FBXW7 in HCCA tissues and cells and nude mice, so as to 
find new targets for the treatment of HCCA.

Materials and methods

Ethics statement

All tissues were obtained with informed consent from the 
patients. Our study followed the Declaration of Helsinki, and 
ethical approval was obtained from the Ethics Committee of 
The First Affiliated Hospital of Chongqing Medical Univer-
sity. All animal experiments were carried out approval of 
the Animal Ethics Committee of The First Affiliated Hospi-
tal of Chongqing Medical University, and the experimental 
process followed the Guidelines for the Use of Laboratory 
Animals (National Research Council (US) 2011).

Clinical sample collection

A total of 52 pairs of tumor samples and corresponding 
adjacent non-tumoral tissues of HCCA patients, which were 
collected from tumor surgery in The First Affiliated Hospi-
tal of Chongqing Medical University, were included in this 
study. Fresh tissue was harvested immediately after surgery 

and immediately stored in liquid nitrogen after washing 
with frozen phosphate-buffered saline (PBS).

Cell culture

Human intrahepatic biliary epithelial cells (HIBEpiC) 
and cholangiocarcinoma cell lines (KKU-100, QBC939, 
HUCCT1, RBE, HCC-9810) were purchased from the 
Shanghai Institute of Biological Sciences, Chinese Acad-
emy of Sciences. Cells were cultured in RPMI-1640 
medium (Invitrogen, Waltham, MA, USA) with 10% fetal 
bovine serum (FBS), penicillin (100 U/mL), and streptomy-
cin (100 mg/ mL) (Invitrogen) in a humidified incubator at 
37 °C and 5% CO2.

Cell treatment

Cells were transfected with miR-182-5p inhibitors (200 
nM/well) (RiboBio, Guangzhou, Guangdong, China), si-
FBXW7 (200 nM/well) (RiboBio), and the negative con-
trol (NC) (RiboBio) using Lipofectamine 3000 (L3000015, 
Invitrogen) according to the manufacturer’s instructions. 
Next, the cells were cultured in a constant temperature incu-
bator for 48 h for subsequent experiments. To obtain cells 
with stable low expression of miR-182-5p, we packaged 
antagomiR-182-5p (RiboBio) with adenovirus (RiboBio), 
which was then infected with KKU-100 cells. We chose sta-
bly expressing cells by adding puromycin (2  µg/mL) and 
used them for the in vivo experiments.

Cell counting kit-8 (CCK-8) assay

The transfected cells were seeded into 96-well plates with 
3 × 103 cells/well and incubated at 37℃ for 48 h. After that, 
10 µL CCK-8 reagent was added to each well and incubated 
at 37℃ for 1  h. The absorbance at 450  nm was detected 
using a microplate reader.

Colony formation assay

Cells were seeded in 6-well plates (500 cells/well) and 
incubated in RPMI-1640 medium supplemented with 10% 
FBS for 14 days. The colonies were fixed with methanol 
and stained with 0.5% crystal violet. Colonies were then 
counted by two investigators blinded to the study.

Transwell assay

Transwell assay was performed using a 24-well Transwell 
coated with Matrigel (Corning, New York, USA). In brief, 
100 µL of serum-free RPMI 1640 medium containing 106 
cells was added to the upper chamber, and 500 µL of RPMI 
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1640 medium containing 10% FBS was added to the lower 
chamber. The cells were incubated at 37  °C for 48 h and 
stained with crystal violet. The number of invasive cells was 
counted.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

Total RNA was extracted from cells using a TRIzol reagent 
(Invitrogen). After assessing the quality and concentration 
of RNA, reverse transcription of RNA into complementary 
DNA (cDNA) was performed using RevertAid™ (Thermo 
Fisher Scientific, Waltham, MA, USA). qPCR was per-
formed using Power SYBR Green PCR MasterMix (Thermo 
Fisher Scientific) on an Applied Biosystems StepOnePlus 
Real-time PCR system (Thermo Fisher Scientific). The rela-
tive expression levels of genes or miRNAs were analyzed 
by the 2−ΔΔCt method (Livak and Schmittgen 2001). Glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) was used 
as the internal reference for FBXW7, and U6 as the inter-
nal reference for miR-182-5p (Zhang et al. 2020b). Primer 
sequences are shown in Table 1.

Western blot assay

The cells were treated with radioimmunoprecipitation assay 
lysis buffer (Beyotime, Shanghai, China), and the total pro-
tein concentration was determined using a bicinchoninic acid 
kit (Pierce Biotechnology, Rockford, IL, USA). The target 
protein was isolated by 8–15% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) and then 
transferred to polyvinylidene fluoride membranes. After 
being blocked with 5% bovine serum albumin for 1 h, the 
membranes were incubated with primary antibodies against 
FBXW7 (1:1000, ab192328, Abcam, Cambridge, MA, 
USA) and β-actin (1:1000, ab8227, Abcam) at 4℃ over-
night. After washing with Tris-buffered saline with Tween, 
the membranes were incubated with the secondary antibod-
ies for 1 h. The signals were detected with an enhanced che-
miluminescence detection reagent (Beyotime).

Bioinformatics

StarBase (https://rnasysu.com/encori/) (Li et al. 2014) data-
base was used to predict the miR-182-5p expression in 
CHOL. StarBase, TargetScan (http://www.targetscan.org/) 
(Agarwal et al. 2015), miRWalk (http://mirwalk.umm.uni-
heidelberg.de/) (Sticht et al. 2018), miRDB (http://mirdb.
org/) (Chen and Wang 2020), and miRTarBase (http://mirtar-
base.cuhk.edu.cn/php/index.php) (Huang et al. 2022) were 
used to predict downstream target genes of miR-182-5p.

Dual-luciferase report assay

The FBXW7 3’UTR sequence binding to miR-182-5p 
was cloned into the pmirGlo dual-luciferase miRNA target 
expression vector (Promega, Madison, WI, USA) to con-
struct a luciferase reporter vector (FBXW7-WT), and the 
sequence containing the binding site with miR-182-5p was 
mutated to construct a mutant luciferase reporter vector 
(FBXW7-MUT). The cells were seeded into 96-well plates 
and transfected with miR-182-5p mimic or mimic NC when 
they reached 50-70% confluence. The luciferase activity 
was measured at 48 h after transfection by dual-luciferase 
reporter kits (Promega).

Nude mice xenograft model

Male BALB/c thymic nude mice (aged 6–8 weeks) pur-
chased from the National Laboratory Animal Center 
(Beijing, China) were kept under specific pathogen-free 
conditions for 1 week before the experiment. Cells (4 × 106) 
with stable low miR-182-5p expression or negative control 
were injected subcutaneously into the right side of each 
mouse, and tumor volume was measured every 3 days after 
the tumor was identified. The formula was calculated: vol-
ume (mm3) = length × width2/2. On day 21 after injection, 
all mice were euthanized by intraperitoneal injection of 
pentobarbital (200  mg/kg). The tumors were isolated and 
weighed, and samples of 6 mice in each group were ran-
domly selected for rapid freeze in liquid nitrogen, while the 
tumors of other 6 mice were used for paraffin embedding 
and immunohistochemical detection.

Immunohistochemistry (IHC)

Paraffin embedded tissue samples were cut into 5 μm sec-
tions. Sections were incubated with Ki67 (1:200, ab16667, 
Abcam) overnight at 4℃. After washing with PBS, the sec-
tions were incubated with secondary antibody immunoglob-
ulin G (1:2000, ab150077, Abcam) at 25℃ for 20 min and 
then developed by diaminobenzidine. The images were pho-
tographed under a microscope (Olympus, Tokyo, Japan).

Table 1  PCR primer sequences
Gene Sequence (5’-3’)
FBXW7 F: ​G​G​C​C​A​A​A​A​T​G​A​T​T​C​C​C​A​G​C​A​A

R: ​A​C​T​G​G​A​G​T​T​C​G​T​G​A​C​A​C​T​G​T​T​A
miR-182-5p F: ​G​C​C​G​A​G​T​T​T​G​G​C​A​A​T​G​G​T​A​G​A

R: ​C​T​C​A​A​C​T​G​G​T​G​T​C​G​T​G​G​A
GAPDH F: ​G​G​A​G​C​G​A​G​A​T​C​C​C​T​C​C​A​A​A​A​T

R: ​G​G​C​T​G​T​T​G​T​C​A​T​A​C​T​T​C​T​C​A​T​G​G
U6 F: ​A​A​C​G​C​T​T​C​A​C​G​A​A​T​T​T​G​C​G​T

R: ​G​T​G​A​C​G​T​T​T​G​G​G​T​C​A​G​G​T​G​C
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Inhibition of mir-182-5p inhibits the proliferation 
and invasion of HCCA cells

We reduced the expression of miR-182-5p in KKU-100 
and QBC939 cells using miR-182-5p inhibitor (p < 0.01, 
Fig.  2A). It was observed that after inhibition of miR-
182-5p, cell viability was significantly decreased (p < 0.01, 
Fig. 2B), the number of cell clone formation was reduced 
(p < 0.01, Fig. 2C), and cell invasion ability was also reduced 
(p < 0.01, Fig. 2D). These results indicated that inhibition of 
miR-182-5p expression inhibited the proliferation and inva-
sion of HCCA cells.

miR-182-5p targets and inhibits the expression of 
FBXW7

Through online prediction of StarBase, TargetScan, miR-
Walk, miRDB, and miRTarBase databases, the downstream 
target genes of miR-182-5p were obtained and the intersec-
tion was taken (Fig. 3A), in which we focused on FBXW7. 
It has been reported that CHOL patients with low expression 
of FBXW7 have a poor prognosis (Ishii 2017). Dual-lucif-
erase reporter assay confirmed that miR-182-5p could bind 
to FBXW7 3’UTR (p < 0.01, Fig.  3B), and FBXW7 was 
poorly expressed in tissues of HCCA patients and HCCA 
cells (p < 0.01, Fig. 3C), while FBXW7 was increased after 
inhibition of miR-182-5p (p < 0.01, Fig.  3D). The above 
results indicated that miR-182-5p targeted and inhibited 
FBXW7 expression in HCCA cells.

Statistical analysis

SPSS21.0 statistical software (IBM, Armonk, NY, USA) 
and GraphPad Prism 8.0 software (GraphPad Software Inc., 
San Diego, USA, USA) were used for data analyses and 
data plotting. First, normality and homogeneity of variance 
tests were conducted, which verified that the data were in 
normal distribution and homogeneity of variance. Data 
comparisons between two groups were analyzed by t test; 
data comparisons among multiple groups were analyzed by 
one-way or two-way analysis of variance (ANOVA), fol-
lowed by Tukey’s multiple comparisons for post hoc test. 
p < 0.05 was considered statistically significant.

Results

miR-182-5p is highly expressed in HCCA

StarBase database predicted that miR-182-5p was highly 
expressed in CHOL (Fig. 1A). qRT-PCR showed that miR-
182-5p was highly expressed in HCCA tissues compared 
to paired adjacent tissues (p < 0.01, Fig.  1B). CHOL cell 
lines were cultured in vitro. Compared with HIBEpiC, 
miR-182-5p was also highly expressed in CHOL cell lines 
(p < 0.01, Fig. 1C). We chose KKU-100 and QBC939 with 
the highest relative expression for subsequent experiments.

Fig. 1  miR-182-5p is highly expressed in HCCA. A: StarBase data-
base predicted the expression of miR-182-5p in CHOL. B: The expres-
sion of miR-182-5p in HCCA tissue (Tumor) and tumor adjacent tis-
sue (Control) was detected by qRT-PCR, n = 52. C: The expression of 
miR-182-5p in (HIBEpiC) and bile duct cancer cell lines (KKU-100, 

QBC939, HUCCT1, RBE, and HCC-9810) was detected by qRT-PCR. 
Cell experiment was repeated three times independently. ** p < 0.01. 
Data in panel B were analyzed by t test; data in panel C were analyzed 
by one-way ANOVA, followed by Tukey’s multiple comparisons post 
hoc test
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inhibition of FBXW7 partially reversed the inhibitory effect 
of miR-182-5p silencing on cell proliferation and invasion.

Inhibition of miR-182-5p reduces tumor growth of 
HCCA  in vivo

The in vivo tumor model was established by subcutaneous 
injection of lowly-expressed miR-182-5p and antagomiR-
NC. The tumor growth of KKU-100 cells with low-
expressed miR-182-5p was significantly slower than that 
of the control group (p < 0.01, Fig. 5A). The tumor weight 
was also significantly lower than that of the control group 

Inhibition of FBXW7 partially reverses the inhibitory 
effect of miR-182-5p silencing on the proliferation 
and invasion of HCCA cells

To verify the above mechanism, we transfected two si-
FBXW7 to inhibit FBXW7 expression (p < 0.01, Fig. 4A-
B), and si-FBXW7-1 with a better transfection effect was 
chosen for the combined experiments with miR-182-5p 
inhibitor. Compared with miR-182-5p silencing alone, cell 
viability in the combined group was promoted (p < 0.01, 
Fig.  4C), and the proliferation and invasion abilities 
were also increased (p < 0.01, Fig.  4D-E), indicating that 

Fig. 2  Inhibition of miR-182-5p inhibits the proliferation and invasion 
of HCCA cells. miR-182-5p inhibitor (miR-inhi) was transfected into 
KKU-100 and QBC939 cells, and inhi-NC was used as control. A: The 
expression of miR-182-5p was detected by qRT-PCR. B: Cell viability 
was detected by CCK-8. C: Cell proliferation was detected by colony 

formation assay. D: Cell invasion was detected by Transwell assay. 
Cell experiments were repeated three times independently, ** p < 0.01. 
Data were analyzed by two-way ANOVA, followed by Tukey’s mul-
tiple comparisons post hoc test
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Fig. 3  miR-182-5p targets and inhibits the expression of FBXW7. A: 
The downstream target genes of miR-182-5p were predicted by Star-
Base, TargetScan, miRWalk, miRDB, and miRTarBase databases, and 
the intersection was taken. B: The binding of miR-182-5p to FBXW7 
3’UTR sequence was analyzed by dual-luciferase reporter assay. C-
H: The expression of FBXW7 in tissues (n = 52) and cells was ana-

lyzed by qRT-PCR and Western blot. Cell experiments were repeated 
three times independently, ** p < 0.01. Data in panels C and D were 
analyzed by t test; data in panels B, G, and H data were analyzed by 
two-way ANOVA; data in panels E and F were analyzed by one-way 
ANOVA, followed by Tukey’s multiple comparisons post hoc tests
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Fig. 4  Inhibition of FBXW7 partially reverses the inhibitory effect 
of miR-182-5p silencing on the proliferation and invasion of HCCA 
cells. Two siRNAs targeting FBXW7 (si-FBXW7-1 and si-FBXW7-2) 
were transfected into KKU-100 and QBC939 cells, respectively, with 
si-NC as control. A: The transfection efficiency was detected by qRT-
PCR. si-FBXW7-1 with better transfection effect and miR-inhi were 
selected for combined experiment. B: The expression of FBXW7 in 

cells was detected by Western blot. C: Cell viability was detected by 
CCK-8. D: Cell proliferation was measured by clone formation test. E: 
Cell invasion was detected by Transwell assay. Cell experiments were 
repeated three times independently, ** p < 0.01. data were analyzed 
by two-way ANOVA, followed by Tukey’s multiple comparisons post 
hoc test
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has been demonstrated in various cancers, our study spe-
cifically revealed significant upregulation of miR-182-5p 
in HCCA. Inhibition of miR-182-5p was closely associated 
with reduced activity, proliferation, and invasion ability of 
HCCA cells, highlighting that miR-182-5p could serve as a 
potential therapeutic target for HCCA.

The database predicted a high expression of miR-182-5p 
in CHOL. In addition, miR-182-5p was highly expressed 
in cancer tissues of HCCA patients. miR-182-5p can func-
tion as a cancer promoting factor. Overexpression of miR-
182-5p promotes invasion and migration of non-small cell 
lung cancer (Yang et al. 2021) and is significantly correlated 
with pathological stage, grade, and lymphatic metastasis of 
bladder cancer cells (Zhang et al. 2022). It has been veri-
fied that miR-182-5p plays a carcinogenic role in CHOL. 
A previous study has found that miR-182-5p is ectopi-
cally up-regulated in bile exosomes of CHOL, thereby 
promoting the proliferation, invasion, epithelial-mesen-
chymal transition, and angiogenesis of CHOL by targeting 

(p < 0.01, Fig.  5B). FBWX7 expression was increased 
in tumors with lowly-expressed miR-182-5p (p < 0.01, 
Fig.  5C-D). IHC detection showed that Ki67 expression 
was reduced in tumors with lowly-expressed miR-182-5p 
(p < 0.01, Fig. 5E). These results suggested that inhibition of 
miR-182-5p expression could effectively inhibit the growth 
of HCCA tumors in vivo.

Discussion

In published studies, miR-182-5p showed different charac-
teristics in different cancers. In nasopharyngeal carcinoma 
(He et al. 2021) and liver cancer (Zheng et al. 2021), miR-
182-5p functions as a pro-carcinogenic factor, whereas it 
acts as a tumor suppressor in thyroid carcinoma (Wang et 
al. 2022a) and colorectal cancer (Jin et al. 2019). While 
the involvement of miR-182-5p in tumorigenesis, inva-
sion, and metastasis through gene expression regulation 

Fig. 5  Inhibition of miR-182-5p reduces tumor growth of HCCA 
in vivo. KKU-100 cells were infected with adenovirus containing 
antagomiR-182-5p to obtain cells with stable low miR-182-5p expres-
sion, and antagomiR-NC was used as control. The above cells were 
subcutaneously injected into nude mice. A: The volume of the tumors 
was monitored every 3 days, and representative images of the tumors 
were harvested after 21 days. B: Tumor weight. C: The expression of 

miR-182-5p and FBXW7 in tumors was detected by qRT-PCR. D: The 
expression of FBXW7 in the tumors was detected by Western blot. 
E: The positive expression of ki67 in the tumor was detected by IHC. 
n = 6, ** p < 0.01. Data in panel A were analyzed by two-way ANOVA, 
followed by Tukey’s multiple comparisons post hoc test; data in panels 
B-E were analyzed by t test
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Third, the downstream mechanism of FBXW7 remains to 
be explored. Finally, it is unclear whether upregulation of 
miR-182-5p would promote cell proliferation. In the future, 
we will conduct related studies on other downstream target 
genes of miR-182-5p from intersections predicted in data-
bases, explore the downstream regulation mechanism of 
FBXW7, improve the specific mechanism of miR-182-5p/
FBXW7 in vivo and in vitro, and collect survival data from 
HCCA patient for analysis of the prognostic value of miR-
182-5p and FBXW7.

Conclusion

In conclusion, we explored the role of miR-182-5p/FBXW7 
in the proliferation and invasion of HCCA for the first 
time and found that miR-182-5p targeted and inhibited the 
expression of FBXW7, while inhibition of miR-182-5p 
could effectively inhibit the cell proliferation and tumor 
growth of HCCA, providing a theoretical basis for the treat-
ment of HCCA.
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hydroxyprostaglandin dehydrogenase in CHOL cells and 
mast cells (Shu et al. 2023). Moreover, exosome-derived 
miR-182-5p can activate the PI3K/AKT/mTOR signaling 
pathway in CHOL, thus promoting vascular endothelial cell 
proliferation and migration and leading to gemcitabine and 
cisplatin resistance (Wang 2023). In line with previous stud-
ies, our study found that inhibiting miR-182-5p expression 
reduced the proliferation and invasion of HCCA cells, as 
well as the tumor weight and Ki67 expression in vivo, effec-
tively limiting tumor growth.

Further database analysis and prediction showed that 
FBXW7 was the downstream target gene of miR-182-5p. 
The role of FBXW7 as a tumor suppressor gene has been 
widely established (Shen et al. 2022). FBXW7 recruit-
ment, ubiquitination, dimerization, epigenetic mechanisms, 
and post-transcriptional modifications are major processes 
involved in cancer development (Fan et al. 2022). For 
instance, the overexpression of FBXW7 promotes ACTL6A 
ubiquitination and reduces the protein level of ACTL6A to 
inhibit the malignancy of hepatocellular carcinoma (Wang 
et al. 2022b). FBXW7 inhibits the migration and invasion of 
gastric cancer cells by negatively regulating the epigenetic 
regulator MECP2 (Zhao et al. 2022). Accordingly, FBXW7 
also plays as a tumor suppressor in the development of 
CHOL, which can inhibit the migration and invasion of 
CC cells, and its insufficient expression is significantly 
related to the metastasis, TNM stage, and differentiation 
of HCCA (Yang et al. 2015). Meanwhile, in intrahepatic 
HCCA, the prognosis of the FBXW7-negative group is 
significantly worse than that of the FBXW7-positive group 
(3-year survival rate was 29.4% and 72.7%, respectively) 
(Enkhbold et al. 2014). Our study further confirmed that 
inhibiting FBXW7 increases HCCA cell viability and inva-
sion. In addition, FBXW7 was inhibited by miR-182-5p, 
consistent with a previous report (Wu et al. 2020). Of note, 
miR-182-5p directly binds to the FBXW7 3’UTR, and 
weakening the expression of miR-182-5p can increase the 
level of FBXW7, inhibit the proliferation and invasion of 
cervical cancer cells, and slow down tumor progression 
(Zhang 2020a). Therefore, we conducted combined experi-
ments of si-FBXW7-1 and miR-182-5p inhibitor and found 
that inhibiting FBXW7 partly counteracted the inhibitory 
effect of miR-182-5p knockdown on HCCA by promoting 
cell proliferation and invasion.

Our study still has some limitations. First, there are many 
downstream target genes of miR-182-5p, and we only chose 
FBXW7 for this study since low expression of FBXW7 has 
been reported to indicate poor prognosis in CHOL patients. 
Second, our investigation only focused on the impact of the 
miR-182-5p/FBXW7 axis on tumor growth in vivo and did 
not explore other pathological characteristics such as his-
tology, lymph node metastasis, and lymphatic invasion. 

1 3

Page 9 of 11    461 



Journal of Cancer Research and Clinical Oncology         (2024) 150:461 

Mishra S, Yadav T, Rani V (2016) Exploring miRNA based approaches 
in cancer diagnostics and therapeutics. Crit Rev Oncol Hematol 
98:12–23. https://doi.org/10.1016/j.critrevonc.2015.10.003

Mori A, Masuda K, Ohtsuka H, Shijo M, Ariake K, Fukase K et al 
(2018) FBXW7 modulates malignant potential and cisplatin-
induced apoptosis in cholangiocarcinoma through NOTCH1 and 
MCL1. Cancer Sci 109(12):3883–3895. https://doi.org/10.1111/
cas.13829

National Research Council (US) (2011) Guide for the Care and Use 
of Laboratory Animals. 8th ed. Washington (DC) https://doi.
org/10.17226/12910

Poruk KE, Pawlik TM, Weiss MJ (2015) Perioperative Management 
of Hilar Cholangiocarcinoma. J Gastrointest Surg 19(10):1889–
1899. https://doi.org/10.1007/s11605-015-2854-8

Sang Y, Chen B, Song X, Li Y, Liang Y, Han D et al (2019) cir-
cRNA_0025202 regulates tamoxifen sensitivity and tumor pro-
gression via regulating the miR-182-5p/FOXO3a Axis in breast 
Cancer. Mol Ther 27(9):1638–1652. https://doi.org/10.1016/j.
ymthe.2019.05.011

Shen W, Zhou Q, Peng C, Li J, Yuan Q, Zhu H et al (2022) FBXW7 and 
the hallmarks of Cancer: underlying mechanisms and prospec-
tive strategies. Front Oncol 12:880077. https://doi.org/10.3389/
fonc.2022.880077

Shu L, Li X, Liu Z, Li K, Shi A, Tang Y et al (2023) Bile exosomal 
miR-182/183-5p increases cholangiocarcinoma stemness and 
progression by targeting HPGD and increasing PGE2 generation. 
Hepatology https://doi.org/10.1097/HEP.0000000000000437

Souza MF, Colus IMS, Fonseca AS, Antunes VC, Kumar D, Cavalli 
LR (2022) MiR-182-5p modulates prostate Cancer aggressive 
phenotypes by targeting EMT Associated pathways. Biomol-
ecules 12(2):187. https://doi.org/10.3390/biom12020187

Sticht C, De La Torre C, Parveen A, Gretz N (2018) miRWalk: an online 
resource for prediction of microRNA binding sites. PLoS ONE 
13(10):e0206239. https://doi.org/10.1371/journal.pone.0206239

Wang D, Zhang S, Li D, Wang Q, Xiao Z, Zhang Y (2022a) Circ-
SND1/miR-182-5p Axis Promotes Proliferative and Invasive 
Abilities of Thyroid Cancer via Binding Targeting MET. J Oncol 
2022:9175084. https://doi.org/10.1155/2022/9175084

Wang X, Li Y, Li Y, Liu P, Liu S, Pan Y (2022b) FBXW7 Reduces the 
Cancer Stem Cell-Like Properties of Hepatocellular Carcinoma by 
Regulating the Ubiquitination and Degradation of ACTL6A. Stem 
Cells Int 2022:3242482. https://doi.org/10.1155/2022/3242482

Wang J, Jiang W, Liu S, Shi K, Zhang Y, Chen Y et al (2023) Exosome-
derived mir-182-5p promoted cholangiocarcinoma progression 
and vasculogenesis by regulating ADK/SEMA5a/PI3K pathway. 
Liver Int. https://doi.org/10.1111/liv.15773

Wu X, Chen H, Wu M, Peng S, Zhang L (2020) Downregulation of mir-
182-5p inhibits the proliferation and invasion of triple-negative 
breast cancer cells through regulating TLR4/NF-kappaB pathway 
activity by targeting FBXW7. Ann Transl Med 8(16):995. https://
doi.org/10.21037/atm-20-5192

Yang H, Lu X, Liu Z, Chen L, Xu Y, Wang Y et al (2015) FBXW7 
suppresses epithelial-mesenchymal transition, stemness and 
metastatic potential of cholangiocarcinoma cells. Oncotarget 
6(8):6310–6325. https://doi.org/10.18632/oncotarget.3355

Yang W, Yin Y, Bi L, Wang Y, Yao J, Xu L et al (2021) MiR-182-5p 
promotes the metastasis and epithelial-mesenchymal transition 
in non-small cell Lung Cancer by Targeting EPAS1. J Cancer 
12(23):7120–7129. https://doi.org/10.7150/jca.60419

Yeh CH, Bellon M, Nicot C (2018) FBXW7: a critical tumor sup-
pressor of human cancers. Mol Cancer 17(1):115. https://doi.
org/10.1186/s12943-018-0857-2

Zhang J, Zhou M, Zhao X, Wang G, Li J (2020a) Long noncoding 
RNA LINC00173 is downregulated in cervical cancer and inhib-
its cell proliferation and invasion by modulating the miR-182-5p/

Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative 
Commons licence and your intended use is not permitted by statu-
tory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

Agarwal V, Bell GW, Nam JW, Bartel DP (2015) Predicting effective 
microRNA target sites in mammalian mRNAs. Elife 4:e05005. 
https://doi.org/10.7554/eLife.05005

Ali Syeda Z, Langden SSS, Munkhzul C, Lee M, Song SJ (2020) Reg-
ulatory mechanism of MicroRNA expression in Cancer. Int J Mol 
Sci 21(5):1723. https://doi.org/10.3390/ijms21051723

Cao J, Yu U, Li L, Yuan X, Chen S, Xu H et al (2022) circKL inhibits 
the growth and metastasis of kidney cancer by sponging miR–
182–5p and upregulating FBXW7. Oncol Rep 47(4):75. https://
doi.org/10.3892/or.2022.8286

Chen Y, Wang X (2020) miRDB: an online database for prediction of 
functional microRNA targets. Nucleic Acids Res 48(D1):D127–
D131. https://doi.org/10.1093/nar/gkz757

Elvevi A, Laffusa A, Scaravaglio M, Rossi RE, Longarini R, Stagno 
AM et al (2022) Clinical treatment of cholangiocarcinoma: an 
updated comprehensive review. Ann Hepatol 27(5):100737. 
https://doi.org/10.1016/j.aohep.2022.100737

Enkhbold C, Utsunomiya T, Morine Y, Imura S, Ikemoto T, Arakawa 
Y et al (2014) Loss of FBXW7 expression is associated with 
poor prognosis in intrahepatic cholangiocarcinoma. Hepatol Res 
44(14):E346–352. https://doi.org/10.1111/hepr.12314

Fan J, Bellon M, Ju M, Zhao L, Wei M, Fu L et al (2022) Clinical 
significance of FBXW7 loss of function in human cancers. Mol 
Cancer 21(1):87. https://doi.org/10.1186/s12943-022-01548-2

He W, Jin H, Liu Q, Sun Q (2021) miR–182–5p contributes to radio-
resistance in nasopharyngeal carcinoma by regulating BNIP3 
expression. Mol Med Rep 23(2):130. https://doi.org/10.3892/
mmr.2020.11769

Huang HY, Lin YC, Cui S, Huang Y, Tang Y, Xu J et al (2022) miR-
TarBase update 2022: an informative resource for experimen-
tally validated miRNA-target interactions. Nucleic Acids Res 
50(D1):D222–D230. https://doi.org/10.1093/nar/gkab1079

Inchingolo R, Acquafredda F, Ferraro V, Laera L, Surico G, Surgo 
A et al (2021) Non-surgical treatment of hilar cholangiocarci-
noma. World J Gastrointest Oncol 13(11):1696–1708. https://doi.
org/10.4251/wjgo.v13.i11.1696

Ishii N, Araki K, Yokobori T, Watanabe A, Tsukagoshi M, Kubo N et al 
(2017) Poor prognosis in cholangiocarcinoma patients with low 
FBXW7 expression is improved by chemotherapy. Oncol Lett 
13(5):3653–3661. https://doi.org/10.3892/ol.2017.5946

Jin Y, Zhang ZL, Huang Y, Zhang KN, Xiong B (2019) MiR-182-5p 
inhibited proliferation and metastasis of colorectal cancer by tar-
geting MTDH. Eur Rev Med Pharmacol Sci 23(4):1494–1501. 
https://doi.org/10.26355/eurrev_201902_17107

Khan AS, Dageforde LA (2019) Cholangiocarcinoma. Surg Clin North 
Am 99(2):315–335. https://doi.org/10.1016/j.suc.2018.12.004

Li JH, Liu S, Zhou H, Qu LH, Yang JH (2014) starBase v2.0: decod-
ing miRNA-ceRNA, miRNA-ncRNA and protein-RNA interac-
tion networks from large-scale CLIP-Seq data. Nucleic Acids Res 
42(Database issue):D92–97. https://doi.org/10.1093/nar/gkt1248

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta Delta 
C(T)) method. Methods 25(4):402–408. https://doi.org/10.1006/
meth.2001.1262

1 3

  461   Page 10 of 11

https://doi.org/10.1016/j.critrevonc.2015.10.003
https://doi.org/10.1111/cas.13829
https://doi.org/10.1111/cas.13829
https://doi.org/10.17226/12910
https://doi.org/10.17226/12910
https://doi.org/10.1007/s11605-015-2854-8
https://doi.org/10.1016/j.ymthe.2019.05.011
https://doi.org/10.1016/j.ymthe.2019.05.011
https://doi.org/10.3389/fonc.2022.880077
https://doi.org/10.3389/fonc.2022.880077
https://doi.org/10.1097/HEP.0000000000000437
https://doi.org/10.3390/biom12020187
https://doi.org/10.1371/journal.pone.0206239
https://doi.org/10.1155/2022/9175084
https://doi.org/10.1155/2022/3242482
https://doi.org/10.1111/liv.15773
https://doi.org/10.21037/atm-20-5192
https://doi.org/10.21037/atm-20-5192
https://doi.org/10.18632/oncotarget.3355
https://doi.org/10.7150/jca.60419
https://doi.org/10.1186/s12943-018-0857-2
https://doi.org/10.1186/s12943-018-0857-2
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.7554/eLife.05005
https://doi.org/10.3390/ijms21051723
https://doi.org/10.3892/or.2022.8286
https://doi.org/10.3892/or.2022.8286
https://doi.org/10.1093/nar/gkz757
https://doi.org/10.1016/j.aohep.2022.100737
https://doi.org/10.1111/hepr.12314
https://doi.org/10.1186/s12943-022-01548-2
https://doi.org/10.3892/mmr.2020.11769
https://doi.org/10.3892/mmr.2020.11769
https://doi.org/10.1093/nar/gkab1079
https://doi.org/10.4251/wjgo.v13.i11.1696
https://doi.org/10.4251/wjgo.v13.i11.1696
https://doi.org/10.3892/ol.2017.5946
https://doi.org/10.26355/eurrev_201902_17107
https://doi.org/10.1016/j.suc.2018.12.004
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1006/meth.2001.1262


Journal of Cancer Research and Clinical Oncology         (2024) 150:461 

cells by modulating the Notch1/c-Myc/mTOR signaling path-
ways by suppressing FBXW7 transcription. Am J Cancer Res 
12(11):5183–5204

Zheng J, Wu D, Wang L, Qu F, Cheng D, Liu X (2021) Mir-
182-5p regulates cell growth of Liver Cancer via Targeting 
RCAN1. Gastroenterol Res Pract 2021:6691305. https://doi.
org/10.1155/2021/6691305

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations. 

FBXW7 axis. Pathol Res Pract 216(8):152994. https://doi.
org/10.1016/j.prp.2020.152994

Zhang X, Xue C, Cui X, Zhou Z, Fu Y, Yin X et al (2020b) 
Circ_0075829 facilitates the progression of pancreatic carcinoma 
by sponging mir-1287-5p and activating LAMTOR3 signalling. 
J Cell Mol Med 24(24):14596–14607. https://doi.org/10.1111/
jcmm.16089

Zhang Z, Wang C, Liu T, Tang Z, Yan R, Zhang C et al (2022) miRNA-
182-5p promotes human bladder cancer proliferation and migra-
tion through the FOXF2/SHH axis. Neoplasma 69(2):321–330. 
https://doi.org/10.4149/neo_2021_210903N1266

Zhao L, Wang X, Yang J, Jiang Q, Zhang J, Wu F et al (2022) 
MECP2 promotes the migration and invasion of gastric cancer 

1 3

Page 11 of 11    461 

https://doi.org/10.1155/2021/6691305
https://doi.org/10.1155/2021/6691305
https://doi.org/10.1016/j.prp.2020.152994
https://doi.org/10.1016/j.prp.2020.152994
https://doi.org/10.1111/jcmm.16089
https://doi.org/10.1111/jcmm.16089
https://doi.org/10.4149/neo_2021_210903N1266

	﻿miR-182-5p promotes the proliferation and invasion of hilar cholangiocarcinoma cells by inhibiting FBXW7
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Ethics statement
	﻿Clinical sample collection
	﻿Cell culture
	﻿Cell treatment
	﻿Cell counting kit-8 (CCK-8) assay
	﻿Colony formation assay
	﻿Transwell assay
	﻿Quantitative real-time polymerase chain reaction (qRT-PCR)
	﻿Western blot assay
	﻿Bioinformatics
	﻿Dual-luciferase report assay
	﻿Nude mice xenograft model
	﻿Immunohistochemistry (IHC)
	﻿Statistical analysis

	﻿Results
	﻿miR-182-5p is highly expressed in HCCA
	﻿Inhibition of mir-182-5p inhibits the proliferation and invasion of HCCA cells
	﻿miR-182-5p targets and inhibits the expression of FBXW7
	﻿Inhibition of FBXW7 partially reverses the inhibitory effect of miR-182-5p silencing on the proliferation and invasion of HCCA cells
	﻿Inhibition of miR-182-5p reduces tumor growth of HCCA  ﻿in vivo﻿

	﻿Discussion
	﻿Conclusion
	﻿References


