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Background: The tumor-promoting roles of ST8SIA6-AS1 and miR-145-5p have been 
found in several cancers, but their function in cholangiocarcinoma (CHOL) remains spec-
ulative. The purpose of this study was to examine the regulatory functions of the ST8SIA6- 
AS1/MAL2/miR-145-5p pathway in CHOL progression.
Methods: RT-qPCR assay was used to detect ST8SIA6-AS1 expression in CHOL tissues 
and cell lines. Cell migration, apoptosis, invasion, and proliferation abilities were assessed by 
RIP, RNA pull-down, and luciferase assays. CCK-8, BrdU, transwell, and FITC assays to 
investigate the regulatory functions of ST8SIA6-AS1, miR-145-5p, and MAL2 function in 
CHOL cells.
Results: Findings revealed the enrichment of ST8SIA6-AS1 in CHOL tissues and cell lines. 
It was also found that ST8SIA6-AS1 facilitated cell growth and migration, but it reduced the 
apoptosis level of the CHOL cells. The results of experiments showed that ST8SIA6-AS1 
sponged miR-145-5p, thereby allowing MAL2 to exert its biological function on CHOL 
cells.
Conclusion: This research suggested that the ST8SIA6-AS1/miR-145-5p/MAL2 axis could 
enhance CHOL progression, which might be useful to improve the clinical outcomes of 
CHOL patients.
Keywords: ST8SIA6-AS1, miR-145-5p, MAL2, cholangiocarcinoma, proliferation, 
apoptosis, migration

Introduction
Cholangiocarcinoma (CHOL), the second most commonly diagnosed primary 
hepatic tumor after hepatocellular carcinoma, originates from the bile ducts. In 
the last three decades, cases of CHOL have been on the rise, especially in East 
Asia.1,2 Despite the use of advanced therapeutic methods such as surgery and 
chemotherapy to treat CHOL patients, the incidence rate and mortality rate of this 
cancer remain high.3 Therefore, an understanding of the underlying molecular 
mechanisms of CHOL is needed in improving CHOL prognosis and treatment.

Long non-coding RNAs (lncRNAs) play key roles in the development of 
malignancy. While lncRNAs cannot code protein, they can regulate gene expression 
at epigenetic levels.4 Previous research reported that lncRNAs could sponge 
microRNAs (miRNAs) and regulate the downstream genes.5 Much effort has 
been made to investigate the regulatory functions of lncRNAs in various cancers, 
such as osteosarcoma cancer, colorectal cancer, and prostate cancer.6–8 For 
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example, one study found that lncRNA enhanced the inva-
sion abilities of breast cancer cells by activating the Wnt/ 
β-catenin/mTOR/PI3K signaling pathway.9 In another 
study, lncRNA SNHG5 promoted bladder cancer by tar-
geting p27.10 Moreover, lncRNA FAM83H-AS1 acceler-
ated colorectal carcinoma development by targeting the 
Notch signaling pathway.11 Research revealed that 
lncRNAGas5 regulated PTEN expression by sponging 
miR-222-3p in papillary thyroid carcinoma cells.12 

Several studies suggested that lncRNA ST8SIA6-AS1 
played an important role in the growth, migration, and 
invasion of different cancers, such as hepatocellular carci-
noma, colorectal cancer, and breast cancer.13–15 However, 
very little is known about how ST8SIA6-AS1 influences 
CHOL progression.

MiRNAs are non-coding RNAs with approximately 
19–22 nucleotides and the ability to regulate gene expres-
sion by suppressing or degrading mRNAs.16 Growing 
evidence has indicated that miRNAs can regulate the pro-
gression of various cancers by regulating cell growth, 
migration, invasion, and apoptosis, such as pancreatic 
cancer, papillary thyroid cancer, and ovarian cancer.17–19 

For instance, miR-133a-3p repressed the growth and 
metastasis of gastric cancer cells via blocking autophagy- 
mediated glutaminolysis.20 MiRNA-106a has been con-
firmed to promote breast cancer cells’ proliferation, clono-
genicity, migration, and invasion but inhibit their apoptosis 
and chemosensitivity.21 Previous research showed that 
miRNA-486-5p could suppress liver cancer progression 
by targeting sirt1.37 A decrease in miR-145-5p expression 
was observed in CHOL cells, which activated the expres-
sion of STAT1.22 In addition, miR-145-5p targeted 
NUAK1 to restrain the carcinogenesis of the CHOL 
cells.23 It was also reported that the progression of the 
CHOL cells could be repressed by miR-145-5p via the 
sirt3/GDH axis.24 However, whether ST8SIA6-AS1 
could sponge miR-145-5p and influence CHOL progres-
sion remains unclear.

Mal, T cell differentiation protein 2 (MAL2) gene is 
located on chromosome 8q24.12, and it consists of 4 
exons. This gene can encode a multi-span transmembrane 
protein, which belongs to the MAL proteolipid family.25,26 

Various pieces of evidence demonstrated the involvement 
of MAL2 in accelerating cell growth, migration and inva-
sion in many cancer types, such as breast cancer, papillary 
thyroid cancer, and hepatocellular carcinoma.27–29 Two 
studies reported the enrichment of MAL2 expression in 
CHOL tissues and cell lines.30,31 However, the 

tumorigenic role of the ST8SIA6-AS1/miR-145-5p/ 
MAL2 axis in CHOL needs to be further explored.

This study aimed to examine the regulatory impacts of 
ST8SIA6-AS1 on the miR-145-5p/MAL2 axis in CHOL 
cells. We hypothesized that ST8SIA6-AS1 could promote 
CHOL progression by suppressing the miR-145/5p-MAL2 
axis.

Materials and Methods
Bioinformatics Analysis
The ENCORI (The Encyclopedia of RNA Interactomes, 
http://starbase.sysu.edu.cn/) algorithm was used to analyze 
the correlation between ST8SLA6-AS1 and CHOL pro-
gression. GSE77984 was the mRNA expression profile, 
and it included CHOL tissues and normal human cholan-
giocyte tissues. The upregulated differentially expressed 
genes (DEGs) were screened from GSE77984 with the 
selection criteria of adjusted P<0.05 and logFC>3. The 
target genes of miR-145-5p were predicted by ENCORI. 
The common genes were overlapped from GSE77984, and 
the predicted target genes were analyzed using Venny 
2.1.0. Finally, the TCGA database was used to show the 
common genes in CHOL.

Patient Samples, Cell Lines, and Cell 
Transfection
A total of 35 CHOL specimens and paracancerous tissues 
were obtained from 35 patients at Henan Province 
People’s Hospital, People’s Hospital of Zhengzhou 
University, China (No. KY2018-099-03, 2018-5-29). 
Informed consent forms were completed by the patients, 
and the survey was approved by the Ethics Committee of 
this hospital. The patients’ clinical characteristics are pre-
sented in Table 1.

Human CHOL cell lines (TFK-1, CCLP, RBE, and 
HUCCT1) and the normal HIBEC epithelial cell were 
purchased from ATCC (Manassas, VA, USA). TFK-1, 
CCLP, and HUCCT1 cells were seeded in DMEM 
(Gibco, USA), while RBE and HIBEC cells were seeded 
in the RPMI-1640 medium (Gibco, USA). All the culture 
media contained 10% FBS (Gibco, USA). The cells col-
lected from patients were cultured at 37 °C in an atmo-
sphere containing 5% CO2. siRNA-ST8SIA6-AS1 (si-lnc), 
miR-145-5p mimics, inhibitor, siRNA-MAL2, and nega-
tive control (NC) were obtained from RiboBio 
(Guangzhou, China). The cells were transfected for 48 
h using Lipofectamine 2000 Transfection Reagent 
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(Invitrogen, MA, USA). The non-transfected cells were 
regarded as the blank group.

Nucleic Acid Isolation and RT-qPCR
The MAL2 mRNA and ST8SIA6-AS1 lncRNA were iso-
lated using TRIzol Reagent (Cat#: 15596018, Thermo, 
USA). The miRcute miRNA Isolation Kit (DP501, 
Tiangen, China) was employed to isolate and purify the 
miRNAs. The separation of the nuclear and cytosolic frac-
tions was conducted using the Ambion PARIS Kit 
(AM1921, Life, USA). Then, the cDNA of MAL2 and 
ST8SIA6-AS1 was obtained using the PrimeScript First 
Strand cDNA Synthesis Kit (RR037A, Takara, China), 
while that of miR-145-5p was obtained using the miRcute 
miRNA First-strand cDNA Synthesis Kit (KR211, Tiangen, 
China). Finally, the expression of MAL2 and ST8SIA6-AS1 
was identified using SYBR Premix Ex Taq (RR420A, 
Takara, China), while the expression of miR-145-5p was 
observed using the miRcute-enhanced miRNA 
Fluorescence Quantitative Detection Kit (FP411, Tiangen, 

China). GAPDH was used as the internal control for MAL2, 
while U6 was employed as the internal control for miR-145- 
5p. The gene expression was determined using the of 2−ΔΔCt 

technique. The primer sequences are listed in Table 2.

CCK-8 Assay
CCLP and RBE cells (5×103) were cultured in 96-well 
plates. The cell viability was detected after 24 h, 48 h, 72 
h, and 96 h. 10 µL CCK-8 solution (Cat#: K1018; 
APExBIO, China) was added to each well, and the mixture 
was incubated for 2 h. The optical density (OD) value at 
450 nm was obtained with a multimode-plate-reader 
(Thermo, USA).

BrdU Assay
CCLP and RBE cells (5×103) were cultured in 96-well 
plates. The cells were incubated with BrdU (Cat#: 
ab126556, Abcam, USA) for 4 h. Then, cells were per-
meabilized and treated with the BrdU antibody and incu-
bated for 2 h. Finally, the cells were treated with the anti- 
mouse antibody for 1 h. The OD value (450 nm) was 
obtained with a multimode-plate-reader (Thermo, USA).

Transwell Assay
The 8 μm pore size chamber (Cat#: #3244, Corning, NY, 
USA) in the 24-well plate was used to carry out cell invasion 
measurement. The lower chamber was pre-coated with 
matrigel (Sigma, USA) and placed in 10% FBS medium, 
while the upper chamber was cultured with 8×104 CCLP and 
RBE cell suspensions in a serum-free medium. After incu-
bating the cells for 48 h, the cells at the top layer were 

Table 1 The Clinical Characteristics of 35 Cholangiocarcinoma 
Patients

Categories Patients (Total n=35)

Gender

Males 18 (51.43%)

Females 17 (48.57%)

Age, years 65 (57–78)

Height, cm 168 (157–178)

Weight, kg 77 (66–89)

Body mass index 26.7 (24.9–29.7)

Hilar cholangiocarcinoma 5 (14.28%)

Distal cholangiocarcinoma 2 (5.71%)

History of chronic diseases 6 (17.14%)

Smoking 15 (42.86%)

Relative family cancer history 18 (51.43%)

TNM stage
I-II 22 (62.86%)

III-IV 13 (37.14%)

Neoplasm histologic grade

G1-G2 15 (42.86%)

G3-G4 20 (57.14%)

Table 2 Primer Sequences

Genes Primer Sequences

miR-145-5p F:5ʹ-CTCACGGTCCAGTTTTCCCA-3’

R:5ʹ-ACCTCAAGAACAGTATTTCCAGG-3’

ST8SIA6-AS1 F:5ʹ-TCCTGATTCAGTGGCATGGT-3’

R:5ʹ-AGGGTTTCTTCGGTCGTCAT-3

MAL2 F:5ʹ-ACGTAGCAGCCTCAATTTTTG-3’

R:5ʹ-CATCTTCGTAAAGCCAGACCC-3’

GAPDH F:5ʹ-GAAGGTGAAGGTCGGAGTC-3’

R:5ʹ-GAAGATGGTGATGGGATTTC-3’

U6 F:5ʹ-GTGGACCGCACAAGCTCGCT-3’

R:5ʹ-TTGTTGAACGGCACTGTGTATAGCA-3’
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removed, and the cells at the bottom layer were fixed with 
methanol and stained with 0.1% crystal violet. Finally, five 
random fields from each chamber were photographed under 
the microscope (Olympus, Tokyo, Japan).

Apoptosis Assay
The apoptosis level of the CCLP and RBE cells was 
measured using the Annexin V-FITC/PI Apoptosis 
Detection Kit (Cat#: 556547; BD, USA). After the cells 
were collected and washed, they were suspended in the 
binding buffer with 5 µL FITC plus 5 µL PI. After that, 
the cells were incubated for 20 min in the absence of light. 
Next, they were washed twice and suspended in 400 µL 
binding buffer. The cell apoptosis rate was finally deter-
mined using the FACSAria flow cytometer (BD, USA).

Dual-Luciferase Reporter Assay
The psiCHECK2 ST8SIA6-AS1 wild-type or mutated vec-
tor, and psiCHECK2 MAL2 wild-type or mutated vector 
were purchased from Touran Bio (Shanghai, China), and 
the CCLP and RBE cells were co-transfected with the 
miR-145-5p mimic or NC using Lipofectamine 3000 
Transfection Reagent (Invitrogen, MA, USA) for 48 
h. Afterward, the relative luciferase activity was measured 
using the Dual-Luciferase Reporter Assay System (Cat#: 
E1910, Promega, USA).

RIP Assay
This assay was conducted using the EZ-Magna RIP™ 
RNA-Binding Protein Immunoprecipitation Kit (Cat#: 
#17-701, sigma, USA). The cell lysates were incubated 
with magnetic beads conjugated with miR-145-5p mimic 
or NC, and IgG (Cat#: ab172730, Abcam, UK) or Ago2 
(Cat#: ab186733, Abcam, UK) overnight at 4 °C. After 
immunoprecipitated RNA was purified, RT-qPCR was 
applied to detect ST8SIA6-AS1 expression.

RNA-Pull Down Analysis
The CCLP and RBE cells were treated with biotin-labeled 
miR-145-5p (bio- miR-145-5p) and miR-negative control 
(bio-NC) (RiboBio, Guangzhou, China). After 48 h, the 
cell lysates were incubated overnight at 4°C with the 
streptavidin beads (Cat#: #88817, Thermo, USA). Then, 
the bounded RNAs were eluted and purified with the 
RNeasy Mini Kit (Cat#: 74104, QIAGEN, Germany). RT- 
qPCR was finally applied to detect the enrichment of 
MAL2.

Statistical Analysis
GraphPad Prism 8.0 (GraphPad Prism, USA) was 
employed for data analysis. Data were presented in the 
form of mean ± standard deviation (SD). The statistical 
significance between two groups was obtained using the 
Wilcoxon test, while the statistical significance among 
multiple groups was estimated using the one-way 
ANOVA with Dunnett’s post hoc. The associations 
between ST8SIA6-AS1 and miR-145-5p expressions, or 
MAL2 and miR-145-5p expressions were estimated using 
Pearson correlation analysis. P< 0.05 was considered sta-
tistically significant.

Results
The miR-145-5p-MAL2 Axis Was 
Predicted as the Downstream of 
ST8SIA6-AS1 in CHOL
ST8SIA6-AS1 has been reported to promote the develop-
ment of breast cancer,15,32 hepatocellular cancer,13,33 and 
colorectal cancer.14 However, its impacts on CHOL cell 
lines remain unknown. This study examined the expres-
sion pattern of ST8SIA6-AS1 in CHOL tissue samples and 
found that it was significantly upregulated more in CHOL 
tissues than in adjacent tissues (Figure 1A). After analyz-
ing its expression and survival outcomes of patients with 
CHOL, it was found that from month 13 to month 53, 
patients with a higher ST8SIA6-AS1 expression level had 
a low survival rate compared to those with a lower 
ST8SIA6-AS1 expression level (Figure 1B). Based on 
this finding, it was hypothesized that ST8SIA6-AS1 
could enhance CHOL progression. Using the ENCORI 
algorithm, we identified five potential downstream 
miRNA targets of ST8SIA6-AS1: miR-142-3p, miR-651- 
5p, miR-338-3p, miR-145-5p and miR-5195-3p. Among 
the five miRNAs, we noticed that miR-145-5p functioned 
as a cancer inhibitor in CHOL cells,22 whereas the effects 
of the other four miRNAs on CHOL have not been 
reported. The intersect of the predicted targets of miR- 
145-5p was found after performing ENCORI and DEG 
analyses with the selection criteria of adjusted P<0.05 
and logFC>3. A total of 11 genes were identified (Figure 
1C). The TCGA database showed that the expression 
levels of SFN, HMGA1 and MAL2 in CHOL were upre-
gulated (Figure 1D). After applying qRT-PCR, MAL2 was 
found to be highly expressed in CHOL cells (Figure 1E). 
For this reason, we chose MAL2 as the potential 
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downstream effector of miR-145-5p that could be targeted 
by ST8SIA6-AS1.

ST8SIA6-AS1 Silence Inhibits the 
Progression of the CHOL Cells
We examined how ST8SIA6-AS1 functioned in the pro-
gression of the CHOL cells and found that ST8SIA6-AS1 
expression was remarkably upregulated in CHOL cell 
lines (TFK-1, CCLP, RBE, and HUCCT1) compared 
with the normal HIBEC epithelial cell. We used CCLP 
and RBE in subsequent experiments due to the higher 
expression of ST8SIA6-AS1 in CCLP and RBE cells 
(Figure 2A). The nucleus–cytoplasm fraction analysis 

demonstrated that ST8SIA6-AS1 was mainly expressed 
in the cell cytoplasm (Figure 2B). To explore the function 
of ST8SIA6-AS1 in CHOL cells, we transfected siRNA- 
ST8SIA6-AS1 (si-lnc) into CCLP and RBE cells. The 
expression of ST8SIA6-AS1 was reduced by about 60% 
in the si-lnc groups compared to the blank control group 
(Figure 2C). It was also found that the viability levels of 
the si-lnc groups were lower than those of the blank 
control group in both CCLP and RBE cells (Figure 
2D). Similarly, the proliferation levels in the si-lnc 
groups declined by 30% reduced compared to the blank 
control group in both CCLP and RBE cells (Figure 2E). 
Besides, a decrease in the invasion level of the si-lnc 
group was discovered compared with the blank control 

Figure 1 The identification of miR-145-5p-MAL2 axis downstream of ST8SIA6-AS1 in CHOL. (A) The expression of ST8SIA6-AS1 in our collected tissue samples. (B) The 
correlation of the overall survival outcome of CHOL patients with the expression level of ST8SIA6-AS1 calculated by ENCORI. (C) The 11 common genes that were both 
the potential downstream targets of miR-145-5p predicted by ENCORI and the potential regulators in CHOL (identified from GSE77984 data series with the criteria of 
adjusted P<0.05, logFC>3). (D) The expression of 11 common genes in CHOL based on TCGA database. (E) The expression of SFN, HMGA1 and MAL2 in our collected 
tissue samples.

OncoTargets and Therapy 2021:14                                                                                                 https://doi.org/10.2147/OTT.S299634                                                                                                                                                                                                                       

DovePress                                                                                                                       
3213

Dovepress                                                                                                                                                               He et al

https://www.dovepress.com
https://www.dovepress.com


Figure 2 ST8SIA6-AS1 facilitated CHOL cells progression. (A) Measurement of ST8SIA6-AS1 expression in CHOL cell lines (TFK-1, CCLP, RBE, and HUCCT1) and normal 
HIBEC epithelial cell. (B) The existence of GAPDH, ST8SIA6-AS1, and U6 in the cytoplasm and nucleus were detected in CCLP and RBE cell lines by RT-qPCR. (C) RT-qPCR 
analysis of ST8SIA6-AS1 in CCLP and RBE cells transfected with NC and si-ST8SIA6-AS1. (D) Cell viability was detected in CCLP and RBE cells transfected with NC and si- 
ST8SIA6-AS1 by CCK8 assay. (E) Cell proliferation was detected in CCLP and RBE cells transfected with NC and si-ST8SIA6-AS1 by BrdU assay. (F) Cell invasion was 
determined in CCLP and RBE cells transfected with NC and si-ST8SIA6-AS1 by transwell assay. (G) Cell apoptosis was determined in CCLP and RBE cells transfected with 
NC and si-ST8SIA6-AS1 by FITC apoptosis detection kit. (H) The cell apoptosis-associated proteins (BAX and Bcl-2) were detected in CCLP and RBE cells transfected with 
NC and si-ST8SIA6-AS1 by Western blot. *P< 0.05; **P< 0.001. 
Abbreviations: Blank, blank control; NC, negative control; si-ST8SIA6-AS1, siRNA-ST8SIA6-AS1.
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group (Figure 2F). Additionally, the si-lnc groups 
demonstrated a 2-fold increase in cell apoptosis com-
pared to the blank control group (Figure 2G). 
Consistently, the Western blot results demonstrated that 
ST8SIA6-AS1 silence increased BAX expression and 
reduced Bcl-2 expression in both CCLP and RBE cells 
(Figure 2H). In sum, our results confirmed that ST8SIA6- 
AS1 could facilitate CHOL cells’ proliferation and 
migration, but it could suppress the apoptosis of the 
CHOL cells.

ST8SIA6-AS1 Interacts with miR-145-5p 
in CHOL Cells
Previous research has demonstrated that lncRNAs can 
orchestrate miRNA expression and thereby influence 
tumor progression. The binding site sequence between 
ST8SIA6-AS1 and miR-145-5p was predicted by 
starBase (Figure 3A). The luciferase activity results 
showed that the co-transfection of miR-145-5p mimics 
and psiCHECK2 ST8SIA6-AS1-wide type (WT) down-
regulated luciferase activities by about 50% compared to 
cells transfected with psiCHECK2 ST8SIA6-AS1 mutant 
(Mut) in both CCLP and RBE cells, meaning miR-145- 
5p could directly interact with ST8SIA6-AS1 (Figure 
3B). Next, the RIP experiment results indicated that 
ST8SIA6-AS1 interacted with miR-145-5p (Figure 3C). 
We then assessed the expression level of miR-145-5p in 
CHOL tissues and found that ST8SIA6-AS1 was down-
regulated by 70% in CHOL tissues compared to the 
normal tissues (Figure 3D). A negative correlation 
between the miR-145-5p expression and ST8SIA6-AS1 
expression level in CHOL tissues was also observed 
(Figure 3E). Furthermore, the expression of miR-145- 
5p in CCLP and RBE cells declined by 50% compared 
to the normal HIBEC cell (Figure 3F).

Given the potential interaction between miR-145-5p 
and ST8SIA6-AS1, we transfected siRNA-ST8SIA6-AS1 
(si-lnc) and the miR-145-5p inhibitor in CCLP and RBE 
cells to confirm the relationship between ST8SIA6-AS1 
and miR-145-5p. As showed in Figure 3G, miR-145-5p 
level in the si-lnc group increased by 1.5-fold, while 
ST8SIA6-AS1 level in the si-lnc group declined by 70% 
compared with the blank control group. The miR-145-5p 
inhibitor group downregulated miR-145-5p expression 
levels by 70% compared with the blank control group; 
however, the miR-145-5p inhibitor did not affect the 
ST8SIA6-AS1 level. In addition, the si-lnc+inhibitor 

group downregulated ST8SIA6-AS1 level by 70% com-
pared to the blank control group, but no difference was 
observed in the miR-145-5p levels. Collectively, the 
results indicated that ST8SIA6-AS1 could sponge miR- 
145-5p in CHOL cells.

ST8SIA6-AS1 Sponges miR-145-5p 
Expression to Promote CHOL 
Progression
We examined whether ST8SIA6-AS1 could influence the 
CHOL cells by regulating miR-145-5p in CHOL cells. 
Experimental findings revealed that the miR-145-5p inhi-
bitor accelerated the viability ability of the CHOL cells 
compared to the blank control group; however, si-lnc 
counteracted the effect in CCLP and RBE cells (Figure 
4A). The miR-145-5p inhibitor group enhanced the pro-
liferation abilities of the CHOL cells by 30% compared 
to the blank control group; however, si-lnc reversed the 
effect in the tumor cells (Figure 4B). Moreover, the miR- 
145-5p inhibitor group also enhanced the invasion ability 
of the CHOL cells compared with the blank control 
group; nonetheless, this enhancement was reversed by si- 
lnc (Figure 4C). Finally, the apoptosis rate of the miR- 
145-5p inhibitor group was repressed by 50% with the 
blank control group; however, while this repressive effect 
was counteracted by si-lnc (Figure 4D). The expression 
levels of BAX and Bcl-2 further confirmed that 
ST8SIA6-AS1 silence could attenuate the repressive 
effect of the miR-145-5p inhibitor on CCLP and RBE 
cells’ apoptosis (Figure 4E). Overall, these results 
demonstrated that by sponging miR-145-5p, ST8SIA6- 
AS1 could enhance CHOL progression.

MiR-145-5p Targets MAL2 and Inhibits 
the Expression of MAL2 in CHOL Cells
We further confirmed the impacts of miR-145-5p on 
CHOL development. As demonstrated in Figure 5A, the 
binding site sequence between MAL2 and miR-145-5p 
was analyzed by starBase. The miR-145-5p mimics trans-
fected with the psiCHECK2 MAL2 3ʹUTR WT plasmid 
decreased luciferase activities by 50%, but no changes 
were found in the psiCHECK2 MAL2 3ʹUTR Mut plas-
mid, meaning miR-145-5p could directly interact with 
MAL2 (Figure 5B). The RNA pull-down assay results 
indicated that miR-145-5p interacted with MAL2 in the 
CCLP and RBE cells (Figure 5C). In addition, a negative 
correlation between the expression of miR-145-5p and 
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MAL2 was found in CHOL tissues (Figure 5D). 
Meanwhile, MAL2 expression in CCLP and RBE cells 
was upregulated by 5-fold compared to normal HIBEC 

cells (Figure 5E). In short, our results suggested that 
miR-145-5p could directly target and repress MAL2 in 
CHOL cells.

Figure 3 ST8SIA6-AS1 interacted with miR-145-5p in CHOL cells. (A) StarBase showed the predicted binding sequences of miR-145-5p for ST8SIA6-AS1. (B) Dual luciferase 
assay was performed in cells co-transfected with plasmids ST8SIA6-AS1-WT or ST8SIA6-AS1-MUT and NC mimics or miR-145-5p mimic in CCLP and RBE cells. **P< 0.001 
compared with lnc-WR+NC group. (C) The enrichment of ST8SIA6-AS1 and miR-145-5p by RNA pull-down assay. (D) RT-qPCR detection of miR-145-5p expression in CHOL 
tissues (n=35) and normal tissues (n=35). (E) Correlation analysis between miR-145-5p expression and ST8SIA6-AS1 expression. (F) RT-qPCR detection of miR-145-5p expression 
in CHOL cells (CCLP and RBE cells) and normal cell (HIBEC). **P< 0.001 compared with HIBEC cells. (G) RT-qPCR detection of miR-145-5p and ST8SIA6-AS1 expression in CCLP 
and RBE cells transfected with NC, si-lnc, inhibitor, and si-lnc+inhibitor. **P< 0.001 compared with blank group. ##P<0.001 compared with si-lnc+inhibitor group. 
Abbreviations: Blank, blank control; NC, negative control; WT, wild-type; MUT, mutant; si-lnc, siRNA-ST8SIA6-AS1; inhibitor, miR-145-5p inhibitor; si-lnc+inhibitor, 
siRNA-ST8SIA6-AS1+ miR-145-5p inhibitor.
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Figure 4 ST8SIA6-AS1 sponging miR-145-5p elevated CHOL cells progression. (A) Cell viability was detected in CCLP and RBE cells transfected with NC, si-lnc, inhibitor, 
and si-lnc+inhibitor. (B) Cell proliferation was detected in CCLP and RBE cells transfected with NC, si-lnc, inhibitor, and si-lnc+inhibitor. (C) Cell invasion was detected in 
CCLP and RBE cells transfected with NC, si-lnc, inhibitor, and si-lnc+inhibitor. (D) Cell apoptosis was detected in CCLP and RBE cells transfected with NC, si-lnc, inhibitor, 
and si-lnc+inhibitor. (E) The cell apoptosis-associated proteins (BAX and Bcl-2) were detected in CCLP and RBE cells transfected with NC, si-lnc, inhibitor, and si-lnc 
+inhibitor by Western blot. **P< 0.001 compared with blank. ##P< 0.001 compared with si-lnc+ inhibitor. 
Abbreviations: Blank, blank control; NC, negative control; si-lnc, siRNA-ST8SIA6-AS1; inhibitor, miR-145-5p inhibitor; si-lnc+inhibitor, siRNA-ST8SIA6-AS1+ miR-145-5p 
inhibitor.
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MiR-145-5p Regulates the Progression of 
the CHOL Cells by Inhibiting MAL2
We treated CCLP and RBE cells with si-MAL2 and the 
miR-145-5p inhibitor to examine the impacts of miR-145- 
5p on MAL2 in CHOL cells. Our findings revealed that si- 
MAL2 group had a lower cell viability level compared to the 
blank control group, while the miR-145-5p inhibitor group 
demonstrated had a higher cell viability level, which was 
abrogated by si-MAL2 co-transfection in the CCLP and 
RBE cells (Figure 6A). Additionally, the si-MAL2 group 
inhibited cell proliferation by 30% compared with the blank 
control group, while the cell proliferation level in the miR- 
145-5p inhibitor group increased by more than 30%. This 
effect was reversed in si-MAL2 +inhibitor groups (Figure 
6B). Besides, the si-MAL2 group suppressed the invasion 
ability of CCLP cells by 75% and that of RBE cells by 50% 
compared with the blank control group, while an increase in 
cell invasion was observed in the inhibitor group. The si- 
MAL2+inhibitor groups reversed the effect in both CCLP 
and RBE cells (Figure 6C). Furthermore, the apoptosis rate 

of the si-MAL2 group was enhanced by 2.5-fold compared 
with the blank control group, while the apoptosis rate of the 
miR-145-5p inhibitor group was reduced compared with the 
blank control group. This effect was abrogated in the CCLP 
and RBE cells transfected with the si-MAL2 +inhibitor 
(Figure 6D). Figure 6E indicated the expression of two 
typical apoptosis-related factors: BAX and Bcl-2 in CCLP 
and RBE cells after transfection. As shown in the Figure 6E, 
MAL2 silence could increase the BAX expression level and 
reduce the Bcl-2 expression level, while the miR-145-5p 
inhibitor produced an opposite result. When the CHOL 
cells were co-treated with the si-MAL2 +inhibitor, this effect 
on the expression of BAX and Bcl-2 was abrogated. Overall, 
our findings indicated that miR-145-5p could repress CHOL 
cells’ proliferation and migration but improve CHOL cells’ 
apoptosis by targeting MAL2.

Discussion
This study revealed that ST8SIA6-AS1 expression was 
upregulated in CHOL tissues and cell lines. We found 

Figure 5 MiR-145-5p targeted MAL2 and inhibited the expression of MAL2 in CHOL cells. (A) StarBase showed the predicted binding sequences of MAL2 and 
miR-145-5p. (B) Dual luciferase assay was performed in cells co-transfected with plasmids MAL2 3ʹUTR-WT or MAL2 3ʹUTR-MUT and NC mimics or miR-145-5p 
mimic in CCLP and RBE cells. **P< 0.001 compared with MAL2 3ʹUTR-WT+NC group. (C) The enrichment of ST8SIA6-AS1, miR-145-5p, and MAL2 by RNA pull- 
down assay. **P< 0.001 compared with Bio-NC group. (D) The correlation between the relative expression level of miR-145-5p and MAL2. (E) RT-qPCR detection 
of MAL2 expression in CHOL cells (CCLP and RBE cells) and normal cell (HIBEC). **P< 0.001 compared with HIBEC cells. 
Abbreviations: NC, negative control; WT, wild-type; MUT, mutant; si-MAL2, siRNA-MAL2; inhibitor, miR-145-5p inhibitor; si-MAL2+inhibitor, siRNA-MAL2+ miR-145-5p 
inhibitor.
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Figure 6 MiR-145-5p hampered CHOL cells progression by inhibiting MAL2. (A) Cell viability was detected in CCLP and RBE cells transfected with NC, si-MAL2, inhibitor, 
and si-MAL2+inhibitor. (B) Cell proliferation was detected in CCLP and RBE cells transfected with NC, si-MAL2, inhibitor, and si-MAL2+inhibitor. (C) Cell invasion was 
detected in CCLP and RBE cells transfected with NC, si-MAL2, inhibitor, and si-MAL2+inhibitor. (D) Cell apoptosis was detected in CCLP and RBE cells transfected with 
NC, si-MAL2, inhibitor, and si-MAL2+inhibitor. (E) The cell apoptosis-associated proteins (BAX and Bcl-2) were detected in CCLP and RBE cells transfected with NC, si- 
MAL2, inhibitor, and si-MAL2+inhibitor by Western blot. **P< 0.001 compared with blank. ##P< 0.001 compared with si-MAL2+ inhibitor. 
Abbreviations: Blank, blank control; NC, negative control; si-MAL2, siRNA-MAL2; inhibitor, miR-145-5p inhibitor; si-MAL2+inhibitor, siRNA-MAL2+ miR-145-5p inhibitor.
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that ST8SIA6-AS1 improved the proliferation and migra-
tion abilities of the CHOL cells, but it inhibited the apop-
tosis rate of the CHOL cells by sponging miR-145-5p. It 
was discovered that ST8SIA6-AS1 inhibited the tumor 
suppressor impacts of miR-145-5p on MAL2. 
A proposed model showing the molecular mechanism of 
ST8SIA6-AS1 in CHOL is presented in Figure 7. 
Therefore, the ST8SIA6-AS1/miR-145-5p/MAL2 axis 
could be considered a novel treatment pathway for CHOL.

Over the years, much effort has been made in exploring 
the ability of lncRNAs to regulate human malignancies. 
Research has reported the involvement of lncRNA ST8SIA6- 
AS1 in the development of several tumors. For example, 
silenced ST8SIA6-AS1 restrained the viability, migration, 
and invasion abilities of hepatocellular carcinoma cells, but 
it boosted the apoptosis rate of hepatocellular carcinoma cells 
via the miR-5195-3p/HOXB6 axis.13 Besides, ST8SIA6- 
AS1 knockdown reduced cell growth, migration, and inva-
sion via the miR-5195/PCBP2 axis in colorectal cancer 
cells.14 Another study indicated that ST8SIA6-AS1 overex-
pression elevated the proliferation, invasion, and migration 
abilities of breast cancer cells by activating the p38 MAPK 
signaling pathway.15 In this study, we researched the role of 
ST8SIA6-AS1 in CHOL cells and found that ST8SIA6-AS1 
expression was enhanced in CHOL tissues and cell lines. 
More specifically, we noticed that the downregulation of 
ST8SIA6-AS1 repressed the growth and migration level of 
CCLP and RBE cells, while it promoted the apoptosis rate of 
CCLP and RBE cells. Moreover, by sponging miR-145-5p, 

ST8SIA6-AS1 counteracted the tumor suppressor effect of 
miR-145-5p on CHOL cells.

Several studies reported that miRNAs participated in can-
cer occurrence and progression by interacting lncRNAs.35–37 

Zhou et al revealed that miR-145-5p suppressed the prolifera-
tion, migration and invasion of gastric cancer epithelial cells 
via the ANGPT2/NOD_LIKE_RECEPTOR axis.39 

Additionally, the loss of miR-145-5p caused ceruloplasmin 
interference with the PHD-Iron axis and HIF-2α stabilization 
in lung adenocarcinoma-mediated angiogenesis.40 In CHOL 
cells, Zeng et al clarified that lncRNA TUG1 sponged miR- 
145-5p to promote intrahepatic CAA progression and regulate 
glutamine metabolism via the sirt3/GDH axis.24 Xiong et al 
indicated that miR-145-5p suppressed cancer-associated adi-
pocytes (CAA)’s proliferation and invasion abilities by target-
ing NUAK1 and activating Akt signaling.23 Similarly, we 
noticed a decrease of miR-145-5p expression in CHOL tissues 
and cell lines, which was negatively correlated with the 
ST8SIA6-AS1 level or MAL2 level in CHOL tissues. 
Furthermore, it was found that miR-145-5p repressed cell 
growth and promoted cell apoptosis in CHOL by inhibiting 
MAL2; however, ST8SIA6-AS1 inhibited miR-145-5p 
expression, which further facilitated the progression of CHOL.

Recent findings have improved the understanding of 
the role of MAL2 in a variety of cancers, including oral 
squamous cell carcinoma and breast cancer.27,41 Evidence 
in the literature showed that MAL2 was overexpressed in 
breast cancer cell lines. The downregulation of MAL2 
inhibited the proliferation, migration, and invasion abilities 
of breast cancer cell lines.27 Additionally, lncRNA RP11- 

Figure 7 Schematic diagram showing that lncRNA ST8SIA6-AS1 to recruit miR-145-5p to lncRNA ST8SIA6-AS1/miR-145-5p complex, which in turn enhances MAL2 mRNA 
expression and eventually maintain CHOL cell behaviors and tumor progression.
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284F21.9 facilitated oral squamous cell carcinoma devel-
opment via the miR-383-5p/MAL2 axis. The knockdown 
of RP11-284F21.9 could reduce the expression of MAL2 
and suppress the proliferation, migration, and invasion 
levels of oral squamous cell carcinoma cell lines.41 Two 
studies suggested that MAL2 expression was elevated in 
CHOL tissues and cell lines; however, the specific 
mechanism was not clear.30,31 Our study also demon-
strated that MAL2 expression was elevated in CHOL 
tissues and cell lines. We conducted several experiments 
that indicated the knockdown of MAL2 in CCLP and RBE 
cells. The downregulation of MAL2 significantly 
restrained the proliferation and migration abilities of the 
CHOL cells, but it increased the apoptosis of the CHOL 
cells. Moreover, miR-145-5p inhibited MAL2 expression, 
which further suppressed CHOL progression.

Despite the usefulness of our findings, this research is 
not immune to a few limitations. Previous evidence 
showed that MAL2 was inhibited by miR-216b-5p, 
which further reduced chronic constriction injury-induced 
neuropathic pain in female rats via the Wnt/β-catenin 
signaling pathway. In the future, the signaling pathways 
involved in the ST8SIA6-AS1/miR-145-5p/MAL2 axis in 
CHOL progression should be explored. Besides, this 
research only investigated the effect of the ST8SIA6- 
AS1/miR-145-5p/MAL2 axis on CHOL in vitro. In the 
future, in vivo experiments should be performed to verify 
the conclusions of this study.

Conclusion
In sum, this research suggested that ST8SIA6-AS1 could 
facilitate CHOL cells’ proliferation and migration, but it 
could repress CHOL cells’ apoptosis through the miR- 
145-5p/MAL2 axis. The knowledge of this research 
might be instrumental in improving the clinical outcomes 
of CHOL patients.
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