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ABSTRACT
Background/Aims: Cholangiocarcinoma (CCA) is a malignant and insidious tumor that is tricky to treat. Long non-coding RNA (LncRNA) 
LINC01123 is a biomolecule that influences cancer progression by regulating gene expression via influencing the regulatory function of 
microRNAs in gene expression. Therefore, this study investigated the connection between LINC01123 and CCA and explored the under-
lying mechanism. The objective of this study was to provide valuable information on the management of CCA.
Materials and Methods: Tumor and normal paracancer tissue samples in this study were collected from 128 CCA patients. To measure 
LINC01123 and miR-641 expression characteristics, quantitative reverse transcription-polymerase chain reaction was used. To explore 
the biological functions of LINC01123 and miR-641 in CCA cells, cell counting Kit-8 (CCK-8) and transwell migration and invasion 
assays were used. The mechanism was investigated using dual luciferase reporter assays and rescue experiments.
Results: This study found that the expression levels of LINC01123 were higher in CCA tissues and cells than in normal tissues and cells. 
LINC01123 promoted the proliferation, migration and invasion ability of CCA cells and consequently became an indicator of lymph node 
metastasis and advanced TNM stage in CCA. Moreover, the expression of miR-641 was negatively correlated with the expression of 
LINC01123. LINC01123 affected CCA progression by downregulating miR-641.
Conclusion: There was an upregulation of LINC01123 in CCA tumor tissues and cells. LINC01123 promoted CCA aggravation by target-
ing miR-641. LINC01123 could be the target of future treatment for CCA.
Keywords: Cholangiocarcinoma, HCCC9810, HUCCT1, LINC01123, miR-641

INTRODUCTION
Cholangiocarcinoma (CCA) refers to malignant tumors in 
the biliary system, which can be primarily categorized into 
intrahepatic cholangiocarcinoma (iCCA) and extrahepatic 
cholangiocarcinoma (eCCA).1 Due to CCA being insidious, 
most patients receive a diagnosis during the intermediate 
or advanced stages of the disease, which consequently 
reduces the survival rate of the patient.2 What exacerbates 
the situation is the lack of effective treatment methods 
for CCA, as immunotherapy has a limited impact on the 
disease.3 Thus, there is a desperate need for researchers 
to explore new and efficient methods to treat CCA and 
improve the overall survival rate of the disease.

Long non-coding RNAs (lncRNAs) are non-coding RNAs 
(ncRNAs) that contain more than 200 nucleotides in 

length, primarily transcribed by RNA polymerase II (Pol 
II).4 Long non-coding RNAs can control several cellular 
activities by altering the influence of microRNAs (miRNA) 
in gene expression.5 For instance, lncRNA indirectly inhib-
its the function of miRNA by binding to miRNA target 
genes or acting as miRNA sponges and down-regulating 
miRNA expression.6,7 Accordingly, lncRNAs are signifi-
cantly linked to the onset and advancement of various 
diseases, with a particular emphasis on cancer.6 Long 
non-coding RNAs LINC01123, for example, is capable of 
promoting the aggravation of non-small-cell lung cancer 
(NSCLC) by regulating the miR-199a-5p/c-Myc axis.8 
In CCA, LINC01123 was reported to be a potential bio-
marker and therapeutic target for the disease.9 However, 
the mechanism of LINC01123 in influencing CCA remains 
to be elucidated.

36

3

mailto:xiaokun250021dr@163.com
http://orcid.org/0009-0008-2162-5890
http://orcid.org/0009-0008-2162-5890
http://orcid.org/0009-0007-9510-0256
http://orcid.org/0009-0007-4458-3972
http://orcid.org/0009-0008-4399-2544
http://orcid.org/0009-0008-2162-5890


Wu et al. LINC01123 Affects CholangiocarcinomaTurk J Gastroenterol 2025; 36(3): 183-192

184

MicroRNAs are ncRNAs that contain an average length of 
22 nucleotides.10 MicroRNAs retain fundamental biologi-
cal properties in cellular activities by manipulating gene 
expression through binding to the 3’UTR of mRNA.10 
Among all the miRNAs, miR-641 has been reported to 
be a tumor suppressor in considerable numbers of can-
cers, including cervical, gastric, and lung cancer.11-13 In 
CCA, miR-641 was identified as the suppressor of cancer 
growth and metastasis that could inhibit the expression 
of CDR1 Antisense RNA (CDR1as), Akt serine/threonine 
kinase 3 (AKT3), and mammalian target of rapamycin 
(mTOR).14 Growing evidence from numerous studies has 
demonstrated that miR-641 mediates the effects of 
various lncRNAs on cancer progression.15 However, there 
is currently no information regarding whether lncRNA 
LINC01123 can accelerate cancer development through 
the mediation of miR-641.

In this study, iCCA and eCCA patients were recruited 
to examine the relationship between the expression 
of LINC01123 and CCA. Additionally, the CCA cell lines 
HCCC-9810 and HUCCT1 were utilized to investigate 
the underlying mechanisms involved. The study posits 
that LINC01123 may act as a promoter of CCA and that 
it could enhance the progression of CCA through the 
regulation of miR-641. This study aimed to investigate 
whether LINC01123 serves as a catalyst for CCA and to 
elucidate the mechanisms by which LINC01123 influ-
ences this malignancy. The findings of this study provided 
information on the biological roles of lncRNAs in cancer, 
particularly in the context of CCA. Importantly, the results 
may also contribute to the design of new therapeutic 
options for CCA in the future.

MATERIALS AND METHODS
Study Subjects
The study complied with the principles of the Declaration 
of Helsinki.16 The Ethics Committee of Peking University 
Third Hospital Qinhuangdao Hospital Hospital provided 
approval for this study (approval no. 202004706, date: 
July 06, 2020). A total of 128 CCA patients were enrolled 

in this research from 2021 to 2023 at Peking University 
Third Hospital Qinhuangdao Hospital Hospital. The crite-
ria for inclusion and exclusion are delineated as follows:

1) Patients diagnosed with CCA are evaluated through 
the alpha-fetoprotein test, imaging studies, and biop-
sy procedures.

2) Patients or their immediate families were informed 
about the procedures of this study and signed the in-
formed consent.

3) Patients who have not been through radiotherapy or 
chemotherapy were included.

4) Patients with complete follow-up, medical records, 
and laboratory results were included.

5) Patients with acute or chronic conditions that could 
bias the results were excluded.

6) Patients exhibiting severe complications, such as bi-
liary fistula, renal failure, hepatic failure, and other ma-
lignant neoplasms, were excluded.

7) Pregnant or breastfeeding women were excluded.

Sample Collection
The tumor and adjacent normal paracancerous tissue 
samples utilized in this research were obtained dur-
ing surgical procedures. The collected specimens were 
validated by a minimum of 2 pathologists who reached 
a consensus regarding their classification. Subsequently, 
the tissues were cryopreserved using liquid nitrogen and 
stored at a temperature of −80°C.

Follow-Up Survey
All patients underwent a follow-up period post-surgery 
ranging from 3 to 60 months to monitor their recovery 
and survival outcomes. The events of interest for the 
conclusion of the follow-up study included recurrence, 
metastasis, and deaths associated with CCA.

Cell Culture
The origin of CCA cell lines included HCCC-9810 (iCCA 
cell line), HUCCT1 (iCCA cell line), QBC939 (eCCA cell 
line), and RBE (iCCA cell line), and normal intrahepatic 
biliary epithelial cells (HiBEC) involved in this study were 
obtained from the Shanghai Cell Bank of the Chinese 
Academy of Sciences, China. The cells were cultured in 
an environment of 5% CO2 and 37°C with RPMI 1640 
medium (SH30027.02, HyClone, USA) containing 10% 
fetal bovine serum (FBS; SH30070.02HI, HyClone, USA) 
and 1% penicillin–streptomycin solution (15140122, 
Thermo Fisher, USA).

Main Points
• LINC01123 was an indicator of CCA aggravation.
• LINC01123 promotes CCA cell proliferation migration and 

invasion.
• miR-641 inhibits CCA cell proliferation migration and 

invasion.
• LINC01123 promotes CCA aggravation by regulating 

miR-641 expression.
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Cell Transfection
In this investigation, the CCA cell lines HCCC9810 and 
HUCCT1 were selected for cellular-level and rescue experi-
ments due to their heightened sensitivity to LINC01123. 
Before the transfection, the cells were cultured overnight 
in 24-well plates with RPMI 1640 medium supplemented 
with 10% FBS. The LINC01123 small interfering RNA 
(si-LINC01123; 5’-CUGAACGUCUUGCAACAGUTT-3’; 
siB0837165937-1-5, Ribobio, China), miR-641 mimic 
(miR10003311-1-5, Ribobio, China), miR-641 inhibitor 
(miR20003311-1-5, Ribobio, China), and corresponding nega-
tive controls (mimic-NC, inhibitor-NC, si-NC; miR1N0000001-
1-5, miR2N0000001-1-5, siB06525141922-1-5, Ribobio, 
China; si-NC: 5’-UUCUCCGAACGUGUCACGUTT-3’) 
were transfected into the cells in OPTI-MEM I medium 
(31985070, Thermo Fisher, USA) utilizing lipofectamine 
2000 (11668030, Invitrogen, USA) for a duration of 6 
hours. Because the regulated target in this study was 
RNAs, quantitative reverse transcription-polymerase 
chain reaction (qRT-PCR) was used to measure the trans-
fection efficiency in this study.

Dual-Luciferase Reporter Assay
The binding site between miR-641 and LINC01123 was 
predicted using the TargetScan database. Sequences 
featuring either the wild-type (WT) (WT-LINC01123) or 
mutant (MUT-LINC01123) of LINC01123 were created 
and inserted into a luciferase plasmid (Gene Create com-
pany, China). The α-MEM medium (12571063, Thermo 
Fisher, USA) with 10% FBS was used for culturing 293T 
cells (Shanghai Cell Bank of the Chinese Academy of 
Sciences, China). After the cells achieved 80% conflu-
ence, they were seeded with the designated reporter gene 
constructs and the sea kidney luciferase plasmid (Gene 
Create company, China) into 48-well plates. A Multiskan 
FC (1410101, Thermo Fisher, USA) was used to measure 
the absorbance values of firefly and sea kidney luciferases 
in turn after the luciferase response substrate was added 
24 hours after transfection. The ratio data were normal-
ized using the fluorescence intensity of Renilla luciferase.

Cell Proliferation Assay
The increase in optical density at 450 nm (OD450) after 0, 
24, 48, and 72 hours of culture was calculated to assess cell 
proliferation. Cells were seeded into 96-well plates contain-
ing CCK-8 assay solution (C0038, Beyotime, China). The 
OD450 was measured after incubation at 37°C for 2 hours.

Cell Migration Assay
For the assessment of the migratory ability of HCCC9810 
and HUCCT1 cells, the Transwell migration assay (using 

Corning® Transwell® six well plates; CLS3450, Merck, 
Germany) was chosen in this study. Before the experi-
ment, the permeable membrane was rehydrated with 
serum-free RPMI 1640 medium at 37°C for a duration of 
30 minutes, and the cells underwent serum starvation 
for 12 hours. Following this, trypsin (C0201, Beyotime, 
China) was utilized to digest the cells, and phosphate-
buffered saline (PBS; C0221G, Beyotime, China) was 
used to wash the digested cells twice. The cells were 
then resuspended in RPMI 1640 medium to achieve a 
concentration of 5 × 105 cells/mL. The upper chamber 
was filled with cell suspension, while the lower chamber 
was filled with RPMI 1640 medium supplemented with 
10% FBS, and the setup was incubated the setup for 24 
hours. The Transwell chamber was washed twice with 
calcium-free PBS (C0221A, Beyotime, China) after the 
incubation. The cells were then fixed with the addition 
of 4% paraformaldehyde (P0099, Beyotime, China) for 
30 minutes. The cells were stained with a 0.1% crystal 
violet solution (C0121-100 mL, Beyotime, China) for 20 
minutes and washed twice with PBS to facilitate cell 
counting. The enumeration of cells was conducted using 
an optical light inverted microscope (IX71, Olympus, 
USA).

Cell Invasion Assay
For the measurement of the invasive ability of HCCC9810 
and HUCCT1 cells, the Transwell invasion assay was 
chosen in this study. In this assay, the upper cham-
ber membrane was coated with a 50 mg/L solution of 
Matrigel (C0383, Beyotime, China) at a 1:8 dilution and 
subsequently air-dried at a temperature of 4°C.

Total RNA Extraction
Total RNA Extraction was Performed Utilizing TRIzol 
Reagent (Invitrogen, USA)
Tissue sample RNA extraction: the tissue samples in this 
study were cut into 1-3 mm pieces and ground in TRIzol 
reagent (15596026CN, Invitrogen, USA). To dissociate 
the nucleic acid–protein combination, chloroform (67-
66-3, Nanjing Regent, China) was added at room tem-
perature for 10 minutes. Following a 15-minute 12 000 
rpm centrifugation at 4°C, isopropanol (67-63-0, Nanjing 
Regent, China) was mixed with the upper aqueous phase 
at room temperature for 5 minutes. The RNA pellet was 
left at the bottom of the tube after a 15-minute 12 000 
rpm centrifugation at 4°C. Then DNA contamination 
was cleaned out with DNase I (D7073, Invitrogen, USA). 
About 75% ethanol (64-17-5, Nanjing Regent, China) 
was utilized to wash the RNA pellet, and the mixture was 
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centrifuged (12 000 rpm for 15 minutes) at 4°C. The RNA 
pellet dried in the air for 5 minutes at room temperature.

Cell RNA extraction: The same as tissue sample RNA 
extraction but without the step of grinding cells.

To determine the degree of purification and concentra-
tion, the OD260/280 ratio was used; high-quality RNA was 
defined as having a ratio between 1.8 and 2.0 and a con-
centration of more than 40 μg/mL.

Real-Time Quantitative PCR
After synthesizing complementary DNA (cDNA) using 
the Takara PrimeScript RT Master Mix kit (RR036Q, 
Takara, Japan). Following this, qRT-PCR amplifica-
tion of the cDNA was conducted using the Mx3000P™ 
Real-Time PCR System (Stratagene, Germany), incor-
porating specific primers for LINC01123 (forward: 
5’-ACAGTGGCCGCACGCATAGCTG-3’, reverse: 
5’-CTGACGACCGAGGTGACAACGATGA-3’) and miR-
641 (forward: 5’-GCGCGAAAGACATAGGATAGAGT-3’, 
reverse: 5’-AGTGCAGGGTCCGAGGTATT-3’). The reac-
tion parameters were established as follows: pre-denatur-
ation: 94°C, 5 minutes; denaturation: 94°C, 20 seconds; 
annealing and extension: 62°C, 40 seconds; repeated for 
a total of 40 cycles. The mean cycle threshold (Ct) values 
from 3 replicate wells for each group were recorded for 
subsequent analysis. This study used the 2−ΔΔCt method 
to process data.

Statistical Analysis
The form to present the data in this study was mean ± 
SD. Data distributions were tested with the Shapiro–Wilk 
test using SPSS version 4.2.0 (SPSS Inc.; Chicago, IL, 
USA). To test the differences in the data from 2 groups, 
t-tests or Wilcoxon rank sum tests were used when the 
data followed normal distribution or abnormal distribu-
tion, respectively. To test the differences in the data from 
more than 2 groups, 1-way ANOVA with Tukey’s post hoc 
tests or Kruskal–Wallis tests with Dunnett tests were used 
when the data followed normal distribution or abnormal 
distribution, respectively. The potential of LINC01123 as 
a predictive biomarker for CCA progression was assessed 
using logistic regression analysis in SPSS version 4.2.0 
(SPSS Inc.; Chicago, IL, USA). To analyze the associa-
tion between clinical features and overall survival in CCA 
patients, the multivariate Cox proportional hazards model 
was calculated in SPSS (version 4.2.0). To measure the 
effect of LINC01123 expression on the survival probability 
of CCA patients in a given length of time after treatment, 
the Kaplan–Meier survival curve was calculated using SPSS 

version 4.2.0 (SPSS Inc.; Chicago, IL, USA). The association 
between the expression of LINC01123 and miR-641 was 
measured using the Pearson correlation coefficient.

RESULTS
Patient Characteristics
A cohort of 128 patients diagnosed with CCA, comprising 
62 men and 66 women, was included in this study, with 
an average age of 57 years. The CCA patient clinical char-
acteristics are detailed in Table 1.

Expression and Significance of LINC01123 in 
Cholangiocarcinoma
The expression levels of LINC01123 were significantly 
higher in CCA tumor tissues compared to normal paracan-
cer tissues (Figure 1A). The elevated level of LINC01123 

Table 1. Association between LINC01123 Expression and Clinical 
Features of CCA Patients

 
Cases 

(n = 128)

LINC01123 Expression

P
Low 

(<1.70)
High 

(≥1.70)

Age (years)    .141

 <60 65 34 31  

 ≥60 63 26 37  

Sex    .406

 Male 62 28 34  

 Female 66 32 34  

TNM stage    .025

 I-II 64 37 27  

 III-IV 64 23 41  

Differentiation degree    .341

  Well-moderately 
differentiated

90 45 45  

 Poorly differentiated 38 15 23  

Location    .322

 Intrahepatic 52 27 25  

 Extrahepatic 76 33 43  

Lymph node metastasis    .007

 Negative 82 44 38  

 Positive 46 16 30  

HBV infection    .244

 Negative 69 35 34  

 Positive 59 25 34  



Wu et al. LINC01123 Affects Cholangiocarcinoma Turk J Gastroenterol 2025; 36(3): 183-192

187

(≥1.70) was an indicator of advanced TNM staging 
(Table 1, P = .025) and the presence of lymph node metas-
tasis (Table 1, P = .007). Furthermore, the multivariate Cox 
proportional hazards model indicated a significant impact 
of LINC01123 expression (Table 2, HR: 2.429, 95% CI = 
1.135-5.197, P = .022), TNM stage (Table 2, HR: 2.121, 95% 
CI = 1.098-4.099, P = .025), and lymph node metastasis 
(Table 2, HR: 2.610, 95% CI = 1.062-6.415, P = .037) on the 
survival time of CCA patients. Additionally, the high expres-
sion level of LINC01123 was indicative of a decreased over-
all survival probability among CCA patients (Figure 1B).

Effect of LINC01123 on Cholangiocarcinoma Cells
In this study, the expression of LINC01123 in both iCCA 
and eCCA cells was markedly higher compared to that 
in normal HiBEC (Figure 2A). The transfection of si-
LINC01123 resulted in a significant downregulation of 
LINC01123 in both HCCC9810 and HUCCT1 cell lines 
(Figure 2B). This downregulation of LINC01123 subse-
quently led to a reduction in the proliferation (Figure 2C 
and D), migration (Figure 2E), and invasion (Figure 2F) of 
HCCC9810 and HUCCT1 cells.

The Association Between LINC01123 and miR-641
The result showed a significant reduction of miR-
641 expression in CCA cells relative to normal HiBEC 
(Figure 3A). At the tissue level, miR-641 expression 
was also lower in CCA tumor tissues compared to nor-
mal paracancer tissues (Figure 3B, P < .001). In both 
HCCC9810 and HUCCT1 cell lines, the transfection of 
miR-641 mimics and miR-641 inhibitors resulted in a 
significant upregulation and downregulation of miR-641, 
respectively (Figure 3C and D).

An inverse relationship between miR-641 and LINC01123 
expression in tumor tissues was revealed by Pearson cor-
relation analysis (Figure 3E, R2 = 0.582, P < .001). Utilizing 
TargetScan software, the potential binding site between 
LINC01123 and miR-641 was identified (Figure 3F). 
Subsequently, the luciferase reporter assay showed that 
the luciferase activity of WT LINC01123 (WT-LINC01123) 
exhibited a significant decrease upon the upregulation 
of miR-641 (via miR-641 mimics) and a notable increase 
upon the downregulation of miR-641 (via miR-641 inhibi-
tors) in both HCCC9810 and HUCCT1 cell lines (Figure 3G). 
Conversely, the result did not show a significant difference 
between the luciferase activity of the mutant LINC01123 
(MUT-LINC01123) in different groups (Figure 3G).

Rescue experiments further demonstrated that the 
downregulation of LINC01123 led to an upregulation of 

Figure 1. The association between LINC01123 expression and cholangiocarcinoma (CCA) and the survival probability of CCA patients. (A) 
The expression of LINC01123 in tumor and normal tissues in CCA patients. (B) The Kaplan–Meier survival curve based on the expression of 
LINC01123 in CCA patients.

Table 2. Association Between Clinical Features and Overall Survival 
in CCA Patients

 HR Factor 95% CI P

LINC01123 2.429 1.135-5.197 .022

Age 1.422 0.338-1.542 .401

Sex 1.362 0.266-1.747 .425

TNM stage 2.121 1.098-4.099 .025

Differentiation 1.174 0.022-1.366 .096

Location 1.540 0.242-1.206 .133

Lymph node metastasis 2.610 1.062-6.415 .037

HBV infection 1.585 0.280-1.244 .155



Wu et al. LINC01123 Affects CholangiocarcinomaTurk J Gastroenterol 2025; 36(3): 183-192

188

miR-641, while the transfection of miR-641 inhibitors 
resulted in a downregulation of miR-641 in CCA cells. 
These findings suggest that LINC01123 influences miR-
641 expression in a manner analogous to that of miR-641 
inhibitors (Figure 3H).

LINC01123 Affects CCA Cell Behaviours by Regulating 
miR-641
The rescue experiment was conducted to elucidate the 
mechanism by which LINC01123 influences the progres-
sion of CCA. The findings indicated that the downregula-
tion of LINC01123 resulted in significant inhibition of CCA 
cell proliferation, migration, and invasion. Furthermore, 
the subsequent downregulation of miR-641 was found 
to restore the proliferative (Figure 4A and B), migratory 
(Figure 4C), and invasive (Figure 4D) capabilities of CCA 
cells. These results suggest that LINC01123 enhances 
CCA cell behaviors through the downregulation of 
miR-641.

DISCUSSION
Cholangiocarcinoma has received worldwide attention 
due to the difficulty in detecting and treating the dis-
ease and its high mortality rate.17 Long non-coding RNAs 

participate in numerous cellular activities by controlling 
gene expression, which makes them play an important 
role in cancer progression.4,18 Therefore, in this study, the 
connection between lncRNA LINC01123 and CCA was 
explored to increase the understanding of the factors 
that contribute to CCA progression and future therapy 
options. The results found an upregulation of LINC01123 
in both CCA tissues and cells compared with normal bili-
ary tissues and cells. Upregulation of LINC01123 was an 
indicator of advanced TNM stage, lymph node metastasis, 
and reduced overall survival probability of CCA patients. 
The results were in line with the previous study, which 
demonstrated that LINC01123 was upregulated in can-
cer tissues and promoted the malignancy of cancers.8 The 
results implied that LINC01123 was one of the key fac-
tors in encouraging CCA advancement. In recent years, 
the potential of lncRNAs as therapeutic targets for dis-
eases has emerged as a clinical research hotspot.19 In CCA, 
probing methods to downregulate LINC01123 expression 
would be important for relieving the disease. According 
to previous research, potential methods that can down-
regulate the expression of lncRNA in cancer patients 
include silencing it using CRISPR/Cas13, small interfering 
RNA (siRNA), or antisense oligonucleotides (ASOs).19 This 

Figure 2. The regulatory effect of LINC01123 on CCA cell proliferation, migration and invasion. (A) The expression levels of LINC01123 in CCA 
cells and normal intrahepatic biliary epithelial cells. (B) The regulation of LINC01123 in CCA cells by si-LINC01123. (C-F) The effect of the 
expression of LINC01123 on CCA cell proliferation (C, D), migration (E), and invasion (F). Different letters represent significant differences 
(P < .05) from 1-way ANOVA with Tukey’s post-hoc test or Kruskal–Wallis test with the Dunnet test depending on the distribution 
characteristics of the data.
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Figure 3. The association between LINC01123 and miR-641. (A) The expression levels of miR-641 in CCA cells and normal intrahepatic 
biliary epithelial cells. (B) The expression levels of miR-641 in CCA tumor tissues and normal paracancer tissues. (C and D) The regulation of 
miR-641 in CCA cells by miR-641 mimics and miR-641 inhibitors. (E) Pearson correlation analysis revealed the relationship between miR-
641 expression and LINC01123 expression. (F) The potential binding sites between LINC01123 and miR-641. (G) Dual luciferase assay 
showed the luciferase activity of wild-type (WT) and mutant (MUT) LINC01123 with up- or downregulation of miR-641. (H) The expression 
levels of miR-641 in CCA cells regulated by si-LINC01123 and miR-641 inhibitor. Different letters represent significant differences (P < .05) 
from 1-way ANOVA with Tukey’s post-hoc test or Kruskal–Wallis test with the Dunnet test depending on the distribution characteristics of 
the data.

Figure 4. The mechanism of LINC01123 influencing CCA progression. (A-D) The rescue experiment showed that LINC01123 promoted CCA 
cell proliferation (A, B), migration (C), and invasion (D) by downregulating miR-641. Different letters represent significant differences (P < .05) 
from 1-way ANOVA with Tukey’s post-hoc test or Kruskal–Wallis test with the Dunnet test depending on the distribution characteristics of 
the data.
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study implied that exploring CCA tumor-targeted med-
icine-based LINC01123-specific CRISPR/Cas13, siRNA, 
and ASOs might be the key to treating CCA and increas-
ing the overall survival probability of CCA patients.

To gain detailed information on how LINC01123 pro-
motes CCA progression, HCCC-9810 and HUCCT1 cells 
were involved in this study to investigate the effect of 
LINC01123 on CCA cellular activities. Since HCCC-9810 
and HUCCT1 are essential CCA cell lines20 and showed a 
relatively high sensitivity to LINC01123, the results illus-
trated that the cellular activities closely related to cancer 
aggravation include proliferation,21 migration22,23 and inva-
sion22,23 of CCA cells were inhibited by the downregulation 
of LINC01123. This revealed why LINC01123 upregulation 
was an indicator of lymph node metastasis and advanced 
TNM stage in CCA. Therefore, regulating LINC01123 
expression levels can consequently control the rate of 
CCA tumor growth and metastasis. Finding a way to inhibit 
LINC01123 expression efficiently and specifically target 

CCA cells would have a chance to prolong CCA patient 
survival effectively. To be more specific, investigating CCA 
tumor-targeted medicine/therapeutic methods based 
on LINC01123-targeted CRISPR/Cas13 technique and 
LINC01123-specific siRNA and ASOs might be the hope 
for effectively treating CCA in the future.19 Moreover, con-
sidering that LINC01123 was also reported to be the regu-
lator of cell activities in colorectal cancer24, hepatocellular 
carcinoma25 and colon cancer,26 there might be facilitat-
ing effects of LINC01123 on a wide range of cancers, not 
only on those that have been reported. This study further 
expanded the knowledge of the role LINC01123 plays in 
cancers and the potential of the lncRNA being the target 
for treating those cancers efficiently in the future.

Long non-coding RNAs participate in the cellular processes 
of cancers by influencing translation, mRNA stability, and 
serving as “sponges” for miRNAs. This study went beyond 
exploring the effect of LINC01123 on CCA progres-
sion and explored the miRNA that LINC01123 targeted 

Figure 5. Main experimental steps and results of this study.
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in CCA. It was found that LINC01123 controls CCA pro-
gression by downregulating miR-641 expression. The 
results of this study were consistent with previous studies, 
which illustrated that LINC01123 can influence the pro-
gression of diseases by inhibiting the regulatory effects 
of specific miRNAs on gene expression.8 MiR-641 is an 
important biomolecule that participates in gene expres-
sion processes related to cancer.27,28 In CCA, miR-641 was 
identified as a suppressor of cancer that could inhibit the 
expression of cellular activity regulators including CDR1as, 
AKT3, and mTOR.14 Therefore, the information this study 
provided illustrated that controlling the expression lev-
els of both LINC01123 and miR-641 would have crucial 
clinical significance in CCA therapy. Currently, there are 
2 main forms of miRNA therapy: miRNA mimics and anti-
miRNAs.29 MicroRNAs mimics can enhance the function 
of miRNAs that have been downregulated, and anti-miR-
NAs can silence the function of miRNAs that have been 
upregulated in disease.29 Therefore, we speculated that 
developing a CCA tumor-targeted miR-641 mimic is prom-
ising to suppress the disease. Moreover, considering that 
LINC01123 promoted CCA aggravation by downregulating 
miR-641 expression, interfering with the LINC01123-to-
miR-641 regulatory process is also an effective treatment 
method for relieving CCA. Using the gene-editing tech-
nique CRISPR/Cas9 to modify the sequence of the miR-
641 binding region in the LINC01123 gene may also be a 
potential approach for CCA treatment.30

Despite the crucial information on the factors influenc-
ing CCA this study provided, there were still certain limi-
tations. Initially, the patients involved in this study came 
from only 1 hospital, resulting in a tiny sample size that 
compromised the validity of the findings. Furthermore, 
this study only included knockdown tests on LINC01123, 
with no overexpression experiments. To strengthen the 
credibility and rigor of the investigation, overexpression 
experiments should be performed simultaneously with 
knockdown experiments.31 Moreover, this study utilized 
only 1 siRNA, rather than 2. Although the results dem-
onstrated that the siRNA employed in this study signifi-
cantly downregulated LINC01123 expression, additional 
siRNAs are needed to enhance the validity of the find-
ings. The method we used to show the success of trans-
fection was only qRT-PCR. To ensure the success of 
the transfection assay, the colony formation assay and 
western blot should be employed in our next study. More 
research is needed to address the limitations of this work.

In conclusion, the expression of LINC01123 was higher 
in CCA tumors than in normal paracancer tissues. The 

upregulation of LINC01123 was an indicator of CCA 
aggravation and adverse prognosis, including lymph node 
metastasis and advanced TNM stage. LINC01123 could 
downregulate miR-641 expression. MiR-641 mediated 
the accelerating effect of LINC01123 on CCA aggrava-
tion. Silencing LINC01123, enhancing miR-641 functions, 
and interfering with the interaction between LINC01123 
and miR-641 in CCA tumors could be efficient methods 
for treating CCA (Figure 5).
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