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Abstract
Objective  Cholangiocarcinoma, a cancer of the biliary duct, is frequently diagnosed in advanced stages with poor prog-
nosis. Understanding the molecular mechanisms driving its progression is crucial for developing effective treatment 
approaches. This research delves into the role of LINC00313 in regulating the aggressiveness of cholangiocarcinoma cells.
Methods  Clinical samples were collected to examine the expression pattern of LINC00313, miR-320b, and MITF using 
RT-qPCR and western blot analysis. Functional experiments, including cell proliferation, migration, and invasion assays, 
as well as apoptosis detection, were performed to assess the malignant properties of cholangiocarcinoma cells. The 
tumorigenic potential of cholangiocarcinoma cells was further investigated in a xenograft mouse model.
Results  Elevated levels of LINC00313 were detected in both cholangiocarcinoma tumors and cell lines. Knocking down 
LINC00313 reduced the aggressiveness of cholangiocarcinoma cells and hindered their ability to form tumors in vivo. It 
was discovered that miR-320b is a target of LINC00313, exhibiting an expression pattern and functional role that con-
trasts with LINC00313. Moreover, the LINC00313/miR-320b axis was found to regulate the expression of MITF, thereby 
influencing the aggressiveness of cholangiocarcinoma cells.
Conclusion  LINC00313/miR-320b/MITF axis is implicated in the malignant progression of cholangiocarcinoma, indicating 
the potential of targeting LINC00313 as a strategy for cholangiocarcinoma clinical management.
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1  Introduction

Cholangiocarcinoma is a type of cancer that develops in the biliary duct tree of the digestive system. Due to often 
being detected in advanced stages, the chances of metastasis and cancer recurrence are high, which hinders the 
effectiveness of treatments such as surgery and chemotherapy [1]. Drug resistance is another common challenge 
in managing cholangiocarcinoma [2, 3]. Epidemiological studies show that the 5-year survival rate for patients with 
this cancer is typically between 20 and 30% [4]. The highest number of deaths usually occurs within the first year 
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after diagnosis, highlighting the poor prognosis associated with cholangiocarcinoma [5]. There is a global rise in the 
incidence of this cancer, particularly in developed countries [6, 7]. Early detection and prompt treatment are crucial 
for improving the survival rates of individuals with cholangiocarcinoma.

Accumulating studies have suggested that long non-coding RNAs (lncRNAs) interact with microRNAs (miRNAs) 
as the competing endogenous RNAs (ceRNAs) regulate target genes involved in tumor initiation and progression 
[8, 9]. Dysregulation of lncRNAs plays crucial roles in cell metabolism, growth, and the aggressiveness of tumor cells 
[10, 11]. The ceRNA regulatory module, comprising lncRNA-miRNA-mRNA interactions, has been implicated in the 
advancement of various cancers, including gastric, breast, pancreatic, and liver cancer [12–15]. In cholangiocarci-
noma, lncRNA AFAP1-AS1 was upregulated to foster the proliferation and mobility of tumor cells [16]. The knockdown 
of AFAP1-AS1 attenuated the aggressiveness of cholangiocarcinoma cells by arresting cell cycle progression and 
impairing cell migration. Additionally, overexpression of lncRNA CCAT1 has been shown to enhance the malignant 
characteristics of cholangiocarcinoma cells by downregulating miR-152 expression [17]. Recent findings also suggest 
that the aberrant overexpression of lncRNA ANRIL and lncRNA SNHG3 sustain the malignancy of cholangiocarci-
noma cells by targeting different miRNAs [18, 19]. Therefore, understanding the comprehensive ceRNA network in 
cholangiocarcinoma progression is essential not only for identifying markers of malignant progression but also for 
pinpointing potential therapeutic targets.

Current research has identified various ceRNA modules involving differentially expressed lncRNAs and miRNAs in 
cholangiocarcinoma progression [20, 21]. However, the specific functional roles of these non-coding RNAs in regulat-
ing malignant characteristics in cholangiocarcinoma cells are still not well understood. Among several dysregulated 
lncRNAs, LINC00313 was identified as one of the most significantly upregulated transcripts in cholangiocarcinoma 
samples compared to normal tissues [21]. Our clinical validation confirmed this upregulation pattern, and given its 
unexplored functional role in cholangiocarcinoma progression, we selected LINC00313 for detailed mechanistic 
investigation. This study aims to investigate the expression pattern of LINC00313 in cholangiocarcinoma clinical 
samples, explore its impact on the aggressive features of cholangiocarcinoma cells, and investigate in vivo tumori-
genesis after LINC00313 knockdown. Functional interaction experiments were conducted to identify the downstream 
targets responsible for the biological functions of LINC00313.

2 � Methods and materials

2.1 � Clinical sample collection

In this study, we collected the tumor specimens and the matched para-cancerous samples by surgery from 14 patients 
diagnosed with cholangiocarcinoma at First People’s Hospital of Yunnan Province. The study included 14 pairs of cholan-
giocarcinoma tissues and adjacent normal tissues. Among these patients, 8 were male and 6 were female, with a median 
age of 54 years (range: 41–54 years). Based on the TNM staging system, 5 patients were classified as stage II, 7 as stage 
III, and 2 as stage IV. Histologically, 9 cases were moderately differentiated and 5 were poorly differentiated. Cholangio-
carcinoma was confirmed through histological examination of the tumor samples by two independent pathologists 
from the Department of Pathology. Inclusion criteria: patients diagnosed with primary cholangiocarcinoma without 
medical record of chronic diseases. Exclusion criteria: patients who were diagnosed with other cancers, or patients who 
had undergone preoperative radiotherapy, chemotherapy or hormone drug administration. The clinical samples were 
stored in − 80 °C freezer until further analyses. The enrolled individuals in the study signed the informed written letter 
of consent. The use of human samples gained the approval of the Medical Ethics Committee of First People’s Hospital of 
Yunnan Province. The parents of all the recruited subjects signed the informed consent.

2.2 � Cell culture and the generation of stable LINC00313 knockdown cell line

Human intrahepatic biliary epithelial cells (HIBEpiC) (Cat# YB-ATCC-8492, Shanghai Yubo Biological Technology Co., Ltd., 
Shanghai, China), cholangiocarcinoma cell lines [CCLP1 (Cat# AE-886, Shanghai Yubo Biological Technology Co., Ltd., 
Shanghai, China), SG231 (Cat# SG231-001, Shanghai Guandao Bioengineering Co., Ltd., Shanghai, China), HuCCT1 (Cat# 
CL-0725, Wuhan Procell Life Science & Technology Co., Ltd., Wuhan, China)], and human embryonic kidney cell line 
[HEK293 cells (Cat# CL-0001, Wuhan Procell Life Science & Technology Co., Ltd., Wuhan, China)] were cultivated with 
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DMEM medium (GE™ Hyclone, Utah, U.S.) containing 10% FBS (GE™ Hyclone, Utah, U.S.), 100 U/ml penicillin and 100 
mg/ml streptomycin (Procell, Wuhan, China) in a humidified atmosphere of 37 °C and 5% CO2. HuCCT1 cells with stable 
LINC00313 knockdown were generated using the lentiviral system carrying shRNA targeting LINC00313. Briefly, a combi-
nation of pSPAX2/pMD2.g (packaging vectors) and PCDH-sh-Ctrl-puro (control virus vector) or PCDH-sh-LINC00313-puro 
(knockdown virus plasmid) (GenePharma, Shanghai, China) were co-transfected into HEK293 cells using Lipofectamine 
3000 (Invirtogen, Shanghai, China). 48 h post transfection, the cell culture supernatant containing the lentiviral particles 
was collected to infect HuCCT1 cells in the presence of polybrene (8 g/mL, Beyotime, Beijing, China). Uninfected cells were 
eliminated with 1 g/ml puromycin (Beyotime, Beijing, China) for 14 days. HuCCT1 cells carrying sh-Ctrl or sh-LINC00313 
were maintained in the complete medium with 0.5 g/ml puromycin.

2.3 � Cell transfection

The oligos of miR-NC, miRNA mimic, inhibitor NC and miRNA inhibitor were purchased from RiboBio L.T.D. (Guangzhou, 
China). The empty vector (pcDNA3.1 empty vector) and MITF expression plasmid (pcRNA3.1-MITF) were produced by 
GenePhama (Shanghai, China). The oligos and plasmids were transfected into HuCCT1 cells using Lipofectamine 3000 
(Invirtogen, Shanghai, China) based on the supplier’s protocols. 48 h after the transfection, cells were harvested for 
functional experiments (Additional file 1).

2.4 � Animals and the xenograft model

The animal experimental protocols were approved by the Experimental Animal Ethics Committee of Yunnan Besta Bio-
technology Co. LTD.(BST-MICE-20221229-02). Ten 8-week-old (weighed 25–35 g) Balb/C nude mice acquired from Bei-
jing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China) were raised in the standard SPF animal facility 
with 60%-65% humidity and an 12 h light/dark cycle at 22 °C. The mice were randomly assigned into two experimental 
groups (n = 5 animals in each group): the sh-NC group (subcutaneously injected with 1 × 106 HuCCT1 cells carrying sh-Ctrl 
sequence after lentivirus infection) and sh-LINC00313 group (injected with 1 × 106 cells carrying sh-LINC00313 sequence 
after lentivirus infection). Tumor volume was recorded every week using a caliper based on the formula: V(tumor) = 0.5 
× length × width2 (mm3). 35 days after tumor cell inoculation, all the mice were euthanized by cervical dislocation. The 
xenogfart tumor samples were collected for subsequent analyses.

2.5 � Real‑time quantitative PCR (RT‑qPCR)

Total RNA samples from cultured cells (1 × 106) and tissue samples (5 mg) were extracted using Trizol reagent (Beyotime 
Biotechnology, Beijing, China). Afterward 1 μg of total RNA sample was reverse transcribed into cDNA using BeyoRT™II 
First Strand cDNA Synthesis Kit (Beyotime Biotechnology, Shanghai, China) or microRNA Reverse Transcription Kit (EZB-
miRT2) (Ezbioscience, MN, USA). The TB Green® Fast qPCR Mix (Takara Biomedical Technology (Beijing) Co., Ltd., Beijing, 
China) was used to perform the real-time qPCR analysis. The following PCR cycling conditions were used: 95 °C 2 min 
for initial denaturation, 40 cycles of 95 °C 30 s denaturation, 60 °C 30 s annealing and 72 °C 60 s extension. Finally, the 
2–∆∆Ct method was used to analyze the relative expression level, with GAPDH and U6 snRNA as internal references. qPCR 
primer sequences were listed in Additional file 2: Table S1.

2.6 � Western blot (WB)

Total protein samples were extracted from tissues (10 mg) and cells (1 × 106) using RIPA lysis buffer containing protease 
inhibitor cocktail (Zeye Biotech, Shanghai, China). The protein concentration in the cell lysate was measured by a BCA 
Protein Assay Kit (Beyotime Biotech, Beijing, China). Afterward 10 □g protein of each group was subjected to SDS–poly-
acrylamide gel electrophoresis, and the protein bands were transferred to the PVDF membrane. The membrane was 
blocked with 5% milk at room temperature for 1 h, followed by the incubation with the corresponding primary antibod-
ies (Abcam, Cambridge, UK) overnight at 4 °C: anti-Bcl-2 (ab59348, 1: 1000), anti-Bax (ab53154, 1:1000); anti-Cleaved 
Caspase-3 (ab2302, 1:1000), anti-actin (ab8227, 1:1000), PARP-1 (ab227244, 1: 1000), cleaved PARP-1 (ab4830, 1: 1000) 
and anti-MITF (ab12039, 1:1000). After washing the membrane was further probed with HRP-linked secondary antibody 
(1:3000; Cell Signaling Technologies #7074, MA, USA) for 1 h. The signal development was conducted using an enhanced 
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chemiluminescence kit (Santa Cruz, TX, USA,) and the protein bands were visualized on a gel imaging system (Bio-Rad, 
Hercules, CA, United States).

2.7 � Apoptosis detection by flow cytometry

HuCCT1 cells were trypsinized and washed twice with PBS, and re-suspended in the Annexin V binding buffer. The analysis 
of apoptotic events was performed using the FITC Annexin V Apoptosis Detection Kit (BD Biosciences, MA, USA). Briefly, 1 
μL Annexin V-FITC and 1 μL Propidium-Iodide reagent were mixed with 1 × 106 cells for 15 min incubation in the darkness. 
After staining the cells were centrifuged and washed twice with the binding buffer without dyes. The quantification of 
apoptotic cells was conducted on a FACS Calibur cytometer with CellQuest Pro software (BD Biosciences). For compen-
sation and gating purposes, we included unstained cells, single-stained controls (Annexin V-FITC only and PI only), and 
a positive control (cells treated with 1 μM staurosporine for 24h to induce apoptosis) to ensure accurate discrimination 
between early apoptotic and late apoptotic/necrotic cell populations.

2.8 � Luciferase reporter assay

The prediction of interacting sequences between lncRNA/miRNAs and miRNA/mRNA was perfromed using "Targetscan" 
online resources (http://​www.​targe​tscan.​org/​miRan​da). Afterward the wild-type or mutated binding sites were cloned 
into the pKC-4.04 luciferase reporter (Addgene, MA, USA). The reporter with wild-type or mutated sequences was co-
transfected into HEK293 cells with miRNA mimic or miR-NC for 48 h. The luciferase activities were measured by the 
Fire-Lumi™ Dual Luciferase Assay Kit (Nanjing GenScript Biotechnology Co., Ltd., Nanjing, China). After the cell lysates 
(100 μL) were transferred to an opaque-walled 96-well plate, 50 μL of the Luciferase Assay Reagent II (LAR II) was added 
to each well. The contents in each well were gently mixed by pipetting up and down. Data were recorded using Spec-
traMax iD3 multi-mode microplate reader (Molecular Devices, Sunnyvale, CA, USA). The firefly luciferase activity in each 
well was measured by recording the luminescence values at a wavelength of 560 nm. Subsequently, 50 μL of the Stop & 
Glo Reagent was added to each well, and the Renilla luciferase activity was determined by recording the luminescence 
values at a wavelength of 480 nm.

Fig. 1   LINC00313 upregulation in cholangiocarcinoma tumor and cell lines. A RT-qPCR analysis of LINC00313 levels in 14 pairs of cholan-
giocarcinoma tumor specimens and the para-cancerous normal samples. B Examination of LINC00313 levels in human intrahepatic biliary 
epithelial cells (HIBEpiC) and cholangiocarcinoma cell lines (CCLP1, SG231, HuCCT1) by RT-qPCR. n = 3 independent experiments. C Analysis 
of LINC00313 levels in normal and tumor samples of TCGA cholangiocarcinoma cohort. *p < 0.05; **p < 0.01; ***p < 0.001

http://www.targetscan.org/miRanda
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2.9 � CCK‑8 proliferation assay

HuCCT1 cells with different treatment were seeded in to a 96-well plate at 2000 cells/well and the cells were allowed to 
grow for different time period. Accordingly, 10 μL CCK8 reagent (Solarbio, Beijing, China) was added to the cell culture 

Fig. 2   Targeting LINC00313 impairs the aggressiveness of cholangiocarcinoma cells. HuCCT1 cells were infected with lentivrius to stably 
express control shRNA (sh-Ctrl) and the shRNA targeting LINC00313 (sh-LINC00313). A RT-qPCR analysis of LINC00313 expression in sh-Ctrl 
and sh-LINC00313 groups. B CCK-8 proliferation assay, C Wound healing migration assay, D Transwell invasion assay, E RT-qPCR detection of 
N-cadherin, Vimentin, MMP1, MMP2, and MMP9, F Apoptosis detection by flow cytometry, and G WB analysis of apoptosis-related proteins 
(Bax, cleaved caspase-3, and Bcl-2) in sh-Ctrl and sh-LINC00313 group. n = 3 independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001; 
****p < 0.0001
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for 3 h in the cell culture incubator. The absorbance value (OD value) in each well was measured at 450 nm wavelength 
on a Synergy H1 microplate reader (Winooski, Vermont, USA).

2.10 � Transwell chamber assay

Transwell cassette (Corning, NY, USA) with the 8 μm pore size was used as the physical barrier for the invasion assay, and 
the upper chamber was coated with Matrigel (BD Biosciences, Bedford, USA) to mimic the extracellular matrix during tis-
sue invasion. HuCCT1 cells were trypsinized and collected in serum-free medium. The cells were inoculated in the upper 
chamber at a cell density of 5 × 105 cells/ml. The lower compartment was filled with 600 μl of complete medium with 
20% FBS. After 24 h, cells on the Transwell membrane were fixed and stained with 0.1% crystal violet (Sigma, Shanghai, 
China) for 20 min. The invading cells on the membrane were quantified under a light microscope at 100 × magnification. 
For each sample, 5 random fields were counted using Leica AM6000 microscope (Leica, Wetzlar, Germany).

Fig. 3   miR-320b is a candidate target of LINC00313. A The prediction of interacting sites between LINC00313 and miR-320b using Targets-
can online database. B Dual luciferase assay using wild-type (WT) or mutated (MUT) reporters in HEK293 cells. C RT-qPCR analysis of miR-
320b expression in sh-Ctrl and sh-LINC00313 groups. D RT-qPCR analysis of miR-320b levels in 14 pairs of cholangiocarcinoma tumor speci-
mens and the para-cancerous normal samples. n = 3 independent experiments. **p < 0.01; ****p < 0.0001
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2.11 � Wound‑healing assay

HuCCT1 cells were plated in 6 well plates and the cells were allowed to reach about 80–90% confluence. A scratch wound 
was generated in the central region of the cell monolayer using a sterile pipette tip. The floating cells were removed by 
replenishing the fresh medium. The remaining cells were cultured at 37 °C for 24–48 h. Cell images were recorded using 
an inverted light microscope (Leica AM6000 microscope).

2.12 � Immunohistochemical (IHC) staining

Xenograft tumor samples were collected from the mice and fixed in 10% PFA for 12h. The staining was performed in 5-μm 
sections of formalin-fixed paraffin-embedded (FFPE) tissues. The sections were initially deparaffinized and re-hydrated. 
The antigen unmasking was achieved by heating the sections in the citrate antigen recovery solution (Beyotime, Beijing, 
China) at 95 °C for 5 min. The peroxidase activity in the sections was quenched by 3% hydrogen peroxide for 10 min. 
After the rinsing in TBST buffer, the sections were blocked for 1 h with 5% normal goat serum. The primary antibody 
against Ki-67 (ab15580, 1:500, Abcam, Cambridge, UK) was used to label the sections overnight. After washing by TBST 
buffer, the sections were further labeled in the SignalStain® Boost Detection Reagent (HRP, Rabbit #8114, Cell Signaling 
Technologies, MA, USA) for 30 min at room temperature. The sample was observed under the Leica AM6000 microscope 
(Leica, Wetzlar, Germany).

2.13 � Statistical analysis

The results presented in the study were summarized as the mean ± SD of three independent trials. The researchers were 
blinded to treatment or control groups when performing data analysis and collection. The difference between two condi-
tion was compared by unpaired student’s t test. The analyses of multiple conditions were conducted by one-way analysis 
of variance (ANOVA) and Tukey’s post-hoc test. Data at multiple time points were compared using two-way ANOVA. Data 
were deemed statistically significant when the P value was less than 0.05.

3 � Results

3.1 � LINC00313 upregulation in cholangiocarcinoma tumor and cell lines

We initially collected 14 pairs of cholangiocarcinoma tumor specimens and para-cancerous normal samples to exam-
ine LINC00313 expression pattern. It was found that LINC00313 displayed a significant upregulation in tumor samples 
compared to the normal counterparts (Fig. 1a). Examination of LINC00313 levels in human intrahepatic biliary epithelial 
cells (HIBEpiC) and cholangiocarcinoma cell lines (CCLP1, SG231, HuCCT1) further demonstrated the overexpression of 
LINC00313 in cholangiocarcinoma cell lines (Fig. 1b). We also analyzed the TCGA cholangiocarcinoma cohort to validate 
our findings. Analysis of LINC00313 expression in this dataset revealed that LINC00313 was significantly upregulated in 
cholangiocarcinoma tissues compared to normal tissues (Fig. 1c).

3.2 � Targeting LINC00313 impairs the aggressiveness of cholangiocarcinoma cells

Given that HuCCT1 cells demonstrated the highest endogenous expression levels of LINC00313 among the three CCA 
cell lines tested, making it a suitable model for shRNA-based loss-of-function analysis, we selected this cell line for our 
functional experiments. To understand the biological role of LINC00313 in cholangiocarcinoma cells, we applied lenti-
virus to stably express control shRNA (sh-Ctrl) and the shRNA targeting LINC00313 (sh-LINC00313) in HuCCT1 cells. sh-
LINC00313 group showed a significant reduction of LINC00313 expression compared to the sh-NC group (Fig. 2a). Upon 
LINC00313 silencing, the aggressiveness of HuCCT1 cells was significantly attenuated, as evidenced by the retarded cell 
growth ability (Fig. 2b), the impaired cell migration (Fig. 2c) and invasion (Fig. 2d). Consistently, qPCR analysis revealed 
that knockdown of LINC00313 significantly decreased the expression of invasion-related markers including N-cadherin, 
Vimentin, MMP1, MMP2, and MMP9 (Fig. 2e). Besides, apoptosis detection by flow cytometry revealed an observable 
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increase of apoptotic events in HuCCT1 cells after LINC00313 silencing (Fig. 2f ). WB analysis of apoptosis-related proteins 
showed increased levels of pro-apoptotic proteins (Bax and cleaved caspase-3) and a lowered level of anti-apoptotic 
protein (Bcl-2) upon LINC00313 knockdown (Fig. 2g). Therefore, knocking down LINC00313 curtails the malignancy of 
cholangiocarcinoma cells.

3.3 � miR‑320b is a candidate target of LINC00313

To elucidate the molecular mechanisms by which LINC00313 promotes cholangiocarcinoma progression, we 
sought to identify potential microRNA targets of LINC00313. Through bioinformatic analysis using multiple data-
bases including miRDB and TargetScan, miR-320b emerged as a common predicted target with a high score and 
complementary binding sequences to LINC00313, as shown in Fig. 3a. While other candidates may also mediate the 
efefcts of LINC00313, we focused on miR-320b due to its consistent prediction across databases and its previously 
unreported role in cholangiocarcinoma, suggesting a novel regulatory axis in this cancer type. Wild-type (WT) 
or mutated (MUT) interacting sequences were incorporated into the luciferase reporter to verify the interaction 
(Fig. 3a). Transfection of miR-320b mimic resulted in a repression of WT luciferase reporter activity, while muta-
tion of the binding sequences nullified this effect (Fig. 3b). Knocking down LINC00313 in HuCCT1 cells led to an 
increase in miR-320b expression (Fig. 3c). In contrast to the upregulation of LINC00313, miR-320b was significantly 
downregulated in the cholangiocarcinoma samples compared to normal counterparts (Fig. 3d). These findings 
indicate that miR-320b is negatively regulated by LINC00313 in cholangiocarcinoma.

3.4 � LINC00313/miR‑320b axis modulates the aggressiveness of cholangiocarcinoma cells

To investigate the role of miR-320b in the biological function of LINC00313, HuCCT1 cells with LINC00313 knock-
down were transfected with either a synthetic miR-320b inhibitor or an inhibitor control. The results showed that 
miR-320b inhibitor significantly reduced miR-320b levels in HuCCT1 cells with LINC00313 knockdown (Fig. 4a). 
Subsequent CCK-8 proliferation assay indicated that miR-320b inhibition rescued cell growth following LINC00313 
knockdown (Fig. 4b). Moreover, the migratory and invasive capacities of HuCCT1 cells in the sh-LINC00313 group 
were enhanced after transfection with the miR-320b inhibitor (Fig. 4c, d). Consistent with these findings, qPCR 
analysis showed that miR-320b inhibition reversed the LINC00313 silencing-induced downregulation of invasion-
related markers including N-cadherin, Vimentin, MMP1, MMP2, and MMP9 (Fig. 4e). Analysis of apoptotic events 
and apoptosis-related factors further demonstrated that miR-320b inhibition suppressed apoptotic cell death 
induced by LINC00313 silencing in HuCCT1 cells (Fig. 4f, g). Therefore, miR-320b acts as a downstream mediator 
of LINC00313 in regulating the aggressive phenotype of cholangiocarcinoma cells.

3.5 � Melanocyte inducing transcription factor (MITF) is negative targeted by miR‑320b

To identify potential downstream targets of miR-320b, we performed comprehensive bioinformatics analysis 
using three independent miRNA target prediction databases: TargetScan, miRanda, and RNAhybrid. Through this 
systematic screening approach, we identified MITF as a potential target gene of miR-320b, as all three prediction 
tools consistently identified potential binding sites for miR-320b in the 3’ untranslated region (UTR) of MITF mRNA. 
As shown in Fig. 5a, sequence alignment revealed that the 3’ UTR of MITF mRNA contains conserved complemen-
tary binding sites for miR-320b. The luciferase reporter assay showed that miR-320b mimic was able to inhibit 
the activity of WT reporter containing the predicted interacting sequences, and no inhibition was observed for 
the reporter containing mutated binding sites (Fig. 5b). Further, miR-320b overexpression by the transfection of 

Fig. 4   LINC00313/miR-320b axis modulates the aggressiveness of cholangiocarcinoma cells. HuCCT1 cells with LINC00313 knockdown were 
transfected with the synthetic miR-320b inhibitor or the inhibitor control. A RT-qPCR analysis of miR-320b expression. B CCK-8 proliferation 
assay, C Wound healing migration assay, D Transwell invasion assay, E RT-qPCR detection of N-cadherin, Vimentin, MMP1, MMP2, and MMP9, 
F Apoptosis detection by flow cytometry, and G WB analysis of apoptosis-related proteins (Bax, cleaved caspase-3, and Bcl-2) in each experi-
mental condition. n = 3 independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001
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miR-320b mimic suppressed MITF protein levels in HuCCT1 cells (Fig. 5c). We also detected MITF protein levels 
in the clinical samples, and the data showed that MITF levels were significantly elevated in cholangiocarcinoma 
samples when compared to the normal tissues (Fig. 5d). This is in contrast to the downregulation of miR-320b in 
cholangiocarcinoma samples, which suggests a regulatory effect of miR-320b on MITF expression.

3.6 � MITF overexpression counteracts the effect of miR‑320b mimic in HuCCT1 cells

To further dissect the functional interaction between miR-320b and MITF, HuCCT1 cells were transfected with differ-
ent combinations of miR-NC, miR-320b mimic, empty vector, and MITF expression vector. Overexpression of miR-320b 
reduced MITF protein levels and co-transfection with MITF expression vector restored MITF expression (Fig. 6a). Similar 
to the effect of LINC00313 silencing, miR-320b mimic impaired the cell growth, and MITF overexpression largely rescued 
this effect (Fig. 6b). The migratory and invasive abilities of HuCCT1 cells were also reduced by miR-320b mimic, while MITF 
overexpression promoted cell migration and invasion (Fig. 6c, d). In line with these observations, qPCR analysis revealed 
that miR-320b mimic decreased the expression of invasion-related markers (N-cadherin, Vimentin, MMP1, MMP2, and 
MMP9), while MITF overexpression reversed these changes (Fig. 6e). Furthermore, miR-320b overexpression led to an 
increase in apoptotic cell death in HuCCT1 cells, which was attenuated by MITF overexpression (Fig. 6f, g). These results 
support the notion that the inhibitory effect of miR-320b in cholangiocarcinoma cells is mediated by the downregula-
tion of MITF.

3.7 � LINC00313 silencing impairs the tumor formation of HuCCT1 cells in nude mice

We next attempted to examine the impact of LINC00313 silencing in a mouse model of xenograft tumor forma-
tion. Nude mice were assigned as the sh-NC group (injected with HuCCT1 cells carrying control shRNA) and sh-
LINC00313 group (injected with cells carrying LINC00313 shRNA). Tumor growth of HuCCT1 cells was significantly 

Fig. 5   MITF is negative targeted by miR-320b. A The prediction of interacting sites between MITF mRNA and miR-320b using Targetscan 
online database. B Dual luciferase assay using wild-type (WT) or mutated (MUT) reporters in HEK293 cells. C WB analysis of MITF protein 
levels in HuCCT1 cells upon the transfection of miR-320b mimic or miR-NC. D WB analysis of MITF protein levels in 14 pairs of cholangiocar-
cinoma tumor specimens and the para-cancerous normal samples. n = 3 independent experiments. *p < 0.05; **p < 0.01
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repressed upon LINC00313 knockdown in vivo, as revealed by the reduction of tumor weight (Fig. 7a). LINC00313 
knockdown was associated with an upregulation of miR-320b and a downregulation of MITF in tumor samples 
(Fig. 7b). The analysis of apoptosis-related factors indicated that LINC00313 knockdown caused an increase of 
pro-apoptotic proteins (Bax and cleaved caspase-3) in the xenograft tumor samples, as well as the cleavage of 
PARP-1; while the expression level of anti-apoptotic factor (Bcl-2) was reduced (Fig. 7c). Furthermore, IHC staining 
showed a nearly twofold reduction of proliferating cells with Ki-67 positive staining in the tumor samples with 
LINC00313 knockdown (Fig. 7d). Collectively, these data suggest that LINC00313 acts as an oncogenic factor for 
the malignant progression of cholangiocarcinoma.

3.8 � Clinical significance of LINC00313/miR‑320b/MITF axis in cholangiocarcinoma patients

To investigate the clinical relevance of the LINC00313/miR-320b/MITF axis, we analyzed their expression patterns 
and correlation with patient survival using TCGA datasets. As shown in Fig. 8, Kaplan–Meier analysis revealed that 
patients with high LINC00313 expression exhibited significantly shorter overall survival compared to those with 
low expression. Conversely, patients with high miR-320b expression showed better overall survival than those 
with low expression. Furthermore, high MITF expression was associated with poor overall survival. These survival 
analyses support our experimental findings and suggest that the LINC00313/miR-320b/MITF axis plays a crucial 
role in cholangiocarcinoma progression and may serve as a potential prognostic biomarker.

4 � Discussion

The study demonstrated the overexpression of LINC00313 in cholangiocarcinoma tumor samples and cell lines, 
which is linked to the malignant phenotype of cholangiocarcinoma cells. Silencing LINC00313 reduced the aggres-
siveness of cholangiocarcinoma cells and hindered tumorigenesis in vivo. Additionally, it was found that miR-320b 
is a potential target of LINC00313, exhibiting an expression pattern opposite to that of LINC00313. Overexpression 
of miR-320b also inhibited the aggressive behavior of cholangiocarcinoma cells. Furthermore, the LINC00313/miR-
320b axis influenced the expression of MITF, thereby influencing the aggressiveness of cholangiocarcinoma cells.

LINC00313 has been identified as upregulated in various malignancies, such as testicular germ cell tumors 
where its overexpression promotes metastasis through the facilitation of epithelial-mesenchymal transition [22]. 
In cervical cancer, upregulated LINC00313 facilitates tumor progression by accelerating cell cycle progression via 
the inhibition of miR-4677-3p and upregulation of cyclin-dependent kinase 6 (CDK6) [23] Additionally, LINC00313 
enhances malignancy and metastasis of osteosarcoma by interacting with EZH2 mRNA, thereby increasing its 
stability and promoting EZH2-mediated PTEN suppression [24]. Notably, tumor-derived exosomal LINC00313 has 
been shown to induce a shift of macrophages towards a M2-like phenotype in non-small cell lung cancer, poten-
tially contributing to an immunosuppressive tumor microenvironment [25]. These findings collectively support the 
oncogenic role of LINC00313 across different cancer types. Our study further corroborates this by demonstrating 
LINC00313 overexpression in cholangiocarcinoma, with knockdown of LINC00313 leading to reduced cell prolif-
eration and mobility. Our results align with a previous report of LINC00313 upregulation in cholangiocarcinoma 
through sequencing analysis [21]. However, There is also inconsistency in LINC00313’s biological functions reported 
across various cancer types and cellular contexts. In osteosarcoma, LINC00313 acts as an oncogene by sponging 
miR-342-3p to regulate FOSL2 [26], while in chondrocytes, it promotes proliferation through the miR-525-5p/GDF5 
axis [27]. These apparently contradictory functions of LINC00313 across different studies likely reflect the context-
dependent nature of lncRNA function, which can vary based on cancer type, cellular context, and downstream 
miRNA targets. This tissue-specific regulation emphasizes the importance of characterizing lncRNA function in 
each cancer type individually, as their molecular partners and regulatory networks may differ substantially.

Recent evidence suggests that various signals can trigger the overexpression of LINC00313. For example, TGF-β 
was found to induce LINC00313 in cholangiocarcinoma [28]. Additionally, the SP1 protein, a member of the Sp/
KLF family of transcription factors [29], was reported to increase the expression of LINC00313 in papillary thyroid 
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cancer [30]. However, these findings need to be validated in animal study and clinical samples to further confirm 
the mechanisms by which LINC00313 becomes deregulated in cancerous cells.

We identified miR-320b as a miRNA target of LINC00313, and it was downregulated in cholangiocarcinoma. 
This seems to be consistent with a previous study of miRNA profiling in human intrahepatic cholangiocarcinoma 
[31]. miR-320b overexpression suppressed malignant features of cholangiocarcinoma cells. In agreement with our 
findings, miR-320b has been found to inhibit the angiogenesis and tumor growth in lung cancer [32]. Furthermore, 
miR-320b suppresses the cell proliferation by repressing the expression of proto-oncogene c-Myc in colon cancer 
[33], while in pancreatic cancer, it downregulates FOXM1 to impede cancer cell growth [34]. These findings collec-
tively support the tumor-suppressive function of miR-320b, positioning it as a potential anti-oncogenic target for 
cancer therapy [35]. Our study highlighted LINC00313 as a negative regulator of miR-320b in cholangiocarcinoma. 
Other recent studies have also identified lncRNAs like NR2F2-AS1 and DLEU1 as regulators of miR-320b in different 
cancer types [36, 37], suggesting that miR-320b may play a central role in a complex network of non-coding RNAs.

Melanocyte inducing transcription factor (MITF) was initially identified as a key transcription factor involved 
in the development and differentiation of melanocytes [38]. Gene mutations in MITF have been detected in 
melanoma patients [39], leading to changes in MITF expression and activity in melanoma cells [40]. MITF exhibits 
varying functions in different types of cancer. For example, in non-small cell lung cancer, MITF has been shown to 
act as a tumor suppressor by decreasing the expression of tumor-promoting genes [41]. Conversely, in melanoma 
and clear cell renal cell carcinoma, increased MITF expression has been linked to the progression of malignancy 
[42–44]. Previous studies in melanoma have demonstrated that MITF modulates therapeutic resistance through 
EGFR signaling pathways [45]. Further research has revealed that dual targeting of Aurora kinase A (AURKA) 
and MAPK pathways effectively overcomes MITF-mediated drug resistance in melanoma cells, suggesting the 
therapeutic potential of targeting these pathways [46]. Our findings support the idea that MITF promotes tumor 
growth, as overexpression of MITF counteracted the tumor-suppressive effects of miR-320b in cholangiocarcinoma 
cells. MITF may also affect drug resistance in cholangiocarcinoma cells through similar manners; however, further 
research is needed to fully understand the mechanisms by which MITF contributes to the aggressive behavior of 
cholangiocarcinoma cells.

Although our study provides insights into the functional role of the LINC00313/miR-320b/MITF axis in promoting 
cholangiocarcinoma aggressiveness, there are some limitations to be considered. The mechanistic investigations 
were mainly conducted in the HuCCT1 cell line, and evaluating the findings in additional cholangiocarcinoma 
cell lines or patient-derived organoids would further strengthen the conclusions. Additionally, while in vivo xeno-
graft experiments supported the role of LINC00313 in tumorigenesis, more clinical samples should be collected 
to evaluate the prognostic value of LINC00313. In terms of future directions, exploring the upstream regulators 
that govern LINC00313 expression could elucidate potential therapeutic targets for modulating this oncogenic 
pathway. Furthermore, a comprehensive mechanistic understanding of how MITF drives cellular processes like pro-
liferation, migration, and invasion in cholangiocarcinoma cells would be valuable. LINC00313 may also modulate 
other downstream targets to impinge on the malignancy of cholangiocarcinoma cells. Ultimately, unraveling the 
intricate LINC00313-mediated regulatory networks may pave the way for developing novel prognostic biomarkers 
and targeted therapies for this aggressive malignancy.

Fig. 6   MITF overexpression counteracts the effect of miR-320b mimic in HuCCT1 cells. HuCCT1 cells were transfected with miR-NC, miR-
320b mimic, miR-320b mimic + empty vector or miR-320b mimic + MITF expression vector. A WB analysis of MITF protein levels in each 
experimental group. B CCK-8 proliferation assay, C Wound healing migration assay, D Transwell invasion assay, E RT-qPCR detection of 
N-cadherin, Vimentin, MMP1, MMP2, and MMP9, F Apoptosis detection by flow cytometry, and G WB analysis of apoptosis-related pro-
teins (Bax, cleaved caspase-3, and Bcl-2) in each experimental condition. n = 3 independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001; 
****p < 0.0001
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Fig. 7   LINC00313 silencing impairs the tumor formation of HuCCT1 cells in nude mice. HuCCT1 cells carrying control shRNA or the cells 
carrying LINC00313 shRNA were injected into nude mice (n = 5 animals in each group). A The tumorigenesis of HuCCT1 cells was shown in 
the xenobgraft tumor images and the tumor weight was summarized. B RT-qPCR analysis of LINC00313, miR-320b and MITF in the tumor 
samples. C WB analysis of apoptosis-related factors (Bax, cleaved caspase-3, and Bcl-2, PARP-1, Cleaved PARP-1) in the tumor samples. D IHC 
staining of the cell proliferation marker (Ki-67) in the tumor tissue sections. n = 5 animals in each group. *p < 0.05; **p < 0.01; ***p < 0.001; 
****p < 0.0001
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5 � Conclusion

This study establishes LINC00313 as a key oncogenic factor in cholangiocarcinoma progression, operating through 
a newly identified LINC00313/miR-320b/MITF regulatory axis. Our findings reveal that targeting LINC00313 could 
represent a promising therapeutic strategy for cholangiocarcinoma treatment. To translate these findings into 
therapeutic applications, future studies should focus on: (1) validating these findings in larger patient cohorts, 
(2) investigating MITF downstream targets, and (3) developing specific delivery methods and molecular tools 
(such as antisense oligonucleotides, siRNAs, or CRISPR-based approaches) for effectively targeting LINC00313 in 
cholangiocarcinoma cells.
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