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Purpose: As the major subtype of liver cancer, hepatocellular carcinoma (HCC) suffers from high mortality and is prone to 
recurrence. Long non-coding RNAs (lncRNAs) are well characterized to be pivotal players contributing to HCC pathogenesis and 
progression. Therefore, this study intended to probe the biological functions of LINC00886 in hepatocarcinogenesis.
Patients and Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) was applied to analysis of LINC00886, 
microRNA-409-3p (miR-409-3p), microRNA-214-5p (miR-214-5p), RAB10 and E2F2 expression. Subcellular localization of 
LINC00886 was identified through a fluorescent in situ hybridization (FISH) kit and a subcellular assay. Additionally, proliferated 
cells were determined with EdU as well as cell counting kit-8 (CCK-8) assays. Scratch and Transwell assays were applied to detect 
migratory and invasive cells. Apoptotic cells were measured via TUNEL staining assay. Furthermore, targeted binding between 
LINC00886 and miR-409-3p or miR-214-5p was validated utilizing dual-luciferase reporter assays. RAB10, E2F2 and NF-κB 
signaling-associated protein levels were evaluated utilizing Western blot.
Results: LINC00886, RAB10 and E2F2 levels were aberrantly increased, with the abnormal expressed decline of miR-409-3p and 
miR-214-5p, in HCC tissues, cells and peripheral blood mononuclear cells (PBMCs). Silencing LINC00886 attenuated the prolif-
erative, migratory, invasive, and anti-apoptotic potential of HCC cells, while LINC00886 overexpression proceeded in the contrary 
direction. Mechanistically, miR-409-3p and miR-214-5p were validated as binding targets for LINC00886 and inverted the biological 
functions of LINC00886 during HCC progression. Furthermore, the LINC00886-miR-409-3p/miR-214-5p axis could regulate RAB10 
and E2F2 expression via mediating NF-κB pathway activation in hepatocarcinogenesis.
Conclusion: Our findings indicated that LINC00886 facilitated HCC progression via absorbing miR-409-3p or miR-214-5p to 
upregulate RAB10 and E2F2 through activation of NF-κB pathway, offering a promising novel target for HCC therapy.
Keywords: LINC00886, miR-409-3p, miR-214-5p, hepatocellular carcinoma, NF-κB signaling

Introduction
Primary liver cancer represents the prevalent lethal solid tumor and ranks third major contributor to global deaths 
associated with malignancy, accounting for ~906,000 first-diagnosed cases and 830,000 fatalities in 2020.1 Additionally, 
hepatocellular carcinoma (HCC) constitutes roughly 90% of liver tumor cases with being its major histological subtype.2 

Notably, hepatocellular carcinogenesis is a step-by-step process showing consecutive neoplastic transitions from chronic 
liver inflammation to liver fibrosis to subsequent cirrhosis and consequent pathological cancer.3,4 Furthermore, HCC is at 
high resistance to therapeutic interventions. Consequently, complete resection of HCC tumors does not protect the 
residual liver from subsequent recurrent de novo tumors (5-year recurrence rate up to 70% after surgical resection) with 
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consistently dismal survival below 15% in 5 years.5,6 A comprehensive insight into the pathogenesis of HCC is therefore 
essential.

Long noncoding RNAs (lncRNAs) featured with their lack of protein-coding potential and a length of exceeding 200 
nucleotides.7 It is now well recognized that lncRNAs are increasingly becoming essential regulators of gene expression 
networks in various biological processes,8 particularly in the occurrence and progression of cancer.9–13 Recently, various 
research has pointed out the engagement of lncRNAs in the formation and progression of HCC.14–16 HCC tissue samples 
and cell lines were highly expressed lncRNA-PDPK2P, and its high expression was notably related to poor prognosis.17 

LncRNA NBR2 in HCC cell lines is instrumental in dampening cell proliferation via suppressing cytoprotective 
autophagy.18 During multistage of hepatocellular tumorigenesis, most studies have predominantly centered on identifying 
differentially expressed lncRNAs (DELs) between HCC and controls, while few investigators have focused on liver 
cirrhosis (LC). Thus, the role of DELs in hepatocarcinogenesis has yet to be comprehensively clarified.

Our previous work has identified new predictive biomarkers based on mRNAs expression analysis via transcriptome 
sequencing (RNA-Seq) of hepatic tissues from healthy volunteers, patients with chronic hepatitis B, patients with LC and 
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HCC,19 leaving disease-associated lncRNAs to be further explored. Herein, a time-course analysis was conducted to 
characterize the predominant lncRNAs among the control, LC, and HCC groups. Therefore, this study offers a novel 
perspective on the underlying mechanisms of lncRNAs in hepatocarcinogenesis, which may help to identify novel 
biomarkers and establish efficient treatment alternatives for HCC patients.

Materials and Methods
Study Subjects and HCC Datasets
Fifteen human liver specimens in total, including 5 liver transplant donors (CON), 5 patients with LC and 5 patients with 
HCC, were acquired at the Third Hospital of Hebei Medical University from November 2019 to March 2022. In 
particular, healthy liver tissues were acquired from living liver donors with written informed consents who voluntarily 
provide their livers for transplantation to patients with end-stage liver disease or other liver-related conditions in 
accordance with the principles set forth in the Declaration of Istanbul. Simultaneously, blood samples from 20 healthy 
volunteers (CON), 20 patients with LC, and 20 patients with HCC were collected. Inclusion criteria were described 
below: (1) Adult subjects (≥18 years); (2) Written informed consent signed before enrolling in the group; (3) Diagnostic 
criteria aligned with broadly accepted clinical guidelines for LC20,21 and HCC.22 Exclusion criteria were as follows: (1) 
Any preoperative therapy was performed for HCC cases, such as chemotherapy and radiotherapy. (2) Pregnancy; (3) 
Combined with other malignant tumors; (4) Concomitant with severe cardiovascular, pulmonary, diabetes or renal 
diseases. Our study was authorized by the ethics committee of the Third Hospital of Hebei Medical University and 
carried out in accordance with the Declaration of Helsinki.

Removed liver specimens were instantly stored at −196°C liquid nitrogen for further use. Whole blood samples from 
control, LC and HCC patients were collected with the use of Ficoll medium (Solarbio Life Sciences, Beijing, China) to 
extract peripheral blood mononuclear cells (PBMCs) followed with immediate reservation at −80°C for the next step of 
PCR analysis. The lncRNAs expression profile matrix of HCC samples was retrieved from the TCGA-LIHC hg38 dataset 
downloaded from the National Cancer Institute Genomic Data Commons website (GDC, https://portal.gdc.cancer.gov/).23 

Only patients diagnosed as per the International Classification of Disease for Oncology, 3rd Edition (ICDO3) histology 
code 8170 (TCGA-HCC) and containing paired paracancerous tissues were included in the study, resulting in 49 enrolled 
paired samples.

Cell Culture
LX2 (human normal hepatic stellate cell line) and HCC (Hep3B, Huh7) cell lines (Procell, Wuhan, China) were cultured 
at 37°C using Dulbecco’s Modified Eagle Medium (Gibco, USA) comprising 10% fetal bovine serum (Biological 
Industries, Israel) and 1% streptomycin/penicillin solution (Gibco, USA) within a humid incubator aired with 5% CO2.

Cell Transfection
The 6-well plates were applied to incubate 2.5 × 105 Hep3B and Huh7 cells overnight which were transiently transfected 
utilizing LipofectamineTM 3000 (Invitrogen, Carlsbad, CA, USA). Three small interfering RNAs (siRNAs) designed 
against LINC00886 (Si-LINC00886), the siRNA control (Si-NC), LINC00886 overexpression vector 
(pcDNA3.1-LINC00886) and pcDNA3.1 plasmid (pcDNA3.1) were synthesized from GenePharma (Shanghai, China). 
In addition, miR-409-3p or miR-214-5p mimic and inhibitor, as well as the corresponding controls (miR-NC) were 
produced from Ribobio (Guangzhou, China). The siRNA sequences were demonstrated in Table S1.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
TRIzol (Invitrogen) was utilized to separate total RNA from 3 groups of liver tissues and PBMCs, as well as HCC cells. The 
PrimeScript RT reagent kit with gDNA Eraser was utilized to perform cDNA synthesis, and qRT-PCR was performed using 
TB Green Premix Ex Taq II (TaKaRa, Dalian, China) following the manufacturer’s protocols. For miRNAs quantitation, 
miDETECT A Track miRNA qRT-PCR Starter Kit, miRNAs and U6 in our work were acquired from Ribobio on a 7500 
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RealTime PCR System (Applied Biosystems, USA). The primer sequences were shown in Table S1. RNA expression was 
evaluated using β-actin or U6 as an internal control and quantified according to the 2−ΔΔCt method.

EdU Cell Proliferation Assay
The kit of BeyoClick™ EdU (5-ethynyl-2’-deoxyuridine) assay with Alexa Fluor 488 (Beyotime, China) was performed to 
assess proliferated cells as per the manufacturer’s recommended procedure. HCC cells (5 × 104/well) were cultured in 12-well 
plates overlaid with a sterile coverglass overnight at 37°C after transfection. Following 2 additional hours of incubation with 10 
μM EdU working solution, 4% paraformaldehyde (PFA) was administrated for a 15-min cell fixation, enhanced immunostaining 
permeabilization solution for a 15-min cell penetration and click reaction solution and Hoechst 33342 (1:1000) for 30-min and 
10-min cell stains, respectively. At least three random fields of cells were imaged utilizing a fluorescence microscope (IX53, 
Olympus, Japan) and Image J software was conducted for analysis.

Cell Counting Kit-8 (CCK-8) Assay
Ninety-six-well plates were utilized to inoculate transfected Hep3B and Huh7 cells (2 × 103 cells per well). Following 0, 
24, 48, 72 or 96 h of cell incubation, each well was loaded with 100 μL complete culture medium containing 10 μL CCK- 
8 solution (GLPBIO, USA). After 2 additional hours of incubation with the cells, each group’s absorbance was then 
determined at 450 nm and 630 nm utilizing a Microplate Reader (ELX800, BioTek, USA).

Scratch Assay
Transfected cells (3 × 105/well) were incubated in 6-well plates with serum-free medium overnight at 37°C until they 
achieved >90% confluence. Sterilized pipette tips were then employed for scratches in monolayer cells after three gentle 
rinses with PBS. Following 48 h of cell incubation, the scratch process was photographed with an inverted microscope 
(Olympus, Japan). Furthermore, cell migratory capacity was evaluated via Image J software.

Transwell Assay
Transfected cells in each group were inoculated into serum-free medium at 2.5×105/mL density. A 200 μL cell 
suspension was then seeded in the top Transwell chamber (Costar, Corning Incorporated, Corning, NY, USA) to evaluate 
cell migration, with 500 μL complete medium inserted in the bottom chamber. Following culture for 24 hours, cells 
traversing the membranes were dyed with 0.1% hematoxylin for 15 min and measured on a microscope. The steps of cell 
invasion assay were identical to those of the migration assay apart from a coat of BD Matrigel (San Jose, CA, USA) 
applied to the top compartment. Finally, cells selected from three random fields were pictured and calculated (200×).

TUNEL Staining Assay
The One Step TUNEL Apoptosis Assay Kit (Beyotime, China) was employed to analyze apoptotic cells as per the 
manufacturer’s instruction. In short, 12-well plates containing a sterile coverglass were applied to inoculate transfected 
cells overnight at 8 × 104 cells per well. Afterwards, the adherent cells were immobilized utilizing 4% PFA for 30 min, 
incubated with the TUNEL solution for 1 hour, and finally dyed via DAPI for 10 min under light protection. Images of at 
least three randomly chosen regions were photographed utilizing the fluorescence microscope (Olympus, Japan) and 
computed via Image J software.

Nuclear-Cytoplasmic RNA Isolation Assay
The subcellular fractions of Hep3B and Huh7 cells were detected via the PARIS Kit (Invitrogen, USA) following 
a previously published protocol.24 The proportion of subcellular distributed LINC00886 in HCC cells was measured 
through qRT-PCR, utilizing β-actin to be the internal reference for cytoplasmic fraction and U6 for nuclear fraction.

RNA Fluorescence In Situ Hybridization
The subcellular location of LINC00886 in Hep3B and Huh7 cells was detected utilizing a fluorescent in situ hybridiza-
tion (FISH) kit acquired from RiboBio as previously published.25 Cy3-labeled LINC00886 FISH probes were produced 
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by RiboBio, with human U6 (LNC110101, RiboBio) and human 18S (LNC110102, RiboBio) as positive controls for 
nuclear and cytoplasmic RNA, respectively. Meanwhile, the cell nuclei were dyed with DAPI for visualization. 
Fluorescent images were pictured utilizing the FV3000 confocal microscope.

Dual-luciferase Reporter Assay
The online starbase (http://starbase.sysu.edu.cn) was utilized to estimate targeted binding. The wild-type plasmid or 
mutated vectors of LINC00886, whose 3ʹ untranslated regions (3ʹUTR) sequences incorporated the binding regions of 
miR-214-5p or miR-409-3p, were constructed from RiboBio. Subsequently, co-transfection of the luciferase vectors and 
miR-409-3p mimic, miR-214-5p mimic, or miR-NCs was applied in 293T cells. Following 48 hours transfection, the 
Renilla luciferase activity was evaluated utilizing the Dual-luciferase Reporter Assay Kit (Promega) with the luciferase 
activity of Firefly as a normalized reference.

Western Blot Analysis
RIPA buffer (Solarbio, Beijing, China) was utilized to separate total proteins from cell lysates. After resolution 
using 8% sodium dodecyl sulfate–polyacrylamide gel electrophoresis, proteins were shifted onto 0.22 μm PVDF 
membranes (Millipore). Following 1 h of blocking in 1× TBST buffer containing 5% nonfat dry milk, an overnight 
incubation of the membranes was performed at 4°C using primary antibodies to NF-κB p65 (#8242, 1:1000, CST, 
USA), IκBα (#4814, 1:1000, CST, USA), p-IκBα (#2859 1:1000, CST, USA), IKKβ (#8943 1:1000, CST, USA), 
p-IKKα/β (#2697 1:1000, CST, USA), NF-κB p50 (CY5040, 1:2000, Abways, China), RAB10 (ab237703, 1:1000, 
Abcam, USA), E2F2 (ab138515, 1:1000, Abcam, USA), Lamin B1 (AB0054, 1:1000, Abways, China) and β-actin 
(AB0035, 1:1000, Abways, China). After a triple ten-minute rinse using 1× TBST buffer, the membranes were 
proceeded 1 hour incubation at 37°C protected from light utilizing the corresponding DyLight 800-labeled goat 
anti-mouse or anti-rabbit antibodies (1:7000, abbkine, China). Finally, the blot image was recorded with the 
Odyssey Infrared Laser Scanner (LICOR Biosciences). Three replicates were required for each experiment. β- 
Actin levels were employed to normalize protein levels of the whole cell lysis and Lamin B1 for nuclear extract.

Statistical Analysis
The statistics were analyzed utilizing GraphPad Prism v8.0 software (GraphPad, San Diego, CA, USA) and R Studio 
(version 3.3.4). Intergroup comparison was conducted using one-way analysis of variance (ANOVA) with Tukey’s test or 
Student’s t-test. Each experiment comprised three independent replicates with the results displayed as the mean ± 
standard deviation (SD). Statistical significance was indicated when a P-value of <0.05.

Results
Differentially Expressed lncRNAs in HCC
There were 1178 lncRNAs significantly differentially expressed among CON, LC and HCC tissues (p < 0.05). The candidate 
DELs were distributed on 46 human chromosomes, with chromosomes 1, 5 and 6 containing more lncRNAs than the others 
(Figure 1A). Temporal expression analysis of the candidate DELs was performed to investigate their dynamic expression patterns 
during hepatocellular tumorigenesis using the R package Mfuzz 2.42.026 (Figure 1B). Notably, cluster 4 showed a sequential 
upregulation pattern and was chosen for further analysis. The clustering heatmap of DELs showed a good distinction between 
CON, LC, and HCC samples (Figure 1C). Meanwhile, a total of 2018 DELs (409 down-regulated and 1609 up-regulated) were 
distinguished with an adjusted P value < 0.05 and |log fold change (FC)| > 1 as cutoff criteria from matched normal and adjacent 
liver cancer tissues of TCGA-HCC samples via the edgeR pipeline in the TCGAbiolinks package,27 as shown in Figure 1D. To 
boost the credibility of the up-regulated lncRNAs, the intersection of cluster 4 and the up-regulated DELs from TCGA-HCC was 
taken (Figure 1E). Finally, only three genes (LINC00886, LINC00896, LINC00535) were obtained.
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LINC00886 was Overexpressed in HCC Tissues, Cells and PBMCs
Of the three selected lncRNAs, previous research has indicated that LINC00886 is involved in the pathogenesis of 
digestive system tumors.28 Nevertheless, the carcinogenic potential of LINC00886 in HCC is not yet clarified. To address 
this, the expression levels of LINC00886 were first evaluated by qRT-PCR in HCC tissues and cells. LINC00886 
expression was statistically and gradually increased between the three groups (n=5 liver samples per group, P<0.0001) 
(Figure 1F). Also, LINC00886 expression in Hep3B and Huh7 cells was distinctly above that of normal hepatic stel-
late cell line LX2 (P<0.0001) (Figure 1G). Furthermore, the tendency of LINC00886 expression in PBMCs (n=20 per 
group) was similar to that observed in liver tissues (P<0.0001) (Figure 1H). Collectively, these results implied that 
LINC00886 expression was positively related to liver tumorigenesis.

Figure 1 Differentially expressed lncRNAs in HCC. (A) Chromosomal distribution of the DELs among CON, LC and HCC tissues. (B) Mfuzz clustering of DELs 
demonstrated the dynamic changes in the expression patterns of DELs during hepatocellular carcinogenesis. (C) Clustering Heatmap of DELs among CON, LC and HCC 
tissues. The columns represented the clinical liver samples, and the rows indicated as DELs. The samples were correspondingly gathered into three clusters according to the 
three comparison groups. (D) Volcano plots for DELs between paired normal and HCC samples in TCGA-HCC. The red points indicated up-regulated lncRNAs, while the 
blue points represented down-regulated lncRNAs in tumor samples of TCGA-HCC. The grey points represented non-significant differently expressed lncRNAs. (E) Venn 
diagram of up-regulated DELs between cluster 4 and the TCGA-HCC dataset. Relative LINC00886 expression levels were detected utilizing qRT-PCR in hepatic tissues ((F), 
n=5 per group), HCC cells (G) and PBMC samples ((H), n=20 per group). ****P < 0.0001. 
Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; PBMC, peripheral blood mononuclear cells; DELs, differentially expressed lncRNAs; qRT-PCR, 
quantitative reverse-transcriptase polymerase chain reaction.
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Knockdown of LINC00886 Impeded HCC Development
To probe the biological role of LINC00886 during the progression of HCC, the cell models of LINC00886 overexpression 
were successfully constructed by transfecting Hep3B and Huh7 cells with pcDNA3.1-LINC00886 (Figure S1A). Meanwhile, 
three siRNAs were designed against LINC00886. We found that LINC00886 expression was remarkably reduced utilizing 
qRT-PCR in Hep3B and Huh7 cells transfected with Si-LINC00886 (Figure S1B), and Si-LINC00886-3 was targeted for 
subsequent experimental procedures on account of its superior interference efficacy. EdU and CCK8 assays (Figure 2A-D) 
indicated that the proliferation potential of Hep3B and Huh7 cells was suppressed dramatically following LINC00886 
knockdown. In contrast, cells’ proliferation ability was dramatically enhanced after LINC00886 overexpression. Transwell 
(Figure 2E) and wound healing assays (Figure 2F) demonstrated that LINC00886 overexpression facilitated migratory and 
invasive activities of HCC cells, while LINC00886 silencing revealed the contrary effect. In addition, TUNEL staining 
(Figure 3A and B) indicated that transfection with Si-LINC00886 prominently elevated the apoptosis rate of HCC cells, 
whereas LINC00886 overexpression hindered cell apoptosis. As a well-known inflammation-induced tumor, a strong relation 
between HCC occurrence and NF-κB signaling activation has been reported.29 However, whether NF-κB signaling is related 
to the hepatocarcinogenesis of LINC00886 required further investigation. Hence, Western blotting was applied to evaluate the 
protein levels of NF-κB signaling. Our results unveiled that introduction with Si-LINC00886 was followed by a notable 
decrease in the ratio of p-IκBα/IκBα and p-IKKα/β/IKKβ, as well as an apparent decline in the nuclear and whole cell lysis of 
NF-κB p65 and p50 expression in HCC cells. In contrast, the opposite effect was obtained after transfection with 
pcDNA3.1-LINC00886 (Figure 3C and D). These data implied that depletion of LINC00886 hindered proliferative, 
migratory, invasive, and anti-apoptotic capacities of HCC cells through inactivating the NF-κB pathway.

miR-409-3p or miR-214-5p is a Target of LINC00886
LINC00886 was predominantly enriched in the cytoplasm of Hep3B (Figure 4A) and Huh7 cells (Figure 4B) using subcellular 
fraction analysis, which was confirmed by FISH experiments (Figure 4C and D), suggesting that LINC00886 may act as 
a sponge for miRNAs. The online software starbase demonstrated 20 estimated miRNAs for LINC00886 targets, and two of 
these miRNAs (miR-409-3p and miR-214-5p) were thought to be strongly associated with multiple tumors. Moreover, miR- 
409-3p and miR-214-5p expression in the Si-LINC00886 group showed significant elevation compared to the Si-NC group in 
HCC cells. Additionally, the expression of these two miRNAs was visibly reduced in the pcDNA3.1-LINC00886 group versus 
the control group in Hep3B and Huh7 cells (Figure 4E and F). The predicted binding locus of LINC00886 are illustrated in 
Figure 4G for miR-409-3p or miR-214-5p. Finally, the interaction relationship was verified utilizing dual-luciferase reporter 
assays. The result indicated that the luciferase activities were remarkably restrained in the LINC00886-WT group upon 
transfection of miR-409-3p mimic (Figure 4H) or miR-214-5p mimic (Figure 4I) versus miR-NC transfection (P < 0.0001). In 
parallel, the LINC00886-MUT group did not detect significant differences. Therefore, these findings evidenced that 
LINC00886 binds to miR-409-3p or miR-214-5p in a direct manner.

LINC00886-miR-409-3p/miR-214-5p Axis Regulates RAB10 and E2F2 Expression in 
HCC
Previous studies have shown that RAB10 is the combine target of miR-409-3p,30 and E2F2 is the binding target of miR- 
214-5p.31 We further investigated whether LINC00886 could regulate RAB10 and E2F2 via miR-409-3p or miR-214-5p 
in HCC. When HCC cells were transfected with miR-409-3p mimics, the protein and mRNA levels of RAB10 were 
considerably decreased relative to the control group. Conversely, there was a noteworthy rise in the protein and mRNA 
levels of RAB10 in comparison to the control group following the transfection of HCC cells with miR-409-3p inhibitors. 
(Figures 4J and S2A). Similarly, the transfection of HCC cells with miR-214-5p mimics led to a significant reduction in 
the protein and mRNA levels of E2F2 compared to the control group. In contrast, the transfection of miR-214-5p 
inhibitors into HCC cells caused a significant increase in the protein and mRNA levels of E2F2 in comparison to the 
control group (Figures 4K and S2B). Besides, RAB10 and E2F2 expression exhibited an upward trajectory in PBMCs of 
CON, LC and HCC groups (Figure S2C). The protein and mRNA expression levels of RAB10 and E2F2 also exhibited 
a significant upregulation in both HCC tissues (Figure S2D and S2E) and HCC cells (Figure S2F and S2G).
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Figure 2 LINC00886 silencing impeded HCC progression. (A-D) Cell proliferation rate was measured via Edu assay (Scale bar, 100 µm) and CCK-8 assay after transfection 
of Si-NC, Si-LINC00886, pcDNA3.1 or pcDNA3.1-LINC00886 into Hep3B and Huh7 cells. (E) Evaluation of migrating and invading cells using Transwell assay (Scale bar, 50 
µm). (F) Cell migration was estimated via Scratch assay at 0 h and 48 h after transfection (Scale bar, 200 µm). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, respectively. 
##P<0.01, ###P<0.001, ####P<0.0001, respectively. 
Abbreviations: HCC, hepatocellular carcinoma; CCK8, Cell Counting Kit-8.
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Furthermore, upon transfection of HCC cells with Si-LINC00886, there was a statistically significant reduction 
observed in the protein and mRNA expression levels of RAB10 and E2F2, as compared to the control group. In contrast, 
transfection of HCC cells with pcDNA3.1-LINC00886 resulted in a statistically significant upregulation of both protein 
and mRNA expression levels of RAB10 and E2F2, compared to the plasmid-free transfected group (Figure 4L, M, S2H 
and S2I). Collectively, these findings indicated that LINC00886-miR-409-3p/miR-214-5p axis could regulate RAB10 and 
E2F2 expression during hepatocarcinogenesis.

Figure 3 LINC00886 upregulation hindered apoptosis through NF-κB pathway in HCC cells. TUNEL assay (A and B) was performed to assess apoptotic cells (Scale bar, 100 µm) 
after transfection of Si-NC, Si-LINC00886, pcDNA3.1 or pcDNA3.1-LINC00886 in Hep3B and Huh7 cells. Western blotting (C and D) was utilized to analysis the expression of 
NF-κB pathway-associated proteins (IκBα, p-IκBα, IKKβ, p-IKKα/β, total p65, total p50, nuclear p65 and p50). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, respectively. 
Abbreviation: HCC, hepatocellular carcinoma.
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miR-409-3p Inhibition Counteracts the Curbing Effect of LINC00886 Silencing on 
HCC Progression
qRT-PCR was then applied to analyze miR-409-3p expression in HCC tissues, cells and PBMCs. miR-409-3p expression 
tended to progressively decline in the three groups of liver samples (n=5 per group, P < 0.0001, Figure S3A) and the 

Figure 4 miR-409-3p or miR-214-5p is a target of LINC00886. The subcellular LINC00886 expression of Hep3B (A) and Huh7 cells (B) was examined. (C and D) FISH 
assay was performed in Hep3B and Huh7 cells to identify subcellular location of LINC00886 (Scale bar, 50 μm). (E and F) qRT-PCR was administrated to estimate the 
expression of miR-409-3p and miR-214-5p following HCC cell transfection of Si-NC, Si-LINC00886, pcDNA3.1 or pcDNA3.1-LINC00886. (G) Binding sites of LINC00886 
on miR-409-3p or miR-214-5p predicted using starbase were demonstrated. (H and I) Direct binding of LINC00886 on miR-409-3p or miR-214-5p was validated vis dual- 
luciferase reporter assays. Western blotting was utilized to access the protein levels of RAB10 (J) and E2F2 (K) after transfection of HCC cells with miR-NCs, miR-409-3p / 
miR-214-5p mimics, and miR-409-3p/miR-214-5p inhibitors, respectively. (L and M) Western blotting was administrated to access the protein levels of RAB10 and E2F2 
following HCC cell transfection of Si-NC, Si-LINC00886, pcDNA3.1 or pcDNA3.1-LINC00886, respectively. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, respectively. 
Abbreviations: qRT-PCR, quantitative reverse-transcriptase polymerase chain reaction; FISH; Fluorescent in situ hybridization.
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same tendency was also observed in PBMCs (n=20 per group, P < 0.0001, Figure S3B). Besides, miR-409-3p expression 
was substantially poorer in Hep3B and Huh7 cells in contrast to LX2 cells (P < 0.0001, Figure S3C), implying that miR- 
409-3p is adversely correlated with liver carcinogenesis. To further explore whether LINC00886 could interact with miR- 
409-3p during HCC pathogenesis, rescue experiments were conducted by transfection of Si-LINC00886+miR-NC, 
pcDNA3.1-LINC00886+miR-NC, Si-LINC00886+miR-409-3p inhibitor or pcDNA3.1-LINC00886+miR-409-3p mimic 
into Hep3B and Huh7 cells. The suppressive effects of Si-LINC00886 on cell proliferation, migration, and invasion, as 
well as the pro-apoptotic effects were offset by miR-409-3p silencing in Hep3B and Huh7 cells. Meanwhile, the 
promotion of cell proliferation (Figure 5A-D), migration and invasion (Figure 5E and F), as well as the apoptotic 
suppression (Figure 6A and B) induced by pcDNA3.1-LINC00886, were also counteracted after transfecting miR-409-3p 
mimic into HCC cells. Furthermore, silencing of LINC00886 suppressed the mRNA and protein levels of RAB10 and 
inhibited NF-κB signaling by decreasing the ratio of p-IκBα/IκBα and p-IKKα/β/IKKβ, as well as depleting the nuclear 
and whole cell lysis of NF-κB p65 and p50 levels, which was inverted upon transfection of miR-409-3p inhibitor. In 
contrast, miR-409-3p upregulation reversed the contribution of pcDNA3.1-LINC00886 to RAB10 overexpression and 
NF-κB pathway activation (Figures S3D, 6C and D). Thus, these findings concluded that LINC00886/miR-409-3p axis 
regulates HCC progression by uplifting RAB10 expression via activating the NF-κB signaling.

miR-214-5p Upregulation Attenuates the Effect of LINC00886 Overexpression on 
HCC Progression
Subsequently, the biological involvement of miR-214-5p in the role of LINC00886 on HCC progression was explored. 
The decreasing expressed tendency of miR-214-5p was detected in the three groups (n=5 liver samples per group, P < 
0.0001, Figure S3E), and a similar pattern was noted in PBMCs (n=20 per group, P < 0.0001, Figure S3F). Additionally, 
miR-214-5p expression was visibly declined in Hep3B and Huh7 cells in comparison to LX2 cells (P < 0.0001, Figure 
S3G), indicating an unfavorable impact of miR-214-5p on hepatocarcinogenesis. Subsequently, we transfected Si- 
LINC00886+miR-NC, pcDNA3.1-LINC00886+miR-NC, Si-LINC00886+miR-214-5p inhibitor or 
pcDNA3.1-LINC00886+miR-214-5p mimic into Hep3B and Huh7 cells to perform rescue experiments. Upregulation 
of miR-214-5p levels was capable of counteracting the cell proliferation, migration, and invasion-promoting and 
apoptosis-suppressing effects of pcDNA3.1-LINC00886 in Hep3B and Huh7 cells. Similarly, miR-214-5p suppression 
attenuated the HCC cell proliferative (Figure 7A-D), migratory and invasive ability (Figure 7E and F) of Si-LINC00886 
as well as the pro-apoptotic potential (Figure 8A and B).

Moreover, overexpressed mRNA and protein levels of E2F2 and activation of NF-κB signaling elicited by 
pcDNA3.1-LINC00886, with elevated expression of the nuclear and whole cell lysis of NF-κB p65 and p50, as well 
as increased ratio of p-IκBα/IκBα and p-IKKα/β/IKKβ, was compromised following miR-214-5p upregulation, whereas 
silencing of miR-214-5p released E2F2 expression and the NF-κB pathway from the Si-LINC00886 suppressive effect 
(Figure S3H, 8C and D). Collectively, our findings demonstrated that LINC00886/miR-214-5p axis contributes to 
tumorigenesis in HCC.

Discussion
Accumulating evidence reveals that aberrantly expressed lncRNAs can exert a role via functioning as oncogenes or 
tumor suppressors during hepatocarcinogenesis.32 As for a tumor that occurs in a multi-step state, an in-depth under-
standing of the biological mechanisms of lncRNAs can offer innovative perspectives for HCC diagnosis and treatment. 
Hence, our study presented a comprehensive analysis of lncRNAs profiling from CON to LC and HCC, and LINC00886 
with an abnormal increasing pattern in liver tissues was identified combined with the analysis of TCGA-HCC. Previous 
research has also indicated that abnormal expression of LINC00886 is closely correlated with oncogenesis in several 
tumors. For instance, Dong et al demonstrated that LINC00886 silencing contributes to the vicious progression of 
esophageal squamous cell carcinoma.28 Lan et al unveiled that LINC00886 upregulation suppressed neoplastic growth of 
laryngeal carcinoma in vitro and in vivo.33 Thus, to our knowledge, the impact of LINC00886 on hepatocarcinogenesis 
was first investigated in our study.
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Figure 5 miR-409-3p suppression counteracts the inhibitory impact of LINC00886 silencing on HCC progression. Edu assay (Scale bar, 100 µm) and CCK-8 (A-D) were 
applied to analyze proliferative cells after introduction of Si-LINC00886+miR-NC, pcDNA3.1-LINC00886+miR-NC, Si-LINC00886+miR-409-3p inhibitor or 
pcDNA3.1-LINC00886+miR-409-3p mimic into Hep3B and Huh7 cells. (E and F) Migratory and invasive cells were evaluated utilizing Transwell (Scale bar, 50 µm) and 
Scratch assays (Scale bar, 200 µm). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, respectively. #P<0.05, ##P<0.01, ####P<0.0001, respectively. 
Abbreviations: HCC, hepatocellular carcinoma; CCK8, Cell Counting Kit-8.
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Figure 6 Suppression of miR-409-3p offsets the pro-apoptotic role of LINC00886 silencing in HCC via NF-κB pathway. (A and B) Apoptotic cells were monitored via 
TUNEL assay (Scale bar, 100 µm) after introduction of Si-LINC00886+miR-NC, pcDNA3.1-LINC00886+miR-NC, Si-LINC00886+miR-409-3p inhibitor or 
pcDNA3.1-LINC00886+miR-409-3p mimic into Hep3B and Huh7 cells. (C and D) Western blotting was employed to evaluate RAB10 expression and NF-κB pathway- 
related markers. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, respectively. 
Abbreviation: HCC, hepatocellular carcinoma.
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Figure 7 miR-214-5p upregulation attenuates the impact of LINC00886 overexpression on HCC progression. (A-D) Edu (Scale bar, 100 µm) and CCK-8 assays were 
applied to access proliferative potential of HCC cells after transfection of Si-LINC00886+miR-NC, pcDNA3.1-LINC00886+miR-NC, Si-LINC00886+miR-214-5p inhibitor 
or pcDNA3.1-LINC00886+miR-214-5p mimic into Hep3B and Huh7 cells. (E and F) Migrated and invaded cells was evaluated via Transwell (Scale bar, 50 µm) and Scratch 
assays (Scale bar, 200 µm). **P<0.01, ***P<0.001, ****P<0.0001, respectively. ###P<0.001, ####P<0.0001, respectively. 
Abbreviations: HCC, hepatocellular carcinoma; CCK8, Cell Counting Kit-8.
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Figure 8 miR-214-5p Overexpression abrogates the apoptotic suppression function of LINC00886 upregulation in HCC by means of NF-κB pathway. (A and B) Apoptotic 
cells were monitored utilizing TUNEL assay (Scale bar, 100 µm) after transfection of Si-LINC00886+miR-NC, pcDNA3.1-LINC00886+miR-NC, Si-LINC00886+miR-214-5p 
inhibitor or pcDNA3.1-LINC00886+miR-214-5p mimic into Hep3B and Huh7 cells. (C and D) Western blotting was utilized to quantify E2F2, IκBα, p-IκBα, IKKβ, p-IKKα/β, 
total p65, total p50, nuclear p65 and p50 protein levels. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, respectively. 
Abbreviation: HCC, hepatocellular carcinoma.
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Our data exhibited the incremental expressed pattern of LINC00886 in HCC tissues and cells. Furthermore, 
LINC00886 silencing dramatically restrained the proliferative, migratory, and invasive potential of HCC cells and raised 
the apoptotic cell ratio, while the contrary effect was noted for LINC00886 overexpression. Therefore, these experi-
mental data demonstrated that LINC00886 facilitated the oncogenesis and progression of HCC. PBMCs, composed of 
immune cells, are characterized as a reflection of the body’s reaction to various diseases34 and have been used as liquid 
biopsy to identify diagnostic or prognostic biomarkers for diverse malignancies, such as breast cancer,35 pancreatic 
cancer,36 and renal cell carcinoma.37 Previous study has demonstrated that aberrantly expressed lncRNAs in PBMCs can 
distinguish HCC from non-HCC patients.38 Thus, our study also detected LINC00886 secretion in PBMCs of CON, LC, 
and HCC subjects. The results revealed significantly exceptionally elevated expression of LINC00886 in PBMCs from 
CON to LC and HCC patients, suggesting LINC00886 may serve as a novel non-invasion biomarker for HCC 
progression with clinical use. Further studies with larger cohorts are warranted for confirmation of our findings.

As is known, the subcellular localization of lncRNA contributes to its biological functions. The lncRNAs located at the 
nuclear compartment mediate genome organization via chromatin remodeling and structural scaffolding.39 On the other hand, 
cytoplastic lncRNAs serve to modulate signaling pathways, translation processes, and posttranscriptional gene regulation, 
with a key function of interacting with miRNAs.8,40 Thus, the subcellular analysis was applied to demonstrate that LINC00886 
was primarily present at the cytoplasm of HCC cells, suggesting LINC00886 could serve as a sponge for miRNAs. miR-409- 
3p and miR-214-5p were estimated to be binding targets of LINC00886 and verified utilizing dual-luciferase reporter gene 
assays. Notably, miR-409-3p and miR-214-5p have been revealed to hinder oncogenesis in multiple tumor types, including 
HCC.41,42 In HCC tissues and cells, we observed a progressive reduction of miR-409-3p or miR-214-5p expression. 
Meanwhile, a downward tendency of miR-409-3p or miR-214-5p expression was detected in PBMCs, which was coinciding 
with the expression patterns of these two miRNAs in liver tissues, indicating the identification of LINC00886-miR-409-3p/ 
miR-214-5p axis for monitoring hepatocarcinogenesis in PBMCs. In addition, miR-214-5p or miR-409-3p suppression 
dampened the anti-tumor effect of LINC00886 silencing on HCC, while miR-214-5p or miR-409-3p overexpression partially 
counteracted the pro-cancer role of LINC00886 overexpression in HCC. Thus, an essential feedback loop of the LINC00886- 
miR-409-3p/miR-214-5p axis was uncovered in HCC.

RAB10 is a member of Rab family. Wang et al demonstrated that RAB10 knockdown hindered HCC growth in vitro 
and in vivo.43 Besides, miR-409-3p suppressed proliferation and migration of ovarian cancer cells via binding to 
RAB10.30 As an important member of the E2F family, E2F2 upregulation has been evidenced to predict poor prognosis 
in HCC patients.44 In addition, lncRNA RCAT1 promoted renal cell carcinoma progression by modulating miR-214-5p/ 
E2F2 axis.31 In this study, the increasing expression patterns of RAB10 and E2F2 were observed in HCC tissues, PBMCs 
and HCC cells. The present study also established the targeting relationships between miR-409-3p and RAB10, as well as 
between miR-214-5p and E2F2, in HCC. Furthermore, rescue experiments identified that LINC00886-miR-409-3p/miR- 
214-5p axis could modulate RAB10 and E2F2 expression during hepatocarcinogenesis.

The NF-κB signaling has been documented to exert a vital effect in the biological mechanism of inflammation- 
associated tumorigenesis.45,46 Recent studies evidenced that NF-κB pathway activation exerts an oncogenic contribution 
in the HCC progression.29,47 Wang et al demonstrated that RAB10 regulates LPS-initiated activation of NF-κB 
pathways.48 Besides, previous study has shown that E2F2 can activate NF-κB pathway and improve the translocation 
of p65 into the nucleus.49 Therefore, whether the LINC00886-miR-409-3p/miR-214-5p axis regulates HCC progression 
in an NF-κB signaling-dependent manner was studied. Our findings revealed that LINC00886 silencing restrained the 
expression of RAB10 and E2F2 and inhibited NF-κB signaling, and these were rescued by suppression of miR-409-3p/ 
miR-214-5p. While LINC00886 overexpression-induced NF-κB pathway activation and elevated expression of RAB10 
and E2F2 were partially compensated by miR-409-3p/miR-214-5p upregulation. Thus, this study demonstrated that 
LINC00886-miR-409-3p/miR-214-5p axis exerts a tumor-promoting role via regulating RAB10 and E2F2 through 
activation of NF-κB signaling in HCC.

Conclusion
In conclusion, LINC00886 was firstly revealed to modulate the malignant hallmarks of HCC by regulating miR-409-3p/ 
RAB10 or miR-214-5p/E2F2 axis through activating NF-κB signaling in this study. Our study highlights a novel 
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perspective on HCC-associated lncRNAs, with LINC00886 being a promising non-invasion target for tailored therapy to 
facilitate precision and personalized medicine and improve outcomes of HCC patients.
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